TUGAS AKHIR

PERANCANGAN DAN PEMBUATAN KASIR MENU
CEPAT SAJI DI RESTORAN DENGAN AUTO DEBET
MENGGUNAKAN KARTU RFID BERBASIS
MIKROKONTROLLER RENESAS RS8C/13 TINY

Disusun Oleh :

FERDY RIDWAN DINATA
01.17.030

KONSENTRASI TEKNIK ELEKTRONIKA
JURUSAN TEKNIK ELEKTRONIKA -1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL
MALANG
2007




LEMBAR PERSETUJUAN

PERANCANGAN DAN PEMBUATAN KASIR MENU CEPAT SAJI DI
RESTORAN DENGAN AUTO DEBET MENGGUNAKAN KARTU (RFID)
BERBASIS MIKROKONTROLER RENESAS R8C/13 TINY

SKRIPSI

Disusun dan Digjukan Sebagai Sg ety SIS s Uintuk Memperoleh Gelar
Sarjana Tekgi .-"""' _—— Wiy (S-1)

Ir. F. Yadi _-_.j"r- antono, MT
NIP.Y 1039500274

JURUSAN TEKNIK ELEKTRO S -1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
2007




e

gy INSTITUT TEKNOLOGE NASIONAL
& y %) FAKULTAS TEKNIK INDUSTRI
wme/ JURUSAN TEKNIK ELEKTRO

e —————————————————————————————;
BERITA ACARA UJIAN SKRIPSI

FAKULTAS TEKNOLOGIE INDUSTRI

Nauna Mahasiswa : Ferdy Ridwan Dinata

NIM :01.17.030

Jurusan : Tekmik Elektro S|

Konsenlrasi ¢ Teknik Elektronika

Judul Skripsi : Perancangan dan Pembualan Kasir Menu Cepat Saji
Dengan Auto Debet Menggunakan Kartu RFID
Berbasis Renesas RRC/13 Tiny

Dipertahanican dihadapan team penguji Skripsi jenjang Sarjana (S1) pada -

Hari S Jum’ai

Tanggal : 16 Maret 2007

Dengan Nilai :Mzz,ﬁ]@';{

PANITIA HJIAN SKRIPSI

SEKRETARIS

¥
R

Ti. Mochiar Asroni. MSME

NIPY 1018100036 NIP.Y 1039500274

P):(GUJI I
/

ANGGOTA PENGUIL

- 1030400412




ABSTRAKSI

PERENCANAAN DAN PEMBUATAN KASIR MENU CEPAT SAJl
DIRESTORAN DENGAN MENGGUNAKAN KARTU RFID BERBASIS
MIKROKONTROLLER RENESAS RBC/13 TINY

Ferdy Ridwan Dinata
Nim : 01.17.030 Tenik Elektro/Elekronika S-1
Dosen Pembimbing I : Yoseph Deddy Irawan ST.MT

Dasen Pembimbing 11 : I Komang Somawirata. STMT

Kata Kunci @ Mikrokontroller Renesas R8C/ 13 Tiny, RFID reader, Tag RFID,

LCD, PC,

RFID adalah Proses identifikasi obyek dengan menggunakan frekuensi,
tranmisi radio, RFID menggunakan frekuensi radie untuk informasi dari sebuah
devais kecil yang disebut tag atau tranponder (tmsmiter+responder). Tag RFID
akan mengenali dirisendiri ketika mendeteksi sinval dari devais yang kompatibel,
yaitu RFID (RF1D reader) dengan e kisaran pembacaan 8cm serta bekerja pada
frekuensi 125kha.

Tag berfungsi sebagai inputan data dari pelanggan, data tersebut akan
dikenali oleh RFTD Reader dan sebagai tanda beep akan mengehuarkan bunyi
setelah tag dikenali oleh reader dan data akan dikirim ke PC uniuk diproses,maka

LCD akan menampilkan menu yang tersedia.
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1.1

BAB 1

PENDAHULUAN

Latar Belakung

Seiring dengan perkembangn jaman maka aktivitas kehidupan manusia
semakin sibuk dan padal. Banyak orang yang menginginkan segala sesusatu
dilakukan dengan cepat dan efisien unluk menghemat wakiu. Untuk pergi ke
restaran misalnya.

Selain itu pula apabila pada suatu restoran pada saat kasimya terliha
antrian panjang, maka mahasiswa yang akan memesan lentunya memilih
restoran yang lain yang tidak sampai menganiri dalam pelayanannva. Dengan
demikian restoran tersebut akan kehilangan custoniers.

Melihat perkembangan teknologi komunikasi dan elektronika maka
penulis berencana suatu alat pelayanan kasir restoran cepat saji dengan Sistem
Debet menggunakan RFID Berbasis Renesas tiny RRC. Alat ini adalah alatl
kasir ¢lektronik yang dilelakkan pada masing-masing meja kasir utama dan
dapur sehingga setiap customers tidak perlu untuk berdiri mengantri untuk
memesan menu. Untuk system pembayarannya sefiap customery Cukup
dengan membeli Kartu debet dengan nilai rupiah tertentu vang nantinya kartu
debet tersebul digunakan sebagai akses dalam pelayvanan menu di masing-
masing meja kasir Dengan adanya alat ini nantinya pelanggan dapat langsung

memilih dan menunggu pesanannya.




1.2. Rumusan Masalah
Pembuatan alat ini meliputl perencanaan hardware dan software,

* DBagaimana merencanakan dan membuat alat pelavanan kasir
restoran cepat saji dengan system debet menggunakan RFID
berbasis RENESAS R8C/13 TINY.

e DBagaimana merancang system konunikasi serial RS-232 wyang
terhubung dengan kasir ulama,

= Bagaimana merancang keseluruhan system pengontrol oleh
RENESAS R8C/13 TINY.

1.3.  Batasan Masalah
Agar permasalaban yang akan dibahas tidak meluas, maka tugas akhir ini
dibatasi hanya pada hal-hal berikut :

¢ Perencanaan dan perealisasian system RENESAS R8C/13 TINY,

+ Tidak membahas tentang catu daya.

s Tidak membahas tentang frekuensi RFID.

= Tidak memakai pin/password.

l4. Tojoan
Tujuan dari penulisan tugas akhir perencanaan dan pcmbuatan alat
Pclayanan  kasir restoran copat saji dengan sistem  Kartu Debet
menggunakan Kartu RFID Berbasis RENESAS R8C/13 TINY adalah -

s  Memberi kemudahan customers dalam memilih menu di restoran

dan menunggu pesanannya.




1.5

e Memberi kemudahan bagi mahasiswa atau pelanggan dengan tidak
perlu membawa uang tunai cukup dengan kartu debet RF1D.
Metodologi
Untuk mewujudkan alat Pelayanan kasir cepal saji dengan sistem Kartu
Debet menggunakan Kartu RFID Berbasis RENESAS RSC/13 TINY
sehagai berikut ¢
= Studi [iterature diperlukan untuk mempelajari dasar feori yang
berhubungan dengan RENESAS R8C/13 TINY, dan komponen
pendukung  system wyang lain serta pengumpulan  data-data
mengenal karakletistik komponen yang akan digunakan. Data
tersebut digunakan sebagai dasar perencanaan dan pembuatan alat.
e Perencanaan dan pembuatan alat terlebih dahulu  dilakukan
penentuan spesifikasi alat vang akan dirancang,
» Pengujian alat untuk mengetahui kesesuaian alat yang akan
dirancang dengan spesifikasi yang telah ditentukan sebeiumnya.

= [enyusunan laporan skripsi.

Sistematika Penulisan
Pembahasan laporan skripsi ini akan diuraikan dan dijabarkan dalam
seliap bab, dengan pembagian sebagal berikut
BAB1 :PENDAHULUAN
Terdiri dari latar belakang, rumusan masalah, tujuan, batasan

masalah. metologi dan sistematika pembahasan.




BABRIT

: LANDASAN TEORI

Membahas teori-teori yang mendukung dalam perencanaan dan

pembuatan alat yang digunakan.

BAB Il : PERENCANAN DAN PEMBUATAN ALAT

Berisi lentang proses perencanaan dan pembuatan sistem
Pelayanan kasir cepat saji dengan sistem Kartu Debet

menggunakan Kartu RFTD.

BAB IV : PENGUIIAN ALAT

Berisi tentang pengujian terhadap alat yang tclah dibuat.

BAB VYV : PENUTLIP

Memuat tentang kesimpulan—kesimpulan vang diperoleh dari

hasil pembualan laporan skripsi ini  dan  saran  untuk

pengembangan lanjut.




BABII
PERENCANAAN DAN PEMBUATAN KASIR RESTORAN

CEPAT SAJI DENGAN SISTEM DEBET MENGGUNAKAN

(RFID) BERBASIS RENESAS REC/13 TINY
2.1, Pendahuluan

Pada bagian ini akan dibahas teori penunjang untuk peralatan vang akan
dirancang yaitu teori dasar Mikrokontroller Renesas R8C/13 TINY, RFID dengan
1D-10 RFID reader, LCD, RS 232, limit switch, bahasa pemogram Delphi.

2.2, Mikrokontrofler Renesas RSC/13 Tiny (R5F21134FP)

Henesas Technology adalah produsen semikonduktor tingkat internasional.
Renesas terbangun dari gabungan dua produsen semikonduktor, yaitu Mitsubishi
dan Hitachi. Sebagai produsen semikondukior, renesas juga mengeluarkan
berbagai jenis keluarga mikrokontroler (MK).

Renesas R8C adalah salah satu jenis seri dalam keluarga MK MleC. CPU
R8C sama dengan CPl CISC 16-fir M16C, hanya saja lebar jalur data RRC
adalah B-hiy, Karena menggunakan CPU wyang sama maka R8C memiliki
instruction set hampir sama dengan MI16C. Perbedaannya hanva terletak pada 2
instruksi, yaitu R8C tidak memiliki instruksi JMPS (Jump Special Pawe) dan
JSRS {Tump Nubrowtine Special Page). REC/ 13 adalah salah satu tipe MK dalam
seri REC. MK ini memiliki kemasan 32-pim LOFP. Dalam perancangan pada
skripst ini menggunakan menggunakan MK seri R5F21 134, yaitu REC/13 yang

memiliki Flash ROM 16 KB (1000 E'W opeles) dan RAM schesar 1 KB,

2.2.1. Spesifikasi R5F21134FP




Berikut ini adalah spesifikasi RSF2II34FP dengan peta peripheral dan

memari-memorinya.

Mempunyval CPL Core (16-bit) | — 20 MHz, 3.0 — 5.5 Volt dan 1 —
10MHz 2.7 - 5.5 Volt.

Rungkaan Clock, kecepatan Low/High On-Chip Oscillator. Clock vtama
dengan Xin/Xout.

Memory (ROM/SRAM) 16 Kbytes / 1 Kbytes, 2 x 2 K Bytes Data Flash
pada R8C/12, 13.

Kemasan 32 pin LQFP (7mm x Tmm)

=
REC Cowe Flagh iy RAM
T X Tt ¥ Timer: Z
18 bkl i 1A ol 1
IETN ek
Tirrer Cii5-bals WOT A-D Conearier
Irpel Casturs Y e .
Oyviteiit ':::._':|:'.:_'_'-.:-!- e i ! gt R
Sanal 'O —
- lois syrrchr e LE;J:%;?'I "IIrE:II- LED Drive Pz
[LART e
Rlirn el Power On Ress w altape
Slop delartion Circuil Datect
izl POR} 1w
Ljﬂaﬁ:c‘; E:i:ull' Rirg O il m-chic Oscillator
Wiz 21 :jh -I_: iLover speead: Hiah Sptted)

Gambar 2-1 Blok Diagram R8C/11, 13 dan Peta Peripherat-nya 'V

Sumiber dufn sheet reneses RRCAT Tiny




2.2.2. Kelebihan Kunci R8C/Tiny

Banyak kelebihan-kelebihan yang dimiliki REC/Tiny diantaranya adalah :

Kompatibel dengan M16C yvailu kompatibel dalam instruksi dan kode.

Peripheral lebih terintegrasi jadi lebih hemat.

Electromagretic Compeibidity (EMC) mempunyai EMI rendah. EMS
tinggi.

Development Toof (Compiler dan Dehugger) didapat dengan murah dan
ditasilitagi On-Chip Debugger

Mempunyai fitur fail-safe yaitu pengamanan terhadap kegagalan sisiem.
Konsumsi daya rendah.

16-bit CISC CPU dengan kecepatan maksimal 20 MHz (1:1),

89 instruksi CISC lebih hemat ROM kira-kra 20 %, RAM sampai | KB.

Wakiu konversi ADC hanya 3 oS,




2.13. Konfigurasi Pin RRC RSF21134FP
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Gambar 2-2 Konfigurasi Pin R§C R5F21134Fp "

Samfwtr dafn vheet rémay B8CAT Tiny

Cambar  diatas adalah konfigurasi pin-pin dari R8C' RIF21734FF untuk
lebih jelasnya dapat diamati pada tabel dekripsi pin-pin berikut ini :

Tabel 2-1 Konfigurasi pin-pin dari R8C R5F271134Fp "

L mmr Type Fungsi

Sinyal _Nf!“a — 110
' Masukan Vee, I Tegangan 2.7 V — 5.5 V pada pin Vce.

Catu Daya Vsg Tf:g,angan { V pada Vss pin

Pin ini untuk men-stabilkan catu dava
internad, pin ini dihubungkan pada Vss

e L = melalui  kapasitor  100nF.  Jangan
dihubungkan pada Vee.
Ini adalah untuk catu dava pada ADC.
Input Catu Avee dihubungkan pada Vee, A Vss

Avee, Avss I | dihubungkan ke Vss. Dianjurkan untuk
menyhubungkan kapasilor diankars pin A
Veo dan A Vss.

Daya Analog

e —— R —

|
Input Resct RESET Il | “L” untuk masukan mi meresct MCLI




Pin ini dﬂluhunékan pada Vss melalui

| CNVss CNVss 1 :
sebuah resistor,
MODE MODE I Pin ini dihubungkan pada Voo melalun |
| sebuah resistor. _
Pin-pin ini disediakan uitiuk |
i = membangkitkan rangkaian 1O Clock |
EF;;;JM]E Xin [ | Utama. Dihubungkan dengan sebuah
keramik resonator atau kristal diantara pin
Xin dan Xout. Jika digunakan clock
Crutput Clock Xout 0 inlermal maka pin Xin dan Xout datam
Uama keadaan terbuka.
Lnput
[nterupsi INTO-NT3 I | Pin ini sebagai masukan interupsi.
Input Kunci o X i 2
i KI0 - KI3 [ Pin ini sebagai masukan kunci interupsi.
Tirer CNTRO [ 1O [ Pin /O ini adalah untuk Timer X .
) CNTRO | O | Pin Ouput untuk Timer X. X
TimerY | CNTR1 | [/ | Pin IO untuk Timer Y. .
Timer Z TZout 0 | Pin Quput untuk Timer 7.
TC in I | Pin Input untuk Timer C.
CMPOO —
Lo E;TGIP[:?}‘ O | Pin Output untuk Timer C.
CMPI13 o
CLK 0 /O | Pin VO untuk memindahkan Clock.
Serial I;.?ﬂ[;[;ﬁ | Pin input untuk data Serial, |
Interface TXDO. = |
TXD10, () | Pin output untuk data Serial.
THDI o
Tnput Tegangan referensi input ini untuk ADC -
;z%:;; E::‘ et I Vref pin dihubungkan ke Ve,
ADC,
$2§::ﬂ}";g ANO-N11 I Pin analog input pada ADC.
ke digital '
POO-PO7 | Merupakan port 1/0 CMOS 8-hit |, Set-{ap
P10-P1 ?' | port mempunyai pilihan register pengarah
| Port /O P’iﬂ-P]’iﬁ [/0 | sebagai input atau output. Tiap Port dapat
P-E‘F de dialamati  per bit.  Dapat  di-set

menggunakan pull up resistor dengan




program. P10 - P17 mempunyai driver
transistor.
' Port Input P46, P47 | 1 i';';m‘“' hanya bisa digunakan sebagai

2.2.4. Peripheraf RRC RSF21134FP

Mikrokontroler RSC RSF27I34FP mempunyai beberapa peripheral-
peripheral  yang banyak digunakan pada beberapa aplikasi-aplikasi penting,
diantaranya adalah sebagai berikut :

= dnalog To Digital Converter (ADC)

Dengan 12 SAR ADC §/H yang mempunyai resolusi 8-bit atau 10-bil.

Mode Operasinya mengpunakan One-Shol don Repeat dengan wakto

konversi 2.8 uS (pada clock 10 MHz). Berikut gambar diagram blok ADC

built in pada mikrokontroler ini ¢
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Gambar 2-3 Diagram blok ADC ™"

Suraheer dora sfheel remesas RECT Tiny

Timer Mode

Mempunyai timer sebanyak 4 waitu timer X. Y. 7, . Berikut adalah

mode-mode timernya :
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Tabel 2-2 Mode-mode Timer'"
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= Low Voltage Detect ( LYD )

LVI» adalah untuk mendeteksi Vec krang dari 3.8 V (£ 0.5 V)

= Watchdog Timer

Watchdoyg berfungsi untuk mendeteksi ketika program diluar kontrol,

»  On Chip Debugger
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Fasilitas ini mempunyai Tungsi unk dapat di-debue pada wakiu mikro

sedang berjalan, Antara PC dan MK dapat berkomunikasi, PC akan

mengetahui aktivitas MK saal itu. Svarat-svaral On Chip Debugrer adalah

Qa

L

]

Vektor Address Match interrupt harus dihindari.

Single step interrupt tidak dapat digunakan bersamaan interrupt
lain.

UVARTT tidak boleh dipakai.

Instruksi BRK tidak boleh dipakai.

Flash Address CO00H — C7FFH.

PD 3.7 harus “07.

BS FMR U harus *1"

Menyiapkan 8 Byte untuk Stack.

(n Chip Debugger berpengaruh pada timing run.

s  Rangkaian Osilator

Pada osilator utama menggunakan kristal luar sampai dengan 20 Mlz,

dengan memiliki fitur Clock Stop Detect. Kemudian untuk On Chip

Osilator  disediakan kecepatan Low 125 KHz dan High 8 MHz. Saat

setelah resct, default clock adalah kecepatan rendah On Chip osilator 125

KHz.

23 RS232

R8-232 (KRecommended Stemdart number 232) adalah suatu standar antar

muka yang dipublikasikan oleh EISA (Electronic Industrics Association).
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Antarmuka RS-232 digunakan dalam banvak aplikasi komunikasi data. Hal-hal
yvang perlu diketahui dalam standar antarmuka RS232 antara lain: tegangan
standar bagi data biner 0 dan 1. sinyal-sinyal yang dipergunakan. dan cata
interkoneksi antar R5-232,
23.1. Tegangan RS-232

Untuk menampilkan data biner dibutuhkan dua besaran tegangan, Biner |
atau disebut mark dinyatakan dengan tegangan antara —3 V sampai denpgan —23 V,
sedang biner 0 atau yang disebut spece dinyatakan tegangan antara +3 V sampai
+25 V. tcgangan antara —3 V sampai dengan 13 adalah tegangan invalid

Tegangan vang mewakili &émer nol dan sat ditunjukkan dalam gambar

2.5 berikut ini:
Walt
25
Hiner 0
[space}
3
* » invalid
-3
Bower [
{ﬂlﬂ.l‘i\,!
25

Gambar 2-4 Tegangan Yang Mewakili Biner 0 dan 1.

2.2.2. Sinyval-sinyal RS-232

Standar antarmuka RS-232 mendefinisikan sinyal-sinyal yang dipakai baik

untuk mentransmisikan/ menerima data maupun untuk proses jabat tangan
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{handshaking). Dalam aplikasi sinval-sinyal R5-232 ini dihubungkan dengan
konektor 25 pin (DB-25) atau 9 pin (DB-9). Pada tabel 2-1 berikut ini diberikan

nama sinyal penting beserta hubungannya dengan konektor DB-9 maupun DB-25.

'abel 2-3 Sinyal-Sinyal Untuk Konektor DB-9 Dan DB-25"

~ Nomor Pin
- DBY | DB2S | MNama Sinyal
1 - 8 DCD (Data Carrier Detect)
2 3 R (Receive Data)
3 2 T ( Transmit Data)
4 20 DTR (Data Teminal Ready) It
5 7 5G (Signad Ground)
6 6 DSR (Data Set Ready)
7 4 RTS (Reguest To Send)
8 3 CTS (Clear To Send)

2.3.3. Antarmuka Serial RS-232 Pada IBM PC

Pada IBM PC terdapat antarmuka serial yang mengikuti standar antarmuka
RS-232. antarmuka ini menggunakan rangkaian terintegrasi UART (Universed
Asymeronous Reciever/ Transmitter). |1BM PC  dapat mempunyai beberapa
antarmuka serial, dua diantaranya vang paling penting adalah primary
asyrchronous communication adaptor yang disebut COM 1 dan secomdary

asyachronous adaptor yang disebut COM 2.




Tabel 2-4 Address Register R§-232"

Nama Register COMI1 COM2
TX Buffer (Transmir Buffer) (13F8H (32F8H
RX Buyffer (Receive Buffer) (03F8H U2F8EH

Baud rate devisor latch LSB 03F8H (2F8H

Baud rate devisor latch M5B (3F9H 02F9H
Interrupt Enable Register 03F9H 02F9H
Interrupt identification Register 03FAH 02FAH

Line Control Register 03FBH (02FBH r
Modem Controfl Register M3FCH 2FCH

Linie Status Rgister (3FDH 02FDH

Modem Status Register 03FEH (2FEH |

Fungsi dari beberapa register diantaranya adalah sebagai berikut:

. TX fuffer: menampung dan menyimpan data yanyg akan dikinm keluar, Data
ini dikirim oleh CPU ke TX buyffer setelah mengecek kepastian tentang
diperbolehkannya melakukan pengiriman.

= RX huffer : menampung dan menyimpan data yang diterima dari luar. Data
ita harus dibaca oleh CPU setelah mengecek kepastian tentang masukannya
data.

. Banud rate devisor last significant bit: menampuong angka byte bobot rendah
untuk pembagi clock vang akan dimasukkan agar didapat baud rate yang

diplih. Angka pembagi dapat dipilih antara O1H hingga FFH.




o Baud rate devisor most significant bit: menampung angka hyte bobot tinggi
untuk pembagi efvck vang akan dimasukkan agar didapat baud rate yang

dipilih. Angka pembagi dapat dipilih antara 00H hinega FFH.

O
Receive Tine signal datector
L G D Heady
Hecesve dots [2)
) L7 Request tosend
Irismzrmif data (5]
= inal Resdh o O Clier o semd
ak: EeTTING ¥
) a Hing indicator
Sigral groumsd 5
|

Gambar 2-5 Skematik DB 9.1

Sumber ot sheet A RE-237

2.4. RFID

RFID adalah proses identifikasi seseorang amu  objek  dengan
mengpunakan frekuensi transmisi radio. RFID menggunakan trekuensi radio
untuk membaca informasi dari sebuah devais kecil yang discbut lag atau
transponder | Transmitter + Responder). Tag RFID akan mengenali diri sendini
ketika mendeteksi sinval dari devais yang kompatibel, yaitu pembaca RFID
(RFID Reader) dengan ramge kisaran pembacaan 8 cm serta bekerja pada

frekuensi 125 KHz.
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by HIE bl g

Gambar 2-6 Komunikasi Antara Reader dan Transmiter (Tag) ™
Sumber data shee! RFTD Reador T 18

RFID dapat disediakan dalam piranti (devais) yang hanya dapat dibaca
saja (Read Only) atau dapat dibaca dan dilulis (ReadWrite), tidak memerlukan
kontak langsung maupun jalur cahaya untuk dapat beroperasi, dapat berfungsi
pada herbagai variasi kondisi lingkungan, dan menyediakan tingkat integritas data
yang tinggl. Sebagai tambahan, karena teknologi ini sulit untuk dipalsukan, maka

RFID dapat menyediakan tingkal keamanan yang linggi.

Pada sistem RFID umumnya, tag atay fransporder ditempelkan pada suatu
ohjek. Setiap tap membawa dapal membawa informasi yang unik, di antaranya:
serial number, model, warna, tempat perakitan, dan data lain dari objck terscbut.
Ketika tag ini melalui medan yang dihasilkan oleh pembaca RFID yang
kompatibel, tag akan mentransmisikan informasi vang ada pada tag kepada

pembaca RFID, sehingga proses identifikasi objek dapat dilakukan.

Sistem RFID terdiri dari empat kemponen, di amtaranya scperti dapat dilihail pada

pambar 2-6:




s ‘lag : Ini adalah devais yang menyimpan informasi untuk identifikasi
objek. 'Tag RFID sering juga disebut sebagai fransponder. Format dari tag
pada perancangan ini adalah EM4001 atau tag kompatibel lainnya.

Antcna : untuk mentransmisikan sinyal frekuensi radio antara pembaca
RFID dengan tag RFID.

¢ Pembaca RFID : adalah devais yang kompatibel dengan tag RFID yang
akan berkomunikasi secarn wireless dengan tag. Digunakan Tipe 1D-10
sebagai RFID regder pada perancangan ini.

o Sollware Aplikasi : adalsh aplikasi pada schuah workstation atau PC vang
dapat membaca data dari tag melalui pembaca RFID. Baik tag dan
pembaca RFITY diperlengkapi dengan antena sehingga dapat menerima
dan memancarkan gelombang elektromagnetik.

Berikut ini adalah konfigurasi pin yang terdapat pada RFID seperti yang

terlihat pada gambar 2-7 di bawah ini :

Pt

o Epo, Fig
P2 I Fats | maT
Pud o oo Pins
Pt omm  +o Pk

Ciambar 2-7 Konfigurasi Pin [D-10 (RFID Reader) ®!
serridaer dlinti shreed reader T00 S0
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15.  Limir Swicth

Limit swicth merupakan sebuah saklar vang bekerja karena ada suaw
sentuhan atau tekanan. sehingga fimir switch akan berfungsi apabila tersentuh atau
tertekan sesuat maka mofor pada pembawa hox barang akan mati apabila limit
swicth tersentuh atau kondisi off. selanjutnya motot pengangkat tuas skan hidup
dan menuju ke fimit switch batas areal rak sampai proses selanjutnya.

Ada beberapa tipe limir switch yaitu limit swicth yang merupakan kontak
NC (normally Closed) dan NO (Normally Open). Limit yang merupakan kontak
NO berfungsi sebagai penghubung sedangkan vang kontak NC berfungsi sebagai
pemutus.

Adapun simbol dari [imit swieth atau push botton dari yang NO dan NC

adalah schagai berikut:

Pushbuirion make Mo Pushhunton break NC
(normally Open) {rormally Cloxed)

Gambar 2-8 Simbol Limet Switch,

2.6. Bahasa Pemrograman Borland Delphi

Delphi adalah perangkat lunak untuk menyusun program aplikasi yang
berdasarkan pada bahasa pemrograman bahasa pascal dan bekega dalam
lingkungan sistem operasi Windows. Dengan Delphi diperoleh kemudahan dalm

menyusun program aplikasi, karena Delphi menggunakan komponen-komponen
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yang akan menghemat penulisan program dengan fasilitas FCL  (Visual

Component Library).

Dalam pembuatan scbush program, Delpfi menggunakan sistem yang
disebut RAD (Rapid Aplication Development). Sistem ini memanfaatkan bahasa
pemrograman visual yang membuat seorang programmer lebih mudsh mendesain
tampilan program {Lser Interface. Cara ini bermanfaat untuk membuat program
yang bekerja pada sistem Windows yang memang tampilan lavarmya lehih rumit

{sekaligus dapat dilihat dengan indah) dibanding dengan sistem DOS.

Aplikasi dalam tatanan GUT (Graphical User Interface) vaiu karakter
program aplikasi yang menggunakan sarana perantara prafis dapat dibentuk
dengan Delphi. Seperti kotak dialog (dfafog box). tombol (button, meny) dan lain
sebapgainya, Contoh program GUI1 adalah program-program Windows. Dengan
Delphi sebuah Windows yang mengandung tombol-tombol, kotak cek, tombol

pilihan panel dan komponen lainnya dapat dengan mudah diciptakan.

2.6.1. IDE ( Integrated Development Environment ) Delphi

IDE adalah suatu lingkungan dimana sebuah tools yang diperlukan untuk
desain, menjalankan dan mengetes sebuah aplikasi disajikan dan terhubung
dengan baik schimgga memudahkan pengembangan program. Pada Delphi terdiri
dari main Windows, Component Palette, Toolbar, Form designer, Code Fditor,
Code Explorer. Intergrasi ini memberikan kemudahan dalam mengembangkan

aplikasi yang kompleks.
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e  Main Windows ( jendeln utama )

Main Widows adalah bagian utama dari IDE. Main Windows mempunyai
semua fungsi ulama dari program-program Wimdows lainnya, Muin Windows

dibagi tiga vaitu menu utama, teolbar, dan component paletie.

Menu utama. Seperti program Windows lainnya, menu utama dipalkai
untuk membuat dan menyimpan file memanggil wziard. menampilkan jendela
lain, mengubah option dan lain sebagainya setiap pilihan pada menu juga dapat

dipanggil dengan sebuah tombol pada toofbar,

Toolbar. Beberapa operasi pada menu utama dapat dilakukan melalui
foolbar. Setiap tombol pada toolbar mempunyai scbuah tooltip vang berisi
informasi mengenai fungsi dari tombol ersebut. Selain component palerte, ada 5

toolhar terpisah yaitu debug, deskiop, standari, view, dan custom,

Compornent Palette adalah toolbar dengan ketinggian ganda, yaitu berisi
page kontrol dengan semua komponennnya, Undan dan tampilan dari page dan
komponen pada komponen pdette dapat diatur denpan klik kanan atau dengan

memilih menu component conrfigure component dari menu utama,

s Form designer

Diawali dengan jendela kosong yang memungkinkan untuk merancang
aplikasi Wimdows. Dani sini dapat ditentukan tampilan aplikasi sesuai dengan yang
diingnkan. Berinteraksi dengan form designer dengan cara memilih komponen

palette dan meletakkannya ke dalam form, posisi dan vkuran dapat diubah-ubah
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dengan mengeunakan meuse. Untuk mengubah tampilan dan perilaku komponen

maka digunakan ohject inspector dan code editor.

«  Object Editor

(Ohject Editor terdiri dari dua tab yaitu tab properties dan tab events. Tab
propertizs memberi fasilitas untuk melihat dan mengubah property dari setiap
item. Klik pada schuah form kosong, dan perhatikan atribut-atribut yang ada. Jika
terdapat tanda + disamping property maka property lerscbul berarti mempunyai
sub property. Contohnya properiy font, jika diklik ganda pada property jorf maka
akan ditampilkan sub properfimya seperti color, height nome dan lain-lain, 7Tab
Event berisi event-evert vang dapat direspon oleh sehuah obyek. Klik tab evenr
disebelah kanan tab praperfies. Misalnya ingin sesuvatu dikerjakan pada saat form

ditutup, maka tindakan tersebut (berupa sebuah procedure) pada Onclose.

s Struktur Meau Delphi

Struktur menu Delphi memberikan wools untuk mengakses lingkungan Delphi.

1. File

Menu file adalah menu paling penting dan akan dijabarkan pada bagian

berikut;
New. Digunakan untuk memulai obyek baru.

New Application. Dengan memilih menu ini, berarli akan membuat

project baru. Jika belum membuka sebuah profect atau object yang dibuka sudah
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disimpan ke disk. Delphi akan menutup project tersebut dan akan membuoat
profect bary, termasuk membuat jendela edifor baru dengan nama file UNIT.PAS,

Jorm baru (form 1) dan menampilkan object inspector.

New Form. Menu ini dipakai untuk membuat form baru.

New fraome. Untuk membuat frame kosong dan menambahkannva ke dalam

project.

Open. Menvatakan pada Delphi bahwa akan dibuka sebuzh object dapat berupa

sebuah program atau seluruh project.
Open Project. Lintuk membuka sebuah project.

Reopen. Menu ini dipakai untuk membuka ohbjecr favorit yang sudah pernah

dibuka.

Save. Menu ini dipakai uniwk menyimpan modile yang sedang aktif.

Save as. Dipakai untok menyimpan module dengan nama lain.

Save project as. Menu ini dipakai untuk menyimpan project dengan nama baru.

Save all. Menyimpan sebuah object yang dibuka.

Close, Uniuk menutup module program dengan formnya. Jika modhde tersebut
belum disimpan, saal menutup maka Delphi akan menanyakan apakah

modul tersebut akan disimpan.

Close afl. Menutup project.
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Use Unit. Delphi akan menambahkan klauda wuses pada program yang dibuat.

Artinya sebuah unit akan dipakai dalam project.
Print, Mencctak item Delphi vang telah dipilih.
Exit. Keluar dari aplikasi Delphi.
2. Edir
Dipakai untuk menyuting program.
3. Search

Dipakai untuk mencari dan mengganti kata-kata pada saat menyuting

Prograi,
4. Fiew

Dipakal untuk menampilkan atan menyembunyikan jendela-jendela tertentu,

misalnya elject inspector, code explorer, debug dan lain-lain.
i Project

Dipakai untuk mengelola project Form dapay ditambah dan dibuang dari

ohject, mengkompilasi project dan lain-lain.
b, Rumn

Mcnu ini dipakal untuk menjalankan program dan memantau jalanmya

program. Pada saal di run, apabila terjadi salah tulis akan dapat diketahui.
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7 Component
Dengan menu ini komponen baro dapat ditambah atau diinstal.

2.7. Liquid Crystal Display ( LCD )
2.7.1. Konfigurasi LCD

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

LCD merupakan suatu bentuk kristal cair vang akan beremulsi apabila
dikenakan tegangan padanya. Tampilannya ini berupa dot matrik 5 x LCD
schingga jenis huruf vang dapat ditampilkan akan lebih banyak dan lebih baik

resolusiny dibandingkan dengan segment 7

DOT MATRIK LCD

1X16 CHEARACTER TYFE TI-16iA

Voo Vee Voo B OAW EN B9 Ol B I Iy D& I8 D® AN KT
ll l: B ll f lﬁ l‘ ls ir e B i f T e is
l « & & & & B &

Gambar 2-9. Deskripsi pin pada LCD Tipe YJ-1624 '
sumiber data sheet LOD YJ-167
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1.CD tipe Y1-162A memiliki ciri-ciri sebagai berikut :

LCD ini terdiri dari 32 karakter dengan 2 baris masing-masing 16
karakrer dengan display dot matrik 5 x 7

Karakter generator Rom dengan 192 tipe karakter

Karakter generator RAM dengan 8 tipe karakter

B0 x B display data RAM

Dapat diinterfacekan ke MPU 8 atau 4

Dilenglapi fungsi tambahan @ display clear. cursor hpme, display
ON/OFF, cursor ON/OFF, display eharvacter blink, cursor shifi,
dan display shift.

Internal Data

Internal Otomatis, reset pada saat power ON

+3 volt PSU Tunggal

Z7




Tahel 2-5. Konfigurasi Pin-pin LCD !

NO SYMBOL | LEVEL FUNCTION ;
| Vs - ( Ground
2 Vee - SV +10%
3 Vee - LCD Drive |
4 RS HIT. H : Data lnput
i L : Intruksi Input
5 | rRW H/L H : Read L : Write
6 " E H/L Enable Signal
7-14 | DBO-DB7 | H/L Data Bus
15 Light LCD - Menyalakan lampu LCD max 200
16 ;Lighl LCD | - Ground

2.7.2, Interoksi Operasi Dasar

2.7.2.1. Repister

Kontroller dari LCD mempunyai dua buah register 8 bit yaitn register

mtruksi (IR) dan register data (RD). IR menvimpan intruksi seperti display

clear, curyor shift dan display data (DD RAM) serta character generator

(CG RAM). DR menvimpan data untuk ditulis di DD BAM atan CG RAM

atau membaca data dari DD RAM atau CG RAM. Ketika data ditulis ke DD

RAM atau CG RAM maka DR akan sccara otomatis menulis data ke DD

RAM atau CG RAM dan data pada DD RAM atau CG RAM hendak dibaca

maka alamat data ditulis pada IR
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sedangkan data alamat dimasukkan melaloi DR dan mikroprosesor membaca
data dari DR.
Tabel 2-6. Tabel Register Seleksi

RS R/W OPERASI
0 0 :’E.clcks;ﬁﬁ; IR Write Display Clear
0 0 |Busy Flag (DRT) @counter (DBO-DB7)
Read
| ' 0 Seleksi DR, DR Write
i 1 Seleksi DR, DR Read
|

2.7.12.2. Busy Flag

Busy Flag menunjukkan bahwa modul siap untuk menerima instruksi
selanjutnya, Scbhagaimana vang terlihat pada table register seleksi sinyal akan
melalui DB7. Jika RS = 0 dan R/W = 1. Jika bernilai 1 maka modul sedang
melakukan kerja internal dan intruksi tidak dapat diterima. Sehingga status dari
flag ini harus diperiksa sebelum melaksanakan intruksi selanjutnya.
2.7.2.3. Address Counter

AC menunjukkan lokasi memori dalam modul LCD. Pemilihan lokasi
alamat itu diberikan lewat registerintruksi (IR). Ketika data ada pada A. maka
AC secara otomatis menaikkan atau menurunkan alamat tergantung dari

Entry Mode Sef.




MPU |[Seleksi Sinyal
0 = write

| = read

VLS

MPU | Seleksi Repister

PS |0 = intruksi reg (wr)

Busy flag addr counter (rd}

1 = data reg (wr dan rd)

PS  Mengatur Tampilan LCD

Vs

5

+3 volt




2.7.2.4. Display Data RAM (DD RAM)
Pada LCD masing-masing line mempunyai range alamat tersendiri.
Alamat ini dickspresikan dengan bilangan Hexadecimal Untuk itu 1 range
Alamat berkisar O0H-0FH sedangkan untuk line 2 range alamat berkisar antara
40H-4FH.
2.7.2.5. Character Generator ROM (CG ROM }
CG ROM mempunyai tipe dot matrik 5 x 7 dan data pada LCD telah
tersedia ROM sebapai pembangkit Character datam kode ASCIL
2.7.2.6, Character Generator RAM (CG RAM)

CG RAM digunakan untuk pembuatan karakter tersendiri melalui

program.
Tabel 2-7. Fungsi Terminal Pada LCD ™
Nama Signal | Jml Term 10O Tujuan Fungsi
TDBODES | 4 | WO MPU Sebagailal linas dafa dan
I intruksi ke atau darni MPL
Low Byte
 DB4DB7 4 VO  MPU |Sebagai lalu lintas data
! atau iniruksi 2 arah upper
‘ hyvte. |
E R | MPU Sinyal Starl (read/write)
| . I S 5
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BAB LIl
PERENCANAAN DAN PEMBUATAN ALAT

31. Pendahuluan
Bagian ini menjelaskan tentang perencanaan dan pembuatan kasir restoran
cepat saji Dengan Sistem Debet menggunakan kartu (RFID) Berbasis

RENLESAS RBC/13 TINY.

Y

RS -1232

+

PrC

RFID J

PRINTER

v

CARD . BRENESAS
READER RECM3 TINY

TOMBOL LCD

Gambar 3-1 Blok diagram
Sistem pelayanan menu makanan dan minuman restoran secara umum dapat di
bagi menjadi dua bagian besar, vaitu PC sebagai pusat pelayanan dan sistem-
sistem renesas sebai efient. Masing-masing bagian mempunyai peranan berbeda
vang memiliki hubungan timbal balik. Komputer pusat pelayanan direncanakan
memiliki fungsi sebagai berikut :

1. Menerima data pesanan menu yvang masuk dari cfient pelanggan.




2. Mengirim data kalau pesanan sudah diterima.
Memiliki fungsi sebagai berikut :
1. Menerima order pesanan vang dimasukkan melalui tombol dari tamu
yang terlebhih dahulu dimasukkan kartu debet.
2. Mengirimkan order pesanan ke computer utama.

3. Menerima data dari PC kalau pesanan sudah dikirim.

Fungsi dari masing-masing blok diagram :

RFID (radio frekuenci identification) : berfungsi sebagai pengidentifikasian
kartu debet.

CARD READER :Berfungsi sebagai pembace karmu vang berisi kode bit
REFID,

LCD (liquid crystal diplay) : sebagai tampilan informasi yang di minta.

TOMBOL: untuk masukan inputan ke renesas,

RENESAS REC/13 TINY : Digunakan umtuk mengolah data yang di terima,
mengontrol dan  mengendalikan  rangkaian-rangkaian  yang  di
hubungkan dengan renesas tersebur,

RS 232 : Sebagai penghubung antara renesas dengan PC.

PC (Personal Computer) : Merupakan tempat penyimpan data atau data base
darl account yang ada.

PRINTTR : Sehagai pencetak hasil transaksi.




Sistem kerja blok diagram sccara keseluruhan :

pelanggan yang datang harus mempunyal kartu debet. Karto debert
tersebut dengan cara membeli kartu debet di kasir dengan nilai nominal terteniu
dari kartu vang bisa di pilih sebagai kartu akses untuk masuk ke menu-menu yang
dipilth. Sehingga apabila pelanggan tidak memiliki kartu debet tersebut maka
pelangean tidak bisa memesan menu-menu yang ada di restoran,

Setelah memiliki kartu debet, Maka kartu tersebut dimasukkan alau
digesek pada card reader, dan mulai memesan menu. Program akan menunggu
pilihan menu yang dipilih dan jumlah pesanan, apabila pelanggan telah mengisi
lengkap maka tinggal menunggu konfirmasi dan computer dan menunggu siruk
(hasil cetak trnsaksi).

Setelah pesanan diterima oleh computer, Maka pesanan tersebut telah
masuk ke data base computer dan jika pesanan tersebut oleh pelayan maka kasir
akan memberitahukan pelanggan bahwa pesanan segera dikirim. Data-data order
dari pelanggan akan lersimpan di computer dan masuk ke database laporan kas
harian. Apabila pemesan ingin menambah pesanan makanan maka pelanggan
pemesan tinggal mengeesck kartu debet tersebut di kasir lalu menentukan pesanan
vang akan di pesan, Setelah pemesan selesai memesan dan tinggal menunggu
seriek (hasil cetak trnsaksi). Begitulah untuk pesanan selanjuinya.

3.2. Perancangan Perangkat Keras
Bagian ini menguraikan perencanaan perangkat keras yang meliputi
perencanaan :

1. Sistem mikrokontroller renesas R8C/13 tiny




2. Antarmuka renesas R8C/13 tiny ke modul LCD
3. Antarmuka renesas RBC/13 tiny ke kartu RFID
4. Antarmuka saluran tranmisi standart R5-232 pada titik renesas R8C/13

tiny dan pada titik komputer

3.2.1. Perancangan Mikrokeniroler Master Renesas ROBC/13  Tiny

R5F21134FP.
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Gambar 3-2 Minimum sistem Mikrokontroller Renesas R8C/13 Tiny

RSF21134FP.




Mikrokontroler Master mempakan mikrokontroler pengendali utama.
Dalam hal ini menggunakan mikrokontroler Renesas ROBC Tiny RSF21134FP
karcna banyak dengan mempertimbangkan  keungpgulan-keungpulannya  dan
fazilitas-fasilitas yang dimiliki IC ini. Pembahasan ini telah dijelaskan pada bab-
baby sebelumnya. Mikrokontroler master ini mempunyai 'O Port yaitu PO.O —
P07, P1LO - PL7. P3.0 - P33, P3.7 dan P4.5 sedangkan P4.6, P4.7 hanya bisa
dipunakan sebagai impat saja. bila konfigurasi kristal memakai kristal imternal.
Dralam hal ini yang digunakan Port /O saja. Berikut imi konfigurasi pin-pin
mikrokontroller master :

1. Untk ANO — ANI digunakan sebagai pin analog input pada ADC

2. Untuk Port 3.0 — Port 3.3 digunakan scbagai outpul instruksi ke LCD
3. Untuk Pin 7 dihubungkan ke Vcc

4. Pin 12 dan Pin 13 dihubungkan ke BS dan E pada LCD

5. Untuk Pin 5 dihubungkan ke Vss sebagai Ground

3.2.2. Perancangan Rangkaian LCD

LCD (Liguid Crystal Display ) digunakan sebagai tampilan status alarm_
Sinyal-sinyal yang dipergunakan oleh 1.CD adalah data bus, RS, R/W dan E.
Sinyal [ dihubungkan ke P1.1 untuk mengaktifkan LCD. LCD akan aktit jika
mikrokontroler memberikan instruksi tulis pada alamat LCD. Sedangkan P|.0
dipergunakan untuk memberikan sinyal RS yang membedakan data yang
diberikan pada LCD. Sinyal RS diberikan k¢ LCD untuk membedakan sinyal

antara instruksi program atau instruksi penulisan data. Uniuk pin R'W akan
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berlogika Jow (0) apabila dihubungkan dengan ground maka 1L.CD difungsikan
hanya untuk menuliskan program atau data ke display. Untuk mengambil data dari

mikrokontroler maka pin data DB4-DB7 dari IC ini dihubungkan dengan P3.0 —

P3.3 yang merupakan pin data dari mikrokontroler.

e R T S e 2]

- | : —
= 1 Vs DB2 9 D2
3 10 D3
===V PH§ peenn
e et W'CL DB4 ———— < P30
Vi i 12 DS ==
aur1=\_'l---_p-.—.=ar-s.1l=-—'u=-=-'-——.'ql=ﬁi D_Bﬁ i]:“}. I"‘, ¥
= ~ RS 4 14 D7 ——=
Pl i RS DB7 —~ P33
P13 El_ g E 55 s
1ai' 8 bho o 16 o
LB1 V- _I

Gambar 3-3 Perancangan Rangkaian Ligeid Crystal Display ( LCI )

Keterangan gambar diatas yang merupakan LCD dengan kapasitas 16 x 2
karakter dengan pin — pin pada LCD schagai berikut :

1. Pinl=Vss

2. Pin2=Vecc

3. Pin3=Vee

4. Pingd=RHES

5. Pin5—R/'W

6. Pin6-E

7. Pin 1l —-Pin= 184 -1R7
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8. Pinli=+V
9. Pinl6=-V

Keterangan :

1. R/W untuk menentukan data yang akan dibaca atau dihubungkan ke Ground
untuk menulis saja.

2. E dihubungkan ke pin 13 sebagai eaahle vang merupakan sinyal.

3. R/S untuk mengaktifkan register comrof dinubungka ke pin 12,

4. Pada pin Voo dan Vss digunakan variable resistor { wrimpot ) sebesar 10 KL
schagai pembagi tegangan vang berfungsi untuk mengatur intensitas cahaya
pada tampilan LCD.

3.2.3. RFID (Radio Fregency Identification)

Pada sistem RFID umumnya. fag atau transponder ditempelkan pada

sualu objek. Setiap fug membawa dapat membawa informasi yvang unik, di

antaranva: serial number, model, warna, dan data lain dari ohjek tersebut.

Ketika fag ini melalui medan vang dihasilkan oleh pembaca RFID yang

kompatibel, tag akan mentransmisikan informasi yang ada pada (ag kepada

pembaca RFID, sehingga proses identifikasi objek dapat dilakukan.
Pada perancangan alat ini juga digunakan LED sebagai indikator
pendetcksian RFID, Dalam gambar 3-5 memperlihatkan rangakain RFID yang

direncanakan.
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Gambar 3-4. Rangkaian perencanaan RFID
3.2.3.1. Format Pembacasn ASCIL

Salah satu tipe dari RFID reader ini yang digunakan pada alat ini adalah 1D-
1. Kartu RFID yang digunakan mempunyai nomor 0020248083, Kemudian
angka tersebut dijadikan bilangan heksadesimal menjadi 134F613 H.

Sebenarnya angka tersebut merupakan kode ASCII yang ada di kartu. vaitn

134F6135.
Tabel 3-1. Format Pembacaan Kode ASCIL
ASCIT | | 3 4 F 6 I 3
" Heksa | 31 | 33 34 | 46 ‘ 36 ‘ Y 3
- [ - [ S




3.2.3.2. Frekuensi Kerja RFID

Faktor penting yang harus diperhatikan dalam RFID adalah frekuensi
kerja dari sistem RFID. Ini adalah frckuensi yang digunakan untuk komunikasi
wireless antara pembaca RFID dengan tag RFID.

Ada beberapa band frekuensi yang digunakan untuk sistem RFID.
Pemilihan dari frekucnsi kerja sistem RFID akan mempengaruhi jarak
komunikasi, interferensi dengan frekuensi sistem radio lain, Untuk frekoensi
vang rendah umumnya digunakan tag pasit dan inilah yang dipakai dalam
perancangan ini, dan untuk frekuensi tinggi digunakan (ag aktif,

Pada [rekuensi rendah rug pasif tidak dapat mentrasmisikan data
dengan jarak yang jauh. karena keterbatasan daya wang diperoleh dari medan
elektromagnetik, Akan tetapi komunikasi tetap dapat dilakukan tanpa kontak
langsung. Pada kasus imi hal yang perlu mendapat perhatian adalah reg pasif
harus terletak jauh dari objek logam Karena logam secara signifikan
mengurangi fluks dari medan magnet. Akibatnya tag RFID tidak bekerja

dengan baik karcna tag tidak menerima daya minimum untuk dapat bekerja.

3.2.4. Rangkaian Antarmuka saluran RS-232

Pada perencanaan hubungan antara MC dengan PC adalah dipergunakan
komunikasi data secara serial yaitu port 1 atau vang sering dikenal dengan
COM 1. Adapun kaki atau pin-pin yang dipakai adalah pada pin no. 2 yang
berfungsi untuk sambungan receive data, pin no. 3 untuk sambungan

transmit data yang berguna sebagai input data pada PC yang sebelumnya telah
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disesuaikan dulu level tegangannya dari RS-232 ke level tegangan TTL melalui
sebuah IC MAX 232, dan pin no. 5 untuk singal grownd. Dalam hal ni
kecepatan transfer data per hit menggunakan 9600 bps. Rangkaian interface

RS-232 diperlihatkan pada gambar 3-6.
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Gambar 3-5. Rangkaian RS232
3.2.5. Rangkaian driver buzzer Dan Led
Pada umumnya buzzer adalah suatu peralatan yang dapat mengeluarkan
bunvi apabila diberi tegangan masukan pada salah satu kakinya dan ked
banyak digunakan scbagai indicator pada suatu rangkaian dimana kedua alat
ini banvak digunakan sebagai tanda dini untuk mengetahui suatu system
apakah telah bekerja dengan baik atau tidak berikut adalah gambar rangkaian

huzzer dan led seperti pada gambar.3.6
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Gambar 3.6.Rangakaian driver buzzer dan led
@ |7 driver ini univk mengaktitkan buzzer dan LED, dimana jika bezzer
berbunyi dan lampu LED menyals menandakan bahwa  Tag dan Reader
telah berkomunikasi secara wireless. Untuk mengaktifkan duzzer dan LED.

mikrokontroller masih membutuhkan sebuah rangkaian driver.

Spesilikasi

Buzzer VBEZ =35V IBZ =8 mA

LED VLED =24 ILED = 10 mA

859013 Hfe =112 lc = 500 mA Vbe = 0.7
RLED = (Vee-VLED) / ILED = (53-2.4)/ I lmA =260 £}

@ Karena dipasaran resistor 960 (1 tidak ada maka diganti dengan nilai
resistor yang mendekali yai 330

® Agar transistor tidak terlalu jenuh saat terpicu oleh mikrokontroller,
diperlukan sebuah resistansi pembatas arus pada basisnya (Rb).
Ib =Ic / Hfe= 500mA/ 100 = 4,464 mA

® Rb={(Vbb-Vbe)/Ib=(5-0,7)/4.464 mA = 963 {2




® Karcna dipasaran resistor 963 £ tidak ada maka diganti dengan nilai
resistor yang mendekati yvaitu | KO

23  Perencanaan Perangkat Lunak/Software
3.3.1. Software di Mikrokontroller renesas R8C /13 tiny

Untuk pemakaian Mikrokontroller renesas RBC /13 tiny di dalam suatu system,
perlu dircncanakan perangkat Junak Mikrokontroller renesas REC /13 tiny yang
dapat mengatur system tersebul. Perangkat lunak disini adalah susunan perintah-
perintah (program) didalam memori vang hareus dilaksanakan adalah renesas. Di
dalam suaw mikrokontroller memori merupakan suam fasilitas utama karena
disinilah disimpan perintah-perintah vang harus dijalankan, Memori disini dapat

dibedakan menurut fungsinya menjadi memori program dan memori data.

Untuk mendukung agar perangkat keras berfungsi seswai dengan
perencanaan, maka diperlukan perangkat lunak scbagai penunjangnya. Sistem
aplikasi mikrokontroller R8C/13 ini dapat mengatur dan mengendalikan
keseluruhan sistem apabila ada urutan instruksi yang mendefenisikan secara jelas
urutan tugas yang harus dikerjakannya .

Urutan instruksi ini sangat penting  wniuk  didefenisikan., karena
mikrokontroller bekerja secara pasti berdasarkan urutan insruksi ini. Susunan
logika perancangan yang salah tidak dapat diketahui oleh mikrokontroller. Selama
instruksi  vang dilerima sesuai dengan aturannya, mikrokontroller teap
mengerjakan instruksi tersebut. Kesalahan seperti ini baru diketahwi ketika kerja

sistemn aplikasi tidak sesuail dengan spesifikasi awal. Oleh karena itu, perancangan
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perangkat lunak sangat menentukan dalam keberhasilan pembuatan perangkat

lunak, sama pentingnya dengan perancangan perangkat keras. Perangkat lunak.

4t




&

Tunggu data dar
RFID

+ -

__.z"f' . 2 T
< Jixa ada data =
i g

l“\-\‘_\‘ .a-".-.f
l ¥

Filik mgnu
1

| Tekan enter [Ika

zelpaai pilih manu

S "‘\\
“Kirim data™. ¢
<, piliban menu J_ja———

. ke PG~
e

] ¥ .

Tunggu data dar
P

|
Y

i’
2 o
. T
=" Jika Salda -

I Tamplkan di LCE
e saldo tdak cukup

e . _,*"/ | uniuk ransaks
'\..\_.“I.\.f.-“_.-Y
Ry, M
Celak pesanan
mede
s W
e -,
i FND
\ s

Gambar 3-7 Flowchart MCU
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BAB IV

PENGUJIAN ALAT

4.1. Pendahulvan

Dalam bab ini membahas tentang pengujian dan pengukuran dari
peralatan yang dibuat, Secara umum pengujian ini bertyjuan untuk
mengetahui apakah piranti yang telah direalisasikan dapat bekerja sesuai
dengan perencanaan yanyg lelah direncanakan.

Pelanggan yang baru datang terlebih dahulo harus mempunyai kartu
debet dengan cara membell kartu debet tersebut ke kasir dengan nominal
dari kartu vang dipilih. Schingga apabila pelanggan tidak memiliki kartu
debet tersebut maka pelanggan tidak bisa memesan menu-menu vang ada di
restorarn.

Setelah memiliki kartu debet, maka kartu tersebut ditempelkan ke
card reader, dan mulai memesan menw. Program akan menungewo pilihan
menu yang dipilih dan jumilah pesanannya dari pelanggan yang telah
mengisi lengkap.

Setelah pesanan diterima oleh komputer, maka pesanan tersebut telah
masuk ke data base komputer data order pelanggan akan tersimpan di
komputer (PC) dan masuk ke data base laporan kas harian. Apabila
pelanggan masih ingin menambah voucher karena akan menambah pesanan
karna saldo sudah tidak mencukupi untuk melakukan transaksi maka

pelanggan dapat mengisi voucher tambahan dengan memberitahukan kasir
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untuk ditambahkan saldo voucernya dan setelah itu pelanggan memesan
order makanan dan minuman.
4.2. Pengujian alat
4.2.1. Pengujian Sistem Mikrokontroller
e Tujusn
Untuk mengetahui kondisi awal dari mikrokontroller apakah sudah
sesuai dengan vang direncanakan.
o Peralatan yang dibutuhkan
1. Komputer (PC).
2. Led Display.
¢  Prosedur Pengujian
Membuat program vang digunakan dalam pengujian mikrokontroller
renesas RBC/ 3 tiny schagai benikut :
void pilihan8(void)
{
Tulis LCD(0x80," MENU LAIN ")
Tulis LCD(OxCO,"BAKS0O BAKAR 7300™);

¢ =0x38:

i

void maing )

{

/{ Declare vour local variables here
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unsigned char Debounce;

unsigned long int Wait:

asm("FCLR 1"): * Interrupt disable */
prer=1: * Protect off #/
emld=1; M X-in X-out */
eml3=1; * MCIN-XCOUT drive

capacily select bit : HIGH */
cmils = i* X-in on */
cmlo =10 {#* Main clock = No

division mode */

cml7 =1}
cmibé = 0 4 CM16 and CMI17
cnable */

asm{"nop”);
asm{"nop");
asm{"nop");
asm("nop™);
ocd2 =0 /* Main clock change */

prer =1

/¥ Protect on */
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sfr_init();
delayy(30000),
LCD data(0,0x33); LCD_data(0,0x32); LCD_data(0.0x2F);

LCD data(0,0x0E); LCD_data(0,0x06); LCD _data(0,0x06);

Tulis_LCD(Ux80," Restoran DURO ");

Tulis LCD(0xC0."JL.Karanglo Km 2 "):

delayy{ 500000

delayy{ 500000);

Tulis LCD(OXCO,"ITN KAMPUS Il MLG"):

delayy(S000040);

delayy(3000007);

delayy(S00000);

Tulis LCD{0x80," DEKATKAN KARTU ");

Tulis_LCD{0xCO." ANDA PD SISTEM ");

delayy{500000);
4.3.  Pengujian RFID
4.3.1. Tojuan

Tujuan dari pengujian ini adalah untuk mengetahui apakah tag RF1D
bisa dibaca olch reader RFID. Adapun cara pengujiannya adalah denpan
meranghai rangkaian RFID dan kemudian menghubungkan ke COMI PC.
Untuk menguji reader bisa membaca kartu RFID dilakukan melalui Hyper

Terminal,

30




4.3.2. Prosedur peagujian
a. Menghubungkan rangkaian RFID ke COM | PC.
b.  Membuka HyperTerminal (start— allprogram— cessories—
communication — hyper terminal}

e.  Memberi nama dan memilih ieon pada Connectio Deseription

‘\pg M ewe Carriechion

Erter s narne and choose an s bor the connechinr

MHarme

FFID

[azary!

B

Cr Carcel

Gambar 4-1. Kolak Dialog Connection Description
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d. Memilih COM]1 pada kotak dialog connect to
-

Erter dataals for the phors rwmber that pow vwant to dial

(TN R T s T b

Area code
Fhiore mumiber:

Conrech usrg,

] I arsel

Gbr 4-2. Kolak Dialog connect,




e. Pada COMI properties mengubah bits rate per second menjadi 9600
dan flow cantrol menjadi none.
ot Soettnge
E#lr: per cmooed: Sy
Crzka bt &
Fagity: . Mo
Stoabiz e

T ol v Ty [l

Feotme Diedauls

13K, Cared Apne

Gambar 4-3. Kotak Dialog COM1 Praperties

{. Menempatkan kartu pada jarak yangz dijangkau reader schingga

menampilkan angka dari kartn tersebut.

E [}
o 00 e ol TR =B

1wk 4 L r

ML E2RIIEIEAS 11

I 11 D I Ipdierer e RS B LRET R

Gambar 4-4. 1dentitikasi Reader Terhadap Kartu
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4.3.3. Hasil Pengunjian Pembacaan RFID

Tabel 4-1. Hasil Pengujian Pembacaan RFID

Jarak jangkuan Kepekaan reader
| Cm ' Sangat peka
2 Cm Sangat peka
3 Cm Sangat peka
- 4 Cm ! Sangat peka
- 5 Cm Peka
0 Cm | Kurang peka
7 Cm Kurang peka
& Cm i Kurang peka
4 Cm Kurang peka
10Cm ' Kurang peka

Tabel di atas merupakan hasil penpgujian dimana kartu yang menghadap
reader adalah bagian depan. Jarak yang baik untuk bisa teridentifikasi adalah 5
cm. Untuk bagian belakang menghasilkan data vang sama. tetapi untuk
pengujian dimana kartu tegak lurus dengan reader hanva bisa saat kartu

berjarak sangat dckatl dengan reader (menempel).
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4.4.  Pengujian Rangkaian Tampilan LCD

4.4.1. Tujuan

Untuk menpetahui kemampuan rangkaian tampilan vang sudah dibuat

apakah dapat mendukung sistem yang direncanakan dan

menampilkan data pada LCD.

4.4.2. Peralatan yang Dibniuhkan

1.

2,

Komputer (PC)

Sistem Mikrokontroler dan LCD

4.4.3. Prosedur pengujian

{ o ]

Menyusun rangkaian seperti pada gambar 4-0
Menjalankan program untuk menampilkan tulisan ke LCD

Programnyva terlampir

Mengamati kelvaran pada LCD
Isi memori program seperti dibawzah ini,yang bertujuan untuk
menampilkan tulisan
- Slstam : |
| Mikrokontroler Lo
e )
o

Gbr. 4-5. Diagram Blok Pengujian Rangkaian L.CD

uniuk




4.5, Pengujian Sistem Alat kasir menu cepat saji asto debet dengan
mengrunikan Tekaologi RFIDY
4.5.1. Tujuan
Untuk mengetahui apakah semua sistem berjalan dengan normal dan
untuk mengetahui error yang terjadi
4.5.2. Prosedur Pengujian
I. Menghubungkan kesgluruan rangkaian sesuai dengan diagram blok
2. Menjalankan program Delphi
3. Melakukan proses identifikasi
4. Melewatkan lag RFID
4.5,3. Hasil Pengujian
Tampilan informasi pada program Delphi
a. Menampilkan No 1D dari Tag RFID pelanggan
b. Menampilkan nama dan alamat
¢. Menampilkan jumlah debet, jumlah kredit, jumlah saldo
d. Menampilkan menu PAHE 1s/d PAHE 3 dan pilihan menu lain
4.6. Analisis Hasil Penpujian
Dari informasi diatas bisa diketahui bahwa dengan memantaatkan
tcknologi RFIDY untuk pembayaran menu makanan di restoran dengan auto
debel, sangatlah efesien dan efektif’ karena proses yang lebih cepal dan

mudah penggunannya.
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4.6.1. Analisis Hasil Pengujian Sistem
Analisis hasil pengujian sistem merupakan analisis dari scluruh proses
yvang terjadi dalam perancangan alat ini.
4.6.2. Proses Identifikasi Dan Sistem Transaksi
a. Pada saat kartu tag berada dalam jarak jangkuan reader maka akan terjadi
proses identifikasi yang bisa memberikan informasi mengenai sipemilik

kartu tersebut.hal tersebut hisa dilihat dari gambar berikut:

RESTORAN
e -i -_ % T-‘-I: ,‘l "ﬁ 1_ ¥ 8

oS

Jin. KARANGLO KM2
Tip. 08563571239

DATA PELANCEAN RESTORAM DURD oo oo o
woEsRTU | KOP) 515U PEKEISIAN DATA RSFALL
AR - I g

SOFT DRINK OFEN TRBEL
Al R, HaREL KIKIL

TANGGAL : BARED BAKAR
LEHET ;

KREDIT FEHEARTAM FAMA I
Ralinn

FEMCARLAMN HOMOR I

CETAFK,
b Evit J
I (R I [Fariaie. [nEmET_ [wAEoiT  Jasno “1'“’;_;-1
(Mo -
o -

| J=ln]el=]=] | (e

GBr. 4-8. Kotak tampilan transaksi

57




Setelah dilakukan percobaan maka untuk mendapatkan hasil maksimal.maka kartu

harus berada dalam jarak + Secm

b. Sectelah proses identifikasi selesai langkah selanjutnya proses pembayaran

Dan proses print out bukti pembayaran menu yang telah di pesan.

RESTORAN

'DURO'
Jin. KARANGLO KM 2

Tlp. 08563571239

THEENT AR FM PIL AN MENT: FII]][- r_MF‘N'I:T ' I'H'“
- . T Gty Moniztes
PAHE 1: 5500 EKOPL SUET 0
AfAMAT: perum grafva biok NN.Geamrs: o KOE .
FPAHES: D SOFTDRINE : D
JUMEILAH DEBET © 11500 BAKSOKIKIL : 0
JUMLAH KREDIT : 55040 HAKSOBAKAR: D

FOMLAH SALDO: G000

Ghr. 49, Print Out Permbayaran transaksi
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FENUTUP
3.1, Kesimpulan
Berdasarkan dan perancangan dan pembuatan kasir menu cepal saji

aulo debet dengan menggunakan kartu RFID berbasis mikrokontroller renesas
RE8C/I3 uny yang memaniaatkan teknologi RFID, maka dapat diambil
keampulan sebagai berikut:
71 Spesifikasi alat ;
i Spesifikasi alat yang berupa LCD scbagai tampilan pemilihan
menu dimana pelanggan memilih menu aps yaag akaa dipilih cukup
dengan melihat di LCD.
2 kartu RFID dimana sebagai alat pemesanan / pembelian makanan
dan minmman.
3. PC sebagai data base pelangpan ataw data-daia pesanan
pelangpan yanp memesan menu.
4. RENESAS RBC/3 Tiny schagai pengolahan penyimpan data
data untuk tampilan meny di LCD dan sebagai pengontrol dan
mengendalikan rangkaian-rangkaian yang dihubungkan dengan renesas
tersebut;
5. RS-232 sebagar alat pengkoneks ke PC.

6. pnnter sebagai pencelak hasil dari pesanan
"I Hasil pengujian
pada RFID yang dipnnakan berbenmk kartu dimsna mempunya: parak

jangkan vang bisa dideleksi reader dengan baik sejauh 5 c¢m apabila karto
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terscbut ditempelkan ke card reader maka data dari card reader tersebut
dikirim ke RS-232 oleh PC data tersebut di cocokkan dengan daia base
vang sudah terdafiar setelak itu PC mengirim data terschut ke ME schagai
tanda bahwa ada pelanggan vang akan mau memesan maksnan dan
minuman oleh MK dara terscbut difongsikan umtuk mengaktitkan dara
pilihan menw lewat tombol yang ditampilkan di LCD.
M Kelebihan alat
Dimana Kelebiban alat ini dapat bhisa mengurangi antrian pada saat
membayar makanan dan minuman di restoran, Dengan alat ini
mempermudah proses pembayaran restoran yang lebih efisien dan efekifl
karena prosessnys lebih cepat dan mudah penggunaannnya.
5.2 Saran
Beberapa saran yang penulis dapat sampaikan untuk pengembangan alat 1
adalah sebapai benkut:
U Untuk peagembangan lebih lanjut diharapkan agar alat ini dapat
ditingkatkan atau dikembangkan pengpumaarmya, guma mendapat hasil
yang oplimal dikemudian hari, tidak hanya sebalas sebagai alal sistem

pembayatan di restoran.
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Mekanisme RS-232

R3-232 merupakan Seperangkat alat yang berfurigsi scbagni imterface dalam
Proses transfer data secara serial. Metede pengiriman secara serial RS-232 adalah

untuk mengkodekan adanya pengiriman karakter sudah selesaj dikinim.

Karakteristik elektris dari sistem R§-232 adalah mempunyaj fegangan
keluaran antara —15 Volt sampai dengan +15 Voit. Teganan +5 sampai +15 volt
untuk mewakili level rendah (logika <0/ Spacing) dan tegangan -5 sampai -15 volt
uniuk mewakili leyel tinggi (logika <17/ marking). Hal tersebyt sepertl ditimjukkan
dalam Gambar 1

Gambar 1. Level Logika Standar R$-232
CCITT telah merekomendasikan karakteristik sinyal lictrik Pada rangkaian
Interface V-24 Karakteristik sinyal listrik yang dimaksudkan adalah bataz-hatag
tegangan yang digunakan Dalam rckomendasi tersebut dibedakan antgra sinyal data




dan sinyal konrot, sinyal data sebagai logika “0" dan *1°, sedangkan sinyal kontrol
dinyatakan dengan ON dan OFF. Sinyal-sinyal tersebur mempunyai batasbatas

(daerah) teganpan yang ditunjukkan pada tabel 2.9
Tabel 1. Tabel Karakteristik Sinyal Listrik Protokol RS 232

Sinyal | __Flm_ | Daerah Tegangan

 Syaldia —— N
——— _Tﬁd—vﬁ+ﬁv

EI
Smya] lmmm] ~ON | H3VdVpd+isv
GFF _L -sw tVp t-15V

= ___l__ =

Dalam standar R3232, tegangan antara +3 sampat +15 Volt pada input fine
Receiver diangpay sebagai fevel tegangan ‘07, dan tegangan antara —3 sampai —15
Volt diangeap scbagai level tegan &an *1°,

Unink mengurang kemungkinan tenadinya gangpwan ‘crose falk’” antara
kabel saluran sinyal RS 232, kecuraman perubahap tegangan sinyal dibatasi tidak
boleh lebih dari 30 Vultfmih‘u—detﬂ{, makin besar kecuraman sinyal, miakin Desar
pula kemungkinan egadi ‘cross ta?k’ Di Samping ifu ditentukan pula Kecepatan
transmisi data seri tidak boleh lebihy besar dari 20 KiloBit/Detik Impedansi saluran
dibatasi antara 3 Kilo-Ohm sampai 7 Kilo-Ohm, dalam standar R5232 yang pertama
ditentukan pula panjang kabel tidak bolel lebih dari 15 Meter (50 feet), tapi
ketentuan ini sudab di-revig; Pada siandar RS232 versi ‘D’. Dalam ketentuan bary
tidak lagi ditentukan panjang kabel maksimum, tapt ditentukan nila; kapasitan dart
kabel tidak boleh lebily besar dari 2500 pF, schingga dengan menggunakan kabel
kualitas baik bisa dicapai jarak yang lebih dari 50 Jeet. a). Protokol Komunikasi pada




RS 232

Beberapa protokol pada Inferface RS 232 adalal -

Start Bitx

Merupakan sebuah bit dengan logic “0°, bit inj Yang menandakan babwa akan
ada karakter atau dara vang mengikutinya. Bit inj langsung diberikan oleh
sintyal device tanpa harus mengese! terlebih dahuly.

Datg Bits

Mempakan hit yang mewakilt dan karakier yang ditkutinya, data bit ini dapat
diset sepanjang antara 5 sampai 8 bit,

Parity Bits

Perhitungan jumiah data bit tersebut tergantung dari jenis Partly vang diset,
Untuk parity ‘even’, jumilah data bit yang berlogika “1° ditambah dengan
parity bir akam menghasilkan jumlah yang ganjil. Sedangkan uniuk parity
mark ', merapakan parify bif yang selaly berlogika *1* begitu pula pada
space, parity bit selalu berlogika * 0' dan parily ‘none’ merepakan Parify bit
yang diabaikan,

Sop Bifs

Merupakan bit yang menandakan akhir dan suaiy Paket data (biasanya 1 yte
data) Seperti pada dara but, bit it fangsung diberikan dari serial devige. Stop

bit ini dapat diset menjadi satm bit, satn sefengah dan dua bip




* Bowd Rate

Baud Rate digunakan untuk menjukkan keccpatan dari transmisi (bits per
second).

Di dalam komputcr terdapat fasilitas komunikasi scrial yang menggumakan

standar RS-232, vaitu terletak pada COMT dan COM?2. Kedua fasilbitas ini

menggunakan koncktor DBY atay DB2S sebagai penghubung dengan piranti luar.
Gambar konektor DB9 seperti terdapat dalam Gambar 2-11

Gambar 2. Konektor DB-9 dan DB-25




Fungsi masing-masing pin pada DB-9 seperti terdapat dalam Tabel 1
Tabel 2. Fungsi Pin RS-232 dalam DB-9

T e g i
i _

Ii 1 |DCD (Data Carrier Detect) Mendeteksi sinval carrier dag|
|

| modem lain

L

2 |RD (Receive Dota Line Y (RXD)|Pengiriman data serial dag

DCE ke DTE

3 TD (Transmii Data Line) (Tx{}) |Pengiriman data scrial dari

DTE ke DCE i
4 |DTR (Data Terminal Refay)  |Memberitahy DCE baTwa,

IDTE telah akiif dan siap

5 |Ground o Referensi  semma tegangan

antar muka _IJ

6 |DSR (Daia Sel Ready) Memberitabn DTE ﬁmla

DCE telsh akiif dan siap

|7 |RTS (Request T Send) Memberitzhu  DCE bahwa

| |

I iII‘.l'r E akan mengirim data |

i e e

| 8 |CTS (Tlear Ta Send) N et DTE  bahwa

i | [ i

! |i IDCE siap menerima data J

rﬂ_ [RY Ring Indikator) TAKSf jika modem mmmnj
b= [ T oe—e—e——— e e

Jalur dala (TxD dan RxD) untuk transport data, TxD adalah jajur outpul pada
kouipater, dala dikirim dar pin ini. Sedangkan RxD adalah penerima unhik

komputer, data yang datang akan diterima oleh pin ini. Pin ke empat adatzh cutput




(RTS) & mana sebuah sinyal akan diberikan pada alat yang dihubumgkan dengan
maksud meminta kiriman data, CTS adalah sinyal masukan yang menunggy sinyal
dari alat yang terhubung. Ketika alat tercebut menetima sinyal RTS dan bica
menerima data maka ia akan mengirimkan sinyal balik yang merupakan CTS. DTR
adalah sinyal kefuaran yang memberi tanda bahwa ada alat yang terhubung dan akan
menginmkan data. DSR merupakan sinyal inpui yangmana Jika alat yang terhubung
manerima sinyal DTR ia akan member; sinyal balikkemudian diterima sebhagai sinyal
DSR. Spesifikasi RS-232 dapat dilihat dalam Tabel 3
Tabel 3. Spesifikasi RS-232

[ Keistimewaan 1 Karakteristik |
!I]emmg_ - Single ended (tak seimbang)
| —
[Tenis penggerak dan 1 driver j
Penerima per jalur |1 receiver

Data rate maksimum |20 kbps 1

!
Panjang saluran maksimm ISD f(15m)

' Tegangan Keluaran penggerak |+£5 - £15 volt

Sensitivitas penerima i'+3 vole

— =t . e —xl




Formut data MK ke PC

scjauh ini kita sudah memperkenalkan Rs-232 Communiction dalam hubungan
dengan PC [itu]. R8:232 komunikasi adalah synchronous. itu adalah suaty isvarat
jam tidaklah dikirim dengan data [itu]. masing-masing kata[an] yang disamakan
penggunaan adalah start bit, dan suaty Jjam internal pada [atas] sisi masing-

masing, [menyimpan/pelihara] rckening pada [atas] pemilihan waktu.

Logic '

5

Start | 0 i 2 | 4 5 B 7 stop

Logic O

diagram di atas, menunjukkan bentuk gelombang yang xpected dari UART ketika
menggunakan 8NI yang umum formt, §N1 menandakan 8 data bit, tidak parity
kesamaan dan | perhentian bit, RS-232 garis, ketika kosong adalah di dalam tands
itu state ( logika 1). suatu transmisi mula; dengan bit start yang mana adalah (
logika 0). kemudian masing-masing bit diturunkan ia garis, satu demi san. L.SB
(least Significant Bit} dikirim duhy. suatr Bit perhentian ( Logika 1) kemudian
menambahkan catatan kepada isyarat untuk menyusun transmisi fiu.

diagram, menunjukkan bit yang berikutnya setelah perhentian menggigit
untuk;menjadi logika 0. sebanyak ini; sekian berarti katafan] lain sedang
mengikuti, dan ini adalah adalah start bit, Jika tidak ada lebih  data datang
kemudian te menerima garis akan tinggal status di dalamnya kosong ( logika 1),
kita sudah temu sesuatu yang discbul pecahkan isyarat. ini adalah ketika garis
data [disimpan/laksanakan di] suatu logika O status untuk waktu yang cukup

panjang untuk mengirimkan suatu keseluruhan katafan], oleh karena it jika yuo




tidak berusaha sangat keras - baris suatu status kosong, kemudian menerima akhir
akan menginterpretasikan isvarat retakan sebagai ini,

Format data PC ke MK

data yang dikirim penggunaan metoda int, disebut dibingkai antar suatu start dan
bit perhentian, perlukah bit perhentian diterima sebagai togika 0, kernudian suatu
penyusunan kesalahan akan terjadi. ini adalah amum, kapan kedua sisi melakukan
kecepatan komunikasi secara berurutan,

di atas diagram hanya relevan untuk isyarat yang dengan seketika di URT. RS-232
logika mengukur penggunaan + 3 untuk + 25 volt untuk menandakan “Spasi"
( Logika 0) dan - 3 untuk - 25 volf untuk a * Mark" ( Logika 1). Manapun voltge
di tengahnya dacrah inj (dengan kata lain antara + 3 dan - 3 Yolt) adalah tak
tergambarkan, Oleh karena ity isyarat ini dihubungkan " RS-232 mengukur
konvertor”, Ini adalah isyarat menyajikan pada RS-232 koneksi komputer mu,
menunjukkan di bawah

Mark I 7 -1y
Start | D 14 24 3 |9 £ |6 |7 |stop|

Bpace +10Y

Format data RFID ke PC
Salah satu tipe dari RFID reader inj yang digunakan pada alat ini
adalah 1D-10. RFID reader ini memiliki dua bentuk output serial yaitu: ASCI|

dan Wiegand 26-bit, Pada perancangan alat ini digunakan cutput dengan




format ASCII, karena output ini sangat mudah untuk dihubungkan pada

mikrokontroler,
Tabel 1. Fungsi Pin dan Format Data
Pin No.| Deskripsi ASCH | Wiegand26
{ Pinl | Zero Volts dan Tuning GND 0V | GND OV
Pin 2 Strap ke +5V Reset Bar Reset Bar |
" Pin3 | Ke External Antena dan Antena Antena |
~ Pin4 Ke External Antena Antena | Antena
| Pin5 | Format Selector (+-) Strap ke GND | Strap ke +5V
Pin 6 Data 1 CMOS I Output
Pin7 | Daan | TTLData (inverted) | Zero Output|
 Ping 3.1 kHz Logic Beeper/LED | Beeper/LED|
|:Pin9 ' DC Voltage Supply 5V (5 T
== =5 B e R )

Output yang memiliki format ASC]] memiliki struktur sebagai berikue:

o2 10 data karakter ASCI] Checksum CR|LF| D3

Checksum merupakan hasil EXOR (Exclusive OR) dari 5 biner data

byte. Misalnya data output serial (dalam hexadesimal) yang kita tangkap adalah

sebagai berikut:

l02]30[34] 36] 32 30131]44] 37]36] 23] 44] 43] oD 04|03

Langkah pertama adalah merubah semua nilai data diatas menjadi
karakter ASCIL. Misalnya 30H menjadi karakter “07, 34H menjadi karakter
“4%, dst. Langkah kedua adalah menyusun data ~data tersebut ke dalam Format
Data ASCII seperti tabel 1, Kemudian ambil 10 data karakter ASCII. Dalam

contoh ini berarti data tersebut adalah:




34|3a|32 30 3114437 3ﬁ|43!

|
.
L' Iﬁ—h_@_"ﬂ?'f_ﬂﬂ
L

Untuk data dengan angka 30 dan 34 merupakan data untuk jenis -jenis
kartu dan tidek digunakan dalam proses konversi, yang akan dipakai disini
adalah data yang ke 3 s/d 10. Hasil konversi dari data heksa ke dalam data
ASCII adalah “6201D76C*. Gabungkan karakter data ASCI] menjadi bilangan
Hexadesimal, kemudian konversikan bilangan hexadesimal tersebut ke dalam
desimal. Hasilnya sebagai berikut: 6201 D76C |1 menjadi 1644287852, angka-
angka ini merupakan nomor kartu sebenarnya yang tertera pada badan karty

yang biasa disebut tag RFID.
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dinclude
tincluds
#indlode
filefine
#oefiire
foefin
foefirs
toeTins
Yoder 1 res
oo fires
foefine
fdefine
ftd=fine
ftdefine
cnar Rartc
unar Rat
char Rat
char Eat
uneigned
unsigrod
ansignect
ansigned
ansigied
zrEigned
unsigng:d
chatr hit

Taldio.h>

hgFy vd12. q"
THerial.h"

SW_GH J
SW_obr 1
Ly 4]
HI1GH -
V'omboll
Toermbol 2
Tombzo 3
Tomboll
Lombolh
Tombolé
Teombonl?
u=zanl = 1 ;
nsand = 2 ;
Wgandy = 3 ;
Laand — 4
vhar Sem:
charp o;
zhar catal;
char catal;
char datas:
char datad:
char datah;
= ﬂ;

pl I
pG Z
i 3
el 4
p’.:l_"'n
pl 6
pa T

i Definiticn o
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Lf {{dat & Iw80)==0x80) p3 I
LI {{dat & Ox40)==0x40} pi 2
i {ldas & 0x20)==0x20) p3 2
Df (f{dat & Dxldi=-=Uxlg) od B
pl 3 =1 ' pl 3
it {idat & Ox08)=-0x08] p3 3
¥ | ldat & Qx04)==0204) p3 2
H

if (idat & 0x02)==0x02) p3 1=1;
TEoifdat & 0x01)==0x01) 23 0=1; else

b
Ll
i

aeiayjilﬂﬂl;

veld Tulis LCDichar a, char- dat)
L
char i 0y
LOD data (Geal;
while{oac[i] 1= 0)
Ll data (1 ,pcdat [4] )
}

| U A
N baomy

o I | S R S I

clae pi 3=0;
else B3 2=0,
elee pi 1=0;
elue p3 0=0;
Mz
else gl 3-4;
else p3 Z2=0;
alse p3 1=0;
pd 0=0;

1
T

woia Tquﬂ_ZCD_HQanhar voslisi , char dat?

{
whar temp;
LHZ0 data (b, posisi);
Famp-( (dat>>4) L0=0F) | Cx3D;
LE [temp> Ox34)temp=temp+7;
LED delesil, templ;
Temp=dat L0=0r 10x30;
1t (tenp>0x39) Lenp-tomp+7;
LD daza(l, cemn);

vold pilihan®{vaid)

H
waid pilikar’ fwoid)
{

Tulis LD (0xE0, "PARHE 1 Ko, 52007 ;
Tulis LCD{NxG0, "-—= = B
delayy (500000 ;
delayy (500000 ;

Tulis LCDCxAT, "MASGEDE MawUOT s
Tuliu_.hCD C0=C0, "ES SAMPLE -
o o= Ox3l:

}

vried pilibac? fveid)

i




Tulzs LCD(0=x80, "JaHE?
THEEE LUDREH. ===
de_ayy (530000} ;
delawyy (B00000) ;
Tulis LEO(OxHD, "Mie Soreng ey
Tulis LEDIOxCD, "Teh Bohbaol S0SEG ™)
o o= dx32;

Rp_&0O0om) .

===l

H
wold pilibansd (vo:d!
1

Tulis LCD{Gxa0, "PRHES T  BSO0M) ;
Tulis LODOsGE, " ———mm—mmmeee )
delayy (SUDO00)
delayy (H00000% ;

Tuliz LCD | OxBO0, "NASCOR ISTIMEWA "):
Trlie LOD(ORCH, "KOBI 20U "y
o= Ca33;
II-
void pilihand (vedid)
{

Talis LUD(Uxd, " MENT TAIN ™y
Twliz LOD(OXCQ, "KOFT &SUS0 Rolsoomry:
o= O=Zd:

}
void pilihanb ivoic)
1

Pulis LoD (Oxsi, ™ MENU TAFH "),
Telis LOC (0=, "KOET Belloor; ;
T

b

vald milihané (vadid)
i

Taiis LOD(OxRQ, " MEKI LAIN "y
Tulis LEDIOxCO, TSHOE LEK - Bpo2b0or);
o = Dx36;

voeia pllihanT (waid)

Tulls LCDi0xgn, " MEND LATE it
LaZlis LED(OxCD, "EAKSD KIKIL 6000Q");
(CRbE = EL
1
vaid pilihan® (woid)
i
Tulls eDidxsd" MENL LATH HHidem
Talis ZCD(OxCI, "BAKSD BEAKAR VSCO0™);
o o= 0x33;

t
vold main)

i




.

A Declare your local variskles hara
unslgned char Oebounoe;
unsigned leng int Wdil;

asm["FPOLE Z"

prar = 1;
cnli = 1;
cmlh — 1;
cnts = §;
omi [
cmly — 0z
i 2 T [

gsm | "nop')
asm{"rnop "}
Z=m ("nop!) ;
Agm | Ponop) ;
D G+
| e =

LTI Y

sE€r indti);
delayyi{Looon) ;

o

Fu

Interrupt 4i

i
P
lln"l

Fi
FE

Fifad

Ao

Protent

Zrot
X¥-in
ECHEEL

H—ir
Main

CH16

Main

oy - W

LD cata (D, 0x33) LCD data {0, Cx32) ; LOD data (D, 0x2F) :
LD data (0, 0x3k); LOD datail, 0x0€); LCD dataid, Dx06) ;

Tulis LO{0=80," Hestorsn DURG. " ;
Tulis LOO{O=CO, "Jl.Kararclo HEm 2 L
delayy (5000000 ;

delayy (300000) 7

Talis LoDIO=CD, "ITH KAMEUS IT MIG");
delayy (500000 -

delayy (300000 :

aelayy (SO0000) ;

Tulis LCD(0xBO," DEKATERN EARTU ")
Tulis ZCD(O=CH,"™ ANDA PD SISTEM ")
delayy (hO00270) ;

asm{"FSIT T"); /* Intexrupl snavle +/

ffinterupsl receive

if L pl 7 == W GFF

i

10 (TomoolT == 8w N




dedayy ! ST0%0 ;
LI (Tonba’ T == SW ON)
L ——3
]
it (hiT==12
= F;
switchiihot)
1
delau’ £
case @ ploiband{) rbhreak:

Case 1 pilibanl (F;kit+r;breoak;
cafe 21 pilihan( () :break:
cage 3¢ pilihan2{)shizld:orcadr
oase 4 pilihan (] jbhrazic:
Gass o pidihen3(iihict+rbreak;
pane 6 pilikand ! rbreax:
case 7 opillihand 1) sbreak:
cass A: pilihanh!) rbreak:
casa 97 pilihang i) sbreak:
case 103 pilihan™n; sbreak:
cdsa 11 pilihand () jbBraak;
b
it (p0 4 == 0)
[
oo~ DRPES

delayy (5LO000) 7

te ulel = 1; f = Trensmisicon

anapied ~/

ulth = Oxg3:
while ( f£i_nlel =0}
SeMLa

T

te_ulel =0; F* Dransnision

disab-ed </
delayy (500000) .
ucon = GxbGo;
1
if (pl & == 0}

uCon —.ﬂxZD;
delayy (BQ0G00) ;

Te ulgl = 13 £ Transmisgion

encbled */

i

g




ulth = o g

while ¢ Li ulel == 0 )
Hemus
te ulel = 4
dizabled =~/
Selayy 50000073
ucon =[xl
t
if (p0 5 == ]
{
woon = Jxdi;
do Loy (000007 ;
te wlel-= 1;
enakbied =/
ulth = Cxdd;
while | t1 uwlgl == 0 |
Sermla
te: ulel = L3
digablead */
defayy (5000005 7
oo = Jx0d;
|
felse
if (¢ pl &
Bl B =0
pIl £z = 1;

Tulis LOD (D80, TMAAR
Tulis TON(Gx0D, "

delayy (GOLOGCT] ;
delayy {SCOCOT0Y ;
cedayy (5UCCCL) ;
delayy SLLLLLY
delayy (SGCCCH) ;
delayy (50000 ;

Pl &= 0;
Pl & 1;
1

Tuilsg: LCD (dxB0, " DEEATEAN KART
Tulis LCE(OxCO," ANDA PLOSTSTEM

delayy (5000007 ;

pl

R I o

T
"1y

_."I*

iy

Ff

Tracsmision

Trarismiaion

Transmisicn

SRS ANDN "M

e

= BN QaFF

A

i

Lung

Tung




It

L

0l d== SW 0FF )

Tulis LCD{0x80, "TERIMARAZTH ATRAS™);
Tulis Te0{ e, "EONJONGAN ANDA ™)

delayy (500000
t




Taim FilESl"-,:.':f}:].i!ﬂdeE‘!J_pi_'_j_E"\ El;r—'_:;'--"'-:Lﬁ\cﬂbﬁEEriﬂ_‘i_ lp;ﬂ.-ﬁ'

mit cabaserial;

nterface

1zes
Windows,
Ddalogs,

Messages,
stattrls,

03, D2Tables,

Fenus, Begistoy,

MMEystam,
wuickRpt,

type

Grids,

JRCLrls;

Swelltiie,
Vall asses,
DEGridsa,

TFarmz = glass [TFozm)

Walomml @
Editl: TEdit:;
Memol: THemo;
OBEditl:
Edit2: Thadil;
Edit2: TEdit:
Bditds TEdit;
BEditS5: TESik;

TWaCome

TEREAit;

Edirgs

Fdity: T
TEdit;
TEAit;

¥ i

Tdits:

A1t in:
File i 3
naielR:
mdicl3;
Editld:
Fditl5:
Editlsa:
Editi?:
BEditia;
Bdit o
BAdit2ge
Fefi o2 e
i 1 B e
Edizz3:
Labedl:
LabalZ:
Laheaid:
Lahsl4a:
Labe=]5:
Labela:
Faitz24:
Patiel] |z
Lakel ¥
Lakeld:
Lalel9:
Panel i
EitBinl:
Tane_2:

GrouvcBox
Tahe 1D:
Latre- 11
Labesles
Tomerl

namads 102
DEECGit3:
Dbl td s
DEEdL LS
DREditE:
Lakellh:
Lt L&
DREdI ST
TTEEel L0
Loatbaes L] 'hs
tabell:
GroupBoK

T e

TEdS L

Flfdity

TEdit;
TESit:
TReli ks
TEZit:
TEditc;
TEdit:
TR
bi ] vt b
b I e
TRAit;
T
TEit:
TEditr
TBEdie;
TLazal ;
Prana]
Taoei;
Tlhabhel;
Thatah:
TLalvel
TEAi I
TCanel;
TLab=l;
TLalkel
TLalvesl
1"Banel;
TRI R
Tlanel:
]z
CLADel:

T aateeioy

TLabely
b LT i
TLEEAL L ;
TOBEdit »
ThiEkdit:
THERDLL;
TOREIIL
TLakel:
Thate
ThEZdal;
TreEFel g
o o B O

ThapeZ;

Teceambzxr

21 TErouplREox;

U ekie ]

Yariants,
Valomm,

Clazses,
Ma=lk, DBCtrls,

Graghics,

ZLERI0T

ExtCtrls,

L8R

P14

Contrals, Forms,

Buttons,

Fage L of 11




=Gl Pl Doy L

Label 13
Lakelld:
Editih:
LGrpuphoxd
LabelZo;
Lebelll:
Zabeidd:
beatdss T
CroupBoxd
LakelZ3;
Lakeld:
Lakal2b:
BEdiczi.
SroLpBoxs
LiabelZa:
Lakbell2T.

Label20r

T

_aﬂﬂxneiphjﬁ\?rojects\cﬁbasc;ial.pa5

TLabel;
TLakel r
Fdit:

TLabel;
TlLagel:
TLabel:
Egdits

Thabel;
Thakel;
TLakel;
Eddde;

i
LiaX

TLak=1;
Tlabel,

TLabel ;

P0r03e 44 P

Page Z &f 11

TGEraoupSak:

TEroupiow;

DUpBax;

LaoeiZd: Tlakel:
Labwel3d: I'Label:
ST ERH: Tocdd g
Felib29: TEdic;
Edit3as TEdin:
Sdit3l: TEdALLg
Bl £32: ‘TEdit:
Label 3l TLabel;
Bulktoni: T3utton:

ButzenT: TBuztcn:
DataSourcel: Thatalocuroe;
Taklel: TTable;

281 a | MOMOE TotringTield:
TabhlelNol e T8cringTield;r
TabklelNAMA: TitringField:

Tale IATAMAT: TStringField;
TablelTANGGAL: ThaceFiald:
TableldZM: TTimelFisld:
TaplelLERET TStringField;
TaeblelKRIDIT: TStringField;
Tablel3ALLY: TStringFied;
TablelPMHEL: TStringField;
lablelPAHEZ: TStringField;
TablelPAHE: Tatrinatisld:
Talblel ROPISUSHT TetringField;
TazlelKOPI: TScringPield;
TaolelZDFTDRINKE: 1Stringfield;

VablelBARSOHIKIL: IStringFiecld;
TablalBAKSOBAKAR: TatringFieid;
PBEGridl: TDBErid:

DEFavigatorl: TDENawigeoor;
Butto-3: Thullom:

Buttend: Thoucton:

TamEEL:D TT

Timeri:
Timesd:
Label32:
DEREAZ LD
DEELLE O
DBE4iE11
DBREdix1Z:
FEEdicl3:
DBEdiL]+
CREzZitl5:

TTim=r;
TTimeg:
TLabel
TDBREAL L
TREEdLt;
THAESIL ;
TOBREA] £ ¢
TRBEdZt:
TLEEA: t:
Thasadit;

CEEdic1f: TDBREA L
ERFdA:it1%: TDREdat:
FAdl b33 el b
Eoeitdd: TESIL;
Edic35: TEzit:
Editits: TEdit:
BaiedTr TEALL;
EBoic38: TRgiv;
Feki 1392 —Folin
OS5 R I B - B I T

TEeALL;
TESit;

ey e
Eaicday




FES/0T Tore3dd pm

s EALEsbu LAl e ghieveralectghcobazerial .pas Z
Edité3: TEdit;
Editdd: TER2il;
EditdS: TEdit;
Padleds: TEALE;
BEditd: TEdit;
Edit48: TEdit;
precedure ValommlBExCha=!{8ender: Tobiect; Count: Ilnkteger):
procedure FformCreszts ! Senders; ToObject) ; '
procadure Euttonllick (Sender: Tobjsae);
pProcedure BullonZilick Sender: Tohjest):
procedure TimerlTimer|Sender: Tobiect);
procedure Bubttonbllick ! Sender: ToL el ;
procedure Hulbtorn¥ClizikiSender: TOhjscz);
procedure Zititn!Click(Sender: Tohiect);
progedure BuLion2llick!Zender: TChisctl:
precedure ButtondClick{3ender: Tobjecti;
procadure Time=2Timer (Sender: Tobject)y
procedure Timer3Time: (Sender: TChiect];
procedure TimerdTimsriSender: Tohieck] ;

private
{ Private declarations |
Fesan : String:

public

Proceduze Delay(lams:longinD)
[ Ppplic deslaratisns |

end |

ar

Farml: TEormi;

mplementation

ses IURSI1; '

rocedure TFornl lelayilama:lodgingy

ar rei:langinTg

egin

efi=CetTivKCouns

epeat

pplizatieon, FracessMessages

ntil UigabtriciCount—raf)s=Tamz ;

nud ;

RO g Em

rocedare TForml.VaCommlEzChar {Sendes: Tobieot: Doant: Int=gex) ;

‘A

I
d

IO

d
ey

Sfbace data vang oi derimg
mpx = Vatommi  ReadText;
Zerml oMl Tert &=

Hasil :

Array

Data,datal ,dawasd

k, &, b, JUMKARAE, JUMESRAKL, JUMKARAK?
Lembaran, fembarenl, lambzran?

v Integar:

ALASsry g

i

i B AR - G e
Pegan i= '
far T =

case Tmpl L]

stringi

far ¥ -

Th

,
i I
. T

1l
r

[ 2E

of inteder;

string:

lnteger;
string;

plak

COMa et

L o Lesckhi(Tme! da

af

$lU:: S rewarnian
#13: A muntes Eater
begin
Forml iMemol. [ifaes cadd ( Pagan) 3
Fasan = '3 Arfragnt Passn
end;
olse SShialar B ek WES
s feL Begaen 1 P | T] 2
fornl Bdit? . Text = Fesan:

[evpm.

Bk el

= farml . Megne | Tepr

Page 3 af
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Lottt o Fon o

R Rt L LR LF L AP i F_.]']

aditd.Text =
Al Text <=
edilG, Tern 1=
edi 27, Taxt -

e2itd  Text -

edicd, Tows
il T1N, Teaxt
editll.Texl -

editl? Texs ;=

editl3.Dest
edit 4. Text -
edit]h, Text

edifls, Tuxe 1=

aditl? . Text ;
it 8. Taxt

ecdibls, Text &=

¢Rit20 . Text

Shrstlecisicobagzerial. pas

“
R
L AR
-
ool
¢
I
»
T v,
f
r N a
#
=t LI}
H
=1 1,
- -,
=¥ I
L
1 L
- P
T A
& f:
[ B
- [
P
P
=) O
!
=T |
- [
e (I
r
=t -
o r

editdl, Texi =" I;

acdhi tZ22 . Texl
EGit23. Text

dataZ := edicd
T IMpEREAND .-

| P el

Eorml Edit23 . Taxt

= vy
H
cPaRt:

[ELZITE,Texn);

formi.Timer? . Enabiled 1= T rua;

begin
fer b ;1= 1 to ]

Begin
—emparan? = D
cage b of
L1 edibd, Taxt
At sl Th Texs
15 2dith.Texn
1: edit?. Text
L oedithd,Text
Gr edith. Taxs
acil I . Teut
di edizll.Text
Froediuls . Tex:s

o el E13  TaEre .

umkarak? de

ataZ b

r=lexbaranz;
i=lembaran?;
r=lamhaFand
t=lembaran?:
i=lembaraz2;
t=lembaran?:
t=lembaran®;
i=lembaranz:
slaembaran?;
umparansy

1l meditld, Tesxt
12 enqic] B Taxt
Lde edlE w18 Tawr
142 edit |7 .Texl
LB adicl®, Tent
Ia: editly. Texr
ITroeditED) . Text
L 2dit3]  Text
[ @ adit22, Tew:
200 adiela, Tage

end:
end;

and;

i=ilembaran?;
t=lembaran?;
i=lembaran®;
t=lembharan?;
t=lembarand;
i=lambiezan?;
t=lemrs rans
r=lenhisranz ;
r=leibarandi
- loembaran?;

nd ;
ndd:

PORMI L EQit3S. Text = rORMI, OEEAIEE, Tawe

o B o O 0 1 iy

JURBAEA WD = L
BT
forf b o= 1 to 3
Hegin
lembaran? 1= o
A58 Bboof

Iv egirse. Taxt
20 eadtl2L Toxt
S i e O

T Tt g
METW (EDITINJText ),

hixarak? do

stadfibl

.

r=doenbaranis:
o dembarant
—lembEarans:

= floattostr (junkarak?i;

¥

242504 6

P4:03:44 Bm
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T SRS MEA AR USSP A R RS TECCENGaband el | B

£y editl7?,Texr
by edibZE, Text
B aditis, Taxt
el
gmds |}

i=lambarans s
(=lembaran?:
i=lembarant:

procedure TPo-ml.ForiiCreato [Sender:

begin
Corml.l'imer?. Fnabled o
forml . Timer3.Enabled :=
Sorml. Timerd. Bnabled -
FORML . GrounBox?. Hide;
FORMI . GroupBaxd. 4ide:
PORM_ clGroupBoxs  Hide;
FORMI . Bditdd.Hide:
FORML.Ed: L, Haice;
FORML . Edi b2, 1] dea;
YOBRML . Editd Hidwe;
FORMI.Fdita.H- de:
EORMI,BEditl.Hide:
CT 4 W O - B P
TOCRMY L EdZt T . Hidey
TOBMI.EdltE o rfde;
TORML . FoitE . Hide:
TRRMILEditl0. Hide;
ORMT :Edditl]1.Eide:
TOEMY . idilbiZ . Hicde
TORMI . Edicl3.Hice:
TORML L Edit 14, 9ide;
TORMI L EditlEs . Eide;
TORML.Editl6, Hide
TORML. Edicl Y. Hide:
TOEML.EGI LI Hide;
"ORM1 . E4icl9. Hide;
PORMLLEAIEZ2D, Hide -
DRHMLLEAT 2T SHi e
OEML . EBdis22. Hide;
TORML . EdicZ3LHide:;
URML L Edi L2 03 de;
VDEML Edit28, Hids;
CEML. Sdit?9 . Hide:
DDRML.Edoo30, Hice:
ORMI L s 232 LB Ldes
DERM1.Edit3d  Hides
ORML.Eait33 Hice:
‘LREML.Edicid . Hida;
REMI VEALLAS JHde
'OEMI . Edit3g llide;
'"OFM1 . BEdit3T . Hide;
‘URM1 . Edit 3R . Hide
CRMI . Edit3% gide:
OBRME , Bell 40 . Eide;
ORMI . Edit4l.Hide;
OEMT CFEitdZ . Hide:
ORML.Editd3 . Hide:
OEMI.EdlLaq . Bide;
OHML . BditdS. Hice:
OEM]1 . Ecitd4é.Hige;
GEM1  EAdi tAT o Hide:
WEMI . OBREAL L2 (Bides
CRM1 . DEESCits . Elddu;
ORM1 . DBEdit10.Hide;
OaMIl . 38EA{ L] . Hidas
CREML. DEEcitld. Hide:
CRMTODREGL 613 Hice:
DR, tE1d, liides:
OEML o Hide:;
CEMY C DHEd 21 B Hidag
JRML.DAESA Y Hide:

nd:;

.H}.--n,:

reecnTe

T k
[ A TR TN S LY R S Y

= false;

TCkjent;

Falme:
false;
TR Y R 108 W] L R T

i
[

=]

242

£

o

A0T

TG 0304

EM
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Cam FiLeaKEorLand\DeLphLE\ErcjecLﬁ\cﬁbase?ial.pas ZLEH/0T7 LO:03544 P Page & of 33
Jegin

valoomml . WeiteText{Bditl. Taxtr)

Valomml.WriteChar (chr(i31): /4 tenda snter sebagal axhir pongiriman

znd.

srocedure TForml.BubtonZClick (Sender: Tobjsot);
Far

dataseri 1 8TRING: *ﬁpm d‘:"’fﬂ'\fﬂ:ﬂr’fuw#.fqh r‘"*“-tlmfn;f
JEgin g+

latazeriis forml Pditl. Tiut:

hegin
labelECapllion ="Conenk
if dazazer: = '|' then
Begin
formo . Label | Show:
Do habeld Hide:
Larml . Tiwhe L5, Hide;
foeml . Tiabe _d, e
fomrl o Labka S| de;

end
if catase-i = '"2' {hen
Begin

Lorml.Zabel?, Shaw;
far=21.labell.Bide:
forml. Lakbel? Hidc;
foarml.Lakeld Hide;
[orml.Lace]l 5, Hide;
end;
if datasexi = '2' +then
bagin
torml. Lahe13  Show:
forml.labeld . Hice:
Eoxml .« iwamell . Hive;
forml.tabeld Hige:
fosml clabhel s Hide:

end;

aE dakbunori = YA Ehen
begin
Lormi.Labeilid.5haws
formi. Label?idide;
forml. Label3 . Eide:
forml. ansll.,Hide:
Forml.Lazelf. Hide:

end;

if dataserl = 5" then

begin
forml.Lahel 5. Show;
Zoeml. Labke]l 2L Hide;
Zoeml.Label3, Hide;
tarml. Labkaid. Hides:
Forml. ape 1. Hide;

end;

srocedure TPorml. TimerlTimer {fander: TOhiect] ;

rar
JameMenit, Detlik, M ileciy ¢ Word;

Jaml ,meniti,detikl, meeolivord;
Teralwaktu tThateTime:

egan
TecodeTime (Time, Jam , Menil, D2elil, MiliTetik);

Dol 3o fMaplton o BETAKLE (damy T




LA Files\Hcrland&DelphiﬁkP:DjECtE\cDb&Seriaf.pas

nTTaSkpiManit) +" ¢ '+
TpeToesStr (Detik) ;

f27=

rocadure T¥orml.Button50lick{Sendsr: Tokdect) ;
‘ar
kedeBintangl sinteger;
EtrCodel?, StrCode?, JtrCadel, YIirCodel, Strdadad
triodeb, SrCodc€, tofode?, LiCodes : string;
Erfeded, triedell, trfodell, triodeiz string;
agin
EIRM1 .Table!l.Insert;
(kodeBintangl = (4

SErfedel? = TnputBex ("MAIUKKAN NAMA PELANSCAN
BLAME s 0,
G

FOBRML, Tabl e NAMA . Text = SorCodeld;

SLECode]l = InoubBox [MASUKERN  ALAMAY PELANGGALT
' CALRMAT &Y
Y

FORM L. Taplel BTAMAT . Tawt 1= Skrlodel;

StrCedel := Inputiox | "MASUKEAN JUMLAH UANG b
¢ EmgET e
il

FCEM] . TablelDEBET  Tual 1= Strcoded:

2EE707 Loaosad

string;

r
L}

]
]

Strfoded 1= InputBax | VMASUXSED NOMOR SERT HARTL',

' NoMoE TD @ ',

B
FOEM] . Tak_ alMoIl, Towl = St-Coded;
Purm|-Thblﬂ|1#NGGHL.hHDHLET]me:=dﬁtﬁ;

Forml| . Table lJ8M, 5 Dt aT e =TTHE;
FoREMI . Takle! Poati

nd;

rocedure TEorml.DutconiClickisender; Tohleck) ;
egin

st showmo2al;

nd:

rogedura UForml.BicPEnlClick fSender: Eohdearl;
Agin

Lol iaal ion, Pessinabe o

nd;

recedure TPorml.Babbon3llick|Sender: Tob el ;
ar xiinbegar;

caridata: Strings

INAMAKOMTOHEN + string:

begin

TRAMAROMEONEN 1= Inplt3odi "FENCARIAN MENURUT MNOMOR
"NOMZR 7,
R

{fcaridatas=roiml . Bdit8. Pext: |

F2EML . Tehlel. Indestamne: 1= "HIOMORID! T
if (pet Labiel o Fipdiey L THAMAKSHIONEN] 1 then
AppliealiociMeasagolar (g 1dak fdLomolan®,
"Infarmaszi' MBE OF or MB ZCUMIAND) ;

ri

S el Tnck wMames :

HARTII PELENEGEAN

3
P

i

I
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am bilea\ﬁs:lnnd\ﬂelphiﬁkPrcjec:s&:obas&:ial.paa 2/as/u7
mdy

rogedure TForml Butlonddlich{Sender: TORj=cE)
ar H:integer:

Garidata:String:

INAMAROMPONEN : string:
begin

THAMBROMPONEN = IrputBRoxi'PENCARTAN MENURIT HAMA PELANIGAN !

'MEME : 7,

AL

foaridatar=forml.EditE, Texl; J

FOEML. Taolel. IndexName :— 'KAMBA'

Lf imot Eaulel.Findksy | [INAMAKOMPONEN]]] +hen
Applicalion. MessageBox | 'Lata Tidak 0itemukan',
'Infarmasi',HB_UH or MB LCCHHANDY @
tabla] | IndesNams ;=tr;

nd 7
rogedure TFo:ml TimesliTimer (Sender: Tk jecth
ar
dataseri : 2TRINGS:
Bgin
crml . Timex2 Bnabled := fzlse:
ZLazserit= forml . B4ivE3, Text:
begin
1absildZ . Caps_on i-'Gonscot;
if dataseri "I' then
Bagin

tarml.Timer?. BEnahled falea;
[orml.Timard.Enabled 3= falze:
fForml.Timer3.Enabled ;= Lrue:

end;
if cataseri = "8’ then
Begdin

forml.TimetZ. BEnabled = False:
forml,.TimerS, Enahled falase;
forml . Timerd . Emabled = true;

end;

nds
(4=

rocadnre Tiorml  TimerETimer iSendar: TR ety
Var
O S i piwiaiiameng Y Pbaal;
datazeri : STRING:

agin
Foorml L Vimerd Zrabled = falzsar
BEaseclr™ SommiEdiE s Tent:

begin
1Ebe;5.ﬁaptiﬁu s=tlnnERt
if datasari = 17 than
Begin
Sorml.Sraup3onZ. Bhiow:
freml Bdit 23, Texlt t= forml.Bdit2S, Text;

and;
if dazasaci = '2' than
Bagin
forml.GrouzBon3. Shawy
FHrmlCEdit At Tele = fokml . Baitas Tése:
end ;
if dataseri = '3 then
begin

rarmlc Graunagd s Show;
boomoe BT e3aciaee o= LommiBefi B3 em

10:03:44 FM

»
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end;

if datasexi = '4' Yhen
begin
Forml.EBdisZ8. Shows
Terml EdTstdg. Seat ve= forml.edity 8 . Text

end !
if datasari = '3' then
Eegin
Ewrml.EdiLZH.Shcw;
forrl  BEAitd7T, Text := Zorml . BdiceEs. Texc:

end,
if dataseri = '6' then
begin
forml.BditiC, 2row:
Ferml . Fei 38, Text := forml . RditiD. Text;

end;
if datazexri = "' than
bagin

forml . Bdin3) o show;
Corml,Bod 39, Text = ITorml . E2it32  Tewt;

and;
if dataszr] = '3" then
begin
Forml. Bolit32. Show;
forml.EdilLdf, Texwr = formi.BdiL32 . Text;

end;
if dazaseri = '2' then
begin

tormi  BAi033, Tagl == vgr:
corml BEIt3d ek = O
forml , Bdit33. Text = "0Q°;
form]l , Edit36. Texs = '07;
frorml  Edit37.Text = 10';
Zormloedi L3y, Text ran
totml . Bditdg, Text = rJ*:
forml .BEdicd0.fext 1= rQ';
FOEMI.GroupBox2.Hide;
OFML . Groupdoxd (Hide;
CRML. CrcupBezad s Hide:
SRML.EZtZB. . Hide
SEMI L, BAlbZS . Hide:
IRM1 . Edit2%, Hicde:
AEML . BEgit3 0. Hice:
2EMI.BEdit3].Hlas;
QER| O BEdig32 . Hige:
end.
if datazeri = ' then
begin
Form:.Tablel .Edit
Fozal . Tablel TAM . AsDeteTime i =time;
r 1= BteToFloat ifarml . Bdit3d, Text!
g i= StrTaFloat | form]l.Edit3d. Text!
Loi= BtrTaFloat (forml . Edit 36, Tant!
i i= SbrToFloat{formi.Bditi6, text];
v. = BErTeFPleatdfdoml Bl L3 cText) ;
W o= StricPFleat ! fceml.Bdit38.Text];
WoreE R e ToF Ieal ( Eeerml o Bdi 639 Teaxt]) 1
¥ 7 GbrxloFLoatitaecml,bdl 640 Texlk) ;
formI.TakhielPAHEL. . Yalue = [orml. 5dit3l, texto;
forml.TablelBRHEZ . Walue 1= ferml.,Bditdd, text;
forml. Tablel PAERI Value = Fforml.Edit35.texs:
torml. TanlelKOPISUSE ,Value: 1= forml.Ed? 36, sawns
forml.TazleltKOPT  Malue v forml.Edic37.Lexl;
fopml o Pasle lS0MIDRIEY . VYalee = forml| . Bdic3B, exl;
foarml . Tanlel BAESOKIEIL . Value = forn] Edit3id taxt:
forml.TablelBAKSORAEAE  Value = orn. . Editdd. text:

"
ii
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Torml.TablelDEBED . Texs = forml. TablalSALDO, Tant
BAS & b d v b -0 AWk w ok oy o
Poarml.TablelKRIDIT  Valur := FloatToStr [(z):
forml.Edicd? Taur o= Zozml . TablelXRIDIT. Text;
TormlEdztd 5, Taysy = Zorml, Tablel DESET. Text ;

W oi= StrTolloab (forml.Rditid2, Tewe):

¥ o= EtxleFleat i forml.Bdotd 3. Teg=) s

2= y-wg

if = == 1 thern

begin

forml. TablwliZALLd . value 1= FloatToS-or [

Forml . Tablel . Post ;

Torml . BadE23 5 Tewl f= Y91,
form] . Edic3d. Text = "ot
Forml.BdielS T ene: o= !
forml.Edit3a.Text := '0°
Forml.BZit3d? ., Text = 40
forml.Edit38 Text = 'O
forml.Edit3d. Texn e ET
Lozl Edibad. Ters 3= "C":

POaMl . GroupBoxZ, Hide;

DEML  Sroup3oxd . Hida;
DM L SroupBoxd . Hide:
ARM .. EAitZ8 . Hlde;
DEML L, BALEEA, Bide;
DRM.  BEitis Hide:
OEMIuadit3f0  Hide:r
SEMT . Edit3l . Hide;
SRMLVEclit32. Hides

Valomml . WrizeVsws (BEaitdd, Tesl) ;
alomml Writefhaefene(l3)): /Y tanda enter sebagal akpir pengiriman
Delayi_0o)
Vatomme wWrl teText (EJitd7: Text):
Vatomml WriteShaz{che(L3) ) /Y tanga ecter sehagai akhir pangiviman

end}

if 2 < I then

begin

FOERIZ+ BATas s Tl = gty
forml, Bdil3d, Texgr = "0V;
forml Edit35 . Text 1= 01
forml.bditds, Text = "3';

Forml.Blli L3, Text = *tOt;
foril . Edit38. Text = Fayka
ferml.Fdit30,Text T
Taarml BT L0 TexE i= Y0
FOEMY . Groupbonsd. Side;
IRHL.GrousBaR 3. Hide
ORM1 . CroupBexd  Hide
SJBEM] . EditZB . Mide;
SRl cEdIEZR oM de s
SR JEJiLER dlldar
JEMI. BEclat 30, Hide
SEM1 . Ediv3] . Hide:
JEM] CEaitdZ . Hics:
arml.TaklelfAHEL . Valus = forml LBAdit33.text:
Eorml.Tablel FAHEZ . Value - formi,Edit3d.text;
Form TaklelPAHEZ  Wolue = forml.Rdibl3s, text;
forml TablelkIBIs5UST . Value 1= fooml.=ditds, towl;
forml  l'ablelKCRZ (Vadua 1= farml:Bditi7. tewt:
Corml . TablelsOFTHRINE . Value = Zorml.Ediz39. cexk:
Eorml.Tablel BAKSORIFIL. Value - Torml.EBdit39. text;
Forml.Table | BRAESOEAFEAS . Valde = forml.Editd7, text;
Forml i TabZa DERRT S Tewt tx Forfrml TablelSALDO. Tesl;

forrm: . TabhielSALEC, Value: = form. . TablelBEIRET.Teawt:

Porml  TablelKRITIT . Value = "0

Foest . .Tablal,Pest

FaComml. WriteText (FRditd&  Text i

JaComml.WrifeChariche {1311  J/ tanda enter pehagal akhir pepgirimin
Lelay (L1005

JauCeasml JWelbafant (Fedi-A7, Taxt)

dafonel Wil eCharfenrd 1330 S0 tands anter aedagal akhir pengdeiman

T
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and;

nd ;
nd;

roceduze TIoznl.TineriT_mer(Sender: TObject):

ar Hijintoges;
:arjdatazstring;
LHAMAKCMECHNTN @ string:
egin
orml,.Tirerd . Enebled - fgiser
IKAMAEOMPONER = forml.Bdi=1d,Taxc;

(aridarasofarml EdIt8. Taxrty
FORM| - Tablel, IndexHame = 'NOMGHRI'

if lnot taklel.[Find Fey | INAMARESMEONEN] ) ) then
Bpplication.Messscebox | 'Data Tidak Ditemukan',
"Irtormasi" ,ME 0K or MR TCONHAND) |

cablel . Indexhame 3
Valomal . WelteText [Ed4it4h, Text
Valomml .WriteCharickz (12] )

nd;

.

2/25/07 10203044 PM

i
48 tamds enter sebagai akhir pengiriman
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LENESAS
R8C/13 GFOUID REJO3BO069-0110

INGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.1.10
Apr T, 2005

1. Overview

This MCU Is built using the high-performance silicon gate CMOS process using a R8C/Tiny Saries CPU
core and is packaged in a 32-pin plastic molded LOFP. This MCU operates using sophisticated instructions
featuring a high level of instruction efficiency. With 1M bytes of address space, it is capable of executing
instructions at high speed.

The data flash ROM (2 KB X 2 blocks) is embedded.

1.1 Applications

Electric household appliance, office equipment, housing equipment {sensor, security), general industrial
equipment, audio, atc.

v.1.10  Apr 27, 2005 page 1of 26 AENESAS
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BCH13 Group

1. Dverview

1.2 Performance Outline
Table 1.1, lists the performance outline of

Table 1.1 Performance autline

thiz MCLL,

Hem Performanca
CcPU Number of basic instructions | 89 instructions
Shortest instruction execution ime | 50 ns (f{(XIN) = 20 MHz, Voc= 3.0t0 5.5 V)
100 ns (fXN) = 10 MHz, Vec =27 to 5.5 V)
Crparating mode Single-chip
Address space 1M byles |
Memaory capacity See Table 1.2,
Peripheral Irfarmupt Intarnal: 11 factors, External: 5 factors,
function B Software: 4 factors, Priority level: 7 levals
Watchdog timer 15 bits x 1 (with prescaler) -
Reset start function selectable
Timer Timer X: 8 bits x 1 channel, Timer ¥: 8 bils x 1 channel,
Timer Z: & bits x 1 channel
{Each timer equipped with 8-bit prescaler)
Timer C: 16 bits x 1 channe!
_ Clrcults of inpul caplure and output compare.
Serial interface =1 channsl
| Clock synchronous, UART
=1 channe!
, UART
A/D converter 10-bit A/D converter: 1 circuit, 12 channels
Clock generation circult 2 circuits '
*Main clock generation circuit (Equipped with a built-in
feedback resistor)
*On-chip oscillator (high-speed, low-spead)
On high-speed on-chip oscillator the frequency adjust-
ment function is usable,
Oscillation stop detection function | Stop detection of main clock oschlation
Woltage detection circuil Included -
FPower on reset circuit Included :
Port Input/Output: 22 {including LED drive port), Input: 2
{LED drive VO port: &)
Electrical Power supply voltage Voo = 3.0 te 5.5V (f{XIN) = 20MHz)
characteristics| Voo = 2.7 to 5.5V (fiXin) = T0MHZ) )
Power consumplion Typ.8 mA (Vcc = 5.0V, (f(Xin) = 20MHz, High-speed moda)
Typ.5 mA (VoG = 3.0V, (fiXin) = 10MHz. High-speed mode)
Typ. 35 pA (Voo = 3.0V, Wait mode, Peripheral clock stops)
= Typ.0.7 wA (Voo = 3.0V, Stop moda)
Flash memory Program/erase voltage Yoo =2.7to558V
Mumber of program/erase 10,000 times {Data araa) )
) 1,000 times (Program area)
Operating ambient temperature -20 to B5°C o
=40} to B5'C (D-version)}
Package | 32-pin plastic mold LOFP

JOIBOOE2-0110




BC/13 Group

1. Overview

1.3 Block Diagram

Figure 1.1 shows this MCL block diagram.

} ] f ] f 2
IO port Port PO Port P1 Port 3 Port P4
| Peripharal functions
1
oo AD comeertar
(10 bils = 12 channals)
Timer X{8 bits) e Sysiem clock genorator |
Timer ¥ {8 biis) WART or Clock synchmnous |
I TiFnar Z (8 bits ) s2rial 10 i Kih-KouT
Tirver G {16 bits) | B ) channe] | High-spead on-chip nacillatar |
Low-speed on-chip oscillasor
T i T
(8 bita % 1 channet)
RBC Saries CPL core Memory
ROH | AL L | R
Watchdiog timsar ri [ RIL (Moke 1}
{15 bita) A2
M |
INTB FAM
Al [Mote 2)
PL ]
Al
5] [ 7] — |
Multiplier
Mdate 1; ROM size dapands oh MCU type,
Mote 2: RAM size depands on MCU type.
Figure 1.1 Block Dlagram
w110 Apr 27,2005 page 3of 28 ZENESAS
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8CH13 Group

1. Dverview

1.4 Product Information
Table 1.2 lists the products.

Table 1.2 Product List

I

T Renesas MCU

F: Flash mamory version

Ronesas sarmiconduclons

: As of Apil 2005
| ROMcapacity ; -
Type Mo. Progamama | Dagama | F0M capacity | Packege type Remarks
REF21132FF BKbytes 2Kbytesx2| S512byles  PLOPOD32GB-A | Flash memony version
REFZ21133FP | 1eKbytes PHbytesx2| T76Bbyles | PLOPOD32GE-A
RSFZ1134FP 16K bytes | 3K bytes x 2 Kbytes | PLOPODI2GE-A |
RSF211320DFF 8K bytes | 2K byles x 2 512 byles . PLOFPDO3IZ2GE-A | D version
RSF21133DFP 12K byles | 2Kbytesx2| 78Bbyles | PLQPO032GE-A
RSF21 134DF1_:" 16K bytes 2K byles x 2 1K bytas | PLAPDOS2GE-A !
TypeNo. R 5 F ;_‘|1 13 4 D FP
Fackage type:
| | FP : PLOPO032GBE-A
Shows characteristics and othors,
D: Oparating amient temperaturs —40 *C o 85 °C
No symbol: Oparating ambiant temperature —20 “C {0 85 °C
' ROM capacity:
| 2 B KByies.
3 12 KBytes.
4, 16 KBytes.
|—" RBCH3 group
| RBCTiny series
Memaory type:

Figure 1.2 Type No., Memory Size, and Package

£1.10 Apr 27 2005 page 4 of 28
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BCH3 Group

1. Overview

1.5 Pin Assignments

Figure 1.3 shows the pin configuration (top view).

FIN Assignments (top view)

Plsiah = jo5|

POsIANz > |og)
P4z e [27]

MODE —= [2g]
POaAN, [
POzANs =[]

PO AN D1 = [ 30

NOTES:

=

PO1 AN 4 [31] O

ParTeDioRuD 4= [= ]

kgl =Y T

o

o

(n
e %
;8 g
= %uﬁ
E 245
= | & ] E
EUmt—%L‘Z—
$82 528
Z2EITaTlE
IREER T
Al P [

RBCH13 Group

RESET —*

1. P47 functions only as an input port.
2. When using On-chip debugger, do not use POMANTTxD14
and P37/ TxD1o/RxDh pins.
3. Do not connect Vo to Vec.

Package: PLQP0032GB-A (32P6U-A)

=5 | e T O

[ig] *» P4s/INTa

[15] & pig/Kia/ANSICMPOO
[14] % P14/ ANCMPO

[13] *% P121KI2/AN1/CMPO:
E DK ANT

[11] ® P14/TxDo

[10] ** P1:iRxDo

9] #» pig/CLKD.

PAIMNTU/CNTRy

Figure 1.3 Pin Assignments (Top View)

v1.10 Apr 27,2005 page 5 of 26
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BC/12 Group 1. Owerview

1.6 Pin Description
Table 1.3 shows the pin description

Table 1.3 Pin description

Signal name Pin name HO type Function
Power supply Ve, I Apply 2.7V to 5.5 V to the Vec pin. Apply 0 V to the
input . |Vss Yss pin.
Voo Weo Q This pin is to stabilize intermal power supply
| Connect this pin to Vss via a capacitor (0.1 uF)
Do not connect 1o Vee
Analog power AVcc, AVss | These are power supply Input pins for A/D converler. Con-
supply inpul nect the AVee pin to Veo. Connect the AVas pin to Ves.
Connect a capacitor betwesn pins AVoe and Alvss,
Reset input RESET | “L” on this input resets the MCL.
Chl\ss CNVss I Connect this pin 1 Vs via a resistor!!
WMODE MODE [l Caonnact this pin to Vec via a resistor
Main clack input [ XN I These pins are provided for the main clock generat-
ing circuit 1'0. Connect a ceramic resonator or a crys-
Iain clock output | Xout O tal oscillator betwean the XN and XouT pins. To use
an extemally derived clock, input it to the XiN pin and
leave the XOUT pin open.
INT interrupt input | INTo to INT2 | These are INT interrupt input pins,
Key input interrupt | Kio to Kiz | These are key input interrupt pins,
input
Timer X CNTRo e This is the timer X /O pin.
CNTRo 0 This is the timer X output pin.
Timer Y CNTR1 Me] This is the timer Y 110 pin.
| Timer Z TZouT o This is the timer £ output pin.
Timer C | TG | This is the timer C input pin.
CMPO0 to CMPO3, |0 These &re the timer C output pins.
CMP 10t CMP13
Serlal interface | CLko WO Thig is-a transfer clock VO pin.
RxDg, Rx(1 | These are serial data input ping,
TxDo, TxD10, O | Thasa are serial data output pins.
. TxD11
Refarence voltage | VREF | This is a reference voltage input pin for A/D con- |
input vartar. Connect the VREF pin o Ve,
A/D convertar AND t AN14 | These are analog input pins for A/D converter.
WO port Po to POz, o These are 8-bit CMOS IO ports. Each port has an 110
Ploto P17, select direction register, allowing each pin in that parl
P30 to P33, P37, to be directed for input or cutput individually.
P45 Any port set to input can select whether to use a pull-

up resistor or not by program.
P1ato P17 also function as LED drive ports.

Input port P4ds, P47 == These are input anly pins.

v.1.10  Apr 27,2005 page6of 26 RENESAS
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BCH13 Group

2. Central Processing Unit (CPLI

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registars. Of these, RO, R1, R2, R3, AD, A1 and FB

comprise a register bank. There are two register banks.

B15 bA LT

Lo}

e, 4

____________ RZ  |ROM{ROS high bis]RO| (RO's low bi
R RAHIRT's mgh bits ][R (R low bits
bemmmeeoo - sz L - Dala registers (Mot 1)
R3
Al
Ad Address raglsters (Mole 1)
E
: B Frama base ragaters (Maobe 1)
] hfla_ 1
L inTeEH | INTEL l&| Interupt bl pegistr
The uppear 4 bats of IMTE are INTBM and
the kower 16 blls of INTE are INTEL.
hiR =il
PC _] Program courtas
8515 b3
LR User stack pointar
ISP Interrupt stack peinler
&H ‘Static besa registar
B1% b3
] LG ! Flag regisler
pisest =7 i
|
L1 A [ ] ] . | [u[1]o]s[s]z]o]c]
| Lamy Nag
Dby fag
Zmm flag
- Emn ik
Fugista Lok select flag
Cwarflaw flag

Intrmig Rnahia Aeg

Shark poker s flag

Fedannsd mea

Frocessar mismupd prionty s=vel

Hoke 1) These radislers comprise a register bank. Thare are two reqister banks.

aram

Figure 2.1 Central Processing Unit Register

2.1 Data Registers (R0, R1, R2 and R3)

The RO register consists of 16 bits, and is used mainly for transfers and arithmeticflogic cperations. B1 to

R3 ara the same as R0,

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit dala registers.
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-

bit data register (R2ZR0). R3R1 is the same as R2R0.

w110 Apr 27, 2005 page 7 of 36
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BC/13 Group Z. Central Processing Unit (CPL)

2.2 Address Registers (A0 and A1)
The register AD consisls of 16 bits, and is used for address register indirect addressing and address
register refative addressing. They also are used for transfers and logic/ogic operations, A1 is the same as AD.
In seme instructions, registers A1 and A can be combined for use as a 32-bit address register [A1AD).
2.3 Frame Base Register (FB)

FB is configured with 16 bits, and is used for FB relative addressing,
2.4 Interrupt Table Ragister (INTB)

INTE is configured with 20 bits, indicating the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SF) comes In two types: USP and ISP, each configured with 16 bits.
Your desired typs of stack pointer (USP or ISP) can be selected by the U flag of FLG.
2.T Static Base Register (SB)
5B is configured with 16 bits, and is used for 5B relative addressing.
2.8 Flag Register (FLG)

FLG consists of 11 bits, indicating the CPU status.
£2.8.1 Carry Flag (C Fiag)
This flag retains a carmmy, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
2.8.2 Debug Flag (D Flag}
The D flag is used exclusively for deblugging purpose. During normmal use, it must be sat o 0"
2.8.3 Zera Flag (Z Flag)
This flag is set to "1" when an arthmetic operation resulted in 0; otherwise, it is "0".
2.8.4 Sign Flag (8 Flag)
This flag is set 1o “1" when an arithmetic operation resulted in a negative value; otherwise, it is “0".
2.8.5 Register Bank Select Fiag (B Flag)
Register bank O is selected when this flag is 0" ; register bank 1 is selected when this flag is "1".
2.8.6 Overflow Flag (O Flag)
This flag is set to 1" when the operation resulted in an overflow; otherwiss, it is "0",
2.B.7 Interrupt Enabile Flag (I Flag)
This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag Is "0”, and are enabled when the | flag is "1". The |
flag is deared to “0" when the Intermupt request Is accepted.
2.8.8 Stack Paintar Select Flag (U Flag)
ISP is selected when the U flag is “0"; USP is selected when the U fiag is *1",
The U flag is cleared to “0" when a hardware interrupt request is accepied or an INT instruction for
software inferrupt Nos, 0 lo 31 is executed.
2.8.9 Processor Interrupt Priority Level (IPL}
IPL is configured with three bits, for specification of up to sight processor interrupt priority lavels from
level 0 to level 7.
IF a requested inferrupt has priarty greater than IPL, the interrupt is anabled.
2.8.10 Reserved Aroa
When write to this bit, write "0". When read, ils conlent is indelerminate.

v.1.10 Apr 27,2005 page 8 of 26 RENESAS
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3C/13 Group

3. Memaory

3. Memory

Figure 3.1 is a memory map of this MCU. The address space extends the 1M bytes from address 0000018
to FFFFF1s6.

The internal ROM {program area) is allocated in & lower address direction beginning with address OFFFF16.
For example, a 18-Kbyle intermal ROM is allocated to the addresses from 0C00015 to OFFFF16.

The fixed interrupt vecior table is allocated to the addresses from OFFDC16 to OFFFF18. Therefore, store
the start address of each interrupt routine here.

The internal ROM {data area) is allocated te the addresses from 0200016 to 02FFF16.

The Internal RAM is allocated in an upper address direction beginning with address 0040016, For example,
g 1-Kbyta intemal RAM is allocated to the addresses from 00400146 to D0TFF18. In addifion to storing data,
the intemnal RAM also stores the stack used when calling subroutines and when imlerrupts are generaied.
Special funclion registers (SFR) are allocated to the addresses from 0000015 to 002FF 16. Peripheral func-
ticn control registers are located here. Of the SFR, any space which has no functions allocated is reserved
for future use and cannot be used by users,

[N MR
SFR
| S Chapler 4 fin datzil, )
O02F Faa
00200ME
Inbermal Ral
[EE g )]
L Intemal RO%A .
{datn arca) o/ OFFDCI Undafined insinscton 3
02T 1A o E Craeficw 3
e : K instruchon E
4 : Addroz: maich 3
i 3 Sl sled 3
B Y'Y e i E Wl Himwar Cecdisson o delsction & dalsclion
Imgermial R 5 E {Reserved | 3
{pamgrem ama) rr’ E {Rassrvad} 3
oFFFFwsy OFFFF18 E Resst 3
Expanding area
FFFFF1G
MOTES;
1. The data flash ROM block A {2K byles) and block B (2K byles) ars shown,
2. Blank spaces are raserved. Mo accass is allowed.
7 Intemal ROM Itemal RAM
ypenama Sizn Address 0YYYY 6 Siza Address DHOCXK1A
REF21134FP, RGF21134DFP 15K bylos DCD0He 1K bytes DO7TFF+a
REF21133FP, RGF21133DFP 12K bytos DDOCHE TiA bytes ODGFFn
REF21132FP, RSF21132DFP K bytes OEQOG 1 512 bytes DOSFF 8
Figure 3.1 Memory Map
w110 Apr 27 2005 page 9of 26 RENESAS
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8CH13 Group 4. Spacial Function Register (SFR)

4. Special Function Register (SFR)

SFR({Special Function Register) is the control register of peripheral functions. Tables 4.1 to 4.4 list the SFR
information

Table 4.1 SFR Information(1)Y _ :
Reglstor B | Symbol Afier reses

IIDB-H:-.“

A 1%

0002 18

Er kTN

030 | Procassor mode regesier 07 PR [

Ga0sis | Processor mode registar 1 M [l

vos | Systam clock control register 0 Mo [ i ]
o | 5 mlock control register 1 R 00 00000

Wu-'%@ﬁﬁmr T ragaeler o HRO HE

oA | Address match termupt anable reqister AIER AR ND0E

MKlAe | Protect mogd FHCH OOHCAIO002
T oi-chip osci control regisbar 1 HEA 4078

o00Cis | Oseillation i Pioggisslar [s]+%] Oo000 00

moos | Waichdog Tinker resal regisier WOTR A
LO0E+ | Watchdop timer sfad registar WOTS HX1E

0anF s | Watchdog timer control regsier - WOC o111 97

| T |~ Address malch nieryupt regizter 0 RMADE e

HIIRETS anie

| opi2= e

_D|013|u

Wtdin | Addvess maich intamupt reglster 1 RMADT D076

otein 008

GCiEdh . KO

(ISR LTS

(RS T

auti= | Waliage deleciion registar 12 VORI 00071000z

aulan | voitace defection regizter 2 ¢ VCR2 on4a ¥

100000007 4

[T
ricin
00 Chn
i Ex | TNTO Inpart filer salact reqister INTOF MAONO002
N Fw | Waltage datection (e mupt register = CATNT [T |
1000012 4

Husl
_MEin
| e
T
[Ferry
Ll
UGH s
[HiZ ¥ 5
1282
iR
K1 EA R
LAk T
Bt
[T
MREw

HdF e
i
[TEER
0032+
[EEDS
L]
e
G
OETIE |
CO3RIE
[ tos
IHEIAw
LHIE®
G
130+
D3E 1% .
O r
X o Uindefineed
NOTES:

1. Blank cokimns aen all resersae apace. Mo acoeds is alowed.

2. Softwara reset o thi watchdog Umer reset 00as not alect this regiter,

& D Lo Resed inpul
4, In the case of REEET pin = H ndaining,

J33B0063-0110




3CHM3 Group

4. Special Function Register (SFR)

Table 4.2 SFR Information(2)(1)

Pakiraas

Registar

Symirol

_Adfler resal

e | Key input interrupt conlrod rogister

AP ponvarsinn intennspd contil eaglster

WX XD
b (T

e

Compare 1 intarrupt control regisler
(UARTD transmil iniberrapt conirol regetis
H [RCENS inlam niml registe:

ORI

A KO0

HaCCMNO02

XN O00:

KO OG0

AN

KX MO0

KXXXXOMZ

X0

CO6H s

KO

| 1T intiarn ot crontend regylstar
Timer © mbermnept control reqgister

00002

[0S

Compare O intemupt control regisier

KAFEXO00Z

MOSCE

EROOEDO0F

DOSE

INTE intermupt conknol register

DOST

el e

i A
6 i

00631

G e

(G5 1
| Q0

THIETE |

i 7e

—o0sae

DaGA, -3

| ooEm | Sroere=

Q0ES 16

O0ETm

DOBE |

mEFe |

DT

CHIT

DT

i
LK 4 e

:-u?sq'

N =il = a8 R

TGS
7T e

D078y |

nﬁm-u ]

(a7 A |
porE |

CaFGan

DOFTHE

DOTEN |

[ T

W Linctadird
NOTES:
1. Blank columns are all ressrved space. No Broess i allowed

w110 Ape 27 2005 page 11 of 26
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3C/13 Group

4. Special Function Register (SFR)

Table 4.3 SFR Information(3){1

Address | B Register Symbel ~ Alter resal
Dosths | Timer ¥, Z mode reqistar : TYZMR ooe
oot | Prescaler Y PREY FFi&
maeza | Timas Y sacondary I TYSC FEi&
potie  Timar Y primary TYPR FF16
posase  Timar Y, Z waveform oulput eantral register PLIM ooiE

_ooags | Progcaler Z PREZ FF16
ongsie | Timer Z sacondary TZ5C FF1&
oot | Timar Z primary TZFR FF16
[=fil=1:ET - .
0] 750
oneas | Timer Y, £ output control reglster T™ZOC _Ddim
00eEx | Timer X mode reglster TAMR 0016 vl
e | Proscalar ¥ . PREX FF:6
ooame | TImer X reglster TX FFi6
ooges | Cound sourcs sel register TCES DHe
[EEF 1
mitin | Timer C registar TC 001E
DO 10 0016
POz B |
ER KT =

1oL T

| COEHSn
acefw | Expernagl inpul enable register . INTEM P
O0ET1E R
apan | Key input enable register KIEMN M6
o0 |
agzaw | Timer & coninol regester O TCCo QoG
orgss | Thvier C conirol redmshar 1 TEC Q01g
eS| Capture, compane 4 reglster O [W[ERTH
O0E0HE o, (b E ]
uigtn | Compare 1 ragister T EE16
a1 _ FFgﬁ
OTA0w | UARTD raremil recaive mode regisbar LR 001a
OtAts | WARTO bit rate register UDBRG WHE
Az | BARTO ransmil buffer regster uoTe XX1B
HIAL - b g
D0A4E | UARTD trarsmit'recaive pondrol register O RLIRN] Q000 0002
&S | UARTD i S _UnCT AOR000 e
mrsa | ARTO recelve bulffer register UDRE b4l
DOATH | AAE R
DARng | UARTY trarsmititeceive mods redistar L ME 16
Disie | UUART bit rate register MBRG Wlis
ERA | | JARTY ransmit buffer regislar mTE XX1E
DOAH 1 2XI6
DA | | JARTY iransmitmeoesive sontrod registes 0 Lica Q0401 E Tt
oaan: | UARTY Iransmitrecelve sontrod regiater 1 Ot et | DO00DGi0z
OIAE® | LIARTT racamiva buffer reqgister U1RH XX18
CHLAF EXG
DOBMa | UART transmitireceive control regiater 2 UCON 001E
06~ 1m
B2
[ KT
(841
[ =L AT
PG S S
DOETn
HiB% . ST
EYe
(HOESS 12
HETH -
hin = T
etk

DOBEw | S _—

(i —

X Undefined

NOTES:

1. Bdank calurmng are all reserved space. O BocaEs i aliowed
2. Whan the owtput comeare mode B selected (dhe TCC13 bitin the TOST reglsker = 1], ke value & sel to FFFF 6.

w110 Apr 27,2005 page 12 of 26
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3CM3 Group 4. Speclal Function Register [SFR)

Table 4.4 SFR Information{4)("

Addrass Registar Symbod After res
0Cow | AD reqgigbar Al XX
Lociw | : : ; X¥ 18
Lo, S I e : i
HE
G4
B s
IHICE
T
OCHw
O HE
AR
JHHE

wosw | ADconirolregistecd ADGONZ 05
oeldy | AL cortrol regisher 0

ke e ; ADCONG. O0O00XAXZ
toora | AL control reglster | ADCOMA 0018

et | Porl PO pegisier PO | AX16
wEte | Port P register P1 HE1E
ez 1 PQ direction mgjstar PDO 0015
HEin | Barl P1 direction reqistar F1 [alAL ]

|_ooEsw | Past B3 register = X8

|_D0ETw | Forl P dlitection reglstar | POS | Q0
nnesw | Port P4 registar | P4 H¥AE

|_aoEss | Port P4 direttion registar PO4 015

Slrne - e
AFRIR
HIFEe i
aoFiza | Pull-up condrol registar 0 | PURD. OOPCKONC0:
aurD | Pyll-up cordrol register 1 - | PURY EEARAE T
L G0FEw | Parl P drive capaclly Contrm regisier ORR 0015

aoFrEw | Timear O output eondol register | TCOouT 0018

| _aigsw | Flaah memory control reqistar 4 FhR4 (110300003
D16 = ' e ey
a1esu_ | Flaah memony centrol register 1 FLAR A 000002
HEEH |

[_oierse | Flash mamosy contral reqister 1) FMAD [ nood0001:
nFErEm | CpHpn fanchion select repster - [ oFs | Motaz

% Undafined
NOTES:
1. Thee bilank: areag, 01006 o F1B24a and 015816 to 02FF10 are reserved and camnol be used by users.
2. Tha wabdchdog Urmar control bi e e=seigned, Refer o "Figure11.2 OFS. WOC, WDTR and \WOTS regisbérs® of Hardwars Manmeal for dataile

w140 Apr 27 2005 page 13of 26 RENESAS
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3CM3 Group

5. Electrical Characteristics

5. Electrical Characteristics

Table 5.1 Absolute Maximum Ratings

_Symnbol - Paramster Condition Rated value Lnit
Voo Supply voltage Veo=Alfoe RIRE TR W
A Amailog supply vollagu Wec=Avio 0.3 to 5.5 W
Y | Input vedtags , 0.3 10 Wec+0.3 ¥
o | Courtpd voltbage 0.3 to Voor03 '
Pu Powar disalpation Texu=25 i 00 s
T Drperatiog arrdisnt [Emperabune -H0to A5 / 4010 85 (D varslon) T
Taig Sorage fempeaiine -RF {0 150 EN
Table 5.2 Recommended Operating Conditions
' Conditions e Standery i
Symiool | Parameter Min. Tidny: Mz, Linit
oo | Euply voliege 27 55 v
AN Analog supply valtage Weed W
Wig | SupplyvoMege 0000000000000 === o v
AY s fAnelogsupplyvolags — a w
i *H" Inpud vinltsge | (LB WViee [V
Wil 'L® i wollsge i] 0.2 W
| “H* peak ml Sunn o gl gares® 10H B0 A
_m sl output cirrants  {(peak) "
Iotipaas| |THT peak output e 9 m#,
loiH fagi "H* avarsgs ouiput curent E0 i
Ici. jraim *l * paakall Summ of all pire” 0L B
1
lew ipeinich "L® paak gutput  Except Pg o P17 10 ma
curren Flotn P17 Dt aability HIGH a0 A
 |BwvaahllibgLOW - I 10 A
164 L average  Except Ploto Pl 5 mA
GUEPARL COMmemt g 1y g Drive abiity HIGH 15 mA
=in Dirive abifity LOW 5 A
EET fviein clock mput oecliabon requancy |20 = Ves = 5.5V o 20 BiHz
200 = Voo < 3.0V il '] MHz
Meobe

1: Referancad to Voe = Avoo = 2.7 to 5.5V at Topr = -20 to 85 °C /40 10 B5 *C unless octherwise spacifiad.

& The meaan mriput currant is the mean value within 100ms.
32 Bet Wooc=AVco

w.1.10 Apr 27, 2005 page 14 of 26
SJ03B00EG-0110

ZENESAS




3C/13 Group 5. Electrical Characteristics

Tahle 5.3 A/D Conversion Characteristics

' . iy Standard
bl P |
Sy arameter Measuring condition Min. | Typ. Max. Linit
- Resciution ) Wt Voo | 10 | Bit
_ | Absolute 10 bit mode @AD=10 MHz, Vret=Woo=5.0V 3 | LsB
i o™ 8 bit mode aAD=10 MHz, Vref=\ce=5 oV ' +2 | LsB
10 bit mode sAD=10 MHz, Vrei=Yeoc=3.33" 5 | LSH
8 bit mode BAD=10 MHe, Vigl=Yoe=3.0v" +2 LsB
Riaccer | Ladder resistancs VREF=VCG 10 40 kil
tmonny Convarsion lime 10 bit mode | sADR=10 MHZ, Vrel=vo=5. 0y 3.3 s
— |8 bit mode | eAD=10 MHz Vret=Veo=5.0v 248 B s
Wrer Refgrance voltage s I Wiz v
ATirY Analog input voltags lu] | Wt v
- 'AlDoperation  |Without sarmple & hoid| 0.25 io | MHz
clock frequency? | With sample & hold | 1.0 10 | MHz
Mote

1: Referenced to Voo=AVco=2.7 to 5.5V al Topr = -20 to 85 "C | 40 1o BS "C unless otherwise specified,
20 Whan fan iz 10 MMz mare, divide the fab and make A/D operation clock fraguancy (Ban) lower than
10 MHz.
3 When the Avice is less than 4.2V, divide the fa0 and make A/D operation clock freguancy (Sian lowar than Taoz,
4: St Veo=\raf

P y O

P1

=

P2

P3

P4

Figure 5.1 Port PO to P4 measurament clreuit

w110 Apr 27, 2005 page 15 of 26 ns
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3C{13 Group 5. Electrical Characteristics

Table 5.4 Flash Memory (Program area) Electrical Characteristics

Symbol P tar diti i Haeand L i
¥Im arame Measuring condition Mir T Maix Linit
| s Program/Erase cycle 00 | — — | eycle
__ = | Byta pmgram tima Vec=50ValTopr=25°C | — 50 N
= Block srase time VMoo =50V al Topr= 25 °C Py 04 = i
 8i5R-ES) | Tima delay from Suspend Request urtil Erase Suspand — — B ms
- Erase Suspend Reguast Interval 1l . 10 w— — s
=] Program, Erase Volage ) _ a7 —_— E5 | W
- | ReadVoltage 27 | — | 55 v
= | Program, Erase Temparatura I — B0 e
_ o . — — y
ata-ratentlon duration Topr = 55 °C | 20 | yEar
Table 5.5 Flash Memory (Data area Block A, Black B) Electrical Characteristics 4
Symbol | Parameter Measuring condition = Staruiand Unit.
Min, Typ. Max
- Program/Erare anourance? B 100003 | — — trmes
Eivten privgrasm: fimed programierass andurance =B0W =05t =
= <1000 timas) . Vee =80Vt Topr=25°C | G1H 400 Tt
= Byta pmgram limalprogram/arase endurance | yo = 5.0 at Topr =25 °C | — i
#1000 e . B B i
= Biuck erase Ume{program/erase andurance | Wer = 50V at T, =05 el
<1000 lmes) o . w ] L.z 4 8
Block erase imelprogramiarese enduance - =R _— —
= 1000 fimea] Voo = 5.0V at Topr = 25 *C 0.3 &
14sR-ES) | Time delay from Suspend Request urtil Erase Suspend — — g ms
— | Erase Suspend Reguest Interval m_ | = = ms
- | Program, Erase Voliags - _ 27 — 55 N
= Read Voltage 2.7 s 55 v
= Frogam/Erase Temperature SAD-40E  — a5 b ¢
- Data-retention duration Topr=85"C - — year
hote

1: Referanced to Voo=AVee=2 7 to 5.5V &t Topr = 0°C (o 60°C unless otherwise specifled.

2: Dafinition of Program/Erase

The cycle of ProgramdErass shows 8 cycls for each block.

If thes programierase number ks “n* (n = 1000, 10000), 0" imes erase can be performed for each biock,

For axample, if performing one-byle write 1o the distinct addreeses on Block A of ZK-byle block 2048 times and then
erasing that blook, the number of Program/Erase cyoles ts one tima.

However, performing multiple writes o the same address before an erase operation s prehibited {overwriting
prohibited),

3z Maximum numbers of Program/Erase cycles for which all electrical charscteristios is guarantsed.

4: Tabls 16.5 spplies for Block A or B when the Program/Erase cycles are more than 1000. The byte program time up o
1000 cycles are the same as that of the pragam area (see Tabls 5.4)

&t To reduce the number of Program/Erase cycles, a bock erase should Ideally be perormed after wnitlng in seriss as
many distinct addressas {only one time each) as posslble. If programming a sat of 18 bytas, write up to 128 sets and
then erase them one time. This will result In ldeally reduging the number of ProgramiErase cycles. Additionally,
eversging the number of Program/Erase cycles for Block A and B will be more effectiva. |t s impartant ta track the total
number of block erazes and restrict the number,

E: Il amor oocurs during block erase, attempt to execute: the cloar stalus register command, then the block erase
commeand at least three times untll the srase ermor disappears.

2 Customers desiring ProgramiErasa failure rate information should contact their Reresgs technical support reprasenta-
tive.

8: =40 °C for O varsion,

Erase-suspentd requast
(intermupt request)

FMR46

LismER)

Figure 5.2 Time delay from Suspend Request until Erase Suspend

v.1.10  Apr 27, 2005 page 16 of 28 = ESAS
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3CM3 Group

3. Elactrical Characteristics

Tahla 5.6 Voltage Detection Circuit Electrical Characteristics

Symibol Paramabsr Massuring sondii Standard -
Il . . sk Min | Typ | wax YN
ik Widtage mnl-ﬂ"l_!.l 11 k] £ W
Volinge dataction Intern g Bguss g lime? | 40 | vs |
) Wﬂmnﬂcmﬂudf_nuﬂlumpﬂm IrE EITH, VOS50V 60| ik,
t(E-A) Waging Ars unli wllage desection crou aponater: s 1 | m us
L¥gemin Mizrmzor pulise njwoebon volbage minimum vadis | 27 W
MOTES:
1. Thi measurng condifion is Yoor=ioo=2 TV 1o 6.5Y and Topr=—40°C o 85°0
2. This shaws the fime untl the valtsge detection interrupt reguest s genemlnd since the voltage passes Vdet. ]
3. Thes shows (e reduined time until the voliage dedaction ciredt operalas when satling to ™" again after softing the VC27 bil In fhe VORE
regleter la 0",
Table 5.7 Reset Circult Electrical Characteristics (When Using Hardware Reset 21 3)
Symbicl Paramatar M asur diti ___ Standard
] suring condition [P Typ. M .I.Jnlr
Wporz | Prswmoson resed walid valage HPGE Topr < 85 B Ea ) Vel | v
*"'“"uﬁ";n"" Supply YIERgA tang WMe wher power-on resat 5 mnosa? —20°C = Toar 286G, Mepord] = os =} 100 | e

NOTES:

1. The voltape detecticon circuit which i embadded in a microcompuier & 8 factor 1o gerewate the hardware reset 2. Refar to % 1.2 Hardwase

Resal 2

2. Thus comdition i nol applicable when using Voo 2 1.00.

3. When turning pewes on afber the axtenal pawer has been held balow the valkil vultage: for greater than 10 seconds, rafer 1o Tabde 16,8 Rosat
Circuit Eredirical Charactaristica (Wnen Nol Using Hardware Reset 2,

4. twipori} is times bo hold the extemal powar balow affactive voltage (vpor2).

Table 5.8 Reset Circuit Electrical Characteristics (When Not Using Hardware Reset 2)

Symibal | Parametar #aasuring sondgi Stainckand
Sy [ T a ion | i T M Uni
Wporl Powsr-on rsel vald vokage PP = Tapr < 06°C = o o v
M"Jﬁ_‘f"l';" Supiey volade faing b whon power-on reast B sarceisd 07 = Tomr = BE"C. haipord) = il = giei] m
Ly | Sy vt oy s e e o st ancelsd 2P % Topr < 0°C, titport 2 Sk Wi | ms
M‘tm; Supphy voltage rising Hme When prwsi-om reeet is canoeled =BG < Tope = 070, brjpar | = 102 = 1 ma
FHVBIT iy tage e v when pover i o cano ST SRS ST - 05 | ma
MHOTES:
1. When not wsling Sardvans rgsat 2, use with Vee =270,
2. twipord] (s e bo hold the ecamel powes bedow effective voltage (Wpart ).
Viet? — /u_f‘_w
= Veclmin
4 e N‘:[;Vm
pear 2
Semplieg fime -2 —
Y I — Iwipar2} leivpord-vdat}
twipart)  Dwivpori—\del)
Intermal resest sigral |1.
("L effectiva) | F— 4|
. L
MRING-5 A3z TRING-5 =
NOTES:
1. Hold the vokage of he mictocompuer oparation woltage range [WVesmin or abowe) within ssmpding time.
2. A sampling dock is selectabla. Reder tn "5 4 Vnltaps Detection Clreult® for detalls.
3. Webat shows the waltnge detection fevel of the vollage detection cirouit, Rafer 1 5.4 Voltage Detecton Circuit” o datalls,

Figure 5.3 Reset Circuit Electrical Gharacteristics
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5. Electrical Characteristics
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Table 5.9 High-speed On-Chip Oscillator Circult Electrical Characteristics

Syl Paramatar Maasunng sondition [ __Standarg
_’““‘ : - _ s Min. | Typ  Max ‘!”"i
— | Hah spcec an-chin assilistor foquency | @ ({HRGTel)#(HRIE whan the | YCL=50, Tant2s T i
rosol b Fbd el Gl 404" i M 1 ogiater o Ehryia
I HR e} | Cotiablo nigh-spasd achip reniimor rinkaur gl L WECES AV, Tiur=g5 "G [ Elag
L . Sal "00ua” in e HFY reglatar |
WiHR Hip*-spaad onecnip eecilib purios adpesmd unl Uamrcse when seting "0 i aned "THw" 4 i
i | Mt HR reglsier ) _ j |3
= Hit-spead on-mip cecBlaler B mperatuna dap ] Frecuancy Aucluation in lempormbng tenge | " NE
| ) of AT jo Bl = H
= HepF-Boeet or-itiip oscllaton Bmperslume dependonnad | [ ;rﬂggﬂcml;luﬁﬁumin tempeRbre rangs | = £ | %
MOTES:
‘. The measunng condition s YooeAVes=5.0 W and Topr=25 "G,
Table 5.10 Power Circult Timing Characteristics
Syrmibol Parameter Weszsuring condition Stardand i
i Min. Typ. ~ Max; vt
PRy Time for imemar powee spedy siabifzmon during presdig-en® i3 2000 | pm
Wih-%1 | STOP release tima? 1w |

Huoda

1: The: measwing conaition is Veo=ANee=2.7 to 5.5 W and Tapr=25°C,
2: Thie shiws thi wait fime witl the inheral power supply gemarating droult B stablized during powsr-on,
32 This shows e lire urtl BCLK starts from e interupt sckiowledsement ts eanesl stap mods,

1 Anferenoed ko Voo=aVioo=4 2 fo 5.5Y at Topr = -20 to 85 "0 1 -4 o @5 "G ik = 20MHZ Undass sltherwrss gpacied.

Table 5.11 Electrical Characteristics (1) [Vcc=5V)
i Slandard |
Siermbal Pararrsatar Maseurng condilion i Typ_ [V Unit
' outpe st vokoge Extmpt Moo= Iori==Gimd, Yeo-24 [wee | w
- to=— A Ve | — e | W
Aewr Crtve copanty HIGH oo mb Yar-2.D — wce W
Crtve capacky LY Ikm--anqs_.q Woo-20 = 'mc:_ 'n.f |
L7 i voitage Plom P17 =S mh 8 W
e Except Noul =200 A B ods | v
Flom PiT Dirive canaciy HIGH | loi=15 m& =5 = 20 o
Dirive gty LOAW [in= 5 mA 0 W
Divve copacity LW lo- 200 T = nAn W
Xowr Drive capaacity HIGH  [ous 1 e = = 0 | w
B [ Driew oty LW T30 — [ = |6 [ ¥
T — | INTo, INT1, INT2, INTs, Ry AT - nz - Y
| KLz, His GNTRO, CNTRI. TGN,
HxDu, R P4s
RESET _ A
1] "H ik pa cumant WED = 50 1.3
| o L rpul e VeV - . = LRG| Tk
R : Pul-up rasiaiprcy Wy 3.|;|_ . ET W |
R Fapdberck resustarce | Mt 1 1.8 -- Mk
frmwrn  LOW-apned erthyp omcHsior fequency e 40 = TE0 HHZ
[Vean | R et wls AL Siop e 0 ) — | %
Mo
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Table 5.12 Electrical Characteristics (2)

5. Electrical Characteristics

Vee=5V]

Syl

Paramsatar

Frminf supply nament
{Won=ds wiay)

A singdn-chln e, e outpul
Fenst aid Aguen anid olfeer pins
arn Wae

Higr-a poag
mag

Measuring condition

Far=20 Wz (square waew]
High-20ena o 0 asedlakai o

irsi-spued on-chia cardialor 34 -II-E.
Mo Fasaitn mrus ol

[T T ———
High-azmen an-chp ozafcin off
Loy -gpcmd ai-zhin pemibmier nee 178 <HE

L P T
Hga-rpoed on-chio acl koe oft
Liowh- Epsandc 7T St i e 13285 K

Maiiim-apess
e

Higvsprasal

b ghitgon
| Evmigl) M | SqUEnT Waren|
High-apead oreNg: oec oy of
Limw-apend o COED S kaer oa=17 kHe
Diovryion by 8 A
| K W
G e e et At
en-chip narllaior one 22D AHE
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3CM3 Group

5. Electrical Characterstics

Timing requirements (Unless otherwise noted: Vcc = 5V, Vss =0V at Ta = 25 °C) [Vcc=5V]
Table 5,13 X input

Symbol Parameter Standard Unit
Min. Max.
o] Xin) XIN input cycle ime &0 ns
LWH(XIN) XIN Input HIGH pulse width 25 | ns
twL(Xing | Xin input LOW pulse width 25 ns
Table 514 CNTRO input, CNTR1 input, [NT2 input
Symbol Parametor Standard Init
Min. Max.
IC{CGNTRD) CNTRO input cycle time 100 ns
BWWH(CNTRO} | CNTRO input HIGH puise width 40 ns
IWLICNTRO) | CNTRO input LOW pulse width 40 ns
Table 5.15 TCIN input, INT3 input
S‘f!’l"lbﬂl Parameter Standard LIt
Min, Max.
1C{TCIN) TCIN input cycle time 400 ns
tWH{TCIN] | TCIN input HIGH pulse width 200 ns
twL[TCIN) TCIN input LOW pulse width 200 2 ns
NOTES
1 :Whaen using the Timer C input capture mode, adjust the cycle time above ( 1/ Timer C count source
freguency x 3).
2 : When using the Timer C input capture mode, adjust the pulse width above ( 1/ Timer C count sourca
frequency x 1.5},

Tabie 5.16 Serial Interface

Symbol Parameter Standard Unit
Min, Max.
te(CK) CLKi input cyde time 200 ns
tW{CKH) CLKi input HIGH pulse width 100 ns
TW{CKL) CLKi input LOW pulss width 100 ns |
ta(c-) TxDi output delay time BO ns
th(C-Q) TxDi hold time 0 As |
teu(D-C} RxDi input setup time a5 ns
miC-D) RxDi input hold time o0 ne
Table 517 External interrupt INTO input
Symbol Parameter standard Unit
— Min. Max.
bw{inH}) INTO input HIGH pulse width 250 1 ns
tr(INL) [NTO input LOW pulse width 2502 ns
NOTES

1 : When selecting the digital filtar by the TNTO inpul filter select bit, use the TNTO input HIGH pulse widih
to the greater value,aither ( 1/ digital filter clock frequency x 3 or the minimum value of standard.

2 : When selecting the digital filter by the INTO input filter select bit, use the TNTD input LOW pusle width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
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303 Group 3. Electrical Characteristics
vce =5V
3 b N TR M
DA HiCH TR T
CHTRD Input 4 #\ 4 %
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TCIN input |
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A
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UM i
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Figure 5.4 Vec=5V timing diagram
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3C/13 Group

5. Electrical Characteristics

Table 5.18 Electrical Characteristics (3) [Vee=3V]

. Slandard o
Symbol Paramater Meazsuring condition —n | Ty, i el
T cud et witans :FI.I:'-H{V. T lr_-u=1m.n. ; Woa-lg Wi iy
W X | Orwvm cApacily HESH  lod=-0.1 m& Wioo-us Wi i
| Totess ey LOWY | okeaf0 ik [ s W
- oulput votage P10 7 o= tma [ B e
| Exgepd XolT
v [P0 Pty Dirwe capacity HIGH [lai=2 ma, a5 | ¥
Oty ety LW | 0L 1A | ‘0B v
Mevinh . Dt copmcity HIGH [ T6- C1mA " ps W
Dirive cpacthy LOWY kJL-'Slﬂ.pﬂ. = — i . W
Wik | Hyztmmsis HiNT= YT, TS, (W TE, M h, | ¥ = a8 ¥
R, P, ChTRD, CNTR, TOIN,
A0, Ral, P
RESET 0z - 1.E W
I I Input curmenl = =0 ~ | | o oA |
lit e innut curment =y — -0 ui
Bruwe | Fulup residmnce TV &8 180 A | kit |
Fioem Feedbock reslsinnne T LN an ML
fmrac-n u.-q-ul an-chy s Bor reg Uenoy ] 125 b | EHr
[Whaw | RAM rteribon vollage  kshomoe i [ ['wv
Mots

1. Raelenennes) to Voo=MVOC=2.7 ko 3.5% &1 Topr = -20 o 85 “5 0 40 bo 85 °C, fKm)=10MHz unbess otharwise apuar:ified
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3CHM 3 Group 5. Electrical Characteristics

Table 5.19 Electrical Characteristics {4) [Vec=3V]
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3ICH13 Group 5. Electrical Charactenstics

Timing requirements (Unless otherwise noted: Vcc = 3V, Vss = 0V at Ta =25 °C) [Vce=3V]
Table 5.20 Xin input

Symbol Farameler Standard Unit
Min. Mazx.
oK) XN input cycla time 100 ns
TR XIN input HIGH pulse width 40 ns
L LX) XIN input LOW pulse width 40 ns

Table 5.21 CNTRO input, CNTR1 input, INT2 input

Symbol Parameter Standard uUntt
hin. Max.
IC(CNTRO) CNTRD input cycle time 300 ns
TWHICNTRD) | CNTRO input HIGH pulse width 120 ns
bwiL(ChNTRO) | CNTRO input LOW pulse width 120 ns

Table 5.22 TCIN input, INT3 input

Symbol Parameter Standard Unit
Min. Max
EED] TCIN input cycle time 1200 ns
tWH(TCIN) | TCIN input HIGH pulse width - 600 2 ns
BWL(TEIN) | TCIN input LOW pulse width 600 2 ns
NOTES

1 :‘When using the Timer C input capture mode, adjust the cycle time above [ 1/ Timer C count source
frequency x 3].

2 : When using the Timer C input capture mods, adjust the pulse width above { 1/ Timer C count source
frequancy x 1.5).

Table 5.23 Serial Interface

Symbol Parameter Standard Unit
Min. Max,

to{ek) CLKi input cycle ime _ 300 ns
bw{CKH) CLKi input HIGH pulse widih - 150 .y ns
twickL) CLKi input LOW pulse width | 150 ns
ta{c-o) TxDi output delay time 160 ns
thic-g) TxDi hoid time 0 ns
tau{D-C) RxDi input setup time 55 | ns
th{C-D} RxDi input hold time 80 ns

Table 5.24 External interrupt INTO input

Symbol Parameter $t_a_n1dan:| Unit
— Min. | Max.
tw(inNH) | INTD input HIGH pulse width 380 1 ns
EAV(INL) iNTD input LOW pulse width 30 ns
NOTES

1 : When selecting the digital filter by the TNTO input filter select bit, use the INTD input HIGH pulse width
to the greater value sither { 1/ digital filter clock frequency x 3) or the minimum value of standard.

2 : When selecting the digital filter by the INTO input filter select bit, use the INTO input LOW pusle width
to the greater valus,aither { 1/ digital filter clock frequency x 3) or the minimum value of standard.
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3CM3 Group 5. Electrical Characteristics

Vcec =3V
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Figure 5.5 Vee=3V timing diagram
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G113 Group

Package Dimensions
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(D SERIES DATASHEET res 10, 2004

ID-2 /ID-12 / ID-20

e 1032 1012 and 1320 are simifar to the 1TH), 1310 and 10015
AKL 1) series devices, bin they have extra pins which allow Magnetic
‘mulation output to be included in the fAmctionality. The 10-12 and
D20 come with interoal antensas, and have read ranges of 12+ cm
nd 161 em, respectively. With an external antenna, the [13-2 can
leliver read ranges of up to 25 am. All three readers support ASCIL
Viegand26 and Magnatic ABRA Track? data formats,

D2 /112 7 1D20 PIN-OUT

1. GHND
£  RES (Reset Bary
& n 3. ANT [Arternd)
4, ANT (Antenna)
N L 5 Cp
: @ 8 - G, Future
1§ $ = 7. +i- (Fermat Saleclar)
i@ ® - B, DM (DataFin 1)
: @ 8. & D0 (Cata Pin )
10. LED (LED f Beaper)
ROTTOM VIEW 11, +54

Iperationd and Physical Characteristics

Parameters 1Db-2 ID-12 ID-20

Read Range wA e imbernal anlanna) 12+ 6m 16+ o

ar;msinns 21 momi x 189 mim x & mm 26 mm x 25 mm x 7 mm 40 mm = 40 mm x 8 mm _—
Frequency 125 kHz 125 kHz 125 kHz

Card Format E;'Il:l;]m o campatitla EM 4001 or compatible EM 4001 or compatible
Encoding Manchester 64-bil, modulus B4 | Manchester 84-bit, modulus 64 | Manchester 84-bil, moduius 64
Power Requirement EVDC @ 13mA nominal §WOC @ 30mA narminal § VDG @ 65mA nomins!

1/ Output Gurent H-200mA PK : =

Ul:_lllage Suppy Range +4 B\ through +5.4Y +4_6Y inraugh +-5_-W +4. B through +5.4Y

*in Description & Qurput Dara Formais

Wicgand26

Magnet Emulation

Peseription

Pin 1 Aottt e e YT GND oV GND v
Pin2 Strap o +5v Hesel Bar Reset Bar Reset Bar
Ping ég;:::fl':ﬁm&ma and Tuning - A Kt _Ar:-llsrlna

Pin 4 To External Anienna Antanna Antenna Anlanna

Pin 5 Gard Presert | Na funésion Card Present No function
Finég Fuiure . Flture Future FuIE.II'a

Pin7 Format Selector (+-) | swapto GND Strap o Pin 10 Strap to +5Y B
FinB Data 1 CMOS Clock Cne Outpul
FinD Data 0 TTL Data (invested) | Data | zero output
Pin10 | 3.1 kHz Logic Beeper { LED Beoped LED. Beeper | LED
Pin11 | DG Voltage Supply e +5v +5v




Advanced Digital Reader Technology
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Circuil Diagram for the D0
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COMPONENT LIST
Rl = 100R

Rr=1K
Ri=IK
Cl = [00uF 16V

C2= 100uF 10V

C3= InF COG MY *
Beeper = 2.7-3.5KHz 1R
1 IN400

D2 = GREEM LED

Ul =LM7305
1 = UTC3050 (NPN)
L1 =dHiLIh

I 1D Tnnovations TEH0

* Measze Note the 10 has an
internal tuming capacitor of
1.50F and this makes the total
tuning capacity = 2.5nkF

The 3.1Khy Beeper Logic is

centered for most Beepers in
ranine 2.7-3.5Khz

COMPONENT LIST

Ri= 100K
R1-1K

3= Ik

Cl = 100uF 1Y

T2 - |0dwF 10V

O3 = Tnl COG 100V *
Beeper = 2.7-3 5K Hz 1001
D1 = 184001

- GREEN LED

L1 = LM7805

Q1 UTCENS0 (NPN)

L1 —640Lh

D2 = 1T Innowations [D2

* Please Mote the 102 has.an
imternal tning capacitor of
1.5nF and this makes the total
turing capacity — 2.5nF

The 3.1 Khz Beeper Logic is
centered for most Beepers in
range 2.7-3.5Khz




Advanced Digital Reader Technology
—=ferar hy Fhesign

Circuit Diagram for the [D-12

Powsz In ur L COMPONENT LIST
- Rl1— 1IXR
2= 1K
Bi=I1K
1 = MguF 16%
C2 = 100uF 10V
Beeper — 2.7-3.5KHz 100R
TN
U D2 =GREEN LED
ID-12 L LT = LM7805

1 Q1 — UTCEG0 (INPN)
L2 = 12 Innorvations 102

=]

vy E—
T
=
[ =]
n

* Please Mete the [D2 has an
J interrial Lining capacitor of
1.3nF and this makes the ol
tuming capacity = 2.50F

nh.'ﬁil
o oW oW

' T'he 3.1 Khz Besper Logic is
centercd for most Beepers in
\ range 2,7-3.5khz




Advanced Digital Reader Technology

—Retier by -I:"."Hr'."u

D-2RW. TD-12RW Brief Data

Ihe ID2-RW,

I3 2-RW and ID15-BW are a now series of

ReadWrite mudules for the Termee OF tag. 1t has full functionality

including password. They conmin built-in algorithms (o assist
customers programming the popalar Sokymat  Unigue type tag
Password protection is allowed. Control is via a host computer using
1 simple terminal progiam such as hyper erminal of Cmodem.,

D2 /10127 1D20 PIN-OUT

Dperational and Ph

Paramerers

sical Characteristics
1D-2RW

1 GHD
2 RES (Reset Bar)
@ u 3 ANT [Anenma)
4 ANT (Antenna)
e & 5§  Future
r @ ® o & Frogram LED
: 8 & = T ASCHIN
+ @ & - 8 Future
- ® s 9 ASCI Ouw
10 Read {| FD/ Reepar)
BOTTOM VIEW 11 +5v

ID-12RW

IN-20RW

Read Range MR fno intermal entenna) 12+ om (Unique Format) 151 cm [Unigue Format)
Dimensions 21 mm x 1% mm x & mm 26 mim x 25 mm X ¢ mm 40 mm x40 mm xS mm
FresLissnesy 125 kHz 125 kHz 125 kHz

Card F&i—nat - o Turﬁa_f.: Q5555 Termes Q5585 _Tumuc: Q5555

Read Encoding Marchester modufus 54 Manchesier modulus G4 Manchester moduluz 64

Powver Requirement 5 YOG 13ma nominal 3 VDG @@ 30mA nominal 5vDC ¢ 50mA nominal |
[C Cutput Sumant +H-Z00ma PK - - |

‘Voltage Supply Range

«d4. 8% through +5.4%

+4 BV through +5.4V

+4 6V through +5.4Y

Cooil Betail

L=06mH- 1.9mH, Q= 153}

description

4 host computer is reguired (o send he commands (o the module. A simple terminal program such as Omodem or
Typer-terminal can be used 1o send commands w the module, The blocks are individual [y programmable. If you have
aver found et the ©F can be 2 bit “Twitchy” 1o program this programmer module is your selution, The command
nterface 15 simple to wse and easily undersiood. Thie programmer also has two types of internal readar. One of these is
wovided to read Sokymal “Unigue’ type lag con figuration.




Low Cost Short-Range Pr;aximity Readers
ID-0/1ID-10/1D-15 MK(ii) Seties

hlomienance only

Consider using

wve nnproved performmanc
The IDr Series short-range readers come in three differant sizes and
redd ranpes. Both the TD-10 and 1D-15 come with internal antennas,
and have read ranges of 12+ cm and 16+ ¢m, respeclively. With an
cxtemal antenna, the TD-0 ME(ii) can deliver read ranges ol up Lo 25

et All three readers support ASCI and Wisgand26 data formats.

[0 131001015 PIN-CUT

. F e

PATIITIN WIEW

GND

RES (Rezet Bar)
ANT (Artenna)
AMT (Antenna)

D1 (Data Pin 1)
O (Data Fir O

=
D@ AmM s

w oW

+5

+i- (Fommat Selecior)

the 12, H2-12 and the 1220 that

LED {LED { Beepar)

(dp -é;ﬂ;ﬂ'ﬂ n;rr! and Physical Characteristics

Parameters ID-0 1D-10

Read Range M/8, (no intermal anlenna) 12+ cm 15+ cm

DEmersions 291 mmex 19 mim 1 6 mm 26 mm x 25 mmx 7 mm dnmmxmmmx_sﬁnm
Frequency 125 kHz 125 kHz .TZE KHz

Card Format EM &M o cormpatible EM 441 o compatible EMAI?m of compatible

Encoding MManchester 54-hit, EJEEH Manchasier 64-bit, modulus G4 Manchester 64-bit, modulus 64
Power Requiremem 5 VD B 13mA nomingl 5WERC @ 30mé neminal 2 WOC @ S0mA nomingl !
[ Dutpet Curent +-200mA PK

Yoltage Supply Range +~4. 6 through +5.4% +4.8Y through +5.4\ +4 AV through +5 44 ;

Pin Description & Output Data Formars

Pin No.  Deseription Wiczand2o
Pin 1 Zego Volts and Tuning C apacitor Ground GND OV GO O

Pin 2 Strap to +5Y Fesel Ba Reset Bar

Pin 3 ToExteamal Antenna and Tuning Capacior Antenna Artenna

Pin4 To Exlemal Antenna Artenra Antenna

.l-=in L 1 Fosrmat Setectar (+-) Slian Lo GHD Strap o +5Y
Ping Data 1 CMOS One Output

Fin 7 Cala D TTL Data {Inverted) Zero Outpud
Fi‘nwa_ 3.1 KHEz Loygic Beapar [ LED Beeper | LED
Fin g9 O Voltaga Supply +5y 5y

Advanced Digital Reader Technology
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DATA FORMATS

(Qutput Data Structure — ASCII
STX02h) | DATA (10 ASCIT) | CHECK SUM (2 ASCIL) ] CR | LF | ETX (03h)
[Thes Tyt (2 ASCTT charicters) Cheek swm is the “Exclusive QR of the 3 bex bytes (10 ASCITH Diata characters. ]

Output Data Structure — Wiegand26

1{2(3(als|6|7 8lolwofi1]12{13[1a]15]16]17]18 !ﬂfzﬂ 21[22]23]24 25 26
Plejc|E[E[E|E E|E|E|E|E|Efoofo|o]o|olo|o|o|o|o|o]r
Even parity (E) Odd parity ()

¥ = Parity sart bit and stop hil
Output Data Magnetic ABA Track2
10 Leading Zeros | 8§ | Data ES LCR | 10 Ending Zeros

S5 is the Start Charticter of 11010, FS isthe end charucter of 11111, LRC is the Longirudinal Redundancy Check ]

DMmensicns { Top View) (mm)

cooad &

R
Q3000
ID-0/1D-2 ID-10/1D-12 ID-15/TD-20

Mom.  Min. Max. MNom. Min., Max, Mom. Min. Max
& 120 11.6 12.4 12.0 1.e 124 12.0 1e 124
3 RO 7.6 3.4 3.0 7.6 B4 B.0 7.6 8.4
Z 150 14.6 154 15.0 4.6 154 15.0 146 154
3 2.5 200 21.5 253 249 3250 40.3 400 41.0
% 18.5 18.0 192 20.3 198 209 27.8 275 28BS
= 1490 13.0 14.8 16,3 I5.8 16,9 222 21.  23.1
a 220 216 224 204 26.1 271 38.3 382 392
? 2.0 1.8 22 2.0 1.8 3 2.0 1.8 2.2
i1 592 5.85 6.6 6.0 5.8 6.6 6.8 6.7 7.0
[ 085 9.0 10.5 9.9 940 10.5 085 9.4 10.6
LY X T4 0.62 0.67 .66 D62 067 LX) 0.62 0.67

Note — measurements do not include any burring of edges.
VEFTHCE - Iroveited [evicas reserve the vipht o change these specificatinns without prior notice.

vilvanced Digital Reader Technology

- --[‘T; o Fi o |'::'. |I nl'{"“-l'_':.r-l'f




HOW TO USE
INTELLIGENT L.C.D.S

Part One

By Julyan llett

This paper was originally published as the first half of a two-part
article in the February 1997 issne of Evervday Practical Electronics
magazine { ), and is reproduced here
with their kind permission.

© Copyright 1997, 1998 Wimborne Publishing 1.td., publishers of
| Everyday Practical Electronics Magazine. All rights reserved.

Recreated in Adobe Acrobat PDF format for vour weh-based rcading pleasure by
Maxlield & Montrose Interactive Inc.




How to use
Intelligent L.C.D.s

By Julyan llett

An utterly “practical” guide to interfacing
and programming intelhigent liguid crystal Pa rt 0 ne
display modules.

Recently, a number of projects using intelligent liguid crystal display (Le.d)) modules
have been featured in £PF. 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 larec 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.¢.d. modules which use the Hitachi HD44780
{or compatible) controller ¢hip, as do most modules available to the hobbyist. O 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 £80 or the 6302. 1t is alzso 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 cxpenmenting 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 varicty 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™ tvpes, for example, offer
improved contrast and viewing angle over the older “twisted nematic” types, Some maodules
are available with back-lighling, so that they can be viewed in dimly-lit conditions. The
back-lighling may be either “electro-luminescenl.” requiring a high voltage inverter circuil,
of simpler [.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 Led. modules conform to a standard interface specification. A 14-pin access is
provided (14 holes for solder pin inscrtion or for an IDC connector) having eight data
lines, three contral lines and three power lines. The connections are laid ont in one of
two common conligurations, either two rows of seven pins, or a single row of 14 pins.
The two lavout alicrnatives are displayved in Figure |
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Figure 1; Pinouts of the two basic L.e.d formats.




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

The function of each of the connections is shown in

Tallle:1. Bins T and 2 ave the pawer supply o oy (TR | Name |  Function
and Vdd. The Vdd pin should be connceled to the 1 Vas Ground
positive supply, and Vss o the 0V supply or ground. 2 vidd +ve supply
Although the Le.d. module data sheets specify a 3V i e Cantrast
d.c. supply (at only a few milliamps), supplies of 6V 4 R& | Register Seledt
and 4.5V both work well. and even 3V is sufficient 5 RMAW ReadWrite
for some modules. Consequently, these modules can 6 E Enable
be effectively, and cconomically, powered by 5 5O B -
batteries, i alu bit O
L] B [rata hit 1
Pin 3 is & control pin, Vee. which is used to alter the g D2 Data bit 2
contrast of the display. Ideally, this pin should be 10 03 Data bil 3
connected to a variable voltage supply. A preset
potentiometer commected between the power supply i o Pl b
lines, with its wiper connected to the contrast pin is 12 0 Data bit &
suitable in many cases, but be aware that some 13 D6 Data bil
modules may require a negative potential; as low as 14 o7 Data bit 7
7V in some cases. For absolute simplicity, connecting
this pin to 0V will often suftice. Table 1. Pinout functions for

o . I all the Le.d. types.
Pin 4 is the Register Scleet (RS) ling, the first of the

three command control inputs. When this line is Jow, dala byies tmnsferred 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 atter the low to high
transition and remain available until the signal falls low again.

Pins 7 to 14 are the eight data bus lines (X o0 D7) Data can be transfermed 0 and from

the display, cither as a single 8-bit byle or as two 4-bit “nibbles.” In the latter case, only
the upper [our 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.e.d. module to be used effectively in any picce 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 scrics of switches to the pins of the module. This can be quite a beneficial step, even
it you are thoroughly conversant with the workings of microprocessors.

#1 LCD Module
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Figure 2: Circuit diagram for an Le.d. experimental rig.

In Figure 2 is shown the circuit diagram of an l.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 (81 to S8), a toggle switch for the RS input (510), and a4 momentary action
swilch (or microswitch) for the E inpul ($9), The R'W line is connected to ground (0V),
as the display is only going 1o be written to for the time being.

All of the resistors (R1 through R10) are 4K7 ohms. [t is probably most convenient to use a
8.1.L (single-in-line) resistor pack for the cight pull-up resistors (R1 to R¥) on the data lines.
The other two resistors, R9 and R 10, can be discrete types. Preset potentiometer VR

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

IT desired, this end can be connected (o the positive line via a resistor of about 47K ohrns
(it should be connected o 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 adjnsted fully clockwise, so that the contrast
control input (Vee) is connected to ground. The initial settings of the switches arc




unimportant, but il is suggested that the RS switch (S10) is “up™ (sct te logic 1), and the
[ switch (59) is lefl unpressed. The data switches, S1 to $8. can be set to any value al
this stage. All is now prepared (o start sending commands and data to the Le.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 cclls arc actually in their off state, so the contrasi 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 ofT. so that even if characters are entered, they cannot be seen, It
is therefore necessary o 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, 1ogether with their binary
and hexadecimal values. The initial conditions of the Le.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 hits 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/HT 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 {80F),




Command Binary Hax
B r D& DE 4 D2 D2 D1 0o

Clear Display 4] a o o | o o i) 1 o1
Display & Cursor Home 0 0 o | o | o o 1 x ||02oro3
Character Entry Maode o 0 i} 0 0 1 1/D s 04 to OF
Display On/Off & Cursor || © 0 o 0 1 D u B 08 to OF
| Dieplay/Cursar Shift 0 0 0 1 |DIC|RIL_ x x ||10tedr
Function Set L] 0 1 8r4 | 241 |10f7T x x 20 to 3F
Set CGRAM Address 0 | A A A | a A A A |l40ta7F
Set Display Address 1 A A | A A A A A |lsateFFE
1/D. 1=Increment*, 0=Decrement R/L. 1=Right shift, D=Left shift

= 1=Display shift on, O=0F" B4 i=B-bit intarfaca*, D=4-hit interfece

O 1=Display on, 0=0f* 241 4=2 line mode, 0=1 lina mode*

LI 1=Cursor underine on, 0=0f* 10/7: 1=5x10 dol format. 0=5x7 dot format®
B: 1=Cursor blink on, 0=04"

DG 1=Display shift, 0=Cursor move x = Don't care * = Initlalizaton settings

Table 2. The command conirol codes.

Set the data switches (51 to S8) to 0000 111 (80F) and ensure that the RS switch (S10) 15
“down” (logic 0}, so that the device is in Command mode. Now press the E switch (89)
momentarily, which “enables™ the chip to accept the data, and Hey Presto, a flashing
cursor with underline appears in the wop lefi hand position!

If a two-line module is being vsed. the sccond line can be switched on by 1ssuing the
Function Set command. This command also determines whether an 8-bit or a 4-bit data
ranster mode is selected. and whethera 5 x |0 or 5 x 7 pixel format will be vsed, So. for
8-bit data, two lines and a § x 7 format, set the data switches to binary value 001 1 1000
{$38), leave RS (S10) set low and press the E swiich, 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).
swilching the chip from Command mode W Character mode, and enter binary value
CLOO000T ($41) on the data switches, This is the ASCH code [or a capital A.

Press the E switch, and marvel as the display fills up with capital A'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 atternpts will result
in 10 or 20 characters coming up on the display. Whalt 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 matier whether a command is entered {“enabled™) just
once, or several times, it gets execuled anyway. A solution to the bounce problem is
shown in Figure 3.




Here, a couple of NAND pates are ¢cross-
coupled to form a set-reset latch (or flip-Nop) +yy
which flips over and latches, so that the contact W
bounce is eliminated. Either a TTL 741500 or a
CMOS 74HCOU can be used in this circuit. The aay o
switch must be an s.p.d.t. (single-pole, double-
throw) type. a microswitch is ideal.

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

o

Mote thal the oulput 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
l.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-miniaturc hexadecimal rotary switches is a simple matter, although a little bit
of re-wiring is necessary.

The switches must be the type whers On = 0, so that when they are wurned to the zero
position, all four outputs are shorted to the commaon pin, and in position *F”, all four
outputs are open circuit,

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

Muost of the characters conform to the ASCH standard, although the Japanese and Greek
characters (and a few other things) are obvious exceptions. Since these inelligent
modules were designed in the “Land of the Rising Sun.” it seems only fair that their
Katakana phonetic symbeols 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 Le.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 (810) must be “up™ (logic 1)
when sending the characters, and switch E (89) must be pressed for each of them. Thus




the operational order is: set KS high, enter character, trigger E. leave RS high, enter
another character, trigger E, and s0 on.

The first 16 codes in Table 3, 00000000 10 00001111. ($00 1w §OF) refer to the CGRAM.
This is the Character Generator RAM (random access memory), which can be used tn
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
sirange looking symbaols.

Codes 00010000 1o GOGT1111 ($10 to $1F) are not used and just display blank characters.
ASCIT codes “proper” start at 00100000 ($20) and end with 01111111 ($7F). Codes
10000000 to 10011111 (520 to $9F) are not used, and 10100000 to 11011111 ($AOQ to
$DF) are the Japanese characters.

Codes 11100000 to 11111111 ($C0 w0 $TT) are interesting. Although this last block
contains mainly Greek characters, it also includes the lower-case characters which have
“descenders.” These are the letters 2, /. p. ¢ and v, where the 1ail 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 vou try to display a lower-caze j, for example,
onaf 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
bormowing 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 w0 ngger line EY.

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 ano-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 1.c.d. to two-line mode (if two lines are
available). 8-bit data and 5 [P3] 7 format using the Function Set command, Le. 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 cither of them may be set to D or 1.

(Erom now o, we Won'l constantly remind you that RS must be set appropriaiely before
Command or Charccter ddta is entered, or that B must he triggered after data has been
entered  you should know by now!)

Using the Display On/Off and Cursor sommand. set the display to On, with Underline and
Blinking Cursor, code 00001111 (§0F). Now set the cursor (o address 00001000 ($08).
This is done by sending a Sel Display Address command, binary value 10001000 (588).

The cursor will jump 1o 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 mseif.

Experiment with different display addresses and note their display locations. Be aware
that display addresses 00101000 10 00111111 (528 to $23T) and 01101000 to 011 1L
($68 to $7F) cannot be used on any of the display types.

The relationship between addresses and display localions varies, depending on the type
of module being used, but some typical examples are shown in Figure 4.
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Figure 4: Examples of the relationship between addresses
and display locativns for typical module formats




Most are laid out conventionally. with two lines of characters. the first linc starting at
address 00000000 ($00) and the second line at address 01 000000 (§40).

Twao interesting excepiions 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 l.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, “bencath™ the window area. This process must be carried out carefully, however,
as it alters the relationship between addresses and their positions on the sereen.

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. 01000001 (§41) to
01011010 ($5A).

On a |6=character display, only A 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 ta scroll all the display locations 1o
the left. “beneath™ the 1.c.d. window, so that letters O to 7 can be seen. The comimand is

hinary 00011000 ($18). Each time the command is entered (and using the E switch), the
characters shift one place 1o the left. The cursor will re-appear from the right-hand side,

immediately after the Z character.

Carry on shifting (wasn' that a Jilm tivle? kdf), and eventually the letters 4, 8, C, and 50
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. 1115
important to note that this scrolling does not actually move characters into new addresses,
it moves the whole address block lefi or right syunderneath™ the display window.

I{* the display locations are not shifted hack to their original positions. then address 300
will no longer be al the lefi-hand side of the display. Try entering an Address Sct
command of value 10000000 ($80), after a bit of shifting, to see where il has moved to.




The Cursor Home command, binary 00000010 ($02), will both set the cursor back to
address $00, and shift the address $00 ‘tself back to the left-hand side of the display.

This command can be used to get back 1o & known good starting position, if shifiing

and address selting 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 o 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 bath 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
heen entered using auto-incrementing of the cursor address, but it is also possible 1o use
auto-decrementing. Furthermore, it is possible to combine shifting of the display with
both auto-incrementing and auto-decrementing.

Consider an electronic caleulator. 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 lL.o.d.
module. Time for another experiment:

Send suitable Function Set, Display On/Off and Cursor commands as before, NexL, and
assuming a | f-character display, set the cursor address to 00010000 (510). Then send the
Character Eniry Mode command, binary 00000111 ($07). This sets the entry mode 10
auto-increment/display shift left.

Finally, enter a few numbers feom 0 1o 9 decimal, i.c. from 00110000 to 00111001 {330
to $39). Characters appear on the right-hand side and seroll lefl as more characters are
entered, just like a normal calculator.

As seen in Table 2, there are four Jdifferent Character Eniry modes, Q0000100 to
00000111 (504 10 $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 [0 expe viment with these is to program them “on screen.” This is
carricd out as follows:

First, send suitable Function S¢t, Display On/Off and Cursor commands, then issue 2
Clear Display command. Next. send a Set Display Address command 1o position the
cursor at address 00000000 ($00). Lastly, display the contents of the ¢ight user character




locations by entering binary data 00000000 to 0000111 (500 to $07) in turn, These
characters will initially show up as garbage, or @ series of stripes.

Now, send a Set CGRAM Address command, to start defining the user characters.
Any value between (1000000 and 01111111 ($40 and $7F) is valid, but for now, use
01000000 ($40). The cursor will jump to the beginning of the second line, but ignore
this, as il is not important.

Data entered from now on will build up the user-defined graphics, row by row. Try the
following sequence of data: 00001 1 10, 00010001, 06001110, 00000100, 00011111,
00000 100, 00001010, 00010001 (K0F, $11. $0F, $04, $1F, $04, $0A, S11). A litile
sstick man” will appear on the display. with his feet in the gutter (the cursor line)!

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

How the CGRAM addresses correspond to the individual pixels of the user-defined
oraphics characters is illustrated in Figure 5. Up to cight graphics can be programmed,
which then become part of the characier set and ean be called up using codes QOO0000)
to 00000111 (F00 to $07), or codes 00001000 to 00001111 (508 Lo S0F), both of which
produce the same result. Le. 64 command codes available for user programming.

Address Data Addrass Address

hezs hex {inary) hex hax

40 DE (OO0001LI0] an [ 1 78

49 11 (aOLanol; an | i 78 | ] ‘|‘ =]

42 gE (OLERLIIM a4 J_ ma b =

43 D4 U000l 0T a8 | po— 7B '___

A4 B TR 5 30 R e e A '-—,’ TCL =]

46 04 [EDD0iLaa) al L

4B gA OADGIOI 4E 2 tE LD 1.t

47 11 (a00L0a0l ) 4F |_|' 7F |

User-dafined User-defined Uzar-dafinad

graphic #1 graphic #2 graphic #7

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

It can be seen that the basic character cell is actually eight pixels high by five pixels wide,
hut most characters just use the upper seven rows. The hottom Tow is generally used for
the underline cursor, Since each character is enly five pixels wide, only data hits 0 to 4
are used. bits 3 to 7 (the three “left-hand” bits) are ignored.

The CGRAM is volatile memory, which means that when the power supply s removed
from the Lo.d. module, the user-defined characters will be lost. It is necessary for the
microprocesset to luad up the user-defined characiers, by copying data from its own
EPROM, early on in the program, certainly before it intends 10 display them.

Experiment 7: 4-Bit Data Transfer

The HD44780 1.c.d. control chip, found in mosl |.c.d. modules, was designed 1o be
compatible with 4-bit microprocessars. The 4-bit mode is still very useful when
interfacing to microcontrollers. including the P1C types.




Microcontrolier input/output (1/O} 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 1/C) pins, but
mimiaturisation is a key factor these days, along with cost, of course.

Once the display is pul 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 compuler anthusiasts in America, for half a byte, and
is one of the more frivolous terms that has survived. By the time the | 6-bit processors
arrived, compuling was getting serious, and the consumption analogics “gobble” and
“munch” were never adopted!

When using 4-bit made, only data lines D4 to D7 are used. On the protofype Lest rig.
«et the switches on the other lines, DO to D3, to logic 0, and leave them there. Another
experiment s now imminent.

In normal use, the unused data 1O lines DO 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].
Tt is undesirable to tie them directly Lo ground unless the R/W line is also tied to ground,
preventing them from being set into outpul mode. Otherwise the device could b
programmed ¢rroneously tor 8-bit output, which could be unkind to lines DO to D3,

even though current limiting exists.

Afier power on, the L.e.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, D to D3, only half the command can be applied.

Formnalely, or rather, by clever design. the 8-bit/4-bit selection is on data bit D4, which.
aven on the modified test rig, remains accessible. By sending a command with binary
value 00100000 ($20), the 4-bit mode 1s invoked.

Now, another Function Set command can be sent, to set the display o two-line mode.
Binary value 001 01000 ($28) will do the trick. The value 00111000 ($38) may be a morc
familiar nymber, but it cannot be used now, or the display would be put straight back into
%-hit mode! Also, from now on, all eommands and data must be sent in two halves. the
upper four bits first, then the lower four bits.

Start by setting data lin¢s D7, D6, D5 and D4 to D010 (52), the lefi-hand four bits of the
8-bit code. and press the E switch. Then we set the same four data lines to 1000 (58}, the
right-hand four bits of the 8_hit code, and press the E switch again. It's a lot more
laborious for a human being, but toa microcontroller, it's no problem!

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




A Final Note

The data sheets warn that under certain conditions, the Le.d. module may fail to initialise
properly when pawer is first applied. This is particularly likely it the Vdd supply does not
rise to ils correct operating voltage guickly enough.

It is recommended that after power is applied, a command sequence of three bytes of value
001 120XXX ($3X) is sent Lo the module. The value $30 is probably miost convenient. This
will guarantee that the module 15 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. Y ou've made it this far, 50 now you know everything there is
to know about 1¢.d. modules. Well, almost everything!

The next step, of course, is to connect the display up to a controller of some sort, such as
4 PIC microcontroller, as will be scen next month. Then we shall also consider such
things as signal timing and instruction delays.
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How to use
Intelligent L.C.D.s

By Julyan Tlett

il
8.,

An utterly “practical” guide to interfacing
and programming intelligent liquid crystal Pa I't TWO
display modules.

In the first part of this article, the capabilities of character-based liquid crystal display

(Le.d.) modules were examined, using a few simple, practical experiments. A series of
switches was all that was needed to evaluate the command set in its most fundamental
form, in binary (or hexadecimal).

However, in almost all instances where an Le.d. is (o be used in a design, a micro-
processor, or more probably a microcontroller, will be needed to drive it. This is the
subject we examine now.

Good Times

‘The timing requirements of the 11D44780 chip. the controlling device used in most
character-hased L.e.d. modules, are illustrated in Figure 6. The diagram provides the
information for both read and write cycles, although some data sheets may show the
two separutely. Table 4 details the timing paramelers referred to in Figure 6.

RS }Q RS valid )<

: tas '

e

RAW X RAMV Valid X

T tEH

— — — E

tAH
E tRF—l-/T— “\!*—
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Figure 6: HD44780 fiming diagram
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In the experiments last month, commands were sent 1o the display by pressing switches on
an experimental test rig. Nothing much went wrong there, so why is it necessary to have
such a complex timing diagram?

Well we human beings leave plenty of time hetween pressing one switch and the next, so
the Le.d. controller can easily keep up with us. Microcontrollers are [aster than we are,
though; they can toggle a control line several million times a second, and al such speeds
the 1.c.d. controller might not keep pace with the com mands.

The liming diagram and its tabulated figures simply tell us how quickly the led. chip can
respond so that we can prograim the microconiroller accordingly.

Let's take a typical microcontroller, one of the PIC devices which have become s0
popular, and see how we program ‘10 control an L.c.d. from the quoted timing details.

Ve have published several PIC-based First, though, it must be pointed out that the
wojects in recent month's which are well | discussions from now assume that you have a
vorth studving, dlong with their software rudimentary understanding of programming PIC
istings. See the Back 1ssues and EPE microcontrollers, and that you have suitable

*CB Service pages. Ed.) software and equipment for doing 0. 1t is not the
intention of this article to teach PIC programming.

The PIC microcontroller would be programmed 1o start by first setting the Le.d.'s RS line
Lo its correct logic Jevel. This is the line that determines whether the |.¢.d. should regard
data as control instructions or character \nformation. In cases where data needs to be read
hack from the l.¢.d., the microcontroller must also have control over the RIW line
(readfwrite), otherwise it should be connected to ground, as on the [est g,

The miérocontroller can set up Parameter Description Time
these two signals at the same time. . _
or it may do one before the other, it AS Address setuptime | 140ns min
doesn't really matter. What is tAH Address hold time 10ns min
mp;o;tanl. is “:’{‘ m? are both DS Data set up time 200ns min
wyalid or “stable™ for a minimum _ )
period of time before the level on = D Dalaholdtime 2?“3 e
the “C” (Enable) line is raised toa DA Data access time 320ns min
logic 1. 2:1 ths;hdingrmn in l;igul‘*-’: b, tEH Enable high time lime |  450ns min
this period is shown as “tAS” (time : .
_ address setup), and in the table 1EL Enabie IW{' ume SCOns min
this is specified as 140ns minimum. Rise/Fall time 25n5 max

It can be more than 140ns, but it
must not be any less. Table 4: HD44780 Timing Parameters.

Onee line T is high, it must not be brought low again until at lcast 450ns has elapsed, as is
indicated by the “tEH™ {time — enable high). Also, all eight data lines must ke sel to their




appropriate logic levels and allowed to stabilise for at least the “tDS” (time -- data setup)
period of 200ns hefore bringing line € low again.

Note that the Le.d. allows the data

cither conditiun is allowed.

when line G is returned to a low level, there are also

the T switch was

into account. The “tAH” (time — address hold) parameter indicates that the

lines must not be altered for at least 10ns, and “tDH™ {time --

of the data lines must change for at least 20ns.

lines ta he set up after line E is taken high. In the
experiments |ast month, data was established well before

pressed, but

iwo hold times that must be taken

RS and R/W

data hold) shows that none

One further testriction exists. The E line must not be taken high again (for the next

command, that is) for another 300ns (“tEL™: time — enable low). This mcans that b b

Lebi

‘cycle time of the T line is 450ns plus 500ns. Allowing for the rise and [all times, indicated

by “tRF", which should be no longer than 25ns each,

Vit eanaed (hot al wore han one iillion commands

S, [
per second should be sent 1o the

. e o
many nrohlems!

=Hiuy

an approximate value

g he

ol s

{ur ore million churacices)
display. not a restriction that would normally present

The timing dizgram doesn't tell the whole story. however. Much longer delays are

reauired to enable the Le.d. to process com

tha b4, for A0ps, during which time it is said 1o be “busy

¢ ursor Home commands, though. can
] i
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There is one other important situation when the l.e.d. will be busy. This is immediately
after it has been powered up. It takes some 10 10 15 milliseconds for the full initialisation
sequence to be completed, during which time no instructions can be executed.

Uhis Ty noportant implications [or a circuil using a microcontroller. A suitable delay
st be added to the beginning of the program. otherwise the Le.d, won't he ready when
L Feet fow fnstructions are sent to it and could become locked up in a non-correctable
condition, reywring the power Lo be switched off again for a while.

New Circuit

Tirme now | re-wire last month's experimental test rig to incorporate the PLC mieTo-
cemtroller The circenit diseram of the modified arrangement is shown in Figure 7. There's
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The microcontroller's Clock Option can be set for RC (resistor/capacitor) or any one of
the XT (crystal) options, but the RC option is cheaper. and precise timing accuracy is not
important in this instance. The values of the resistor R1 and capacitor C1 connected to the
0OSC1 input in Figure 7 will give a clock frequency of very approximately 2MHz. For

the time-being, lower values of resistance or capacitance (for faster speeds) should be
avoided, to ensure the software delays are sufficiently long.

S

The prototype test rig showing the microcontroller in position
(it's actually a PIC16C54, althongh a PIC16C84 is recommended).

Experiment 8: PIC Program

Compile and program the contents of Listing 1 into the PIC microcontroller. It has been
writien for use with MPALC assembler software, although it can be readily iranslated to
suit MPASM or TASM assembly.

Listing 1
list p=16C84  shordelay tells assembler to generate code for this device
initialize ol 0D -clear register 0D, counter register
chrf 0E clear register OE, short delay register
clrf’ OF -clear register OF, long delay register
clrf 05 -Port A (register 05) outputs all set o logic U
clrf 06 -Port B (register 06) vutputs all set to logic 0
setports  moviw (rg -Port A bits 0, 1, 2 as outputs (E. RS, /W)
tris 035
moviw 00 :Port B all bits as outputs (D0 to D7)
iris 06
| {...continuaj...}




longdclay call
declsz
goto
fumctionset bel
bef
moviw
movw!
call
call
displayon  bel
hef
moviw
movw i
call
call
clef
message  movf
call
b=l
bel
movwt
call
call
incl
xorlw
bifsc
goto
incf
golo
stop Eolo

Listing 1 (continued)

shortdelay
UF.F
fongdelay
05,02
05,01

38

(ta
pulse_e
shoridelay
05,02
05,01

OF

06
pulse e
shorudelay
0D

0D w

text

05,02
05.01

06
pulse e
shortdelay
0D, w

05

03,02

stop

o0 f
message
stop

‘Subroutines and text lable

shortdelay declsz
goto
rellw

pulse e bsf
nop
bof
retlw

texl addwl
rethw
retlw
retlw
rethw
rethw

OE.f
shortdelay
0

05,00

05,00
0
02.1
‘H
B
iL"
iL'|
hD‘.\

:long delay while led initialises

+RS line to 0 (Port A, bit 2)

R/W line to 0 (Port A, bit 1)
-Function Set command

:put it on the data lines (Port B)
-pulse the E line high (Port A, bit 0}

RS Jine 10 0 (Port A, bit 2)

R/W line to 0 (Port A, bit 1)
:Display On/Oft & Cursor command
-put it on the data lines (Fort B)
.pulse the E line high (Port A, bit 0)

'set counter register to zero

:put counter value in W

-cet a character from the text table
-set RS line to | (Port A, bit 2)

:set R/W line to 0 (Port A, bit 1)

;put charactcr on the data lines (Port B)
-pulse the E line high (Port A, bit 0)
-delay while Lc.d. is busy

‘try incrementing the counter e wister
-would that make it increase 10 57
-sct the zero flag in the status register
stop if all characters displayed
-increment the counter register

:go back and do the next character
:stop the program renning

-delay while Le.d. is busy
-take E line high
‘hold it high for one clock cycle

take E line low again

+able of characters for message




Once the PIC has been programmed, re-power up the circuit. The word [ HELLO will
appear on the display. There may seem fo be a lot of source code required (o do such a
simple job, but the program performs all the sctting up that the display needs, and can
form the basis of a more complex system.

Precisely what all these instructions do is important and will be described in some detail.

The first routine, “initialise,” compriscs five Clear File (clrf) instructions which set the
contents of five registers to zero. Two of these registers, 05 and 06, relate to output
Ports A and B.

When the microcontroller is powered up, all port pins are automatically set up as inputs, S0
that no damage is done to external circuitry. The “setports™ routine uscs “tris” instructions
to redefine each bit of Ports A and B as either an input or an outpul.

(Be aware that Microchip, manufacturers of the PIC family, now discourage the use
af "TRIS." a command becoming incompatable with their newer devices. Therve are
alternative ways of uchieving the same resuli, as discussed in the PIC data hooks. Ed.j

The “longdelay™ routine keeps the microcontroller occupied while the Led. is initialising.
This delay must be no less than 15ms, but can be more, of course. The routines “functionset™
and “displayon” are very similar and issuc hexadecimal commands $38 and $0F (00111000
and 00001111) to the 1.c.d. These numbers should be familiar from the experiments carried
out in Part 1.

Both routines contain “call” instructions to two cubroutines, “pulse ¢” and “shortdelay,”
which can be seen towards the end of the listing. The “message” routing incorporates a
program loop which is executed five times to output the five characters in the text table
{"text”) to the L.c.d. The PIC uses an unusual type of subroutine, comprising a list of
“retlw” (return with literal) metructions which can be used to form tables of data.

Register $0D is used as a counter which is initially set W zero by the “clrf” instruction in
the “initialise” routine. This value is then used as a pointer to Lhe text table which contains
the ASCI1 characters which spell 1 IELLO.

The “stop” routine locks up the microcontroller to stop it doing anything else. Finally, the
“end” directive is not a program command, but an instruction 1o tell the assembler to stop
assembling.

A Good Read

The program in Listing 1 only writes fo the display. In many applications this is quite
satisfactory, and it has the advantage of allowing the R/W line on the l.e.d. to be connected
to ground. which in tumn saves an 1O (input/output) pin on the microcontroller.

It is possible (and sometimes necessary) to read data and status information from the l.ed.,
but of course the R/W line must be actively connected in order to do this. Reading the




display differs from writing to it in some fundamental ways, soa re-cxamination of the
fiming diagram is now required, as the sequence of events is described.

Lines RS and R/W must be set up first, with R/W being set to a logic | this time. If RS is
set high, data is returned indicating the character that is at the current cursor address. IFRS
is set low, a status byte is sent back. conlaining two scparate items, bits 010 6 holding the
current cursor address, and bit 7 containing the Busy flag.

The two Read instruction formats are shown in Tablc 6. Afier the necessary “address setup
time™ (1AS), the E line can be taken high. This is the puint at which the read cycle differs
from the write cyele, as the L.e.d.'s data lines will switch over to being outputs.

Binary
RS
e saon b7 D8 D5 Ds D3 Dz D1 DO !
Fesabem | Pem || B D OB [P B 1O 2
Read Status Low BF | A | A | A A AT A A
D: Character data at curnent cursor address
A Current cursor address (500 to 37
BF: Busy Flag (0= Raady, 1 = Busy)

Table 6;: HD44780 Read Instructions.

Clearly, before the microcontroller starts this read cycle. it must change its data lines
to inputs. otherwise outputs would be connected 10 outputs and a fight (known as bus
contention) would ensue. In any case, it'the microcontroller's data lines were not inputs
at this time, it would not be able to read the data.

It takes & while for the Lc.d. to change its data lines to outputs, and stabilisc the data on
them, but it guarantees to do this within 320ns, the “data access time” {tDA). The micro-
controller can then read this data in through its inputs, and as soon as it's happy that it's
got it, the E line can go back down.

Most of the information that can be read back trom the display must have been wrilien
there by the microcontroller in the first place, which explains w hy many designs can get
away without having the R/W line connected up,

The Busy flag, though, can be usefiul 1o the microcontroller, to avoid using all those delay
routines. For applications which need to puta 1ot of information on the display in a very
short time, checking the Busy flag is the most efticient way of knowing when the display
is ready.

Experiment 9: Status Reading

In this experiment, the program in Listing 1 will be altered t0 incorporate checking of
the Busy flag. The plan here is to replace the subroutine “shortdelay,”™ which has a fixed
delay time, with another routine which will constantly check the Busy flag until 1t ism't
busy any more.




Listing 2 shows the new subrouting, called “busywait,” All occurrences of the *call
chartdelay™ instruction in Listing 1 should be replaced by “call busywait,” including the
three line section headed “longdelay.” The program will put the message onto the display
much more quickly than before, as unnccessary delays are eliminated.

B Listing 2

busywait moviw OFF -Port Ball inputs (D0 to D7)
tris 06
bef 05,02 ‘RS line to 0 (Port A, bit 2}
st (5.0l /W line to | (Port A, bit 1)
nop wait for tAS

busyread  bsf 0500 sraise E line (Port A, bit 0)
nop wail for tDA
rif 06w -rotate BF into Carry flag
bef 05,00 ‘Jowet E ling {Port A, bit 0)
nep ~wait for tEL
nop await for tEL
bific 03.00 :test Carry {lag
EOlo busyread  :if busy. go round again
moviw 0o -PortB all outputs (DO to D7y
{ris 06
retlw 0 -return to main program

The first two lines of “busywait” change the assignment of Port B, so that all of its IO
lines become inputs. Following this, the RS and R/W lines are set up ready for the status

read. For short delays, the “nop™ (no operation) instruction can be used, it is ideal for the
small delay times required by the Lc.d. interface.

The E line is then sent high and, after a short delay to allow for the dala access time (IDA),
the state of the Bugy flag is read into the microcontroller. A “rotate left” (rify in struction is
used here, to transter the Busy flag on data line D7, into the PIC's Carry flag, where it can

be stored prior to testing.

Line E is then taken low, after which a test is performed on the Carry flag using the “bliss”
instruction. If the Carry flag is set, then the |.o.d. was busy al the moment the reading was
raken, and the program branches back to perform another status read.

I the 1.c.d. is found to be no longer busy, Port B is switched back for all bits to be outputs
and the subroutine returns to the main program. The program uses more code, but saves
time by avoiding unnecessary delays.

Experiment 10: Nibble Mode

‘I'he final experiment is o implement A-hit data transfer mode between the Le.d. and the
mictocontroller. This was examined in Experiment 7 in Part 1, 50 the technique should
be reasonably well understood.




However, several changes need to be made, both to the circuit and to the program,
details of which will be left to you 10 fully implement, but the principles nvolved
are as follows:

Iisting 3 shows some of the changes. Data lines DO o D3 on the Lc.d. should be
disconnected from the microcontroller (see Part 1 for how 1o deal with these unused
1.c.d. lines). Nata lines DO to 133 on the microcontroller are now free to be used for
other purposes, but for the time being can be left open circuit.

Listing 3

functionset bef 05,02 ‘RS line to 0 (Port A, bit 2)
bef 05,01 R/W line to 0 (Port A, bit 1)
moviw 20 +}st Function Set comtnand
movwt 06 ;put it on the data lines (Porl B)
call pulse_e -pulse the E line high (Port A, bit 0}
call busywait

functionsct2 bef 05,02 RS line to 0 (Port A, bit 2)
bef 05,01 R/W line to 0 (Port A, bit 1)
moviw 28 “Ind Function Sel command
movwf  OC -gtore command temporarily in oC
call portnibble
call pulse_c ;pulse the E line high (Port A, bit 0)
swapl 0C.w -swap nibbles of 0C, put result in W
call portnibble
call pulse e ;pulse the E line high (Port A, bit ()
call busywail

. Additional subroutine for nibble mode

portnibble andiw OF0 .clear lower 4 bits of W
jorwt 06t -OR this with Port B
iorlw oF -set lower 4 bits of W
andwf 06.f -AND this with Port B
rethw 0

As we saw in PPart 1, two separate Function Set commands are needed to set up the Led.
First, binary code 00100000 (hexadecimal $20) is sent while the l.c.d. is still in 8-bit
mode. the mode which it automatically adopts when first switched on. This first code is
followed by 00101000 ($28) sent as two separate nibbles, i.e. 0010 and 1000, both sent
on lines D4 to D7, (Don't forget that lines RS and E must be dealt with appropriately
when sending data.)

In Listing 3, the “functionset” routine of Listing | has been modified to send $20 instead
of $38, and then a new routine, “fynctionset,” has been added, between “functionsel” and
“displayon.” to send $2, and then $8. In the new routing, splitting a command byte into
two nibbles is achieved by using the PIC's “swapf” instruction, which exchanges the upper
and lower halves of any register.




The purpose of using 4-bit mode is that the other four bits of Port B (bits 0 to 3) can be
Lsed for something else, so writing data out on the upper half of Port B, must be done in
such a way that it does not affect the lower half. In practice, any of the microconirollers
Jdata lines can be used to send control the l.e.d., programming the software accordingly.

Individual “bit set” (bsf) or “bit clear™ (bef) instructions could be used to alter each bit in
turn, but there is a simpler, more logical way, literally! A sequence of AND and OR
instructions can be used to handle all cight bits of Port B, masking out those which must
not be changed.

Listing 3 also shows a subrouting called “portnibble™ which contains a sequence of four
instructions that do the job. The upper four bits of the W register are transferred to the
upper four bits of Port B, without affecting the lower four bits. A sepurate “pulse_¢" call
must be made for each of the two nibbles transferred, after which a single “busywait™
call is added.

The “portnibble” routine is added to Listing | between the end of the “tex1” table and the
“epd” statement.

It is also necessary to alter the “displayon” routine of Listing 1 10 operate in 4-bit mode,
in the same way as is done in the “functionset2” routine, You can do the conversion for
yourself to prove that you have understood so far!

More challenging, perhaps, are the madifications that have to be made to the “message’”
routtine of the program. The procedure is the same, however, two 4-bit transfers being
required instead of one 4-hit transfer, The use of 4-bit data transfer mode does add to the
complexity of the software, but < well worth the effort as four extra L/O pins are released.

Digital Alternatives

So many electronic devices. these days, have a small keyboard and a liquid crystal
display. For example, many of the better portable radio systems have dispensed with the
potentiometer as a volume control, and the variable capacitor as a tuning control, and

opted for a digital data entry and display alternative.

The advantages that such digital systems offer are undeniable, and even for the amateur
constructor are readily achievable using low-cost but powerful microcontrollers, and
inexpensive but versatile displays and kevboards, as the experiments in this two-part
series have hopefully suggested w you.

(We have more PIC-controlled l.c.d ariemated projecls in the pipeline. Edj
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¢ 4 ; Interfacing Devices to RS-23 2 Ports

S-232 Waveforms

So far we have introduced RS-232 Communications in relation to the PC. R8-232
communication is asynchronous. That is a clock signal is not sent with the data. Each word is
synchronized using it's start bit. and an internal clock on each side, keeps tabs on the timing.

Loﬁcirﬂwﬁn\l 2[3]a]5]6]7 -

Stop
Logic 0" - ov

Figure 4 : TTL/CMOS Serial Logic Wavelom

The diagram above, shows the expected waveform from the UART when using the common 8N1
forrmat, 8N 1 signifies 8 Data bits. No Parity and | Stop Bit. The RS-232 line, when idle is in the Mark
State (Logic 1). A transmission starts with a start bit which is (Logic (). Then each bit is sent down the
line. one at a time. The LSB (Least Significant Bit) is sent first. A Stop Bit (Logic I} is then appended to
the signal to make up the transmission.

The diagram, shows the next bit after the Stop Bil to be Logic 0. This must mean another word is
following. and this is it's Start Bit. [ therc is 1o more data coming then the receive line will stay in it's
idle state(logic 1). We have encountered something called a "Break" Signal. This is when the data line is
held in a Logic 0 state for a time long enough to send an entire word. Therefore if vou don't put the line
back into an idle state, then the receiving end will interpret this as a break signal.

The data sent using this method, is saud to be framed. That is the data is framed between a Starl
and Stop Bit. Should the Stop Bit be received as a Logic 0, then a framing error will occur. This is
common. when both sides are communicating at different speeds.

The above diagram is only relevant for the signal immediately at the LIA RT. RS$-232 logic levels
uses +3 to +25 volts to signify a "Space" (Logic () and =3 to -25 volts for a "Mark” {logic 1). Any
voltage in between these regions (ic between —3 and -3 Volts) is undefined, Therefore this signal 1s put
through a "RS-232 Level Converter”. This is the signal present on the RS-232 Port of your computer.

shown below.

Mm)\smno'\l\z 34|56 7Jst;l -

Space | +10V

Figure 5 : R5-232 Logic Waveform

The above waveform applics to the Transmit and Reccive lines on the RS-232 port. These lines
carry serial data, hence the name Serial Port. There are other lines on the RS-232 port which, in essence
are Parallef lines. These lines (RTS. CTS, DCD, DSR, DTR. RTS and Rl} arc also at R5-232 Logic

Levels.
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§-232 Level Converters

Almost all digital devices which we use require either TTL or CMOS logic levels. Thercfore the
first step to connecting a device to the R$-232 port is to transform the RS-232 levels back inte 0 and 5
Volts. As we have already covered, this is done by RS-232 Level Converters.

Two common RS-232 Level Converters are the 1488 RS-232 Driver and the 1489 RS5-232
Receiver, Each package contains 4 inverters of the one type, either Drivers or Receivers. The driver
requires two supply rails, 475 to +15v and -7.5 to -13v, As you could imagine this may pose a problem
in many instances where only a single supply of +3V is present. However the advantages of these 1.L's

are they are cheap.

Ve
o 16 [IVCC
s = on e
et ] TRAOUT e WL
O yaxem BREIN Rl CJ Eﬂ
c2- ] ] REACUT e il P s
w- [ ] TR mMAxZI2 A
TR20UT ] 1 TR2iN SET
REZIN [ & g ':] RE20LT . 5 1
REEx o = I O
_L_.ﬂ::}_ i ( CHOS
Above: (Figure 6) Pinouts for the MAN-Z3Z, lL il q
RS-232 Driver/Receiver, =, g
J-l:i

Right: (Figure 7} Typical MAX-232 Clireuit.

Another device is (he MAX-232. Itincludes a Charge Pump, which generates +10V and -10V
from a single Sv supply. This 1.C. also includes two receivers and two transmitters in the same package.
This is handy in many cases when you only want (o usc the Transmit and Receive data Lines. You don't
need 1o use two chips, one for the toceive line and one for the transmit. However all this convEnience
comes at a price. but compared with the price of designing a new power supply it is very cheap.

I'here are also many variations of these devices. The turge vitlue of vapuito s aie s Vs Senthon
but also expensive, Thereloio oilier T iR T g L
S Lo : seemeRmal Do Y o Eieed Capaeitors). However the MAN-
o LY Lt TTT E LRI U NS ELEE Y il e s WS ae s BS-232 Luvel Converler i Our exaumpics.

It i
JT LAy FE DS

deking use of the Sevic!

In order 1o do anvthing useful with aur serjally transmitted data, we must cony ert 11 back to
Parallel. (You could connect alt LED to the serial port and watch i flash if you really want too, bt it's
ot extremely usefil). This in the past has been done with the use of UART's, Tlowever with the

e ieescrolier’s, these can be more suited to many applications. We will iook (nto
A dunntages and didyantages of cach method.

=0 () ot e 1 ¥ |

e e
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50 and Compatible UARTS

We have already looked at one type of UART, the $250 and compatibles found in your PC.
Ihese devices have configuration registers accessible via the data and address buses which have 10 bz
nitialized before use. This is not a problem if your device which you arg building uses a Microprocessor.
Jowever if you are making a stand alone device, how are you going 1o initialize it?

Maost Microprocessors / Microcontrollers these days can be brought with build-in Serial
~ommunication Interl: ces (SC1). Therefore there i little need to connect a 40 pin 16550 to, for example
1 68HC11 when you can buy one built in. If you are still in love with the Z-80 or BO86 then an 16350
nay be option! (or if you are like myself. the higher chip count the better, After all it looks mare
somplicated and impressive! - But a headache fo debug!)

po [ 1 ~—7 40 [JIVDD po]1 -~ aoIvoD
bl Il o4 IR
Dz ] 1DED D2 DGD
Da L pa O —1D8R
D4 ] GTS D4 ] mAE
ps ] ] MR D5 C MR
Da D07 D8 | mIIE]
p7 [ —DTR D7 L A450 C1DTR
RCLKC] 16550 |[JRTS RCLKC]  jgamo | RIS
RD ] —1ouT?2 REC] JouT2
T[] UART [JINTR DO yarT IINTR
G800 ] RERDY Cs0] NG
ooy 1 AD (wisy T AD
cEr 1A ezl —1ad
BAODOUT [ a2 BEAUDOUT ] A2
KIN C1ADS HiN ADS
HOUT [ I TKRDY ®OUT T 1Cs0OUT
Wr —1pDIS WR [ pDIs
Wi C1RD wWh [ CIRD
ves 2D H [CIRD vas T 20 2 [C1RD

Figure & ; Pin Lhagrums lor 16550, 16450 & 8250 LARTS

For more nformation on the 16550 and compatible UART's see The UART (8250 and Compatibies) in
{ One of this tuorial or consull the PCIESS0D data sheet fram National Semiconductor
p W, R semicont)
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WP6402, AY-5-1015/ D36402R-9 etc UARTs

oD g—,‘_‘:__f’_m:l TRC There are UARTs such as the CDPG40Z, A Y-5-

NE ] EPE 1015 / 1336402R-9 and compatibles. These differ lrom the
2:'8 E % f:t:; %250 and compatibles, by the fact that they have separale
Re ] sBs Receive and Transmit data buses and can be configured by
8R? ] =y connecting certain pins to various logic levels. These are
BRS [ 1 CRL rdeal for applicati h o don't have @

o R i iceh for app I.Cdl;ﬁﬂlﬂ where you dor't haved
w|Rl | ay.sams | TBR7 Microprocessar available, Such an example is iff you want

:gzg E LB402R-2 El] ISF; 1o connect @ ADC804 (Analog to Digitai Converter) to
UARES 1 }524 the UART. or want lo connect a L.CD Display 1o the: Senal

Fis o I
PE —ters  Line. These commaon devices use a 8 bit paralle] data bus.
FE ] ToR2
SSE % EE; The CDP6402's Control Regivter is made up of
RRIC = TRz Parity Inhibit (P1), Stop Bit Select (SBS), Character
Bk Yerr  Length Select (CLS1 and 2) and Cven Parity Enable
DR TERE P Thasa 1 she o the
Fel 120 P = s (IEPE). These inputs can be latched using the Control

Rewister Load (CRL} or if you tie this pin high, changes
Figure @ ; Pinout of CDPA4EL made to these pins will immediately take ctfect.

Pin Number| Abbr. |Full Name |Notes

Pin 1 VDD |+ 5v Supply | Connect to Supply (YCC 15V}
Rail

Fin 2 NC Mot Mot Connected.
Connected

Pin 3 GND | Ground Ground,

Pin 4 RRD |Receiver When driven high, outputs RBRE:RBR | are High
Hegister Impedance.
Disable

Pin 5:12 RBRE: |Receiver Keceiver's Data Bus
RBR1 |Bufler

Register
Pin 13 PE | Parity Error | When High, A Parity Error Has Occurred.
Pin 14 FE | Framing When High, A Framing Frror Has Occurred. .. The
Error Stop Bil was not a Logic 1.
Pin 13 OE |Overrun When High, Data has been received but the nllata
Error Received Reset had not yet been activated.
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[ Pin 16 SFD [Stmus Flag | When |High, Status Flag Outpurs (PE, 'L, OF, 1R and
Disable TBRE) are High Impedance
Pin |7 RRC | Receiver 16 Clock input for the Receiver Register.
Register
Clock
Pin 18 nDRIX | Data Active Low. When low, sels Data received Output Low
Received {i.e. Clears DR)
Reset
Pin 19 DR |Data When High, Data has been received and placed on
Received outputs RBRE:RBR .
Pin 20 RRI |Receiver RXD - Serial Input. Connect to Seriul Port, Via R5-232
Repister In |receiver.
Pin 21 MR | Master Reset|Resets the UART. UART should be reset after applying
power.
Pin 22 TRRE |Transmitter | When High, indicates that Transmitter Buffer Register
Buffer is Empty, thus all bits including the stop bit have been
Register sent.
Empty
Pin 23 nTBRL | Transmitter | Active Low, When low. data present on TRRETBRI is
Buffer Load [ placed in Transmiuer Bulfer Register, A Low to High
Strobe Transition on this pin, then sends the data.
Pin 24 TRE |Ttansmitter | When High, Transmitter Register is Empty. thus can
Register aceept another byte of data to be sent.
Empty
Pin 25 TRO |Transmitter |TXD - Serial Output, Connect to Serial Port, Via RS-
Register Out | 232 Transmitter.
(TXD)
Pin 26:33 | TBRS: |Transmiticr |Data Bus, for Transmitter. Place Data here which you
TBR1 |Buffer want to send.
Register
Pin 34 CRL | Contraol When High, Control Register (P, SBS, CLs2, CL51.
Register EPE) is Loaded. Can be tied high, so chunges on these
Load pins oceur Instantaneously.
Pin 35 Pl Parity Inhibit| When High, No Parity is Used for Buth Transmit and
Receive, When Low, Parity is Used.
Pin 36 SES | Stop Bit A High seleots 2 stop bits. (1.5 for 5 Character Word
Select Lengths) A Low selects ong stop bit.
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Pin 37:38 | CLSZ: |Character Sulects Word Length, 00 = 5 Bits, 01 =6 Bits, 10= 7
CLSI| |Length Selecy Bits and |1 = 8 Bits.

Pin 39 EPE |Even Parity | When High, Even Parity is Used. When Low, Odd

Enable Parity is Used,

Pin 40 TRC | Transmitter | 16x Clock input for Transmitter.
Repgister
Clock

Table 18 ¢ Pin Deseription for COPA402, AY-5-1015 ¢ D36402R-9 and compatible UARTS

However one disadvantage of these chips oyer the 82507 is that these LA RT's have no inbuilt
Programmable Baud Rate Generatar, and ro facility to connect a erystal divectly ta it, While there are
Baud Rate Generator Chips such as the AY-5-8116, a more cheaper (und cosmmon) alternative is the
T4HCA060 |4-bit Binary Counter and Oscillator.

The 74HC4060, being a 14 bit binary counter/divider only has oulputs for some of it's stages.
Oaly Q4 o Q14 is available for use as they have external connections. This means higher Baud Rates are
not obtainable from commen crystals, such as the 1.8432 Mhbz and 2.4576 Mhz. The UART requires &
clock rate 16 times higher than the Baud Rate you will be using, eg A baud rate of 9600 BPS requires a
input clock frequeney of 153.6 Khz.

Output 1.8432Mhz | 2.4546Mbez
Out 2 1152KBPS | 153.6 KBPS
Ve
15 Q4 7200 BPS 9600 BPS
B0 e oromll!
B Slaa Qs 3600 BPS 4800 BPS
Rl 4 05 -
2B Slor  aum (6 {800 BPS 2400 BPS
TaMCA0ED - i 1
- Q3 900 BP’S 1200 BPS
—--ﬂ*g—l Ez';i“ Toor Qs 450 3PS 600 3PS
- - - 09 225 5PS 300 3PS
i 10 Baud Rate Generator using u T4HCAG00

Table 19 = Possible Daod Rates vsing g 73060

The |.8432 Mhz crystal gives some unfamiliar Baud Rates. While many ot these won't be
accepted by terminal programs or some hardware, they are still acceptable if you write your own serial
programs, For example the PC's baud rate divisor for 7200 BPS is 16, 3600 BPS is 32, 1800 BPS 15 64
ete. 1f vou require higher speeds, then it is possible to connact the JART to the OLT2 pin. This
connection utiiizes the oscillator, but has no frequency division applied. Using OUT2 with a | 8432 Mhz
crystal connected pives a baud rate of 115,200 BPS. The CMOS CDP6402 UART can handle up to 200
KBPS at 5 volig, however your MAX-232 may be limited to 120 KBPS. but is still within range.
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Microcontrollers

It is also possible to use microcontrollers to lransmit and receive Serial data. As we have
already covered, some of these MCU's (Micro Controller Units) have built in UART's among
other things. Take the application we have used above. We want 10 monitor unalog voltages
using a ADC and then send them serially to the PC. If the Mictocontroller also has a ADC built
in along with the UART or SCI, then we could simply program the device and connect a RS-232
Line Driver. This would minimize vour chip count and make your PCB much smaller,

Take the second example, displaving Lhe serial dala 1o a commaon 16 character x 2 line
LCD display, A common problem with the LCL modules, iz they don't accepl cartridge returns,
line-feeds, torm-fecds ete. By using a microcontroller, not only can you emutate the LART, but
you ean also program it 1o clear the sereen, should a form-feed be sent or advance Lo the next ling
should a l.ine-feed be seni.

Ihe 1L.CD example also reguired somme additional logic (An Inverter] to resct the dals
recaive line an the UART, and provide a -ve edge on the enable of the LCD 10 display the data
present on the pins, This can all be done using the Microcontroller and thus reducing the chip
count und the cost of the project.

Talking of chip count, most Microcontrollers have internal osciliators thus you don't
require he T4HC4060 14 Bit Binary Counter and Oscillator, Many Microconrollers such as the
GRHCUSIIA and PIC 16CE4 have & smaller pin count, than the 40 Pin LART. This not only
makes the project smaller in size, it reduces complexity of the PCB.

RBut there arc also many disadvantages of the Microcontroller, The major one, is that you
have to program il. For the hobbyist, you may not have a deveiopment system for a
Microcontrallar or a method of programming it. Then you have to learn the micro's code and
work out how to tackle the problem. At least with the UART, all you did was plug it in, wirg it

up and it worked. You can't get much simpler that that.

So far we have only discussed Full Duplex Transmission, that is that we can lransmil and
cecelve at the same iime. If our Microcontroller doesn't have a SC] then we can Emulate a RS-
237 port using a Pacallel line under saftware control, However Emulation has it's dis-advantages.
[t only supports slow transmission speeds, commonly 2400, 9600 or maybe even 19200 BP'S if
you are lucky. The other disadvantage is that its really only effictive in half duplex mode. That
is. it can only communicate in one direction at any onc given time. However in many
applications this is not a problem,

As there are many different types of Micro-Contreliers all with their different instruction
sets. 1t s very hard 1o give examples here which will suit everyone, Just be aware that you can
use them for serial communications and hopefully at a later date, 1 can give a limited number of
exzmples with one micro,
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