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ABSTRAKSI

Dalam dunia industri ada beberapa kendala yang dihadapi untuk
meningkatkan hasil produksi. Mengingat hasil produksi yang dibutuhkan oleh
perusahaan adalah produksi dengan kualitas yang tinggi dan efisiens, maka diperlukan
penyelesaian-penyelesaian atas kendala-kendala yang ada. Diharapkan kendala yang
ada bisa ditekan seminimal mungkin. Permasalahan yang mungkin terjadi antara lain
perhitungan hasil produksi yang masih menggunakan cara manual, sehingga dapat
terjadi kesalahan perhitungan yang telah dilakukan, lambatnya mengakses informasi
hasil produksi secara cepat, tidak adanya rekaman hasil produsi yang dihasilkan pada
setiap produksi belangsung dan lain-lain. Oleh sebab itu diperlukan suatu alat yang
diharapkan mampu mengatasi kendala-kendala yang mungkin terjadi. Salah satu
solusi yang bisa dilakukan adalah dengan membuat piranti keras atau hardware yang
dilengkapi dengan piranti lunak atau soffware.

Dalam tugas akhir ini, penulis menggunakan rangkaian s/ave mikrokontroler,
rangkaian master mikrokontroler dan visual basic sebagai software. Slave
mikrokontroler adalah rangkaian mikrokontroler yang dilengkapi tombol good dan
tombol not good sebagai masukan dan LCD (liquid cristal display) sebagai keluaran.
Sedangkan master mikrokontroler adalah rangkaian mikrokontroler dengan tambahan
IC MAX-232 sebagai komunikasi serial yang berfungsi sebagai komunikasi antara
rangkaian mikrokontroler dengan komputer. Adapun sofiware yang digunakan adalah
Microsoft Visual Basic 6.0 dengan database yang dibuat dengan menggunakan
Microsoft Access.

Hasil pengujian yang telah dilakukan, peralatan dapat berfungsi dengan baik.
Namun masih ada kekurangan dalam tampilan dalam visual basic yang disebabkan
terjadinya delay antara komunikasi mikrokontroler dengan komputer.
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BAB1

PENDAHULUAN

1.1. Latar Belakang Masalah.

Untuk dapat bersaing dan bertahan di era globalisasi yang semakin kompetitif,
dunia industri dituntut untuk mempunyai daya saing tinggi. Dua faktor utama yang
dapat meningkatkan daya saing industri adalah kualitas dari sumber daya manusia
(SMD) dan inovasi teknologi secara terus menerus.

Dalam dunia industri dikenal adanya salah satu bagian unit prdoksi yaitu
Departement Unit Kontol Produksi. Dalam departement ini tingkat produksi yang
dihasilkan dimonitoring dan dicatat secara manual. Maka dengan perkembangan
teknologi yang ada pada saat ini, terutama perkembangan dunia elektronika
khususnya mikrokontroler. Mengingat kemampuan dan dimensi mikrokontroler,
perangkat ini juga disebut komputer. Untuk itu melihat kondisi kontrol produksi pada
unit produksi yang masih manual tersebut, maka dibuat suatu alat elektronika berbasis
mikrokontroler yang dihubungkan dengan komputer, yang data-data tentang produksi
bisa langsung diperoleh melalui mesin-mesin unit produski yang beroperasi. Software
yang digunakan dalam perancangan alat kontrol produksi ini yaitu Visual Basic,
dengan alasan bahwa program ini sudah sangat populer, cocok dengan alat yang
dirancang, serta mempermudah jalannya kerja alat.

1.2. Rumusan Masalah.

Berdasarkan latar belakang yang telah dijelaskan diatas, maka dapat di ambil

suatu rumusan masalah sebagai berikut “Bagaimana membuat alat kontrol kualitas

produksi berbasis mikrokontroler pada unit produksi”
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1.3. Batasan Masalah.

Agar permasalahan yang dibahas dalam tugas akhir ini tidak menyimpang dan
melebar dari judul yang telah ditetapkan maka perlu disusun pokok-pokok
permasalahan yang akan dibahas. Penulis membatasi penulisan pada masalah :

1. Pembuatan rangkaian  kontrol produksi  yang menggunakan

mikrokontroler AT89S52.

2. Program assembler digunakan sebagai bahasa pemorgraman pada

mikrokontroler.

3. Rangkaian LCD digunakan untuk menampilkan data yang diperoleh.

4.  Software Visual Basic 6.0 digunakan sebagai aplikasi pada unit

komputer.
1.4. Sistematika Penulisan.

Sistematika penulisan tugas akhir ini terdiri dari V bab, dengan masing-
masing bab adalah sebagai berikut :

BABI PENDAHULUAN : Membahas latar belakang, permasalahan dan

batasan, metodalogi, sistematika pembahasan.

BABII LANDASAN TEORI : Penjelasan tentang komponen-komponen

yang akan digunakan serta bagian-bagian yang membangun sistem ini.

BABIII PERANCANGAN ALAT : Penjelasan mengenai keseluruhan

sistem yang akan dibangun yaitu pembahasan mengenai perangkat keras dan

perangkat lunak yang digunakan.

BABIV UJI ALAT, ANALISA DAN PEMBAHASAN : Pembahasan

mengenai analisa hasil pengujian sistem yang dibuat dibandingkan dengan

kriteria hasil pengujian yang telah dilakukan.




BABYV PENUTUP : Pada bab ini merupakan kesimpulan akhir dari hasil
perancangan dan saran untuk memajukan dan pengembangan alat hasil
perancangan untuk pengembangan lebih lanjut.

1.5. Tujuan Penelitian.

Tujuan akhir dari penulisan tugas akhir ini adalah untuk mengontrol kualitas
produksi dan menghitung hasil produksi yang dihasilkan secara komputerisasi.

1.6. Manfaat Penelitian.

Penulis mengharapkan dari penelitian ini akan menghasilkan suatu alat yang
dapat memperbaiki sistem perhitungan pada unit produksi yang masih menggunakan

cara konvensional.




2.1.

BAB I

LANDASAN TEORI

Mikrokontroler AT89S52

Lahirnya mikrokontroler merupakan perkembangan dari sistem elektronika

digital khususnya mikroprosesor. Seperti halnya sebuah komputer, baik itu komputer

desktop (PC) maupun mainframe, mikrokontroler memiliki beberapa persamaan,

yaitu :

Setiap komputer memiliki CPU ( central processing unit ) yang bertugas
menjalankan program.

Program yang dijalankan tersebut disimpan ke dalam storage media
(misalnya pada komputer berbentuk hardisk). Dalam mikrokontroler,
program tersebut disimpan dalam ROM (read only memory).

Komputer dan mikrokontroler, keduanya memeliki RAM (random access
memory) yang berfungsi untuk menyimpan data.

Untuk dapat berkomunikasi dengan pengguna, maka komputer dan
mikrokontroler memiliki piranti masukan (input device) dan piranti
keluaran (output device ). Piranti masukan pada mikrokontroler misalnya
berupa saklar, tombol dan sensor. Piranti keluaran misalnya berupa lampu

LED, LCD dan lain-lain.

Sebuah mikrokontroler dapat diangap sebagai komputer mini yang memiliki

kemampuan khusus. Dan program yang berada di dalam ROM berisi untuk aplikasi

yang tidak berubah. Salah satu keunggulan mikrokontroler yaitu lebih lengkap jika

dibadingkan dengan mikroprosesor yang harus menambah komponen diluar seperti




ROM., RAM dan interface sedangkan dalam sebuah mikrokontroler sudah memiliki
ROM, RAM dan interface.

Mikrokontroler merupakan alat yang bekerja pada daya rendah, sekitar 50
mWatt dan tegangan kerja sebesar 5 volt DC. Dengan konsumsi daya rendah ini,
mikrokontroler biasa dipakai untuk mengendalikan berbagai jenis sistem dengan
mudah dan murah. Untuk mengontrol peralatan dengan daya lebih tinggi
digunakanlah driver yang sesuai dengan taraf tegangan output. Contoh aplikasi
mikrokontroler yang dapat dilihat sehari-hari antara lain : sistem kendali mesin cuci,
pemograman pada televisi, sistem elektrik pada mobil, pengunaan pada telpon
genggam dan alat-alat elektronik lainnya. Sedangkan penggunaan di dunia industri
antara lain : temperature control, speed control, production display dan lain-lain.

Ada berbagai macam mikrokontroler yang telah diproduksi dan digunakan di
dunia. Perusahaan besar yang berkecimpung dengan semikonduktor yang
memproduksi mikrokontroler dan mikroprosesor antara lain Intel Co. Ltd, Microchip,
Atmel. Contoh mikroprosesor yang diproduksi oleh Intel adalah Z-80, sedangkan
yang diproduksi oleh Microchip adalah MCU-PIC (Peripheral Interface Controller),
dan yang diproduksi oleh Atmel antara lain AT89C51, AT89S52 dan masih banyak
lagi. Pada pembuatan tugas akhir ini digunakan mikroprosesor buatan Atmel dengan
seri AT89S52.

AT89S52 merupakan mikrokomputer dengan CMOS 8 bit dengan 8 Kbyte
Flash Programmable and Erasable Read Only Memory (PEROM). Mikrokontroler
ini kompatibel dengan seri keluarga M-51 seperti AT89C51/52. Perbedaan yang
mendasar yang membedakan antara mikrokontroler AT89C51/AT89S51 dengan
mikrokontroler AT89C52/AT89S52 adalah kapasitas Flash memori yang diberikan.

Adapun perbandingannya dapat dilihat dalam Tabel 2.1. berikut :




Tabel 2.1. Perbandingan mikrokontroler keluarga AT89XXX

Tipe RAM Flash Memori EEPROM
AT89C51/AT89S51 8 X 128 byte 4 K byte Tidak ada
AT89C52/AT89S52 8 X 256 byte 8 K byte Tidak ada

AT89CSS 8 X 256 byte 20 K byte Tidak ada
ATB89S53 8 X 256 byte 12 K byte Tidak ada
AT89S8252 8 X 256 byte 8 K byte 2 K byte

Adapun 1C AT89S52 terdiri dari 40 pin dan ditunjukan pada Gambar 2.1.

dibawah ini :

TPt O W Vo
TZEX Y12 0 T3 RO ADD
FizOn 80P 1 AD
P12 47RO AR
ptags WP PO T ALY
MOShPL SR 5 [P0 ADd,
WIS R a7 W [P0 5 ADT
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AT e R PUT AT
RxD.PROC0 1 [ EANVPR
iTHD P2 S [T w1 ALE PRTS
G PR Z G 12 22 O PEER
dRTT P2 30013 28 OP2TALS:
T P44 ATLIPZA AL
T P2 15 % P25 AL
TR Pe 16 251 P2ZAIAS
FOiea T 17 41 PZ2A
XTAL2 7} 14 23 P22 AN
KTALY |19 22| P2 1AW
GND | 200 S FEO AR

Gambar 2.1. Susunan pin AT89S52
Sedangkan bila dilihat dari blok diagram AT89S51 pada Gambar 2.2., maka
terlihat jelas bahwa mikrokontroler AT89S52 mempunyai kesempurnaan fasilitas

yang diberikan.
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Gambar 2.2. Diagram blok AT89S52
Dari diagram blok AT89S52 pada Gambar 2.2 terlihat bahwa mikrokontroler
AT89S52 mempunyai empat buah port untuk I/O data tersedia pula Akumulator,
register, RAM, stack pointer, Aritmatic Logic Unit (ALU), timer/counter, pengunci
(latch), komunikasi serial atau pararel dan rangkaian osilasi yang membuat AT89S52
dapat bekerja hanya dengan sekeping IC. Adapun penjelasan untuk masing-masing

pin dijabarkan dalam fungsi masing-masing port.

2.2. Fungsi Masing-masing Port.
A. Vce.

Berfungsi sebagai sumber tegangan +5 Volt. Berada pada pin 40.




B. Gnd
Bergungsi sebagai pentanahan (ground). Berada pada pin 20.
C. Port0
Port 0 adalah masukan/keluaran 8 bit dengan nama P0.0-P0.7. Jenisnya
terbuka dengan masukan dua arah (open drain bi directional /O port). Jika port 0
berlogika 1 maka dapat digunakan sebagai masukan yang mempunyai impendansi
tinggi.

Selain berfungsi sebagai masukan/ keluaran, Port 0 juga berfungsi sebagai :

a. Multipleks antara alamat rendah (A0 s/d A7) dan data (D0-D7) pada saat
mengakses memori program eksternal atau memori data eksternal. Pada
fungsi ini, port 0 membutuhkan resistor pullup.

b. Masukan byte kode program selama pemograman flash memori (memori
program internal atau onchip) dan keluaran saat verivikasi. Resistor pullup
dibutuhkan selama verivikasi.

D. Port 1
Port 1 adalah masukan /keluaran 8 bit dengan nama masing-masing pin P1.0
s/d pin P1.7 yang bersifat dua arah. Port 1 sudah dipasang resistor pullup secara
internal. Jika logika satu dituliskan pada port 1 maka keluaran akan berlogika satu dan
dapat digunakan sebagai masukan.

Selain itu port 1 dapat berfungsi juga sebagai :

a. Port 1 sebagai masukan alamat rendah pada saat pemograman memori
flash internal dan verivikasi.

b. Pada AT89S52 port P1.0 juga mempunyai fungsi lain yaitu sebagai T2
(masukan pencacah eksternal ke Timer/Counter 2) dan P1.1 mempunyai

fungsi lain yaitu T2EX (Timer/Counter 2 reload trigger dan kendali arah).




E. Port2

Port 2 adalah masukan /keluaran 8 bit dengan nama masing-masing pin P2.0
s/d pin P2.7 yang bersifat dua arah. Port 2 sudah dipasang resistor pullup secara
internal. Jika logika satu dituliskan pada port 2 maka keluaran akan berlogika satu dan
dapat digunakan sebagai masukan.

F. Port3

Port 3 adalah masukan /keluaran 8 bit dengan nama masing-masing pin P3.0
s/d pin P3.7 yang bersifat dua arah. Port 3 sudah dipasang resistor pullup secara
internal. Jika logika satu dituliskan pada port 3 maka keluaran akan berlogika satu dan
dapat digunakan sebagai masukan.

Selain itu port 3 juga memiliki fungsi khusus seperti pada Tabel 2.2. :

Tabel 2.2 Fungsi khusus pada port 3

Bit Nama Funsi Alternatif
P3.0 RDX | Untuk menerima data port serial
P3.1 TDX | Untuk menerima data port serial

P3.2 INTO | Intrupsi eksternal 0

P33 INT1 Intrupsi eksternal 1

P3.4 TO Input eksternal waktu / pencacah 0
P3.5 T1 Input eksternal waktu / pencacah 1
P3.6 WR Jalur menulis memori data eksternal

P3.7 RD Jalur membaca memori data eksternal
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G. Rst.

Berfungsi sebagai masukan reset. Jika reset diberi logika tinggi dalam waktu 2

siklus mesin maka mikrokontroler akan reset.
H. ALE/PROG

Signal adress Latch Enable (ALE) digunakan untuk mengaktifkan IC latch
agar data alamat rendah disimpan. ALE aktif ketika mengakses program eksternal.
Pin ini juga memberikan pulsa pemograman memori flash eksternal.

1. PSEN (Program Store Enable)

PSEN adalah keluaran signal stobe untuk membaca kode program (code
memori). Ketika AT89S52 mengeksekusi memori program eskternal, signal PSEN
diaktifkan dua kali setiap siklus mesinnya.

J. EA/Vpp (Eksternal Access Enable)

EA harus dihubungkan ke ground (GND) jika semua program diakses dari
memori program eksternal (ekstrnal code memory) yang dimulai dari alamat 0x0000
sampai dengan OXFFFF. Jika program yang akan dieksekusi berasal dari memori
program eskternal dan internal maka EA dihubungkan ke VCC

Pin EA juga digunakan scbagai masukan tegangan pemograman ketika akan
memprogram memori flash internal.

K. XTAL-1
Masukan penguat osilator membalik dan masukan rangkaian clock internal.
L. XTAL-2
Keluaran dari penguat osilator membalik.
2.3. Organisasi Memori.
Mikrokontroler ATMEL-51 mempunyai organisasi memori yang terdiri atas :

1. Memori program (CODE).
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2. Memori data (DATA).

3. Memori data indirect (IDATA)

4. Memori data pengalamatan Bit (BIT).

5. Memori data ekternal (XDATA).

6. Memori data halaman eksternal (PDATA).
7. Spesial function register (SFR).

2.3.1. Memori program (CODE).

Memori program merupakan ruang memori yang digunakan untuk menyimpan
kode program dan konstanta yang sifatnya tetap. Memori program bersifat hanya baca
saja (read only memory) yang artinya ketika sedang eksekusi program memori ini

hanya bersifat dibaca saja tidak dapat diubah isinya.

Memori program sebagian terdapat di dalam chip mikrokonroler (on-chip).
Jika mikrokontroler mempunyai memori program on-chip dan diaktifkan maka akan
menempati pada alamat awal yang kemudian dilanjutkan oleh memori program off-
chip. Kapasitas memori program on-chip untuk AT89S52 sebesar 8 kB.

2.3.2. Memori data (DATA).

Yang dimaksud memori data adalah RAM internal (on-chip). Untuk versi
AT89S52 mempunyai memori data internal sebesar 256 byte. Pada segment data ini
dibagi menjadi tiga bagian mulai alamat 0x00 s/d 0xFh dikenal sebagai register RO
s/d R7 yang diorgainisasikan menjadi 4 bank. Pemilihan bank yang aktif dilakukan
dengan memberikan kombinasi logika pada register program status word (PSW).
Bagian berikutnya adalah mulai alamat 0x20 s/d 0x2f sebanyak 128 bit merupakan
lokasi memori yang dapat dimanipulasi perbit (bit addressable) juga dikenal dengan

segment bit (BDATA). Bagian berikutnya adalah general purpose RAM mulai alamat
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0x30 s/d Ox7f. Adapun memori data AT89S52 diperlihatkan pada Gambar 2.3.

berikut:
Syte
acdress Bit add=ss
7F
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Gambar 2.3. Memori data AT89S52
2.3.3. Memori data indirect (IDATA).
Memori data indirect (IDATA) merupakan segment data seluruh ruang
memori data internal yaitu mulai alamat 0x00h s/d 0xFFh, 128 byte awal yaitu 00h s/d
7Fh secara fisik sama dengan segment DATA dan 128 byte di atasnya yaitu mulai

alamat 0x80 s/d OxFF overlap dengan special function register. Untuk mengatasi
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permasalahan ini dilakukan dengan teknik pengalamatan yaitu indirect untuk IDATA
dan direct untuk SFR. AT89S52 mempunyai ruang memori data indirect pada alamat
0x80 s/d OxFF.

2.3.4. Memori data pengalamatan bit (BIT).

Secara fisik memori data pengalamatan BIT ini berada pada memori data
(DATA) yang dimulai pada alamat 0x20 s/d 0x30 sebesar 128 bit. Pada jangkauan ini
alamat ini masing-masing bit dapat dimanipulasi sendiri-sendiri (bit addressable).
2.3.5. Memori data eksternal (XDATA).

Memori data eksternal (XDATA) adalah ruang memori data off-chip atau
tidak terdapat didalam chip mikrokontroler. Ruang alamat ini diakses melaui port 0
(P0) dan port 2(P2). Port 0 sebagai bus alamat rendah yang termultipleks dengan bus
data sedangkan port 2 sebagai bus alamat saja. Seluruh jalur alamat sebesar 16 bit
sehingga mikrokontroler AT89S52 mampu mengakses memori data eksternal sebesar
64 kbyte.

Memori data eksternal bersifat dapat dibaca dan ditulis (read/write memory).
Alamat memori data eksternal dengan memori program eksternal terjadi overlap
karena itu penyelesaiannya adalah dengan menggunakan signal kendali yang berbeda.
Pengaksesan memori program eksternal dikendalikan oleh signal PSEN (program
store enable) sedangkan pengaksesan memori data eksternal dikendalikan oleh signal
RD untuk baca dan RW untuk tulis. Adapun perbedaan signal kendali pada memori
program dan memori data esksternal ditunjukan pada Gambar 2.4. :

2.3.6. Memori data halaman eksternal (PDATA).

Secara fisik PDATA sama dengan XDATA perbedaannya pada PDATA

hanya menggunakan PO untuk alamat rendah dan P2 tetap terhubung dengan register

P2 di SFR.
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SRIOGRAM MEMORY DATA MEMORY
{REAC ONLY; IREAD:WRITE)

Gambar 2.4. Perbedaan signal kendali pada memori program dan memori data
eksternal.
2.3.7. Special function register.
Special function register merupakan register khusus yang digunakan sebagai kendali,
buffer atau fungsi khusus lainnya. Special function register dipetakan mulai alamat
0x80h s/d OxFF. Tidak seluruh ruang alamat diimplementasikan dengan suatu register.
Beberapa register dapat dialamati per-bit. Adapun special function register (SFR)
pada AT89S52 diperlihatkan pada Tabel 2.3. :
2.3.8. Penjelasan singkat fungsi special function register (SFR).
A. PO (Port 0).
Port 0 berada pada alamat 0x80 dengan mode pengalamatan bit atau bir
addressable. Merupakan register penyangga (buffer) port 0. Masing-masing
BIT SFR dihubungkan dengan satu pin port 0 mikrokontroler. Sebagai contoh
bit 0 port 0 adalah P0.0 dan bit 7 adalah P0.7. Menuliskan nilai 1 pada SFR ini
akan menyebabkan pin yang bersesuaian menjadi logika tinggi dan sebaliknya

jika ditulis O maka akan berlogika rendah.



Tabel 2.3. Alamat special function register :

OF8H
OFOH
OE8H
OEOH
OD8H
ODOH

0C8H
OCOH
OB8H

OBOH

0A8H

OAOH

98H

90H

88H

80H

15

B
00000000

ACC
00000000

PSW
00000000

T2CON *
00000000

T2MOD *
XXXXXX00

RCAP2L *
00000000

RCAP2H *
00000000

TL2 *
00000000

TH2 *
00000000

iP
XX000000

P3
11111111

IE
0X000000

P2
11111111

SCON
00000000

SBUF
XXXXXXXX

P1
11111111

TCON
00000000

TMOD
00000000

TLO
00000000

TL1
00000000

THO
00000000

TH1
00000000

PO
11111111

SP
00000111

DPH
00000000

PCON
0XXX0000

SP (Stack Pointer).

Stack pointer beralamat pada 0x81. Ini merupakan pointer tumpukan (stack

pointer) pada mikrokontroler. SFR ini menunjukan lokasi yang akan ditulis

atau dibaca dari tumpukan (stack) pada RAM internal. Jika melakukan

perintah push maka data akan disimpan pada alamat SP+1, ini berarti jika nilai

SP=07h maka instruksi push akan menyimpan nilai pada tumpukan dialamat

0x80. Nilai SP akan dimodifikasi oleh perintah yang semisal push, pop Icall,

ret reti dan intrupsi.

OFFH
OF7H
OEFH
OE7H
ODFH
OD7H

OCFH
0C7H
OBFH

0B7H

OAFH

OA7H

9FH

97H

8FH

87H
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C. DPL/DPH (Data Pointer Low/High).
SFR DPL berada pada alamat 0x82 sedangkan SFR DPH berada pada alamat
0x83. SFR DPH dan DPL bekerjasama membentuk 16 bit yang dikenal
dengan pointer data (DPTR). Pointer data (DPTR) digunakan dalam operasi
yang melibatkan RAM eksternal maupun beberapa instruksi yang melibatkan
memori program. Karena DPTR mempunyai lebar 16 bit maka dapat
menyatakan/ menunjuk mulai 0x0000 s/d OxFFFF (0 s/d 65.535).

D. PCON (Power Control).
SFR PCON berada pada alamat O0x87. SFR ini digunakan untuk
mengendalikan mode power control. Contohnya adalah pada mode “sleep”
yang membutuhkan daya yang rendah. Satu bit didalam PCON juga digunakan
untuk menggandalkan kecepatan baud rate pada komunikasi serial.

E. TCON (Timer/Counter Control).
SFR TCON berada pada alamat 0x88. SFR ini juga dapat dialamati per-bit
atau bit addressable. TCON digunakan sebagai untuk mengkonfigurasi dan
memodifikasi operasi timer/counter 0 dan 1 pada ATMEL-51. SFR ini
mengendalikan masing-masing timer/counter apakah berjalan atau berhenti
dan juga terdapat flag yang menandakan masing-masing timer/counter sudah
melimpah (overflow). Pada SFR ini juga terdapat bit yang tidak berhubungan
dengan operasi timer/counter. Bit ini digunakan untuk mengaktifkan intrupsi
eksternal dan juga terdapat flag intrupsi yang akan diset jika terjadi intrupsi
eksternal.

F. TMOD (Timer/Counter Mode).

SFR TMOD berada pada alamat 0x89. SFR ini digunakan untuk

mengkonfigurasi mode operasi setiap timer/counter. Dengan SFR ini program
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dapat memodifikasi timer sebagai timer 16 bit, timer 8 bit autoreload,
timer/counter selalu menghitung naik (up counter).

. TLO/THO (Timer/Counter 0 Low/High).

SFR TLO berada pada alamat 0x8A sedangkan SFR THO berada pada alamat
0x8C. TLO dan THO besama-sama membentuk timer/counter 0. Kelakuan
timer/counter ini dikendalikan oleh TMOD.

. TL1/TH1 (Timer/Counter 1 Low/High).

SFR TL1 berada pada alamat 0x8B sedangkan SFR TH1 berada pada alamat
0x8D. TL1 dan THI besama-sama membentuk timer/counter 1. Kelakuan
timer/counter ini dikendalikan oleh TMOD.

P1 (Portl)

P1 berada pada alamat 0x90. SFR ini dapat dialamati per bit atau (bir
addressable). SFR ini merupakan masukan/keluaran. Masing-masing bit SFR
dihubungkan dengan satu pin mikrokontroler. Sebagai contoh bit 0 port 1
adalah P1.0 dan bit 7 adalah P1.7. Menuliskan nilai 1 pada SFR ini akan
menyebabkan pin yang bersesuaian menjadi berlogika tinggi dan sebaliknya
jika ditulis 0 maka akan berlogika rendah.

SCON (Serial Control).

SFR SCON berada pada alamat 0x98 dengan mode pengalamatan bit. SFR ini
digunakan untuk mengkonfigurasi kelakuan port serial ATMEL-51, kecepatan
baud rate, apakah diaktifkan untuk menerima data dan juga terdapat flag yang
menandakan pengiriman dan penerimaan data sukses.

. SBUF(Serial Buffer).

SFR SBUF berada pada alamat 0x99. Serial buffer digunakan untuk mengirim

maupun menerima data melaui masukan/keluaran port serial. Data yang
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dituliskan pada SBUF dikirimkan melalui pin TXD. Data yang diterima
melauli RXD akan disampaikan ke SBUF. Dengan kata lain SBUF melayani
port keluaran jika ditulis dan melayani masukan jika dibaca.

. P2 (Port 2).

P2 berada pada alamat 0xAQ. SFR ini dapat dialamati per bit atau (bir
addressable). SFR ini merupakan masukan/keluaran. Masing-masing bit SFR
dihubungkan dengan satu pin mikrokontroler. Sebagai contoh bit 0 port 2
adalah P2.0 dan bit 7 adalah P2.7. Menuliskan nilai 1 pada SFR ini akan
menyebabkan pin yang bersesuaian menjadi berlogika tinggi dan sebaliknya
Jika ditulis 0 maka akan berlogika rendah.

. 1IE (Intrupt Enable).

SFR ini berada pada alamat 0xA8. SFR ini juga digunakan untuk
mengaktifkan atau menonaktifkan instrupsi tertentu. Bit ke-7 digunakan untuk
mengaktifkan atau menonaktifkan semua instrupsi. Jika bit ini 0 maka semua
instrupsi tidak aktif dan jika 1 maka aktif. Kondisi ini menyebabkan suatu
instrupsi ditentukan oleh masing-masing bit.

. P3 (Port 3).

P3 berada pada alamat 0xB0. SFR ini dapat dialamati per bit atau (bit
addressable). SFR ini merupakan masukan/keluaran. Masing-masing bit SFR
dihubungkan dengan satu pin mikrokontroler. Sebagai contoh bit 0 port 3
adalah P3.0 dan bit 7 adalah P3.7. Menuliskan nilai 1 pada SFR ini akan
menyebabkan pin yang bersesuaian menjadi berlogika tinggi dan sebaliknya

jika ditulis 0 maka akan berlogika rendah.



O. IP (Intrupt Priority).
SFR ini berada pada alamat 0xB8 dengan mode pengalamatan per bit.SFR ini
juga digunakan untuk mengatur prioritas intrupsi satu terhadap yang lainnya.
Prioritas rendah dinyatakan dengan logika rendah (0) dan prioritas tinggi
dinyatakan dengan logika tinggi (1). Sebagai contoh jika semua intrupsi
prioritasnya rendah kecuali intrupsi serial maka intrupsi serial akan selalu
dieksekusi jika aktif bahkan jika intrupsi yang lain sedang dieksekusi. Tetapi
Jjika intrupsi serial sedang dieksekusi maka tidak ada intrupsi yang lain yang
dapat menyela.

P. T2CON (Timer/Counter 2 Control).
SFR T2CON berada pada alamat 0xC8 dengan mode pengalamatan per-bit.
T2CON digunakan sebagai pengendali timer/counter mode 2 dan status dari
timer/counter 2, seperti menjalankan timer/counter, memilih fungsi
timer/counter.

Q. T2MOD (Timer/Counter 2 Mode).
T2MOD berada pada alamat 0xC9. T2MOD adalah register yang digunakan
untuk mengaktifkan keluaran timer/counter 2 atau tidak mengaktifkan
keluaran dan digunakan untuk pemilihan upconter atau downcounter.

R. RCAP2L (Register Capture Low).
SFR RCAP2L berada pada alamat O0xCA. SFR ini adalah register capture
rendah yang digunakan untuk menyimpan data TL2 pada saat kejadian
tertentu.

S. RCAP2H (Register Capture High,).
SFR RCAP2H berada pada alamat 0xCB. SFR ini adalah register capture

tinggi yang digunakan untuk menyimpan data TL2 pada saat kejadian tertentu.
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T. ACC (Accumulator).
ACC adalah SFR yang banyak digunakan dalam instruksi dianataranya adalah
operasi aritmatika, pengaksesan eksternal RAM dan lain-lain.

U. PSW (Program Status Word).
SFR ini berada pada alamat 0xDO0 dan dapat dilakukan pengalamatan per bit
atau bit addressable. SFR ini digunakan untuk menyimpan bit-bit yang
penting yang akan di-set atau akan di-clear. PSW berisi carry flag, auxiliary
carry flag, overflow flag, dan parity flag. Adapun susunan bit PSW

ditunjukan pada Gambar 2.5 :
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Gambar 2.5. Susunan bit PSW.

2.4. Komunikasi Serial RS 232
RS 232 adalah (Recommended Standart No.232) dari Electronic Industries
Association (EIA). RS 232 merupakan antar muka (inferface) antara Data Terminal
Equipment (DTE) atau komputer data dengan Data Communication Equipment
(DCE) biasanya berupa modem.
Spesifikasi RS 232 meliputi aspek :
1. Mekanis, bentuk koneksi yang digunakan DB 9.

2. Karakteristik RS 232.
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Tabel 2.4. Fungsi register PSW :

Simbol Posisi Fungsi
Carry flag diset pada saat operasi aritmatika yang
CY PSW.7
menghasilkan sisa.
AC PSW.6 Auxiliary carry flag digunakan pada operasi BCD
FO PSW.5 Flag 0 digunakan sebagai masukan umum
RSI PSW .4 Bit 1 pemilihan bank register
RSO PSW.3 Bit 0 pemilihan bank register
(0)Y PSW.2 Over flow
- PSW.1 cadangan
P PSW.0 Bit parity

Bentuk IC komunikasi serial RS-232 terlihat pada Gambar 2.6. berikut :

1 1] vie
[15] &ho
14] AR
E] Fl
12] Rlas
E Thy
E T2y

Fom [2] B

Gambar 2.6. IC max-232

Bentuk koneksi yang digunakan ditunjukan pada Gambar 2.7. berikut :

Gambar 2.7 Bentuk koneksi serial.
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Karakteristik RS 232 antara lain :

l.

2.

3.

2.5.

Kecepatan maksimal 19200 bps.

Panjang kabel maksimal 50 feet (+15 meter)
Arus tidak lebih dari 0,5 A.

LCD(Liquid Crystal Display)

Tampilan yang digunakan dalam tugas akhir ini menggunakan modul tampilan

kristal cair (LCD). LCD yang digunakan dalam tugas akhir ini adalah LCD M1632.

Modul ini merupakan modul tampilan kristal cair matriks titik dengan pengendali

LCD di dalamnya. Pengendali ini mempunyai sebuah ROM/RAM pembangkit

karakter di dalamnya dan RAM data tampilan. Semua fungsi tampilan dikendalikan

oleh perintah-perintah. Modul tampilan kristal cair (LCD) mempunyai karateristik

sebagai berikut :

16 karakter, 2 baris tampilan.

ROM pembangkit karakter untuk 192 tipe karakter (bentuk karakter :5 x 7
matriks titik)

RAM pembangkit karakter untuk 8 tipe karakter (program tulis) dan bentuk
karakter :5 x 7 matriks titik

RAM data tampilan 80 x 8 (maksimum 80 karakter)

Antar muka dengan 4 bit atau 8 bit untuk mikroprosesor

RAM data tampilan dan RAM pembangkit karakter dapat dibaca dari unit
mikroprosesor

Beberapa fungsi perintah anatar lain : penghapusan tampilan (clear display),
posisi awal cursor (cursor home), tampilan karakter kedip (display character
blink), penggeseran cursor (cursor shift)

Rangkaian pembangkit detak yang sudah didalam
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=  Sumber daya tungal +5V
» Rangkaian otomatis reset saat dinyalakan
= Karena piranti ini didukung oleh mikrokontroler HD44780U maka piranti ini

support dengan mikrokontroler HD44780S.

LCD M1632 memiliki 3 memori, yaitu DDRAM (Display Data Random
Access Memory), CGRAM (Character Generator Random Access Memory), dan
CGROM (Character Generator Read Only Memory). Bentuk fisik LCD M1632

ditunjukkan pada Gambar 2.8.

Gambar 2.8. Bentuk fisik LCD
2.5.1. DDRAM (Display Data Random Access Memory)

DDRAM merupakan memori tempat karakter yang ditampilkan berbeda.
Contoh, untuk karater ‘A° ditulis pada alamat 00, maka karakter tersebut akan tampil
pada baris pertama dan kolom pertama dari LCD. Apabila karater tersebut ditulis
pada alamat 40, maka karakter tersebut akan tampil pada baris kedua kolom pertama

dari LCD. Adapun tata letak pengalamatan DDRAM dapat dilihat pada Gambar 2.9.

Display
posion 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16
SDRAM §001+o1 02 03 04 05 06 07 08| 09 0A 0B OC 0D OE OF
dr A D T O I S B R
address 1 40 | 41 14243 44 45 46 47 48 149 4A 4B 4C 4D 4E 4F
| I i ! I S S S DU i i ! |

Gambar 2.9. Alamat DDRAM M1632
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2.5.2. CGRAM (Character Generator Random Access Memory)

CGRAM merupakan memori untuk menggambarkan pola sebuah karakter
dimana bentuk dari karakter dapat diubah-ubah sesuai keinginan, tetapi memori ini
akan hilang saat catu daya dimatikan/power supply tidak aktif, sehingga pola karakter

akan hilang.

2.5.3. CGROM ( Character Generator Read Only Memory)

CGROM merupakan memori untuk menggambarkan pola sebuah karakter
dimana pola tersebut sudah ditentukan secara permanen dari HD44780U sehingga
pengguna tidak dapat mengubah lagi. Tetapi karena ROM bersifat permanen, maka
pola karakter tersebut tidak akan hilang walaupun power supply tidak aktif.

Sebagai contoh pada saat HD44780U akan menampilkan data 41H yang
tersimpan pada DDRAM, maka HD44780U akan mengambil data dialamat 41H

(01000001b) yang ada pada CGROM yaitu pola karakter ‘A’.

2.5.4. Konfigurasi pin

LCD M1632 memiliki 14 pin dengan fungsi yang berbeda-beda. Terdapat 3
pin sebagai bit kontrol yaitu E sebagai input clock, R/W sebagai input untuk memilih
read atau write dar RS sebagai register select, 8 PIN sebagai bit data yaitu DBO
sampai DB7 dan 2 pin lainnya adalah VCC dan Ground. Konfigurasi pin LCD
M1632 ditunjukkan pada Tabel 2.5.
2.5.5. Register

HD44780U mempunyai dua buah register yang aksesnya diatur dengan

menggunakan kaki RS. Pada saat RS berlogika ‘0°, maka register yang akan diakses
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adalah register perintah dan pada saat RS berlogika 1, maka register yang diakses

adalah Register data.

Tabel 2.5. Konfigurasi pin LCD M1632

No | Nama PIN Keterangan
1 VCC +5V
2 | GND ov
3 | VEE Tegangan kontras LCD
4 | RS Register Select, 0 = Register Perintah, 1 = Register
Data
5 | R'W 1 = Read, 0 = Write
6 | E Enable Clock LCD, Logika 1 setiap kali pengiriman
atau pembacaan data
7 | DO Data Bus 0
8 | DI Data Bus 1
9 | D2 Data Bus 2
10 | D3 Data Bus 3
11| D4 Data Bus 4
12 | D5 Data Bus 5
13 | D6 Data Bus 6
14 | D7 Data Bus 7

2.5.5.1 Register perintah

Register ini adalah register dimana perintah dari mikrokontroler ke
HD44780U pada saat proses penulisan data atau tempat status dari HD44780U dapat

dibaca pada saat pembacaan data.

2.5.5.2 Register data

Register ini adalah register dimana perintah mikrokontroler dapat menuliskan
atau membaca data ke atau dari DDRAM. Penulisan data pada register ini akan
menempatkan data tersebut ke DDRAM sesuai dengan alamat yang telah diatur

sebelumnya.
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2.5.6. Penulisan data ke register perintah dan register data

Penulisan data ke register perintah dilakukan dengan tujuan mengatur
tampilan LCD, inisialisasi dan mengatur Address Counter ataupun Address Data.
Kondisi RS berlogika 0 menunjukkan akses data ke register perintah. RW berlogika 0
yang menunjukkan proses penulisan data. Sedangkan penulisan data pada register
data dilakukan untuk mengirimkan data yang akan ditampilkan pada LCD. Proses
diawali dengan adanya logika 1 pada RS yang menunjukkan akses ke register data,
kondisi R/W diatur pada logika 0 yang menunjukkan proses penulisan data.
Pengiriman data dari data bus DB0O — DB7 diawali dengan pemberian pulsa logika 1

pada E clock. Dan akhiri dengan pulsa logika 0 pada E Clock.



BAB II1

PERANCANGAN ALAT

3.1. Konsep Perancangan
Dalam perancangan peralatan ada beberapa perangkat pendukung antara lain :
a. Unit komputer.
b. Rangkaian komuniksai serial MAX-232
c. Rangakaian master mikrokontroler.
d. Rangkaian slave mikrokontroler 3 buah.
e. Rangkaian input berupa tombol push button.

f Perangkat lunak "Visual Basic”

Secara keseluruhan diagram blok dapat ditunjukan pada Gambar 3.1.

3.2. Cara Kerja Alat.
3.2.1. Rangkaian LCD.

Rangkaian tampilan berfungsi untuk menampilkan karakter yang akan
ditampilkan. Rangkaian ini berupa modul tampilan kristal cair matriks titik. Modul ini
terdiri dari beberapa bagian, yaitu :

* Bagian pengendali

= Bagian penggerak segment

» Bagian tampilan kristal cair

Modul ini memiliki 20 kaki masukkan yang terdiri dari : 8 bit masukan data
(DB0O — DB7), masukan pilihan register ( RS ) sebanyak 1 bit, masukan pengendali

sinyal baca dan tulis (RW) 1 bit, masukan sinyal enable ( E ) 1 bit, masukan tegangan
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catu positif ( + 5 V) yaitu masukan Vpp , masukan catu tegangan 0 volt ( Vss ),

masukan tegangan pengatur kecerahan tampilan ( Vee ).

Program Visual

Basic
Komunikasi
Serial
Master Mikrokontroler |,
v Y
Slave Mikrokontroler Slave Mikrokontroler Slave Mikrokontroler
A B C
A A
y A y
Tombol “Good” Tombol “Good” Tombol “Good”
Tombol “Not Good” Tombol “Not Good” Tombol “Not Good”
A A A
A 4 A
Tampilan Tampilan Tampilan
LCD LCD LCD

Gambar 3.1. Diagram blok alat kontrol produksi
Saluran data 8 bit DBO — DB7 merupakan sarana untuk memasukkan data
alamat ROM dan RAM internal serta data tampilan kedalam modul. Masukan sinyal
RS digunakan untuk memilih register-register yang berada dalam modul yaitu register
perintah dan register data tampilan. Masukan sinyal E digunakan untuk mengaktifkan

modul agar siap menerima data yang dikirimkan kepada modul. Bagian pengendali
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berfungsi mengendalikan bekerjanya modul ini yaitu mengatur penerima data dari

luar dan menampilkan data pada tampilan.

Untuk Cara kerja modul tampilan kristal cair adalah sebagai berikut :

1.

Untuk proses masukkan data perintah internal :

Data 8 bit ditempatkan pada saluran data DBy — DB, masukan sinyal RS
diberi masukan logika rendah untuk memilih register perintah internal,
kemudian masukan sinyal R/W diberi logika rendah untuk melaksanakan
operasi penulisan terhadap modul. Selanjutnya masukan sinyal E diberi
masukan perubahan dari logika tinggi ke rendah. Sinyal ini berfungsi untuk
memulai modul untuk segera beroperasi sesuai perintah yang dimasukkan.
Untuk proses memasukkan data tampilan :

Data 8 bit ditempatkan pada saluran data DB, — DB; masukan sinyal RS
diberi masukan logika tinggi untuk memilih register tampilan, kemudian
masukan sinyal R/W diberi logika rendah untuk melaksanakan operasi
penulisan terhadap modul. Selanjutnya masukan sinyal E diberi masukan
perubahan dari logika tinggi ke rendah. Sinyal E diberi masukan perubahan
dari logika tinggi ke rendah. Sinyal E ini berfungsi untuk memulai kerja sesuai
perintah yang telah dituliskan pada modul. Adapun hubungan mikrokontroler
dengan LCD ditunjukan pada Gambar 3.2.

Sedangkan alur inisialisasi penulisan LCD diperlihatkan pada Gambar 3.3.

Sebagai contoh dalam penulisan LCD untuk memunculkan tulisan "Nanang Hidayat”

dalam bahasa assembly adalah dengan cara :

rs bit pl.2
rw bit pl.1
e bit pl.0

atas bit 24h
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;++++++ Insisalisasi LCD +++++++++++
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lcall tunda
clr rs
mov a,#00110000b
lcall tulis
lcall tunda
mov a,#00110000b
lcall tulis
lcall tunda
mov a,#00110000b
lcall tulis
lcall tunda
mov a,#00111111b function set
lcall tulis
mov a,#00000001b display clear
lcall tulis
mov a, #00000010b return home position
lcall tulis
mov a,#00001100b display off
lcall tulis
mov a,¥00000110b entry mode set
clr rs
mov a, #80h
acall tulis
setb rs
mov dptr, #good
mov a,#00h
mov atas, #16
rep: clr a
movc a, Ra+dptr
lcall tulis
inc dptr
dinz atas, rep
tulis: clr rw ;sub rutin untuk program tulis
setb e
mov p0,a
acall tunda
clr e
setb rw
ret
tunda: mov 20h, #0ffh
ull: mov 21h,#0ffh
ul2: nop
djnz 21lh,ul2
dijnz 20h,ull
ret
good: db 'NANANG HIDAYAT'

end.
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P0.0/ADO
PO.1/AD1
PO.2/AD2
PO.3/AD3
PO.4/AD4
PO.5/ADS
P0.6/AD6
PO.7/AD7

h)
-
NOUVWARWN2O

p2.0/a8 | 23
P2 1/A9 | 55
P2.21A10 | 2%
P2.3/A11 | 35
P2.4/A12 | 58
P2.5/A13 | 57
P2.6/A14 | 58
P2.7/A15
PaoRD | 17
P3UDD | 13
P3.2/NJO | 13
P3.3ANTY | 12
P3.4/TO | (5
P3.YTLy 16
P3.6/WR | 17
P3.7/RD
pSEN | 2°
ALE/PROG | 3°
AT8958252

Gambear 3.2. Hubungan mikrokontoler dengan LCD.
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Gambar 3.3. Alur inisialisasi LCD
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3.2.2. Rangkaian input push button.

Pada rangkaian ini tombol push button yang digunakan terdiri atas tombol
GOOD dan tombol NOT GOOD. Tombol GOOD terhubung pada port P3.0 rangkaian
Slave Mikrokontroler sedangkan tombol NOT GOOD terhubung pada port P3.1
rangkaian Slave Mikrokontroler. Tombol ini bersifat active low dimana ketika

berlogika 0 maka tombol akan aktif dan ketika berlogika | maka tombol tidak aktif.

3.2.3. Rangkaian slave mikokontroler.

Rangakian ini adalah rangkaian mikrokontroler dengan input berupa tombol
dan output berupa tampilan dot matriks (LCD). Cara kerja rangkaian ini adalah ketika
salah satu tombol GOOD atau NOT GOOD ditekan maka program akan menjalankan
perintah penambahan. Data penambahan selanjutnya ditampilkan pada rangkaian
LCD dimana baris pertama untuk data GOOD dan baris kedua untuk data NOT
GOOD. Selanjutnya data-data tersebut dikirimkan ke komputer melalui rangkaian
Master Mikrokontroler. Proses ini berjalan berulang-ulang ketika ada aktifitas tombol
ditekan. Adapun rangkaian skematik dari Slave Mikrokontroler ditunjukan pada
Gambar 3.4.

Sedangkan program utama slave mikrokontroler dalam bahasa assembler

adalah sebagai berikut :

START:
MOV  DATABUS, #OFFH
MOV IE, #0
CLR  LCDCE

MOV  SP, #STACKHERE

MOV RO, #GD

MOV A, #0

MOV B, #4

CALL STRFILL

MOV  CHGFLAG, #1

CALL LCDINIT

MOV A, #0

MOV DPTR, #LCDMESSAGEL
CALL LCDPRINT

MOV A, #40H

MOV DPTR, #LCDMESSAGE2
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CALL LCDPRINT

MOV B, #10H

CALL DELAYLONG2

SIMP  SENDQUALITYDATA

REPEATPROCESS:
MOV  CHGFLAG, #0
INB GDBTN, GDBUTTON
INB NGBTN, NGBUTTON
SIMP  SENDQUALITYDATA

GDBUTTON:
MOV RO, #GD
SIMP  BUTTONPRESSED

NGBUTTON:
MOV RO, #NG

BUTTONPRESSED:
MOV B, #10H
CALL DELAYLONG
JNB GDBTN, $
JNB NGBTN, $
MOV  CHGFLAG, #1
CALL INCWORD

SENDQUALITYDATA:
CALL SENDQLTDATA

SHOWQLTDATA:
MOV A, CHGFLAG
Jz LCDBUFFERREADY
MOV R1, #GD
MOV RO, #TMPDWORD
MOV B, #4
CALL STRCPY
MOV RO, #LCDR1+11
MOV R1, #TMPDWORD+0
MOV B, #5
CALL DCMLWORD
MOV RO, #LCDR2+11
MOV  R1, #TMPDWORD+2
MOV B, #5
CALL DCMLWORD

LCOBUFFERREADY:
CALL LCDRFSH
MOV B, #20H
CALL DELAYLONG
SIJMP  REPEATPROCESS
END

3.2.4. Rangkaian master mikrokontroler.

Rangkaian ini adalah rangkaian mikrokontroler dengan ditambah rangkaian
komukasi serial dengan menggunakan IC MAX-232. Cara kerja rangkaian ini adalah
ketika mendapatkan data dari salah satu Slave Mirkokontroler maka rangkaian master
akan menggirimkan data tersebut menuju komputer untuk ditampilkan pada perangkat

lunak Visual Basic. Pada perangkat lunak visual basic sendiri data-data GOOD dan
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NOT GOOD akan ditampilkan secara langsung dan berulang-ulang. Adapun
rangkaian skematik dari Master Mikrokontroler ditunjukan pada Gambar 3.5.
Sedangkan program utama master mikrokontroler dalam bahasa assembler

adalah sebagai berikut :

START:
MOV IE, #0
MOV  SP, #STACKHERE
MOV RO, #GD1
MOV A, #0
MOV B, #12
CALL  STRFILL
MOV  SLVNBR, #0
MOV  TMOD, #20H
MOV  TH1, #0F4H
MOV  SCON, #50H
CALL DELAY256
SETB TR1
SETB EA
SETB TI

REPEATPROCESS:
MOV B, #10H

REPRCVSLVDATA:
CALL RECEIVESLAVEDATA
INC SENDCRTSLVDATA
DINZ B, REPRCVSLVDATA

SENDCRTSLVDATA:
CALL SENDQUALITYDATA
MOV B, #8
CALL DELAYLONG

QUALITYDATASENT:
INC  SLVNBR
MOV A, SLVNBR
CLR C
SUBB A, #3
ic SLVNBRINCREMENTED
MOV  SLVNBR, #0

SLVNBRINCREMENTED:
SIMP  REPEATPROCESS
END

3.2.5. Rangkaian komunikasi serial MAX-232.

IC MAX-232 ini digunakan sebagai konektor komunikasi data serial dari
komputer ke Master Mikrokontroler dan sebaliknya. Pada saat komputer megeluarkan
data/sinyal melalui fasilitas keluaran serialnya (port serial), maka RS-232 ini akan

mengirimkan sinyal lewat pin TXD (pin kirim data) ke mikrokontroler. Sedangkan
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bila ada masukan dari mikrokontroler maka sinyal akan diterima oleh pin RXD (pin

terima data) dan akan dikirimkan ke komputer.
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Gambar 3.4. Rangkaian slave mikrokontroler.
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Gambar 3.5. Rangkaian master mikrokontroler.
3.2.6. Rangkaian mikrokontroler AT89S52
Pada rangkaian Mikrokontroler AT89S52 terdapat rangkaian osilator.
Rangkaian osilator seperti yang diperlihatkan pada Gambar 3.6 menggunakan kristal

frekuensi sebesar 11,059 MHz

c2

— }-T— XTAL2

c—
c1
— XTAL1

GND

Gambar 3.6. Rangkaian osilator
Selain itu juga terdapat rangaian reset. Mikrokontroler direset pada transisi
tegangan rendah ke tegangan tinggi dan mengeksekusi program pada saat reset (RST)
dalam keadaan logika rendah. Oleh karena itu pada pin RST dipasang kapasitor yang

terhubung ke VCC dan resistor ke ground yang akan menjaga RST bernilai 1 pada
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saat pengisian kapasitor dan akan kembali sesaat kemudian, dengan demikian
mikrokontroler akan direset setiap kali diberi catu daya. Adapun rangkaian reset

ditunjukan pada Gambar 3.7 :

ut

38 | PO.07ADO P3ORXD | 4¢
37 | PO VAD1 P3UTXD | 4y
3 [PO2AD2  P32INIQ| 3
35 | PO.3AD3 PIYINT | 4y

311 Po4AD4 PIL4T0 | 45
33 | POSADS PISTL | 1o
32 | Po.5iADE PIGAR | 17
PO 7/AD7 PATIRD
; P10 P2 0/A8 2
3 P11 P2 1/AS B
4 P12 P2.2:A10 24
5 P13 P2 3/A11 5
6 P14 P2.41A12 %
7 P15 P2.5/A13 27
8 P16 P2 6/A14 3
P17 P2.7IAL5
19 e | 29
18 | ALY PEEN

e RST ALE/PROG
-)l ot — 3 [ Eavep

| o) - ATBOSEZ5Z
sy I vee
LI ey - S
R1 reset ‘
10kohm C2
-~

Gambar 3.7. Rangkaian reset.

3.3. Alur Kerja Rangkaian.
Alur kerja rangkaian dapat dilihat pada Gambar 3.8.
Penjelasan flow chart proses kerja rangkaian adalah sebagai berikut :
1. Pertama kali alat dihidupkan.
2. Setelah itu dilanjutkan dengan proses inisialisasi memory.
3. Setelah itu dilanjutkan dengan proses inisialisasi LCD.
4. Proses selanjutnya adalah menampilkan logo pada LCD.
5. Proses dilanjutkan dengan pembacaan tombol GOOD dan NOT GOOD.
6. Apabila ada masukan maka dilakukan proses counter GOOD +1 dan counter
NOT GOOD +1.
7. Setelah ada masukan tiap-tiap tombol maka proses selanjutnya adalah

pengiriman data.
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8. Data yang dikirim melalui port serial menuju komputer. Data yang didapat

oleh komputer lalu ditampilkan pada program quality monitor.

v

Inisialisasi
Memory

v

Inisialisasi
LCD

v

Tampilkan
Logo diLCD

Ya

Kirim data ke
Master

Baca Tombol
GOOD

Tidak l Ya

Baca Tombol

Kirim data ke
NOT GOOD >

Master

UP date data LCD <

Tampilkan di Visual Basic

Gambar 3.8. Alur kerja rangkaian.
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UJI ALAT, ANALISA DAN PEMBAHASAN

4.1. Uji Alat.

Pengujian alat merupakan bagian terpenting dalam penyusunan laporan ini.
Dalam melakukan pengujian dimaksudkan untuk mendapatkan hasil perancangan dan
implementasi, dengan demikian dapat diketahui sejauh mana alat dapat bekerja. Dengan
pengamatan pula dapat diambil suatu analisa dan kesimpulan dalam keseluruhan alat
yang dibuat.

4.2.  Analisa Rangkaian.
4.2.1. Analisa rangkaian catu daya.

Rangkaian catu daya digunakan untuk memberikan daya kepada tiap-tiap
rangkaian mikrokontroler. Tegangan yang dikeluarkan perlu dilakukan pengukuran untuk
mengetahui apakah sudah sesuai, karena apabila tidak sesuai dimungkinkan alat tidak
dapat bekerja. Rangakaian catu daya yang digunakan menghasilkan keluaran sebesar 5

Volt DC. Adapun rangkaian catu daya ditunjukan pada Gambar 4.1.

- o
1 LM7305T0 CON2

THANSFORMER CT J

Gambar 4.1. Rangkaian catu daya.
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Pada pengujian yang dilakukan dengan menggunakan osciloscop dapat diketahui
bahwa gelombang yang dihasilkan setelah melewati trafo adalah gelombang sinus. Arus
yang keluar dari trafo masih berupa arus AC oleh karena itu diperlukan dioda yang
berfungsi sebagai penyearah dari arus AC menjadi arus DC. Setelah diberi dioda
gelombang yang dihasilkan adalah gelombang segitiga dikarenakan terjadi ripple.

Dan untuk mengatasi ripple yang terjadi maka diperlukan kapasitor. Kapasitor
disini berfungsi sebagai penapis atau mengurangi ripple yang terjadi. Semakin besar
kapasitor yang diberikan maka ripple yang tejadi semakin kecil. Seperti yang terlihat

pada Gambar 4.2. :

Gambar 4.2. Gelombang sebelum terregulasi
Adapun besar arus setelah melewati regulator 7805 adalah sebesar 5 volt DC.
Bentuk gelombang setelah melewati regulator 7805 berupa garis lurus. Seperti yang

terlihat pada Gambar 4.3 :

Gambar 4.3. Gelombang terregulasi
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4.2.2. Analisa rangkaian mikrokontroler AT89S52.

Mikrokontroler merupakan pemroses data utama dalam perancangan ini.
Pengujian rangkaian mikrokontroler dilakukan dengan cara menghubungkan keempat
portnya ke rangkaian led dan men-download program sederhana untuk menyalakan led
tersebut.

Dari hasil pengujian, led pada semua port menyala sesuai program, sehingga
rangkaian mikrokontroler ini dapat digunakan sebagai pemroses utama.
4.2.3. Analisa rangkaian LCD (liquid crystal display).

Rangkaian LLCD digunakan untuk menampilkan data hasil counter Good dan
counter Not Good. Pengujian dilakukan dengan menampilkan data pada LCD, dan
hasilnya dilihat langsung. Dari hasil pengamatan, LCD bisa menampilkan karakter

dengan baik. Adapun rangkaian LCD ditunjukan pada Gambar 4.4.

Us M1632

2N4148
D1

X
alein]  <lolols|olo |2 {N[RE o0
U1
g = 3g 21
RS 38 PO.0/ADO P2.0/A8 55
37 PO 1/AD1 P2.1/A9 33
2 36 PO.2/AD2 P2.2/IA10 54
wKC 5| PO 3/AD3 P2.3/A11 55
34 PO 4/AD4 P2.4/A12 26—
33 PO.5/ADS P2.5/A13 57
- 51 P0O.6/ADS P2 6/A14 55
PO.7/AD7 P2.7/A15
_ ; P10 P3.O/RXD }?
- 3 P11 P3.UTXD. 15
r) P1.2 P3.2/INTO i3
5 P1.3 P3.3/INT1 4
[ P14 P3.4/TO 15
7 P1.5 P3.5/T1 16
g1 P16 P36/ WR by
P1.7 P3.7/RD
;g XTAL1 PSEN 29
9] XTAL2 30
RST ALE/PROG
3N ERveR

ATBOS8252

Gambar 4.4. Rangkaian LCD.
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4.2.4. Analisa rangkaian komunikasi serial (MAX-232).

Rangkaian komunikasi serial MAX-232 digunakan untuk inferfacing perangkat
keras dan perangkat lunak yang tersambung dengan komputer. Rangkaian ini sebenarnya
adalah sebuah 1C dengan kaki masukan sebanyak 16. IC MAX-232 ini digunakan sebagai
konektor komunikasi data serial dari komputer ke Master Mikrokontroler dan sebaliknya.
Pada saat komputer megeluarkan data/sinyal melalui fasilitas keluaran serialnya (port
serial), maka RS-232 ini akan mengirimkan sinyal lewat pin TXD (pin kirim data) ke
mikrokontroler. Sedangkan bila ada masukan dari mikrokontroler maka sinyal akan
diterima oleh pin RXD (pin terima data) dan akan dikirimkan ke komputer.

Adapun gambar gelombang yang terjadi pada saat komunikasi serial, mengirim

dan menerima data ditunjukan pada Gambar 4.5 dan Gambar 4.6 :

Gambar 4.5 Gelombang pada saat mengirim data.

P

5

Gambar 4.6 Gelombang pada saat menerima data.
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4.2.5. Analisa rangkaian tombol.

Rangkaian tombol digunakan sebagai input. Dimana ketika tombol ditekan maka
sistem akan berjalan, kondisi tombol adalah active low dimana tombol akan terpicu
ketika mendapat masukan nol, sedangkan bila masukan masih tinggi atau 1 maka tombol
tidak akan bereaksi.

Adapun logika keadaan tombol ditunjukkan pada Tabel 4.1.

Tabel 4.1. Logika keadaan tombol.

Logika keadaan | Status tombol Keterangan
0 Aktif Data yang ada akan ditambah dengan 1
1 Tidak aktif Tidak melakukan instruksi apa-apa.
4.3.

4.4. Analisa perangkat lunak.

Untuk pengujian kinerja perangkat lunak, dilakukan dengan memberikan
masukan pada masing-masing slave sifem. Yaitu dengan menekan salah satu tombol
Good atau Not Good. Setelah ada masukan maka pada perangkat lunak yang dibuat akan
tertera hasil yang telah dilakukan. Adapun hasil yang ditampilkan dapat dilihat pada
Gambar 4.7. :

Selanjutnya apabila telah selesai melakukan proses perhitungan maka selanjutnya
data yang diperoleh dapat disimpan di program database. Fungsi dari data base adalah
untuk menyimpan hasil-hasil yang telah dilakukan. Seperti yang terlihat pada Gambar

4.8.:



" nuality Monitoy

P1ogt ained by Nanang Hidayat 00524115, TE U

Thursday, 23-11-2006

JENIS GD
BARANG
A 20
B 47
C 33
Save [1ata History

NG Pilih COM

Cierie

Gambar 4.7 Tampilan awal perangkat lunak

Data History
Date fGb1 NG [GD2 [MG2 __IGD3 [NG3 |
¥ |1309-2006 ] 5 40 ] 15 1
2209-2006 50 10 55 12 4 23
| 2311-2008 20 5 47 8 3 2
Delete Ak Print Close

Gambar 4.8. Tampilan database
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Setelah data disimpan maka selanjutnya diberikan pilihan untuk kembali ke

proses awal atau dapat mencetak data yang ada. Adapun tampilan halaman yang siap

dicetak ditunjukan pada Gambar 4.9.

Quality Data Report
Printed on Thursday, 23-11-2006
[Tanggal T oDt T WGt [ 6b2 [ W52 [ G603 | NG3 |
13-08-2006 10 5 40 8 15 1"
22-09-2006 50 10 55 12 Ll 23
23-11-2006 20 5 47 8 33 2
Programed by Nanang Hidayat 00524115, TE Ui

3 record(s)

Gambar 4.9. Tampilan yang siap dicetak



BABYV
PENUTUP
5.1. Kesimpulan

Dari uraian yang telah disampaikan pada bab-bab sebelumnya maka dapat

diambil kesimpulan sebagai berikut :

1. Mikrokontroler AT89S52 dapat digunakan sebagai alat inspeksi dalam
dunia industri khususnya pada bagian produksi.

2. Rangkaian mikrokontroler AT89S52 digunakan sebagai interface dengan
perangkat lunak yang terhubung pada unit komputer.

3. Perangkat Visual Basic dapat menampilkan data yang terjadi pada saat
itu secara langsung.

4. Kelebihan dari alat kontrol kualitas produksi berbasis mikrokontroler
adalah data yang didapat dapat dipantau secara real time dan adanya
efisensi waktu dan tenaga yang dibutuhkan.

5. Alat kontrol kualitas produksi dapat berjalan dengan baik, dapat dilihat
pada Gambar 4.7.

5.2. Saran
Penelitian ini dapat dikembangkan lagi untuk mencapai hasil yang lebih
baik. Beberapa pengembangan yang dimungkinkan adalah:

1. Alat inspeksi berbasis mikrokontroler pada unit produksi ini dapat
dikembangkan dengan menambah beberapa rangkaian slave
mikrokontroler sehingga terbentuk suatu rangkaian multi processor.

2. Input manual berupa tombol dapat dikembangkan dengan input berupa

sensor optik.
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Title : QUALITY CONTROL, MASTER

; Name : NANANG, 08122862521
;  Auhor : Nanang Hidayat

; Version :1.0

DSEG AT 08

GD1: DS 2

NG1: DS 2

GD2: DS 2

NG2: DS 2

GD3: DS 2

NG3: DS 2

PORTBUFFER: DS 4
READBUFFER: DS 4
SENDBUFFER: DS 5
SLVNBR: DS 1
QLTNBR: DS 1
STACKHERE: DS 1

CSEG
ORG 00h
LIMP START

ORG 40H
DELAY256:
PUSH B
MOV B, #0
DINZ B, $
POP B
RET

DELAYLONG:
ACALL DELAY256b
DINZ B, DELAYLONG
RET

DELAYLONG2:
PUSH B
MOV B, #0
ACALL DELAYLONG
POP B
DINZ B, DELAYLONG2
RET

STRCPY:
PUSH ACC
PUSH O
PUSH 1

STRCPYCRT:
MOV A, @R1
MOV  @RO, A
INC 0
INC 1
DINZ B, STRCPYCRT
POP 1
POP O
POP  ACC
RET

STRFILL:

PUSH B
PUSH O



STRFILLREP:
MOV  @RO, A

INC 0

DINZ B, STRFILLREP

POP O

POP B

RET
SERIALOUT:

JNB TI, $

MOV  SBUF, A

CLR TI

RET
READPORTS:

MOV  PORTBUFFER+O, PO
MOV  PORTBUFFER+1, P1
MOV  PORTBUFFER+2, P2
MOV  PORTBUFFER+3, P3
RET

WAITSLVSTART:
PUSH B
MOV B, #0

WSLVB7HI:
CALL READPORTS
MOV A, @R1
B ACC.7, SLVB7HIOK
DINZ B, WSLVB7HI
SiMP SLVB7TO

SLVB7HIOK:
MOV B, #0

WSLVB7LO:
CALL READPORTS
MOV A, @R1
INB ACC.7, SLVB7LOOK
DINZ B, SLVB7LOOK

SLVB7TO:
SETB C
SIJMP  SLVSTARTOK

SLVB7LOOK:
CLR C

SLVSTARTOK:
POP B
RET

READSLVHALF:
PUSH B
PUSH 2
MOV B, #0

WSLVB6LO:
CALL READPORTS
MOV A, @R1
INB ACC.6, SLVB6LOOK
DINZ B, WSLVB6LO
SIJMP  SLVB6TO

SLVB6LOOK:



MOV R2, A
MOV B, #0

WSLVB6HI:
CALL READPORTS
MOV A, @R1
B ACC.6, SLVB6HIOK
DINZ B, WSLVB6HI

SLVB6TO:
SETB C
SIJMP SLVHLFREAD

SLVB6HIOK:
MOV A, R2
ANL A, #0FH
CLR Cc

SLVHLFREAD:
pOP 2
POP B
RET

RECEIVESLAVEDATA:
PUSH ACC
PUSH B
PUSH O
PUSH 1
MOV RO, #READBUFFER
MOV A, #PORTBUFFER
ADD A, SLVNBR
MOV R1, A
MOV B, #10H

REPWAITSLVSTART:
CALL WAITSLVSTART
INC SLVSTROBERCVD

DINZ B, REPWAITSLVSTART

SIMP SLVDATARCVD

SLVSTROBERCVD:
MOV B, #4

READSLVBYTE:
PUSH B
CALL READSLVHALF
JC SLVBYTETO
MOV B, A
CALL READSLVHALF
JC SLVBYTETO

SWAP A

ORL A, B
SLVBYTETO:

POP B

JC SLVDATARCVD

MOV  @RO, A

INC RO

DINZ B, READSLVBYTE
MOV RO, #GD1
MOV A, SLVNBR

RL A
RL A
ADD A, RO
MOV RO, A

MOV R1, #READBUFFER



MOV B, #4
CALL STRCPY

CLR C
SLVDATARCVD:

POP 1

POP O

POP B

POP  ACC

RET
SETPARITYBIT:

PUSH B

PUSH ACC

MOV B, #4

CLR Cc
SPCHKBYTELSB:

INB ACC.0, SPPRTBITSET
CPL C

SPPRTBITSET:
RR A
DINZ B, SPCHKBYTELSB
POP ACC
MOV  ACC.4, C
pPOP B
RET

SENDQUALITYDATA:
PUSH ACC
PUSH B
PUSH 0O
PUSH 1
MOV  QLTNBR, #0

FMTSLAVENUMBER:
MOV RO, #SENDBUFFER
MOV A, SLVNBR
ANL A, #3
ORL A, #80H
ORL A, QLTNBR
MOV  @RO, A
INC RO
MOV A, QLTNBR
INZ SQDSELECTNGDATA

SQDSELECTGDDATA:
MOV  R1, #GD1
SIMP  SQDDATASETSELECTED

SQDSELECTNGDATA:

MOV  R1, #NG1
SQDDATASETSELECTED:

MOV A, SLVNBR

RL A

RL A

ADD A,R1

MOV R1, A

MOV B, #2
FMTQDBYTES:

PUSH B

MOV A, @R1

PUSH ACC



ANL A, #0FH
CALL SETPARITYBIT
MOV  @RO, A

POP  ACC
INC RO
SWAP A

ANL A, #0FH
CALL SETPARITYBIT

MOV  @RO, A

INC RO

INC R1

POP B

DINZ B, FMTQDBYTES

MOV B, #5

MOV RO, #SENDBUFFER
SQDSENDEACHBYTE:

MOV A, @RO

CALL SERIALOUT

INC RO

DINZ B, SQDSENDEACHBYTE
MOV A, QLTNBR

XRL A, #40H

MOV  QLTNBR, A

IJNZ FMTSLAVENUMBER

POP 1
pOP O
poP B
POP  ACC
RET

e —m e r S A =ECEC—EEmmmmm—mmm—m—m—m—m—m—=— ==

MOV IE, #0
MOV  SP, #STACKHERE
MOV RO, #GD1

MOV A, #0

MOV B, #12

CALL STRFILL

MOV  SLVNBR, #0
MOV TMOD, #20H
MOV  TH1, #0F4H

MOV  SCON, #50H
CALL DELAY256

SETB TRi

SETB EA

SETB TI

REPEATPROCESS:
MOV B, #10H

REPRCVSLVDATA:
CALL RECEIVESLAVEDATA
INC SENDCRTSLVDATA
DINZ B, REPRCVSLVDATA

SENDCRTSLVDATA:
CALL SENDQUALITYDATA
MOV B, #8
CALL DELAYLONG



QUALITYDATASENT:
INC  SLVNBR
MOV A, SLVNBR
CLR C
SUBB A, #3
e SLVNBRINCREMENTED
MOV  SLVNBR, #0

SLVNBRINCREMENTED:
SIMP REPEATPROCESS
END



Title : QUALITY CONTROL SLAVE

; Name : NANANG, 08122862521
;  Auhor : Nanang Hidavat
; Version :1.0

LCDDP EQU PO
LCDRS BIT P1.2
LCDRW BIT P1.1
LCDCE BIT P1.0
GDBTN BIT P3.0
NGBTN BIT P3.1
DATABUS EQU P2
DSEG AT 08

LCDR1: DS 10H
LCDR2: DS 10H

GD: DS 2

NG: DS 2
TMPDWORD: DS 4
CHGFLAG: DS 1
STACKHERE: DS 1

CSEG

ORG 00h

LIMP START

ORG 40H

LCDINITDATA: DB 38h, 06h, 0Ch

LCDMESSAGEL: DB 'QUALITY CONTROL'

LCDMESSAGE2: DB 'NANANG, UII 2000’

LCDFMT1: DB 'GOOD !

LCDFMT2: DB 'NOT GOOD: '

; 0123456789ABCDEF

DELAY256:
PUSH B
MOV B, #0
DINZ B, $
POP B
RET

DELAYLONG:
ACALL DELAY256
DINZ B, DELAYLONG
RET

DELAYLONG2:
PUSH B
MOV B, #0
ACALL DELAYLONG
POP B
DINZ B, DELAYLONG2
RET

STRCPY:
PUSH ACC
PUSH O
PUSH 1

STRCPYCRT:
MOV A, @R1
MOV  @RO, A
INC 0
INC 1



DINZ B, STRCPYCRT
POP 1

pop O

POP  ACC

RET

STRCPYX:
PUSH ACC
PUSH DPH
PUSH DPL
PUSH 0

STRCPYXCRT:
MOV A, #0
MOVC A, @A+DPTR
MOV  @RO, A

INC 0
INC DPTR
DINZ B, STRCPYXCRT
POP O
POP  DPL
POP  DPH
POP  ACC
RET
STRFILL:
PUSH B
PUSH O
STRFILLREP:
MOV  @RO, A
INC 0

DINZ B, STRFILLREP
POP O

POP B
RET

STRHALF:
PUSH B
ANL A, #0FH
ADD A, #30H
MOV B, A
SUBB A, #3AH
MOV A, B

JC STROKAY
ADD A, #07H

STROKAY:
POP B
RET

STRBYTE:
MOV B, A
ACALL STRHALF
XCH A, B
SWAP A
ACALL STRHALF
XCH A, B
RET

STRWORD:
PUSH ACC
PUSH B
PUSH O
PUSH B



CALL STRBYTE

MOV  @RO, A
DEC RO
MOV @RO, B
DEC RO

POP B

XCH A, B
CALL STRBYTE
MOV  @RO, A
DEC RO
MOV @RO, B
POP O

POP B

POP ACC
RET
DIVTENBYTE:
PUSH 0O

PUSH ACC
SWAP A

ANL A, #OFH
XCH A, B
ANL A, #OFH
SWAP A

ORL A, B
MOV B, #10
DIV  AB
SWAP A

MOV RO, A
POP ACC
ANL A, #0FH
XCH A, B
ANL A, #0FH
SWAP A

ORL A, B
MOV B, #10
DIV AB
ORL A, RO
POP 0

RET
DIVTENWORD:
PUSH ACC
PUSH ©

INC RO
MOV A, @RO
MOV B, #0
CALL DIVTENBYTE
MOV  @RO, A
DEC RO
MOV A, @RO

CALL DIVTENBYTE
MOV @RO, A

POP O

POP  ACC

RET

DCMLBYTE:
PUSH ACC
PUSH B
PUSH 0
PUSH ACC
MOV A, RO
ADD A, B
MOV RO, A



POP  ACC
DCMLBYTEOQ:
PUSH B
MOV B, #0
CALL DIVTENBYTE
XCH A, B
CALL STRHALF
MOV  @RO, A
XCH A, B
POP B
DEC RO
DINZ B, DCMLBYTEO
POP 0
POP B
POP  ACC
RET
DCMLWORD:
PUSH ACC
PUSH B
PUSH 0
PUSH 1
XCH A, RO
XCH A, R1
XCH A, RO
MOV A, B
DEC A
ADD A, R1
MOV R1, A
DCMLWORDO:
PUSH B
CALL DIVTENWORD
MOV A, B
CALL STRHALF
MOV @R1, A
POP B
DEC Rl
DINZ B, DCMLWORDO
POP 1
POP 0O
POP B
POP  ACC
RET
INCWORD:
PUSH ACC
PUSH 0
MOV A, @RO
ADD A, #1
MOV  @RO, A
INC RO
MOV A, @RO
ADDC A, #0
MOV  @RO, A
POP 0
POP  ACC
RET
LCDWAIT:
PUSH B
MOV B, #20H
DINZ B, $
POP B

10



RET

LCDWRCODE:
CLR LCDRS
SIJMP  LCDWRITE

LCDWRDATA:
SETB LCDRS

LCDWRITE:
CLR LCDRW
SETB LCDCE
MOV  LCDDP, A
CLR LCDCE
RET

LCDSETDDR:
ORL A, #80H
ACALL LCDWRCODE
ACALL LCDWAIT
RET

LCDRSTBUFFER:
PUSH ACC
PUSH B
PUSH O
PUSH 1
MOV RO, #LCDR1
MOV  DPTR, #LCDFMT1
MOV B, #16
ACALL STRCPYX
MOV RO, #LCDR2
MOV  DPTR, #LCDFMT2

MOV B, #16
ACALL STRCPYX
POP 1
POP 0
POP B
POP  ACC
RET
LCDINIT:
MOV B, #3
MOV  DPTR, #LCDINITDATA
LCDSENDCTRL:
MOV A, #0

MOVC A, @A+DPTR
ACALL LCDWRCODE
ACALL DELAY256

INC DPTR

DINZ B, LCDSENDCTRL
MOV A, #01

ACALL LCDWRCODE
MOV B, #0

ACALL DELAYLONG
ACALL LCDRSTBUFFER
RET

LCDRFSH:
PUSH ACC

PUSH B

PUSH 0

MOV RO, #LCDR1
MOV B, #2
MOV A, #0

;format 1st row buffer

;format 2nd row buffer

;sub rutin inisialisasi LCD

;send LCD init. data

;clear display

il



LCDRFSHO:

ACALL LCDSETDDR
PUSH B

MOV B, #10H

LCDRFSH1:
MOV A, @RO
ACALL LCDWRDATA
ACALL LCDWAIT

INC 0
DINZ B, LCDRFSH1
POP B

MOV A, #40H
DINZ B, LCDRFSHO

pPOP 0
POP B
POP  ACC
RET
LCDPRINT:
PUSH B

ACALL LCDSETDDR
MOV B, #10H

LCDPRINT1:
MOV A, #0
MOVC A, @A+DPTR
ACALL LCDWRDATA
ACALL LCOWAIT
INC DPTR
DINZ B, LCDPRINT1
POP B
RET

SENDQLTHALF:
PUSH ACC
ANL A, #0FH
MOV  DATABUS, A
CALL DELAY256
SETB DATABUS.6
CALL DELAY256
POP  ACC
RET

SENDQLTDATA:
PUSH ACC
PUSH B
PUSH 0
MOV RO, #GD
MOV B, #4

SENDQLTBYTE:
MOV A, @RO
CALL SENDQLTHALF
SWAP A
CALL SENDQLTHALF
INC RO
DINZ B, SENDQLTBYTE
MOV  DATABUS, #0FFH

MOV B, #8

CALL DELAYLONG
poOP O

POP B

POP  ACC

RET



START:
MOV  DATABUS, #0FFH
MOV IE, #0
CLR LCDCE

MOV  SP, #STACKHERE

MOV RO, #GD

MOV A, #0

MOV B, #4

CALL STRFILL

MOV  CHGFLAG, #1

CALL LCDINIT

MOV A, #0

MOV  DPTR, #LCDMESSAGE1
CALL LCDPRINT

MOV A, #40H

MOV  DPTR, #LCDMESSAGE2
CALL LCDPRINT

MOV B, #10H

CALL DELAYLONG2

SIMP  SENDQUALITYDATA

REPEATPROCESS:

MOV  CHGFLAG, #0

JNB  GDBTN, GDBUTTON
IJNB  NGBTN, NGBUTTON
SJMP SENDQUALITYDATA

GDBUTTON:
MOV RO, #GD
SIMP  BUTTONPRESSED

NGBUTTON:
MOV RO, #NG

BUTTONPRESSED:
MOV B, #10H
CALL DELAYLONG
INB  GDBTN, $
JNB  NGBTN, $
MOV CHGFLAG, #1
CALL INCWORD

SENDQUALITYDATA:
CALL SENDQLTDATA

SHOWQLTDATA:
MOV A, CHGFLAG
Jz LCDBUFFERREADY
MOV R1, #GD
MOV RO, #TMPDWORD
MOV B, #4
CALL STRCPY
MOV RO, #LCDR1+11
MOV  R1, #TMPDWORD+0
MOV B, #5
CALL DCMLWORD
MOV RO, #LCDR2+11
MOV  R1, #TMPDWORD+2
MOV B, #5
CALL DCMLWORD
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MAIN PROGRAM :

'SGOO0.0OONN 000P.0000 000P.0000 000P.0000 O00P.0000
'S : slave (1 = slave data, 0 = counter data)

'G : 0 -> Not Good

'G :1-> Good

'P : parity bit (even parity)

‘NN : Slave number

Dim DebugMode As Boolean, DbgFileTxt$, DbgFileNbr%
Dim DataValid As Boolean
Dim Serial%(0 To 4), RdFlag%(0 To 4), ByteNumber%
Dim tmpBuffer$
Private Sub COMOpen{ComNumber%)
On Error GoTo ErrOpen
If MSComm1.PortOpen Then MSComm1.PortOpen = False
MSCommi1.CommpPort = ComNumber%
MSComm1.Settings = "2400, N, 8, 1"
MSComm1.InputMode = comInputModeText
MSComm1.ParityReplace = ""
MSComm1.Handshaking = comNone
MSComm1l.PortOpen = True
ByteNumber = 0
ErrOpen:
End Sub
Private Sub COMClose()
On Error GoTo COMCloseErr
MSComm1.PortOpen = False
Exit Sub

COMCloseErr:
End Sub
Private Sub ResetSerialBuffer()
Fori% =0To 4
Serial(i%) = 0
RdFlag(i%) = 0
Next i%
End Sub
Private Sub ExtractReceivedData()
'vid% = 0 --> data tidak valid
'vid% = 1 --> data valid
'qlt% = 0 --> GD data
'qlt% = 1 --> NG data
'qchi% = data kualitas, hi-byte
‘qclo% = data kualitas, lo-byte

vid% = 1
If (Serial(0) And &H80) = 0 Then vid% = 0
If (Serial(0) And &H3C) <> 0 Then vld% = 0
Fori% =0To 4
If RdFlag(i%) = 0 Then
vid% = 0
Exit For
End If
Next i%
Fori% =1To 4
crtbyte% = Serial(i%)
If (crtbyte% And &HEQ) <> 0 Then



vid% = 0
Else
crtprty% = crtbyte% And &H10
crtbyte% = crtbyte% And 15
ones% =0
Forj% = 1To 4
If (crtbyte% And 1) <> 0 Then ones% = ones% + 1
crtbyte% = crtbyte% \ 2
Next j%
If (crtprty%
If (criprty%
End If
If vid% = 0 Then Exit For
Next i%
If (Serial(0) And &H40) = 0 Then
qit% =0
Else
qit% =1
End If
slv% = Serial(0) And 3
If vid% = 1 Then
qclo% = 16 * (Serial(2) And 15) + (Serial(1) And 15)
qchi% = 16 * (Serial(4) And 15) + (Serial(3) And 15)
QCData(slv%, qlt%) = (256& * qchi% + qclo%) And &HFFFFFFFF
DataValid = True
Else
DataValid = False
End If
End Sub
Private Sub ShowQCData(SlaveNbr%)
gdtxt$ = Format(QCData(SlaveNbr, 0), "#,##0")
ngtxt$ = Format(QCData(SlaveNbr, 1), "#,##0")
LblGd(SlaveNbr).Caption = gdtxt$
LbING(SlaveNbr).Caption = ngtxt$
End Sub
Private Sub SaveData()
With RSQIt
If .RecordCount > 0 Then
.MoveFirst
Do While Not .EOF
If Format(RSQIt!tgl, "dd-mm-yyyy") = Format(Now, "dd-mm-yyyy")

0) And ((ones% And 1) <> 0) Then vid% = 0
1) And ((ones% And 1) = 0) Then vid% = 0

Then
datefound% = 1
Exit Do
End If
.MoveNext
Loop
End If
If datefound% = 0 Then .AddNew
RSQIt!tgl = Now

RSQIlt!gd1l = QCData(0, 0)
RSQIlt!ngl = QCData(0, 1)
RSQIlt!gd2 = QCData(1, 0)

RSQIlt!ng2 = QCData(1, 1)
RSQIt'gd3 = QCData(2, 0)
RSQIt!ing3 = QCData(2, 1)
.UpdateBatch




End With
End Sub
Private Sub tmrDate_Timer()
LblDate.Caption = Format(Now, "dddd, dd-mm-yyyy")
End Sub
Private Sub MSComm1_0OnComm()
evtCom = MSComm1.CommEvent
If (evtCom = comEvReceive) Then
temp$ = MSComm1.Input
ascx% = Asc(temp$)
If DebugMode = True Then
wrtxt$ = Hex(ascx%)
wrtxt$ = String(2 - Len(wrtxt$), "0") + wrtxt$ + " "
tmpBuffer = tmpBuffer + wrtxt$
If Len(tmpBuffer) >= 512 Then
Put #DbgFileNbr, , tmpBuffer
tmpBuffer = ""
End If
End If
If (ascx% And &HB80) <> 0 Then
ResetSerialBuffer
ByteNumber = 0
End If
If ByteNumber <= 4 Then
Serial(ByteNumber) = ascx%
RdFlag(ByteNumber) = 1
End If
If ByteNumber >= 4 Then
ExtractReceivedData
If DataValid Then ShowQCData (Serial(0) And 3)
ResetSerialBuffer
Else
ByteNumber = ByteNumber + 1
End If
End If
End Sub
Private Sub CmbCOM_Click()
ResetSerialBuffer
Fori% = 0To 2
Forj% =0To 1
QCData(i%, j%) = 0
Next j%
Next i%
Fori% = 0To 2
ShowQCData i%
Next i%
COMOpen CmbCOM.ListIndex + 1
If MSComm1.PortOpen Then
MsgBox "Connected."
Else
MsgBox "Connection error."”
End If
End Sub
Private Sub CmbCOM_KeyPress(KeyAscii As Integer)
KeyAscii = 0
End Sub
Private Sub CmdSave_Click()




SaveData
End Sub
Private Sub CmdHst_Click()
FrmHst.Show 1
End Sub
Private Sub CmdClose_Click()
Unload Me
End Sub
Private Sub Form_Load()
DbgFileTxt = App.Path + "\Debug.txt"
DbgFileNbr = FreeFile
Open DbgFileTxt For Binary As #DbgFileNbr
If LOF(DbgFileNbr) > 0 Then
Close #DbgFileNbr
Kill DbgFileTxt
Open DbgFileTxt For Binary As #DbgFileNbr
End If

LblInfo.Caption = txtInfo
With CmbCOM
.Clear
Fori% =1To 6
.AddItem "COM" + Trim(Str(i%))
Next i%
".AddItem "COM1"
.AddItem "COM2"
.ListIndex = 0
End With
dbOpen
End Sub
Private Sub Form_KeyUp(KeyCode As Integer, Shift As Integer)
If (Shift And vbCtriMask) And (KeyCode = vbKeyD) Then DebugMode = Not
DebugMode
If DebugMode Then
Me.Caption = "Quality Monitor (Debug Mode)"
Else
Me.Caption = "Quality Monitor"
End If
End Sub
Private Sub Form_Unload(Cancel As Integer)
Close #DbgFileNbr
dbClose
COMClose
End Sub

MOD CODE :

Public Const txtInfo$ = "Programed by Nanang Hidayat 005241 15, TE UII"
Public dbFile$
Public db As ADODB.Connection
Public RSQIt As ADODB.Recordset
Public QCData&(0 To 2, 0 To 1)
Public Sub dbOpen()
dbFile = App.Path + "\History.mdb"

Set db = New ADODB.Connection
Set RSQ!t = New ADODB.Recordset




db.CursorLocation = adUseClient
db.Open "Provider=Microsoft.Jet.OLEDB.3.51;Data Source=" + dbFile
RSQIt.Open "SELECT * FROM qlt ORDER BY tgl", db, adOpenStatic,
adLockBatchOptimistic
End Sub
Public Sub dbClose()
RSQIt.Close
db.Close
Set RSQIt = Nothing
Set db = Nothing
End Sub

HISTORY CODE :
Dim RSHist As ADODB.Recordset
Private Sub ResetButtons()

If RSHist.RecordCount > 0 Then
CmdDel.Enabled = True
CmdPrint.Enabled = True

Eise
CmdDel.Enabled = False
CmdPrint.Enabled = Faise

End If

End Sub
Private Sub CmdDel_Click()
If MsgBox("Delete all data?", vbYesNoCancel + vbQuestion, "Confirmation") =
vbYes Then
db.Execute "delete * from qit"
RSQIt.Requery
RSHist.Requery
ResetButtons
End If
End Sub
Private Sub CmdPrint_Click()
Dim RSReport As ADODB.Recordset

Set RSReport = RSHist.Clone
Set DRHist.DataSource = RSReport
DRHist.Sections(1).Controls(2).Caption = "Printed on " + Format(Now, "dddd,
dd-mm-yyyy")
DRHist.Sections(5).Controls(2).Caption = txtInfo
DRHist.Sections(5).Controls(3).Caption = Trim(RSReport.RecordCount) + "
record(s)"
DRHist.Show 1
RSReport.Close
Set RSReport = Nothing
End Sub
Private Sub CmdClose_Click()
Unload Me
End Sub
Private Sub Form_Load()
Set RSHist = New ADODB.Recordset
RSHist.Open "select * from qlt order by tgl", db, adOpenStatic,
adLockBatchOptimistic
Set DGQ.DataSource = RSHist
ResetButtons
End Sub




Private Sub Form_Unload(Cancel As Integer)
RSHist.Close
Set RSHist = Nothing

End Sub




Features

e Compatible with MCS®-51 Products

* 8K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

* 4.0V to 5.5V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz

¢ Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

* 32 Programmabile I/O Lines

* Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Full Duplex UART Serial Channel

* Low-power Idle and Power-down Modes

* Interrupt Recovery from Power-down Mode

* Watchdog Timer

* Dual Data Pointer

» Power-off Flag

* Fast Programming Time

* Flexible ISP Programming (Byte and Page Mode)

» Green (Pb/Halide-free) Packaging Option

1. Description

The ATB9S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
aytes of in-system programmable Flash memory. The device is manufactured using
Atmel’s high-density nonvolatile memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a monolithic chip, the Atmel AT89S52 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 I/O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
six-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the AT89S52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions unti! the next interrupt
or hardware reset.
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Microcontroller
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2. Pin Configurations

2.1  40-lead PDIP

AIMEL

2.3 44-lead PLCC
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3. Block Diagram
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4. Pin Description

4.1

4.2

4.3

4.4

4.5

a4

vCcC

GND

Port 0

Port 1

Port 2

Supply voltage.

Ground.

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

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

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

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

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2 external count input
(P1.0/T2) and the timer/counter 2 trigger input (P1.1/T2EX), respectively, as shown in the follow-
ing table.

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

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2), clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and direction control)
P1.5 MOSI (used for In-System Programming)

P1.6 MISO (used for In-System Programming)

P1.7 SCK (used for In-System Programming)

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

Port 2 emits the high-order address byte during fetches from external program memory and 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.

AT89S52
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4.7 RST

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

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

Port 3 also serves the functions of various special features of the AT89S552, as shown in the fol-
lowing table.

Port Pin i Alternate Functions
P3.0 RXD (serial input port)
7P3.1 - TXD (serial output poi)r e N
P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1) - o |
’?3.4 TO (timer 0 external input)
_PS.S T1 (timer 1 external input)
P3.6 WR (external data memory write strobe) |
P3.7 RD (external data memory read strobe) o

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

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

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

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

ATMEL s
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Table 5-1. AT89S52 SFR Map and Reset Values
= I
OF8H |
B i
OFOH | 445000000
OE8H
T T
ACC ! |
OBOH | 10000000
0D8H
PSW
O0BOH | 10000000
ocan | T2CON T2MOD RCAP2L RCAP2H TL2 TH2
00000000 | XXXXXX00 00000000 00000000 | 00000000 | 00000000
0COH
P
OB8H | xx000000
? P3
OBOH | 44411111
IE
OABH | 1%000000
oAoH P2 AUXR1 WDTRST
11111111 XXXXXXXO XXXXXXXX
o8 SCON SBUF |
00000000 | XXXXXXXX |
P1 |
OH 1 1111111
ah TCON T™OD | L0 L1 THO TH1 AUXR
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 | XXXO00XXO
8o PO sp DPOL DPOH DPIL DP1H PCON
11111111 | 00000111 00000000 00000000 | 00000000 | 00000000 0XXX0000

1919C-MICRO-3/05
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OFFH

OF7H

OEFH

OE7H

| ODFH

0D7H

OCFH

0C7H

0BFH

0B7H

0AFH

0A7H

9FH

97H

8FH

87H
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Table 5-3. AUXR: Auxiliary Register

AUXR Address = 8EH
Not Bit Addressable

Reset Value = XXX00XX0B

- - - | woiDLE | DISRTO - DISALE
Bit ” 7 6 5 4 3 1 0

- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE Operating Mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency

1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset out

DISRTO

0 Reset pin is driven High after WDT times out

1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode

WDIDLE

0 WDT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

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

1ccessing the respective Data Pointer Register.

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

lable 5-4. AUXR1: Auxiliary Register 1

AUXR1 Address = A2H
Not Bit Addressable

Reset Value = XXXXXXX0B

- DPS

Bit 7 6 5 4

- Reserved for future expansion

DPS Data Pointer Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

AlmgL
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6. Memory Organization

6.1

5.2

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

Program Memory

Data Memory

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

On the AT89S52, if EA is connected to V., program fetches to addresses 0000H through
1FFFH are directed to internal memory and fetches to addresses 2000H through FFFFH are to
external memory.

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes occupy a parallel
address space to the Special Function Registers. This means that the upper 128 bytes have the
same addresses as the SFR space but are physically separate from SFR space.

When an instruction accesses an internal location above address 7FH, the address mode used
in the instruction specifies whether the CPU accesses the upper 128 bytes of RAM or the SFR
space. Instructions which use direct addressing access the SFR space.

For example, the following direct addressing instruction accesses the SFR at location 0AOH
{which is P2).

MOV OAOH, f#data
Instructions that use indirect addressing access the upper 128 bytes of RAM. For example, the
following indirect addressing instruction, where RO contains OAOH, accesses the data byte at
address OAOH, rather than P2 (whose address is 0AQH).

MOV @QRO, #data
Note that stack operations are examples of indirect addressing, so the upper 128 bytes of data
RAM are available as stack space.

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

7.1

10

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment every machine cycle while the oscillator is running. The
WDT timeout period is dependent on the external clock frequency. There is no way to 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.

Using the WDT

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

AT89S52 me———————————————————————————
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WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET pulse dura-
tion is 98xTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of code that will periodically be executed within the time required to
prevent a WDT reset.

7.2 WDT During Power-down and Idle

3. UART

9. TimerOand1

1919C-MICRO-3/05

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S52 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 prevent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrupt is pulled high. it is suggested that the WDT be reset during the interrupt service for
the interrupt used to exit Power-down mode.

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

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = Q)
as the default state. To prevent the WDT from resetting the AT89S52 while in IDLE mode, the
user should always set up a timer that will periodically exit IDLE, service the WDT, and reenter
IDLE mode.

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

The UART in the AT89S52 operates the same way as the UART in the AT89C51 and AT89C52.
For further information on the UART operation, please click on the document link below:

hitp/rwww.atmel.com/dyn/rescurces/prod . documents/DOC4A316.PDF

Timer 0 and Timer 1 in the AT89S52 operate the same way as Timer 0 and Timer 1 in the
AT89C51 and AT89C52. For further information on the timers’ operation, please click on the
document link below:

Rtp/www. atmel.comydyn/resources/prod. documents/DOC4316.PDF

AIMEL 1



10. Timer 2

10.1 Capture Mode

AIEL

ES

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter. The
type of operation is selected by bit C/T2 in the SFR T2CON (shown in Tabie 5-2). Timer 2 has
three operating modes: capture, auto-reload (up or down counting), and baud rate generator.
The modes are selected by bits in T2CON, as shown in Tabie 10-1. Timer 2 consists of two 8-bit
registers, TH2 and TL2. In the Timer function, the TL2 register is incremented every machine
cycle. Since a machine cycle consists of 12 oscillator periods, the count rate is 1/12 of the oscil-
lator frequency.

Table 10-1.  Timer 2 Operating Modes

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

In the Counter function, the register is incremented in response to a 1-to-0 transition at its corre-
sponding external input pin, T2. In this function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in one cycle and a low in the next cycle,
the count is incremented. The new count value appears in the register during S3P1 of the cycle
following the one in which the transition was detected. Since two machine cycles (24 oscillator
periods) are required to recognize a 1-to-0 transition, the maximum count rate is 1/24 of the
oscillator frequency. To ensure that a given level is sampled at least once before it changes, the
level should be held for at least one full machine cycle.

In the capture mode, two options are selected by bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is
a 16-bit timer or counter which upon overflow sets bit TF2 in T2CON. This bit can then be used
to generate an interrupt. If EXEN2 = 1, Timer 2 performs the same operation, but a 1-to-0 transi-
tion at external input T2EX also causes the current value in TH2 and TL2 to be captured into
RCAP2H and RCAP2L, respectively. In addition, the transition at T2EX causes bit EXF2 in
T2CON to be set. The EXF2 bit, like TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 10-1.

10.2 Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when configured in its 16-bit auto-reload
mode. This feature is invoked by the DCEN (Down Counter Enable) bit located in the SFR
T2MOD (see Tabie 10-2). Upon reset, the DCEN bit is set to 0 so that timer 2 will default to
count up. When DCEN is set, Timer 2 can count up or down, depending on the value of the
T2EX pin.

12 AT89S52 e
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Figure 10-1. Timer in Capture Mode
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fable 10-2. T2MOD — Timer 2 Mode Control Register

T2MOD Address = 0C9H Reset Value = XXXX XX008

Not Bit Addressable

- - - - - - T20E DCEN
Bt | 7 6 5 | 4 3 2 | 1 0

Symbol Function

- Not implemented, reserved for future

T20E Timer 2 Output Enable bit

DCEN When set, this bit allows Timer 2 to be configured as an up/down counter

Figure 106-2 shows Timer 2 automatically counting up when DCEN = 0. In this mode, two options
are selected by bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to OFFFFH and then sets
the TF2 bit upon overflow. The overflow also causes the timer registers to be reloaded with the
16-bit value in RCAP2H and RCAP2L. The values in Timer in Capture ModeRCAP2H and
RCAP2L are preset by software. If EXEN2 = 1, a 16-bit reload can be triggered either by an
overflow or by a 1-to-0 transition at external input T2EX. This transition also sets the EXF2 bit.
Both the TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 10-2. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2 count
up. The timer will overflow at OFFFFH and set the TF2 bit. This overflow also causes the 16-bit
value in RCAP2H and RCAP2L to be reloaded into the timer registers, TH2 and TL2,
respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer underflows when TH2 and TL2 equal
the values stored in RCAP2H and RCAP2L. The underflow sets the TF2 bit and causes OFFFFH
to be reloaded into the timer registers.

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

AIMEL 13
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Figure 10-2. Timer 2 Auto Reload Mode (DCEN = 0)
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‘igure 10-3. Timer 2 Auto Reload Mode (DCEN = 1)
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11. Baud Rate Generator

1919C-MICRO-3/05

Timer 2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON (Table
5-2). Note that the baud rates for transmit and receive can be different if Timer 2 is used for the
receiver or transmitter and Timer 1 is used for the other function. Setting RCLK and/or TCLK
puts Timer 2 into its baud rate generator mode, as shown in Figure 11-1.

The baud rate generator mode is similar to the auto-reload mode, in that a roliover in TH2
causes the Timer 2 registers to be reloaded with the 16-bit value in registers RCAP2H and
RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer 2’s overflow rate according to the fol-
lowing equation.

Modes 1 and 3 Baud Rates = 1IMer2 O;/Zrﬂow Rate

The Timer can be configured for either timer or counter operation. In most applications, it is con-
figured for timer operation (CP/T2 = 0). The timer operation is different for Timer 2 when it is
used as a baud rate generator. Normally, as a timer, it increments every machine cycle (at 1/12
the oscillator frequency). As a baud rate generator, however, it increments every state time (at
1/2 the oscillator frequency). The baud rate formula is given below.

Modes 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L taken as a 16-bit unsigned
integer.

Timer 2 as a baud rate generator is shown in Figure 11-1. This figure is valid only if RCLK or
TCLK = 1in T2CON. Note that a rollover in TH2 does not set TF2 and will not generate an inter-
rupt. Note too, that if EXEN2 is set, a 1-to-0 transition in T2EX will set EXF2 but will not cause a
reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer 2 is in use as a baud rate
generator, T2EX can be used as an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in the baud rate generator mode, TH2 or
TL2 should not be read from or written to. Under these conditions, the Timer is incremented
every state time, and the results of a read or write may not be accurate. The RCAP2 registers
may be read but should not be written to, because a write might overiap a reload and cause
write and/or reload errors. The timer should be turned off (clear TR2) before accessing the Timer
2 or RCAP2 registers.

15
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Figure 11-1. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

R
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EXEN2

12. Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 12-1. This
pin, besides being a regular 1/O pin, has two alternate functions. It can be programmed to input
the external clock for Timer/Counter 2 or to output a 50% duty cycle clock ranging from 61 Hz to
4 MHz (for a 16-MHz operating frequency).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (T2CON.1) must be cleared and
bit T20E (T2MOD.1) must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator frequency and the reload value of Timer 2
capture registers (RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency
4 x [65536-(RCAP2H,RCAP2L)]

Clock-Out Frequency =

In the clock-out mode, Timer 2 roll-overs will not generate an interrupt. This behavior is similar to
when Timer 2 is used as a baud-rate generator. It is possible to use Timer 2 as a baud-rate gen-
erator and a clock generator simultaneously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one another since they both use
RCAP2H and RCAP2L.

16 AT89S52 mes————————————
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Figure 12-1. Timer 2 in Clock-Out Mode
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|3. Interrupts

1918C-MICRO-3/05

) . Q«,_m%ﬁ TIMER 2
\ / O/ - INTERRUPT

EXEN2

The AT89S52 has a total of six interrupt vectors: two external interrupts (INTO and INT1), three
timer interrupts (Timers O, 1, and 2), and the serial port interrupt. These interrupts are all shown
in Figure 13-1.

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

Note that Tabie 13-1 shows that bit position IE.6 is unimpiemented. User software should not
write a 1 to this bit position, since it may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and EXF2 in register T2CON. Nei-
ther of these flags is cleared by hardware when the service routine is vectored to. In fact, the
service routine may have to determine whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle. However, the Timer 2 flag,
TF2, is set at S2P2 and is polled in the same cycle in which the timer overflows.

17
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Table 13-1. interrupt Enable (IE) Register
(MSB) (LSB)
| EA - ‘r ET2 ES | ET1 I EX1 E ETO | Exb
Enable Bit=1 enablés the interrupt.
Enable Bit = 0 disables the interrupt.
Symbol Position Function
EA IE.7 pisables all inter_ru_pts_. If EA=0,no interrupt is acknowledged. It EA = 1{ each _
interrupt source is individually enabled or disabled by setting or clearing its enable bit.
— IE.6 Reserved. |
ET2 TEs Timer 2 interrupt enable bit. T
ES IE4 Serial Port interrupt enable bit. o
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit. N
7 ETO IiE.1 Timer O interrupt enable bit. N
EX0 IE.0 External interrupt O enable bit.

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

‘igure 13-1. Interrupt Sources
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14. Oscillator Characteristics

15. Idle Mode

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 16-1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 16-2. There are no
requirements 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 voitage high and low
time specifications must be observed.

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software. The content of the on-chip RAM and all the special functions 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
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.

16. Power-down Mode

1919C-MICRO-3/05

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 initiated
either by a hardware reset or by an enabled external interrupt. Reset redefines the SFRs but
does not change the on-chip RAM. The reset should not be activated before V¢ is restored to
its normal operating level and must be held active long enough to aliow the oscillator to restart
and stabilize.

Figure 16-1. Oscillator Connections

c2
| R XTAL2
C1 T

e ) e XTAL1

GND

||I|| G -

Note: 1. C1,C2 = 30 pF % 10 pF for Crystals

40 pF + 10 pF for Ceramic Resonators
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Figure 16-2. Extemal Clock Drive Configuration

NC - XTAL2
EXTERNAL
OSCILLATOR XTALA
SIGNAL
. GND

Table 16-1.  Status of External Pins During Idle and Power-down Modes

Program o l
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address L Data
Power-down ! Internal 0 0 Data Data Data Data
Fower-down N External 0 0 l Float Data Data | Data "

17. Program Memory Lock Bits

The AT89S52 has three lock bits that can be left unprogrammed (U) or can be programmed (P)
to obtain the additional features listed in Table 17-1.

Table 17-1.  Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 Protection Type
1 U l U ! U No program lock features
ﬁ MOVC instructions executed from external program memory

2 p U U are disabled from fetching code bytes from internal memory, EA
is sampled and latched on reset, and further programming of
the Flash memory is disabled

\ i Same as mode 2, but verify is also disabled
4 \ \ Same as mode 3, but external execution is also disabled

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

20 AT89S52
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18. Programming the Flash — Parallel Mode
The AT89S52 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 programmers.

The AT89S52 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S52, the address, data, and control
signals should be set up according to the “Flash Programming Modes™ (Table 22-1) and Figure
22-1 and Figure 22-2. To program the AT89552, take the following steps:

input the desired memory location on the address lines.

Input the appropriate data byte on the data lines.

Activate the correct combination of control signals.

Raise EA/Vpp to 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 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 AT89S52 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. Data Polling may begin any time after a write cycle has been
initiated.

SANES A

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. P3.0is
pulled high again when programming is done to indicate READY.

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

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

(000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89S52
{200H) = 06H

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

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

During chip erase, a serial read from any address location will return OOH at the data output.

AIMEL 21
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19. Programming the Flash — Serial Mode

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

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

Either an external system clock can be supplied at pin XTAL1 ora crystal needs to be connected
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.

20. Serial Programming Algorithm

To program and verify the AT89S52 in the serial programming mode, the following sequence is
recommended:

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

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

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

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

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

Power-off sequence (if needed):
1. Set XTAL1 to “L” (if a crystal is not used).
2. SetRSTto“l.
3. Turn Vg power off.

Data Polling: The Data Polling feature is aiso available in the serial mode. 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 serial output byte on MISO.

21. Serial Programming Instruction Set

22

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 24-1.

PR e
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Figure 22-1.

Figure 22-2.

AlmEL

Programming the Flash Memory (Parallel Mode)
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Verifying the Flash Memory (Parallel Mode)
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Figure 23-2. Flash Memory Serial Downloading
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4. Flash Programming and Verification Waveforms — Serial Mode

Figure 24-1. Serial Programming Waveforms
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Table 24-1.  Serial Programming Instruction Set
Instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
1010 1100 0101 0011 XXXX  XXXX XXXX  XXXX
p ing Enabl 0110 1001 Enable Serial Programming
rogramming Enable (Output on while RST is high
MISO)
. 1010 1100 100x  xxxx XXXX  XXXX XXXX  XXXX Chip Erase Flash memory
Chip Erase
array
Read Program Memory | 0010 0000 xxx N TO9® 3323 ¥=2 SAAS 8858 | Read data from Program
(Byte Mode) < << memory in the byte mode
Write Program Memory | 0100 0000 xxx N E%’(’g 99T QU 8883 N5 | Write dat'a to Program
{Byte Mode) < memory in the byte mode
Write Lock Bits' 1010 1100 1110 00ma XXXX  XXXX XXXX  XXXX Write Lock bits. See Note (1).
0010 0100 XXXX  XXXX XXXX  XXXX xxx g S xx Read back current status of
Read Lock Bits - the lock bits (a programmed
lock bit reads back as a “17)
AN O H
Read Signature Bytes 0010 1000 XXX T 22 00X xxx0 Signature Byte Read Signature Byte
0011 0000 xx N e Byte O Byte 1... Read data from Program
RPe ad F;;zgra;m Memory < << Byte 255 memory in the Page Mode
(Page Mode (256 bytes)
. 0101 0000 Xxx N Too® Byte O Byte 1... Write data to Program
= =<K
Y;;teei;%%f)m Memory < << Byte 255 memory in the Page Mode
9 (256 bytes)
lote: 1. B1=0,B2=0--->Mode 1, no lock protection

B1=0, B2=1---> Mode 2, lock bit 1 activated
B1 =1, B2 =0 ---> Mode 3, lock bit 2 activated
B1 =1, B2 =1 ---> Mode 4, lock bit 3 activated
After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to
clock in the enable data bytes. No pulsing of Reset signal is necessary. SCK should be no faster
than 1/16 of the system clock at XTAL1.

1919C-MICRO-3/05

Each of the lock bit modes needs to be activated sequentially

before Mode 4 can be executed.

For Page Read/Write, the data always starts from byte 0 to 255. After the command byte and
upper address byte are latched, each byte thereafter is treated as data until all 256 bytes are

shifted in/out. Then the next instruction will be ready to be decoded.

AImEL
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25. Serial Programming Characteristics

Figure 25-1. Serial Programming Timing

Mosi X X X

tovsH tsHox IsLshH

SCK \J%ﬁ
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‘able 25-1.  Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

Symbol Parameter Min Typ Max Units
el Oscillator Frequency 3 33 MHz
ferol Oscillator Period 30 ns
tgHsL SCK Pulse Width High 8tcioL ns
tgLsH SCK Pulse Width Low 8teieL ns
tovsH MOSt Setup to SCK High tereL ns
tsHox MOSI Hold after SCK High 21cicL ns
oy SCK Low to MISO Valid 10 16 32 ns
tERASE Chip Erase Instruction Cycle Time 500 ms
tswe | Serial Byte Write Cycle Time 64 1, o + 400 us
22 AT89S 52 m——————————————————
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26. Absolute Maximum Ratings*

Operating Temperature..........c..ceeuvueeecereenneee. -55°C to +125°C *NOTICE:
Storage Temperature .............ccccccoeveeeneeenenn. -65°C to +150°C

Voltage on Any Pin

with Respectto Ground ...........ccocvvevveeiennnnnnee. -1.0Vto +7.0V

Maximum Operating Voltage .........ccocveeericniivnnnirescveeens 6.6V

DC Output CUITeNt....ccvmee e e erer s 15.0 mA

27. DC Characteristics

'he values shown in this table are valid for T, =

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

-40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

Symbol Parameter Condition Min Max Units
Vi, Input Low Voltage (Except EA) 05 0.2 V0.1 v
Viu Input Low Voltage (EA) -0.5 0.2 V0.3 Y
Viy Input High Voltage (Except XTAL1, RST) 0.2V:+0.9 Veet0.5 1"
Vins Input High Voltage (XTAL1, RST) 0.7 Ve Vect0.5 \
Vou Output Low Voitage ™ (Ports 1,2,3) lop = 1.6 mA 0.45 A
Vors gﬁg‘gﬁ&f’%ﬁ; lo, = 3.2 mA 0.45 v
lon = 60 PA, Voo = 5V + 10% 24 v
Vou gﬁ:t 1H2'g§ X?_I;gpesﬁ) lops = -25 A 0.75 Ve v
lon = -10 pA 0.9 Voo v
loy = -800 WA, Voo = 5V + 10% 24 v
Vo %::glg mlglt\é?::?gus Mode) oy =-300 WA 0.75 Vee v
low = -80 A 0.9 Ve v
e Logical 0 Input Current (Ports 1,2,3) | V\y=0.45V -50 pA
- t.gg::::u ?Zt'g)o Transition Current Vi = 2V, Vo = 5V = 10% -300 A
I Input Leakage Current (Port 0, EA) 0.45 < Vi < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lec Idle Mode, 12 MHz 6.5 mA
Power-down Mode ' | Veg =55V 50 pA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum |, per port pin: 10 mA
Maximum |, per 8-bit port:

Port 0: 26 mA Ports 1, 2, 3: 1I5mA
Maximum total I, for all output pins: 71

mA

If I, exceeds the test condition, V5 may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V. for Power-down is 2V.

1919C-MICRO-3/05
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28. AC Characteristics

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

28.1 External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator

Symbol Parameter Min Max Min Max Units
ool Oscillator Frequency 0 33 MHz
fh ALE Pulse Width : 127 20 ¢ -40 ns
tavie Address Valid to ALE Low 43 te1c 25 ns
t L ax Address Hold After ALE Low 48 terc25 ns |
1T ALE Low to Valid Instruction in 233 Me 65 ns
t L ALE Low to PSEN Low 43 teicL-25 ns
toLpn PSEN Pulse Width 205 3t o495 ns
o BSEN Low to Valid Instruction In 145 3tooL-60 ns
toxix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 toLc 25 ns
toxav PSEN to Address Valid 75 teic-8 ns
taviv Address to Valid Instruction in 312 Steic 80 ns
toy az PSEN Low to Address Float 10 10 ns
— RD Pulse Width 400 Bl o -100 ns
twiwh WR Pulse Width 400 Bt o -100 ns
taov RD Low to Valid Data In 252 5te 0 -90 ns
A Data Hold After RD 0 0 ns
taupz Data Float After RD 97 215 28 ns
tLov ALE Low to Valid Data In 517 8tci e, -150 ns
tavov Address to Valid Data In 585 O -165 ns
twL ALE Low to RD or WR Low 200 300 3te, 50 3te, o 450 ns
tavwi Address to RD or WR Low 203 A 075 ns
tavwx Data Valid to WR Transition 23 tere,-30 ns
tavwh Data Valid to WR High 433 Tteic-130 ns
twHax Data Hold After WR 33 to oL -25 ns
taLaz RD Low to Address Float 0 0 ns
Ly RD or WR High to ALE High 43 123 torc 25 tee +25 ns

30
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29. External Program Memory Read Cycle

g —*
ALE /F \ )
* teipn
taviL 1 _.4 fpL e ty
PSEN / N ™ Loy \
t - trLaz tpxiz N
e " texix e—
PORT 0 > AD-A7 INSTR IN r-A7_ >
N Laviy >
PORT 2 X A8 - A15 X A8-A15

30. External Data Memory Read Cycle

t—>
ALE N
—* by

PSEN / fLior R u
le— tR pH —»
— t W >
=) \ /
[ t|_LAx . N1
t N tRiov tRHDZ
e ayi

tRLAZ T 1
—> RHDX
PORT 0 _ >KA0 - A7 FROM RI OR DPLX KDATA IN o - A7 FROM PCL—CINSTR IN

e tayw, ————

< tAVDV

PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - Af5 FROM PCH

ATMEL 31
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31. External Data Memory Write Cycle

b L
ALE N
> twhin

FSEN AN

< tLLWL e tWLWH ¥

N Y
WR 1t | ax —»] N
e Loy —> tovwx —™ ¢ » = twhox
— lovwn —

PORT 0 __»>-KA0 - A7 FROM RI OR DPL) DATA OUT__ I A0 - A7 FROM PCLY—KINSTR IN
{

——— taywy

PORT 2 ) 4 P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

}2. External Clock Drive Waveforms

terex
toien — *+— e

0.45V
[« loiox — "
M toiol >
33. External Clock Drive
Symbol } Parameter Min Max ’ Units
Mool [ Oscillator Frequency 0 33 ! MHz
telel Clock Period 30 ns
teHex High Time 12 ns
- terex Low Time 12 ns
teLen Rise Time 5 ns
teneL Fall Time 5 i ns

32 JA T 80 S 5 100
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34. Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Vo = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
txe Serial Port Clock Cycle Time 1.0 121500 us
tavxn Output Data Setup to Clock Rising Edge 700 10 to o -133 ns N
tyHax Output Data Hold After Clock Rising Edge 50 21tc.¢,-80 ns
txHDX Input Data Hold After Clock Rising Edge 0 0 ns
txupv Clock Rising Edge to Input Data Valid | 700 101 ¢ -133 ns

35. Shift Register Mode Timing Waveforms

INSTRUCTION [N R DY TR Y RN N RN I | I I
ALE Mooy

‘“—’|tXLXL

CLOCK N N [ A [ N SN B SO B B

tQV)(H >
— F— tXH!}X
WRITE TO SBUF O o T 2 X 3 X 4 X5 X X1/
I S e seri !

OUTPUT DATA teov
CLEARRI |
v

L

INPUT DATA

36. AC Testing Input/Output Waveforms'"

Ve - 0.
oo™ 05V 0.2 Voo + 0.9V

TEST POINTS
02 Vo - 01V

0.45v

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

37. Float Waveforms'"

- 01V
oL

Timing Retference
Points

VOL+ 0.1V

Note: 1. Fortiming purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded Vq/V(, level occurs.

AIMEL 33
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38. Ordering Information

38.1 Standard Package

r Speed Power
(MH2) Supply Ordering Code Package Operation Range
AT89S52-24AC 44A
AT89S552-24JC 44) Commercial
AT89S552-24PC 40P6 (0°C to 70°C)
AT89552-24SC 42PS6
24 4.0Vto 5.5V T
AT89S52-24Al 44A
AT89S552-24J| 44 Industrial
AT89552-24P| 40P6 (-40°C to 85°C)
AT89552-248S| 42PS6
AT89S52-33AC 44A
4.5V t0 5.5V AT89552-33JC 44J Commercial
33 AT89S52-33PC 40P6 {0°C to 70°C)
AT89552-33SC 42PS6

8.2 Green Package Option (Pb/Halide-free)

Speed Power
(MH2) Supply Ordering Code Package Operation Range
AT89552-24AU 44A industrial
24 4.0V 10 5.5V AT89S52-24JU 444 ( o 5;00)
AT89S852-24PU 40P6
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

34 AT 8O S 5 e —
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39. Packaging Information

39.1 44A-TQFP

Hi 11..‘.‘;1.:n1}1 i Shnbndniniioans ‘
PINT - - IS
PIN 1 IDENTIFIER :
E
T
!
C Y
- ;'” N
I
A1 A2 A
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX NOTE
A - - 1.20
Al 0.05 - .15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 9.90 1000 | 1010 |Note2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B8 0.30 - 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. ¢ 0.09 - 020
L 0.45 - 0.75
e 0.80TYP
10/5/2001
TITLE DRAWING NO. |REV.
IMEL éiis Jgsrghacf F;asr:‘;ay 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, " 5
—" ! 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
35

AIMEL

1919C-MICRO-3/05 ®




AIMEL

39.2 44J-PLCC

1.14(0.045) X 45 PIN NO. 1 1.14(0.045) X 45

| el 0.318(0.0125)
! e ',‘DENT‘F‘ER___M — 0.191(0.0075)
| oy NEE :
A‘ ' B
i L co A
B b bEt E R -3 D2/E2
' \ .
v I S S } ;
e D1 - - - A2
i 3 - Al
‘ v o )
el -

0.51(0.020)MAX ~

COMMON DIMENSIONS
(Unit of Measure = mm)

A SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC. E1 16510 ~ 16,662 | Note 2

2. Dimensions D1 and E1 do not include mold protrusion.
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 - 16.002
and E1 include mold mismatch and are measured at the extreme

material condition at the upper or lower parting line. B 0.660 - 0.813
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1270 TYP
10/04/01
2325 Orchard Park TITLE DRAWING NO. |REV.
rchard Parkway | 445 44.1 Plastic J1ead ‘ . .
‘ImEk can Jose, CA 95131 . 44-iead, Plastic J-leaded Chip Carrier (PLCC) 44y 8

36 A T 810 S 52 000
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39.3 40P6 - PDIP

) N

Ot YO ooy [

— &W) W) ’ i__L[
J A1
] r*] ‘* <;1 *" L B

e
| E |
l / \ ‘ COMMON DIMENSIONS
\_____w__J 0° ~ 15° REF (Unit of Measure = mmj
c \/ | Y’
- SYMBOL| MIN NOM | MAX | NOTE
"‘— eB ——{ A - - 4.826
Al 0.381 - -
52.070 - 52578 | Note 2
E 15.240 - 15.875
E1 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
Moid 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 DRAWING NO. [IREV.
AIMEL 2325 Orehard Parkway | 40p6, 40.1ead (0.600"/15.24 mm Wide) Plastic Dual 406 5
—— ) San Jose, CA 95131 Inline Package (PDlP)

AIMEL 37
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39.4 42PS6 - PDIP

N O O NN A A o

SEATING PLANE

W W ‘ﬁ

e

T E”"’!

COMMON DIMENSIONS

I 0°~15° REF (Unit of Measure = mm)
\ N
- SYMBOL| MIN NOM MAX | NOTE
l eB % A - - 483
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.88
Et 13.46 - 13.97 | Note 2
B 0.38 - 0.56
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B 076 - 127
2. Dimensions D and E1 do not include mold Fiash or Protrusion. L 3.05 - 3.43
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.20 _ 0.30
eB - - 18.55
e 1.78 TYP
11/6/03
TITLE DRAWING NO. REV.
Al 2325 Orehard Parkway | 4apgg, 42-lead (0.600%/15.24 mm Wide) Plastic Dual 42PSE A
———r San Jose, CA 95131 Inline Package (PDIP)

38 AT 89S 5 2 00—
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HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADE-207-272(Z)

'99.9

Rev. 0.0
/

Description

The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumerics,
lapanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
inder the control of a 4- or 8-bit microprocessor. Since all the functions such as display RAM, character
senerator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
srovided on one chip, a minimal system can be interfaced with this controller/driver.

\ single HD44780U can display up to one 8-character line or two 8-character lines.

[he HD44780U has pin function compatibility with the HD44780S which allows the user to easily replace
in LCD-II with an HD44780U. The HD44780U character generator ROM is extended to generate 208 5 x
3 dot character fonts and 32 5 x 10 dot character fonts for a total of 240 different character fonts.

The low power supply (2.7V to 5.5V) of the HD44780U is suitable for any portable battery-driven product
requiring low power dissipation.

Features

e 5 x8and 5 x 10 dot matrix possible

e Low power operation support:
— 2.7t05.5V

e Wide range of liquid crystal display driver power
—30to 11V

o Liquid crystal drive waveform
— A (One line frequency AC waveform)

e Correspond to high speed MPU bus interface
— 2 MHz (when V. = 5V)

e 4-bit or 8-bit MPU interface enabled

e 80 x 8-bit display RAM (80 characters max.)

e 9,920-bit character generator ROM for a total of 240 character fonts
— 208 character fonts (5 x 8 dot)
— 32 character fonts (5 x 10 dot)

HITACHI
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e 64 x 8-bit character generator RAM
— 8 character fonts (5 x 8 dot)
— 4 character fonts (5 x 10 dot)
e l6-common X 40-segment liquid crystal display driver
e Programmable duty cycles
— 1/8 for one line of 5 x 8 dots with cursor
— 1/11 for one line of 5 x 10 dots with cursor
— 1/16 for two lines of 5 x 8 dots with cursor
* Wide range of instruction functions:
— Display clear, cursor home, display on/off, cursor on/off, display character blink, cursor shift,
display shift
» Pin function compatibility with HD44780S
» Automatic reset circuit that initializes the controller/driver after power on
» Internal oscillator with external resistors

» Low power consumption

Jrdering Information

lype No. Package CGROM
1D44780UAO00FS FP-80B Japanese standard font
4CD44780UAQ0 Chip

4D44780UAQQTF TFP-80F

AD44780UAQ2FS FP-80B European standard font
HCD44780UA02 Chip

HD44780UAQ2TF TFP-80F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBxxTF TFP-80F

Note: xx: ROM code No.

HITACHI
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HD44780U Block Diagram

0OSC1 OscC2

| - CL1
— - CL2
Reset r / - M

Y

circuit — .
Timing
ACL CPG - generator
Instruction 7 - D
register (IR) - ¢ .
IS ¢
: Display COM1 to
RS .w| MPU instruction data RAM 16-bit || Common | COM16
> inter- ecoder (DDRAM) shift signal
R/W —| face 80 x 8 bits register driver
E — -
[ —_
{— \
Address 7 SEG1 to
counter 8 40-bit 40-bit Segment SEG40
7 T shift latch signal +—»
DB4 to - register | | circuit driver
DB7 /L
= Input/ | g Dgtta 8 |
DBO to Output i register |- -
DB3 buffer (DR) 40
- 8 8 LCD drive
voltage
Busy selector
= +
Character Character Cursor T
generator generator and
RAM ROM blink
(CGRAM) (9052%%“{') controller
GND 64 bytes ) its
5 ){ 5 l
Parallel/serial converter

and —
attribute circuit

T —
o AANNA

V1 V2 V3 V4 V5
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HD44780U Pin Arrangement (FP-80B)

NI NLNR2E ARSI RER R
DOOOOOOOOOOOOOOO
W AEUUNE s Eh 0 ko
DHEREEEENEEEEREE
SEG22[ 1] 64] SEG39
SEG21[2] 63| SEG40
SEG20 3| 62| COM16
SEG19(4 | 61]COM15
SEG18/[5 | 60| COM14
SEG17[6 | 59]COM13
SEG16[7 | 58] COM12
SEG15/ 8] 57| COM11
SEG14[9 | 56| COM10
SEG13[10] 55]COM9
SEG12 [11] 54]COMS8
SEG11[12] FP-80B 53] COM7
SEG10 [13] (Top view) 52] COM6
SEG9 [14] 51]COM5
SEGS [15] 50| COM4
SEG7 [16] 149]COM3
SEGS6 [17] 48] COM2
SEG5 [18 [a7]cOM1
SEG4 [19] 46/ DB7
SEG3 [20] 45| DB6
SEG2 [21] 144|DB5
SEG1 [22] 43]DB4
GND [23] 142] DB3
OSC1 [24] 41]DB2
EERERBEEBEEEREEC
NS 92IL SN 80P YRD
O 0O > x 0O Q0
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HD44780U Pin Arrangement (TFP-80F)

SYAIRNENTAISANIREERAT
(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D(D
LLILIJLIJUJLLIUJUJUJUJLL!LIJLUUJLIJLULUUJLIJUJUJ
DDDHDBDNDDDNDANNDNDNDDNDAN®DNDDN
22|l e] e[z =[x |e]2]e]=] 8 5222
SEG20[ 1 | | 60 |COM16
SEG19/ 2 | 59 |COM15
SEG18[ 3 | | 58 |COM14
SEG17[ 4 | 57 |COM13
SEG16/[ 5 | 56 |COM12
SEG15[ 6 | | 55 |COM11
SEG14[ 7| | 54 |COM10
SEG13[ 8 | | 53 |COM9
SEG12[ 9 | | 52 |COM8
SEG11[ 10 | TFP-80F | 51 |COM7
SEG10/[ 11 | (Top view) | 50 |COM®6
SEGY[ 12 | | 49 |COM5
SEG8/| 13 | | 48 |COM4
SEG7| 14 | 47 |COM3
SEG6| 15 | | 46 |COM2
SEGS5] 16 | | 45 |COM1
SEG4[ 17 | |44 |DB7
SEG3/ 18 | 43 |DB6
SEG2[ 19 | | 42 |DB5
SEG1[ 20 ] (41 |DB4
EEEE DR R EEERE
FTEEEEERE R R L L
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HD44780U Pad Arrangement

Chip size:  4.90 x 4.90 mm?
Coordinate: Pad center (um)
Origin: Chip center

Pad size: 114 x 114 um?

2 1 80 63
\\\
AN
M hoooooo0ooooooooon oo
O 0
0 O
O 0
O O
0 0
] 0
0 O
Ol 0
0 0
U o o Bl
Y 0 W
] [l
O O
O Ol
O O
0 ‘Type code 0
= / 0
O o 0
0 HD44780U O
0 ]
O oOo0C0c0Doo0o00oooDoon O
AN
23 42
X
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HCD44780U Pad Location Coordinates

Coordinate Coordinate

Pad No. Function |X (um) Y (um) Pad No. Function |X (um) Y (um)
1 SEG22 —2100 2313 41 DB2 2070 —2290
2 SEG21 —2280 2313 42 DB3 2260 -2290
3 SEG20 -2313 2089 43 DB4 2290 —2099
4 SEG19 —-2313 1833 44 DB5 2290 ~1883
5 SEG18 —2313 1617 45 DB6 2290 -1667
6 SEG17 -2313 1401 46 DB7 2290 —1452
7 SEG16 -2313 1186 47 COM1 2313 -1186
8 SEG15 —-2313 970 48 COomM2 2313 ~970
9 SEG14 -2313 755 49 COM3 2313 —755
10 SEG13 —-2313 539 50 COM4 2313 -539
11 SEG12 -2313 323 51 COM5 2313 -323
12 SEG11 —-2313 108 52 COMé6 2313 -108
13 SEG10 -2313 -108 53 COM7 2313 108
14 SEG9 -2313 -323 54 CcOoMs8 2313 323
5 SEGS8 -2313 -539 55 COM9 2313 539
6 SEG7 -2313 -755 56 COM10 2313 755
17 SEG6 2313 -970 57 COM11 2313 970
I8 SEG5 -2313 -1186 58 CcoM12 2313 1186
19 SEG4 -2313 -1401 59 COM13 2313 1401
20 SEG3 -2313 -1617 60 COM14 2313 1617
21 SEG2 -2313 -1833 61 COM15 2313 1833
22 SEGH1 -2313 -2073 62 COM16 2313 2095
23 GND -2280 -2290 63 SEG40 2296 2313
24 0ScCH1 —-2080 -2290 64 SEG39 2100 2313
25 08C2 —-1749 -2290 65 SEG38 1617 2313
26 V1 —-1550 -2290 66 SEG37 1401 2313
27 V2 -1268 —2290 67 SEG36 1186 2313
28 V3 -941 -2290 68 SEG35 970 2313
29 V4 —623 —2290 69 SEG34 755 2313
30 V5 -304 -2290 70 SEG33 539 2313
31 CL1 —48 -2290 71 SEG32 323 2313
32 CL2 142 —2290 72 SEG31 108 2313
33 Ve 309 -2290 73 SEG30 -108 2313
34 M 475 —-2290 74 SEG29 -323 2313
35 D 665 —2290 75 SEG28 -539 2313
36 RS 832 -2290 76 SEG27 -755 2313
37 RW 1022 -2290 77 SEG26 -970 2313
38 E 1204 -2290 78 SEG25 -1186 2313
39 DBO 1454 -2290 79 SEG24 —1401 2313
40 DB1 1684 —-2290 80 SEG23 -1617 2313
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Pin Functions

Signal

No. of
Lines

/0

Device
Interfaced with

Function

RS

MPU

Selects registers.

0: Instruction register (for write) Busy flag:
address counter (for read)

1: Data register (for write and read)

MPU

Selects read or write.
0: Write
1: Read

E

MPU

Starts data read/write.

JOB4 to DB7

/O

MPU

Four high order bidirectional tristate data bus
pins. Used for data transfer and receive between
the MPU and the HD44780U. DB7 can be used
as a busy flag.

JBO to DB3

/O

MPU

Four low order bidirectional tristate data bus pins.
Used for data transfer and receive between the
MPU and the HD44780U.

These pins are not used during 4-bit operation.

S

Extension driver

Clock to latch serial data D sent to the extension
driver

cL2

®)

Extension driver

Clock to shift serial data D

M

Extension driver

Switch signal for converting the liquid crystal
drive waveform to AC

D

Extension driver

Character pattern data corresponding to each
segment signal

COM1 to COM16 16

LCD

Common signals that are not used are changed
to non-selection waveforms. COM9 to COM16
are non-selection waveforms at 1/8 duty factor
and COM12 to COM16 are non-selection
waveforms at 1/11 duty factor.

SEG1 to SEG40 40

LCD

Segment signals

V1to V5 5 — Power supply Power supply for LCD drive
Ve =V5 =11V (max)
Ve, GND 2 — Power supply Ve 2.7V t0 5.5V, GND: 0V
0OSC1, OSC2 2 — Oscillation When crystal oscillation is performed, a resistor

resistor clock

must be connected externally. When the pin input
is an external clock, it must be input to OSC1.
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Function Description

Registers
The HD44780U has two 8-bit registers, an instruction register (IR) and a data register (DR).

The IR stores instruction codes, such as display clear and cursor shift, and address information for display
data RAM (DDRAM) and character generator RAM (CGRAM). The IR can only be written from the MPU.

The DR temporarily stores data to be written into DDRAM or CGRAM and temporarily stores data to be
read from DDRAM or CGRAM. Data written into the DR from the MPU is automatically written into
DDRAM or CGRAM by an internal operation. The DR is also used for data storage when reading data
from DDRAM or CGRAM. When address information is written into the IR, data is read and then stored
into the DR from DDRAM or CGRAM by an internal operation. Data transfer between the MPU is then
completed when the MPU reads the DR. After the read, data in DDRAM or CGRAM at the next address is
sent to the DR for the next read from the MPU. By the register selector (RS) signal, these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the internal operation mode, and the next instruction will not
se accepted. When RS = 0 and R/W = 1 (Table 1), the busy flag is output to DB7. The next instruction
must be written after ensuring that the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to both DDRAM and CGRAM. When an address of an
instruction is written into the IR, the address information is sent from the IR to the AC. Selection of either
DDRAM or CGRAM is also determined concurrently by the instruction.

After writing into (reading from) DDRAM or CGRAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then output to DB0 to DB6 when RS = 0 and R/W = 1 (Table 1).

Table 1 Register Selection

RS R/IW Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DBO to DB6)

1 0 DR write as an internal operation (DR to DDRAM or CGRAM)
1 1 DR read as an internal operation (DDRAM or CGRAM to DR)
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Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its extended
capacity is 80 x 8 bits, or 80 characters. The area in display data RAM (DDRAM) that is not used for
display can be used as general data RAM. See Figure 1 for the relationships between DDRAM addresses
and positions on the liquid crystal display.

The DDRAM address (Ayp) is set in the address counter (AC) as hexadecimal.

e 1-line display (N = 0) (Figure 2)
—_ When there are fewer than 80 display characters, the display begins at the head position. For
example, if using only the HD44780, 8 characters are displayed. See Figure 3.
When the display shift operation is performed, the DDRAM address shifts. See Figure 3.

High order Low order
— bits ——wf=—— bits ——= Example: DDRAM address 4E
[ .
ﬁ}%xadecima.) AC6 AC51AC4 AC3/AC2|AC1ACO 1 0| O 1 1 1 0

Figure 1 DDRAM Address

Display position

(digit) 1 2 3 4 5 79 80
DDRAM
address 00 01 02 03 04 .................. 4E 4F

(hexadecimal)

Figure 2 1-Line Display

Display
position 1. 2 3 4 5 86 7 8

DDRAM (00/01,02/03|04!05|06 {07
address

For
shift left 01102{03/04 /0506|0708

For
shift right 4F 00({01,02 03 (0405 |06

Figure 3 1-Line by 8-Character Display Example

HITACHI
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__ Case 2: For a 16-character x 2-line display, the HD44780 can be extended using one 40-output
extension driver. See Figure 6.
When display shift operation is performed, the DDRAM address shifts. See Figure 6.

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

DDRAM IOO 0203|0405 OGIO?LOB OQWOB|OC

A OAOEE\
address - - 1 -
40|4142/43|44|45/46|47|48/49 4AL4B4C4 4E|4F
R VR N N Y B T O .
A N S
YT N
HD44780U display Extension driver
display
T T T ]
0102/03|04/05|06 OAOEECODOE OF|10
For b e
shift left
41/42/43|44|45|46 4A|4BY4C4D|4E|4F 50
B e e i L J
T T T T T T T T
For 27 E)J T10 03|04/05/06|07 08[09 0A0OB OCBD OE
shift right
lﬂ 40/41/42|43|44/45,46|4748/49/4Al4Bl4C/4D/AE

Figure 6 2-Line by 16-Character Display Example

HITACHI
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Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8 dot or 5 X 10 dot character patterns from 8-bit character
codes (Table 4). It can generate 208 5 x 8 dot character patterns and 32 5 x 10 dot character patterns. User-
defined character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x 8 dots, eight
character patterns can be written, and for 5 x 10 dots, four character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of Table 4 to show the
character patterns stored in CGRAM.

See Table 5 for the relationship between CGRAM addresses and data and display patterns.

Areas that are not used for display can be used as general data RAM.

Modifying Character Patterns

» Character pattern development procedure
The following operations correspond to the numbers listed in Figure 7:

Determine the correspondence between character codes and character patterns.

Create a listing indicating the correspondence between EPROM addresses and data.

Program the character patterns into the EPROM.

Send the EPROM to Hitachi.

Computer processing on the EPROM is performed at Hitachi to create a character pattern listing, which

A

is sent to the user.

6. If there are no problems within the character pattern listing, a trial LSI is created at Hitachi and samples
are sent to the user for evaluation. When it is confirmed by the user that the character patterns are
correctly written, mass production of the LSI proceeds at Hitachi.

HITACHI i3
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Hitachi

-

Computer
processing

Create character
pattern listing

Evaluate
character
patterns

=

— o>

User

! Start )

|l ———— ey

Determine
character patterns

|

|

Create EPROM
address data listing

|

Write EPROM

EPROM — Hitachi

Art work

B

Masking

|

Trial

Sample

Sample
\ evaluation / Q

Yes

Mass
production

Note: For a description of the numbers used in this figure, refer to the preceding page.

14

Figure 7 Character Pattern Development Procedure
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e Programming character patterns

This section explains the correspondence between addresses and data used to program character patterns
in EPROM. The HD44780U character generator ROM can generate 208 5 x 8 dot character patterns and
32 5 x 10 dot character patterns for a total of 240 different character patterns.

— Character patterns

EPROM address data and character pattern data correspond with each other to forma 5 x 8 or Sx

10 dot character pattern (Tables 2 and 3).

Table 2 Example of Correspondence between EPROM Address Data and Character Pattern

(5 x 8 Dots)
EPROM Address Data

r LSB

A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 0403020100
0o 00 010 0 0 O
o 0 01i{1/]0 0 0 O
0o 01 ol1,0;1 110
0 0 1 11 1|0 0]1
01 0 0 (1|0 0 0,1
010 110 0 0]1
o1 1 01|11 1 1]0

01100010011 1]0000 0]
1 0 00jo 0 0 O O
1 0 0 1|0 0 0 O O
1 01 010 0 0 O O
101 1,0 0 0 0 O
11 0 0|0 0 0 0 O
11 0 1]0 0 0 O O
1+ 11010 0 0 0 O
111 1|0 0 0 0 O

Character code Line
position

Notes: 1. EPROM addresses A11 to A4 correspond to a character code.

EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.

o oA LN

HITACHI

-«——— Cursor position

EPROM addresses A3 to A0 specify a line position of the character pattern.
EPROM data O4 to OO0 correspond to character pattern data.

Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts.
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— Handling unused character patterns

1. EPROM data outside the character pattern area: Always input 0s.
7 EPROM data in CGRAM area: Always input 0s. (Input Os to EPROM addresses 00H to FFH.)

3 EPROM data used when the user does not use any HD44780U character pattern: According to the user

application, handled in one of the two ways listed as follows.

a. When unused character patterns are not programmed: If an unused character code is written into
DDRAM, all its dots are lit. By not programing a character pattern, all of its bits become lit. (This is

due to the EPROM being filled with 1s after it is erased.)

b. When unused character patterns are programmed as Os: Nothing is displayed even if unused
character codes are written into DDRAM. (This is equivalent to a space.)

Table 3 Example of Correspondence between EPROM Address Data and Character Pattern

(5 x 10 Dots)

EPROM Address Data

LSB
A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0|0O4 03020100
0 0 0 010 0 0 O

0 00 10 O 0 O O

0 01 0|01 10]1

o 01 1 1/]0 01 1

0o 1 0 0!1/0 0 0|1

01 0 1i{1/]0 0 0|1

011 001 1 1 1
01010010011t 1/0 0 0 01
1 0 0 0 06 0 0 Of1

1 0 0110 0 0 0}1
”””””””””””””””””””””””””” 101 0/0 0 0 0 0
1 01 1,0 0 0 0 O

11 0 0|0 0 0 O O

11 0 1]0 0 0 0 O

11100 0 0 0 O

111 1]0 0 0 0 O

Character code Line
position

Notes: 1. EPROM addresses A11 to A3 correspond to a character code.

ook wN

16
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-«——— Cursor position

EPROM addresses A3 to AD specify a line position of the character pattern.
EPROM data 04 to OO0 correspond to character pattern data.
EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.
Line 11 and the following lines must be blanked with Os for a 5 x 10 dot character fonts.
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Correspondence between Character Codes and Character Patterns (ROM Code: A00)

Table 4

ECL T 5 (G L) R I T ISR ) e
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Note: The user can specify any pattern for character-generator RAM.
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Correspondence between Character Codes and Character Patterns (ROM Code: A02)

I;tggf Bit: 0000 | 0001 ; 0010 | 0011 | 0100 { 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011|1100 { 1101 | 1110 | 1111

HD44780U

Table 4
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Table 5

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
Patterns (CGRAM Data)

For 5 X 8 dot character patterns

Notes: 1.
2.

*

Character Codes Character Patterns
(DDRAM data) CGRAM Address (CGRAM data)
76543210 543210 76543210
High Low High Low High Low
- ) ‘00 0 + *+ *« 1111 1|0]
00 1 110 0 01
010 toooj1h
I 1 aracter
0 1 1 1111]|0
* | pattern (1)
0 00O 000 ooo3100 1Tol1[0 o
10 1 110 0[1]0
110 Y (1,00 0[1]
‘11 1 **x *x 00000 Cursor position
000 * * * 1110 0 01
"0 0 1 '0/1/0/1]0]
010 IR
001 1 0 ol1[o o aracter
* 1 | attern (2
0000 00 001:100 1111_Lp 2)
1.0 1 0 010 0
110 ‘ '0 0/1]/0 O
111 *x * %0000 0 qursorposition
000 L
S N 00 1 :
L \ :
e
0000 * 111 1115100 T
1.0 1 i f
110 j
l 111 o |

Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).

CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the
cursor position and its display is formed by a logical OR with the cursor.

Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor display.
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence.
Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

As shown Table 5, CGRAM character patterns are selected when character code bits 4 to 7 are
all 0. However, since character code bit 3 has no effect, the R display example above can be
selected by either character code 00H or 08H.

1 for CGRAM data corresponds to display selection and 0 to non-selection.
Indicates no effect.
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Table S Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
Patterns (CGRAM Data) (cont)

For 5 X 10 dot character patterns

sram o || comaM Adaress | | CharacerPatens

76543210 543210 76543210
High Low High Low High Low

0 000 * + x 00000

0 0 0 1 i oo0o00o0

0010 1101 1/0

00 1 1 1.1/0 01

fO 100 110 0 01 Character
000O0™*O0O0 * 0 0.0 101 1,0 0 0/1/ [ pattern

0110 11110

001 1 1 110000

1 00 0 10 000

1.0 0 1 Y ‘10000J
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ;1.0 1.0) | * * *100 00 0]} Cursorposition

j1 0 1 1 * ok ok ok ok ok k%

110 0

110 1 ! I

1110 f

;1 1 1 1 * % % j* * %k k%

0000 L
D — 0 00 1 I :

N\ L

0000 * 11 = 11100 1] ] |
L srotof fexsr

:1 0 1 1 * * * :* * * * *

1100 b A

1101 5

1110 i ! l

11 1 1 L I B A

Notes: 1. Character code bits 1 and 2 correspond to CGRAM address bits 4 and 5 (2 bits: 4 types).

2. CGRAM address bits 0 to 3 designate the character pattern line position. The 11th line is the
cursor position and its display is formed by a logical OR with the cursor.

Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display.
If the 11th line data is “1”, “1” bits will light up the 11th line regardless of the cursor presence.
Since lines 12 to 16 are not used for display, they can be used for general data RAM.

3. Character pattern row positions are the same as 5 x 8 dot character pattern positions.

4. CGRAM character patterns are selected when character code bits 4 to 7 are all 0.

However, since character code bits 0 and 3 have no effect, the P display example above can be
selected by character codes 00H, 01H, 08H, and 09H.

5. 1 for CGRAM data corresponds to display selection and 0 to non-selection.
Indicates no effect.

*
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Timing Generation Circuit

The timing generation circuit generates timing signals for the operation of internal circuits such as
DDRAM, CGROM and CGRAM. RAM read timing for display and internal operation timing by MPU
access are generated separately to avoid interfering with each other. Therefore, when writing data to
DDRAM, for example, there will be no undesirable interferences, such as flickering, in areas other than the
display area.

Liquid Crystal Display Driver Circuit

The liquid crystal display driver circuit consists of 16 common signal drivers and 40 segment signal
drivers. When the character font and number of lines are selected by a program, the required common
signal drivers automatically output drive waveforms, while the other common signal drivers continue to
dutput non-selection waveforms.

sending serial data always starts at the display data character pattern corresponding to the last address of
he display data RAM (DDRAM).

since serial data is latched when the display data character pattern corresponding to the starting address
:nters the internal shift register, the HD44780U drives from the head display.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the cursor or character blinking. The cursor or the blinking will
appear with the digit located at the display data RAM (DDRAM) address set in the address counter (AQC).

For example (Figure 8), when the address counter is 08H, the cursor position is displayed at DDRAM
address O8H.

ACE6 AC5 AC4 AC3 AC2 AC1 ACO

AC 0 0 0 1 0 0 0

For a 1-line display

Display position 1 2 3 4 5 6 7 8 9 10 11
DDRAM address {

(hexadecimal)

00 |01 020304 ]|05]|06] 07 9§ 09 | OA 2

For a 2-line display cursor position

Display position 1 2 3 4 5 6 7 8 9 10 1

00 |01 (02|03 |04 0506107 09 | OA

08
22
40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 348 49 | 4A

DDRAM address
(hexadecimal)

cursor position

Note: The cursor or blinking appears when the address counter (AC) selects the character
generator RAM (CGRAM). However, the cursor and blinking become meaningless.
The cursor or blinking is displayed in the meaningless position when the AC is a CGRAM address.

Figure 8 Cursor/Blink Display Example

HITACHI
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Interfacing to the MPU

The HD44780U can send data in either two 4-bit operations or one 8-bit operation, thus allowing
interfacing with 4- or 8-bit MPUs,

e For 4-bit interface data, only four bus lines (DB4 to DB7) are used for transfer. Bus lines DB0 to DB3
are disabled. The data transfer between the HD44780U and the MPU is completed after the 4-bit data
has been transferred twice. As for the order of data transfer, the four high order bits (for 8-bit operation,
DB4 to DB7) are transferred before the four low order bits (for 8-bit operation, DB0 to DB3).

The busy flag must be checked (one instruction) after the 4-bit data has been transferred twice. Two
more 4-bit operations then transfer the busy flag and address counter data.

» For 8-bit interface data, all eight bus lines (DBO to DB7) are used.

/

RS

R/W /

e /N N\ N\

DB7 X_1IR7_X IR3 X Xac3 X
DB6 X_Re X 1Rz X XpoeX_ XacaX_ xpreX_ XpRr?
DB5 X_1Rs_ X 1Rt X Xacs) ACH ORSX_ XDR1)
DB4 X _Re X R0 X XacoX

Instruction register (IR) { Busy flag (BF) and I Data register (DR)
write ' address counter (AC) read
read

Figure 9 4-Bit Transfer Example
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes the HD44780U when the power is turned on. The
following instructions are executed during the initialization. The busy flag (BF) is kept in the busy state
until the initialization ends (BF = 1). The busy state lasts for 10 ms after V. rises to 4.5 V.

1. Display clear
2. Function set:
DL = I, 8-bit interface data
N = 0; 1-line display
F = 0; 5 x 8 dot character font
3. Display on/off control:
D = 0; Display off
C = 0; Cursor off
B = 0; Blinking off
4. Entry mode set:
I/D = 1; Increment by 1
S = 0; No shift

Note: If the electrical characteristics conditions listed under the table Power Supply Conditions Using
Internal Reset Circuit are not met, the internal reset circuit will not operate normally and will fail to
initialize the HD44780U. For such a case, initial-ization must be performed by the MPU as
explained in the section, Initializing by Instruction.

Instructions

Outline

Only the instruction register (IR) and the data register (DR) of the HD44780U can be controlled by the
MPU. Before starting the internal operation of the HD44780U, control information is temporarily stored
into these registers to allow interfacing with various MPUs, which operate at different speeds, or various
peripheral control devices. The internal operation of the HD44780U is determined by signals sent from the
MPU. These signals, which include register selection signal (RS), read/

write signal (R/W), and the data bus (DBO to DB7), make up the HD44780U instructions (Table 6). There
are four categories of instructions that:

» Designate HD44780U functions, such as display format, data length, etc.
e Set internal RAM addresses
e Perform data transfer with internal RAM

e Perform miscellaneous functions

HITACHI
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Normally, instructions that perform data transfer with internal RAM are used the most. However, auto-
incrementation by 1 (or auto-decrementation by 1) of internal HD44780U RAM addresses after each data
write can lighten the program load of the MPU. Since the display shift instruction (Table 11) can perform
concurrently with display data write, the user can minimize system development time with maximum
programming efficiency.

When an instruction is being executed for internal operation, no instruction other than the busy flag/address
read instruction can be executed.

Because the busy flag is set to 1 while an instruction is being executed, check it to make sure it is 0 before
sending another instruction from the MPU.

Jote: Be sure the HD44780U is not in the busy state (BF = 0) before sending an instruction from the
MPU to the HD44780U. If an instruction is sent without checking the busy flag, the time between
the first instruction and next instruction will take much longer than the instruction time itself. Refer
to Table 6 for the list of each instruc-tion execution time.

able 6 Instructions
Execution Time
— Code (max) (when f_, or
istruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description fosc is 270 kHz)
llear 0] 0 0 0 0 0 0 0 0 1 Clears entire display and
isplay sets DDRAM address 0 in
address counter.
Return 0 0 0 0 0 0 0 0 1 —  Sets DDRAM address 0 in 152 ms
wome address counter. Also
returns display from being
shifted to original position.
DDRAM contents remain
unchanged.
Entry 0 0 0 0 0 0 0 1 I S Sets cursor move direction 37 ps
mode set and specifies display shift.
These operations are
performed during data write
and read.
Display 0 0 0 0 0 0 1 D C B Sets entire display (D) on/off, 37 us
on/off cursor on/off (C), and
control blinking of cursor position
character (B).
Cursoror 0 ] 0 0 0 1 S/IC RIL — —  Moves cursor and shifts 37 us
display display without changing
shift DDRAM contents.
Function 0 0 0 0 1 DL N F — —  Sets interface data length 37 us
set (DL), number of display lines
(N), and character font (F).
Set 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CGRAM address. 37 ps
CGRAM CGRAM data is sent and
address received after this setting.
Set 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DDRAM address. 37 ps
DDRAM DDRAM data is sent and
address received after this setting.
Read busy 0 1 BF AC AC AC AC AC AC AC Reads busy flag (BF) O s
flag & indicating internal operation
address is being performed and
reads address counter
contents.
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Table 6

Instructions (cont)

Code

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description

Execution Time
(max) (when f_, or
fosc is 270 kHz)

Write data 1 0 Write data Writes data into DDRAM or 37 us
toCGor CGRAM. taop = 4 us*
DDRAM
Read data 1 1 Read data Reads data from DDRAM or 37 ps
‘rom CGor CGRAM. tADD =4 IJS*
DDRAM
/D =1: Increment DDRAM: Display data RAM  Execution time
I'D =0: Decrement CGRAM: Character generator changes when
S =1. Accompanies display shift RAM frequency changes
S/C =1: Display shift ACG:  CGRAM address Example:
S/C =0: Cursor move ADD: DDRAM address When f, or fogc is
R/L =1: Shiftto the right (corresponds to cursor 250 kHz,
R/L =0: Shiftto the left address) 37 us x 270 = 40
DL =1: 8bits, DL=0: 4 bits AC: Address counter used for HS 250 Hs
N =1 2lines, N=0: 1line both DD and CGRAM
F =1: 5x10dots, F =0: 5x8dots addresses
BF =1: Internally operating
BF =0: Instructions acceptable
lote: — indicates no effect.

After execution of the CGRAM/DDRAM data write or read instruction, the RAM address counter
is incremented or decremented by 1. The RAM address counter is updated after the busy flag
turns off. In Figure 10, t,,, is the time elapsed after the busy flag turns off until the address
counter is updated.

Busy signal
(DB7 pin)

Address counter
(DBO to DB6 pins)

-—— Busy state ——

A+1

X

t
|
T
'
A -
|
i
s

g
-
; s

taoD

Note: t app depends on the operation frequency
tapp = 1.5/(fcp or fosc ) seconds

Figure 10 Address Counter Update
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Instruction Description

Clear Display

Clear display writes space code 20H (character pattern for character code 20H must be a blank pattern) into
all DDRAM addresses. It then sets DDRAM address 0 into the address counter, and returns the display to
its original status if it was shifted. In other words, the display disappears and the cursor or blinking goes to
the left edge of the display (in the first line if 2 lines are displayed). It also sets I/D to 1 (increment mode)
in entry mode. S of entry mode does not change.

Return Home

deturn home sets DDRAM address 0 into the address counter, and returns the display to its original status
f it was shifted. The DDRAM contents do not change.

“he cursor or blinking go to the left edge of the display (in the first line if 2 lines are displayed).

intry Mode Set

/D: Increments (I/D = 1) or decrements (I/D = 0) the DDRAM address by 1 when a character code is
vritten into or read from DDRAM.

Che cursor or blinking moves to the right when incremented by 1 and to the left when decremented by 1.
T'he same applies to writing and reading of CGRAM.

S: Shifts the entire display either to the right (I/D = 0) or to the left (I/D = 1) when S is 1. The display does
not shift if S is 0.

If S is 1, it will seem as if the cursor does not move but the display does. The display does not shift when
reading from DDRAM. Also, writing into or reading out from CGRAM does not shift the display.

Display On/Off Control

D: The display is on when D is 1 and off when D is 0. When off, the display data remains in DDRAM, but
can be displayed instantly by setting D to 1.

C: The cursor is displayed when C is 1 and not displayed when C is 0. Even if the cursor disappears, the
function of I/D or other specifications will not change during display data write. The cursor is displayed
using 5 dots in the 8th line for 5 X 8 dot character font selection and in the 11th line for the 5 x 10 dot

character font selection (Figure 13).

B: The character indicated by the cursor blinks when B is 1 (Figure 13). The blinking is displayed as
switching between all blank dots and displayed characters at a speed of 409.6-ms intervals when f;, or fsc
is 250 kHz. The cursor and blinking can be set to display simultaneously. (The blinking frequency changes
according to fygc or the reciprocal of f,. For example, when £, is 270 kHz, 409.6 X 250/270 = 379.2 ms.)
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Cursor or Display Shift

Cursor or display shift shifts the cursor position or display to the right or left without writing or reading
display data (Table 7). This function is used to correct or search the display. In a 2-line display, the cursor

moves to the second line when it passes the 40th digit of the first line. Note that the first and second line
displays will shift at the same time.

When the displayed data is shifted repeatedly each line moves only horizontally. The second line display
does not shift into the first line position.

T'he address counter (AC) contents will not change if the only action performed is a display shift.

‘unction Set

JL: Sets the interface data length. Data is sent or received in 8-bit lengths (DB7 to DB0) when DL is 1,
nd in 4-bit lengths (DB7 to DB4) when DL is 0.When 4-bit length is selected, data must be sent or
eceived twice.

\: Sets the number of display lines.
": Sets the character font.

Vote: Perform the function at the head of the program before executing any instructions (except for the
read busy flag and address instruction). From this point, the function set instruction cannot be
executed unless the interface data length is changed.

Set CGRAM Address

Set CGRAM address sets the CGRAM address binary AAAAAA into the address counter.

Data is then written to or read from the MPU for CGRAM.
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Clear
display

Return
home

Entry
mode set

Display
on/off control

Cursor or
display shift

Function set

Set CGRAM
address

Code

Code

Code

Code

Code

Code

Code

RS

R/W DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

0 0 0 0

L

RS

RW DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

0 0 0 6

RS

R/W DB7 DB6 DBS

DB4

DB3

DB2

DB1

DBO

0 0 0 0

D

RS

R/W DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

RS

RW DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

0 0 0 6

S/C

R/L

RS

R/W DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

DL

RS

RW DB7 DB6 DB5

DB4

DB3

DB2

DB1

DBO

A

A

A

A

Higher
order bit

Lower
order bit

Note: * Don't care.

Note: * Don’t care.
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Figure 11 Instruction (1)
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Set DDRAM Address

Set DDRAM address sets the DDRAM address binary AAAAAAA into the address counter.

Data is then written to or read from the MPU for DDRAM.

However, when N is 0 (1-line display), AAAAAAA can be 00H to 4FH. When N is | (2-line display),

AAAAAAA can be O0H to 27H for the first line, and 40H to 67H for the second line.

Read Busy Flag and Address

Read busy flag and address reads the busy flag (BF) indicating that the system is now internally operating
n a previously received instruction. If BF is 1, the internal operation is in progress. The next instruction
vill not be accepted until BF is reset to 0. Check the BF status before the next write operation. At the same
ime, the value of the address counter in binary AAAAAAA is read out. This address counter is used by
oth CG and DDRAM addresses, and its value is determined by the previous instruction. The address
ontents are the same as for instructions set CGRAM address and set DDRAM address.

"able 7 Shift Function

iC R/L

' 0 Shifts the cursor position to the left. (AC is decremented by one.)

) | 1 Shifts the cursor position to the right. (AC is incremented by one.)

| 0 Shifts the entire display to the left. The cursor follows the display shift.

1 1 Shifts the entire display to the right. The cursor follows the display shift.

Table 8 Function Set

No. of
Display Duty
N F Lines Character Font Factor Remarks
0 0 1 5 x 8 dots 1/8
0 1 1 5 x 10 dots 1/11
1 * 2 5 x 8 dots 1/16 Cannot display two lines for 5 x 10 dot character font

Note: * Indicates don'’t care.
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5 g AN

EEEEE
Cursor — ~ Eu—

5 x 8 dot 5 x 10 dot Alternating display
character font character font
Cursor display example Blink display example

Figure 12 Cursor and Blinking

RS RMW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Set DDRAM Code | 0 0|1 | A | AlA| A A|lA|lA
address ’
. _Higher Lower
order bit order bit

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

]
Readbusyflag  coge (o | 1 |BF | A | A | Al A | A | A|A
and address | |

Higher Lower

-
order bit order bit

Figure 13 Instruction (2)
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Write Data to CG or DDRAM

Write data to CG or DDRAM writes 8-bit binary data DDDDDDDD to CG or DDRAM.

To write into CG or DDRAM is determined by the previous specification of the CGRAM or DDRAM
address setting. After a write, the address is automatically incremented or decremented by 1 according to
the entry mode. The entry mode also determines the display shift.

Read Data from CG or DDRAM

Read data from CG or DDRAM reads 8-bit binary data DDDDDDDD from CG or DDRAM.

he previous designation determines whether CG or DDRAM is to be read. Before entering this read
nstruction, either CGRAM or DDRAM address set instruction must be executed. If not executed, the first
ead data will be invalid. When serially executing read instructions, the next address data is normally read
rom the second read. The address set instructions need not be executed just before this read instruction
vhen shifting the cursor by the cursor shift instruction (when reading out DDRAM). The operation of the
ursor shift instruction is the same as the set DDRAM address instruction.

\fter a read, the entry mode automatically increases or decreases the address by 1. However, display shift
s not executed regardless of the entry mode.

Yote: The address counter (AC) is automatically incremented or decremented by 1 after the write
instructions to CGRAM or DDRAM are executed. The RAM data selected by the AC cannot be
read out at this time even if read instructions are executed. Therefore, to correctly read data,
execute either the address set instruction or cursor shift instruction (only with DDRAM), then just

before reading the desired data, execute the read instruction from the second time the read
instruction is sent.

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Write data to

Code 1 O'D D#D D]D]DJD

CG or DDRAM D
Higher Lower
order bits order bits

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Read data from

CG or DDRAM Code 1 1 D D ‘ D D D D J D D
Higher Lower
order bits order bits

Figure 14 Instruction (3)
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Interfacing the HD44780U

Interface to MPUs

e Interfacing to an 8-bit MPU
See Figure 16 for an example of using a I/O port (for a single-chip microcomputer) as an interface
device.
In this example, P30 to P37 are connected to the data bus DBO to DB7, and P75 to P77 are connected to
E, R/W, and RS, respectively.

Internal —
operation —_] Functioning [

Not
DB7 X Data X777 Busy N2 Busy LISy 7 X vata X

Instruction ’ Busy flag f Busy flag { Busy flag J Instruction

write check check check write
i

Figure 15 Example of Busy Flag Check Timing Sequence

H8/325 HD44780U
8 COM1to 16
P30 to P37 DBO to DB7 comsl "™
LCD
P77 > E 40
P76 = RS SEG1 to
P75 > RW SEG40

Figure 16 H8/325 Interface (Single-Chip Mode)
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Interfacing to a 4-bit MPU

The HD44780U can be connected to the 1/0 port of a 4-bit MPU. If the I/O port has enough bits, 8-bit
data can be transferred. Otherwise, one data transfer must be made in two operations for 4-bit data. In

this case, the timing sequence becomes somewhat complex. (See Figure 17.)

See Figure 18 for an interface example to the HMCS4019R.

Note that two cycles are needed for the busy flag check as well as for the data transfer. The 4-bit
operation is selected by the program.

RS

RW / N\

E } :
Internal E—

operation [ Functioning L
Not
DB7 72 XRTXIR3 X/ T Busy \AC3X__\ busy /aca¥’ X o7 X D3 X/
fnstruction Busy flag Busy flag instruction
write check check write

Note: IR7 , IR3 are the 7th and 3rd bits of the instruction.
AC3 is the 3rd bit of the address counter.

Figure 17 Example of 4-Bit Data Transfer Timing Sequence

HMCS4019R HD44780
D15 RS CoM1to| 16
D14 +——— = RW COM16
D13 ~'E LCD
4 SEG1to| 40
R10 to R13 DB4 to DB7 g o k=

Figure 18 Example of Interface to HMCS4019R
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Interface to Liquid Crystal Display

Character Font and Number of Lines: The HD44780U can perform two types of displays, 5 x 8 dot and
5 x 10 dot character fonts, each with a cursor.

Up to two lines are displayed for 5 x 8 dots and one line for 5 x 10 dots. Therefore, a total of three
types of common signals are available (Table 9).

The number of lines and font types can be selected by the program. (See Table 6, Instructions.)
Connection to HD44780 and Liquid Crystal Display: See Figure 19 for the connection examples.
lable 9 Common Signals

{umber of Lines Character Font Number of Common Signals Duty Factor

5 x 8 dots + cursor 8 1/8

5 x 10 dots + cursor 11 1/11

5 x 8 dots + cursor 16 1/16

HD44780

COM1

COM8

SEG1

SEG40

Example of a 5 x 8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle)

HD44780

COM1

COoM11

SEG1

SEG40

Example of a 5 x 10 dot, 8-character x 1-line display (1/4 bias, 1/11 duty cycle)

Figure 19 Liquid Crystal Display and HD44780 Connections
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Since five segment signal lines can display one digit, one HD44780U can display up to 8 digits for a 1-line
display and 16 digits for a 2-line display.

The examples in Figure 19 have unused common signal pins, which always output non-selection
waveforms. When the liquid crystal display panel has unused extra scanning lines, connect the extra
scanning lines to these common signal pins to avoid any undesirable effects due to crosstalk during the
floating state.

HD44780

COM1

]

CoMs |~
COM9 —

COM16

SEG1

SEG40

Exmnmeofa5x8dot8£hamcmrx24MedSpMy(H5bms,U16dchydm

Figure 19 Liquid Crystal Display and HD44780 Connections (cont)
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Connection of Changed Matrix Layout: In the preceding examples, the number of lines correspond to the
scanning lines. However, the following display examples (Figure 20) are made possible by altering the
matrix layout of the liquid crystal display panel. In either case, the only change is the layout. The display
characteristics and the number of liquid crystal display characters depend on the number of common
signals or on duty factor. Note that the display data RAM (DDRAM) addresses for 4 characters X 2 lines
and for 16 characters x 1 line are the same as in Figure 19.

HD44780

COM1

BR

coms

SEG1

SEG40
COM9

COM16

5 x 8 dot, 16-character x 1-line display
(1/5 bias, 1/16 duty cycle)

Figure 20 Changed Matrix Layout Displays

HITACHI
36



HD44780U

Power Supply for Liquid Crystal Display Drive

Various voltage levels must be applied to pins VI to V5 of the HD44780U to obtain the liquid crystal
display drive waveforms. The voltages must be changed according to the duty factor (Table 10).

VLCD is the peak value for the liquid crystal display drive waveforms, and resistance dividing provides
voltages V1 to V5 (Figure 21).

Table 10 Duty Factor and Power Supply for Liquid Crystal Display Drive
Duty Factor
1/8, 1/11 116
Bias
dower Supply 1/4 1/5
/1 Ve—1/4 VLCD V—1/5 VLCD
/2 V.—1/2 VLCD Vo—2/5 VLCD
'3 Vee—1/2 VLCD V.—3/5VLCD
4 V.—3/4 VLCD V—4/5 VLCD
5 V—VLCD V—VLCD
Vee (#5V) Vee (#9Y)
Vee i i Vee l
R V1 R
V1 R
V2 R V2|
VLCD R VLCD
V3 R V3
I R
V4 V4
R ’ R
V5 V5
-5V -5V
1/4 bias 1/5 bias
(1/8, 1/11 duty cycle) (1/186, duty cycle)

Figure 21 Drive Voltage Supply Example
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Relationship between Oscillation Frequency and Liquid Crystal Display Frame
Frequency

The liquid crystal display frame frequencies of Figure 22 apply only when the oscillation frequency is 270
kHz (one clock pulse of 3.7 ps).

1/8 duty cycle 400 dlocks

o

comi 1 2 3 4 | ~TTTTTTTT 8;1 2‘

Vee

V1

V2 (V3)
V4

V5

§* 1 frame I

1 frame = 3.7 us x 400 x 8 = 11850 us = 11.9 ms

Frame frequency = =84.3Hz

1
11.9ms

1/11 duty cycle

/— 400 clocks

oot ————— |

COM1 1 2 3 | 4 | - 1111’2‘

Vee

V1

V2 (V3)
V4

V5

|
| 1 frame v]

1 frame = 3.7 us x 400 x 11 = 16300 us = 16.3 ms

1 =614Hz

Frame frequency = 63ms

1/16 duty cycle 200 clocks

COoM1 1 2 # 3

Vee
V1
V2
V3
V4
V5

[ 1 frame |

1 frame = 3.7 pns x 200 x 16 = 11850 us = 11.9 ms
Frame frequency = =843 Hz

1
11.9ms

Figure 22 Frame Frequency
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Instruction and Display Correspondence

e 8-bit operation, 8-digit X 1-line display with internal reset
Refer to Table 11 for an example of an 8-digit X 1-line display in 8-bit operation. The HD44780U
functions must be set by the function set instruction prior to the display. Since the display data RAM
can store data for 80 characters, as explained before, the RAM can be used for displays such as for
advertising when combined with the display shift operation.

Since the display shift operation changes only the display position with DDRAM contents unchanged,
the first display data entered into DDRAM can be output when the return home operation is performed.
» 4-bit operation, 8-digit X 1-line display with internal reset
The program must set all functions prior to the 4-bit operation (Table 12). When the power is turned on,
8-bit operation is automatically selected and the first write is performed as an 8-bit operation. Since
DBO to DB3 are not connected, a rewrite is then required. However, since one operation is completed in
two accesses for 4-bit operation, a rewrite is needed to set the functions (see Table 12). Thus, DB4 to
DB?7 of the function set instruction is written twice.
» 8-bit operation, 8-digit x 2-line display
For a 2-line display, the cursor automatically moves from the first to the second line after the 40th digit
of the first line has been written. Thus, if there are only 8 characters in the first line, the DDRAM
address must be again set after the 8th character is completed. (See Table 13.) Note that the display shift
operation is performed for the first and second lines. In the example of Table 13, the display shift is
performed when the cursor is on the second line. However, if the shift operation is performed when the
cursor is on the first line, both the first and second lines move together. If the shift is repeated, the
display of the second line will not move to the first line. The same display will only shift within its own
line for the number of times the shift is repeated.

Note: When using the internal reset, the electrical characteristics in the Power Supply Conditions Using
Internal Reset Circuit table must be satisfied. If not, the HD44780U must be initialized by
instructions. See the section, Initializing by Instruction.
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Table 11
Step Instruction
No. RS R/W DB7 DBé DB5 DB4 DB3 DB2 DB1 DBO Display

8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset

Operation

1

Power supply on (the HD44780U is initialized by the internal

reset circuit)

Initialized. No display.

Function set
0 0 0 0 1

Sets to 8-bit operation and
selects 1-line display and 5x 8
dot character font. (Number of
display lines and character
fonts cannot be changed after
step #2.)

Display on/off control
0 0 0 0 0

Turns on display and cursor.
Entire display is in space mode
because of initialization.

Entry mode set
0 0 0 0 0

Sets mode to increment the
address by one and to shift the
cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.

Write data to CGRAM/DDRAM
1 0 0 1 0

Writes H. DDRAM has already
been selected by initialization
when the power was turned on.
The cursor is incremented by
one and shifted to the right.

Write data to CGRAM/DDRAM
1 0 0 1 0

Writes 1.

Write data to CGRAM/DDRAM
1 0 0 1 0

HITACH_ !

Writes |.

Entry mode set
0 0 0 0 0]

HITACHI_

Sets mode to shift display at
the time of write.

10

Write data to CGRAM/DDRAM
1 0 0 0 1

ITACHI _

Writes a space.

40

1 0
10
0 0
0o 1
0
1
0
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Table 11 8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset (cont)
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
11 Write data to CGRAM/DDRAM S Writes M.
TACHI M
e o 1 s [TACHIM_ |
12
I3 Write data to CGRAM/DDRAM [MICROKO Writes O.
1 0 0 1 0 e
4 Cursor or display shift [MIE)ROKO Shifts only the cursor position
0 0 0 0 0 = to the left.
5  Cursor or display shift MICROKO Shifts only the cursor position
0 0 0 0 0 = fo the left.
6 Write data to CGRAM/DDRAM ICROCO Writes C over K.
1 0 0 1 0 = The display moves to the left.
7 Cursor or display shift MICROCO Shifts the display and cursor
0 0 0 0 0 = position to the right.
'8 Cursor or display shift MICROCO Shifts the display and cursor
0 0 0 0 0 —————— position to the right.
19  Write data to CGRAM/DDRAM ICROCOM Writes M.
1 (0] 0 1 0 =
20
21 Return home Returns both display and

0 0 0 0 0

HITACHI

cursor to the original position
(address 0).

HITACHI
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Display

4-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset

Operation

Initialized. No dispiay.

Sets to 4-bit operation.

In this case, operation is
handled as 8 bits by initializa-
tion, and only this instruction
completes with one write.

Sets 4-bit operation and
selects 1-line display and 5 x 8
dot character font. 4-bit
operation starts from this step
and resetting is necessary.
(Number of display lines and
character fonts cannot be
changed after step #3.)

_

Turns on display and cursor.
Entire display is in space mode
because of initialization.

Sets mode to increment the
address by one and to shift the
cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.

Writes H.
The cursor is incremented by
one and shifts to the right.

Table 12
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4
1 Power supply on (the HD44780U is initialized by the internal
reset circuit)
2 Function set
0 0 0 0 1 0
3 Function set
0 0 0 0 0
0 0 0 0 * *
Display on/off control
0 0 0 0 0 0
0 0 1 1 1 0
5 Entry mode set
0 0 0 0 0 0
0 0 0 1 1 0
6 Write data to CGRAM/DDRAM
1 0 0 1 0 0
1 0 1 0 0 0
Note: The control is the same as for 8-bit operation beyond step #6.

42
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Table 13
Step instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display

8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset

Operation

1

Power supply on (the HD44780U is initialized by the internal

reset circuit)

Initialized. No display.

Function set

Sets to 8-bit operation and

0 0 0 0 1 1 1 * * {jiv *J selects 2-line display and 5 x 8
— dot character font.
Display on/off control [ Turns on display and cursor.
0o 0 0 o0 0 0 1 1 0 |=————| Aldisplayisinspace mode
S 1 because of initialization.
Entry mode set 1 Sets mode to increment the
0 0 0 0 0 0 0 1 0 , _-__,.4‘ address by one and to shift the
— cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.
Write data to CGRAM/DDRAM H — Writes H. DDRAM has already
1 0 0 1 0 0 1 0 0 ‘F—* 4 been selected by initialization
L when the power was turned on.
The cursor is incremented by
one and shifted to the right.
7 Write data to CGRAM/DDRAM [—HW Writes |.
1 0 0 1 0 o0 1 0 1 tﬁ
8 Set DDRAM address Sets DDRAM address so that

CHITACHI |

the cursor is positioned at the
head of the second line.

HITACHI
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Table 13 8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset (cont)

Instruction
Step
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
9 Write data to CGRAM/DDRAM (W Writes M.

1 0 0 1 0 0 1 1 0 1 D

10
tes Hada -~ CCDARM/DODARNM - M )
1 \1Nr|te doata toOCGRA;M/DD(F){AM . 1 1 1 1 CHITACHI ACHI Writes O
MICROCO_
2 gntry n010de soet . . . . 1 1 1 HITACHI tShetj mod? to fhlft display at
MICROCO_ e time of write.
3  Write data to CGRAM/DDRAM ITACHI -1 Writes M. Display is shifted to
1 0 0 1 0 0 1 1 0 1 ICROCOM the left. The first and second
—=—— lines both shift at the same
time.
4
15 Return home O A~ Returns both display and

HITACHI oF "
0 0 0 0 0 0 0 0] 1 0 MICROCOM cursor to the original position
(address 0).
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Initializing by Instruction

If the power supply conditions for correctly operating the internal reset circuit are not met, initialization by

instructions becomes necessary.

Refer to Figures 23 and 24 for the procedures on 8-bit and 4-bit initializations, respectively.

{ Power on )

Wait for more than 15 ms
after Vo risesto 4.5V

RS R/WDB7 DB6 DB5
0 0 0 0 1

DB4 DB3DB2 DB1 DBO

1 * * * *

Wait for more than 4.1 ms

RS RWDB7 DB6 DB5
0 0 0 0 1

DB4 DB3 DB2DB1 DBO

1 * * ¥ o*

Wait for more than 100 ps

RS RWDB7 DB6 DB5
0 0 0 0 1

DB4 DB3 DB2DB1DB0

1 * * * *

RS RAWDB7 DB6 DB5

DB4 DB3 DB2 DB1 DBO
1

0 0 0 0 1 N F *» =
0 0 0 0 0O 0 17 0 0 O
0o 0 06 o 0 0 0 0 0 1
0 0 0 0o 0 0 0 1 1D S

l

Initialization ends

|

Wait for more than 40 ms
after Vo rises to 2.7 V

@ cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

(BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

Function set (Interface is 8 bits long. Specify the
number of display lines and character font.)

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

Figure 23 8-Bit Interface

HITACHI
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{ Power on )

Wait for more than 15 ms
after Vo rises to 4.5V

Wait for more than 40 ms
after V¢ rises t0 2.7V

RS RWDB?7
0 0 0

DB6 DB5 DB4
o 1 1

’ BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

Wait for more than 4.1 ms

RS RWDB7
0 0 0

DB6 DB5 DB4
o 1 1

E cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

Wait for more than 100 us

RS RW DB7 DB6 DB5 DB4
0 0 0 0 1 1
RS R/W DB7 DB6 DB5DB4
0 0 0 1 0
0 0 0 0 1 0
0 0 N F * =
0 0 0 0 0 O
0 0 1 0 0 O
0 0 0 0 0 O
0 0 0 0 0 1
0 0 0 0 0 O
0 0 0 1 D S

'

Initialization ends

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

Function set (Set interface to be 4 bits long.)
Interface is 8 bits in length.

Function set (Interface is 4 bits long. Specify the
number of display lines and character font.)

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

46

Figure 24 4-Bit Interface
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Absolute Maximum Ratings*

item Symbol Value Unit Notes
Power supply voltage (1)  V..—GND ~-0.3t0+7.0 \Y% 1
Power supply voltage (2) Vee—V5 —0.3t0 +13.0 \% 1,2
Input voltage vt —0.3to V. +0.3 \Y 1
Operating temperature Topr —-30to +75 °C

Storage temperature T —-5510 +125 °C 4

Note: * Ifthe LS!is used above these absolute maximum ratings, it may become permanently damaged.
Using the LSI within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LS| will
malfunction and cause poor reliability.
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DC Characteristics (V.= 2.7 to 45V, T, = -30 to +75°C*?)

Item Symbol Min Typ Max Unit Test Condition Notes*
Input high voltage (1)  VIH1 0.7V — Vee \Y o
(except OSC1)
Input low voltage (1) VIL1 0.3 — 0.55 \ 6
(except OSC1)
'nput high voltage (2) VIH2 0.7V — Ve \Y 15
‘0SC1)
nput low voltage (2) VIL2 — — 0.2V, \Y 15
0OSC1)
Jutput high voltage (1) VOH1 075V, — —_— \ —loy = 0.1 mA 7
DBO0-DB7)
Jutput low voltage (1) VOL1 — — 0.2V \Y 1o, =0.1 mA 7
DB0-DB7)
Jutput high voltage (2) VOH2 0.8V, — — \Y —loy=0.04 mA 8
except DB0O-DB7)
Jutput low voltage (2) VOL2 — — 0.2V \Y) o = 0.04 mA 8
except DB0-DB7)
Jriver on resistance Room — 2 20 kQ Hd=0.05mA, 13
COM) VLCD =4V
Jriver on resistance Reee — 2 30 kQ +d=0.05mA, 13
(SEG) VLCD =4V
Input leakage current |, -1 — 1 A VIN=0toV, 9
Pull-up MOS current I, 10 50 120 LA V=3V
(DBO-DB7, RS, R/W)
Power supply current 1. — 150 300 uA R; oscillation, 10, 14
external clock
Ve =3V,
fosc = 270 kHz
L CD voltage VLCD1 3.0 — 11.0 \ V..—V5, 1/5 bias 16
VLCD2 3.0 — 11.0 \Y V.—V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V. = 2.7 to 4.5V, T, = -30 to +75°C*’)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Note*
External External clock frequency f_ 125 250 350 kHz 11
clock External clock duty Duty 45 50 55 %
aperation

External clock rise time tep — — 0.2 us

External clock fall time tieo — — 0.2 us
e Clock oscillation frequency foqc 190 270 350 kHz R,= 75 kQ, 12
)scillation V=3V
Jote: * Refer to the Electrical Characteristics Notes section following these tables.
3us Timing Characteristics
Nrite Operation
tem Symbol Min Typ Max Unit Test Condition
Znable cycle time toyee 1000 — — ns Figure 25
£nable puise width (high level) PW., 450 — —
Enable rise/fall time ten te — — 25
Address set-up time (RS, RIWto E) t,q 60 - —
Address hold time tan 20 — —
Data set-up time tosw 195 — —
Data hold time t, 10 — —
Read Operation
Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 1000 — — ns Figure 26
Enable pulse width (high level) PW., 450 — —
Enable riseffall time ten te — — 25
Address set-up time (RS, RWto E) t,g 60 — —
Address hold time tan 20 — —
Data delay time toor — — 360
Data hold time tonr 5 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition
Clock pulse width High level  t.,,, 800 — — ns Figure 27
Low level tom 800 — —

Clock set-up time tesu 500 — —

Data set-up time tsy 300 — —

Jata hold time ton 300 — —

M delay time tom -1000 — 1000

Clock rise/fall time ta — — 200

>ower Supply Conditions Using Internal Reset Circuit

tem Symbol Min Typ Max Unit Test Condition
Yower supply rise time tcc 0.1 — 10 ms Figure 28
ower supply off time tore 1 — —
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DC Characteristics (V.. =4.5t0 5.5V, T, = -30 to +75°C*?)

Item Symbol Min Typ Max Unit Test Condition Notes*
input high voltage (1)  VIH1 22 — Vee Y 6
(except OSC1)
Input low voltage (1) ViL1 -0.3 — 0.6 V 6
(except OSC1)
‘nput high voltage (2)  VIH2 V1.0 — Vee \ 15
0SC1)
nput low voltage (2) VIL2 — — 1.0 Y 15
0SC1)
Jutput high voltage (1) VOH1 24 — —_ Y —loy = 0.205 mA 7
DB0-DB7)
Jutput low voltage (1) VOLA1 — —_ 0.4 Y lo, = 1.2mMA 7
DB0-DB7)
Jutput high voltage (2) VOH2 09V, — —_ \ —loy = 0.04 mA 8
except DBO-DB7)
Jutput low voltage (2) VOL2 — — 01V, V o, = 0.04 mA 8
except DB0O-DB7)
Jriver on resistance RCOM — 2 20 kQ tld = 0.05 mA, 13
COM) VLCD =4V
Jriver on resistance RSEG — 2 30 kQ +ld = 0.05 mA, 13
(SEG) VLCD =4V
input leakage current |, -1 — 1 LA VIN=0to V. 9
Pull-up MOS current I, 50 125 250 pA Vee=5V
(DB0O-DB7, RS, R/W)
Power supply current 1. — 350 600 uA R; oscillation, 10, 14
external clock
Vee =5V,
fosc = 270 kHz
LCD voltage VLCD1 3.0 — 11.0 \% V—V5, 1/5bias 16
VLCD2 3.0 — 11.0 \Y Vo—V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V.. =4.5t0 5.5V, T, = -30 to +75°C*?)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Notes*
External External clock frequency  f_ 125 250 350 kHz 11
clock  Eyternal clock duty Duty 45 50 55 % 11
Jperation
External clock rise time teo — — 0.2 us 11
External clock fall time tieo — — 0.2 us 11
3 Clock oscillation frequency fq 190 270 350 kHz R; =91 kQ 12
)scillation V=50V
lote: ™ Refer to the Electrical Characteristics Notes section following these tables.
3us Timing Characteristics
Nrite Operation
tem Symbol Min Typ Max Unit Test Condition
=nable cycle time teyee 500 — — ns Figure 25
Enable pulse width (high level) PWeg, 230 — —
Enable rise/fall time ten te — — 20
Address set-up time (RS, RW 10 E) t,. 40 — —
Address hold time tan 10 — —
Data set-up time tosw 80 — —
Data hold time t, 10 — —
Read Operation
Item Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 500 — — ns Figure 26
Enable pulse width (high level) PW., 230 — —
Enable rise/fall time te, te — — 20
Address set-up time (RS, RW to E) t,q 40 — —
Address hold time tan 10 — —
Data delay time toor — — 160
Data hold time tour 5 — —
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Interface Timing Characteristics with External Driver

Item Symbol Min Typ Max Unit Test Condition
Clock pulse width High level tewn 800 — — ns Figure 27
Low level tow 800 — —

Clock set-up time tesu 500 — —

Data set-up time tey 300 — —

Jata hold time ton 300 — —

A delay time tom -1000 — 1000

lock rise/fall time ty — — 100

>ower Supply Conditions Using Internal Reset Circuit

tem Symbol Min Typ Max Unit Test Condition
‘ower supply rise time tec 0.1 — 10 ms Figure 28

‘ower supply off time tore 1 — —
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Electrical Characteristics Notes

1. All voltage values are referred to GND =0 V.

Vee ]
B
!
V1 - A=Vee-V5 The conditions of V1 and V5 voltages are for proper
A B = V¢ -1 operation of the LS| and not for the LCD output level.
A=215V The LCD drive voltage condition for the LCD output
vs 1V B<025xA level is specified as LCD voltage VLCD.

' Vee2 V1 2V2 >2V3 > V4 2> V5 must be maintained.
i. For die products, specified at 75°C.
b. For die products, specified by the die shipment specification.

. The following four circuits are I/O pin configurations except for liquid crystal display output.

Input pin Output pin
Pin: E (MOS without pull-up) Pins: RS, R/W (MOS with pull-up) Pins: CL1, CL2, M, D
Vee Vee Vee
_4 PMOS PMOS ’_‘ PMOS PMOS
H - & ’ —— o_>—A
‘+ (pult up MOS) ] l __{
NMOS NMOS i} NMOS
I/O Pin
Pins: DBO -DB7 Vee Vee
(MOS with pull-up) T (input circuit)
(pull-up MOS) PMOS PMOS

| Input enable

1=
el

Vee
<| » NMOS
;H PMOS F‘OC?‘— Output enable
——— —— Data
NMOS g }%@OQJ
(output circuit)
L (tristate)
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6. Applies to input pins and I/O pins, excluding the OSC1 pin.
. Applies to I/O pins.

. Current flowing through pull-up MOSs, excluding output drive MOSs.

7
8. Applies to output pins.
9
1

0. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input
level must be fixed high or low.

11. Applies only to external clock operation.

Oscillator —— OSC1

Open —— 0SC2

0.7 Ve
05 VCC A |
03Vee —

i~ |-——

t rcep t fcp

Duty= —  100%
Th+TI

[2. Applies only to the internal oscillator operation using oscillation resistor R,.

| osc1 Rf: 75 kQ £ 2% (when Ve = 3V)
R: 91kQ £ 2% (when Ve =5V)
R¢ Since the oscillation frequency varies depending on the OSC1 and
1osc2 OSC2 pin capacitance, the wiring length to these pins should be minimized.
VCC =5V VCC =3V
500 500
400 |\ \\\ 400 |\
= 300 NN \\ = 300 \\ N
@ (270)---- \ \ @ (270)f ---- -
- \ \\ Qax. o \max.
N ' typ. ™~
100 5 - min 100 min. [~
50 (91100 150 50 (75) 100 150
Rf (kQ) R¢ (kQ)
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13. RCOM is the resistance between the power supply pins (V, V1, V4, V5) and each common signal pin
(COM1 to COM16).
RSEG is the resistance between the power supply pins (V¢, V2, V3, V5) and each segment signal pin
(SEG1 to SEG40).

14. The following graphs show the relationship between operation frequency and current consumption.

VCC =5V VCC =3V
1.8 1.8
16 — 1.6
1.4 14 |
12 [— 1.2
z —_
g 1.0 max. E 1.0
g8 08 g 08
06 ] A typ. - 06 ]
L — max.
0.4 - 0.4 —
0.2 /// 0.2 — typ.
0.0 0.0 S e
0 100 200 300 400 500 0 100 200 300 400 500
fosc or fp (kHz) fosc OF fep (kH2)

15. Applies to the OSC1 pin.
16. Each COM and SEG output voitage is within £0.15 V of the LCD voltage (V¢ V1, V2, V3, V4, V5)
when there is no load.
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Load Circuits

Data Bus DB0 to DB7

VCC =5 Vv
ForVec=45t055V
3.9kQ
Test
point O I * “q
diodes

ixternal Driver Control Signals: CL1, CL2, D, M

Test

point ©

30 pF ==

HITACHI

ForVec=27t045V

Test
point

50 pF
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Timing Characteristics

/VIH1 VIHT
RS < VIL1 VIL1,

tas b

—

Y
A
v

PWey, - A

¢ VIH1 VIHT
E
,V ViIL1 VIL1 N

ViIHA1

DBO to DB7 Valid data VIL1

tcch

Figure 25 Write Operation

VAT VIR
RS L VIL1 VIL1 »

tas tan

RIW A VIH1 V|H1\\

PWey taH

¢ VIH1 VIHTY e
E
;/ Vi1 ViL1 \\ JF ViU
-
toor toHr

VOH1 . VOH1

DBO to DB7 VvOL1* Valid data *\VVOL1
- tcch o

|
Note: * VOL1 is assumed to be 0.8 V at 2 MHz operation.

Figure 26 Read Operation
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=t
VOH2 ¥ N I<
CL1 VOH2 \l\VOLZ
town
ltown
tesu , [T
VTR
cL2 VoL VOH2 X 1/ \
t
e tcsu CV;ICL
e ety
D VOH2
VOL2
. foH
= tsu
M VOH2
™ Ii tom
Figure 27 Interface Timing with External Driver
2.7Vi4.5Vv*2 /
Vee

0.2V;

0.1 ms <t,<10 ms

\

\0.2 \

02v

3

tore™

torr =2 1 ms

Notes: 1. torr compensates for the power oscillation period caused by momentary power supply

oscillations.

2. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation.
3. Forif4.5 Vis not reached during 5-V operation, the internal reset circuit will not operate

normally.

In this case, the LSI must be initialized by software. (Refer to the Initializing by

Instruction section.)

Figure 28 Internal Power Supply Reset
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Cautions

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.
Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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