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ABSTRAKSI

Afiv Noer Azhari, 2006, "Perancangan dan Pembuatan Sistem Parkir
Prabayar Menggunakan Kartu Magnetik (Kartu Mahasiswa) Yang
Diaplikasikan Pada Tempat Parkir Kampus Berbasis Mikrokontroller
AT89S51”, Teknik Elektro S-1/ Teknik Elektronika, Fakultas Teknologi Industri,
Institut Teknologi Nasional Malang. Dosen Pembimbing : Ir. F. Yudi
Limpraptono, MT.

Kata kunci : Parkir, Magnetic Card, Mikrokontroller AT89S51.

Permasalaban yang terjadi pada sistem parkir kampus sangat beragam.
Dari keberagaman masalah yang sangat kompleks tersebut bias berakibat fatal
bagi petugas jika tidak mengetahui bagaimana cara mengatasinya. Berangkat dari
permasalahan ini muncullah suatu gagasan untuk membuat suatu alat (sistem
parkir prabayar menggunakan kartu magnetik) yang bertujuan untuk memberikan
kemudahan, efisiensi waktu dan tenaga petugas parkir sehinga menghasilkan
pelayanan yang cepat untuk para mahasiswa dalam memasuki area parkir kampus.

Metode pembuatan sistem parkir prabayar ini terdiri dari dua bagian yaitu
PC sebagai penyimpan sekaligus pemroses data dan alat sebagai peraga yang
diletakkan di tengah-tengah antara pintu masuk dan pintu keluar parkir. Interface
alat dihubungkan ke PC melalui COMI1 (port komunikasi serial), sedangkan
megnetic card reader berfungsi sebagai pembaca kode kartn magnetik yang
dihubungkan ke PS/2 keyboard. Daftarkan kartu tersebut dengan menggesekkan
pada card reader dan isi data untuk disimpan di database. Gesekkan kartu tersebut
pada saat masuk parkir, PC langsung mencocokkan kode kartu tersebut di
database, jika tidak ada maka muncul tampilan “Belum Terdaftar” dan jika ada PC
langsung mengurangi saldonya, jika tidak cukup maka akan mumcul tampilan
“Saldo tidak cukup”, jika cukup maka palang pintu membuka dan infra red
mendeteksi kendaraan yang lewat untuk menutup palang pintu.

Selama pengujian alat ini tidak pernah terjadi kesalahan dalam pengolahan
data, baik data yang diproses maupun data yang ditampilkan.
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BAB 1

PENDAHULUAN

1.1. Latar Belakang Masalah

Dewasa ini perkembangan teknologi elektronika sangat pesat dan maju.
Telah banyak ditemukan dan diciptakan peralatan elektronik yang pada dasarnya
memberikan kemudahan, efektivitas, penghematan, keunggulan kinerja dan
manfaat yang besar bagi kehidupan manusia. Salah satu perkembangan teknologi
dalam bidang elektronika adalah teknologi komputer yang berkembang dalam segi
hardware dan software.

Pada umumnya kartu mahasiswa dibuat hanya untuk identias mahasiswa
itu sendiri. Namun seiring dengan perkembangan teknologi, kartu mahasiwa
tersebut berubah bentuk dan fungsi menjadi kartu mahasiswa dan kartu atm (kartu
magnetik) dari bank yang menjadi satu. Fasilitas kartu atm pada kartu ini tentunya
hanya dipakai untuk pengambilan uang dari atm bank itu sendiri atau mungkin
juga digunakan untuk mengurus registrasi perkuliahan. Sebagian besar mahasiswa
pada kenyataannya jarang sekali menabung apalagi mengambil uang lewat atm,
mungkin dikarenakan sudah mempunyai tabungan di bank yang lain sebelumnya
atau dikarenakan kesulitan mengatur keuangannya sendiri, jadi atmnya hanya
berfungsi sebagai identitas mahasiswa saja.

Di kampus ITN, sistem parkir kendaraan bermotor itu sendiri sudah diatur
sedemikian rupa, namun sistem pembayaran parkir sering kali mangantri panajang

yang dikarenakan pencatatan plat nomor untuk karcis, ditambah lagi terkadang



mahasiswa lupa tidak membawa uang receh dan juga terkadang melakukan
pembayaran uang kembali oleh pencatat plat nomor hal itu wajar kalau memakan
waktu lebih. Melalui perkembangan teknologi tersebut, bermaksud membuat
suatu sistem parkir prabayar dengan kartu magnetik (kartu mahasiswa) yang
diimplementasikan menggunakan komputer. Penggunaan teknologi ini diharapkan
dapat memfungsikan lebih kartu mahasiswa tersebut dan juga membantu petugas
parkir kampus dalam menjalankan tugasnya, menguntungkan dalam segi finansial,
efisiensi waktu dan tenaga dimana setiap kali memasuki tempat parkir kampus

tidak terjadi antrian.

1.2. Rumusan Masalah
Dengan melihat latar belakang yang telah diuraikan sebelumnya, inti
permasalahan dalam perancangan system tersebut adalah :
1. Bagaimana merencanakan dan membuat perangkat keras dan perangkat
lunak yang dapat mengendalikan system.
2. Pemakaian card reader magnetik untuk mengetahui nomor registrasi kartu
magnetik (kartu mahasiswa).
3. Pemakaian komponen bantu berupa RS 232 untuk melakuakan interfacing
dalam pengolahan data.
4. Membuat perangakat lunak untuk PC dan perangkat lunak untuk sistem

dalam hal ini adalah mikrokontroller.



1.3. Batasan Masalah

Hal-hal yang tidak dibahas dalam penulisan ini diantaranya :

L

2.

Perangkat keras komputer.

Perangkat lunak dari Borland Delphi.

Pengisian data pada kartu magnetik.

Satu magnetic card reader untuk satu jalur masuk dan satu jalur keluar.
Pencocokan plat nomor kendaraan.

Hanya menggunakan satu PC.

1.4. Tujuan

Tujuan dari perancangan dan pembuatan alat ini adalah :

Merancang dan membuat suatu model sistem parkir prabayar
menggunakan kartu magnetik (kartu mahasiswa) sehingga dapat
memberikan kemudahan yang lebih efektif dan efisien terhadap waktu dan
tenaga manusia serta dapat menjamin keamanan kendaraan bermotor yang

parkir didalam kampus ITN.

1.5. Metodologi Perencanaan

Langkah-langkah yang diambil untuk menyelesaikan perubahan teoritis

pada perancangan dan pembuatan sistem parkir prabayar menggunakan kartu
magnetik (kartu mahasiswa) berbasis mikrokontroller AT89S51 adalah :

1.

Studi literatur tentang teori sistem kontrol menggunakan mikrokontroller

secara umum dan teori tentang komponen yang akan digunakan.



2. Perencanaan perangkat keras yaitu perancangan blok yang berhubungan
dengan kinerja alat yang digunakan dan perencanaan perangkat lunak.

3. Pembuatan alat antara lain meliputi pembuatan PCB, perakitan
komponen serta penyoderan dan pembuatan perangkat lunak

4. Pengujian alat yaitu melakukan pengujian setiap blok rangkaian dan

kerja seluruh sistem.

1.6. Sistematika Penulisan
Sistematika penulisan yang digunakan dalam penyusunan laporan skripsi

ini adalah sebagai berikut :

BABI : Menjelaskan tentang latar belakang masalah, rumusan masalah,
batasan masalah, tujuan dan sistematika penulisan.

BABII : Menjelaskan tentang teori dasar yang berisi tentang prinsip dasar dari
mikrokontroller dan rangkaian pendukung.

BABIII : Menjelaskan perencanaan dan pembuatan alat.

BABIV : Menjelaskan tentang pengujian atat yang telah direalisasikan.

BABYV : Menjelaskan tentang kesimpulan dan saran.



BAB 11

LANDASAN TEORI

2.1. Pendahuluan

Landasan teori ini sangat membantu untuk dapat memahami suatu sistem.
Disamping itu dapat juga dijadikan sebagai bahan acuan didalam merencanakan
suatu sistem. Dengan pertimbangan hal-hal tersebut maka landasan teori
merupakan bagian yang harus dipahami untuk pembahasan selanjutnya. Bagian-
bagian yang akan dibahas diantaranya :

e Mikrokontroller AT89S51.

e Pembaca Kartu Magnetik.

e Motor DC.

e Sensor Infra Merah.

e LCD (Liquid Crystal Display)

e Interface RS MAX 232

e Buzzer

e Relay

e ULN 2003

2.2. Mikrokontroller AT89S51
Perbedaan mendasar antara mikrokontroller dan mikroprosesor adalah
mikrokontroller selain memiliki CPU juga dilengkapi dengan memori 7O yang

merupakan kelengkapan sebagai suatu minimum system mikrokomputer sehingga



mikrokontroller dapat dikatakan sebagai mikrokomputer dalam keping tunggal
(single chip microcomputer) yang dapat berdiri sendiri.

Mikrokontroller AT89S51 adalah mikrokontroller ATMEL kompatibel
penuh dengan mikrokontroller keluarga MCS-51, dengan supply daya rendah,
memiliki performance yang tinggi dan merupakan mikrokontroller 8 bit yang
dilengkapi 4 Kbyte EPROM (Enable and Programmable Read Only Memory) dan
128 Byte RAM internal. Program memori dapat diprogram ulang dalam sistem
atau dengan menggunakan Programmer Nomolately Memory Konvensional.

Dalam sistem mikrokontroller terdapat dua hal yang mendasar, yaitu:
perangkat keras dan perangkat lunak yang keduanya saling terkait dan

mendukung.

2.2.1. Perangkat keras Mikrokontroller AT89S51
Mikrokontroller AT89S51 secara umum memiliki:
e CPU 8 bit
e  Memory
e Port /O
e Timer dan Counter
e Sumber Interupt
e Program Serial yang dapat diprogram

e Osilator dan Clock
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Gambar 2.1. Blok diagram Mikrokontroller AT89S51 [

2.2.2. Arsitektur AT89S51

Arsitektur mikrokontroller AT89S51 adalah sebagai berikut :
1. CPU (Central Processing Unif) 8-bit dengan register A (accumulator) dan B
2. 16-Bit Program Counter (PC) dan Data Pointer (DPTR).

3. 8- Bit Program Status Word (PSW).



4. 4-Bit Stack Pointer (SP).
5. 4 Kbyte internal EPROM.
6. 128 byte internal RAM.
o 4 bank register, masing-masing berisi 8 byte
e 16 byte alamat serbaguna yang dapat diakses sebagai byte atau bit,
tergantung sofiware yang digunakan.
e 80 byte general purpose memory data.
7. 32 pin input-output tersusun atas PO-P3, masing-masing 8-bit.
8. 2 buah 16-bit Timer/Counter.
9. 2 buah port serial full duplex
10. Control Register, antara lain : TCON, SCON, PCON, IP, dan IE
11. 5 buah sumber interupsi (2 buah sumber interup eksternal dan 3 buah sumber
internal).
12. Osilator dan Clock Internal.
13. Watch Dog Programmable Timer.

14. ISP Port .

2.2.3. Penjelasan Fungsi Pin AT89S51
Mikrokontroller AT89S51 mempunyai 40 pin seperti yang ditunjukkan

dalam gambar 2.2. Fungsi-fungsi pin dijelaskan sebagai berikut :
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Gambar 2.2. Susunan Pin AT89S51 [

Fungsi dari tiap-tiap pin adalah sebagai berikut :
1. VCC, Pin 40
Merupakan pin positif sumber tegangan 5 volt DC.
2. GND (ground), Pin 20
Merupakan pin grounding sumber tegangan.
3. Port0, Pin32-39
Merupakan port input dua arah dan dikonfigurasikan sebagai muitipleks dua
bus alamat rendah (A0-A7) dan data selama pengaksesan program memori
dan data internal.
4. Portl,Pinl-8
Merupakan port input dua arah dengan pull-up dan juga menerima Low-order
address byte selama memprogram dan verifikasi dari flash. Pada

mikrokontroller AT89S51 port 1 memikili 3 pin dengan fungsi khusus.



Tabel 2.1. Fungsi Khusus Port 1

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

5. Port2, Pin21 - 28
Merupakan port /O dengan internal pull-up. Mengeluarkan address tinggi
selama pengambilan (fetching) program memori external. Selama pengaksesan
ke external data memori, port 2 mengeluarkan isi SFR (Special Function
Register). Menerima address dan beberapa sinyal control selama
pemrograman.

6. Port3,Pini10-17

Merupakan port /O dengan internal pull-up. Port 3 juga memiliki fungsi

khusus, yaitu:
Tabel 2.2. Fungsi Khusus Port 3 !
Port Pin Alternative Funtions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INT (external interrupt 1)
P34 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)
P3.6 WR (internal data memory write strobe)
P3.7 RD (external memory read strobe)
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7. Reset, Pin 9

Perubahan taraf tegangan dari rendah ketinggi akan mereset AT 89S51.

vee

Reset
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Gambar 2.3. Rangkaian Reset ['!
8. ALE/PROG, Pin 30
Pulsa output ALE digunakan untuk proses-proses ‘latching’ byte address
rendah (A0-A7) selama pengaksesan ke external memori. Pin ini juga
digunakan untuk memasukkan pulsa program (prog) selama pemrograman.
9. PSEN, Pin 29
Merupakan strobe baca ke program memori ekternal.
10. EA/VPP, Pin 31
External Address Enable (EA) digroundkan jika mengakses memori ekternal,
akan dihubungkan ke VCC jika digunakan untuk mengakses memori internal.
11. X-TALL 1 dan X-TALL 2, Pin 19 dan Pin 18
Kaki ini dihubungkan dengan kristal bila menggunakan osilator internal.
XTALL 1 merupakan input inverting osilator amplifier sedangkan X-TALL 2

merupakan output inverting osilator amplifier.

11
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2.2.4. Organisasi Memori

Organisasi memori pada mikrokontroller AT89S51 dapat dibagi menjadi
dua bagian besar yaitu memori program dan memori data. Pembagian tersebut
didasarkan atas fungsi dari penyimpangan data maupun program. Memori
program digunakan untuk menyimpan instruksi-instruksi yang akan diajarkan oleh
mikrokontroller, sedangkan memori data digunakan sebagai tempat menyimpan
instruksi-instruksi yang sedang diolah mikrokontroller.

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

Memori program mikrokontroller menggunakan alamat 16 bit mulai
0000y-OFFFy , sehingga kapasitas penyimpanan program maksimal adalah
4Kbyte. Sinyal/PSEN (Program Strobe Enable) tidak digunakan jika

menggunakan memori internal.
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Selain program mikrokontroller AT 89S51 juga memiliki data internal 128
byte dan mampu mengakses memori data eksternal sebesar 64 Kb. Semua memori
data internal dapat dialamati dengan data langsung atau tidak langsung. Ciri dari
pengalamatan langsung adalah operand yaitu alamat register yang berisi alamat
data yang akan diolah. Sebagian memori tersebut dapat dialamati dengan memori
satu bit. Untuk membaca data digunakan sinyal/RD sedangkan untuk menulis data

digunakan sinyal/WR.

2.2.5. SFR (Special Function Register)

Register Fungsi Khusus (Special Function Register) terletak pada 128
byte bagian atas memori data internal dan berisi register-register untuk pelayanan
latch port, timer, program status words, control peripheral dan sebagainya.
Alamat register fungsi khusus ditunjukkan pada tabel 2.3 dibawah ini:

Tabel 2.3. Special Function Register [’

Simbol Nama Register Alamat

ACC Accumulator EOq
B Register B FOy
PSW Program Status Word D0y
SP Stack Pointer 81y
DPTR Data Pointer 2 Byte

DPL Bit Rendah 82,
DPH Bit Tinggi 83
PO Port 0 80y

13



Pl

P3

T™MOD

TCON

THO

TLO

THI

SCON
SBUF

PCON

Port 1

Port 2

Port 3

Interupt Priority Control
Interupt Enable Control
Timer/Counter Mode Control
Timer/Counter Control
Timer/Counter 0 High byte
Timer/Counter 0 Low byte
Timer/Counter 1 High byte
Timer/Counter 1 Low
Serial Control

Serial Data Buffer

Power Control

904
Aly
B0y
D8y
A8y
8%
88u
8Cy
8Ay
8Dy
8By
984
9%

87u

Beberapa macam

sebagai berikut :

Accumulator (ACC)

pengurangan.  Perintah  mnemonic untuk  mengakses

register fungsi khusus yang sering digunakan adalah

merupakan  register

disederhanakan sebagai A.

Register B merupakan register khusus yang berfungsi melayani operasi

perkalian dan pembagian.

Register R merupakan delapan set register yang dinamakan RO, R1, R2, R3,

R4, RS, R6 dan R7, fungsi dari register-register ini adalah sebagai register

14

untuk penambahan dan

akumulator




yang membantu penyimpanan data yang menggunakan banyak operasi.
Register-register ini yang membantu akumulator dalam melakukan operasi
antara dua operan.

Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan dialamat
manapun pada RAM internal.

Data Pointer (DPTR) terdiri dari dua register, yaitu register untuk byte tinggi
(Data Pointer High, DPH) dan register untuk byte rendah (Data Pointer Low,
DPL) yang berfungsi untuk mengunci alamat 16 bit. DPTR berfungsi untuk
menunjuk suatu lokasi data, namun pada beberapa perintah DPTR digunakan
untuk mengakses memori eksternal.

PC (Program Counter) merupakan alamat 16 bit yang menginstruksikan
AT89S51 alamat instruksi yang selanjutnya akan dilaksanakan. Saat
inisialisasi AT89S51, PC terisi dengan 00000h dan akan bertambah satu setiap
kali instruksi telah dilaksanakan. Harga PC tidak dapat langsung dirubah
dengan menggunakan perintah MOV PC,2340h, namun dengan perintah
LIMP 2340 yang akan mengisi PC dengan 2340h..

Program Status Word (PSW) berisi bit-bit status yamg berkaitan dengan
kondisi CPU saat itu. PSW terletak pada alamat DOH.

PSW

DOH PSW.7 | PSW.6 | PSW.5 | PSW.4 | PSW.3 | PSW.2 | PSW.1 | PSW.0

CYy AC FO | RS1 | RSO | OV - P

1. CY (Flag Carry)
Flag carry, yang terletak pada alamat D7H, berfungsi sebagai pendeteksi

terjadinya kelebihan pada operasi penjumlahan, atau terjadinya
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peminjaman (borrow) pada operasi pengurangan. Misalnya, jika data pada
akumulator adalah FFH dan dijumlahkan dengan bilangan satu atau lebih,
maka akan terjadi kelebihan sehingga akan membuat carry menjadi set.
Demikian juga apabila data pada akumulator adalah 60H dan dikurangkan
dengan bilangan satu atau lebih, akan terjadi peminjaman sehingga
membuat carry juga menjadi set.

. AC (Flag Auxiliary Carry)

Flag auxiliary carry akan selalu dalam kondisi set apabila pada saat proses
penjumlahan terjadi carry dari bit ketiga hingga bit keempat.

. Flag0

Flag 0 dapat digunakan untuk tujuan umum tergantung pada kebutuhan
pemakai.

. RS (Register Select)

Bit Pemilih Bank Register (Register Bank Select Bits) RSO dan RSI
digunakan untuk menentukan lokasi dari bank register (RO-R7) pada
memori. RSO dan RS1 selalu bernilai 0 setiap kali sistem di reset sehingga
lokasi dari register RO hingga R7 akan berada pada alamat 00H hingga
07H.

. OV (Flag Overflow)

Flag overflow akan berada pada kondisi set jika pada operasi aritmatik
menghasilkan bilangan yang lebih besar daripada 128 atau lebih kecil dari

-128.
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6. P (bit paritas)
Bit paritas akan berada pada kondisi set jika jumlah bit 1 dalam
akumulator adalah ganjil dan akan berada pada kondisi clear jika jumlah
bit 1 dalam akumulator adalah genap. Misalnya, data yang tersimpan pada
akumulator adalah 10101110b atau AEH maka parity bit akan berada pada
kondisi set. Data AEH mempunyai lima bit yang berkondisi 1 atau dapat
disebut mempunyai bit 1 dalam jumlah yang ganyjil.

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

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

Control).

2.2.6. Metode Pengalamatan
1. Pengalamatan Langsung
Pengalamatan langsung dilakukan dengan memberikan nilai ke suatu
register secara langsung. Untuk melaksanakan pengalamatan langsung
digunakan tanda #.

Contoh : MOV A, #0A

17



2. Pengalamatan Tak Langsung
Operand pengalamatan tak langsung menunjuk ke sebuah register yang
berisi lokasi alamat memori yang akan digunakan dalam operesi. Lokasi
yang nyata tergantung pada isi register saat instruksi dijalankan. Untuk
melaksanakan pengalamatan tak langsung digunakan simbol @.

Contoh : ADD A, @RO

2.2.7. Masukan dan Keluaran

Untuk saluran dan keluaran terdapat 4 buah port yang masing-masing 8
bit. Saluran ini bersifat dua arah (bidirectional) yang berarti dapat difungsikan
sebagai masukan atau keluaran, serta dapat dialamati per bit. Port 3 selain
digunakan sebagai port masukan dan keluaran juga dapat digunakan sebagai
fungsi pengganti sebagaimana yang terdapat dalam tabel 2.4. berikut ini :

Tabel 2.4. Fungsi Pengganti Port 3 [V

' Port Pin Alternate Functions I
P3.0 RXD (serial input porti
P3.1 TXD iserial output port)
P32 INTO texternal interrupt 0}
P3.3 INTT {external interrupt 1)
P34 TO itimer 0 external input
P3.5 T1 itimer 1 external input)
P3.6 WR iexternal data memory write strobe)
P37 RD iexternal data memory read strobe)

13



2.2.8.Timer dan Counter

Dalam mikrokontroler AT89S51 terdapat tiga buah pewaktu/pencacah
(timer/counter 16) 16 bit yang dapat diatur melalui perangkat lunak, yaitu
pewaktu/pencacah 0 dan pewaktu/pencacah 1. Timer/counter ini diatur oleh
special function register yaitu Timer/Counter Control (TCON alamat 88H), dan
Timer/Counter Mode Control (TMOD alamat 89H). Selain itu nilai byte bawah
dan byte atas dari Timer/Counter disimpan dalam register TL dan TH.

Jika difungsikan sebagai Timer, maka akan menggunakan system clock
sebagai sumber masukan pulsanya. Jika sebagai Counter (pencacah), maka akan
menggunakan pulsa dari luar (eksternal) sebagai masukan pulsanya. Pada Port 3
terdapat fungsi khusus yaitu TO (masukan luar untuk Timer/Counter 0) dan T1
(masukan luar untuk Timer/Counter 1). Pemilihan mode Timer/Counter dikontrol
oleh register TMOD. Dengan memberikan nilai tertentu pada register TMOD
dapat dipilih mode operasi untuk Timer/Counter 0 dan Timer/Counter 1 seperti
terlihat dalam Tabel 2.5. berikut ini :

Tabel 2.5. Mode Operasi Timer/Counter 0 dan 1 !

M2 M1 Mode Keterangan
0 0 0 13 bit Timer
0 1 1 16 bit Timer
1 0 2 8 bit auto-reload
1 1 3 Split Mode

Timer 2 ini merupakan Timer/Counter 16 bit dan memiliki 3 mode operasi yaitu
capture, auto reload (up down counting) dan baud rate generator. Untuk memilih

mode ini dilakukan dengan mengatur bit pada SFR T2CON (Timer 2 Control
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Register). Timer 2 ini terdiri dari 2 buah timer 8 bit register yaitu TH2 dan TL2.
pada fungsi Timer, register TL2 dinaikkan (increment) tiap siklus mesin. Karena
siklus mesin terdiri dari 12 periode osilasi, maka count rate menjadi 1/12 dari
frekuensi osilator. Sedangkan pada fungsi Counter, register dinaikkan berdasarkan
tanggapan adanya transisi tinggi ke rendah pada pena yang bersesuaian (dalam hal
ini pin T2 atau P1.0). Tabel berikut menunjukkan mode operasi yang dapat
dijalankan pada timer 2.

Tabel 2.6. Mode Operasi Timer 2 [!!

RCLK + TCLK | CPRL2 | TR2 | MODE
0 0 1 16-bit Auto-reload
0 1 16-bit Capture
1 1 Baud Rate Generator
X 0 (Off)

RCLK = Receive clock enable. Jika diset menyebabkan serial port
menggunakan pulsa overflow Timer 2 sebagai detak penerimaan
pada serial port. Jika RCLK = 0 Timer 1 yang digunakan.

TCLK = Transmit clok enable. Jika diset menyebabkan serial port
menggunakan pulsa overflow Timer 2 sebagai detak pengiriman.
Jika TCLK = 0 pulsa overflow timer 1 yang digunakan.

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

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

aktif.
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2.2.9.1dle Mode
Saat Idle Mode mikrokontroler tidak melakukan apa-apa. Tetapi peralatan
lain yang terhubung tetap aktif. Kondisi ini dapat dihentikan dengan sebuah

interrupt atau dengan me-resef system.

2.2.10. Sistem Interupt

Mikrokontroler AT89S51 mempunyai 6 buah sumber interrupt yang dapat
membangkitkan permintaan interrupt, yaitu INTO, INT1, TO, T1, T2 dan port
serial.

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

Tingkat prioritas semua sumber interupsi dapat diprogram sendiri-sendiri

dengan set atau clear bit pada SFRS IP (interrupt Priority).
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2.3. Pembaca Kartu Magnetik

2.3.1. Struktur Head Magnetik
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Gambar 2.5. Struktur Head Magnetik @

Head pembaca kartu magnetik terbuat dari bahan keramik sehingga
mengasilkan permukaan yang tahan gesekan sehingga dapat digunakan dengan

kecepatan 10 — 100 cm/s. Head inilah yang akan membaca atau merekam data

fluks magnetik pada kartu magnetik ketika digesekkan.

Head magnetik ini kita fungsikan sebagai kartu magnetik, dimana kartu
magnetik telah terisi data fluks magnetik digesekkan melalui head ini. Proses
selanjutnya dilakukan oleh decoder head magnetik yang akan mengubah fluks

tersebut menjadi sinyal digital, sehingga dapat diproses melalui mikrokontroller.
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23.2. Kartu Magnetik

Kartu magnetik terbuat dari media magnetis yang berbahan keramik setebal
3 - 10 u ™ dan beberapa terdapat beberapa jalur kecil yang disatukan (lamination).
Ukuran kartu mangacu pada standart internasional (ISO) yaitu dengan panjang

3,375, lebar 2,125” dan tebal 0,03” seperti gambar 2.7.

0,030 thick

2,125 ~———

3375° {

Gambar 2.6. Kartu Magnetik Standar !

23.3. Proses Pengolahan Data

Pembaca kartu magnetik dapat diinterfacekan ke xCU melalui berbagai
cara. Pada umumnya cara yang digunakan ada 2 yaitu pemrograman input 1 bit
dan UART (Universal Asyncronous Reciver Transmitter).
2.3.3.1.Pemrograman Input 1 bit

Metode interface ini tidak memerlukan chip external untuk menerapkan data
serial ke 2 CU. Fungsi ini digunakan melalui program (perangkat lunak) yang
menyebabkan 4 CU dapat menerima atau mengirimkan data. Proses ini
memerlukan pemrograman pewaktuan yang sangat kritis (ketepatan tinggi).
Kerugiannya adalah ketika 4 CU menerima data serial, #CU harus difokuskan

untuk fungsi ini saja, karena pewaktuan yang akurat hanya bisa diatur jika
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program tetap berada di dalam loop perwaktuan yang ketat tanpa dialibkan ke
fungsi yang lain.
2.33.2.UART (Universal Asyncronous Reciver Transmitter)

UART adalah proses pengiriman dan penerimaan data secara asinkrom,
keuntungan vang diperoleh dengan menggunakan sistem ini adalah 4 CU tidak
memerlukan pewaktuan pemrograman yang akurat schingga tingkat akurasinya
tinggi. Sinyal card present dapat dihubungkan pada pin input UART. Chip UART
vang digunakan dalam pembacaan kartu magnetik adalah jenis F/2F yang dapat
langsung dihubungkan ke head magnetik kemudian membaca flux magnetik dari
kartu magnetik, selanjutnya mengkode dan merubahnya menjadi dinyal digital.
Output dari IC F/2F ini kompatibel dengan TTL, sehingga dapat langsung
digunakan bersama g CU.

Dalam setiap track pada kartu magnetik terdapat perckaman 75-210 bpi (bit
per inchi) dengan konfigurasi kavakter 5-7 bit per karakter. Karakier yang
digunakan berupa numerik maupun alfa numerik. Konversi karakter dapat dilihat
pada dafiar lampiran. Dalam laporan akhir ini penulis menggunalan pembaca

kartu magnetik (Magnetic Card Reader) jenis MSR Series seperti gambar berikut :

<«

Gambar 2.7. Magnetic Stripe Reader @
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24. Sensor Infra Merah
24.1. LED Infra Merah

LED (Light Emitting Dioda) disini digunakan sebagai sumber cahaya yang
mempunyai panjang gelombang sebesar 10-3 sampai 10-6, dengan frekuensi
sebesar 1011 sampai 1014 Hz. Cahaya yang dipancarkan infra merah tergantung
pada arus listrik yang masuk, semakin dipenuhi kebutuhan akan arus
maksimalnya maka semakin terang cahaya yang dihasilkan.

AR

Gambar 2.8. Simbol LED infra merah P!

2.42. Photodioda
Photodioda adalah p-n junction semikonduktor yang memiliki daerah
operasi terbatas pada daerah reverse bias. Dasar pengaturan arah arus (biasing)

konstruksi dan simbol terdapat pada gambar dibawah ini.
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Gambar 2.9. Simbol Photodioda

Apliaksi cahaya ke junction dihasilkan dalam sebuah transfer energi dari
peristiwa perjalanan gelombang cahaya (dalam bentuk foton) ke struktur atomik,
menghasilkan peningkatan jumlah karier minoritas dan suatu peningkatan level
arus balik (reverse current). Arus ‘gelap’ (dark current) adalah arus yang muncul

saat tidak ada cahaya (penerangan), arus dapat kembali 0 dengan bias positif = V7.



2.5. LCD (Liquid Crystal Display)

LCD merupakan komponen optoelektronik yaitu komponen yang bekerja
atau dipengaruhi oleh sinar (optolistrik), komponen pembangkit cahaya (light
emiting) dan komponen-komponen yang akan mengubah sinar. LCD terbuat dari
bahan kristal cair yang merupakan suatu komponen organik dan mempunyai sifat
optik seperti benda padat meskipun bahan tetap cair.

Sel kristal cair terdiri dari selapis bahan kristal cair yang diapit antara dua
kaca tipis yang transparan. Antara dua lembar kaca tersebut diberi bahan kristal
cair (liquid crystal) yang tembus cahaya. Permukaan luar dari masing-masing
keping kaca mempunyai lapisan penghantar tembus cahaya seperti oxida timah
(#in oxide) atau oxida indium (indium oxide). Sel mempunyai ketebalan sekitar 1 x
10  meter dan diisi dengan kristal cair.

Karena sel-sel knistal cair ﬁmeﬂeksﬂcm cahaya dan bukan membangkitkan
cahaya maka konsumsi daya yang dibutubkan relatif rendsh. Energi yang
dipergunakan hanya untuk mengaktifkan kristal cair. Pada dasarnya LCD bekerja
pada tegangan rendah (3 — 15 Vrms), frekuensi rendah (25 — 60 Hz) sinyal AC
dan memakai arus listrik yang sangat kecil (25 - 300 2 A). LCD seringkali ditata
sebagai tampilan seven segment untuk mcnam;nlkan angka tetapi juga memuliki
keistimewaan lain, yaitu kemampuan untuk menampilkan karakter dan berbagai
macam simbol.

Salah satu jenis LCD diantaranya adalah LCD M1632, suatu jenis piranti
dengan konsumsi daya yang rendah, disusun dari dot matrik dan dikontrol oleh

ROM atau RAM generator karakter dan RAM data display. Pengontrolan

26



utamanya adalah pada ROM generator dan display data RAM yang menghasilkan
kode ASCII jika padanya diberikan input ASCIIL Untuk dapat difimgsikan dengan
baik maka perlu diperhatikan proses analisasi yang telah ditentukan oleh pabrik
pembuatnya. Timing penganalisasian sangat dipertimbangkan, karena jika meleset
sampai ordo milisecon maka dapat dipastikan LCD tidak dapat berfungsi.

M1632

LCD DOT MATRIK
2 x 16 karakter Type M1632

Gambar 2.10. Konfigurasi Kaki LCD ¥

DB0-DB7 i
Common Signal LCD
Segment Signal T
RS Serial Data
" Mcu »| Scgment
R/W Driver
——P
E Timing Signal T
P

Gambar 2.11. Blok Diagram LCD V!
Adapun karakteristik dari LCD M1632 antara lain :
e Dengan 16 karakter 2 baris dalam bentuk dotmatrik 5x7 dan cursor.
e Duty ratio 1/16.
e Memiliki ROM pembangkitan karakter untuk 192 jenis karakter.
e RAM untuk data display sebanyak 80x8 bit.

e Dapat dirangkai dengan MPU 8 bit/4 bit.
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e RAM data display dan RAM pembangkit karakter dapat dibaca oleh MPU.

e Memiliki fungsi instruksi antara lain display onw/off, Cursor on/off, display
karakter blink, cursor shift dan display shift

o Memiliki rangkaian osilator sendiri.

e Catu tegangan tunggal yaitu +5 V.

e Memiliki rangkaian reset otomatis pada catu daya yang dihidupkan.

e Temperatur operasi 0° - 50°.

LCD memiliki 16 pin yang masing-masing mempunyai fungsi sebagai berikut :

Tabel 2.7. Fungsi Tiap-tiap Pin LCD P!

No.Pin | Simbel | Level Fungsi
Vss - 0V (GND)
2 Vee - Power Supply 5V £10%
Vop - For LCD Drive
Sinyal seleksi register
4 RS HIL H ; Data Input [register data (write/read)]
L ; Instruction Input [register instruksi
(write), busy flag dan address counter (read)]
5 | Rw | HL i Read
L ; Wnte
6 E " Enable Signal [sinyal penanda mulai operasi,
aktif saat operasi write atau read]
DBO H/L
DBI H/L , _
553 ST 4 bit bus data lower 2 arah, dapat dibaca atau

ditubis terhadap mikrokontroler

10 DB3 H/L
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11 DB4 HL

12 DB5 H/L

13 DB6 H/L

4 bit bus data upper 2 arah, dapat dibaca atau
ditulis terhadap mikrokontroler, DB7 juga

14 DB7 | HL sebagai busy flag

4 —42V
15 | V4BL Back Light SO — 200 mA
16 | V-BL Supply 0 Volt (GND)

2.5.1. Instruksi Operasi

Tabel 2.8. Instruksi Pada LCD P!

Instruksi RS |RW | D7 | D6 D4 D3 { D2 | D1
Display Clear 04} 0 040 0 0 0 0
Cursor Home 0| 0 00 0 0 0 1

Entry Mode Set 0j0}101{0O0 0 0 I | /D
Display On/OfF 0o o0 010 0 1 D C
Cursor Display Shift 0} 0 00 1 SC | RL | *
Function Set 0} 0010 DL 1 * *
CG RAM Address Set 010 1011 Acc
DD RAM Address Set o o 1 App
BF/Address Read 0 1 |BF AC
Data Writt to CGRAM. | 1 | O Write Data
Data Read fromCGRAM | 1 1 Read Data
* Ivabid Bit

Acg ; CGRAM Address
App ; DD RAM Address
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2.5.2. Operasi Dasar
e Register

Kontrol dari LCD memiliki 2 buah register 8 bit yaitu register instruksi
(IR) dan register data (DR). IR memiliki instruksi seperti display, clear,
cursor shift dan display data (DD RAM) serta karakter (CG RAM). DR
menyimpan data untuk ditulis ke DD RAM ataupun membaca data dari
DD RAM dan CG RAM. Ketika data ditulis ke DD RAM atau CG RAM
maka DR secara otomatis menulis data ke DD RAM atau CG RAM.
Ketika data pada CG RAM atau DD RAM akan dibaca maka alamat data
ditulis pada IR. Sedangkan data akan dimasukkan melalui DR sehingga
dapat dibaca oleh mikrokontroler.

Tabel 2.9. Pemilihan Register Pada LCD ¥

RS | RW Operasi
0 0 | Seleksi IR, IR Write Display Clear
0 1 | Busy Flag (DB7), @ Counter (DB(0-DB7), Read
1 0 | Seleksi DR, DR Write
1 1 | Seleksi DR, DR Read
* Busy Flag

Busy Flag menunjukkan bahwa modul siap untuk menerima instruksi
selanjutnya sebagaimana terlihat pada tabel diatas. Register seleksi sinyal
akan melalui DB7 jika RS=0 dan R/W=1. Jika bemilai | maka sedang
melakukan kerja internal dan instruksi tidak akan dapat diterima, oleh
karena itu status dari flag harus diperiksa sebelum melaksanakan instruksi

selanjutnya.
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Address Counter (AC)

AC menunjukkan lokasi memori dalam modul LCD. Pemilihan lokasi
alamat lewat Ac diberikan lewat register instruksi (IR) ketika data pada A,
maka AC secara otomatis menaikkan atau menurunkan alamat tergantung
dari Entry Mode Set.

Display Data RAM

Pada LCD, masing-masing line memiliki range alamat tersendiri. Alamat
itu diekspresikan dengan bilangan hexadesimal. Untuk line 1 range alamat
berkisar antara 40y - 4F;;.

Character Generator ROM (CG ROM)

CG ROM memiliki tipe dot matnk 5x7, dimana pada LCD telah tersedian
ROM sebagai pembangkit karakter dalam kode ASCIL.

Character Generator RAM (CG RAM)

CG RAM dipakai untuk pembuatan karakter tersendiri melalui program.

Adapun bentuk fsik dari LCD M1632 adalah pada gambar berikut :

Gambar 2.12. Liquid Crystal Display
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2.6. RS-MAX 232

RS 232 merupakan salah satu jems antar muka (interface) dalam proses
transfer data antar komputer dalam bentuk serial transfer. RS 232 merupakan
singkatan dari Recommbeded Standard number 232. Alat ini dibuat oleh
Elektronik Industri Assosiation, untuk interface antara peralatan terminal data dan
peralatan komunikasi data, dengan menggunakan data biner serial sebagai data
yang ditransmisikan. IC RS MAX 232 ini mempunyai empat buah bagian
konverter yaitu dua buah driver receiver dan dua buah driver transmitter.

Saluran data pada port seri PC menggunakan standard RS 232, dimana logic
0 (low) dinyatakan sebagai tegangan antara +3 volt sampai +10 volt, dan logic 1
(high) dinyatakan sebagai tegangan antara -3 volt sampai -10 volt. Level tegangan
ini tidak sesuai dengan level tegangan yang dipakai pada port seri AT89S51 yang
menggunakan standard TTL (Tranastor Transistor Logic), yaitu level tegangan
bakn dalam rangkaian-rangkaian digital.

Dalam standard TTL, logic O (low) dinyatakan sbagai tegangan antara 0 volt
sampai 0,8 volt, dan logic 1 (high) dinyatakan sebagai tegangan antara 3,5 volt
sampai 5 volt. Untuk dua MCU yang dihubungkan secara serial pada jarak
tertentu maka dibutuhkan IC MAX 232 karena level tegangan TTL terlalu kecil
untuk ditrasfer.
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Gambar 2.13. IC RS Max 232

2.7. Buzzer

Perangkat Buzzer digunakan untuk menghasilkan bunyi, merupakan
komponen resonator piezoelectric yang digunakan untuk mengadakan isyarat
terdengar sebagai indikator. Buzzer akan aktif dengan cara mengeluarkan sinyal

suara (berbunyi) dengan lama waktu sesuai dengan perencanaan nanti.

=

Gambar 2.14. Simbol Buzzer

2.8. Limit Switch
Limit swicth merupakan sebuah saklar yang bekerja karena ada suatu
sentuban. Limit swicth mempunyai beberapa bagian antara pengungkit dan roda

penjulang yang merupakan bagian mekanik yang berfungsi sebagai pengunci letak
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palang pintu yang dikendalikan oleh motor stepper. Jika limit switch tersentub
oleh palang pintu maka diposisi palang pintu itulah dianggap 0°.

Ada beberapa tipe limit switch yaitu limit swicth yang merupakan kontak
NC (Normally Closed) dan NO (Normally Open). Limit yang merupakan kontak
NO berfungsi sebagai penghubung sedangkan yang kontak NC berfungsi sebagai
pemutus. Adapun simbol dani limit swicth atau push botton dari yang NO dan NC

adalah sbb:
-—-o_l_o—- - I >
Pushbutton make NO Pushbutton break NC
(normally Open) (normally Closed)
Gambar 2.15. Simbol Limit Switch

Sedangkan jenis limit switch yang digunakan dalam peralatan ini adalah

yang terllihat seperti di bawah ini :
/ i

Gambar 2.16. Bentuk Fisik dari limit switch

2.9. Optocoupler

Optocoupler disebut juga optoisolator atau isolator yang tergandeng optic,
menggabungkan LED dan fototransistor dalam satu kemasan. Gambar 2.27.

menunjukkan salah satu contoh dari optocoupler. Komponen ini memiliki LED



pada sisi masukan dan fototransistor pada sist keluaran Keuntungan utama
optocoupler adalah pemisah secara listrik antara rangkaian masuk dengan
rangkaian keluarnya. Dengan optocoupler, hubungan yang ada antara masukan
dan keluaran hanya seberkas cahaya. Karena hal im dapat memperoleh resistansi
penyekatan diantara dua rangkaian tersebut. Optocoupler yang dipakai adalah

yang terdiri dan satu LED dan satu transistor foto seperti terlihat dalam gambar

berikut mni:
]
. N
VD *’/ Li Vo

Gambar 2.17. Simbol Optocoupler !

2.10. Motor Stepper

Motor stepper adalah perangkat elektromekanis yang bekerja dengan
mengubah pulsa elektronis menjadi gerakan mekanis diskrit. Motor stepper
bergerak berdasarkan urutan pulsa yang diberikan kepada motor. Karena itu,
untuk menggerakkan motor stepper diperlukan pengendali motor stepper yang
membangkitkan pulsa-pulsa periodik. Penggunaan motor stepper memiliki
beberapa keunggulan dibandingkan dengan penggunaan motor DC biasa.
Keunggulannya antara lain adalah :
e Sudut rotasi motor proporsional dengan pulsa masukan sehingga lebih mudah

diatur.

e Motor dapat langsung memberikan torsi penuh pada saat mulai bergerak
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o Posisi dan pergerakan dapat ditentukan secara presisi

e Memiliki respon yang sangat baik terhadap mulai, stop dan berbalik
(perputaran).

o Frekuensi perputaran dapat ditentukan secara bebas dan mudah pada range
yang luas.

Alat ini menggunakan motor stepper dengan type Variable Reluctance (VR).

Motor stepper jems im telah lama ada dan merupakan jenis motor yang secara

struktural paling mudah untuk dipahami. Motor ini terdiri atas sebuah rotor besi

lunak dengan beberapa gerigi dan sebuah lilitan stator. Ketika lilitan stator diberi

energi dengan arus DC, kutub-kutubnya menjadi termagnetasi. Perputaran terjadi

ketika gigi-gigi rotor tertarik oleh kutub-kutub stator. Berikut ini adalah

penampang melintang dani motor stepper tipe variable reluctance (VR):

Gambar 2.18. Penampang melintang motor stepper tipe VR !
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BAB III
PERANCANGAN DAN PEMBUATAN SISTEM PARKIR PRABAYAR
MENGGUNAKAN KARTU MAGNETIK (KARTU MAHASISWA)

BERBASIS MIKROKONTROLLER AT89S51

Perencanaan dan pembuatan dibedakan atas dua aspek yaitu aspek

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

3.1. Perangkat Keras (Hardware)

Miniatur siatem dan blok diagram dari perancangan perangkat keras secara

keseluruhan adalah sebagai berikut :
Buzzer
Motor Stepper
LCD T
(Palang masuk)
. "
Sensor Infra Merah HC Driver
(masuk) > AT89S51 — _. Motor Stepper
S (Palang keluar)
Sensor Infra Merah |—— S
(keluar) Limit Switch
RS 232

Magnetic
Card Reader —'l PC

Gambar 3.1. Blok Diagram Alat
Sumber : Perancangan



Adapun penjelasan dari tiap-tiap blok akan dibahas berikut mi :

L.

Mikrokontroller AT89S51

Melakukan komunikasi data dengan PC melalmi RS 232, pengatur driver
motor stepper, penerima sinyal dari sensor infrared, mengaktifkan alarm,
menampilkan karakter pada LCD.

Magnetic Card Reader

Sebagai pembaca kode yang ada pada kartu magnetik.

Driver (Optocoupler)

Sebagai penggerak mekanik yang dalam hal ini adalah palang pintu masuk dan
keluar yang digerakkan oleh motor stepper dan juga sebagai pengendali
buzzer.

Sensor Infra Merah

Untuk mendeteksi kendaraan yang telah melewati palang pintu sehingga
mikrokontroller aman untuk memerintahkan motor stepper untuk menutup
palang pintu.

Buzzer

Digunakan sebagai alarm, petunjuk bahwa ada hal yang tidak sesuai dengan
yang seharusnya terjadi yaitu alarm akan berbunyi jika sensor kartu
mendeteksi adanya suatn kartu yang masuk tetapi tidak menemukan kodenya
didalam database, selain itu alarm akan berbunyi jika saldo lebih kecil dari bea

parkir.
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6. LCD
Berfungsi untuk menampilkan karakter yang berupa angka, huruf atau simbol
sesuai dengan yang kita inginkan.

7. R§S232
Sebagai sarana komunikasi data antara masukan dari pembacaan rangkaian
sensor dengan software yang di PC.

8. Limit Switch

Sebagai penentu posisi awal (0“) palang pintu masuk dan palang pintu keluar.

\\|.. , n]
I |
@ 5 ' n
kkeluar J .
3|
_____ . hasulk
N
I . E

Gambar 3.2. Perencanaan dan Pembuatan Sistem Parkir

Keterangan ,
_ar
) MagnencWReader. 4. PC (Personal Computer)
2. LCD 5. Motor Stepper
3. Buzzer 6. Sensor Infra Merah
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3.2. Prinsip Kerja Alat

Kartu magnetik yang dipakai pada dasamya mempunyai data di dalam
pitanya. Saat kartu digesekkan pada magnetic card reader, data bmer pada kartu
dibaca oleh head magnetik dan diubah kedalam bentuk digital berkarakter ASCII
yang selanjutnya data tersebut dikirim ke mikrokontroller dalam hal ini AT89S51
kemudian dikirm ke PC melalui RS-232. Jika data sesuai maka LCD
menampilkan sisa saldo yang tersisa, jika saldo mencukupi maka palang pintu
membuka dan sensor mendeteksi kendaraan yang lewat yang dipergunakan untuk
menutup palang pintu. Jika data pada kartu tidak sesuai maka buzzer aktif dan
LCD menampilkan karakter yang sudah diprogram, contohnya “belum terdaftar™.

3.3. Mikrokentroller AT89S51
Mikrokontroller AT89S51 adalah sebuah chip IC yang terdiri dari 40 pin.
Dalam perencanaan sistem ini fungsi dari pin-pin yang digunakan adalah sebagai
berikut:
1. Pin32-39 (P0.0-P0.7)
merupakan port 0 yang digunakan sebagai outputan data dari
mikrokontroller ke LCD M1632.
2. Pinldan2 (P1.0danPl.1)
merupakan port yang digunakan sebagai inputan tegangan yang berasal
dan sensor infra merah.

3. Pin 9 berfungsi sebagai Reset.
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4. Pin21-28P2.0-27)
merupakan Port 2 dari mikrokontroller dihubungkan dengan optocoupler
sebagai driver untuk mengendalikan motor stepper.
5. Pin10dan 11 (P3.0-P3.1)
merupakan Port 3 dari mikrokontroller yang digunakan sebagai kontrol
yang terdiri dari:
e Pin 10 (P3.0), RXD berfungsi sebagai receive data untuk serial port
yang dihubungkan dengan data serial komputer.
e Pin 11 (P3.1), TXD berfungsi sebagai transimt data untuk serial port
yang berasal dar data serial komputer.
6. Pin 18 (XTAL 2) sebagai pembangkit ossilator (clock) XTAL 2.
7. Pin 19 (XTAL 1) sebagai pembangkit ossilator (clock) XTAL 1.
8. Pin 31 ( EA/VPP) berfungsi sebagai VCC +5 Volt.
9. Pin 20 (GND) berfungsi sebagai ground.
Mikrokontroller pada alat ini tidak dapat bekerja sendiri sehingga masih
membutuhkan komponen-komponen pendukung lain, komponen-komponen
tersebut saling berhubungan secara hardware dan juga sofware. Rangkaian

mikrokontroller dapat dilihat pada gambar dibawah ini:
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Gambar 3.3. Rangkaian Mikrokontroller AT89S51

Sumber : Perancangan

3.3.1. Minimum Sistem AT89S51

Mikrokontroller AT89S51 dirancang untuk dapat berdiri sendiri, karena
sudah terdapat 4 Kbytes PEROM (Programmable and Erasable Read Only
Memory), 128 x 8 bit RAM internal, 32 Programmable I/0, dan terdapat dua 16
bit timer/counters. Dari fasilitas-fasilitas tersebut dapat memfungsikan
mikrokontroller AT89S51 untuk bekerja dalam single chip, maksudnya dengan
sebuah mikrokontroller saja sudah dapat mengontrol kerja dari keseluruhan
sistem. Dalam perancangan ini digunakan 1 buah mikrokontroller AT89S51.

e ALE/PROG
Pulsa ALE (Address Latch Enable) hanya digunakan untuk akses ke

eksternal memori. Sedangkan PROG digunakan untuk input program
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selama program Flash memori. Karena dalam perancangan ini
menggunakan single chip maka untu pin ALE/PROG tidak digunakan.
PSEN

Program Strobe Enable berfungsi membaca strobe ke program memori
eksternal. Untuk itu PSEN tidak digunakan.

EA/Vpp

Logika yang diberikan pada pin ini menunjukkan kerja dari
mikrokontroller AT89S51. Pin ini dihubungkan ke VCC karena pada
perancangan ini tidak memanfaatkan memori eksternal.

XTAL1 dan XTAL2

Kecepatan proses yang dilakukan oleh mikrokontroller ditentukan oleh
sumber clock (pewaktu) yang dikendalikan oleh mikrokontroller tersebut.
Untuk mendapatkan clock pada 'mikrokomroller, maka digunakan pin
XTAL1 dan XTAL2 yang dihubungkan dengan sebuah kristal yang sudah
terancang dan tersedia di dalam chip AT89S51. Besar XTAL yang
digunakan adalah 11,059 MHz dan kapasitansmya sebesar 30 pf yang
sesuai dengan spesifikasi pada data sheet AT89S51 dengan frekuensi
pewaktu berdasarkan kebutuhan dan kecepatan waktu pelaksanaan

mtruksi. Untuk menjaga kestabilan clock, maka ditambah 2 buah kapasitor

seperti pada gambar dibawah ini:
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L i XTALZ
L]
B i
GHND
Gambar 3.4, Rangkaian Clock i

e Reset
Untuk melakukan reset sistem pada mikrokontroller vaitu untuk
mengawali eksekusi program pada alamat paling rendah vang dapat
dimanfaatkan pin reset yang ada pada mikrokontroller. Pin 9 dihubungkan
dengan rangkaian reser rangkaian ini diharapkan agar dapat mempunyai
kemampuan power ON Reset, yaitu Reset terjadi saat power diaktifkan.

Dibawah ini adalah adalah rangkaian reset :

10k

Gambar 3.5. Rangkaian Reset !

3.4. Pembaca Kartu Magnetik

Keluaran dari pembaca kartu magnetik ini merupakan hasil olahan dari
decoder F/2F yang terpasang pada pembaca kartu magnetik. Pada pembaca kartu
magnetik ini sebenarnya terdapat 3 jenis keluaran yaitu track 1, 2 dan 3. tetapi

dalam tugas akhir ini hanya digunakan track 3 sebagai acuan, schingga hanya



hanya 3 jalur dari ke 9 jalur keluaran pembaca kartu magnetik yang digunakan.
Sinyal keluaran dari magnetik card reader ini kompatibel dengan TTL sehingga
dapat langsung dihubungkan ke port Mikrokontroller yaitu serial sinkron. Data

yang dikeluarkan berupa kode ASCII.

Gambar 3.6. Pembaca kartu magnetik

3.5. Rangkaian Sensor Infra Merah.
Dalam perancangan ini infra merah sebagai pemancar dan photodioda

sebagai penerima cahaya dari infra merah yang diteruskan ke mikrokontroller.

5y

AN
4K7

N

— s>

1k )
> 0k

Gambar 3.7. Rangkaian Sensor

Sumber : Perancangan

3.6. Perancangan Driver (Optocoupler).
Rangkaian ini berfungsi untuk menyambung dan memutuskan rangkaian

yang ada diluar mikrokontroller, yaitu motor penggerak palang pintu masuk dan
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motor penggerak palang pintu keluar. Rangkaian driver ini digambarkan sebagai

berikut :

3V 12V

Gambar 3.8. Driver Motor Stepper

Sumber : Perancangan

Motor stepper yang digunakan disini adalah motor stepper jenis Unipolar.
Motor disini digunakan unfuk proses membuka dan menutupnya palang pintu
masuk dan palang pintu keluar. Pada proses pengaturan motor sfepper dikonirol
oleh software vang pengkalibrasiannya secara manual.

Mengacu pada gambar rangkaian diatas agar led dapat memancarkan sinar
maka diperlukan arus (Ip) sebesar 20 mA dan tegangan (V) sebesar 1,5 volt
sehingga dapat dihitung nilai R sebagai berikut :

Vel g pg=27B Sy
1, 20.10°

Ry

Dalam hal ini resistor yang digunakan adalah 175 Q. Karena resistor 175 Q yang
tidak ada dipasaran, maka digunakan resistor 330 Q. Sedangkan untuk resistor
pada phototransistor adalah sebagai berikut :

Diketahui arus yang diperlukan pada phototransistor (Ip) sebesar 0,5 mA, maka

T
- Jee 3 R=—2_ =10kQ
i 0,5.10
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Pada kondisi dari sumber cahaya terhalang maka phototransistor akan cut off,
sehingga tidak ada arus kolektor yang mengalir yang mengakibatkan tegangan
output Vo = Vi, sebaliknya jika ada cahaya yang mengenai permukaan
phototransistor maka phototransistor akan aktif sehingga ada arus yang mengalir

dari tegangan Vo = Vg (sery = 0,2 Volt.

3.7. Perancangan Rangkaian LCD

Berdasarkan User Manual LCD M1632 buatan Seiko Instruments Inc, pin
1 (Vss) terhubung dengan OV (Ground), pin 2 (Vcc) dengan +5V £10%, pin 3
(Vee) dengan tegangan variabel antara OV sampai 5V untuk mengatur kontras
tulisan, pin 4 (RS) untuk memilih antara register data atan register instruksi
(O=instruksi, 1=data), pin 5 (R/W) untuk proses tulis atau baca (O=tulis, 1=baca),
pin 6 (E) untuk memberikan sinyal enable, pin 7 sampai dengan pin 14 (DB0
..DB7) untuk bus data LCD, pin 15(V+BL) dan pin 16(V-BL) untuk power supply
LED penghasil cahaya belakang (back light) yang besarnya antara +4V sampai
dengan +4,2V. Terlihat bahwa hanya terdapat dua buah pin yang harus level
logikanya diubah-ubah yaitu pin 4 (RS) dan pin 6 (E). Selain itu juga pin-pin bus
data harus menerima data karakter atau instruksi. Karena itu, rangkaian modul
LCD M1632 dapat dirancang seperti Gambar 3.11. Pada pin 15 dipasang dioda
dalam umpan maju dengan tujuan untuk menurunkan tegangan catn +5V menjadi
+4,2V (drop tegangan dioda sebesar +0,8V), sehingga memenmhi persyaratan
yang ditentukan.
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LCD DOT MATRIE
2 x 16 Earakte Type M1632
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pe G
-

Gambar 3.9. Modul LCD M1632

Sumber: Perancangan

3.8. Perencanaan dan Pembuatan Perangkat Lunak

Untuk mendukung agar perangkat keras berfungsi seswai dengan
perencanaan, maka diperlukan perangkat lunak sebagai penunjangnya. Untuk
mengatur dan mengendalikan keseluruhan sistem perangkat keras yang telah
dibuat, harus dibantu dengan perangkat lunak.

Sistem aplikasi Mikrokontroller AT89S51 yang terintegrasi dengan PC ini
dapat mengatur dan mengendalikan keseluruhan sistem apabila ada urutan

nstruksi yang mendefinisikan secara jelas urutan tugas yang harus dikerjakan.

VX
l COM 1
i i 1
1 Cle voo e

Ve GHD

3

= o T100T

+—{ C2 RUIN

| —1 & RI OUT
— " Tnm

Je— TZOUT T2

n;r— ¥ mw  mouT

RS 232

Gambar 3.10. Rangkaian RS 232

Sumber : Perancangan
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Urutan instruksi ini sangat penting untuk didefinisikan, karena
mikrokontroller bekerja secara pasti berdasarkan urutan instruksi ini, susunan
logika perancangan yang salah tidak dapat diketahui oleh mikrokontroller. Selama
mstruksi yang diterima sesuai dengan aturanmya, mikrokontroller tetap
mengerjakan instruksi tersebut.

Kesalahan seperti ini baru diketahui ketika kerja sistem aplikasi tidak
sesuai dengan spesifikasi awal. Sebuah mikrokontroller tidak akan bekerja bila
tidak diberikan program kepadanya. Program tersebut memberitahukan apa yang
harus dilakukan oleh mikrokontroller.

3.8.1. Flowchart Registrasi

S
I Y
Ada di Y Tampilan
mmaasb" BuzzerOn |~ -gydan terdaftar”
\\" - e
.
isi data Y isi data
\gasistraﬂ) {registrasi)

5 e

Gambar 3.11. Flowchart registasi

49



3.8.2.

Flowchart Sistem Parkdr

Inisigisasi
T |
Baca dita
card reader
Adap;h\a\ T Tampian
kartis 7 :\“ “Balum terdaftar”
., (;/
Ada & T
é&n?] Buzzer On
\\‘ P
Y
T cum:.\ Y
Masuk ?
- l
N’
. /'“\,\
status >
T oy Proses koker > >
. =0 =0
T I
Status Status proses Status proses Status proses
Masuk =0 masuk = 1 ketuar = 1 keluar =0
[
A
T, Cek Saido Simpan
Buzzor On >mm> wakin kekar
"»»IY
A
Tampian “Saldo’ - Palang fkeluar)
“Saldo tidak culap® ‘bea parkir
Tarmpiisn “Sisa scldo™ /\\
Updste DataBaso |m'm7\HY Petangfiokmay | |
Stmpan ‘waktu masuk® ‘\ o menukp
f"’l’t
y
Padang (mawsk] Hiung wakty
membuln 10 datik
|___| Polang fmasaky Y swm\
menutup Jowat sensor 2
\\
T
Hitung wakiu
10 detik

Gambar 3.12. Flowchart sistem parkir
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Prinsip Kerja Sistem
+ Kartu digesekkan pada magnetic card reader.
< Jika belum ada dalam database maka buzzer akan aktif (on) dan LCD akan
menampilkan karakter yang sudah diprogram (contohnya: “Belum Teradftar™).
«# Jika sudah ada dalam database maka software akan memeriksa status laporan.
=  Jika status kartu sama dengan O artinya kendaraan belum masuk (out),
maka software akan memeriksa saldo, apakah lebih besar dan bea parkar.

o Jika saldo lebih besar dari bea parkir, maka software akan mengurangi
saldo dengan bea parkir, LCD menampilkan sisa saldo, secara otomatis
software meng-update saldonya saja pada database dan mencatat
dilaporan yaitu nama, NIM, nomor plat, sisa saldo dan waktu masuk.
Palang pintu (masuk) membuka.

- Sensor (masuk) mendeteksi kendaraan yang lewat, jika kendaraan
sudah melewati sensor maka palang (masuk) menutup, jika belum
lewat dalam waktu 10 detik maka palang (masuk) tetap akan
menutup yang disertai dengan alarm.

o Jika saldo < bea parkir, maka buzzer akan aktif (on) dan LCD akan
menampilkan karakter pada LCD (contohnya: “Saldo tidak cukup™).
Palang pintu tidak akan membuka.

= Jika status kartu sama dengan 1 artinya kendaraan sudah masuk (in), maka
software akan mencatat (waktu keluar) dilaporan. Palang pintu (keluar)

membuka.
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Sensor mendeteksi kendaraan yang lewat, jika kendaraan sudah
melewati sensor maka palang (keluar) menutup, jika belum lewat
dalam waktu 10 detik maka palang (keluar) tetap akan menutup
disertai dengan alarm. Sama dengan seperti pada saat melalui pintu

masuk.
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BAB IV

PENGUJIAN ALAT

Dalam bab ini membahas pengujian perangkat keras dan perangkat lunak
sistem yang dirancang apakan telah berfungsi sebagaimana spesifikasi yang
fiingin]

4.1. Pengujian Modul Magnetic Card Reader
Dari penggesekan kartu magnetik yang dilakukan, dapat diketahui data yang
berada didalamnya, berikut ini adalah data setelah kartu magnetik digesekkan.
60100425304296=0712101
Data yang diperoleh dari kartu magnetik ini adalah data biner dengan output
dalam bentuk karakter ASCII sehingga dapat langsung dipakai sebagai data input
oleh PC.

4.2. Pengujian Rangkaian Infra Red dan Photodioda
Tujuan dari pengujian ini adalah untuk mengetahui respon rangkaian apabila
terlewati halangan atau tidak pada saat palang membuka. Peralatan yang
digunakan adalah :
e Multimeter
¢ Rangkaian Infra Red dan Photodioda
e Logic probe

e Power suply



Langkah pengujian : dengan menggunakan logic probe, maka didapatkan output
dari photodioda, apabila pada saat mikrokontroller membuka palang pintu,
pancaran dari led infra red langsung mengenai photodioda dan apabila ada
kendaraan yang lewat maka pancaran dari led infra red akan terhalangi, saat itu
juga palang pintu akan menutup.

Tabel 4.1. Hasil Perbandingan Antara Pengukuran dan Perhitungan

Rangkaian Sensor Infra Merah
Vout
Benda Penghalang Error (%)
Perhitungan | Pengukuran
Tangan 5 4,84 3,20
Kertas 5 4,64 7,20
Besi 5 4.85 3,00
Kain 5 4,18 16,40
Plastik tipis 5 4,53 9,40
Plastik tebal 5 4,84 3,20
Plastik transparan 5 2,45 51,00
Kresek plastik 5 3,42 31,60
Karet 5 4,85 3,00
Kayu 5 4,85 3,00

Kondisi tegangan pada sensor photodioda ketika terhalang :

_ Vphoto(perhitungan) — Vphoto( pengukuran)
Vphoto( perhitungan)

x 100 %

Error Vepoto
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Error rata-rata = JumlahError x 100 %

BanyaknyaPercobaan

= El—x 100% = 13,1%
10

4.3. Pengujian Motor Stepper

Penggerak palang pintu ini terdiri dari 2 buah motor stepper yang
membutuhkan tegangan 12 volt yang dikendalikan oleh rangkaian Optocoupler
tipe 4N25 sebanyak 4 buah untuk satu motor stepper dimana datanya diperoleh
dari Mikrokontroller. Satu step putarannya membentuk sudut 15°.

Tabel 4.3. Hasil pengujian motor stepper

OUTPUT

(Palang Motor Stepper)

berputar ke kanan

sebesar 15°

Berputar ke kiri

sebesar 15° x 4 = 60°
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Kondisi tegangan pada output driver motor stepper :

_ Vmotor(perhitungan) — Vmotor(pengukuran) x 100 %
= 0

Error V
motor Vmotor( perhitungan)

_12-1189

x100% =0,92%
12

Error Vmotor

4.4. Pengujian Sistem Keseluruhan
Pada pengujian sistem ini, peralatan yang digunakan adalah sebagai berikut :
e Sistem lengkap beserta PC dengan sistem operasi Windows XP.
e Penghalang sensor infra merah.
e Kartu magnetik beserta magnetic card reader terkoneksi dengan PC.

e Miniatur sistem parkir terkoneksi dengan PC .

4.4.1. Tampilan Utama

e  Operator menghidupkan power pada miniatur sistem parkir.

e Operator menghidupkan PC.

e Operator membuka program “Parkir Prabayar”.
Saat pertama kali menjalankan program “Parkir Prabayar”, akan muncul tampilan
seperti berikut :

o Klik Edit = Tarip Parkir, isi form tersebut dengan angka 400, klik OK.
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Siatom Parkic TTH

SISTEM PARKIR ITN MENGGUNAKAN MAGNETIC CARD !

MONITORING PELAYANAN PARKIR ITN [ DiayaParkir: Ap. 400
NIM ‘Nama Cex IN Cek OUT Saido

|= e AR e, etk PNTUMASUR O | @BUra PNTUKELUAR @mup} 7 Semlnﬁl |
ol

Gambar 4.1. Form tampilan utama dan form tarip parkir.

4.4.1.1.Registrasi (Entry Data)
Langkah-langkah pengujian form registrasi :
e Gesekkan kartu magnetik pada magnetic card reader dengan mengklik

Registrasi Baru, sehingga muncul tampilan form dibawah ini :

Repistrasi

Gesekkan Kartu Maghnetic Anda

W satal

Gambar 4.2. Form registrasi (data dari kartu magnetik).
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e Jika telah terdaftar akan muncul tampilan berikut:

No Registrasi Kartu Anda Telah Terdaftar 1.

Gambar 4.3. Form tampilan ‘telah terdaftar’

e Setelah digesekkan, secara otomatis akan tampil form berikut:

SRR hG

e e

Gambar 4.4. Form registrasi pelanggan

e Isi data dan klik OK, maka data akan tersimpan di database.

4.4.1.2.Masuk Parkir
Langkah-langkah pengujian memasuki lahan parkir :
e Gesekkan kartu magnetik ke magnetic card reader.
e Pada saat kendaraan dengan kartu magnetik yang datanya tersimpan dalam
database, statusnya belum masuk dan saldonya masih mencukupi, maka

akan muncul tampilan sebagai berikut :
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Sistern Parkie 1TH
Fie Edk Ino

SISTEM PARKIR ITN MENGGUNAKAN MAGNETIC CARD

MONITORING PELAYANAN PARKIR ITN [ BisyaParkir:Rp 400 |
NIM Nama Cek IN J cekout Saldo
0117058 03-10-2006 Jam(07:02: 44 | 600

CEK IN

NIM : 0117068 |
NAMA : AFIV NOER AZHARI |

Saldo Saat Ini : Rp. 600 |

S & Y e e e I
Ploghiias ol Dalla Bociokiad Arsp ok | @ BUKA PINTUMASUK 0 UTOPR | | @BUKA  PINTURELUAR () TUITUR I TR r

Ced |

Gambar 4.5. Form sistem parkir saat pelanggan masuk parkir.
e Saldo dikurangi Rp. 400,- sisa saldo ditampilkan pada monitor dan LCD.
e Palang pintu masuk membuka sebesar 90°.
e Gerakkan penghalang sebagai kendaraan yang melewati sensor palang
pintu masuk sehingga palang pintuk masuk dapat menutup secara

otomatis.

4.4.1.3.Keluar Parkir
e Gesekkan kartu magnetik ke magnetic card reader.
e Pada saat kendaraan dengan kartu magnetik yang datanya tersimpan dalam
database dan statusnya “1” (in/sudah masuk), maka palang pintu keluar

membuka.
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2 Sistam Parkir ITN
Fia Edet Info

SISTEM PARKIR ITN MENGGUNAKAN MAGNETIC CARD

MONITORING PELAYANAN PARKIR ITN aya [ Ey
NIM Nama Cok IN | cek ouT Saldo
0117088 08-10-2005 Jam14:35:39 | 08-10-2006 Jam14:35:07 [600

 NIM : 0117068

NAMA : AFIV NOER AZHARI |

Sisa SALDO = Rp. 600

2> > b

. RegstrasiBan Daftar Rogistrasl  Ausip Parkit

.,ausA HNruMsuK@wTUPH @ BUKA PINTUKELUAR () TUTLP Sca

Gambar 4.6. Form sistem parkir saat pelanggan keluar parkir.

e Gerakkan penghalang sebagai kendaraan yang melewati sensor palang

keluar sehingga secara otomatis palang pintuk keluar menutup.

4.4.1.4.Pengisian Saldo

e Jika saldo tidak cukup untuk masuk parkir maka pada LCD akan tampil

“Maaf ! Saldo anda tidak cukup”.

e Klik Edit = Refil Saldo, maka akan muncul tampilan berikut :

_REFILLSALDO |

NIM - :[0117068
NAMA :[ AFIV NOER AZHARI |

SisaSaldo [ 600
TembshSaido : [l0O0

Tatal Saldo

| 1600 |
@ upaste @ Baal

Gambar 4.7. Form pengisian saldo
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e [si NIM-nya, secara otomatis akan mencari di database yaitu menampilkan
nama dan sisa saldo. Jika NIM tersebut tidak ada dalam database maka
form tersebut tidak tampil apa-apa.

e Ketik nominal yang akan ditambahkan, maka total saldo tertambahkan

otomatis. Klik #pdate maka akan database akan di-update.

4.4.1.5.Pemblokiran Kartu

e Klik Edit = Blokir Kartu, maka akan muncul tampilan berikut:

___ BLOKIR KARTU

N (0117088

NAMA :| AFIV NOER AZHARI |

|  [BLOKIR FARTU) |
@ Oke @ Batal

Gambar 4.8. Form blokir kartu
e Isi NIM-nya, secara otomatis akan mencari di database yaitu menampilkan
nama. Jika NIM tersebut tidak ada dalam database maka form tersebut
tidak tampil apa-apa.
e Beri tanda pada blokir kartu, klik OK. Data tersebut tidak akan diproses
pada saat kartu magnetik tersebut digesekkan dan akan tampil “Maaf!

Kartu anda sudah di blokir” pada LCD.
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BAB V

KESIMPULAN

5.1. Kesimpulan

Selama dalam perencanaan dan pengujian sistem parkir prabayar
menggunakan kartu magnetik berbasis Mikrokotroller AT89S51 yang telah
dibuat, maka dapat ditarik kesimpulan antara lain :

1. Data output yang ditampilkan PC dari kartu magnetik yang digesekkan
dengan kecepatan sekitar 10 cm/s tidak ada perbedaannya jika
digesekkan dengan kecepatan sekitar 300 cm/s. Hal ini dikarenakan
percepatan gesekannnya konstan.

2. Pada pengujian rangkaian sensor infra merah, besi, karet dan kayu
merupakan penghalang yang paling baik karena terdapat adanya error
paling kecil yaitu pada Vpperodioda S€besar 3 %.

3. Pada pengujian rangkaian driver motor stepper terdapat adanya error
yaitu pada Vpoior sebesar 0,92 %.

4. Tampilan dari software yang dijalankannya tidak pernah mengalami
kesalahan selama pengujian, baik dalam menampilkan NIM, Nama,

waktu masuk, waktu keluar maupun sisa saldo.



5.2. Saran-saran

1.

Dalam penerapan alat ini dalam kehidupan sesungguhnya, sebaiknya
dirancang suatu kondisi dimana magnetic card reader berada dalam
keadaan terlindungi dari panas matahari dan hujan. Agar dapat menjamin
alat bekerja dengan baik dan tahan lama.

Sensor infra red sebaiknya dirancang dengan sensitifitas yang tinggi
karena cahaya dari luar berpengaruh buruk terhadap sensor ini.

Driver yang digunakan untuk menggerakkan palang pintu ini hanya
simulasi, apabila diterapkan dalam kondisi yang sebenarnya maka driver
harus disesuaikan.

Motor yang digunakan pada palang pintu disini hanya simulasi, jadi
apabila ingin digunakan pada kondisi yan sebenarnya maka perlu adanya
penyesuaian torsi, kecepatan, keamanan dan ketahanan.

Kestabilan alat ini akan lebih baik jika menggunakan komponen-
komponen yang berpresisi tinggi dan berkualitas baik.

Pada penerapannya, sebaiknya disediakan pula tempat parkir untuk

umum sehingga dapat mengunjungi kampus.
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READY EQU OF0H

MOTOR1BUKA EQU OF1H
MOTOR1TUTUP EQU OF2H
MOTOR2BUKA EQU OF3H
MOTOR2TUTUP EQU OF4H
NOTREG EQU OFSH
HBEADER EQU OF6H
ENDPOIN BQU OF7H
BLOKIR BQU oPsH
GACUKUP EQU OF9H
DATA_IN EQU OFAH
DATA_OUT BEQU OFBH
CBK_CLOCK BQU OFCH
STATUS BIT 20H.0
SWITCH MASUK BIT P3.4
SWITCH_RELUAR BIT P3.5
SEN3OR_IN BIT P3.2
SENSOR_OUT BIT P3.3
;*t*tttttttt!"lsm moRy Lth****t**i*ti*lr
LCD_RS BIT P3.7
LCD_EN BIT P3.6
TULIS EQU 304 7 JUMLAH KARAKTEBR LCD
POSISI BQU 31H
KARAKTER EQU 32H
ORG 00H
LIMP START
ORG 231
LIMP CEK_DATA
;*i*t*tt*t Inisialisasi mn I3 322223322222 X3 %)
ORG 100H
START: SETB EA
SETB STATUS
Mov THMOD, #20H
MoV TH1, §0FDH
MoV SCON, #50H
SETB TR1
SETR ES
CALL LDELAY
MoV A, #03Fh ;FUNCTION SET LCD
CALL INSTRUKSI_LCD
CALL INSTRUKSI_LCD
CALL DELAY
MoV A, #0Ch ;ON/OFF CONTROL, CURSOR
CALL INSTRUKSI_ICD
MoV A, §06h
CALL INSTRUKSI_LCD
Mov A, #01h ;CLEAR DISPLAY
CALL INSTRUKSI_LCD
MoV A, §0ch
CALL INSTRUKSI_LCD
CALL DELAY
MOV DPTR, 4COBA
CALL DISPLAY
CALL LOELAY
CALL LDELAY
CALL DISPLAY
CALL LDELAY
CALL LDELAY
CALL DISPLAY
CALL LDELAY
CALL LDELAY
NORMAL: MoV DPTR, $AWAL
CALL BARISA
CALL BARLSB
CALL BUKR_PINTU_MASUK
CALL BUKA. PINTU_KELUAR
CALL TUTUP_PINTU_MASUK
CALL TUTUP_PINTU_KELUAR
CEKING: JB SENSOR_IN, C52
Mov A, #DATA_IN
CLR ES
CALL SEND
SETB ES
CALL DELAY

JNB SENSOR_IN, $



Cs2:

TUTUP_PINTU MASUK:
CLOSE1:

TUTUP_PINTU_KELUAR:
CLOSE2:

BUKA PINTU_KELUAR:
10P2:

OKES:

BUKA_PINTU_MASUK:
LOP1:

CEKSWZ:

PINTU_MASUK_TUTUP:

PINTU_MASUK_BUKA:

PINTU_KELUAR_BUKA:

PINTU_KELUAR TUTUP:

CLR
CALL
SETB
3JMP
Mov

DJINZ
RET

Mov

DINZ
RET

JNB
CALL

REBT

MoV

MoV
CALL
Mov

Mov

Mov
RET

MoV
€aLL
MoV
CALL

CALL
MoV

MOV

DJINZ
DJNZ
RET

CLR
PUSH
MoV

CJINE
CLR

SENSOR_OUT, CEKING
A, §DATA_OUT

ES

SEND

ES

DELAY
SENSOR_OUT, $
CEKING

POSISI, #15
PINTU_MASUK TUTUP
POSISI,CLOSEl

POSISI, #15
PINTU_KELUAR_TUTUP
POSIST, CLOSEZ

SWITCH_KELUAR, OKES
PINTU_KELUAR_BUKA
SWITCH_KELUAR, LOP2

SWITCH_MASUK, CEKSW2
PINTU_MASUK_BUKA
SWITCH MASUK, LOP1

P2,#11110111B
TUNDA
P2,$11111011B
TUNDA
P2,#11111101B
TUNDA
P2,#11111110B
TUNDA

PZ, $0FFH

P2,#11111110B
TUNDA
®2,#11111101B
TUNDA
P2,411111011B
TUNDA
P2,#11110111B
TUNDA

P2, #0FFH

P2,#01111111B
TUNDA:
P2,#10111111B
TUNDA
P2,#11011111B
TUNDA
P2,#11101111B
TUNDA

B2, $#0FFH

P2,#11101111B
TUNDA
P2, $110111118
TUNDA
P2,$101111118
TUNDA

P2,#01111111B
TUNDA
B2, §0FFH

R6, #80
R7 :'$
R6,TND

ES

ACC

RI,$

RI

A, SBUF

STATUS, CK1

A, #ENDPOIN, CEKIN
A



CEKIN:

ISI:

CKl:

CK2:

CK3:

CKa:

CK5¢

CKNR:

CKAR:

BLK:

GCK:

TAMRIL CEK_IN:

Mov
SETB
CALL

CJNE
CLR

3ETB

Mov
INC

CALL

pop
SETB
RETI

@RO,A

STATUS
TAMPIL_SALDO

ouT

A, §CEK_CLOCK, ISI
A

@RO,A

STATUS

TAMPIL CEK_IN

ouT

GRO,A

RO

ouT

A, §READY, CK2

DPTR, $AWAL

BARISA

BARTSE

SEND

oUT

A, $MOTORLBUKA, CK3
BUKA_PINTU_MASUK
ouT

A, $MOTOR1TUTUP, CK4
TUTUP_PINTU_MASUK
ouT

A, 4MOTOR2BUKR, CKS
BUKA_PINTU_KBLUAR
oUT

A, #MOTOR2TUTUP, CKNR
TUTUP_PINTU_KELUAR
ouT

A, INOTREG, CKAR
DPTR, #NOT_REGISTER
BARISA

BARISB

oUT

A, 8HEADER, BLK
STATUS

RO, §KARAKTER

ouT

A, §BLOKIR, GCK
DPTR, 4BLOK

BARISA

BARISB

ouT

A, #GACUKUP, OUT
DPTR, #GAK_CUKUP
BARISA

BARISB

acc

ES

DPTR, #CEK_IN
BARISA
BARISB

A, §88H
INSTRUKSI_LCD
RO, §KARAKTER
A, R0
DATA_LCD

RO

R, 8RO
DATA._LCD

RO

A, #8DH
INSTRUKSI_LCD
A, QRO
DATA_LCD

RO

A, @RO
DATA_LCD

RO

A, #0COH
INSTRUKSE_LCD
A, 8RO

A, #0,1CD

DATA_1CD
RO
Loor3

DPTR, #SALDO
BARISA
BARISB

A, #0C3H

;ISI DATA SALDO

;POSIST JAM

;POSISI MENIT

;POSISI NIM



CALL INSTRUKSI_LCD

Mov RO, #KARAKTER
LOOP2: MOV A, BRO
CINE A, $0, TLCD
RET
TICD: CALL DATA_ICD
INC RO
JMP LOOP2
SEND: Mov SBUP, A
JNB TI,$
CLR TI
RET
DELAY: Mav R7, 8150
DELAY1l: MOV RS, #50h
DJINZ RS, $
DJINZ R7,DELAY1
RET
LDELARY: MOV R2, 8040k
LDL: CALL DEIAY
DJINZ R2,LD1
RET

Routine untuk menulis instruksi ke LCD

~ % N

INSTRUKSI_LCD: CLR ICD_RS
SETB LCD_EN
MOV PO,A ;intruksi ke LCD
CLR ICD_EN rmodule
SETB 1CD_EN
DJNZ R7,$
DJINZ R7,$
RET

Routine untuk menulis data ke LCD

. S Ne

DATA_LCD: SETB ICD RS
SETB LCD_EN
Mov RO, A ;data ke LCD
CLR LCD_EN ;module
SETB LCD_EN
DJINZ R7,$
DJNZ R7,$
RET
DISPLAY: CALL BARISA
CALL BARISE
RBT

?

smenuliskan text judul di ICD atas

7

barisa: mov TULIS, #16 i tulis pada baris 1 sebanyak 16 char
mov A, #80h ; mulai dari kiri atas
acall INSTRUKSI_LCD
tulisl: clr A
move A, @A+DPTR
Inc DPTR
acall DATA_1CD
dinz TULIS, Tulisl
ret

menuliskan data dari ram terima
ke LCD baris 2 sebanyak 16 alamat

St we

barisb: mov TULIS, #16 ¢ tulis pada baris 2 sebanyak 16 char
mov K, #0COh ; mulai dari kiri bawah
acall INSTRUKSI_ICD
tulis2: clr A
move: A,-@A+DPTR
INC DPTR
acall DATA_ICD
dijnz TULIS,Tulis2
ret
COBA: DB 'TUGAS AKHIR 2006'
DB * ITN Malang 4
DB ' Disusuti Olél : T
DB 'Afif '
DB '~-— LOADING --- '



AWAL:

NOT_REGISTER:

SALDO:

GAK_CUKUP:

BLOK:

CEK_IN:

' Silahkan Gesek °'
' FKartu Anda !

'Maaf! Nama Anda '
'Tidak Terdaftar.'
‘Sisa SALDO Anda:”
rRﬁ- *

‘Maaf! Saldo Andax’
'Tidak Cukupresso’!
'Maaf! Kartu Anda'
*Sudah di BLOKIR.'

'CEK IN : !
t



it Unitl;
.nterface

1ses
Windows, Messages, Sy=sUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, Menus, ImgList, ComCtrls, StdCtrls, Grids, Buttons, jpeq,
ExtCtrls, REGISTRY, CPort;

ype
TForml = class{TForm)
Panell: TPanel;
StaticText2: TStaticText;
Panel3: TPanel;
Imagel: TImage;
StringGridl: TStringGrid;
Memol: TMemo;
Panel2: TPanel;
Imaged: TImage;
SpeedButtonl: TSpeedButton;
StatusBarl: T5tatusBar;
Panel4: TPanel;
ImageListl: TImageList;
MainMenul: TMainMenu;
Filel: TMenultem;
Openl: TMenultem;
Simpanl: TMenultem;
SetupPrinterl: TMenultem;
Exitl: TMenultem;
Editl: TMenultem;
Infol: TMenultem;
Programmerl: TMenultem;
SpeedButton2: TSpeedButton;
Edit2: TEdit;
Labell: TLabel;
Timerl: TTimer;
arifParkirl: TMenultem;
ComPortl: TComPort;
Timerz: TTimer;
SpeedButton3: TSpeedButton;
RefikkSaldol: TMenultem;
MemoZ: TMemo;
proses: TMemo;
Panel5: TPanel;
Image2: TImage;
Timer3: TTimer;
Panelé: TPanel;
SpeedButtond: TSpeedButton;
SpeedButtond: TSpeedButton;
Panel?: TPanel;
SpeedButtoné: TSpeedButton;
SpeedButton?: TSpeedButton;
Timerd: TTimer;
BlokirKartul: TMenultem;
Memo3: TMemo;
Panel8: TPanel;
procadure FormCreate(Sender: TObject);
procedure SpeedButtonlClick(Sender: TObject);
procedure TimerlTimer (Sender: TObject);
procedure SpeedButton2Click(Sender: TObject);
procedure arifParkirlClick (Sender: TObject):
procedure EditZKeyPress(Sender: TObject; var Key: Char);
procedure Timer2Timer (Sender: TObject);
procedure RefikkSaldolClick(Sender: TObject);
procedure Timer3Timer (Sender: TObject);
procedure SpeedButton3Click(Sender: TObject);
procedure FormShow (Sender: TObject);
procedure ProgrammerlClick(Sender: TObject);
procedure ComPortlRxChar (Sender: TObject; Count: Integer);
procedure SpeedButton4Click (Sender: TObject);
procedure SpeedButton5Click (Sender: TObject);
procedure SpeedButton6Click(Sender: TObject});
procedure SpeedButton7Click(Sender: TObject);
procedure Timer4Timer {Sender: TObject);
procedure BlokirKartulClick (Sender: TObject);



privats

{ Privakte declarations |
public

| Public declarations }
end;

onst
‘eady=3£0;
Jopen=35£1;
lclose=5£2;
2open=5£3;
2close=5f4;
wtreg=5$£5;
wader=$£6;
mdpoin=5£7;
slokir=5£8;
akcukup=5£9;
lata_in=$fa;
lata_out=$£b;
wzkclock=$£c;

ax
Forml: TForml;
namafile, namafileZ,blockfile: string;
money, counter, hitung, posisi:integer;
MASUK : BOOLEAN;

mplementation

ses Unit2, Unit4, Unitb, Unité, Unit7, Unit8, Unitd;
SR *.dfm}

rocedure TForml.FormCreate{Sender: TObject);
AR REG:TREGISTRY;

egin
counter:=1;
memol . Hide;
memo?2 . Hide;
mesno3. Hide;
proses.Hide;
stringygridl.ColWidths([0]:=160; //no
stringgridl.ColWidths[1]:=210; / /nama
stringgridl.ColWidths[2]:=170; //cek in
stringgridl.ColWidths{3]):=170; //cek out
stringqridl.ColWidths[4):=200; //zaldo

atringgridl.Cells[0,0):=' NIM ';
stringgridl.Cells|1,0]:=" Nama ';
stringgridl.Cells[2,0):="' Cek IN*;
stringgridl.Cells(3,0):=' Cek OUT';
stringgridl.Cells[4,0):=" Saldo ';

SPEEDBUTTONS.Enabled:=FALSE;
SPEEDBUTTON? . Enabled:=FALSE;

namafile:=ExtractFilePath (Application.ExeName)+'update.itn';
namafile?:=ExtractFilePath {Application.ExeName)+'arsip.itn’;
blockfile:=ExtractFilePath{Application.ExeName)+'block.itn’;
try

mexol . Lines.LoadFromFile (namafile) ;

memol.Lines.SaveToFile (namafile) ;

proses.Lines.LoadFromFile (namafile?);

proses.Lines.SaveToFile (namafile2);

Lry

memo3.Lines.LoadFromFile (blockfile);
except

nmemo3.Lines.SaveToFile{blockfile);
end;



try
memoZ.Lines.LoadFromFile (extractfilepath (application.ExeName)+ 'proses.tmp');
except.
memo?2.Lines.LoadFromFile (extractfilepath (application. ExeName)+ 'proses.tmp’};
end;

reg:=tregistry.Create;
reqg.RootKey:=HKEY CLASSES ROOT;
if reg.OpenKey ('Recnot\itnsoft\tts’,true) then

begin
try
req.ReadInteger(’'registrasit);
except
reg.Writelnteger (*BIAYA®,0);
reg.WriteString('serie', *SISTEM PARKIR');
req.WriteString('Prog’, "AFIF ITN');
reg.CloseKey;
exit;
end;
money :=rex). ReadInteger (*registrasi'®);
reg.Free;
panel8.Caption:="Biaya Parkir : Rp. '+inttostr(money);
end;

nd;

rocedure TForml.SpeedButtonlClick (Sender: TObject);
egin
timerl.Enabled:=false;
form2.show;
forml.Hide;
form2.Editl.Text:="";
form2.labell,Caption:="Gesekkan Kartu Maghnetic Anda’;
form2.editl.5elLength:=1;
form2.editl.SelStart:=0;
nd;

rocedure TForml.TimerlTimer (Sender: TObject);

egin
edit2.SetFocus;
nd;
rocedure TForml.SpeedButtonzClick (Sender: TObject);
eqin
formd. show;
forml.Hide;
timerl.Enabled:=false;
nad;
rocedure TForml.arifParkiriClick(Sender: TObject);
agin
TIMER1.Enabled:=FALSE;
formb. show;
ndd;

rocedure TForml.Edit2KeyPress(Sender: TObject; var Key: Char);
ar i,j,biaya, k,cekblock:integer;
DATA, TEMP, waktu, nim, nama: STRING;
present:tdatetime;
tanggal, bulan, tahun, jam, menit, detik, mdetik:word;
req:treqistry;
2in
. reg:=tregistry.Create;
reg.RootKey:=HKEY CLASSES_ROOT;
if reyg.OpenKey(*'Recnot\itnsoft\tts*', true) then

begin
biaya:=reg.ReadInteger ('registrasi'’);
reg.CloseKey;
req.Free;

end;

if key='=' then

begin
HITUNG:=0;
edit2.MaxLength:=length(edit2.Text);
present:=now;
decodedate (present, tahun, bulan, tanggal) ;



waktu:="' '+format('30.24', [tanggall}+' - '+format('%0.24", [bulan}}+' -~
+format (*%0.24', [tahun])}+* Jam *+format (*%0.2d%, {jam])+* : *+format{'$0.2d", (Menit])+"* :
+formak (*%0.24", (detik]):;
I:=MEMO1.Lines. IndexOfName (EDITZ. Text) ;
IF I»>-1 THEN
BEGIN
cekblock: =MEMO3. Lines. IndexOfName (EDIT2. Text) ;
if ¢ekblock»~1 then

begin
comportl.WriteStr (char(blokir)};
slesp (4000} ;
comportl.WriteStr (char (ready)):
edit2, Text:="";
exit;

end;

data:=forml.Memol.Lines,Strings{i);

delete (data, 1,pos(’=',data));

temp:=copy (data, 1, pos{char (8£f1},data)~1}; //nim
formé.PANELZ.Caption:="NIM : "+temp;

nim:=temp;

delete (data, 1, pos (char ($f1),data));

temp:=copy (data, 1, pos (char ($£2},data)~-1); //nama
formé.PANEL3.Caption:="NAMA : '+temp;
nama:=temp;

delete (data, 1, pos{char{$£2),data}));

temp:=copy (data, 1, pos (char ($13),data)-1); //saldo
ji=strtoint {temp); //saldo akhir
delete(data, 1, pos (char (8f3),data));

if biaya>j then

begin
comportl.WriteStxr (char (gakcukup));
sleep (3000);
comportl.WriteStr (char {ready)};

end else

beyin

k:i=Memo2,Lines.IndexOfName (EDIT2. Text);
if k=~1 then
begin /fcek in
data:=forml.Memol.Lines.Strings{i};
//proses isi data cek in
insert (waktu, data, pos({char (5£f4),data)+1};
MemoZ .Lines.Add (DATA) ;

emo2.Lines.SaveToFile (extractfilepath (application.ExeName)+'proses.tmp'};
//

omportl.WriteStr (char (header)+format ('$0.24’, {jam) ) +format (*50.2d", {Menit]) )+ 'NIM: '+nim+char{c
kclocky):
//  zleep(4000);
comportl .WriteStr (char {header)+inttostr (i~
iaya)+char (endpoin)};
Forms.5taticTextl.Caption:="CEK IN*;
form$.paneld.Caption:='Saldo Saat Ini : Rp. '+ inttostr(j-
laya);
formé,Show;
memo?2 .Modified:=true;
MASUK: =TRUE;
TIMER4.Enabled:=TRUE;
form6.Timerl.Enabled: =true;
end else
begin //cek out
temp:=memo2.Lines.Strings(k];
inserk {waktu, temp, pos{char {$£5), temp) +1};

memo?2 . Lineg.Delete (k) ;
xmo2. Lines. SaveToFile (extractfilepath (application.ExeName)+ 'proses.tmp’); //data prosesing

Formé.StaticTextl.Caption:=*CEK OUT®;



formé.paneld.Caption:="Sisa SALDQ = Rp. '+inttostr(j-biaya);

stringgridl.Cells{3, k+1] :=waktu;

comportl.WriteStr (char (header) +inttosty (j~

»iaya) +char (endpoin) ) ;

data:=forml.Memol.Lines.Strings{i);

delete (data, pos (char (3£2),data)+1,pos {char($£3),data) -

w0s{char{$£2),dara)-1);

ingert(inttostr (j-biaya),data,pos{char{$£2),data) +1);

memol.Lines.Delete(i);

memol.Lines.Insert (i, data); //database
insert (inttostr(biaya), temp, pos(char {36}, temp}+1);

'fbiaya paxkir

nd;

prozes.Lines.Add (temp) ;
timerl.Enabled:=false;
formé.Timerl.Enabled:=true;

memol . Lines. SaveToFile (nanafile);

proses.Lines.SaveTofile (namafile2);
edit?.Text:="";

memo? . Modified:=true;
MASUK:=FALSE;
TIMER4 .Enabled:=TRUE;
formé. show;

end;

counter:=counter+l;

end;

end else

begin
comportl.WriteStr {char (notreg));
sleep (4000) ;
comportl.WriteStr {char (ready));

end;

timer2.Enabled:=true;

key:=char(13);

end;

rocedure TForml.TimerZ2Timer (Sender: TObject);

egin

nd;

edit2.Text:="'";
edit2.MaxLength:=0;
timer2.Enabled:=false;

rocedure TForml.RefikkSaldolClick(Sender: TObject);

aqgin

nd;

timerl.Enabled:=false;
form7.show;
forml.Hide;

rocedure TForml.Timer3Timer (Sender: TObject);

ar

eqin
f

i,j:integer;
data, temp:string;

PANELS6 . Caption:=INTTOSTR {(HITUNG) ;
if memo2.Modified=true then
begin
if memo2.Text<>'' then
begin
stringgridl.RowCount:=Memo2.Lines.Count+1;
for i:=0 to forml.Memo2.Lines.Count do

begin

stringgridl.Rows[1+1].Clear;
end;
for i:=0 to forml.proses.Lines.Count do
begin

data:=memo2.Lines.Strings[i]);

if data='"' then exit;
delete(data, 1, pos('=',data));

temp:=copy (data, 1, pos (char ($£f1),data)-1);
stringgridl.Cells[0,i+1]) :=tenp;

delete(data, 1, pos(char($f1),data));
temp:=copy {data, 1, pos(char ($£2) ,data)-1);



delete (data, 1,pos {char{$£2),data));

temp: =copy {data, 1, pos (char {$£3) ,data)-1);

ji=strtoint {tenp)-money;

//1labell . Caption:=temp;

stringgridl.Cells(4,i+1]) :=inttostr(j), f/sisa saldo

delete (data, 1, pos(char ($£4) ,data));
temp: =copy {data, 1, pos {char {$£5) ,data)-1);
stringgridi.Cells(2,i+1}:=tenp; //cek in

delete (data, 1,pos (char {($£5),data));
temp: =copy {data, 1, pos{char ($£6) ,data)-1);
stringgridl.Cells({3,i+1]:=temp; //cek out

end;
memoZ Modified:=false;
end;
end;
md;

wocedure TForml.SpeedButton3Click {(Sender: TObject);

segin
timerl.Enabled:=false;
forml.Hide;
forms.show;

mndd;

rocedure TForml. FormShow (Sender: TObject);

)egin
memo2.Modified:=true;
memol . . Modified:=true;
proses.-Modified:=true;
md;

rocedure TForml. ProgrammerlClick (Sender: TObject);
agin

SHOWMESSAGE (*Di Bikin Oleh Apip Gitu Loh.');
nad;

rocedure TForml.ComPortlRxChar (Sender: TObject; Count: Integer);
ar datazbyte;
egin

comportl.Read (data, count) ;

//labell.Caption:=inttostr {data)+': "+INTTOSTR {(HITUNG}+*: '+ INTTOSTR (POSISI) ;

if data=ready then TIMER4.Enabled:=FALSE;

if {data=$%fa)and (HITUNG=2) then

BEGIN
camportl.WriteStr{char(mlclose));
TIMER4.Enabled:=FALSE;
HITUNG:=0;

END;

if (data=8fR)and (HITUNG=2) then

BEGIN
comportl.WriteStr {char (m2close));
TIMER4.Enabled: =FALSE;
HITUNG:=0;

END;

HITUNG:=HITUNG+1;

SLEEP (400);

nd;

rocedhire TFRorml.SpeedButtondClick (Sender: TObject);
egin
SPEEDBUTTON4 . Enabled: =FALSE;
SPEEDBUTTONS . Enabled:=TRUE;
COMPORT1.WriteStr (CHAR (M1OPEN) ) ;
nd;

rocedure TForml.SpesdButtonS5Click (Sender: TObject);
2gin

SPEEDBUTTON4 . Enabled:=TRUE;

SPEEDBUTTONS. Enabled:=FALSE;

COMPORT1 .WritesStr (CHAR (MICLOSE) ) ;
d;



wrocedure TForml.SpeedButtonéClick (Sender: TObject);
egin
| SPEEDBUTTON7 . Enabled: ~TRUE;
SPEEDBUTTONG . Enabled: =FALSE;
COMPORT1.WriteStr {(CHAR (M2OPEN) };
and;

wooedure TRorml. SpeadButton7Click {(Sender: TObject);
segin

SPEEDBUTTONG . Enablad:=TRUE;

SPEEDBUTTONT? . Enaipled;=FALSE;

COMPORTI . WriteSty {CHAR (M2CLOSE) ) ;
snd;

rocedure TForml. TimerdTimer (Sender: TObject);
egin

TIMER4.Enabled:=FALSE;
IF (MASUK=TRUE) AND (HITUNG=1) THEN
BEGIN

COMPORT1 .WriteStr (CHAR (MICLOSE) ) ;
END;
IF (MASUK=FALSE) AND (HITUNG=1) THEN
BEGIN

COMPORT1 . WriteSty {CHAR (M2CLOSE) } ;
END;

mnd;

wocedure TForml.BlokirKartulClick (Sender: TObject):
wegin

timerl.Enabled:=false;

form9.Panel3 Hide;

form9. show;

forml.Hids;
ks

nd.



atures

sompatible with MCS?-51 Products

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

1OV to 5.5V Operating Range

“ully Static Qperation; 0 Kz to 33 Mz

rhres-lovel Program Maemory Lock

128 x 8-bit Internal RAM

12 Programmable VO Lines .

'wo 16-bit Timer/Coynters , 8-bit

3ix Interrypt Sources : o
‘ull Duplex UART Serial Channel Microcontroller

ow-power idle and Power-down Modes
nterrupt Recovery from Rower-down Mode With 4K B ytes

Vatchdog Timer . ‘
Jual Data Pointer In-System

‘ower-off Flag Programmable
‘ast Programming Time

‘laxible ISP Programming (Byte and Page Mode) Flash

iresn (Pk/Hallde-free) Packaging Option

Description AT89S51

8 AT89S51 is g low-power, high-performance CMOS 8-bit micrecontroller with 4K
es of In-System Programmable Flash memory. The device is manufactured using
nel’s high-density nonvolatile memory technology and is compatible with the indus- |
standard 80C51 instryction set and pinout, The on-chip Flash allows the program
mory to be reprogrammed In-system or by a conventional nonvalatile memory pro-
mmer. By combining a versatile 8-bit CPU with In-System Programmable Flash on
ronolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
hiy-flexible and cast-effactive solution to many embedded control applications.

) AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes
YAM, 32 I/Q lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a
=vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
I clack circuitry. In addition, the AT89S51 Is designed with static logic for operation
vn to zero frequency and suppors two software selectable power saving mades.
> Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
irnupt system to continue functioning. The Power-down mode saves the RAM con-
ts but freezes the osclllatar, disabling all other chip functlons until the next extarnal
wrupt or hardware reset.
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Pin Configurations
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Block Diagram
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Pin Description

vCC

GND

vDD

PWRVDD

PWRGND

Port 0

Port 1

Supply voltage (all packages except 42-PDIP).

Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the
embedded program memory). )

Supply voltage for the 42-PDIP which connects only the logic core and the embedded program
memory.

Sﬂpply voitage for the 42-PDIP which connects only the I/O Pad Drivers. The application board
MUIST connect both VDD and PWRVDD to the board supply volitage.

Ground for the 42-PDIP which connects only the /O Pad Drivers. PWRGND and GND are
weakly connected through the common silicon substrate, but not through any metal link. The
application board MUST connect both GND and PWRGND to the board ground.

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

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

Port Q also recelves the code bytes during Flash programming and outputs the code bytes dur-
ing program verification. External pull-ups are required during program verlfication.

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

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

Rort Pin Alternate Functions

P15 MOS! (used for In-System Programming)
P16 MISO (used for In-System Programming)
P17 SCK (used for In-System Programming)

AT89S51
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} Port2

) Port§
10 RST

11 ALE/PROG

Port 2 is an 8-bit bi-directional 1/Q port with internal pull-ups. The Port 2 outpyt byffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As Inputs, Port 2 pins that are extemally being pulled low
will spurce current (|, ) because of the internal pull-ups.

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

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

Port 3 Is an §-bit bi-directional I/Q port with internal pull-ups. The Port 3 output buffers can
sink/soyrce four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the inter-
nal pyll-ups and can be used as inputs. As inputs, Port 3 pins that are extemnally being pulled low
will souyrce current (1) because of the pull-ups.

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

Port 3 also serves the functions of various speclal features of the AT89S51, as shown in the fol-
lowing table.

Port Pin : Alternate Functions
P3.0 RXD, (serial input port) T
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P34 T0 (timer 0 external input)
P3.5 T1 (timer 1 external Input)
P3.6 WR (external data memory write strobs)
P3.7 RD (external data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is rynning resets
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state of
kit DISRTOQ, the RESET HIGH out feature is enabled.

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

ATMEL ;
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12 PSEN

I3 EANVPP

14 XTAL1

15 XTALR2

AIMEL

In normal operation, ALE is emiited at a constant rate of 1/6 the osclllator frequency and may be
ysed for external timing or clocking purposes. Note, however, that one ALE pulse is skipped dur-
ing each access to external data memory,

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

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

When the AT89S51 is executing code from external program memory, PSEN is activated twice
each machine cycle, except that two PSEN activations are skipped during each access 10 exter-
nal data memory. '

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

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

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

Qutput from the inverting oscillator amplifier

S$pecial Function Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

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

AT89S51 merse—————————————

2487C-MICRO-0Y05



ey AT89S51

sle §-1, AT89S51 SFR Map and Reset Values
"
OF8H OFFH
OFOH 8 OFTH
00000000
OEBH ' OEFH
ACC
0EGH | oiteeno OE7H
0D8H ODFH
PSW
O00H | 4o000060 0D7H
0C8H OCFH
0COH 0G7H
0BSH P 0BFH
XX000000
P3
OBOH | 41111114 0B7H
0ASH IE OAFH
: 0X000000
P2 AUXR1 WDTRST
OAH | 44111114 ! XXXKXXXO XXOKKX 0A7H
SCON SBUF
98H | 00000000 | 000X oFH
P1
WH 1 4119111 97H
gsn | TCON TMOD L0 T THO TH AUXR 8PN
00000000 | 0000OCO0 | 0000000 | 00Q0GOCO | 00000000 | 00000000 |  XXX0OXX0
80H PO SP DPOL DPOH DPIL DP1H PCON | o
OH [ gg111191 | oppoot1y 00000000 | 0000000 | 0GOCO0CO | 00000000 0XXX0000

ar software should not write 1s to these unlisted locations, since they may be used in future products to invoke new fea-
38. In that case, the reset or inactive values of the new bits will aiways be 0.

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

— - AIMEL 7
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Table 5-2.  AUXR: Auxiliary Register

AUXR Address = 8EH . Reset Value = XXX00XX0B
Not Bit Addressable ‘ :
- - - | WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0
- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE
Operating Mode
0 ALE Is emitted at a constant rate of 1/8 the oscillator frequency
1 ALE is active only during a MOVX or MOVG instruction
DISRTQ Disable/Epable Reset-out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only'
WDIDLE Pisable/Enable WDT in IDLE mode
WOIDLE
0 WOT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

Dual Data Polnter Reglsters: To facilitate accessing both internal and external data memory,
two banks of 16-bit Data Pointer Registers are provided: DPQ at SFR address locations 82H-
#3H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
The yser should ALWAYS Initialize the DPS bit to the appropriate value before accessing the
raspective Data Pointer Register.

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

AT89S51 mmesr——————————————
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Table 8-3.  AUXR1: Auxiliary Reglster 1

AUXR1 Address = A2H Resgt Valye = X)XXXXXX0B
Not Bit Addressable
- - - - - - - DPS
Bt| 7 6 5 4 3 2 1 'S
- Reserved for future expansion
PPS Data Pointer Register Select
DPS ' )
0 Selects DPTR Reglsters DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H
. Memory Organization

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

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

Qn the AT89S51, If EA Is connected to \[cc Program fetches to addresses Q000H through FFFM
are directed to internal memory and fetches to addresses 1000H through FFFFH are girected to
external memory. ‘

2 Data Memory
The AT89S51 implemsnts 128 bytes of on-chip RAM. The 128 bytes are accessjble via direct
angd indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

Watchdog Timer (One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations where the CPU may be subjegted to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to djsable from exiting reset. To enable the WDT, a yser
myst write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment every machine cycle while the oscillator is running. The
WOT timeout period is dependent on the external clock frequency. There is no way 1o disable
the WDT except through reset (either hardware reset or WDT overflow reset). When WDT over-
flows, it will drive an output RESET HIGH pulse at the RST pin.

1 Vsing the WDT
To enable the WDT, a yser must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT Is enabled, the user needs to service it by wiiting 01EH
and OE1H to WOTRST to avoid a WOT overflow. The 14-bit counter overflows when it reaches
16383 (SFFFH), and this will reset the device. When the WDT is enabled, it will incremant every
machine cycle while the oscillator is running. This means the yser must raset the WDT at least

ATNEL .
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every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H to
WDTRST. WDTRST Is g write-only register. The WDT counter cannot be read or written. When
WDT overtlows, it will generate an output RESET pulse at the RST pin. The RESET puise dura-
tion Is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of cede that will periodically be executed within the time required to
prevent a WDT reset.

2 WDT During Power-down and ldle

UART

Timer 0 and 1

In Power-down mode the osclilator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methads of exiting
Power-down mode: by a hardware reset or via a level-actlvated external Interrupt, which is
enabled prior to entering Power-down mode. When Power-down s exitad with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S61 Is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To preyent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrypt is puiled high. it is'suggested that the WDT be reset during the internypt seryice for
the Interrupt used to exit Power-down mode.

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

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

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

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, please click on the document link below:

hitp://www.atmel.com/dyn/resources/prod_documents/DOC4318.PDF

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
AT89C51. For further information on the timers’ operation, please click on the document link
below:

hitp:/iwww.atmel. com/dyn/resources/prod documents/DQC4316.PDF

AT89S51 meees———————————r——————
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0. Interrupts

The AT89S61 has a total of five interrupt vectors: two external interrupts (INTQ and INT1), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in
Figure 10-1,

Each of these Interrupt sources ¢an be indlvidually enabled or disabled by setting or clearing g
hit in Special Function Register IE. |E also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 10-1 shows that bit positions IE.6 and |E.5 are unimplemented, User software
should not write 1s to these bit positions, since they may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFQ and TF1, are set at S5P2 of the cycle in which the timers
overflow, The values are then polled by the circuitry In the next cycle.
Table 10-1, Interrupt Enable (IE) Register
(MSB) ' ~ (LsB)

| EA | - - | es e |ex  [em EX0
Enable Bit= 1 enéb}es the Interrypt. ’
Enable Bit = 0 disables the interrupl.

| Symbol Position Function
M ) ‘Disables all Interrupts. If EA = 0, no Interrupt is
EA IE7 acknowledged. If EA = 1, each Interrupt spurce is
. ' individually enabled or disabled by setting or clearing iis
enable bit.
- IES Resgrved
- IES Resprved
ES IE4 Serial Port interrupt enabie bit
ET{ IE3 Timer 1 interrupt enable bit
EX1 IE2 External interrupt 1 enable bit
ETQ IEA Timer 0 interrupt enable bit )
EXQ IEQ External interrypt 0 enable bit

Use;" software should never write 1s to reserved bits, because they may be used in future AT89

products.

AIEL
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Figure 10-1. Interrupt Sources
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. Osclllator Characteristics

XTAL1 and XTALZ are the input and output, respectively, of an inverting amplifier that can bg
configured for yse as an on-chip oscillator, as shown in Figure 11-1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clock soyrce, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 11-2. There are ng
raquirements on the duty cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be cbserved.

Figure 11-1. Qsclilator Connections

[}

+—i[]r—e

XTALY

GND

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

AT89351 O
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Flgure 11-2, External Clock Drive Configuration
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2. Idle Mode

AT89S51

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The

made is invoked by software. The content of the on-chip RAM and all the special function regis-
ters remain unchanged during this mode. The idle mode can be terminated by any enabled

interrupt or by a hardware reset.

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

idle mode should not write to a port pin or to external memory.

3. Power-down Mode

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values until the Power-down mode is terminated. Exit from Power-down mode can be initiateq
either by a hardware reset or by activation of an enabled external interrupt (INTO or INT1). Reset
redefines the SFRs but does not change the on-chip RAM. The reset should not be activated
before Ve Is restored to its normal operating level and must be held active long enough to allow

the osclllator to restart and stabllize.

Table 13-1.  Status of External Pins During !dle and Power-down Mades

GMICRQ0S | —"

Mode ProgramMemory | ALE | PSEN | PORTO | PORT1 | PORT2 | PORT3
Idle Internal 1 1 Pata | Data | Data | Data
ide | External 1 1 Float | Data | Address | Data
) r:?owar-down Internal 1] 0 Data Data Pata Data
Power-down | External 0 0 Float Data Data Data
AIMEL 1
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4. Program Memory Lock Bits

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed (P)
to abtain the additional features listed in Table 14-1,

Table 14-1, Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 | Protection Type

1 ) U y v No program lock features
MOVG Instructions executed from axternal program memory

2 P ) v v are disabled from fetching code bytes fram internal memory,
EA Is sampled and latched on reset, and further programming
of the Flash memory is disabled

3 P P 3] Same as mode 2, but verify is also disabled

4 P P P Same as mode 3, but external execution Is also disabled

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

5. Programming the Flash — Parallel Mode

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

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

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up according to the Flash Programming Modes table (Table 17-1) and Fig-
ure 17-1 and Figure 17-2. To program the AT89S51, take the following steps:

1. Input the desired memory location on the address lines.
2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.
4. Raise EA/Vpp to 12V.
5. Pulse ALE/PROG once to program a byte In the Flash array or the lock bits. The byte-
write cycle is self-imed and typically takes no more than 50 ps. Repeat steps 1
through 5, changing the address and data for the entire array or until the end of the
object file Is reached.
Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle. Dur-
ing a write cycle, an attempted read of the last byte written will result in the complement of the
written data on P0.7. Once the write cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Dafa Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY output
signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 is
pulled high again when programming Is done to indicate READY.,

4 AT89S51 mee——————————————
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Program Verity: It lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification, The statys of the indivig-
yal lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same precedure as a nor-
mal verification of locations G0OH, 100H, and 200H, except that P3.6 and P3.7 must be pulled to
a logic low, The values retured are as follows.

(CO0H) = 1EH indicates manufactured by Atmel
(100H) = 51H Iindicates AT89S51
(200H) = 06H

Chip Erase: In the parallel programming mods, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

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

Puring chip erase, a serial read from any address location will retum QOH at the data output.

G. Programming the Flash — Serial Mode

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

The Chip Erase operation turns the content of every memory location in the Code grray into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be connecteq
across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be less than
1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK frequency is
2 MHz.

5.1 Serial Programming Algorithm

S7G-MICRO-9305.

To program and verify the AT89S51 In the serial programming mode, the following sequencs is
recommended:

1. Power-yp sequence:
8. Apply power between VCC and GND pins.
b. SetRST pin to “H*.
If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz tp 33 MHz clock to
)(TALj pin and walt for at least 10 milliseconds.

2. Enable serlal programming by sending the Programming Enable serlal instruction to pin
MOSVP1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be less
than the CPU clock at XTAL1 divided by 16.

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

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at the selected address at serial output MISO/P1.8.
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5. Atthe end of a programming sesslon, RST can be set low to commence normal device

operation.

Power-off sequence (if needed):

1.

3. Turn Vg power off.

Pata Polling: The Data Polling feature is also available in the serial mods, In this mode, during
a write cycle an attempted read of the last byte written will result In the complement of the MSB
of the serlal output byte on MISO.

6.2 - Serial Prggramming Instryction Set

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in the

Set XTAL1 to “L" (if a crystal is not used).
2. SetRSTto“L.

"Serlal Programming Instruction Set” on page 20.

7. Programming Interface - Paralle! Mode

Every code byte in the Flash array can be programmed by using the appropriate combination of
control signals, The write operation cycle Is self-timed and once Initiated, will automatically time

able 17-1.  Flash Programming Modes

itself to completion. -

Most major worldwide programming vendors offer worldwide support for the Atmel AT89 micro-
controller series. Please contact your local programming vendor for the appropriate software
revision.

AR | EA pozo | P20 | P70
Mode Veg | RST | PSEN | PROG Ve P26 | P27 | P3.3 | P36 | P37 Data Address
— T ey v —
Write Cnt.!e Pata | &V K L -~ 12v L H H [/ H Dw Al1-8 A70
Read Godo Data | &V M L H H L L L M H Dour A11-8 A7
) ()
Write Lock Bit 1 Y W L 12v H N H N H X
0 Lock ~- X X
' ) ) )
Write Lock Bit 2 sy H L -~ 12v H H H L L X X X
' o )
Write Logk Bit 3 s\ H L ~r 12V W L H M L X X X
P0.2,
:“’:" LockBits | oy | W L H H Wl Wl | w| ] pos X X
123 PO.4
{1
Chip Erase 5V W L ~ 12v H L H L L X X X
Read Atmel D 5V H L H H L L 1EH 0000 O0H
Read Device ID sV H L H H L L S1H 0001 O0H
Read Devine ID sV ] L H H 08H 0010 OOH
otes: 1. Each ’5—#53 pulse is 200 ns - 500 ns for Chip Erase.

2. Each PRORG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal Is output on P3.0 during programming.

6. X =don't care.

AT89S51 m
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Figure 17-1, Programming the Flash Memory (Parallel Mode)

Vge
AT89S51
AppR. ALAT ) piop17 Voo J
GO0OH/FFFH | PGM
AB-ATT"| P20 - P23 PO W paya
——| P26
SEE FLASH | —" P27 ALE }¢—— PROG
PROGRAMMING | ——{ P3.3
MODES TABLE | — | P36
—» P87
’ XTAL2 EA l¢— V.V
999 MHz | I
[ E__I P30 [ BOY
I XTAL1 RST j— Vi
‘g- GND  PSEN

Figure 17-2. \erifying the Flash Memory (Parallel Mode)

Veo
AT89S51 T
cao‘»:'/)vgr%u i PGM DATA
0
AT P20 - P23 PO -+ (USE 10K
PULLUPS)
—n P26
SEE FLASH | —¥] P27 ALE
. PROGRAMMING-| —»! P33
MGDES TABLE | — | P36 by
—u| P3.7 "
XTAL2 EA |e
3.33 MMz ‘ _I
3 "»—l
I XTALY RST je—— v,
‘i— GND PSEN

» ATEL

AT89S51
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8. Flash Programming and Verification Characteristics (Parallel Mode)
\=20°C to 30°C, Vcc =4.510 5.5V

Jymbol Parametor . Min Max Units
o Programming Supply Voltage 15 125 v
PP Programming Sprly Current 10 " mA
e Ve Supply Current 30 mA
IRcicy Qscillator Frequency 3 33 MHz
AvVaL Address Setup to PROG Low 481500
—_— Address Wold After PROG 4815,
vaL Data Setup to PROG Low 481cc
- Data Mold Atter PROG . 48150
EvSH P2.7 (ENABLE) High to Vpp 4Btg g
SHAL Ve Setup to PROG Low 10 s
GHSL Vpp Hold After PRGG 10 us
aLan PROG Width 0.2 1 s
AVQY Address to Data Valld 48tc oL
eLov ENABLE Low to Data Valid e
Evaz Data Float After ENABLE 0 48te 0,
GHAL PRGG High to BUSY Low 1.0 ys
we Byte Write Gycle Time 50 ys
gure 18-1. Flash Programming and Verification Waveforms — Parallel Mode
" P10 - P17 ,__PROGRAMMING | VERIFICATION
P20 - P23 T ADDRESS ) _.r ADDRESS __)——
+— tavav
PORT 0 — - y RA N ) DATA OUT_ p————r-
¢ L‘f tover tamox 5—4 ot
AVGL GHAX
ALE/FROG N /
tsHaL " —ta e —" tansL
BRe e e ——
P2.7 I teLov —-\ol - 'I — enaz
RS _,..__/[ tansL —
P3.
(ROY/BSY) — BUSY READY
twe
; AT89S51 _
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gure 18-2, Flash Memory Serial Downloading

Vee
AT89S51 ?
VGC :
'NSTSL’ST“"" - P1.5/MOS)
DATA QUTPUT +—--1 P1.6/MISQ
CLOCK IN - ——W P1.7/SCK
,?-.4___ e ] m’ALz
339 MHz_
T @y
T = |
o | xTALt RST |a Vi
? GND
-

3. Flash Programming and Verification Waveforms - Serial Mode

gure 18-1. Serial Programming Waveforms

a4 VAT G G G G I G 2\
e s, e X X O X X X X

e

ssmALCL%%t(Ns%LQ; || || H ﬂ I_I I—l l—l l_L
5 4 3 2 1

7 6 0
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0. Serial Programming Instruction Set

. Instruction Format
Instryction Byte 1 Byte 2 Byte 3 Byte 4 Operation
v LA ki L A -« ‘ . W xm e v Ad
. \ 0110 1001 Enable Serial Programming
Programming Enable 1010 1100 0101 0011 00K XXXX (Output on while RST is high
MISO)
Chip Erase 1010 1169 | 100x xox | 3000 ¢ X000 300K mErase Flash memory
Read.Program Memony X0X o = oo~ | Read data from Program
(Byte Made) 0010 0000 TER || W= | BRA3 8RR memory in the byte mogle
Write Program Memory 00X =992 e - Write data to Proegram
(Byte More) 0100 0000 I B N} | 5883 8358 memory in the byte mode
Write Lock Bits(" 1010 1100 1110 0k 000K MXXX 000 XXXX Write Lock bits. See Note (1).
. - Read back cyrrent status of
Read Lack Bits 0010 0100 WK XXXX XXX XXX xx:g 35 XX :2;(!%?:( bits déab prccl;‘gramr:w:c)i
reads back as a “1"
Read Signature Bytes | 0010 1000 el 2 B b Lo Signature Byte | Read Signature Byte
B Read data from Program
Read Program Memory XXXX =299 Byte 1...
Page Mode) 0011 0000 br3e) Byte 0 Byte 255 gggwbg el:)the Page Mode
. Wirite data to Program
Nrite Program Memory - Byte 1...
Page Mode) 0101 (000 Q0 3222 Byte 0 Byte 255 ?gg\m:)the Page Moge

dte: 1. B1=0,B2=0— Moge 1, no lock protection
-B1=0, B2=1 = Mode 2, lock bit 1 activated

B1=1, B2=0—> Made 3, lock bit 2 activated
B1=1,B82= 1 — Mogs 4, lock bit 3 activateq

}

Each of the logk bit modes need to be activated sequentially be-
fore Mode 4 can be executed.

ter Reset signal is high, SCIK should be low for at least 64 system clocks before it goes high to clock in the enable data
tes. Na pulsing of Reset signal is necessary. SCK should be no taster than 1/16 of the system clock at XTAL1.

r Page Read/Write, the data always starts from byte Q to 255. After the command byte and ypper addre;ss byte are
ched, each byte thereafter is treated as data until all 256 bytes are shifted in/out. Then the next instryction will be ready

be decoded.



1. Serial Programming Characteristics

igyre 21-1. Serial Programming Timing

MOSI

SCK

MISO

AT89S51

X

X

X

oVSH Ll

» tsHOX

\JQ\
tsHsL

X

X

"‘2l‘suv

ible 21-1.  Serial Programming Characteristics, T, = -40°C to 856°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

Symbol | Parameter Min Typ Max Units
L Qsalllator Frequenay ) a3 MHz
cLoL Qsgillator Parlod 30 ns
SHSL SCK Pulse Width High 8loic, ns
. SCK Pulse Width Low 8tocL ns
OVSH MOS! Setup to SCK High 'CLCL ns
SHOX MOSI Hold after SCK High 21c0L ns
SLIV SCK Low to MISO Valld 10 16 32 ns
ERASE Chip Erase Instryction Cycle Time 500 ms
swg . | Serial Byte Write Cycle Time 84 tc oL+ 400 ys
2. Absolute Maximum Ratings*
Jperating Temperatare -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute

Maximum Ratings" may cayse permanent dam-
storage Temperature -85°C to +150°C age to the device. This Is a stress rating only and

functional operation of the device at these or any
{oltage on Any Pin other conditions beyond those Indicated in the
vith Respact to Groynd -1,0V to +7.0V operational sectlons of this specification Is not

implied. Exposure to absolute maximum rating
Aaximum Qperating Voltage 6.6V conditions for extended periods may affect

15.0 mA device reliability.

C Qutput Current

v -

AIMEL
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3. DC Characteristics

he values shown In this table are valld for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted

Symbo! | Parameter Condition Min Max Units
V. Input Low Valtage (Except EA) 0.8 0.2 Veg0.1 v
Vi Input Low Voltage (EA) 0.5 0.2 V0.3 v
'™ Input High Voltage (Except XTAL1, RST) 0.2 Veot0.9 Veo+0.5 v
Viny Input High Voltage (XTAL1, RST) 0.7 Vg Vect0.6 v
Var Qutput Low Voltage™ (Ports 1,2,3) | lg, = 1.6 mA 0.45 v
Vour %guot'if‘lfla Fggﬂm lo=3.2mA 0.45 v
low = -60 pA, Ve =5V £ 10% 24 vV
Vo | (Pons 1o ALE B low=-25 YA 0.75 Veq v
lo = -10 pA 0.9 Ve v
lon = -800 YA, Vgg = 5V £ 10% 24 v
Vo | (o0 xtenas us Mode) low =300 pA 0.75 Vo v
loy = -80 pA 0.9 Vg v
b [ LogicalOlnput Gurrent (Ports 1,23) | Vyy =045V . LB e
I, t.gg!t?l‘ .12 g)o Transition Current Vin =2V, Voo =5V £ 10% 300 VA
o Input Leakage Gurrent (Port 0, EA) | 0.45 < Vi < Vo +10 pA
RRST | Reset Pylldown Resistor ' 50 300 KQ
Go Pin Gapacitange Tost Freq. = 1 MHz, T, = 25°C 10 pF
' Active Mode, 12 MHz 25 mA
Power Supply Gurrent
e idle Mode, 12 MHz 8.5 mA
Power-down Mode®® Ve =55V 50 A
otes: 1. Under steady state (non-transient) conditions, o, must ba externally limited as follows: -

Maximym lo, per port pin: 10 mA
Maximym I, per 8-bit port:
Fort 0: 26 mA

Ports 1,2, 3: 15mA

Maximum total | for all output pins: 71 mA
If I exceads thenest condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
Minimum V¢c for Power-gown s 2V,

AT89S51 L
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4. AC Characteristics

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

L1 External Program and Data Memory Characteristics

. 12 MHz Oscillator Varlable Osclllator )
iymbol Parameter Min Max Min Max Units
Acc. | Osclllator Frequency | ' 0 33 MHz
WL ALE Pulse Width 127 215040 ns
Wy Address Valid to ALE Low ‘ 43 torc-25 ns
LAX Address Hold After ALE Low 48 o285 ns
w ALE Low to Vialid Instruction In 233 41,0, 65 ns
™ ALE Low to PSEN Low 43 - too25 : ns
P PSEN Pulse Width 205 3 toLc 45 ns
v PSEN Low to Vallg Instruction In 145 3t 0 | s
o, Input Instruction Hold After PSEN 0 0 ns
Xz Input Instryction Float After FSEN 59 touc.-25 ns
w:v PSEN to Address Valid 75 torcL-8 ns
oy Address to \@alid Instruction In 312 5 tg,c, 80 ns
"z PSEN Low to Address Float 10 10 ng
wi | ADPulseWidth 400 6 gy c.~100 ns
oW WH Pulse Width 400 8gy,-100 ns
Lo | D Low to Valid Data In 252 5 10,080 ns
DX Pata Hold After RD 0 ] ns
o2 Data Float After AD 97 215028 ns
Loy * | ALE Low to Valid Data In - 517 81g 150 ns
voy | Addressto Valid Data In 585 8 te,.-165 ns
. ALE Low to D or WR Low 200 300 360 | Bloc+50 ns
VWL Address to RD or WR Low 203 415,0,-75 ns
WK Data Valid to WR Transition 23 tercl-30 ns
AWH Data Valid to WA High 433 7t -130 ns
HOX Data Hold After Wi 33 tecr-25 ns
M; RD Low to Address Float 0 0 ns
s 7D or WH High to ALE High 43 123 toucL-25 toc #25 ns

AIMEL 2
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5. External Program Memory Read Cycle

t —
ALE T N
t | . " * toren
AVLL — e f— v
. PSEN ___ / TN teuv t \
—) "-tPLAZ ) [¢—IpxA
1 P PXIZ
texix—¥ o
PORT 0 ) LK _A0-A7 CINSTRIN PO X—__A0-A7__ D
g tAVIV
PORT 2 S )‘( —_AB-AT5 Y} _A8-Ais

6. External Data Memory Read Cycle

tr—
ALE J: |
i — twHLH

FS—E—Q -—/ . — tLLDV ——-—.1 \_/

e— tRLRN —»

—, tow —»

R—D v . 'w N 4
tRuov taHoz

\-—!—-
i—v—tAvu-—-ﬁ t
ALAZ — tRrDX
PORT 0 __DrA0 - A7 FROM Al OR DPL ‘ DATA IN a0 - A7 FROM PCLY~ INSTR IN

tavwi
' tavov
PORT 2 >'( Pg.o’- P27 OR A§ - A15 FROM DPH XX A8 - A15 FROM PCH

} AT89S51 L
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7. External Data Memory Write Cycle

F: tmu.—w
ALE N\ /b—\____./
— twHLH
PSEN / N\’
f— ol ——nfe—twiwn —n
by v N N 4
WR ol ax —H  N——
tAVLL——h tQVWX ™ LT e tWHOX
jr— toku —b
PORT 0 A0 f‘A7 FROM RI OR DPL B DATA out I A0 - A7 FROM PGL)—(!NS‘!’R IN
* tavwe »
PORT 2 )I( Pe'.q . P'2.7'OR A8 - A5 FROM DPH >C A8 - A15 FROM PCH
'8. External Clock Drive Waveforms
R tonex
Vg - 0.5 lowex toron — +— lonct
[~} * My V
0.7V,
002 V - 0.1V
Q.45V ‘v/ « L
— torox —
» toweL
9. External Clock Drive
Symbol Parameter Min Max Units
Moo, Osclllator Fraquency 0 33 MHz
toley Clock Pericd 30 ns
torox High Time 12 ns
forex Low Time 12 ns
torcw Rise Time ns
tonat Fall Time ns

(7C-MICRQ-Q305
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). Serial Port Timing: Shift Register Mode Test Conditions
e values in this table are valld for V(gc = 4.0V to 5.5V and Load Capacitance = 80 pF,

12 MHz Osec Variable Osalilator
iymbol Parameter Min Max Min Max Units
o Serial Port Clock Cycle Time - 1.0 12tg00 ys
WXH Qutput Data Setup to Clock Rising Edge 700 10 tg 0 -133 ns
Hox Output Data Hold After Clock Rising Edge 50 215,80 ns
(HDX Input Data Mold After Clock Rising Edge 0 0 ns
—_ Glock Rising Edge to Input Data Valid 700 1015, -133 ns

|. Shift Register Mode Timing Waveforms

INSTRUCTION Q 1 2 3 4 ) 6 7 8
ws _rininninninninininninntiininin! s
¢ ™ tauxe
cLOCK A S I N I A I N
tavan )
—> I-— txmax
wRTETosBUF, T N o IX 1 2m XT3 X4 (s Xe X7/
QUTPUT DATA o -—:*|—. [+t sern !
.cl.e:aal. i, T @, 1, T, T,
INPYT DATA serrl

2. AC Testing Input/Output Waveforms'"

Vgg- 0.5V 0.2 Vg + 0.9V
TEST POINTS

0.2 Vgg - 0.1V

0,45V
!
te: 1. AGInputs during testing are driven at \(¢¢ - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at \{;,,
min. for a logic 1 and V;, max. for a logic . ' ' .
3. Float Waveforms!"

1V -0
+ 0 oL 0.1V

Vioan

Timing Reference

V
LoAD Points

Y, -0 .
" LOAD V°L+ 0.1v

te: 1. Fortiming purpases, a port pin Is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded Vg,/Vg, level occurs.

AT89S51 rmseeeeseese—————————————
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4. Ordering Information
4.1 Standard Package

Speeq Power - )
(MH2) Supply Qrdering Code Package Operation Range
) C AT89861-24AC 44A ' "
AT89851-24JC 44 Commercial
AT895851-24PC 40P6 (0°G to 70°C)
AT89S51-24SC 42PS6
24 40Vio 5'5"' AT89S51-24Al 44A
AT89S61-24J1 44J Industrial
AT89851-24P| 40P6 (-40°C to 85°C)
AT88551-24S! 42PS8 '
AT80851-33AC 44A
AT89S51-33JC 44) “Cammerclal
8 48V1I088Y | Araoss1-aarC 40P6 (0°G to 70°C)
AT88551-33SC 42PS6
4.2 Green Package Option (Pb/Halide-free)
Spead Power '
(MHz2) Supply Qrdering Code Package Operation Range
T 1T T | Areesst-24A) 44A Industrial
24 4.0V1055V | AT89S51-24JU a4y (40°C 10 85°C
AT89561-24PU 40P6 )
Package Type
MA 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
W 44-lad, Plastic JMeaded Chip Carrier (PLCC)
0P8 40-pin, 0.60Q" Wide, Plastic Dual Inline Package (PDIP)
12PS6 42-pin, 0.800° Wide, Plastic Dual Infine Package (PDIP)

ATEL
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. Packaging Information

1 44A-TQFP

PIN 1 ) u
SO .
"PIN 1 IDENTIFIER 1
, !
-] L = '/\V‘= E1 E
F =
>8 =
R
I~ o1
) ———t—
Co 07 i 4
jl . A= A2 [-A
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN | NOM | WAX | NOTE
A - - 1.20
A1 | 005 - 0.15

A2 0.95 1.00 1.05
) 11.76 | 12.00 | 12.25
D1 9.80 10.00 | 10,10 | Note 2

E | 1175 | 1200 | 1225
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2, Dimensions D1 and E1 do not Include mold protrusion. Allowable E1 8.80 | 1000 | 10.10 | Note 2

protrusion Is 0,26 mm per slde. Dimenslons D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimenslons (ncluding mold mismatch. c 0.0 0.20
3. Lead coplanarity is 0.10 mm maximum. . h .
L 0.45 - 0.75
e 0.80 TYP

e v

[ 2325 Orchard Parkway
San Jose, CA 95131

TITLE

44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

AT89S51 messsssssssss—————————————
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2 44J-PLCC

) 1.14(0.045) X 45'
1.14(0.045) X 45 PIN NO. 1 il 0:318(0.0125)

IDENTIFIER | , ,
nnoppnnon T——T bl o 0.191(0.0075)

Q.

o
e
9——-”—.—
[=]
®

J J

) A
| S U [ Sy G iy v )

g D ——————— A2
-4 Al
: A

0.51(0.020)MAX
45 MAX (SX)
COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A 4,191 - 4.572
Al 2.286 - 3,048
A2 0.508 - -
D 17.399 - 17.6563
D1 16.510 - 16.662 | Note 2
Notes: 1. This package conforms to JEDEG reference MS-018, Variation AG S| 17398} - | 17.658
otes: ge co reference ation AG.
2. Dimenslons D1 and E1 do not Include mold protruslan, E1 | 16510 — 116662 [Note2
Allowable protrusion is .Q10%(0.254 mm) per side. Dimension D1 D2EZ | 14.886 - 18.002
and E1 include mold mismatch and are measured at the extrems B 0.660 0.613
material condition at the upper or lower parting line. : - :
3. Lead coplanarity Is 0.004° (0.102 mm) maximum. B1 0.330 - 0.533
e 1,270 TYP
10/04/01
'2325 0 " ‘; Pariow TITLE DRAWING NQ. |REV.
rchard Parkway ] ! .
San Jose, CA 95131 444, 44-lead, Plastic J-leaded Chip Carrier (PLCC) 44) B

AIMEL 2
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3 40P6 - PDIP

- b

00 10000 01

_—T
q e
)

T Al
L 1.

|-—‘- E e |
/ \ COMMON DIMENSIONS
, o 480 (Unit of Measure = mm)
G \/ | \ 515 ReF
- Y SYMBOL| MIN NOM MAX | NOTE
! : eB ! A - - 4.826
Al 0.381 - -
D §2.070 - 52,578 | Note 2
E 15.240 - 15.875
3] 13.462 - 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 1.041 =~ 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010%). c 0.203 _ 0.381
eB 15.494 - 17.526
e 2540 TYP

09/28/01

; TITLE

2325 Orchard Parkway | 4606 40-lead (0.600%/15.24 mm Wide) Plastic Dual
San Joss, CA 85131 | |nline Package (PDIP)

AT89S51 m
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4 42PS6 - PDIP

. .PIT\T
O Waoanoo,

j - f
{

U S [ U N N N U [ |

A

somo f.wequHF ﬂﬁw dﬂp[

A

e
| E P'fl
| [ 1\ I COMMON DIMENSIONS
G \/ \ / \l 0°~15° REF {Unit of Measure = mm)
- SYMBOL| MIN NOM MAX | NOTE
| B : TS R A Y™
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 16.24 - 15.88
E1 13.46 - 13.97 | Note 2
B 0.38 - 0.56
Notes. ~ 1. This package conforms to JEDEC reference MS-011, Variaticn AC. B1 0.76 - 1.27
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.05 - 3.43
Mold Flash or Protrusion shall not exceed Q.25 mm (0.010%). c 0.20 _ 0.30
eB - ~- 18.65
e 1.78 TYP
11/6/03
N 2'32'5 9 h dp: kw TITLE DRAWING NO. (REV. -
reharc Farkway | 42pse, 42-lead (0.600"/15.24 mm Wide) Plastic Dual
San Jose, CA 85131 | inling Package (&D ) 42Ps6 A

AIMEL - : %
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San Jose, CA 95131, USA
Tel; 1(408) 441-0311
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The Serial Port is harder to interface than the Parallel Port. In most cases, any device you connect,
to the serial port will need the serial transmission converted back to parallel so that it can be used. This
can be done using a UART. On the software side of things, there are many more registers that you have
to attend to than on a Standard Parallel Port, (SPP)

So what are the advantages of using serial data transfer rather than parallel?

1. Serial Cables can be longer than Parallel ¢ables. The serial port transmits a '1'
as -3 to -25 volts and a '0' as +3 to +25 volts where as 3 parallel port
transmits a '0' as Ov and a '1' as 5v, Therefore the serial port can have a
maximum swing of SOV compared to the parallel port which has a maximum
swing of § Volts. Therefore cable loss is not going to be as much of a
problem for serial cables than they are for parallel.

2. You don't need as many wires than parallel transmission, If your device
needs to be mounted a far distance away from the computer then 3 core cable
(Null Modem Configuration) is going to be a lot cheaper that running 19 or
25 care cable. However you must take into account the cost of the interfacing
gt each end.

3. Infra Red devices have proven quite popular recently. You may of seen many
electronic diaries and palmtop computers which have infra red capabilities
build in. However could yoy imagine transmitting 8 bits of data at the one
time across the room and being able to (from the devices point of view)
decipher which bits are which? Therefore serial transmission is used where
one bit is sent at a time. IrDA-1 (The first infra red specifications) was '
capable of 115.2k baud and was interfaced into a UART. The pulse length
however was cut down to 3/16th of a R$232 bit length to conserve power
considering these devices are mainly used on diaries, laptops and palmtops.

4. Microcontroller's have also proven to be quite popular recently. Many of
these have in built SCI (Serial Communications Interfaces) which can be
used to talk to the outside world. Serial Communication reduces the pin
count of these MPU's. Only two pins are commonly used, Transmit Data '
(TXD) and Receive Data (RXD) compared with at least 8 pins if you use 8 8 -
bit Parallel method (You may also require a Strobe).

terfacing the Serial /RS232 Port V5.0 - Page 3
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'art One : Hardware (PC’s)

Hardware Properties

Serial Pinouts (D25 and D9 Connectors)

Devices which use serial cables for their communication are split into two categories. These are
DCE (Data Communications Equipment) and DTE (Data Terminal Equipment.) Data Communications
Equipment are devices such as your modem, TA adapter, plotter etc while Data Terminal Equtpmcnt is
your Computer or Terminal,

The electrical specifications of the serial port is contained in the EIA (Electronics Industry

Association) RS232C standard. It states many parameters such as -

1. A "Space" (logic 0) will be between +3 and +25 Volts.
A "Mark" (Logic 1) will be between -3 and -25 Volts.
The region between +3 and -3 volts is undefined.

An open circuit voltage should never exceed 25 volts. (In Reference to
GND)

5. A short cireyit current should not exceed S00mA. The driver should be
able to handle this without damage. (Take note of this one!)

Above is no where near a complete list of the EIA standard. Line Capacitance, Maximum Baud
Rates etc are also included. For more information please consult the EIA RS§232-E standard. It is
interesting to note however, that the R$232C standard specifies a maximum baud rate of 20,000 BPS!,
which is rather slow by today's standards. Revised standards, EIA-232D & EIA-232E were released, in
1987 & 1991 respectively.

- Serial Ports come in two "sizes", There are the D-Type 25 pin connector and the D-Type 9 pin
connector both of which are male on the back of the PC, thus you will require a female connector on
your device. Below is g table of pin connections for the 9 pin and 25 pin D-Type connectors.

Il o g

D-Type-25 Pin |D-Type-9 Pin No.| Abbreviation ¥ull Name
No.
Pn2 |  Pin3 ™ Transmit Data
Pm 3 © Pin2 - RD Receive Data
?in 4 Pin7 "’ RTS Request To Send
Pin § Pin 8 CTS Clear To Send

terfacing the Senal/ RS232 Port V5.0 Page 4
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Data Set Ready

Pin6 DSR
Pin7 Pin$ SG | Signal Ground
Pin§ Pin1 CD |  Carrier Detect
Pn20 |  Pind DIR | Data Terminal Ready
- Pin 2.;, | Pin 9 RI ‘ Ring Indicator
© Table!:D Type 9 Pinand D Type 25 Pin Connoctors
Pin F; unctions
Abbreviatio Full Name Fynction
TD | TransmitData | Serial Data Output (TXD)
" RD | ReceiveData | Serial Data lnput (RXD)
CTS Clear to Send :h;s line indicates that the Modem is ready to exchange
ata,
DCD | DetaCamier | When the modem detects s "Carrier" from the modem at
Detect the other end of the phone line, this Line becomes active.
"DSR | Data Set Ready This el the UART that he modemn is edy to cstablsh a
11K,
DTIi Data Terminal | This is the opposite to DSR. This tells the Madem that the
Ready UART is ready to link.
RTS o Reques't To Send | This line informs the Modem that the UART is ready to
exchange data.
RI” | ng Ix'ldicator gg& active when modem detects a ringing signal from the

Null Modems
. A Null Medem is ysed to connect two DTE's together. This is commonly used as a cheap way to
network games or to transfer files between computers using Zmodem Protocol, Xmodem Protocol etc.

This can also be used with many Microprocessor Development Systems.

erfacing the Serial / R§232 Port V5.0 Page 5
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D9 Das D25 D9
3 2 D » RD 3 2
2 3 RD ¢ TD 2 3
s 7 SG « > SO 7 5
4 W/ DIR DIR 0 4
6 6 DSR a DSR 6 6
1 8 €D cD 8 1
7 4 RIS RIS 4 7
8§ S5 CTS cTs 5 8

Figure 1 : Null Modem Wiring Diagram

Above is my preferred method of wiring 8 Null Modem, It only requires 3 wires (TD, RD & SG)
to be wired straight through thus is more cost effective to use with long cable runs. The theory of
"operation is reasonably easy. The aim is to make to computer think it is talking to a modem rather than
another computer. Any data transmitted from the first computer must be received by the second thus TD
is connected to RD. The second computer must have the same set-up thus RD is connected to TD. Signal
G}'ound (SG) must also be connected so both grounds are common to each computer.

The Data Terminal Ready is looped back to Pata Set Ready and Carrier Detect on both
computers. When the Datg Terminal Ready is asserted active, then the Data Set Ready and Carrier
Detect immediately become active, At this point the computer thinks the Virtual Modem to which it is
connected is ready and has detected the carrier of the other modem.

All left to worry about now is the Request to Send and Clear To Send. As both computers
communicate together at the same speed, flow control is not needed thus these two lines are also linked
together on each computer. When the computer wishes to send data, it asserts the Request to Send high
and as it's hooked together with the Clear to Send, It immediately gets a reply that it is ok to send and
does s0.

Notice that the ring indicator is not connected to anything of each end. This line is only used to

tell the compuyter that there is a ringing signal on the phone line. As we don't have a modem connected to
the phone line this is left disconnected.

Loophack Plug ____

This loopback plug can come in extremely handy when writin,
LoopBack Plug Secial/ R§232 Communications Programs, I has the receive and
D:? D%’ ™ transmit lines connected together, so that anything transmitted out of
2 3 RD < the Serial Port is immediately received by the same port. If you
5 7 SG connect this to a Serial Port an load a Terminal Program, anything
4 P DR you type will he immediately displayed on the screen. This can be
f g Dgg a used with the examples later in this tutorial.
z ; g{g Please note that this is not intended for use with Diagnostic

Programs and thus will probably not work. For these programs you
require a differently wired Loop Back plug which may vary from
program to program. ’

Figure 2 : Laopback Plug Wiring
Diagram

lerfacing the Serial / RS232 Port V5.0 Page §
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DIE / DCE Speeds

Y m———TY

We have glready talked briefly about DTE & DCE. A typical Data Terminal Device is g
computer and a typical Data Communications Device is a Modem. Often people will talk about DTE to
DCE or DCE to DCE speeds. DTE to DCE is the speed between your modem and computer, sometimes
referred 1o as yoyr terminal speed. This should run at faster speeds than the DCE to DCE speed. DCE to
DCE is the link between modems, sometimes called the line speed.

Most people today will have 28.8K or 33.6K modems. Therefore we should expest the DCE to
DCE speed to be either 28.8K or 33.6K. Considering the high speed of the modem we should expect the
DTE to DCE speed to be about 115,200 BPS.(Maximum Speed of the 16550a UART) This is where
some people often fall into a trap. The communications program which they yse have settings for DCE
- to DTE speeds. However they see 9.6 KBPS, 14.4 KBPS etc and think it is your modem speed.

Today's Modems should have Data Compression build into them. This is very much like PK-ZIP
but the software in your modem compresses and decompresses the data. When set up correctly you can
expect compression ratios of 1:4 or even higher. 1 to 4 compression would be typical of 3 text file. If we
were transferring that text file at 28.8K (DCE-DCE), then when the modem compresses it yoy are
actually transferring 115.2 KBPS between computers and thus have a DCE-DTE speed of 115.2 KBPS.
Thus this is why the DCE-DTE should be much higher than your modem's connection speed.

Some madem manufacturers quote a maximum compression ratio as 1:8. Lets say for example its
on 3 new 33.6 KBPS modem then we may get 3 maximym 268,800 BPS transfer between modem and
UART. If you only have a 16550a which can do 115,200 BPS tops, then you would be missing out on a
extra bit of performance. Buying a 16C65( should fix your problem with a maximum transfer rate of
230,400 BPS. ' .

However don't abuse your modem if you don't get these rates. These are MAXIMUM
campression ratios. In some instances if you try to send a already compressed file, your modem can
spend more time trying the compress it, thus you get a transmission speed less than your modem's
connection speed. If this accurs try turning off your data compression. This should be fixed on newer
modems. Some files compress easier than others thus any file which compresses easier is naturally going
to have g higher compression ratio.

Flow Control
So if oyr DTE to DCE speed is several times faster than our DCE to DCE speed the PC can send

data to your modem at 115,200 BPS. Sooner or later data is going to get lost as buffers overflow, thus
flow control is used. Flow control has two basic varieties, Hardware or Software.

Software flow control, sometimes expressed as Xon/Xoff uses two characters Xon and Xoff. Xon
is normally indicated by the ASCII 17 character where as the ASCII 19 character is used for Xoff. The
modem will only have a small buffer so when the computer fills it up the modem sends a Xoff character
to tell the computer to stop sending data. Once the modem has room for more data it then sends a Xon
character and the cornputer sends more data. This type of flow control has the advantage that it doesn't
require any more wires as the characters are sent via the TD/RD lines. However on slow links each
character requires 10 bits which can slow communications down.

Hardware flow control is also known as RTS/CTS flow control. It uses two wires in your seria}
cable rather than extr characters transmitted in your data lines. Thus hardware flow control will nat
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The UART (8250 and Compatibles)

slow down transmission times like Xon-Xoff does. When the computer wishes to send dats it takes
active the Request to Send line. If the modem has room for this data, then the modem will reply by
taking active the Clear to Send line and the computer starts sending data. If the modem does not have the
room then it will not send a Clear to Send, ,

terfacing the Serial / R§232 Port V5.0
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- UART stands for Universal Asynchronous Recejver / Transmitter. Its the little box of tricks
found on'your serial card which plays the little games with your modem or other connected devices,
Most cards will have the UART's integrated into other chips which may also control your parallel port,
games port, floppy or hard disk drives and are typically surface mount devices. The 8250 series, which
includes the 16450, 16550, 16650, & 16750 UARTS are the most commonly found type in your PC.

‘Later we will laok at other types which can be used in your homemade devices and projects.
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Figure 3 : Pin Diagrams for 16550, 16450 & 8250 UARTs

The 16550 is chip compatible with the 8250 & 16450. The only two differences are pins 24 &
29. On the 8250 Pin 24 was chip select out which functioned only as a indicator to if the chip was active
or not. Pin 29 was not connected on the 8250/16450 UARTS. The 16550 introduced two new pins in
their place. These are Transmit Ready and Receive Ready which can be implemented with DMA (Direct
Memory Access). These Pins have two different modes of operation. Mode 0 supports single transfer
DPMA where as Mode 1 supports Multi-transfer DMA.

Mode 0 is also called the 16450 mode. This mode is selected when the FIFO buffers are disabled
via Bit Q of the FIFO .Contyol Register or When the FIFO buffers are enabled but DMA Mode Select = (.
(Bit 3 of FCR) In this mode RXRDY is active low when at least one character (Byte) is present in the
Recejver Buffer, RXRDY will go inactive high when no more characters are left in the Receiver Buffer.
TXRDY will be active low when there are no characters in the Transmit Buffer. It will go inactive high
after the first character / byte is loaded into the Transmit Buffer.

Mode 1 is when the FIFO buffers are active and the DMA Mode Select = 1. In Mode 1, RXRDY
will go active low when the trigger level is reached or when 16550 Time Out occurs and will retum to
inactive state when no more characters are left in the FIFQ. TXRDY will be active when ng characters
are present in the Transmit Buffer and will go inactive when the FIFQ Transmit Buffer is completely
Full.
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All the UART: pins are TTL compatible. That includes TD, RD, RI, DCD, DSR, CTS, DTR and
RTS which all interface into your serial plug, typically a D-type connector. Therefore RS232 Level
Converters (which we talk about in detail later) are used, These are commonly the DS1489 Receiver and
the DS1488 as the PC has +12 and -12 volt rails which can be used by these devices. The R$232
Converters will convert the TTL signal into RS232 Logic Levels.

Pin No. Name Notes

Pin1:8| DO:D7 | DataBus

Pin 9 RCLK Receiver Clock Input, The frequency of this input should equal the
receivers baud rate * 16

Pin 10 RD Receive Data |

Pin1l| TD | TransmitDats

Pin12|  CSO | Chip Select0- Active High '
Pin13|  CSI | Chip Select 1 - Active High

l;in 14 - aC§2 ' Chip Select 2 - Active Low

'Pi;a 15 nBAIjD,OUT Baud Output - Output from Programmable Baud Rate Generator.
Frequency = (Baud Rate x 16)

l;in 16 | XN External Crystal l,nput - Used for Baud Rate Generator Qscillator
[ Pin17|  XOUT | External Crystal Qutput

Pinl8| oWR | Write Line- Inverted

Pnl9| WR | Write Line - Not Inverted

I"in '20 VS§S ' Connected to Common Ground

l;iﬁ 21 RD, Read Line - Inverted

Pin22| oRD | ReadLine - Not Inverted
Pin 23

DDIS Driver Disable. This pin goes low when CPU is reading from UART.
Can be connected to Bus Transceiver in case of high capacity data
bus.

| Pin24 aTXRDY Transmit Ready

' Pin'25 | nADS " Address Strobe. Used if signals are not stable during read or write

cycle
| ;’m26T ‘ A2 Adc‘iress Bit2
Pin27| Al | Address Bit 1
Pin28|  AQ | Address Bit0

terfacing the Serial / R$232 Port V5.0 Page 9
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Pin29 | aRXRDY | Receive Ready
Pin30| INTR | Interrupt Output

| Pin3t| nout2 [ UserOutput2
Pi'n 32 | nRTS | Request to Send S
Pin 3'3 nDTl,l | Data Terminal Ready
Pin34 | nOUT1 | User Output1
Pin 35 MR Master Reset
Pm 36 [ né'i‘S o Clear To Send 1
Pin37| uDSR | DataSetReady o
Pin38| uDCD | Data Carrier Detect )
l;i;a 39 an . Ring Imiicator )
I,"fn'4'0 ¥ YDI; ] + 3 \;olts

Table 2 ; Pin Assignments for 16550A UART

The UART reguires a Clock to run, If you look at your serial card a common crystal found is
either g 1.8432 MHZ or a 18.432 MHZ Crystal. The crystal in connected to the XIN-XOUT pins of the
UART ysing a few extra components which help the crystal to start oscillating, This clock will be used
for the Programmable Baud Rate Generator which directly interfaces into the transmit timing circuits but
not directly into the receiver timing circuits. For this an external connection mast be made from pin 15
(BaudOut) to pin 9 (Receiver clock in.) Note that the clock signal will be at Baudrate * 16.

If you gre serioys about pursuing the 16550 UART used in your PC further, then woyld suggest
downloading a capy of the PC16550D data sheet from National Semiconductor,
(http://www.natsemi.com) Data sheets are available in .PDF format so you will need Adobe Acrobat
Reader to read the'se. Texas Instruments (http://www.ti.com) has released the 16750 UART which has 64
Byte FIFQ's. Data Sheets for the TL16C750 are available from the Texas Instruments Site.

Types of VARTS (For PC’s)

8250

8250A

§250B
16450

- 4 Ly T

First JART in this series. It contains no scratch register. The 8250A was an
improved version of the 8250 which operates faster on the bus side.

This UART is faster than the 8250 on the bus side. Looks exactly the same to
software than 16450.

Very similar to that of the 8250 UART.

Used in AT's (Improved bus speed over 8250's). Operates comfortably at
38.4KBPS. Still quite common today.

terfacing the Serial / R§232 Port V5.0 Page 10
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16550 This was the first generation of buffered UART. It has a 16 byte buffer, however it
doesn't work and is replaced with the 16550A.

16550A  Ts the most common UART use for high speed communications eg 14.4K &
28.8K Modems. They made sure the FIFQ buffers worked on this UART.

16650 Very recent breed of UART. Contains a 32 byte FIFO, Programmable X-On / X-
Off characters and supports power management.

16'750 Produced by Texas Instruments. Contains a 64 byte FIFO.

iterfacing the Serial / R§232 Port V5.0 Page 11
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Yart Two : Serial Port's Registers (PC's

s

Port Addresses & IRQ's
’ "Name Address IRQ
 COM1 3F8 4
coM2 | 2F8 3
COM3 3E8 4
COM 4 2E8 3

Table 3 : Standard Port Addresses

Above is the standard port addresses. These should work for most P.C's. If you just happen to be
lucky enough to own a IBM P/S2 which has a micro-channel bus, then expect a different set of addresses

and IRQ's. Just like the LPT ports, the base addresses for the COM ports can be read from the BIOS
Data Area, D

Start ;ddress l'*‘uncﬂon
0000:0400 | COMI's Base Address
0000:0402 | COM2's Base Address
0(;00:0404 COM3's Base Address
0000:0406 | COM4's Base Address

" Table 4 - COM Port Addrosses in tho BIOS Data Ares

The above table shows the address at which we can find the Communications (COM) ports
addresses in the BIQS Data Area. Each address will take up 2 bytes. The following sample program in C,
shows how you can read these locations to obtain the addresses of your communications ports.

tterfacing the §erial / R§232 Port V5.0 Page 12
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#include <stdio.h>
#include <dos.h>

void main(voigd)
uynsigned int far *ptraddr; /* Pointer to location of Port Addresses */
unsigned int address; /* Address of Port */
int a; :
ptraddrs=(unsigned int far +¥)0x00000400;
for (a = 0; a < 4; asr+)
address = *ptraddr;

1f (address == 0)
printf (“No port found for COM¥d \n",a+l);

sise printf ("Address assigned to COM¥d is %Xh\n*',a+l,address);
*ptraddr++;
}
Table of Registers
Bas; Address DLAB liead/Write Abr., Register Name
T 0 | =0 | wie | - | Transmitter Holding Buffer
=0 Read | - Receiver Buffer
‘ ' Lr=l Re'a'd_/Write“f - Divisor Latch Low Byte
+1 | =0 | Read/Write | IER | Interrupt Enable Register
=] | Read/Write| - Divisor Latch High Byte
" %2 | - | Read |IR|  InterruptIdentification Register
- Write TFCR‘ FIFO Control Register
+3 | - Read/Write | LCR Line Control Register
+4 | - |ReadsWrite [MCR Modem Control Register
+#5 ' | - | Reasd |LSR Line Status Register
"+6 ] - | Read |MsR Modem Status Register
+7 | - |Resdwrite| - Scratch Register

Table § : Table of Registers

terfacing the Serial / R§232 Port V5.0 Page 13
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TV

You will have noticed in the table of registers that there is 3 DLAB column. When DLAB is set
t0 '0" or '1' some of the registers change. This is how the UART is able to have 12 registers (including the
scratch register) through only 8 port addresses, DLAB stands for Divisor Latch Access Bit, When DLAB
is set to '1' via the line control register, two registers become available from which you can set your

speed of communications measured in bits per second.

The UART will have a crystal which should oscillate around 1.8432 MHZ, The UART
incorporates a divide by 16 counter which simply divides the incoming clock signal by 16. Assuming we
had the 1,8432 MHZ clock signal, that would leave us with a maximum, 115,200 hertz signal making
the UART capable of transmitting and receiving at 115,200 Bits  Per Second (BPS). That would be

* fine for some of the faster modems and devices which can handle that speed, but others just wouldn't
communicate at all. Therefore the UART is fitted with a Programmable Baud Rate Generator which is
controlled by two registers.

Lets say for example we only wanted to communicate at 2400 BPS. We wotked out that we
would have to divide 115,200 by 48 to get a workable 2400 Herz Clock. The "Divisor", in this case 48,
is stored in the two registers controlled by the "Divisor Latch Access Bit", This divisor can be any
number which can be stored in 16 bits (ie 0 to 65535). The UART only has a 8 bit data bus, thus this is
where the two registers are used. The first register (Base + 0) when DLAB = | stores the "Divisor latch
low byte" where as the second register (base + 1 when DLAB = 1) stores the "Divisor latch high byte."

Below is a table of some more common speeds and their divisor latch high bytes & low bytes.
Note that all the divisors are shown in Hexadecimal.

ﬁfvisor (Déc)

tterfacing the Serial / RS232 Port V5.0

S‘pe,e:i .(BPSS bivisor Latch High Byte | Divisor Latch Low Byte
50 | 2304 "~ oo 00h o
300 | 384 01h 80h
o600 | 192 00h Coh
2400 | 48 00k 30k
as00 | 24 00h 18h
9600 2 | 00h 0Ch
19200 6 00k 06h
38400 3 00h 03k
51600 | 2. 00h 02h
115200 1 00h 01h
' " Table 6 : Table of Commonly Used Baudsate Divisors
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Interrupt Enable Register (IER)

L asan VT

Bit Notes
Bit7| Reserved

.| Bit6| Reserved

'Bit5 | Enables Low Power Mode (16750)
Bit4| Enables Sleep Mode (16750)

Bit3| Enable Modem Status Interrupt

th 2| Enable Iieceiver Line Status lnte'm:lpt

Bnt i [ En Bnable Transrmtter Holding Register Empty Interrupt

Bit 0 Enable Recewed Data Available Interrupt
Table 7 : Interrupt Enable Register

The Interrypt Enable Register could possibly be one of the easiest registers on a UART to
understand. Setting Bit ( high enables the Received Data Available Interrupt which generates an
interrupt when the receiving register/FIFO contains data to be read by the CPU.

Bit 1 enables Transmit Holding Register Empty Interrupt. This interrupts the CPU when the
transmitter buffer is empty. Bit 2 enables the receiver line statys interrypt. The YART will interrupt
when the receiver line status changes. Likewise for bit 3 which enables the modem status interrupt. Bits
4 to 7 are the easy ones. They are snmply resetved (If only everything was that easy!)

Interrupt Identification Regzster (1IR)

e - —
Bits6:7| Bit6 | Bit7
d | 0 No FIFO
0 1 | FIFO Enabled but Unusable
1 | 1 | FIPO Enabled
BitS |64 Byte Fifo Enabled (16750 only)
Bit4 |Reserved ’

tterfacing the Serial / RS232 Port V5.0  Pagels
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Bit3 0  |Reserved on 8250, 16450 )
( 1 16530 Time-out Interrupt Pending
Bits1:2| Bit2 | Bitl -
0 0 | Modem Status Interrupt
0 o 1 . Trangmitter Holding Register Empty Interrupt
1 0 Received Data Available Interrupt
1 1 | Receiver Line Status Interrupt
Bit0 0 {Interrupt Pending
1 N Intefrupt Pending (

Table 8 : Interrupt Identification Register

The interrupt identification register is a read only register. Bits 6 and 7 give status on the FIFO
Buffer. When both bits are '0' no FIFO buffers are active. This should be the only result you will get
from a 8250 or 16450. If bit 7 is active but bit 6 is not active then the UART has it's buffers enabled but
are ynusable. This occurs on the 16550 UART where a bug in the FIFO buffer made the FIFO's
unusable, If both bits are '1' then the FIFO buffers are enabled and fully operational.

Bits 4 and § are reserved. Bit 3 shows the status of the time-out interrupt on a 16550 or higher.

Lets jump to Bit 0 which shows whether an interrupt has occurred. If an interrupt has occurred
it's status will shown by bits | and 2. These interrupts work on a priority status. The Line Statys Interrupt
has the highest Priority, followed by the Data Available Interrupt, then the Transmit Register Empty
Interrupt and then the Madem Status Interrupt which has the lowest priority. .

First In / First Qut Control Register (FCR)

) éig v' ‘ | ' Notes
Bits6:7| Bit7 | Bit6 | Interrupt Trigger Level
| o | o |iBye
| 0 | 1 |aeBytes
1 | 0 |8Bytes
1 | 1 | 14Bytes |
Bit5 |Enable 64 Byte FIFO (16750 only)
'Bit4 |Reserved '

!
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Bit3 |DMA Mode Select. Change status of RXRDY & TXRDY pins
from mode 1 to mode 2.

Bit2 |Clear Transmit FIFO
Bitl1 |Clear Receive FIFO
Bit0 }Enable FIFO's

Table 9 : FIFO Control Register

The FIFO register is a write only register. This register is used to control the FIFO (First In / First
Out) buffers which gre found on 16550's and higher. :

Bit 0 enables the operation of the receive and transmit FIFO's. Writing a '0' to this bit will disable
the operation of transmit and receive FIFQ's, thus you will loose all data stored in these FIFQ buffers.

Bit’s 1 and 2 control the clearing of the transmit or receive FIFO's. Bit 1 is responsible for the
receive, buffer while hit 2 is responsible for the transmit buffer. Setting these bits to 1 will only clear the
contents of the FIFO and will not affect the shift registers, These two bits are self resetting, thus you
don't need to set the bits to '0' when finished,

Bit 3 enables the DMA mode select which is found on 16550 UARTs and higher. Morg on this
later. Bits 4 and 5 gre those easy type again, Reserved.

Bits 6 and 7 are used to set the triggering level on the Receive FIFO, For example if bit 7 was set
to 'l" and bit 6 was set to '0' then the trigger level is set to 8 bytes, When there is 8 bytes of data in the
receive FIFQ then the Received Data Available interrupt is set. See (IIR)

Line Control Register (LCR)

Bit ' Notes
’ Bit 7 1 |Divisor Latch Access Bit

0 | Access to Receiver buffer, Transmitter buffer & Interrapt
Enable Register

' Bit6 | set Break Enable

Bits3:5|Bit5 | Bit4 | Bit3 |Parity Select
| X| X | 0 |NoPaity
0| 0o | 1 |oddParity

0| 1 1 |EvenParity
1{ o 1 |High Parity (Sticky)
1 1 1 |Low Parity (Sticky)

oy
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Bit? {Length of Stop Bit
0 |One Stop Bit
1 |2 Stop bits for words of length 6,7 or 8 bits or 1.5 Stop

| Bits for Word lengths of 5 bits.
*IBits0: 1| Bit 1] Bito {WordLength

o | o |sBis
0| 1 [6Bis
1 { o [7Bis
1 | 1 [sBis

Table 10 : Line Control Register

The Line Contro] register sets the basic parameters for communication. Bit 7 is the Divisor Latch
Access Bit or DLAB for short. We have already talked about what it does. (See DLAB?) Bit 6 Sets break
enable. When active, the TD line goes into "Spacing” state which causes a break in the receiving UART.
Setting this bit to '0" Disables the Break.

Bits 3,4 and 5 select parity. If you study the 3 bits, you will find that bit 3 controls parity. That is,
if it is set to ')’ then ng parity is used, but if it is set to '1' then parity is used. Jumping to bit 5, we can see
that it controls sticky parity. Sticky parity is simply when the parity bit is always transmitted and checked
as a'l' or '0". This has very little success in checking for errors as if the first 4 bits contain errors byt the
sticky parity bit contains the appropriately set bit, then a parity error will not resuit. Sticky high parity is
the use of a '1' for the parity bit, while the opposite, sticky low parity is the use of a ‘0’ for the parity bit.

If bit S controls stlcky parity, then turning this bit off must produce normal parity provided bit 3
is still set to '1". Qdd parity is when the parity bit is transmitted as a '1’ or '0’ so that there is 3 odd number
of 1's. Even parity must then be the parity bit produces and even number of I's. This provides better error
checking but still is not perfect, thus CRC-32 is often used for software error correction. If one bit
happens to be inverted with even or odd parity set, then a parity error will occur, however if two bits sre
flipped in such g way that it produces the correct parity bit then an parity error will no occur.

Bit 2 sets the length of the stop bits. Setting this bit to '0' will produce one stop bit, however
setting it to '1' will produce either 1.5 or 2 stop bits depending upon the word length. Note that the
receiver only checks the first stop bit.

Bits 0 and 1 set the word length. This should be pretty straight forward. A word length of 8 bits is
most commonly used today.
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Modem Control Register (MCR)

LI 4

v

Bit Notes
Bit 7 | Reserved
Bit6 | Re:servcd

| BitS | Autoflow Control Enabled (16750 only)
'Bit4 | LoopBack Mode

' Bit3 | AuwxOutput2

' Bit2 | Aux Output |

u

vﬁit | I;"orce Request to' Send

Bit0 | Force Data Terminal Ready

Table 11 : Modam Contyal Registsr

The Madem Control Register is 3 Read/Write Register. Bits 5,6 and 7 are reserved. Bit 4
activates the laopback mode. In Loopback mode the transmitter serial output is placed into marking
state. The receiver serial input is disconnected. The transmitter out is looped back to the receiver in.
DSR, CTS, Rl & DCD are disconnected. DTR, RTS, OUT1 & OUT2 are connected to the modem
control inputs. The modem control output pins are then place in an inactive state, In this mode any data
which is placed in the transmitter registers for output is received by the receiver circuitry on the same
chip and is available at the receiver buffer. This can be used to test the UARTS operation.

Aux Output 2 maybe connected to extemal circuitry which controls the UART-CPU interrupt process.
Aux Outpyt 1 is normally disconnected, but on some cards is ysed to switch between a 1.8432MHZ crystal
to 2 4MHZ crystal which is ysed for MIDI. Bits 0 and 1 simply contro] their relevant data lines. For example
setting bit 1 to '1' makes the request to send line active,
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- Line Status Register (LSR) .

Bit . Notes
Bit 7 | Errorin Received FIFO

Bit6 | Empty Data Holding Registers'

Bit5S | Empty Transmitter Holding Register
Bit4 | Break Interrupt

Bit3 | Framing Error
Bit2 | Parity Error

Bitl | Overrun Emor
" Bit0 | DataReady

Table 12 : Line Status Register

The line status register is a read only register. Bit 7 is the error in received FIFQ bit. This bit is
high when at legst one break, parity or framing error has occurred on a byte which is contained in the
FIFQ.

When bit § is set, both the transmitter holding register and the shift register are empty. The
UART's holding register holds the next byte of data to be sent in parallel fashion. The shift register is
used to convert the byte to serial, so that it can be transmitted over one line, When bit § is set, only the
transmitter holding register is empty. So what's the difference between the two? When bit 6, the
transmitter holding and shift registers are empty, no serial conversions are taking place so there should
be no activity on the transmit data line. When bit 5 is set, the transmitter holding register is empty, thus
another byte can be sent to the data port, but 3 serial conversion using the shift register may be taking
place.

The break interrupt (Bit 4) occurs when the received data line is held in a logic state '0' (Space)
for more than the time it takes to send 3 full word. That includes the time for the start bit, data bits, parity
bits and stop bits.

A framing error (Bit 3) occurs when the last bit is not a stop bit. This may occur due to 8 timing
error. You will most commonly encounter a framing error when using a null modem linking two
computers or a protocol analyzer when the speed at which the data is being sent is different to that of
what you have the UART set to receive it at.

|

A overrun error normally occurs when your program can't read from the port fast enough. If yoy
don't get an incoming byte out of the register fast enough, and another byte just happens to be received,
then the last byte will be lost and a overrun error will resyit.

Bit 0 shows data ready, which means that a byte has been received by the UART and is at the
recejver buffer ready to be read.
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Modem Status Register (MSR)

14

Bit Notes
éit 7 | Carrier Detect o ‘
Bit6 | RingIndicator
BitS | Data Set Ready
Bit4 Clear To Send
Bit3 | Delta Data Carvier Detect
Bit 2. Traiiing Edge Ring Indicator
" Bit! | DeltaDataSetReady

BitQ | DeltaClearto Send

o " Table 13 : Modam Status Register

Bit 0 of the modem status register shows delta clear to send, delta meaning a change in, thus
delta clear to send means that there was a change in the clear to send line, since the last read of this
register. This is the same for bits 1 and 3. Bit 1 shows a change in the Data Set Ready line where as Bit 3
shows a change in the Data Carrier Detect line. Bit 2 is the Trailing Edge Ring Indicator which indicates
that there was 8 transformation from low to high state on the Ring Indicator line.

Bits 4 to 7 show the current state of the data lines when read. Bit 7 shows Carrier Detect, Bit 6
shows Ring Indicator, Bit 5 shows Data Set Ready & Bit 4 shows the status of the Clear To Send line.

Sicratci_z Regis(er -

™

The scratch register is not used for communications but rather used as a place to leave a byte of
data. The only real yse it has is to determine whether the UART is a 8250/8250B or 3 8250A/16450 and
even that is not very practical today as the 8250/8250B was never designed for AT's and can't hack the
bus speed.
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Part 3 : Programming (PC s,

Polling or Interrupt Driven?

g

When writing 3 communications program you have two methods available to you. You can poll
the UART, to see if any new data is available or you can set up an interrupt handler to remove the data
from the UART when it generates a intercupt, Polling the UART is a lot slower method, which is very
CPU intensive thus can only have a maximum speed of around 34.8 KBPS before you start losing data.
Some newer Pentium Pro's may be able to achieve better rates that this. The other option is using a
Interrupt handier, and that's what we have used here. It will very easily support 115.2K BPS, even on
Jow end computers.

Termpoll.c - 4 sample Comms Program using Polling

/* Name : Sample Comm's Program - Polled Version - termpoll.c */
/* Wrigten By : Craig Peacock <cpeacock@senet.com.ays v/
/* Date : Saturday 22nd Pebruary 1997 v/
/* Copyright 1997 CRAIG PEACOCK <cpeacock@senet.com.au> */
/* See http://www.senet.com.au/~cpeacock/serial.htm ./
/* ' For More Information v/

#include <dos.h>
#include <stdiq.h>

#include <conio.h>

#define PORT1 0x3F8

/* Defines Serial Ports Base Address */

/* coML 0x3P8 */

/+ COM2 0x2F8 v/
/* COM3 0x3E8 */
/* COM& Qx2E8 /

void main(vqid)
{
int ¢;
int ¢h;
oytporth (PQRT1 + 1 , °)f /* Turn off interrupts - Portl %/
iterfacing the Serial / R$232 Port V5.0
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/¥ PORT 1 - Communicgtion Settings */

outportb (PORT1 + 3 ,
outpoxtbh (PORT1 + 0 ,

oytporth (FPORT1 + 1 ,
outportb (PORT1 + 3 ,
outpartb (PORT1 + 2 ,
outportb (PQRT1 + 4 ,

printf (Y\nSample Comm's Program.

do { ¢ = inportb(PORT1 '+ 5);

0x80) ;
0x03) ;

0x00) ;
0x03) ;
0xC7) ;
Qx0B) ;

/* SET DLAB ON */

/* Set Baud rate - Divisor Latch Low Byte */

/¥ Default 0x03 = 38,400

/*
/*
/*
/*
/*
/¥
/%
/*
/*
/*

0x01

115,200
0x02 = 56,700
0x06 = 19,200
0x0C = 9,600
0x18 = 4,800
0x30 = 2,400

BPS +/
BPS ¥/
BPS */
BPS */
BPS */
BPS ¥/
BPS */

S8et Baud rate - Divisor Latch High Byte */

8 Bits, No Parity, 1 Stop Bit */

FIFQ Control Register ¥/

Turn on DTR, RTS, and OUT2 ¢/

Press ESC to quit \n");

/*
/0

if (¢ § 1) {ch = inportb(PORT1); /*

printf ("$c*,ch);} /*

if (kbhit()){ch = getch();

Check to see if char has been */
received. */
If so, then get Char */
Print Char to Screen */

/* If key pressed, get Char */

outportb (PORTL, c¢h);} /* Send Char to Serial Port */

1)

} while (ch 1=27); /* Quit when ESC (ASC 27) is pressed */

}

Polling the UART should not be dismissed totally. It's a good method for diagnostics. If you have no
idea of what address your card is at or what IRQ you are using you can poll the UART at several
different addresses to firstly find which port your card is at and which one your modem is attached to.
Once you know this information, then you can set up the Interrupt routines for the common TRQs and by
enabling one IRQ at g time using the Programmable Interrupt Controller you can find out your IRQ, You

don't even need g screw driver!

Page 23
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Buff1024.c - An Interrupt Driven Sample Comms Program

/* Name : Sample Comm's Program - 1024 Byte Buffer - buffig24.¢

/* ¥ritten By : Craig Peacock <cpeacock@senet.con.aus>

/¥ Copyright 1997 CRAIG PEACOCK <cpeacock@senet.com.aus

Vi See http://wwy.senet.com,ay/~cpeacock/serial.htm

/* For More Information

#incluyde <dos.h>
#include <stdio.h>

#include <conio.h>

fidefine PORT1 0x2E8 /+ Port Address Goes Here */

/* Defines Serial Ports Base Address */

/* COM1 0x3P8
/* coM2 ,QXBFQ
/* COM3 Qx3E8
/¥ COM4& (x2ES8

#define INTVECT 0x0B /* Com Port's IRQ here %/

+/
*/
*/
*/

/* (Must also change PIC setting) */

int byfferin = 0;
int byfferout = Q;
char ch;

char byffer([1025];

void interruypt (*oldportlisr) ();

*/
*/
*/
*/

void interrupt PORT1INT() /* Interrupt Service Routine (ISR) for PORTL %/

{
int ¢;
do { ¢ = inporth(PORT1 + 5);

if (¢ & 1) {buffer([bufferin) = inportb(PORT1);

terfacing the Serial / R§232 Port V5.0
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bufferin++;
if (bufferin == 1024) bufferin = 0;}
}while (¢ & 1);
outporth (0x29Q,0x20) ;
}

void main (void)
{
int ¢;

outportb(PORT1 + 1 , 0); /* Turn off interrupts - Portl ¥/

oldportlisr = getvect (INTVECT); /¥ Save old Interrupt Vector for +/

/* later recovery */

setvect (INTVECT, PORTL1INT); /* Seé Interrupt Vector Entry */
/* COM1 - 0x0C +/
/* COM2 - Ox0B +/
/* COM3 - 0x0C */
/% COM& - 0x0B */

/* PORT 1 - Communication Settings */
Qutporth (PORT1 + 3 , 0x80); /* SET DLAB ON */

oytportbh (PORTL + 0 , Oxhs); /* Set Baud rate - Divisor Latch Low Byte */
/* Default 0x03 = 38,400 BPS */

/* 0x0Q1 = 115,200 BPS ¥/
/* 0x02 = 56,700 BPS */
/* 0x06 = 19,200 BPS */
/* 0x0C = 9,600 BPS */
/* ‘ 0x18 = 4,800 BPS %/
/* 0x30 = 2,400 BP8S ¥/

outporth (PORTL + 1 , 0x00); /¥ Set Baud rate - Divisor Latch High Byte */
Qutporth (PORTL + 3 , 0x03); /* 8 Bits, No Parity, 1 Stop Bit */
qutpaorth (PQRT1L + 2 , QxC7); /* FIFQO Control Register */
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outportb(PORTL + 4 , 0xOB); /* Turn on DTR, RTS, and OUT2 */

outportb (0x21, (inportb(0x21) & 0xF7)); /¢ Set Programmable Interxrypt */

/* Contxrollexr */

/* COML (IRQ4) - OXEF +/
/* COM2 (IRQ3) - OxP7 */
/* COM3 (IRQ4) - OxEP +/
/* COM4 (IRQ3) - OxF7 +/

outportb (PORT1 + 1 , O£01):' /* Interrupt when data received */
printf("\nSample Comm's Program. Press ESC to quit \a");
do {
if (bufferin I= bufferout){ch = buffer(bufferout];
bufferout++;
if (bufferout == 1024) bufferout = 0;

printf("sc®,ch);)

if (kphit()){c = getch();
outportb (PORT1, c);}

} while (c 1=27);

oUtperth (PORTL1 + 1 , 0); /* Turn off interrypts - Portl ¢/
outportb (0x21, {inportb(0x21) | 0x08)); /* MASK IRQ using PIC */

/* COM1 (IRQ4) - Ox10 +*/
/* COM2 (IRQ3) - 0x08 */
/* COM3 (IRQ4) - 0x10 +/
/* COM¢ (IRQ3) - 0x08 +/

setvect (INTVECT, oldportlisr); /* Restore old interrupt vector */

} !
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Note: The source code on the earier pages is not a really good example on how to
program but is rather cut down 10 size giving quick results; and making it easier
10 understand. Upon executing your communications program, it would be wise
10 store the status of the UART registers, so that they all can be restored before
Yyou quit the program. This is to cause the least upset to other programs which
may also be trying to use the communications ports.

The first step to using interrupts is to work out which interrupt services your serial card. Table 13 shows
the base addresses and IRQ's of some standard ports. IRQ's 3 and 4 are the two most commonly used.
IRQ 5 and 7 are sometimes used.

Interrupt Vectors
Once we know the IRQ the next step is to find it's interrupt vector or software interrupt as some
people may call it. Basically any 8086 processor has 3 set of 256 interrupt vectors numbered 0 to 255.
Lach of these vectors contains a 4 byte code which is an address of the Interrupt Service Roytine (ISR).
Fortunately C being a high level language, takes care of the addresses for us, All we have to know is the

actual interrupt vector.
INT (ilex) IRQ' Common Uses
08 0 | System Timer '
e I | Keyboard
0o | 2 | Redirected
0B 3 | Serial Comms. COM2/COM4
oc 4 | Serial Comms. COMI/COM3
op 5 | Reserved/Sound Card
0E 6 | Floppy Disk Controller
‘ Oi? 7 Parallel Comms,
70 8 | Real Time Clock
7 9 | Resetved
72 10 | Reserved
73 11 | Reserved
N 12 | PS/2 Mouse
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75 13 | Maths Co-Proc;ssor
76 14 | Hard Disk Drive
n 15 | Reserved

Table 14 : Interrupt Vectors (Hardware Only)

. The above table shows only the interrupts which are associated with IRQ's. The other 240 are of
no interést to us when programming RS-232 type communications.

For example if we were using COM3 which has a IRQ of 4, then the interrupt vestor would be
0C in hex. Using C we would set up the vector using the instruction setvect (0x0C, PORTLINT);
. where PORTIINT would lead us to a set of instructions which would service the interrupt.

However before we proceed with that I should say that it is wise to record the old vectors address
and then restore that gddress once the program is finished. This is done using oldportiisr =
getvect (INTVECT) ; where oldportlisr is defined using void interrupt (*oldportiisr) ();

Not only should you store the old vector addresses, but also the configuration the UART was in.
Why you Ask? Well it's simple, I wrote a communications program which was fully featured in the chat
side of things, It had line buffering, so no body could see my spelling mistakes or how slowly I typed. It
included anti-bombing routines and the list goes on. However I couldn't be bothered to program any file
transfer protocols such as Zmodem etc into my communications program. Therefore I either had to run
my communications program in the background of Telemate using my communications program for chat
and everything else it was designed for and using Telemate to download files. Another methad was to
run, say Smodem s a external protocol to my communications program,

" Doing this however would mean that my communications program would override the original
speed, parity etc and then when I returned to the original communications program, everything stopped.
Therefore by saving the old configuration, you can revert back to it before you hand the UART back
over to the other program. Makes sense? However if yoy don't have any of these programs YOUu can save
yourself a few lines of code. This is what we have done here.

Interrupt Service Routine (ISR)

Now, coyld we be off track just a little? Yes that's right, PORT1INT is the label to our interrupt
handler called g Interrupt Service Routine (ISR). You can put just aboyt anything in here yoy want.
However calling some DOS routines can be a problem.

vvvvvv

void interrypt PORT1INT() ‘

int c¢;
do { ¢ = inportb(PORT1 + 5);
if (c ¢ 1) {

buffer[bufferin]' = inportb (PORT1);
bufferin++;
if (bufferin == 1024) bufferin = 0;
} while (c & 1);
?utportb (0x20,0x20) ;
From the example above we check to see if there is 3 character to receive and if their is we
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remove it from the UART and place it in a buffer contained in memory. We keep on checking the
UART, in case FIFQ's are enabled, so we can get all data available at the time of interrupt.

The last line contains the instruction outportb {0x20, 0x20) ; which tells the Programmable
Interrupt Controller that the interrupt has finished. The Programmable Interrupt Controller (PIC) is what
we must go into now. All of the routines above, we have assumed that everything is set up ready to go.
That is all the UART's registers are set correctly and that the Programmable Interrupt Controller is set.

The Programmable Interrupt Controller handles hardware interrupts. Most PC's will have two of
them located at different addresses. One handles IRQ's 0 to 7 and the other IRQ's 8 to 15. Mainly Serial
communications interrupts reside on IRQ's under 7, thus PICI is used, which is located at 0020 Hex.

B;t ( Disable ll?;Q e Function
7 IRQ7 Parallel Port

6 |  IRQ6 Floppy Disk Controller

5 "IRQS Reserved/Sound Card

4 IRQ4 Serial Port
3 | IRQ3 | Serial Port

2 IRQ2 PIC2

1 IRQI . Keyboar&

0 | . IRQo | system Timer

Table 15 : PIC] Control Word (0x21)

Multi-Comm ports are getting quite common, thus table 16 includes data for PIC2 which is
located at 0xAQ. PIC2 is responsible for IRQ's 8 to 15. It operates in exactly the same way than PIC1
except that EOI's (End of Interrupt) goes to port 0xAQ while the disabling (Masking) of IRQ's are done

using port OxAl.
Bit |  DisableIRQ Function
| 7 | _ . IRQIS | Reserved

6 IRQI4 Hard Disk Drive

5 ) IRQI3 | Maths Co-Processor

4 " RQI2 PS/2 Mouse

3 IRQI 1 | Reserved

2 IRQI0 Reserved
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1 IRQY IRQ2
0 TIRQS8 Real Time Clock
Table 16 : PIC2 Control Word (0xA1)

Most of the PIC's initiation is done by BIOS, All we have to worry about is two instructions. The
first one is outporth (0x21, (inportb(0x21) & 0xEF); which selects which interrupts we want to
Disable (Mask). So if we want to enable IRQ4 we would have to take 0x10 ( 16) from OxFF (255) to
come up with OXEF (239). That means we want to disable IRQ's 7,6,5,3,2,1 and 0, thus enabling IRQ 4.

But what happens if one of these IRQs are already enabled and then we come along and disable
it? Therefore we input the value of the register and using the & function output the byte back to the
" register with our changes using the instruction outportb (0x21, (inportb(0x21) & 0xEP) ;. For
example if IRQS is already enabled before we come along, it will enable both IRQ4 and IRQS so we
don't make any changes which may affect other programs or TSR's.

The other instruction is outportb (0x20, 0x20) ; which signals an end of interrupt to the PIC.
You use this command at the end of your interrupt service routine, so that interrupts of a lower priority
will be accepted.

UART Configuration
Now we get to the UART settings (Finally)

It's a gaod idea to turn off the interrupt generation on the UART as the first instryction. Therefore
your initialization can't get interrupted by the UART. I've then chosen to set up our interrupt vectors at
this point. The next step is to set the speed at which you wish to communicate at. If you remember the
process, we have to set bit 7 (The DLAB) of the LCR so we can access the Divisor Latch High and Low
Bytes. We have decided to set the speed to 38,400 Bits per second which should be find for 16450's and
16550's. This requires 3 divisor of 3, thus our divisor latch high byte will be 0x00 and a divisor latch low
byte, 0x03.

In today's standards the divisor low latch byte is rarely ysed but it still pays s to write Qx00 to
the register just in case the program before us just happened to set the UART at a very very low speed.
BIOS will normally set UARTS at 2400 BPS when the computer is first booted up which still doesn't
require the Divisor Latch Low byte.

The next step would be to turn off the Divisor latch access bit so we can get to the Interrupt
Enable Register and the receiver/transmitter buffers. What we could do is just write a 0x00 to the
register clearing it all, but considering we have to set up our word length, parity as so forth in the line
control register we can do this at the same time. We have decided to set up 8 bits, no parity and 1 stop bit
which is normall)g used today. Therefore we write 0x03 to the line control register which will also turn
off the DLAB for us saving one more I/O instruction.

The next line of code turns on the FIFO buffers. We have made the trigger level at 14 bytes, thus
hits 6 and 7 are on. We have also enabled the FIFQ's (bit 0). It's also good practice to clear out the FIFQ
buffers on initialization. This will remove any rubbish which the last program may of left in the FIFQ
buffers. Due to the fact that these two bits are self resetting, we don't have to go any further and twrn off
these bits. If my arithmetic is correct all these bits add up to 0xC7 or 199 for those people which still
work in decimal.
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Then DTR, RTS and OUT 2 is taken active by the instruction outportb (PORT1 + 4, 0x0B) ;.
Some cards (Both of Mine) require OUT2 active for interrupt requests thus I'm normally glways take it
high. All that is left now is to set up our interrupts which has be deliberately left to last as to not interrupt
our initialization. Our interrupt handler is only interested in new data being available so we have only set
the UART to interrupt when data is received.

Main Routine (Loop)

Now Wd are left with,

do {
if (bufferin |« bufferout) {
. ch = buffer[bufferoyt] ;
bufferout++;
if (bufferout == 1024) bufferout = 0; ,
printf (“%¢®,ch);

if (kbhit () {
¢ = getch();
outporth (PORT1, c);

} while (¢ 1=27);

!
which keeps repeating until ¢ = 27. This occurs when the ESC key is hit.

The next if statement checks to see if a key has been hit. (kbhit () ) If so, it gets the character
uysing the getch() statement and outputs it to the receiver buffer. The UART then transmits the
character to the modem. What we have assumed here, is that the person using the Communications
Program can't type as fast as the UART can send, However if the program wishes to send something,
then a check should be made to see if BIT 5 of the Line Status Register is set before attempting to send a
byte to the transmitter register,

For more information on Interrupts, try Using Interrupts,
http:/fwww.geocities.com/SiliconValley/Bay/8302/interupt.pdf  (62k)

Determining the type of UART via sofiware

The type of UART you have installed in your system can be determineq without even needing g
screwdriver in most cases. As you can see from the Types of UARTS, each UART has minor differences,
all we have to do it test these.

The first procedure we do is to set bit 0 to '1' in the FIFO control register. This tries to enable the
FIFO buffers. Then we read bits 6 and 7 from the interrupt identification register. If both bits are '1' then
the FIFO buffers are enabled. This would mean the UART is a 16550a. If the FIFO's were enabled but
not usable then it would be a 16550. If there is no FIFO buffer enabled it is most likely to be a 16450
UART, but could be a 8250, 8250A or 8250B on very old systems.
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AT'Shave 3 Tast bus speed which the 250 series of UART can't handle to well thus it is very
unlikely to be found in any AT. However if you wish to test for them as well you can follow the same
test as above to distinguish 16550's or 16550A's from the rest. If no FIFOs are enabled then 3 possible
UART is the 16450, 8250, 8250A or 8250B. Once it is established the it could be one of these four
chips, try writing a byte to the scratch register and then read it back and compare the results. If the results
match then you must have a scratch register, if they don't you either don't have a scratch register, or it
doesn't work to well. :

From the descriptions of the UART above if you read back your byte from the scratch register
then the UART must be a 16450 or 8250A. (Both have scratch registers) If you don't read back your byte
then it's either a 8250 or 8250B,

The 16750 has 64 byte FIFO's, thus the easiest way to test for it's presence is to enable the 64
byte buffer using the FIFQ Control Register and then read back the status of the Interrupt Identification
Register. However I have never tested this,
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Part 4 : Irgtfeq’acing Devices to RS-23_2 Ports
RS-Z.?? ‘ Waveforms

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

:J M- am e o

Logic '1* ~ . - +8Y
Sart) 0 | 1123|456 | 7 |sp
Logie ' v 1) 14

Figure 4 : TTL/CMOS Serial Logic Waveform

The diagram above, shows the expected waveform from the UART when using the common 8N
{ormat. 8N1 signifies 8 Data bits, No Parity and | Stop Bit. The RS-232 ling, when idle is in the Mark
State (Logic 1). A transmission starts with a start bit which is (Logic 0). Then each bit is sent down the
line, one at a time. The LSB (Least Significant Bit) is sent first. A Stop Bit (Logic 1) is then appended to
the signal to make up the transmission.

The diagram, shows the next bit after the Stop Bit to be Logic (. This must mean another word is
following, and this is it's Start Bit. If there is no more data coming then the receive line will stay in it's
idle state(loglc 1). We have encountered something called a "Break” Signal. This is when the data line is
held in 8 Logic 0 state for 3 time long enough to send an entire word. Therefore if yoy don't put the line
back into an idle statg, then the receiving end will interpret this as a break signal.

The data sent ysing this method, is said to be framed. That is the data is framed between g Start
and Stop Bit. Shoyld 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 ahove diagram is only relevant for the signal immediately at the UART. RS-232 logic levels
yses +3 to +25 volts to slgmfy a "Space" (Logic 0) and -3 to -25 volts for a "Mark" (logic 1). Any
voltage in between these regions (ie between +3 and -3 Volts) is undefined. Therefore this signal is put
through a "RS-232 Level Converter". This is the signal present on the RS-232 Port of your computer,

shown below.,
Mark v _ <10V
Start| 0 | 1| 2134|856 | 7 |stop
Space v +10V

Figure 5 : RS-232 Logic Waveform

The abave waveform applies to the Transmit and Receive 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 Parallel lines. These lines (RTS, CTS, DCD, DSR, DTR, RTS and RI) are also at RS-232 Logic
Levels.
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wWww.p-tec.net aﬂ@@ Tel: (719)589 3122
sales@p-tec.net Fax: (719) 589 3592
PR
PLI90 INFRARED SERIES 3MM
Features Absolute Maximum Ratings at T, =25 °C
Reverse VOMAGE .......oo.oiiiiiicreeeee e e e e s e e e e e eeen 5.0v
- .
High Radiant Power | oo Formard Curzent ..........eeeeeeo oo 100mA
* Lower Degradation Peak Forward Current (1/10 Duty Cycle, 0.1ms Pulse Widdh) .......... «-200mA
* IC Compatible Operating Temperature RANZE .........cceuvverenneeeenrinnneeennericaeecvrnneansnnand - 25°C to + 85°C
Storage Temperature RANGE .......oooveeimiiniiiieeeiecer e eeeeeeenees -25°C to +100°C
Soldering Temperature (1.6 mm below Body) .........ceoeeemeeeeeeereeeoeaeeeesessessesesms 260° for 5 seconds
Electrical & Optical Characteristics at Ta = 25 °C
Lens Color Inf ar ed | Peak | View Forward Voltage Radiant Intensity
Part Numb Chip | Wave | Angle V) (med)
mber Material | Length | 20 % ( m
Water Clear Blue Transparent nm Deg Typ | Max [IF(mA)} Min Typ IF(mA)
PLIS0O-WCIR880 | PLI90-BTIR880 | GaAlAs| 880 36 15 1.9 50 8.0 13 100
PLISO-WCIR940 | PLI90-BTIR940 | GaAs 940 36 1.5 19 50 8.0 13 100
r— s.1 240Min.
30 254101
L [ 11
T 0.5 Squane
4.1 1.5typ.
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I —— GENERAL PURPOSE 6-PIN
PAIRCHILD 5,0 1r60TRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

WHITE PACKAGE (-M SUFFIX) SCHEMATIC

10-—'} o &
20— *l—E—os
30—=NC o4

DESCRIPTION

The general purpose optocouplers consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin
dual in-line package.

FEATURES
= Also available in white package by specifying -M suffix, eqg. 4N25-M
= UL recognized (File # ES0700)
= VDE recognized (File # 34768)
- Add option V for white package (e.qg., 4N25V-M)
- Add option 300 for black package (e.qg., 4N25.300)

APPLICATIONS

= Power supply regulators
* Digital logic inputs
= Microprocessor inputs

L T L e e B e T e e T e S P T BT S s S T
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E—— GENERAL PURPOSE 6-PIN
=D PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®
w
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
m
ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise specified)
Parameter Symbol Value Units
TOTAL DEVICE
Storage Temperature Tste -55 to +150 °C
Operating Temperature Torr -55t0 +100 °C
Wave solder temperature (see page 14 for reflow solder profiles) TsoL 260 for 10 sec °C
Total Device Power Dissipation @ Ty = 25°C Pb 250 W
Derate above 25°C 3.3 (non-M), 2.94 {-M)
EMITTER
DC/Average Forward Input Current Ie 100 (non-M), 60 (-M) mA
Reverse Input Voltage Vr 6 \
Forward Current - Peak (300us, 2% Duty Cycie) Ie(pk) 3 A
LED Power Dissipation @ Ty = 25°C Po 150 (non-M), 120 (-M) mw
Derate above 25°C 2.0 (non-M), 1.41 {-M) mwrC
DETECTOR
Collector-Emitter Voltage Vceo 30 v
Coltector-Base Voltage Veso 70 v
Emitter-Collector Voltage Veco 7 V'
Detector Power Dissipation @ Ty = 25°C Py 150 mw
Derate above 25°C 2.0 (non-M), 1.76 (-M) mW/°C
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E—— GENERAL PURPOSE 6-PIN
A eIED  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®
%
4N25 4N26 4N27 4N28 4N35 4N36

4N37 H11A1 H11A2 H11A3 H11A4 H11A5

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified)
INDIVIDUAL COMPONENT CHARACTERISTICS
Parameter Test Conditions Symbol Min Typ* Max Unit
EMITTER
input Forward Voltage (e = 10 mA) VE 1.18 1.50 \Y
Reverse Leakage Cument (Vg=6.0V) Ir 0.001 10 HA
DETECTOR
Collector-Emitter Breakdown Voltage {lc=1.0mA, I=0) BVceeo 30 100 v
Collector-Base Breakdown Voftage (lc=100pA, Ig=0) BVeeo 70 120 v
Emitter-Collector Breakdown Voltage {lge=100pA, Ip=0) BVgco 7 10 v
Collector-Emitter Dark Current (Vee=10V,lg=0) lceo 1 50 nA
Collector-Base Dark Cumrernt (Veg=10V) leso 20 nA
Capacitance (Vce =0V, f= 1 MH2) Cce 8 pF
ISOLATION CHARACTERISTICS
Characteristic Test Conditions | Symbol | Min | Typ* | Max Units
{Non -\, Black Package) (f = 60 Hz, t = 1 min) 5300 Vac(rms)
input-Output isolation Voltage - Viso
(-, White Package) (f = 60 Hz, t = 1 sec) 7500 Vac{(pk)

Isolation Resistance (Vi.o=500VDC){ Rigo | 10V Q

] Vio=8& f=1MHz) 0.5 pF
Isolation Capacitance Ciso

{'-M’ White Package) 0.2 2 pF
Note

* Typical values at Ty = 25°C

m
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E—— GENERAL PURPOSE 6-PIN
e PHOTOTRANSISTOR OPTOCOUPLERS

v ——————————
SEMICONDUCTOR®

m

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
%

TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)

DC Characteristic Test Conditions Symbol | Device Min Typ* Max Unit

4N35
4N36 100
4N37

Ht1A1 50
Hi1A5 30

(le =10 mA, Vg = 10V) 4N25
4N26
H11A2

ctr | H11A3 %

4N27
4N28 10
H11A4

4N35
(lg =10 mA, Ve =10V, TA =-55°C) 4N36 40
4N37
4N35
(Il =10 mA, Vog = 10V, T4 = +100°C) 4N36 40
4N37
4N25

- - 4N26
(lc =2 mA, Iz = 50 mA) oy 0.5

4N28

4N35
Collector-Emitter 4N36 0.3

V
Saturation Voltage CEESAD | 4N37 v

Current Transfer Ratio,
Collector to Emitter

- - H11A1
{ic = 0.5 mA, I = 10 mA) A
H11A3 0.4
H11A4
H11A5

AC Characteristic 4N25

4N26
4N27

Non-Saturated (g = 10 MA, Vg = 10V, Ry = 100) 4N28

4 Ton | Hi1A1 2 s
Turn-on Time (Fig.20) © H11A2 '

H11A3
Hi1A4
H11A5

Non Saturated (ic =2 mA, Vee = 10V, Ry = 1008) 4N3S5

T 4 2 1 3
Turn-on Time (Fig.20) ON 4:3? 0 .

L IR,
© 2005 Fairchild Semiconductor Corporation Page 4 of 15 6/15/05



AR L RN R
CAIHIHIASR
i B T AN e

*ROTOUAMODIME2

BT R = T CRARMD M LR SU S R, A DL DR i

asSind AN A8
TANIH SEVh

A A AASAETEETL B IR Tl G ST et SRR, S T P SR SR

o AT R L e DO L TS mel ]

C oy R L) Py T A 4 T
. - L2 5 4 . w g L -
..'n‘-:‘l v AT 1IXAICNnMN]
v - -
]
i
§
.
1 |
' }
"
i 1
H
1
|
\
|

‘_‘!'- LR R - B ‘-.:-.

i 110
!
1
|
|
{
|
i i T ) |
¥

okl AAYST B0 0 M W S SIS e b L S S



MR —— GENERAL PURPOSE 6-PIN
e HILD oG TOTRANSISTOR OPTOCOUPLERS
SEMICONDUCTOR®

M

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.) (Continued)
AC Characteristic

Test Conditions Symbo! | Device Min
4N25
4AN26
4N27
(I = 10 MA, Vg = 10V, Ry = 1009) 4N28
. H11A1 2

(Fig.20) H11A2

Torr | H11A3
H11A4
H11AS

(lc=2mA, Vg = 10V, Ry = 1008) ::gg ) o
(Fig.20) iNay

Typ* Max Unit

Tumn-oft Time

us

* Typical values at Ty = 25°C

s ——.
© 2005 Fairchiid Semiconductor Corporation Page 5 of 15
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E— GENERAL PURPOSE 6-PIN
e HILD ol OTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
w

TYPICAL PERFORMANCE CURVES

Fg-1 LED Forward Voitage vs. Forward Curtent Fig. 2 LED Forward Voltage vs. Forward Cuzrent
(Black Package) (White Package)
18 1.8
17 1.7 f
% 15 ;!4 :?; 15 /IIL
2 4 2 Y/
Sos "o o
g b g L/ Y]
g 14 L] Q 14 2 4
! I Ta= 85T A )
HS 4=S8C 1114 3
% 13 Vi 1L g 13 -
&< - LT | M t'- LT wezme 4
PR 1] TA29C ] F o &
> > i
“ a1 LA Y // 1 411 Ta 0T~
I “4/
10 0 -
1 10 1w ki 10 e
I - LED FORWARD CURRENT {mA) i¢ - LED FORWARD CURRENT (A}
Fig.3 Normalized CTR vs. Forward Current Fiy.4 Normatlzed CTR vs. Forward Curvent
{Black Package) (Whitc Package)
14 1¢
Vg = SV Nomokzed o Vog =0V Nomatoad
Ta=25C ke t0m 4 Ta =250 S - 30 mA
13
/—. 12
10
g l Z .
o <
o S / ]
© I 4 oe
N
Zas 2 / ™~
g I g e
ua z
f v4
L2 b2 l
0o ¢0
o 5 10 15 pol /] 2 4 L 8 0 12 4 1€ 13 n
i - FORWARD CURRENT (mA; tr - FORWARD CURRENT (A}
Fig. 6 Normafized CTR vs. Ambient Temperature Fig. 6 Normalized CTR vs. Ambient Temperatuse
(&sck Package) (White Package)
1£ l 14
14 e5mA 12
T kw5mA
£ 2 /] \\ E 1w //?—"—""— i
o
3 ///---\ I ~tmA \\ Q e - t0mA \\.
& w0 u g e \ T\
2 s ‘—-—‘,\\ \
H i ~
Z o8 Z o8 b =20mA
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— GENERAL PURPOSE 6-PIN
s PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

%
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11AS

Fig. 7 CTR vs. RBE (Unsaturated) Fig.8 CTRvs. RBE (Unsaturated)
(Black Package) (White Parkage)
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GENERAL PURPOSE 6-PIN
S HILD b6 TOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

W
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Hg. 13 Switching Speed va. Load Resistor Fig. 14 Switching Speed vs. Load Besistor
{Black Package) (¥hite Package)
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e
FAIRCHILD

SEMICONDUCTOR®

GENERAL PURPOSE 6-PIN

PHOTOTRANSISTOR OPTOCQUPLERS

%

4N25
4N37

4N26
H11A1

4N27
H11A2

Fig. 13 Switching Speed vs. Load Resistor

(Black Package)
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Fig. 19 Dark Current vs. Ambient Temperature
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e GENERAL PURPOSE 6-PIN
e HILD O TOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Black Package (No -M Suffix)

Package Dimensions (Through Hole) - Package Dimensions (Surface Mount)

/*:;',' 0350 (8.69)
oy T CEE
027 1
e fo [ Y T oo
o g D390 (2.0
A gzeamey 12 64H
0230810
: - |
g 0350
i 0330 (8.39)
£ TR T
£ aong. —_—
g assig ,— 0070 (17T
@ 0050002 | [T
id 35
] = 0,010 (0.25)

/ \ 0012030 |
L | I % I ’ 0.005 (0.20)
:‘:
ﬂ'ﬁ 0.63) l I l
0,020 (0.51) I | 00254

D020 {0.50;

anseae)
]
0154090 anz&imn I
n.scugzsq
Au1s {045

JL il
ST ‘n.m L A

a1m0{254
P

Package Dimensions (0.4” Lead Spacing)

D:HS(’\ 1)
P 1

Recommended Pad Layout for
; Surface Mount Leadform
S

d «' '—- 0.070 (1.789)
lBL-)"’I) *

l/nslasm.ﬁa;
B 0.012 {333

: 0.060 (1.52)
}
0.415 (10.54) 0.100 (2.54)
E 0.295 (7.49) —-| 0.030 (0.78)
“OOo

NOTE
All dimensions are in inches {millimeters)
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e S GENERAL PURPOSE 6-PIN
e CHILD b6 10TRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

White Package (-M Suffix)

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)

0350 (R85} 0.350 (8.69)

L3ZTEAY 0320813

FAR |~ LA

P g 352 AT
0.260 (6.60} Q280 B.80)
0.24D {510} 0240810

| |
FEE T |

o ao70{1.77)

4 0.070 {1.77 0.040(1.02~ | |

o RekeeleEsL "

g ORI 0.014 @35 0320 843 —wr- = -{[—otisp2s

£ 0.010 0.25) 3 M "'U”"’

P a

@ l‘ % |
0.0 |6.08) E 02000506 0.012 D30}
T (293 : W s 93|| ﬁmsxmm

0.100 (2.54)
0.01s (0.38)

e et “3-!‘91 o
0.018 (0.41) “‘H—-'!—“Lc.a;,., (2513

4 .
1 it
h i
P ® 0.025 (0.6%) 095 (0563
o 0.020 (0.51) 21001254
&t 0.035 (0.88;
33 0.005 (.16}
0.012 (0.30)

musmn

Package Dimensions (0.4” Lead Spacing)

i ' : aci Recommended Pad Layout for
Surface Mount Leadform
T fb”{"x% 1

O320( Pi_w
PIN1ID
Y |
i —— = 0.070(1.78)
0.250 {5.80, : {
0.240 (.10) I i
i : =
l j i | oo0s0(152)
EC — L LI L] some
007 (1.77) { | |
2.040 (1. U' } ‘ |
v ?Slnf;?i 0425(1079) | 0.100(2.54) —~—~
=
- 003 {17%) = |~ 0.030(0.76)
: gmom 1 |
W ansEe) ! N
1 ; | ;
'mss ro_,ss ’ I
l-—-|~a.1{o-2,sq 0.012 (0.30; ===
50:" 0. -1. ) ‘ 0.006 (9.21)
R 0.425 (10.80)
0.200 (10.16)

NOTE
All dimensions are in inches (millimeters)

m
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E—— GENERAL PURPOSE 6-PIN
e EILD  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®
m
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
“
ORDERING INFORMATION
Order Entry Identifier
Bilack Package (No Suffix) White Package (-M Suffix) Option
S S Surface Mount Lead Bend
.SD SR2 Surface Mount; Tape and reel
W T 0.4" Lead Spacing
.300 \ VDE 0884
.300W TV VDE 0884, 0.4" Lead Spacing
.38 sV VDE 0884, Surtace Mount
.3sD SRa2v VDE 0884, Surface Mount, Tape & Reel
MARKING INFORMATION

® E10
(aN251-0
0

. PPRE . PPR
6 6 o 6 6 o

Black Package, No Suffix White Package, -M Suffix

oo o

Definitions

1 Fairchild logo
2 Device number

VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)

One or two digit year code

4 * Two digits for black package parts, e.g., ‘03’
* One digit for white package parts, e.g., ‘3’
5 Two digit work week ranging from ‘01’ to ‘53’

6 Assembly package code

"Note ~ Parts built in the white package (M suffix) that do not have the *V" option (see
dafinifion 3 abova) that are marked with date coda ‘325’ or earlier are markad in the
porirait format.

3
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N GENERAL PURPOSE 6-PIN
e  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11At H11A2 H11A3 H11A4 H11A5

QT Carrier Tape Specifications (Black Package, No Suffix)

12001
—— - 4.85+0.20
40+01 - Va ©1.55 0.05
70302005 40+0.1 ..i / ;_1.75 +0.10
P

0 0 000CO0OOOGOGO| 6 o0d

o ° 5 ] 75+01
g IE :C; & 16.0 03

{ i i
132z02]] f h -
L i _J ] I x i
\X
0.1 MAX 1030020 \_ @16 +0.1

Usar Direction of Faad

QT Carrier Tape Specifications (White Package, -M Suffix)

120+01

i = 45£0.20
2.0+ 0.05 -~ 1.5 MIN
~0.30 £0.05 40401
i ‘j / [175010

sl oooﬁoooééoéocfo;—*—r
= = = 115410
0 E E % E % & 1_{_24.“0.3
f] 010

L i Xﬁ\: ii 020

-

o
W=

21.

-
o

N

Y
\— 215+01/0

0.1 MAX 1014020

User Diraction of Feed

M
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AT R S e X N
FAIRCHILD

GENERAL PURPOSE 6-PIN
PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®
4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Reflow Profile (White Package, -M Suffix)

260°C

>245°C = 42 Sec

. 160 4
“C 140

120 4

100 1.822°C/Sec Ramp up rate
80 4
80 /
40

33 Sec

Time above
183°C = 90 Sec

Time (s)

o 60 120 180

270

|

Temparature ("C)
8

S

Ramp up = 3C/sec

Time above 183°C, 60-150 sec

Time (Minuts)

G 05 1 15 2 25 3 35

Reflow Profile (Black Package, No Suffix) '.

215°C, 10-30 s

» Peak reilow temperature: 225°C (package sufface tamperature)

* Time of temperature higher than 183°C Tor 60~150 seconds
* One time soldering reflow is recommended

M
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I GENERAL PURPOSE 6-PIN
e HILD oL OTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

W

4N25 4N26 4N27 4N28 4N35 4N36

4N37 H11A1 H11A2 H11A3 H11A4 H11A5
DR ——
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life supporl devices or systems are devices or systems 2. A ciitical component in any component of a life support

which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be
{b) support or sustain life, and (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
resultin a significant injury of the user.

““
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Computer Control #2

WO SRS SR

Friday, Nov. 9

Permanent Magnet (or PM)
Stepping Motors

> robr éross—sechon is gear shaped
> “teeth” of the gear form N/S poles of magnet

| Electro-magnet stator|

Stepper Motors

> stepplng motors move in response to a

serles of electrical pulses, one output
“step” per input pulse

> open-loop control (without output
position monitoring) is common

» three types of stepping motors are
widely available
« permanent magnet,
- variable reluctance, and
+ hybrid

Permanent Magnet (or PM)
Stepping Motors

> an electrical circuit alternately switches
the polarity of the stator poles

> as the polarity of a stator pole changes,
the rotor will move to approach an
equilibrium position

» equilibrium positions where N/S rotor
poles align with the S/N stator poles



Figure 1.4 - Simple 12 step/rev Selection of Stepper Motors

Dybridmotor e
South poles on this T » steps per revolution (or degrees/step)
' ' » actual output position depends greatly on

|end of rotor

the static friction in the system

o » maximum stepping torque
« cannot be exceeded or the motor will slip

» Unipolar or Bipolar windings
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Indexer/Translator/Driver #1

» All step motor systems must consist of an
indexer, translator-driver and motor.

» The indexer portion of the system controls
timing and direction for each step of motion.

» Under control of the indexer, the {ransiator-
drivet powers the motor windings so that
each step of motion Is accomplished

hitp:/www.abllitysystems.com/indexipt.htm



Indexer/Translator/Driver #2

NN o N 3

» Stapper motor fransiator and drive circuits typically
requira STEP and DIRECTION input signals to
operate.

» These signal can be provided by PLC's, stepper
Indexers or stand-alone digital circuitry.

AN DRIE x—{ aTeeven
LALNAARR- STEP - ]
DA TR0 DIRECTION ¥
hitp://www.ontrak.net/step.htm

Indexer/Translator/Driver #4

[SreRe—

» A dircult which is feébdnsfblé for converting step and
direction signals into winding energlzation patterns is
called a fransiator.

» Most stepper motor control systems Include a driver in
addition to the translator, to handle the current drawn by
the motor's windings.

Vigoie \'mfm

http/Awww .elo.com/jasstep.htm

Indexer/Translator/Driver #3

PO e~

» The oomputet or PLC (prbéramﬁtab!e logic cbntmller)
sends commands to the indexer,

» The Indexer craates the clock puises and diraction
signals,

» The Driver accapts clock pulses and direction signals
and translates these signats into appropriate phase
currents in the motor.
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hitp:./Avww.anaheimautomation.com/intro.htm

Wave Drive (full steps)

30°
rotation

one set of
stator
windings i8
energized,

then the ®
other ]

I rotation
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rotation

Halr Step Mode

LS

» Twice the resolution {steps/rev) from the
same motor ,
» Much better smoothness at low speeds

» Less overshoot and rlnglu?g at end of
each step :
» Slight loss of torque

+ can be improved with the "profiled current"
method of Figure 1.10 /.

Half Stepping

| 15° rotation | | 30° rotation |

Phase 1 - ON
Phase 2 - OFF

Phase 1 - ON
Phase 2 - ON

Phase 1 - OFF
Phase 2 - ON

e T

"Micro" Step Mode

» Ratio the current in each of the two

phases

« rotor will be proportionally attracted to the

stator pole with the most current
» 100 to 500 times the resolution

(steps/rev) from the same motor
» Very smooth at low speeds
» Much more complicated electronics



Principle of R-L drive | Stepper Motor Drives #1
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Stepper Motor Drives #2 Stepper Motor Drives #3
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Stepper Motor Drives #4 Output Interfacing
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Fig. 28 &ipoly R-L dive ULN2003 » 8> D ED ;‘ 3
v intarface chip :g: > g : 7 stapper coils
T {7 outputs par Syl E. B §, » (600 mA each)
chip) B4 I3 2 1T 108
[11] i
1 2 K 4 5§ 6 7 8
n1
From n2 %? Sama ground for ail
no w computer m e 7 colle
perallel | ¥
output | 1ng ULN2003 - 30.38

T »
o

IMS #1B462 IMS #|B462 #1B104, #IB483

IR R, - I

2 amp bipolar chopper dﬁver Computer
Parallel

Qutputs

T v
L6314 QRSUNG 32 i wwree
i e

L LR TTES SRRV Sl
l - CONIROULER
IHTERFACE
AENT #e €
Gy we ¥

I

Theem g

AC UNESORD

AC (ehid
FAIRR

Tariu

CUSAY SLAYY 44

LLLSAA LU
] em—— 0A301E LB ML TR 1ALE

e ST SRR TR,




M1632 MODULE LCD 16 X 2 BARIS (M1632)

Deskripsi:

M1632 adalah menipaken modul LCD dengan tampilan 16 x 2 baris dengan konsumsi daya y
rendsh. Modul ini dilengkapi dengan mikrokontroler yang didisain khusus untuk mengendalikan It
Mikrokontroler HD44780 buatan Hitachi yang berfungsi scbagai pengendali LCD ini mempunyai CGRS
{Character Genorstor Read Only Memory), CORAM (Character Gonarator Random Accoss Memory)
DDRAM (Display Data Random Access Memory).

DDRAM

DDRAM adalah morupakan memori tompat karaktcr yang ditampiiksn berada. Contoh, yr
karakter ‘A’ atau 41H yang ditulis pada alamat 00, maka karakter tersebut akan tampil pada baris perts
dan kolom pertama dari LCD. Apabila karakter terscbut ditulis di alamat 40, maka karakter terscbut a
tampil pada baris kedua kolom pertama dasi LCD,

m EEEEE R LKL
oo (TR ]
CUEgITTuCTIazran

Y Y
HOWTSOV display  Esrsion dver
display

TR 0
. [ el
1510 PP PR PR
I e
Gambar1
DDRAM M1632 (diambil dari data sheot HD44780)

-3

=

CGRAM

CGRAM adalah merupakan memori untuk menggambarkan pola sebyab karakter di m
bentuk dari karekter dapat diubah-ubah scsuai keinginan, Namun memori ini akan hilang saat power suf
tidak aktif, schingga pola karaktor aken hilang,

CGROM

CGROM adalah merupakan memori untuk monggambarkan pola sebual karakter di mana
terscbut sudsh ditentukan sccara permanca dari HD44780 schingga pengguna tidak dapat mengubah |
Namun karena ROM bersifat permanen, maka pola karakter terscbut tidak skan hilang walaupun po
supply tidak aktif :

Pada gambar 2, tampak terlihat pola-pola keraktcr yang tersimpan dalam lokasi-lokasi terte
dalam CGROM. Pada saat HDA4780 akan menampitkan data 41H yang tersimpan pada DDRAM, m
HDA4780 akan mengambil data di alamat 41H (0100 0001) yang ada pada CGROM yaity pola karakter A

DELTA ELECTRONIC
hitp//www delta-clectronic.com
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Gambar2
Hubungan antsrs CGROM dan DDRAM (diambil darl dats sheet HD4A780)
Pin Out
veC +
2 1 GND ov _ .
3 | VEE Te; Kontras LCD '
4 Rc%m Sa%g-kcﬂsm Perint_q.l‘t" 1 -Regsml
3 | RIW | = 0= Write : ‘
5 |[E Enable m logika 1 setiap kali pengiriman
bacaan dsta
7 | DO Data Jﬁuﬂl i N
8 | D Data Bus
) | D2 Data Bus 2
) | D Data Bus 3
D+ Data Bus 4
2 | DS Data Bus ¢
3 [ D6 Data Bus 6
4 I D . Data Bus 7
3 M%memwﬁ Tegangan positif backlight
6 | Katoda 1 meseh untuk LCD Hitachi) | T negatif backli

DELTA ELECTRONIC
hitpi/fwww .delta-clectronic.com




Gambar 3 Gambar 4
Pin Out M1632 LCD Hitachi Pin Out LCD M1632 Standard

Register

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

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

Penulisan Data ke Register Perintah

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

RS
RV

I

ou7?
DB& (1R IR2 )} XAC6)
DB5 (ks w1 X Maco)
DHA (_1Re_ X0 X cH)
Gambar §
Timing diagram Penulisan Data ke Register Perintah Mode 4 bit Interface
Tabel 1
Perintah-perintah M1632
Perintah D7|D6 |DS |D4 | D3 [D2 [D1 | DO | Deskripsi
Hapus Display 0 0 0 0 0 0 0 | Hapus Display dan DDRAM
|_Posisi Awal 0 ] 0 0 0 Q | X Set Alamal DDRAM di 0
Set Mode 0 0 0 0 1 /D S Alur arah pergeseran cursor dan displi
DELTA ELECTRONIC

http://iwww.delta-clectronic.com



[ Display O/OFF o[ © 0 0 ) [ B amdhp:yr)wo"'w'.w
Gesor 0] 0 0 T | SC | WL | X | X | Geser Cursor atau display anpa o
C: i alamat DDRAM

Sot Fungal o 0 T | OL | N F | X | X | Aur panjsng cata, Jumish bars
ot Aamat | 0 | 1 | ACG | ACG | ACG | ACG | ACG | ACG dapat sy Qui sl
CARAM - L ) distur

Set Alsmal | 1 | ADD | ADD | ADD | ADD | ADD | ADD | ADD ] *ﬁuamuu"'m"“ﬁmﬁ'ni
DDRAM ) alsmat distur

X = disbaikan

/D 1=Increment, O=Decrement

S 0=Display tidak geser

S/C 1=Display Shift, 0=Geser Cussor

RA. {=Geser Kiri, 0=Geser Kanan

DL 1=8 bit, 0=4bit

N 1=2 baris, 0=| baris

F 1=5x10, 0=5x8

D 0=Display OFF, I=Display ON
. € 0=Cursar OFF, I=Cursor ON
B 0=Blinking OFF, 1=Blinking ON

Pembacaan Dats dari Rogister Perintah

Proscs pembacaan data padn register perintah biasa digunakan yntuk melihat status busy dari L
atay membaca Address Counter. RS diatur pada logika 0 untuk akses ke Register Perintah, R/W distur p
logika | yang menunjukkan proses pembacaan data, 4 bit nibble tinggi dibaca dengan diawali pulsa log
! pada E Clock dan kemudian 4 bit nibblo rendah dibaca dengan diawali pulsa logika 1 pada E Cle
Untuk Mods 8 bit interfico, pembacaan 8 bit (nibble tinggl don rendsh) dilakukan sckaligus dongan diav

scbuah pulsa logika | pada E Clock,
RS ————-—-f
RV /
ETN/T =

ver Xar)X____XAQ)

one XXX
ous Yacnk XAt
o JaceX X aco)

Gambgr 6
Timing Diagram Pembacaan Register Perintah Mode 4 bit Interface
Register Data '
Register ini adalah register di mana mikrokontroler dapat meauliskan atsy membaca data ke ¢
dari DDRAM. Penulisan data pada register ini akan menempatkan data tersebut ke DDRAM scsuai den,
alamat yang telah diatur sebelumnya

Penulisan Data ke Register Dats

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

DELTA ELECTRONIC
http/Awww.delia-clectronic.com



i 4) dikirien dongan divwali putss lugika | pada sinyal 1 Clook dan kemudion diikuti 4 bit nibble remdal
(bir 3 hinggn bl 0) yang Jugn dluwall pubsa loglkn 1 puda siuynl % Clock,

I

w o

¢ SN N/

oar X BETXBELX )

ous X PRE BRI 0D

vss (DR Y ORI X Yacy)
ETTD €)1 @ D

Gambar 7
Timing Disgram Penulisan Data ke Register Data Mode 4 bit Interface

Pembacaan Dats dari Register Data

Pembacsan data dari Registor Data dilakukan untuk membaca kembali data yang tampil p
LCD. Proses dilakukan dengan mengatur RS pada logika | yang menunjukkan gdanya akses ke Regi
Data. Kondisi R/W diatur pada logika tinggi yang meaunjukkan adanya proscs pembacaan data. Data 4
nibble tinggi (bit 7 hingga bit 4) dibaca dongan diawali adanya pulsa logika | pada E Clock dan dilanjut
dengan data 4 bit nibble rendah (bt 3 hingga bit 0) yang juga diawall dongan pulsa logika 1 pada E Clock

J——
—
N \—

m x
3z

085 LR XORY

o84
Gambar 8
Timing Diagram Pembacasn Dats darl Register Data Mode 4 bit Interface

Antar muka LCD dengan mikrokontroler

DELTA ELECTRONIC
htp:/fwww.delta-cloctronic.com




photodiodes

> Features

* Low-cost visible and near-IR
phetodetector

¢ Excellent linearity in output
photocurrent over 7 to 9 decades
of light intensity

¢ Fast response times

* Available in a wide range of
packages including epoxy-coated,
transfer-molded. cast, and hermetic
packages, as well as in chip form

e Low noise

¢ Mechanically rugged, yet compact
and lightweight

* Available as duals. quads or as
linear arrays

® Usable with almost any visible
or near-infrared light source such
as solid state laser diodes, neon,
fluorescent, incandescent bulbs,
lasers, flame sources, sunlight, etc.

¢ Can be designed and tested to meet
the requirements of your application

> Typical Applications

e Fiber-Optic Communications

¢ Instrumentation

* High-Speed Switching

¢ Spot Position Tracking and
Measurement

* Photometry

® Data Transmission

UV Light Meters

Fluorescent Light Detection

Laser Range Finding

Barcode Scanning

Laser Safety Scanning

¢ Distance Measurement

* e o @

Datasheets available upon request

3 www.optoelectronics.perkinelmer.com

Description
PerkinElmer Optoelectronics offers a broad array of Silicon and
InGaAs PIN and APDs.

InGaAs Avalanche Photodiodes

The high-quality InGaAs avalanche photodiodes (APDs) are
packaged in hermetically sealed TO cans and ceramic blocks
designed for the 900 to 1700 nm wavelength region.

InGaAs PIN Photodiodes

High-quality Indium Gallinm Arsenide photodiodes designed
for the 900 to 1700 nm wavelength region, these photodiodes
are available in standard sizes ranging from 50 microns to 5 mm
in diameter. Packages include ceramic submount, TO packages,
and chip form.

Silicon Avalanche Photodiodes

These are reliable. high-quality detectors in hermetically sealed
TO packages designed for high-speed and high-gain applications.
A “reach-through” structure is utilized which provides very
low noise performance at high gains, and a full range of active
areas is available.

Silicon PIN Photodiodes

Offered for low- to high-speed applications, these PINs are
designed for the 250 nm to 1100 nm range. Standard sizes range
from 100 microns to 10 mm in diameter.

Silicon PN Photodiodes

This format includes a variety of high-volume, low-cost silicon
photodiodes that meet the demanding requirements of today’s
commercial and consumer markets.

Alternate Source/Second Source Photodiodes

PerkinElmer’s nearest equivalent devices are selected on the
basis of general similarity of electro-optical characteristics and
mechanical configuration. Interchangeability in any particular
application is not guaranteed, suitability should be determined
by the customer's own evaluation.

Detector Modules

Preamplifier modules are hybrid devices with a photodiode
and a matching amplifier in a compact hermetic TO package.
An integral amplifier allows for better ease of use and noise
bandwidth performance. 14-pin, DIL, and/or fibered packaged
modules are available on a custom basis.



unttyitisall
Diete 5 i 10 vema et 5 21afie aainousaltal) 1mi3nidsd
#(97. bow Y9 afiend

weelyanabintand™ uotsaslied. k2 sednl

ste 1097, pabothosoda sdanslsms e et wtifoapedged T
sdoobtd Dt s anss OT balnes wisobsared ni hagadost;
Jeiger dfigonderen e 00T 1 oo art 1 hussrgianh

abaibs AT of aaal
1 by cibotndy sivmsient. moilis) wouad srilsupetaild

sabaiboodn sendy sokst digmelavss ma OnT1 07 008 adt an
copnns £ oot poian I mort guigoes essia ashogia af ol dulievs a1
it O dunoasicdus aievwts s alilany sogadnd aommaetis ol

errod qicda b

ez fboiondd o e b, taodic

beteas rlisaitamied A sotateh wileup-dgid sidsiler o soadT
atoizsaians aieg duid bos howgeetuid 1w Dsanizah asgsdueg OT
syt ashevore duidyy hasiline &5 smturtse “dyooultdies 4

aviton b sgret Vol ¢ bas cenisy dgid 18 sonsaaensg selon wol
arilulinse el sawg

ahughotadt A1 padfie

ate AT wesidy eaoitsovilege bmageedyid st owol Wt heasliO

g ensis frsbante oot o B8 Gt oo BES A ot by laat
pavaib gt i UF o #notatir 008 mron

eulmibwiad® A9 nooilid
i

abovr dphd T ey 6 winiond taivnot and ¥

rssaifE td sl st
gl Yo wrnsieipot ghilineesd ot s et hotbotalo
atgdinrn mpodmae s sk

vatailyosndS s oruod bitooe@eoTime e F
patt el dned g

bite 2 aitematasteds leatio e vitiade 1o othalipnis lieney 3o ziasd

ailt e hethalaee 3w esoiral tinsisviips b

waliiting saw i rtlideagaatiasal L onRewg oo teaned
bantarratek o blueds wtiidstiors baatrmmog tan = motfesilgas
ariteitiava A0 2notste edt ol

wo okl o sl

asbinibotody ¢ Aste zaitval b wufed svi eslubom witblgmestd
sgEAaan OT aitermesd fugqoues s ok 1eftilee ol o b
aziun has a2 Yo sens tattsd 10} awalls zefiigen. nggaim ad
toanped i) bavadfl b JI nlg-k T asasneotisg dthiabosmd
aiepd vwitatry s oo slde [isee »ors aadabom

ey gufanl

S-nan bo sldisiv aoewoel

o welariode

tiseptien o pinesai! faalisaed
Anhnaabh ¥ o T e Isnioteda
riienagt 1dgille

2ottt aamnjaaT =7

1o sqnet abiw & ai alilslisvh
i penngs gathulant esgudosg
attarredl boie zen Jbehloigsianen
arwed cido At oes Heeren segsdneg
satog wod

tugy vy ey begair rlisninedostd
tegteverrighl bas

20 10 abmop alseh ae «ldelisnf
ayTin weni

sluiaiy s t2onls diker side |
il aouoe tlail betstdaitesn o
vt eshoih tmes! atate biloa 25
sibiind timadabrisonl doscesnn
a9 ndntlaue saotoz smsil #Tenad
s o heias ! o bongieah sd nel

notsstgoe wy 1o adasmetisps s

sonpaatlgy b sy

aaa bt oirternl) itgCasdi]
o E s T A

gnnirashad bange-dydd

nan grtdowstT neittae® oge
tsmaurzes M

PRs CLL [

nuteatmaos’ sial

«tatal/ gy VT

goitetst] wigid snesestoad
wathail sgme weasl
gainisad whostad
unianasd TINTsA mesd
tusmg st sanstaid

-

2l

* % ¢ =

temeapat i sideiiers ataggesisll

eoboibotorig

MG ASmIani N I9Q.2 200 U IsiBolG oW WY



InGaAs APDs—900 nm to 1700 nm

Technical Specification

Pholo Sens. flesp. Dak Speciioise Cap. Bandwichh WEP@ vor
Part Standard Diam. AW Com. CoxDms. @I0KE G 1550 nm for
Humber Package m  @1X0mm @15500m d@A) REAR) Coph mSW pWAlz GainiDV
C30644E TO window 50 8.4 9.4 [ 0.15 1 2 0.03  40-90
C30644ECER Ceramic 50 8.4 9.4 6 015 0.8 2 0.03 4090
C30645€ TQ window 80 8.4 9.4 10 0.25 1.2 1 013 40-90
C30645ECER Ceramic BO 8.4 9.4 10 0.25 1 1 0.13 4090
C30662€ TO window 200 8.4 94 200 1.4 25 0.2 015  40-90
C30662ECER Ceramic 200 8.4 94 200 1.4 25 0.z 0.15  40-90
C30733ECER Ceramic 30 8.4 9.4 5 <f.1 0.25 3 001 40-90
Indium Gallium Arsenide Testeen i $=200
PIN Photodiodes, Large-Area,
and Small-Area
IniSiane Ealifons: Arguntde: AP InGaAs PIN Large-Area—900 nm fo 1700 nm
| Teohnical Specification |
= High Responsivity Pholo Sens. al_. g MP@ Cop. Bondwidh MacPomer Bias Vol
* Low Capacitance for High — T e e S NN . it oy (@) Spocay
Bandwidths CI0GIS | TO-18 05 02 086 085 5 <01 8 350 >+13 5
* Available in Various Hermetic C30641G | TO8 1 02 0Bs . 065 8 ‘eod ) 40 75 5413 2
Packages (306426 | TO-5 2 0.2 0.86 0.95 10 0.1 350 20 +11 [}
C306656 | TO-5 3 0.2 0.86 095 25 0.2 1000 3 +11 [}
C30723G | TO-8 5 0.2 0.86 0.95 30 03 2500 25 +11 0
Test conditions: T = 22°C
InGaAs PIN Small-Area—900 nm t{o 1700 nm
Technical Specification
Photo Sens. Resp. Dark Speciboise Cop Bandwidh MEP@ BiasVoR
Pant Standard Diam. AW Om. CorDoms. @00KE G 1550mn  for hese
Mumber Package pm @1308m@1550mm () REANT) CipP)  inoS0W  pWAlZ SpecsY
C30616ECER Ceramic 50 086 095 05 <0.02 0.35 >35  <0.02 5
C30637ECER Ceramic 75 0.86 095 0B <002 0.4 35 <002 5
C30617ECER Ceramic 100 0.86 0.95 1 <0.02 0.55 3.5 <0.02 5
C306178 Balllens 100 0.8 0.9 1 <0.02 0.8 3.5 <0.02 5
C3061BECER Ceramic 350 0.86 0.95 2 0.02 4 0.8 0.02 5
C30618G TO window 350 086 095 2 002 4 o8 0.02 5

Test conditions: T = 22°C

www.optoelectronics.perkinelmer.com 9



photodiodes

Si APD—Standard Types—00 nm to 1100 nm

Technical Specification

Photo fesp. Dark  “Spect, Boise Cap. flesp. HEP T yoe |
Part | Standard  Sans. Diam. D5 e ‘Cor. | CumeDens. @100 kHz - Tisw S8 gm Aaoge |
fumber | Packags i AN 08} e fpANHE | CEGR trieg i ¥y
G30817E | TO-=S 0.8 75 50 0.5 2 2 4 275-425
| C308TZE | TOa K} 45 100 0.5 i 2 11 275425
i 30902 | TO-18 0.5 77 (@830 0m) 15 0.23 16 D05 3 [ 830 am) 180-250 |
0.5 128 [@ B30 wa) 15 011 15 005 0.86 (@ 230 pw) 180-250
| C30916E | TO 1.5 7 100 0.5 3 2 3 275-425 |
Test conditions: T = 2249
Silicon Avalanche Photodiodes - .
. Si APD—Arrays Quadrant and Linear-406 nm to 1100 nm
= Hermetically Sealed Packages N .
. Technical Specification
] b Phato Resp. Cork  Speci®alse Cap Wasp.  WEP S vor |
Part | Stamgand  Sens. Diam. = ©E30pm Cure.  Cumfems. @1801KMz Time m Range |
Wumber | Packsge mm AW e InlpSiH) EpR trm) Ak ¥
Imoaz.vs-m | TO8 1.5 lvta] 62 (8000} Z5 1 4 16 (B900 nm) 275425
[C307E-02 | TOB  15luwl 62 (€00nm) 5 1 21618900 am) 275-425
1.5 kel 62 (#9500 mw) 25 1 3 U6 (000wl 275-425
CI0WSE | Custom 0.2 pitcs a 1 BE 2 L 250-425 |
Test oonditions: T = 224
S APD—Low Cost, High Volume-400 nm to 1000 nm
' Technical Specification
' ! Phats Resp. Dark Spectiole Cap.  Res.  KEP® vor |
Farl | Standard  Sens. Diam. €900 om Lot - Do Dess. ©100KHz  Time 500 nm Rangs |
Rumber | Package mm AN 1 {nf} 6 (PAF : ot sHz W
| CIOTHE | TOA8 05 O (@M=1s) 2% 11 uu-z‘mg
| CRUZ24P | Plalic 05 0@ Ms15) 25 1 !
| C30737E | TO-418 05 4T (@ 1400 nm 20 03 25 03 6.4 (2500 um 120-200,
i i M=100) M=100) |

Test conditions: T = 22

Si APD—TE-Cooled

Technical Specification

{ Phats Resp. Dark
Part | Staadard  Sesa.Diam, 880 om  Durr

uEPE  ADPVDE!

| , 1 B3um  Renga |
| Huember |  Package mm. AW E RG] iz ¥
| C308025-TC | TOH6 0.5 128 2 03 160-250 :
| L308025-D7C | TO-S6 (tR 128 1 u.i6 160-250
Test conditions: T = G°C for ‘T and -20°C for -DTC ADP VOP Range: tesiperatire dependent

O wwiw,. optoelectronics.perkinetmer.cam



Silicon Avalanche Photodiodes
*+ Low Cost, High Volume

: Phnl:)dhx]Pk

51 APD—NIR-Enhanced—400 nm to 1100 om
| Technical Spacification

Phalb  Resp Dark Specthives {ap.  Resp. HEPG vor
Part | Standard  Seas.Diam. €1060mm  Cun.  CurnDens. ©100kHz  Time
Nomber | Packege mm AW W iR} s (pASHL  Cd (PR} T ins)
Ca0Us4E | TDS 0.8 k0 50 (33 2 2
| wowssE | Tos 15 e ok 4 2 15 275405
C30956E TO-8 3 25 100 0.5 10 2 20 275-425 |

Si APD—Lightpipe

Technical Specification

j Phom  Mesp.  Dark  Spechfiske  fop Retp. KEP G vor |
Part { Standard  Sens.Diam. @A nm  Com o Deas. G100%kMz  Time B30 am Range |
Number | Packnge mm W WipAl In{pAlHz) Cd(PF)  ir {ns) W/ vhz B

CHRE | TOas 05 P 15 0.23 16 o053 :
| cnwis [ e 0 0h . i e T 180250
Text comlitioms: T = 225C
5i APD—Radiation Detection
Technical Specification
' L phow Dark  Spect.holse  ©Dap. Resp uEP S

Fart Sems.Ofam.  Rasp. tur.  CumDems. ©700%Hz  Time Poak

Humber H nm A i (@A) i {pASHz) Ca{pR}  Ir (ns) Wi vHz
| G30825 | 5as 2z (BOG0mml 250 0. W 5 23 (@00 mm] 7
30703 | 30x10 16 (@sstimm) 10 05 430 8 4010950 mm} 2754z |

Test conditions: T = 229C

www.optoelectronics.perkineimer.com 11




hotodiodes

Silicon PIN Photodindes
and Modules

* Broad Range of Photosensitive
Areas

* Low Operating Voltage

* Hermetically Sealed Packages

Si PINs—Window and Lightpipe Packages. Fast Response—90 nm to 1100 nm

Technical Specification

Photo  @mp.  Dak  GpmciNois  Cap. . Resp.  NEP @ Blasvon|

o Part | Stdand  Som.Dvm. $8Mem Cwrid  Com Oz BU0GHZ Thee  Sa0om  for Tess
| Mumber | Packsge mm AW mA (WG GAGR e WMz Specs
| C3097IE | TG-13 0.5 05 10 57 16 05 1 w0
. C30S97TIEL | TO-1B Lishipipe  0.25 a5 mw 57 16 0.5 113 108} ‘

Test conditions: T = 22°C

5i PINs—Large Area, Fast Response—400 nm o 1100 am
 Technical Spacifichtion.

Photo Reap. Dark - Specl Noity Dap Resp. NEP @ Blﬁsﬁﬂt'

Part | Stamgar  Sons.Dlam. €90nm  Cemld  CurDens. @WOkHr Tme | 800 nm o for Tases |
Number | Package mm AW ri i Hz Ca{pF ¥(ms) fMW/WHz  Specs¥ |
| FRa00 | TOS 2.5 058 2 25 85 35 11 15
FD-200 | TOB 51 0.58 PR i 52 51
Test comditions: T = 22°C
5i PINs—Quadrant-220 nm to 1100 nm
Technical SpecHication
3 ! Psto fesp.,  Dark  SpectNolss Cop.  Rasp. NEP@  Blas vait|
Part | Sndard  3sgs Diom. @90Gnm  Cumit  CemDeps @100KEz  Time 990 nm for Thase |
Humber | Package  tstalmm A M WA Cdigh  trims)  MWAR:  Spess¥ |
C30845E | TOS 8 Y 7 17 8 & 74 5 |

W-40B0<4 | TOS  Laxii(xd) 088 S E L g T T
| YAG-Ad4-47 | 14 04RO g 40

Custow 118 9 25 295 B0 |

Test oonditions: T = 22

5i PINs—Standard N-Type-499 nm ta 1100 nm

Technical Specification

{ Photo Basp. Dark  Speck fiise  Cap. fesp. KEP @ Bias Yolt

Fart | Standard  Sens.Diam. ©900am Curid  fumOms ©100kMz Time  900nm  for Thess!
Humber | Packags mm AW e MiisH] S (pF) trims]  MFYHz  Specs¥
1,_“:::'16507‘% } TO-18 1 0% 1 25 a a0 45 |
Ccovsose | Tos | 2% T % R 5 52 a5
‘ T 30sE | s T 7 3 67 mis_“.;
I - T 7 & a8 1 e
_ﬁ CHMBIE | Custom au s 7 12 w45

Test comditioms: T = 22°C

= www.optaelectronics.perkinelimer.cam



~ Photodindes

Si PINs—UV Enhanced, Low Noise-220 nm to 1100 om

: Tachnical Specification”.
2 |

o w i Plinta Fesp.  Shewt  SpectMoikse  Cap. MFE |
g | Part | Standard  Seas. Diam. A fests. Curr.Deas: @100 kiz:  S00om
; Numbsy | Package mm G o @00 mm A MW Wz o iR 8 S
uy- 0132-‘.') B T T 7 ll 5-8_“_2.1_1&) - ) 3 2? Mii'; T
| ww-to0e TR e
| Uv-2isEQ 0.58 251 & 450 25 !
TR n 13 - ars e 175 20 !
TRy 058 1oa0 s w7
uuac-z" C0se | i ST En 7
Test conditioms: T = 2270
Silicon PINe—UV Enhanced
Si PIN Modules—Low Bandwidth—1 kHz to 50 kiiz
Techmical Specification
| I Phatn Rugp, SpeciMaise  NEP®  Besowldth  GlasvVon |
| Fart | Standad  S8ss. Divm. B Yot Doms. H00 o ke
| Kumber ‘ ?:u:knno mm @260 am. V00 am ¥ (VR pVJI iz into 50 W
HUV-20008 | Custow 54 24 116 25 002 N
levdmom 86| “'i'a'-s_"—i‘,sﬁw T R A

Test comclitions: T = 2240

SI PIN Modules—High Bandwidth-40 MHz 10 100 Milz

Technical Specification

H

| Pl Photo Sens. . Regp, Lip. - Sgect¥olse  HEP | Bundwidth Pholo. Dind.
Part L erAPD Stomtard  Diam. KVAY  Voit Bt YaduDees.  @9Xnm MHz {348, Blas |
Humber | Uses Package  mm B900 any Swing () o JHz) nwmz D SOH)  Vetty |
C30608E CHO71 TO-5 05 32 (@830 um; 0.7 B0 1.8 (@830 wn) 50 12
03[654-1359-32}\ ("mbb2 o 0.2 0@ 1s~m n.m} 2 U5 D163 [ 1550 wis) 50 ws0 |
CI09SUE | Caos17 TO-8 04 560 7 0 036 50 z?a-aza 1

a*am% | Causyy t.uslum oA o100 oz 25 s

Test conditions: T = 229

www.optoelectronics.perkinelmer.com 13



photodiodes

Silicon PN—VTP Series

Technical Specification

I opat BRI Vee o TCVet.n b . RsH Sa Kidusta
| Wumber B WC @V mW/C sAmar 60 pF MM AW mm
CWPI00 | 55 24 oo 2 A0 025 Smes 0847 05 725-1150 92
VIPIOC | 70 . 02 388 2. A0 075 Wwe 005 055 400-1150
CviPeiz | 17 o P 85 Gme  GOTL 055 400-1150
vtz | e 05 Gmax 0003 056 4001150
| 200 & 180 — 0S5 4001100
V'P12"'az 106 min. — 1B 0076 06 4001100 920
K a0 2 45 10 25 ma u.ms"'"o'ﬁ mo-:ﬁo 25 ,
26 950 -2 38 10 Zmew G013 n.s's 706-1350 925 140 |
Silicon PN Phetodiodes VIP4OBS | 200 02 330 -2 do0 2z a0 — 035 4001100 925 — 1
I vTpaness {7300 -0z 2an. 2 S 4 30— s aotio ws — |
Table Kuy CVIPS0S0 | 70 02 450 2 18 025 Zme 005 055 1001150 925 140 |
Isc: Short-Circuit Current " viPsaso | z00 uziﬁ"n's‘n 2 35 100 Bbmex 018 05§ 4001150 925 14D |
H=100fc, 2850 K T | s« nz BB 2 a5 7 25mes  GOIS 055 4001150 925 140
TClsc  Isc Temperature Coefficient, 2850 K B o T O e S ey P P 700-1150 925 140 |
Vo Open{'.imtlit Val’@e " vPraao L0 ez s 2 2 045 dOww  — 055 7451430 425 fi‘.-ﬁ:;j‘
TC Vo Ei?eikaMﬁ‘iem,MK LN BT ORET h e R T TR
: D k Gurrent | VTPea4p .55 0z S0 2z 0025 055 400—1150 9zs 40 |
o Hil;), VR=10, 50, 100 V VPS5 | ez 3w 2 005 055 i(ﬁl—l]a&l s a0
Rs Shunt Resistance } ViPss5) { o 024 S0 02 A0 035 50mex E’;"ﬂ‘iﬁ, “ ..3?_@. hes Mo
H=0, V=10 mV me | 17____“ “_ 158 -_2_ 7 o Ba meu;r _“lmu u 5 1001150 025 _lf.;_‘
C] Junction (}]pﬁc}tﬂn{xz Electm-optical characteristios @ 25°C
H=0,V=0,3,15V
Re  Responsivity 880-040 nm Silicon PN—VTS Series
Sr Sensitivity @ Peak P — — i
lumg: g lAppﬁCﬂﬁOﬂ nge T&r:hnlcal-Spcifir,:aﬂon :
F Spectral Response @ Peak 8T m@'mz? :ﬂ‘g = T:v’%‘
Ver Breakdown Voltage a7 1w 045 26 |
At ; - !
Table Key ::;;; *E" —:}:- - j:*—f
Isc: Short-Circuit Current - :
H=1000 L, 2850 K 015 a4 05 2k
TClar g Temperature Coefficient L ol .
H=1000 Jux, 2850 K 1 L5 2 M 1T oa5 28
In Dark Current H=0, VR=100 mV _VIS_86 ;ﬁ‘.’ﬂ"._. 0z B D . ,,”,z, _"f‘f_ _Oys 048 28 |
TClp 1D Temperature Coefficient Elsctm-optical chasacteristics @ 25°C
H=0, VR=100 mV
Rsy Shumt Resistance
H=0, VR=10 mV
8} Jhmction Capacitance
H=0, V=0V, 1 MHz
Sr Sensitivity @ 400 nm
Re Responsivity 400 nm, 0.18 A/W
R/IR Rise/Fall Time @ 1 K load
VR=1V, 830 nm
Voo Open-Cireuit Voltage
H=1000 lux, 2850 K
TCVoe Vo Temperature Coefficient
H=1000 lux, 2850 K
4 www.oprioelectronics. perkinelmer.com



Table Kev

Ise:

TClse

Voo

In

Ran

TCRsn

tp/tg

}"l'd.l'l'gl Y
T
Var

Short-Circuit Current

840 nm, H=0.5 mW/cm? (VIDzos,
VTD206)

H=5 mW/amZ, 2850 K (VID21AA,
VTB Serics)

100 Lux, 2850 K (VID34, VID205K)
100 Lux, 2856 K (VTD206K)

Ise Temperature Coefficient

2850 K (VIDI1AA, VIDa4, VID34F,
VTB Scrics)

2856 K (VTDz0s. VID2oSK, VID20s,
VID206K)

Open-Circuit Vollage

940 min, H=0.5 mW/cm? (VTD 205,
VID205K, VTD206, VTDZo6K)

2850 K (VTD31AA, VTD34, VTDI4F)
Vo Temperature Coefficient

2850 K (VTD31AA, VTD34, VITI34F,
V1B Scrics)

2856 K (VIDzos, VID2OsK, VTD208,
VID2z06K)

Dark Current

H=0, Vg=2 V {VTB Scrics)

H=0, Vp=10 V [VTD34, VTI4F,
VTD205, VID205K, VID206, VIDZ06K,
VTB1on)

H=0, V=15 V (VID31AA}

Shunt Resistance

H=0, V=10 mV {VTB Scrics}

Rsn Temperature Coefficient

H=0, V=10 mV (VIB Scrics)
Junction Capacitance

H=0, Vr=0 V, 1 MHz (VTDz05.
VTDzo5K, VTDZ06, VIDZ06K)

@1 MHz, V=0 V (VTD34, VID34F)
H=0, V=0 V [VTD31AA. VTB Scrics)
Rise/Fall Time

@ RL=50 £}, Vg=5 V, 850 nm
(VTD205. VID2Z05K, VIDZ06, VITZ0G6K)
@RL=1 kQ Lead, Vg=10 V. 833 nm
(VTD34, VID34F)

Sensitivity @ Peak

385 (VTB Scrics)

Speciral Application Range
Spactral Response @ Peak
Breakdown Voltage

Silicon PN—VTD Series

?h_iiﬁn)ll indes

Technical Specification

o R b e (T R TR G5 tme . sp SR et Vam
Nombsr | pA W c my MY G BAmme pF B50C Afw __Am am v i
C VTD31AA | 1503}5 02 350 2 80  S00me  — 055  400-1150 fs;,ni’sr;a;—
| vios | o2 ges 2 40 e0 . S0 e 4o6iie 908 0 40 min
Uy :_— - ; B 557 2 M 66 S0 06 7251150 840 A
K R T R i e T T e T
| vimznsK | so 26w 72 W 06 400 925 50
| viees | 23 RN e o, TS0n00 x5 50
I Vﬁé@; Ta oz 6 6 ma-nm Cuzs s0
Llsetro- Dp'aml characteristics & 25°C
Silican PN—VTE Series
| Pan bsg, TClag ' Moc  TCWey in Asy  TCHsw  Cu 5g Krkagn Ry ¥ea {
Humber PA sIC m¥  m¥/C pAmax. G %IC ¥ AM ] a0 L
VIBI0 | 65 04z 490 -z 500 Zame 04 sm—nm tfz—a 50 |
VIBI01Z | 13 012 o0 2 '166_' 009 32l %20 40
| VIBIO12E 13 o002 420 2 10 a1 — 3
v | 18 unz a6 @ 3 _T‘Jum
VIB10138 13 o002 420 2 20 =
L viBTiHz | ?if“af.':'i 4w 2 00 31 _,w :uo-nw az0 40 |
VIBI112B | 6 o utu 7 420 ;z' o mﬂ nzs -95“” (E; P 340—740 A;szi «m_
CVIBIT3 | 60 o1z "'ign TR & 031 018 320100 w0 a0
VIB11138 "Qﬂﬁ;ﬂz """ _ — 330720 80 40
| viBdost | 01 soene e so
: 01 3201100 820 40
| VIBs0s18 | 11 o — G720 ssa 40
[ viBsestd | 1 ot aoton e 4o |
[ vresostov | an D12 01 61100 926 40|
r\.fl"Bsns*LlifJ .1_;.‘,].“ 012 400 0.1 2001100 Jin T

mma+ '

5]
o
Eik
3

!} 1.£ 4
450

. Conz 2
3 o2 om0 2 ; :
e ou IR T e S TR ummn o a0
45 012 490 2 2000 007 -8 1 01 3201100 920 40 |
VIBE | R e e R e T Ca0ro e 40
viBssdt | 45 04z 400 2 100 01100 920 40
VIB5441B sw-:?r; 380 40
VB2 | i 0
| viBgsize |
| B3 |

UI

HFJ-?.EU
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