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Achmad Ebit Sugianto, November-2005, Perancangan Dan Pembuatan

Alat Penyiram air Otomatis Pada Kedelai Menggunakan Mikrokontroller
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Teknologi di bidang elektronika mempengaruhi perubahan pola

kehidupan masyarakat yang dulunya memanfaatkan tenaga murni/konvensional

kini berubah menggunakan suatu alat yang dapat bekerja sendiri (otomatis)

yang hanya membutuhkan sedikit sentuhan tenaga manusia.

Pada era globalisasi banyak petani disibukkan dengan berbagai aktifitas
dalam bidang pertanian. Seperti halnya yang dilakukan oleh petani dalam
penyiraman pada kedelai secara konvensional, yakni harus disiram 3 Jjam sekali
sampai 2 hari dari waktu persemaian. Dengan adanya alat penyiraman otomatis
pada kedelai ini, diharapkan petani tidak lagi melakukan aktifitas tersebut
lebih-lebih jika memiliki lahan yang luas dan dilakukan berhari-hari. Alat
penyiraman otomatis ini dalam bekerjanya tidak lagi berdasarkan satuan waktu
penyiraman dalam sehari sekian kali secara mutlak, tetapi lebih didasarkan
pada kelembaban tanah terhadap umur tanaman kedelai tersebut. Dalam skripsi
ini akan dibuat suatu alat penyiram otomatis dengan sistem pemrograman

berbasis mikrokontroler AT89S58252.
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BAB1I

PENDAHULUAN

1.1 Latar Belakang

Perkembangan ilmu di bidang teknologi khususnya teknologi elektronika
merupakan suatu kenyataan yang menunjukkan bahwa manusia banyak
melakukan aktivitasnya. Sesuai dengan tuntutan jaman yang bermacam-macam
tentang kebutuhan masyarakat akan sebuah hiburan ataupun alat kerja, hal ini
telah membawa ide ke arah teknologi yang lebih maju, lebih bermanfaat serta
memiliki nilai ekonomis.

Oleh karena itu berbagai macam sebab perkembangan teknologi
khususnya bidang elektronika mempengaruhi perubahan pola kehidupan
masyarakat yang dulunya memanfaatkan tenaga murni/konvensional kini berubah
menggunakan suatu alat yang dapat bekerja sendiri (otomatis) yang hanya
membutuhkan sedikit sentuhan tenaga manusia.

Seperti halnya yang dilakukan oleh petani dalam penyiraman pada kedelai
secara konvensional, yakni harus disiram 3 jam sekali sampai 2 hari dari waktu
persemaian. Dengan adanya alat penyiraman otomatis pada kedelai ini,
diharapkan petani tidak lagi melakukan aktifitas tersebut lebih-lebih jika memiliki
lahan yang luas dan dilakukan berhari-hari. Alat penyiraman otomatis ini dalam
bekerjanya tidak lagi berdasarkan satuan waktu penyiraman dalam sehari sekian
kali secara mutlak, tetapi lebih didasarkan pada kelembaban tanah terhadap umur

tanaman kedelai tersebut.



Dimana alat yang menggunakan Real Time Clock (RTC) sebagai kontrol
waktu, keypad sebagai inputan yang mempermudah dalam memasukkan waktu
penyiraman atau umur tanaman dan mikrokontroler sebagai basis system

pemrogramannya.

1.2 Rumusan Masalah
Permasalahan yang dihadapi dalam merencanakan dan membuat suatu alat

penyiram air otomatis pada tanaman kedelai, dapat dirumuskan sebagai berikut:

1. Bagaimana membuat sensor yang mampu mendeteksi kelembaban tanah.

2. Bagaimana membuat suatu rangkaian driver yang dapat membuka kran air
secara elektrik.

3. Bagaimana mengendalikan IC RTC dan menggunakannya sebagai referensi
terhadap waktu yang presisi. |

4. Bagaimana merangkai software yang dapat membaca sensor dan
memperhitungkannya sehingga mengeluarkan data sebagai kontrol kran air

otomatis.

1.3 Tujuan

Adapun tujuan pada pembuatan alat ini adalah:

Untuk mengaplikasikan sistem pemrograman dengan berbasis
mikrokontroller sebagai kontrol penyiraman pada tanaman kedelai dengan

referensi kelembaban tanah



1.4 Batasan Masalah

Agar permasalahan yang dibahas tidak meluas, maka penulis membatasi

pembahasan hanya pada hal-hal berikut ini:

>

vV V Vv V

Pengontrol utama terprogram menggunakan mikrokontroler AT 8958252.
Menggunakan RTC DS12C887 sebagai pengontrol waktu.

Tidak membahas secara detail system mekanik penyiraman (debit air).
Pembahasan aplikasi hanya ditujukan untuk tanaman kedelai.

Tidak membahas secara detail mengenai system catu daya.

1.5 Metodologi

Untuk mendapatkan hasil yang diharapkan, maka di dalam penyusunan

laporan tugas akhir ini, penulis menggunakan metode sebagai berikut :

1.

Studi literatur:

Studi literatur disini untuk mempelajari hal-hal dasar mengenahi teori tiap-tiap

komponen yang digunakn sebagai berikut :

Perencanaan alat:

v' Melakukan perencanan untuk tiap-tiap blok diagram yang mendukung.

v' Mempersiapkan dan memilih komponen berdasarkan fungsi dan
kerakteristik komponen, kemudian tersedianya dipasaran.

Pembuatan sekaligus pengujian alat:

Dalam pembuatan alat disini meliputi perencanaan tata letak komponen,

pembuatan layer pada PCB, pengeboran dan penyolderan, serta perakitan tiap-



tiap blok menjadi suatu rangkaian yang lengkap yang selanjutnya diuji tiap
blok maupun keseluruhan.

4. Kesimpulan dan saran:
Setelah melakukan beberapa pengujian, maka mengambil kesimpulan dan

memberi saran yang diperlukan untuk pengembangan alat selanjutnya.

1.6 Sistematika Penulisan
Sistematika penulisan dalam' skripsi ini terdiri dari lima (5) bab, yaitu:
BAB [ : PENDAHULUAN
Berisi latar belakang masalah, perumusan masalah, batasan masalah,
tujuan penulisan, metodologi dan sistematika penulisan.
BAB II : TINJAUAN PUSTAKA
Membahas tentang teori-teori dasar yang berhubungan dengan alat.
BAB II : PERENCANAAN PEMBUATAN ALAT
Membahas tentang perencanaan dan pembuatan alat penyiraman air
otomatis pada kedelai
BAB IV : PENGUIJIAN ALAT
Membahas mengenahi pengujian dan analisis hasil pengujian.
BAB V : PENUTUP
Merupakan kesimpulan hasil uji alat secara kesuluruhan dan saran —

saran yang memungkinkan untuk pengembangan alat lebih lanjut.



BAB II

TINJAUAN PUSTAKA

2.1. Curah Hujan dan Kelembaban Tanah

Indikator kelembaban tanah adalah kadar air tanah yang dinyatakan dalam persen
berat atau persen volume, mm air setiap m kedalaman tanah, dan tegangan air
tanah (atm atau bar). Dalam praktek dikenal tiga tingkat kadar air tanah, yitu
jenuh air, kapasitas lapang, dan titik layu. Kadar air tanah pada batas antara
kapasitas lapang dan titik layu disebut air tersedia bagi tanaman. Akan tetapi
karena kemampuan tanah memegang air tergantung pada tekstur tanah, maka
kadar air tanah pada kapasitas lapang dan titik layu berbeda menurut tekstur tanah
dan demikian pula air tersedia. Hubungan antara status air tanah dan tekstur tanah
diilustrasikan dalam gambar 2.1. Tingkat ketersediaan air tanah tertinggi diberikan
oleh tanah bertekstur halus,terutama tanah lempung debu. Makin tinggi tegangan
air tanah makin rendah air tersedia pada semua tekstur tanah. Pada tegangan 15

atm (titik layu),air tanah tidak tersedia lagi bagi tanaman.

100%
80%
60%
40%
20% ==
0% +

ONorth
OWaest
OEast

Gambar 2.1. Hubungan Antara Kadar Air Tanah Dengan Tekstur Tanah

*Sumber : Sadikin Somaatmadja, Kedelai, Bogor, 1995.



2.1.1. Hubungan Tanah-Air-Tanaman

Teori continuum menganggap tanaman sebagai suatu kapiler tempat air
lewat, mulai dari tanah,akar,batang dan selanjutnya menguap ke udara di
permukaan daun (transpirasi). Dengan teori ini Slatyer (30) memformulasikan
factor-faktor yang menentukan besarnya transpirasi (T) dalam persamaan :

T=3C L (0,622 pudpx (AS @-1)
r

dr

Di mana:

AC = selisih konsentrasi uap air di udara dan di daun;

Zr = jumlah tahanan terhadap difusi uap air dari daun ke udara;

Ae = selisih tekanan uap air di udara dan daun;

0,622p pd/p = factor konversi dari AC ke Ae;

p ud = kerapatan udara;

p = tekanan udara.

Dalam keadaan kering, Ae menjadi besar dan transpirasi meningkat sampai batas
dimana laju transmisi air tanah ke akar tidak dapat menandingi laju transpirasi.
Dalam keadaan demikian stomata tertutup, r menjadi besar dan T akan terhambat.
Di lapangan tanaman tumbuh dalam suatu komunitas yang saling mempengéruhi.
Kehilangan air terjadi karena ada transpirasi dan evaporasi langsung dari
permukaan tanah (evapotranspirasi). Dimana, subskripsi int berarti jalur difusi uap
air dari komunitas tanaman. Dalam keadaan tanahnya basah sampai
permukaan,Cint atau eint berturut-turut adalah sama dengan C atau e di

permukaan tanah; rint dianggap sangat kecil,sebab itu diabaikan. Dalam keadaan
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kering yang berkepanjangan,bidang penguapan (evaporation surface) secara
lambat laun turun ke lapisan-lapisan daun (leaf canopy) di bawah, dan bila
stomata daun tertutup karena sangat kering, bidang penguapan berada dibawah

permukaan tanah dan evapotranspirasi menjadi terhambat pula.

2.2. Mikrokontroler AT89S8252
2.2.1. Pendahuluan

Perbedaan mendasar antara mikrokontroler dan mikroprosesor adalah jika
mikrokontroler selain memiliki CPU (Central Processing Unif) juga dilengkapi
dengan memori dan /O (Input/Outpuf). Maka mikrokontroler dapat dikatakan
sebagai microcomputer dalam keping tunggal (single chip microcomputer) yang
dapat berdiri sendiri.

Mikrokontroler AT89S8252 adalah mikrokontroler keluarga MCS-51
yang membutuhkan daya rendah, memiliki kemampuan yang tinggi, dan
merupakan mikrokomputer 8 bit yang .dilengkapi 8K byte Flash PEROM
(Programmable and Erasable Read Only Memory) yaitu ROM yang dapat ditulis
ulé.ng atau dihapus menggnakan sebuah perangkat programmer. Flash PEROM
dalam AT89S8252 menggunakan Atmel’s High-Density Non Volatile Technology
yang mempunyai kemampuan untuk ditulis ulang hingga 1000 kali dan berisikan
perintah standard MCS-51. Selain itu juga dilengkapi RAM internal sebesar 256
byte. Dalam sistem Mikrokontroler terdapat dua hal yang mendasar, yaitu:

perangkat keras dan perangkat lunak yang keduanya saling terkait dan mendukung



2.2.2. Perangkat Keras Mikrokontroler AT89S8252
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Gambear 2.2. Blok Diagram Mikrokontroler AT89S8252
*Sumber : Paulus, 2003 : 2

Mikrokontroler AT89S8252 secara umum memiliki:

- CPU 8 bit

- 8Kbyte FLASH PEROM

- 2 Kbyte EEPROM internal

- Memory 256 x 8 bit Internal RAM
- 32 Port /O Lines

- 3 Timer dan Counterl6 bit

- 9 Sumber Interupsi

- SPI serial interface




- Oscillator dan clock 12 - 24 MHz

- Programmable Watchdog Timer

- Programmable UART Serial Chanel
- Dual Data Pointer

- Power-Off Flag

2.2.3. Arsitektur AT89S8252
Arsitektur Mikrokontroler AT89S8252 adalah sebagai berikut:
1).CPU (Central Processing Unit) 8 bit dengan register A (Accumulator) & B.
2).16-bit Program Counter (PC) dan (Data Pointer) DTPR.
3).8-bit Program Status Word (PSW).
4).8-bit Stack Pointer (SP).
5).8 Kbyte Flash PEROM internal.
6).256 byte internal RAM.

- 4 bank register, masing-masing berisi 8 register
- 16 byte yang dapat dialamati pada bit level
- 208 byte general purpose memory data

7).32 pin input-output tersusun atas P0-P3. masing-masing 8-bit.

8).3 buah timer (TO & T1) dengan masing-masing 16-bit timer/ counter.

9)-Receiver/transmiter data secara serial full duplex: Serial buffer (SBUF).

10). Control register : (TCON, TMOD, SCON, PCON, IP & IE)

11). 9 buah sumber interupsi (2 buah sumber interupsi external dan 3 buah sumber
interupsi internal ).

12). Oscillator dan clock internal.



2.2.4. Konfigurasi Pin Mikrokontroler AT89S8252

Konfigurasi kaki-kaki mikrokontroler terdiri dari 40 pena, seperti terlihat

pada gambar 2.3:
w
PIO P00 |32
P POl L
P12 P02 |37
PI3 Po3 35
Pl POt 57
PIS
Pl6 pos [ 32
n7 po7 —32
g mm P 3~
2.4 mmo r2y |22
P2
15 1)
2%
a | = P2 —
EANVP P26 ‘—”—
P27 [t
19
18 Xt
X2
—2—{ Reser RXD —H-
7= TXD M55
16O} RD_ ALEP 55
28 o wr PSEN p—22-

ATIE58252

Gambar 2.3. Diagram Pin Mikrokontroler AT89S8252
*Sumber : Paulus, 2003 : 2

Fungsi dari tiap-tiap pena adalah sebagai berikut:

> Pin_40: Vce (sumber tegangan).

> Pin_20: GND (Ground).

> Pin_32-39: Port 0:
Merupakan port input-output dua arah multipleks dan dua bus alamat rendah
(A0-A7) serta data selama penga;ksesan program dan data memori external.

> Pin_1-8: Port_1:
Merupakan port input-output dua arah dengan internal pull-up.

> Pin_21-28: Port_2:
Merupakan port input-output dengan internal pull-up. Mengeluarkan address
tinggi selama pengambilan (fetching) program memory external. Selama

pengaksesan ke external data memory, port 2 mengeluarkan isi P2 SFR
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(Special Function Register). Menerima address dan beberapa sinyal kontrol
selama pemprograman dan verifikasi. -

> Pin_10-17: Port_3:
Merupakan port input-output dengan internal pull-up. Port 3 juga memiliki
fungsi khusus, yaitu:

- RXD (P3.0) : Port serial input.

- TXD (P3.1) : Port serial output.

- INTO (P3.2) : external interrupt 0.

- INT1 (P3.3) : external interrupt 1.

- TO(P3.4) : Input external timer 0.

- T1(P3.5) :Inputexternal timer 1.

- WR (P3.6) : Strobe tulis data memori external.
- RD(P3.7) :Strobe baca data memori external.

> Pin_9: RST (Reset):
Input Reset berfungsi me-reset CPU saat sumber tegangan dihidupkan.

» Pin_30: ALE/PROG (Address Latch Enable)/Programming:
Pulsa output ALE digunakan untuk proses ‘atching’ byte address rendah (A0-
A7) selama pengaksesan ke memori external. Pin ini juga digunakan untuk
memasukkan pulsa program selama pemprograman.

> Pin_29: PSEN (Program Store Enable):
Merupakan strobe baca ke program memori external.

> Pin_31: EA/VPP (External Adéress):
EA low jika mengakses memori external. Untuk mengakses memori internal
maka EA dihubungkan ke-Vee (+5V).

> Pin_18-19: XTAL1 dan XTAL2:

11



Kaki ini dihubungkan dengan kristal bila menggunakan Oscillator internal.
XTAL1 merupakan input inverting Oscillator amplifier sedangkan XTAL2

merupakan output inverting Oscillator amplifier.

2.2.5. Organisasi Memori
Dalam mikrokontroler AT89S8252 ruang alamat telah dibedakan untuk

program memori dan data memori.

2.2.5.1.Internal Program Memory .

Mikrokontroler AT89S8252 memiliki program memori internal sebesar
4Kbyte dengan ruang alamat 0000H-OFAOH. Jika alamat-alamat program lebih
tinggi dari pada OFAOH dimana melebihi kapasitas ROM internal, menyebabkan
AT8958252 secara otomatis mengambil kode byte dari program memori external.
Kode byte juga dapat diambil hanya dari memori external dengan alamat 0000H-

FFFFH dengan cara menghubungkan pin EA ke ground.

2.2.5.2.Random Acsses Memory (RAM)
Ruangan alamat memory data internal (RAM) dengan kapasitas 256 byte
yaitu: 00H-FFH yang terbagi atas 3 daerah, yaitu:
1. Empat bank register
Setiap bank terdiri dari 8 register (RO-R7) sehingga jumlah register untuk
ke-empat bank register menjadi 32 buah register yang menempati ruang
alamat 00H-1FH. Mengaktifkan salah satu bank register dapat dilakukan

dengan mengatur RS0-RS1 pada Program Status Word (PSW).
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2. Bit Addressable
Terdiri dari /6 byte yang berada pada alamat 20H-2FH. Masing-masing bit
dalam 128 bit yang lokasinya dapat dialamati secara langsung.

3. RAM Keperluan Umum
Terdiri atas 208 byfe yang menempati alamat 30H-FFH, dan dapat dialamati
secara langsung maupun tak langsung dalam penggunaan untuk keperluan

umum (general purpose).

Tabel 2.1
Pengaturan RS0-RS1 Bank Register
0 0 Bank 0
0 1 Bank |
1 0 Bank 2
1 1 Bank 3

*Sumber : Paulus, 2003 : 3

2.2.5.3.SFR (Special Function Register)
Untuk operasi AT89S8252 yang menggunakan alamat internal RAM
(00H-7FH). Beberapa dari register-register ini juga mampu dengan pengalamatan

bit sehingga dapat dioperasikan serpetri yang ada pada RAM.

2.2.5.3.1. PSW (Program Status Word)
Register ini terletak di alamat DOH. Cara mendefenisikannya ditunjukkan

pada tabel 2.2. berikut ini :

13



Tabel 2.2
Pengaturan RS0-RS1 Bank Register

Alamat | Data | Simbol | Posisi Fungsi /Arti
DO P PSW.0 | Parity flag
D1 PSW.1 | Flag didefinisikan oleh pemakai.

D2 ov PSW.2 | OverflowFlag

DOH D3 RSO | PSW.3 | Bit pemilih bank register.
D4 RS1 PSW.4 | Bit pemilih bank register.

D5 FO PSW.5 | Flag 0

D6 AC PSW.6 | Auxiliary CarryFlag

D7 CY PSW.7 | Carry Flag

*Sumber : Paulus, 2003 : 12

2.2.5.3.2. PCON (Power Control)

Register ini terletak pada alamat 87H. Cara mendefenisikannya

ditunjukkan pada tabel 2.3 berikut ini :
Tabel 2.3
Skema Medefinisikan PCON
Alamat | Data | Simbol Fungsi /Arti
D0 IDL Idle mode bit
D1 PD Power Down bit

D2 GF0 | Bit flag serbaguna,
D3 GF1__| Bit flag serbaguna.

87H D4 - Tidak dipakai.
D5 - Tidak dipakai.
D6 - Tidak dipakai.

D7 | smop | Digunakan untuk menghasilkan baudrate dan SMOD_1,
maka baudrate akan double baik mode 0,1,2 atau 3.

*Sumber : Paulus, 2003 : 17

2.2.5.4.Sistem Interupsi

Mikrokontroler AT89S8252 mempunyai 9 buah sumber interupsi yang
dapat mengakibatkan permintaan interupsi, yaitu: INTO, INT1, TO, T1 port serial
dan beberapa port lainnya. Saat terjadi interupsi mikrokontroler secara otomatis
akan menuju ke subrutin pada alamat tersebut. Setelah interupsi service selesai

dikerjakan, Mikrokontroler akan mengerjakan program semula. Sumber interupsi
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external adalah INT0, INT1, dimana kedua interupsi external ini akan aktif pada
transisi rendah selain itu juga ada Timer/Counter 0, Timer/Counter 0 dan interupsi
dari port serial (receiver). Interupsi serial dibangkitkan dengan melakukan operasi
OR pada R1 dan T1. Tiap-tiap sumber interrupsi dapat di-enable atau di-disable
secara sofiware. Tingkat prioritas semua sumber interupsi dapat diprogram

sendiri-sendiri dengan sef atau clear bit pada SFRS IP (Interrupt Priority).

Tabel 2.4
Alamat Sumber Interupsi
Sumber Interupsi Alamat Awal
Power On Reset 0000h
Interrupt luar 0 (INT 0) 0003h
Pewaktu/ pencacah 0 (T0) 000Bh
Interrupt luar 1 (INT 1) 0013h
Pewaktu/ pencacah 1 (T1) 001Bh
Port /O Serial 0023h

*Sumber : Paulus, 2003 : 53
Register yang berperan dalam mengatur aktif tidaknya interupsi adalah
interrupt enable register, susunan dari bit-bit beserta kegunaannya adalah:

Tabel 2.5
Kegunaan Interrupt Enable Register

Alamat | Data | Simbol | Posisi Fungsi /Arti

D0 EX0 IE.0 | Diatur secara sofiware untuk interupsi dari INT1.

D1 ETO0 IE.1 | Diatur secara software untuk interupsi dari timer/counter 1.

D2 EX1 IE.2 | Diatur secara software untuk interupsi dari INT1.

D3 ETI IE.3 [ Diatur secara software untuk interupsi dari timer/counter 1.
ASH D4 ES IE4 | Untuk mengatur enable atau disables uatu interupsi R1/T1.
D5 - IE.5 | Kosong
D6 - IE.6 | Kosong
Jika diatur 0 maka semua interupsi di-disable, jika diatur 1
D7 EA IE.7 | maka interupsi diatur di-disable atau di-enable menurut

masing-masing bit.

*Sumber : Paulus, 2003 : 51

2.2.5.5.Timer/Counter
Pengendalian kerja dari timer/counter dilakukan dengan pengaturan

register yang berhubungan dengan kerja dari timer/counter yaitu melalui sebuah
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timer/counter mode control. Untuk mengaktifkan timer/counter yang meliputi

penentuan fungsi sebagai fimer atau sebagai counter serta pemilihan mode operasi

dapat diatur melalui TMOD yang beralamat pada 89H. Konfigurasi dari register

TMOD seperti yang ditunjukkan pada Tabel 2.6. berikut ini :

88H

‘Tabel 2.6

egister TMOD

Interrupt 0 type control bit. i

External interrupt 0 edge flag.

Interrupt type 1 control bit. Diatur oleh software untuk
menentukan aktif low atau high trigger dari external.

D3

IEI

External interrupt 1 edge flag. Diatur oleh hardware
ketika external interrupt terdeteksi dan nol-kan
melalui software ketika interrupt diproses.

D4

TRO

TCON.4

Timer 0 control bit. Diatur oleh software ketika timer/
counter 0.

D5

TFO

TCON.5

Timer: 0 overflow flag control bit. Diatur oleh software
ketika timer/counter 0 oferflow.

D6

TR1

TCON.6

Timer 1 control bit. Diatur oleh software ketika timer/
counter ().

D7

TF1

TCON.7

Timer 1 overflow flag control bit. Diatur oleh software
ketika timer/counter 0 oferflow.

*Sumber : Paulus, 2003 : 33

89H

mer

Tabel 2.7
Timer/Counter Mode Control Register

DI Timer 0; M1 (0) Untuk memilih mode timer.
D2 Timer 0; C/T (0) 1 = Counter & 0= Timer
, . Timer akan berjalan jika bit di set dan INTO (untuk
o Timer0; GATE(0) Timer 0) atau INT1 (untuk Timer 1)
D4 Timer 1; MO (1) Untuk memilih mode timer.,
D5 Timer 1; M1 (1) Untuk memilih mode timer.
D6 Timer 1; C/T (0) 1 = Counter & 0 = Timer
D7 | Timer 1; GATE (1) Timer akan berjalan jika bit di sef dan INTO (untuk

Timer 0) atau INT1 (untuk Timer 1)

*Sumber : Paulus, 2003 : 32

16



Tabel 2.8
Mode Operasi Timer/Counter

0 Timer 13 bit

] Timer/Counter 16 bit

0 8 bit Auto reload Timer /Counter

| TLO dari Timer adalah 8 Bit Timer/Counter dikendalikan oleh kontrol bit
Timer 0. THO adalah 8 bit yang dikendalikan oleh Timer | control bit,

*Sumber : Paulus, 2003 : 33

2.2.5.6.Metode Pengalamatan

1.

Pengalamatan bit (Direct Bit Addressing) :

Pengalamatan langsung tiap bit ini hanya dilakukan pada lokasi RAM internal
yaitu 20H-2FH, dan sebagian SFR yaitu: port 0, port 1, port 2, port 3, TCON
register, SCON register, IE register, PSW register, ACC dan B register.
Pengalamatan tak langsung (/ndirect Bit Addressing):

Pada pengalamatan tak langsung, instruksi menunjukkan suatu register yang
isinya adalah alamat dari operand eksternal dan internal RAM dapat
dialamati secara tidak langsung. Register alamat untuk data dengan lebar 8 bit
dapat berupa RO dan R1 yang digunakan untuk memilih angka register atau
stack pointer. Register alamat untuk data, dengan lebar 16 bit digunakan Data
Pointer (DPTR).

Pengalamatan ber-indeks :

Yang dapat diakses dengan pengalamatan berindeks hanya memory program.
Mode ini dimaksudkan untuk membaca look-up table program.

Konstanta immediet

Pengalamatan langsung dilakukan dengan memberikaﬁ nilai ke register secara

langsung, dilakukan dengan menggunakan tanda #,Contoh: Mov A, #100
17



2.3. Sensor Air (Probe)

Sensor ini berfungsi untuk mendeteksi ada tidaknya air tanah yang
mengenai sensor. Sensor ini berupa probe yang diletakkan pada posisi yang
berbeda dan digunakan sebagai referensi bagi input rangkaian untuk
menggerakkan motor menutup atap. Besarnya resistansi probe ketika ada air
adalah sekitar 10 K, dan ketika tidak ada air yang mengenainya (kering) maka
besar resistansinya sangat besar. Sensor air dibentuk (disusun) dari dua logam
baja stenles steel dengan masing-masing memiliki ukuran panjang 5 cm, lebar 1
cm, tebal Imm, jarak kedua logam 1,5cm dan didesain sedemikian rupa sehingga
Jika ada air tanah diantara kedua logam ini, maka akan menyebabkan perbedaan
resistansi antar kedua logam baja tersebut. Perbedaan resistansi ini akan
dikondisikan dengan rangkaian pengkondisi sinyal sehingga akan dapat digunakan
untuk mendeteksi tingkat kelembaban air tanah. Gambar 2.4 dibawah ini

merupakan gambar bentuk fisik sensor tersebut.

0

RN

Gambar 2.4

Ukuran dan Bentuk Fisik Sensor Kelembaban Tanah
*Sumber : Perancangan
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Untuk merancang sensor ini dapat dengan mudah digunakan rangkaian
penguat level tegangan output mendeteksi objek. Rangkaian dapat dibentuk dari

rangkaian (Op-Amp) dengan pengutan yang dapat diatur.

2.4. Solenoid

Prinsip dasar dari solenoid adalah adalah kumparan bentuk melingkar
yang dialiri arus listrik, dimana bila kumparan tersebut dialiri arus I dengan
jumlah lilitan n dan dengan tegangan sebesar V akan menimbulkan medan listrik
di dalam kumparan tersebut. Arah gerak medan magnet tersebut ditentukan
dengan kaidah tangan kiri yang berbunyi dimana arah arus listrik I tegak lurus

terhadap medan listrik. Kuat medan magnet dapat ditunjukkan pada rumus :

N.i
H=— 2-2
Dimana :

H : Kuat medan (Ampere/meter)
i : Arus listrik (A)

¢ : Panjang jalur (m)

N : Jumlah lilitan
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Gambar selenoid valve ditunjukkan pada gambar dibawah ini:

TABUNG < > BAUT
> PEGAS 'PEER
» KUMPARAN (SELENOID)
RS | KONEKTOR (FOWER)
ARAH GERAK <
1+ MASK
PENUTUP LUBANG < ‘

v

KBLUAR

Gambar 2.5. Selenoid Valve

2.5. Transistor

Transistor merupakan salah satu dari komponen aktif yang sering sekali
digunakan dalam setiap rangkaian elektronika. Beberapa fungsi transistor yaitu
dapat digunakan sebagai rangkaian driver ataupun sebagai saklar. Rangkaian
driver merupakan suatu rangkaian yang digunakan untuk menggerakkan suatu
peralatan lain yang membutuhkan arus atau tegangan yang lebih besar. Dalam
rangkaian driver ini kaki basis transistor dikontrol dengan memberi pulsa rendah

dan pulsa tinggi. Rangkaian driver ditunjukkan dalam gambar 2.6:
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Gambar 2.6. Transistor Sebagai Saklar
Sumber : Wasito S, Vademekum, 1984 : 91

Dalam gambar terlihat Vi, akan memberi tegangan maju kepada dioda
emitor melelui resistor Ry. Untuk sebuah transistor silikon memiliki tegangan
hambat pada V. sebesar 0,6 Volt, sedangkan transistor germanium Ve 0,7 Volt,

Arus basis dan kolektor ditentukan dengan persamaan:

I = V“R' Vs (Ampere) (2-3)
Vo=V, 1.
I, = _MR—,,L=Z (Ampere) (2-4)
Dimana:

Vub : Tegangan bias basis (Volf)

Vbe : Tegangan basis emitor (Volr)
Ve : Tegangan kolektor emitor (Volr)

Ve : Tegangan sumber (Volt)

Rc  : Resistor pada kolektor (Ohm)
Ry  : Resistor pada basis (Ohm)

I.  : Arus pada kolektor (4mpere)
Ip  : Arus pada basis (dmpere)

he : Penguatan (kali/perkelipatan)
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Arus kolektor yang mengalir pada resistor-nya akan menimbulkan
tegangan sebesar I; x R.. Karena itu tegangan emitor kolektor menjadi:

Veo= Vee—Ic . R (Volf) (2-5)

Hubungan antara I; dan V.. pada garis beban DC dari transistor pada
hambatan beban tertentu ditunjukkan pada gambar 2.7:

Ic (=)
4 { Titlk Jeauh
Vee_ o jaris Beban DC
Re
P‘/Lb_———-—-' (=8)
fIc —

\ Titik Sumbat
0 » Vce (Vol)
Vcee T

Vee (voly

Gambar 2.7, Titik Potong Antara Garis Beban dan Arus Basis
Sumber : Wasito S, Vademekum, 1984 : 96

Garis beban DC tersebut mempunyai titik potong dengan sumbu tegak
pada I di titikk V., / Rc dan memotong sumbu V. pada titik V.. Titik P
merupakan titik potong antara garis beban dan arus beban. Pada gambar diatas
tampak bahwa titik potong antara garis beban DC dan kurva I pada daerah 0 atau
pada sumbu V. dikenal sebagai titik cut off (sumbat), pada keadaan ini Vc=Vc.
Sedangkan untuk titik jenuh adalah titik potong kurva Ig pada ujung teratas pada

garis beban DC pada V.= 0 atau pada sumbu L.

2.6. Keypad

Teknik paling populer yang digunakan dalam perancangan keypad
heksadesimal adalah teknik multiplekser, yaitu: pergantian atau pergeseran suatu
22



nilai bit dari bit tinggi menuju bit rendah atau sebaliknya dari bit rendah menuju
bit tinggi, dengan empat buah jalur baris dan empat jalur kolom. Bila baris dan
kolom ini disilangkan, maka akan terbentuk titik potong yang membentuk matrik

4 x 4, seperti ditunjukkan dalam gambar 2.8 berikut ini :

Gambar 2.8. Keypad Matrik 4 x 4
*Sumber : Paulus, 2003 : 132

Rangkaian ini dapat dianalogikan dengan tiga buah kabel terbuka dengan
empat buah kabel lainnya. Bila pada ‘»suatu titik kabel yang bersilangan itu
disentuhkan, maka diasumsikan bahwa tombol keypad pada posisi yang
be;'silangan tersebut ditekan. Penekanan ke}pa& tersebut akan membentuk
koordinat (x,y) dalam dua dimensi. Informasi posisi yang diperlukan adalah
informasi tentang nilai x dan y, dalam pemrograman, nilai ‘x dan y’ ini dapat
diperoleh melalui scaning. Rangkaian keypad ini terdiri dari 16 buah saklar push>
button yang dirangkai dalam bentuk matriks (kolom dan baris). Jalur kolom dan

baris dari keypad tersebut nantinya akan dihubungkan pada port mikrokontroler.
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2.7. Penguat Operasional
2.7.1. Penguat Pembalik

Penguat pembalik (inverting) adalah sebuah penguat yang tegangan
keluaranya (Vo) mempunyai keluarannya yang tidak sama seperti tegangan
masukkan Ei , yang diperlihatkan pada gambar 2.9. Persaman tegangan keluaran

dari penguat membalik adalah sebagai berikut :
Vo=- :Ri CEL VOIE aeeeeeiirciieenensesesessesessessssssnssesssnsssesssssssessssnsasnsens (2.6)
Ri

Sehingga diperoleh persamaan gain .tegangannya:

Al = Y R e Q.7
Ei Ri
AN
Rf
+V
—AAMN— :
Ri .
l * v
— Ei . RLZ Vo

Gambar 2.9. Polaritas Tegangan Untuk Penguat Pembalik
*Sumber : Robert Collinc, 1928 1 102

2.7.2. Penguat Tak Membalik

Penguat tak membalik (Non Inverting) adalah penguat yang tegangan
keluaran Vo mempunyai polaritas yang sama seperti tegangan masukannya Ei,
yang diperlihatkan gambar 2.10. Persamaan tegangan keluaran dari penguat tak

membalik adalah sebagai berikut :
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Sehinga dapat di peroleh persaman gain tegangannya

Vo
A ettt e (2.9)
Ei
A
Rf
A *v
Ri .
+ -V *

Gambear 2.10. Polaritas Tegangan Untuk Penguat Tak Membalik
*Sumber : Robert Collinc, 1998 :103 :

2.8.Analog to Digital Converter (ADC)

Sistem kontrol hanya dapat hmengolah atau memproses data dalam bentuk
biner atau lebih disebut digital saja, oleh sebab itu data analog yang akan diproses
oleh harus diubah terlebih dahuly ke dalam bentuk kode-kode biner (digital). Jadi
untuk menghubungkan sistem analog yang ada di luar sistem ke dalam kontrol,
dibutuhkan suatu pengubah atau analog to digital converter.

Fungsi dasar dari pengubah analog ke digital adalah pengubah tegangan
analog kedalam bentuk kode—kode biner (digital) sehingga dapat diproses oleh
kontrol. Tegangan analog yang merupakan masukan dari ADC berasal dari
pengkondisi arus, rangkaian inj mt;:mpunyai range tertentu dan disebut analog.
Kode biner hasil konversi ini dipakai sebagai data untuk diolah kontrol yang

kemudian ditampilkan melaluj LCD.
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Pengubah analog ke digital merupakan jantung dari sistem data akuisisi

yang berfungsi mengubah data dalam bentuk kontinyu ke dalam digital yang

diskrit, sehingga cocok untuk diproses oleh mikrokontroler. ADC lebih banyak

variasi bentuknya bila dibandingkan dengan DAC. Karena ADC karakteristik

yang dibutuhkan jauh lebih banyak. Adapun jenis ADC antara lain :

Single Ramp Integrating.

Dual Siope Integrating .

Tracking (Couenter Comparator ).
Single Counter.

Successive Approximations.

Multi Comparator (Flash).

Ada beberapa faktor yang perlu diperhatikan dalam pemilihan komponen

ADC, antara lain :

Resolution

Merupakan spesifikasi terpenting untuk ADC, Yaitu jumlah langkah dari
sinyal skala penuh yang dibagi dan juga ukuran dan langkah-langkah,
Boleh juga dinyatakan dalax.n bit yang ada dalam satu word. Ukuran LSB
(langkah terkecil) sebagai persen dari skala penuh atau dapat juga LSB
dalam mV (untuk skala penuh yang diberikan).

Accuracy (Ketelitian)

Adalah jumlah dari semua kesalahan, misalnya kesalahan nonlinier, skala
penuh, skala nol dan lain-lain. Dapat juga menyatakan perbedaan antara

tegangan input  analog  secara teoritis yang dibutuhkan untuk
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menghasilkan suatu kode biner tertentu terhadap tegangan inpur nyata
yang menghasilkan tegangan kode biner tersebut.
- Waktu Konversi

Waktu yang dibutuhkan untuk mengkonversikan analog ke digital setiap

sampel atau waktu yang diperlukan untuk menyelesaikan suatu konversi.

Disini tidak akan dijelaskaﬁ keseluruhan dari jenis ADC, tetapi hanya
dititik-beratkan pada ADC jenis successive approximation, karena dalam
perencanaan pembuatan alat digunakan ADC jenis ini. Successive approximation
merupakan golongan ADC medium. ADC tipe ini dapat dikatakan merupakan
perpaduan yang baik antara kecepatan  (kecepatan menengah) dan tingkat
kerumitan rangkaian (menengah). Waktu Konversi ADC ini selalu tetap, tidak
tergantung pada besarnya sinyal analog (inpuf), tetapnya waktu konversi ini

merupakan salah satu keuntungan penggunaan ADC tipe ini.

2.8.1. Successive Approximation

ADC Jenis ini dibentuk dari beberapa komponen DAC (Digital to Analog
Converter), Comparator dan beberapa register serta rangkaian kontrol. Teknik
konversi yang dipakai adalah dengan melakukan perbandingan antara tegangan
input yang tidak diketahui dengan tegangan input yang dihasilkan oleh DAC.
DAC diatur oleh shift register dan rangkaian logika untuk kontrol dan hasil
konversi dapat diambil dari register keluaran. Konversi dimulaj dengan
memberikan sinyal input start convertion,

Dengan sinyal start convertion tersebut mengakibatkan inpur DAC akan
dibuat aktif sehingga MSB sama dengan 1 dan bit yang lain berharga 0. Qutput
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DAC akan terjadi setengah full scale dibanding dengan input analog yang
dikonversi. Dari output comparator dapat diketahui mana yang lebih besar, bila
tegangan output DAC lebih besar r;naka bit MSB tetap, sedang bila output DAC
lebih kecil maka MSB berubah menjadi 0. Kemudian bit berikutnya (bit lebih
rendah dari MSB) dibuat sama dengan 1 dengan keadaan MSB tetap seperti
proses perbandingan pertama tadi.

Dari keadaan input digital ini akan dihasilkan output analog (dari DAC)
yang juga akan dibandingkan lagi dengan tegangan input untuk menentukan
apakah keadaan bit kedua akan diubah atau tidak. Proses diatas berlangsung
sampai kondisi LSB, sehingga diperoleh output dari DAC yang terakhir. Proses
pergeseran bit dari MSB sampai LSB dilakukan oleh shift register yang waktunya
diatur oleh pulsa clock. Jika proses konversi tersebut telah selesai dari setiap
input, maka output status bit pada pin 7 tersebut akan memberitahukan melalui
“End of Convertion” yang menyatakan bahwa output digital ADC dapat diambil

sebagai besaran digital yang mewakili input analog yang dikonversikan

2.8.2. Analog To Digital Converter 0809 |
Analog To Digital Convertion 0809 dikemas dalam IC monolitik, ADC

ini menggunakan metode pengubaﬁ berturut-turut (successive Approximation)
dengan 8 saluran input analog dan dilengkapi dengan beberapa kontrol logika
yang sesuai dengan standart microprocessor. Blok diagram ADC 0809
memperlihatkan bahwa ADC 0809 terdiri dari 3 (tiga) bagian utama yaitu :

-  MUX Analog 8 Channel.

- Analog to Digital Converter ADC 8 bit.
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- Three — State Latch Byffer (penyangga terkunci 3 kanal).

Multiplexer analog 8 chanel beffungsi untuk mengolah 8 input data
analog secara bergantian. Untuk memilih input mana yang dikehendaki pada
output multiplekser disediakan 3 bit kontrol pemilih saluran input tersedia. Analog
to Digital Converter (ADC) merupakan successive approximation register 8 bit
yang terdiri dari komparator, SAR dan Clock Three — State Latch Buffer berfungsi
untuk menampung keluaran ADC 8 bit.

ADC ini merupakan Jeve! terbatas untuk sinyal input-nya yang tergantung
pada input referensi yang digunakan. Dalam hal ini yang membatasi adalah
tegangan referensi positif Vref (+) dan tegangan negatif Vref (-). Jika input
referensi diberi tegangan negatif dan input referensi positif diberi tegangan positif
sehingga tegangan input analog dapat berharga diantara kedua tegangan referensi
tadi dan ini disebut bipolar, artinya kedua input-nya mempunyai polaritas positif
dan negatif. Jika input referensi positif diberi tegangan positif dan referensi negatif
diberi tegangan 0 Volt, maka dapat disebut unipolar karena analog-nya berada
diatas O Volt (berharga positif saja). ADC yang dipakai dalam sistem ini dirancang

untuk jenis unipolar. Gambar struktur pin ADC 0809 sebagai berikut:

6 25 24 23 22 21 20 19 18 17 16 15

ABC 0809

2 3 4 5 6 7 8 910 11 12 13 14

Gambear 2.11. Struktur Pin IC ADC 0809
*Sumber : Anonimous, National Data Sheet, 1995 : 2/56
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Tabel 2.9
Keterangan Pin IC ADC 0809

1 IN; Masukan 3

2 N, Masukan 4

3 INs . Masukan 5

4 INg Masukan 6

5 IN, Masukan 7

6 Start Mulai Konversi

7 EQC End of Convertion
8 PR Qutput 5

9 Output Enable Menghidupkan Quiput
10 Clock Clock

11 Vee Supply tegangan

12 Vref (+) Tegangan referensi (+)
13 GND Ground

14 2 Qutput 7

15 2F Output _6

16 . Vref(-) Tegangan referensi (-)
17 2%sn Output 0

18 2 Output _4

19 2’ . OQutput 3

20 27 Output 2

21 2"use Output |

22 ALE Address Latch Enable
23 ADD C Control A

24 ADD B Control B

25 ADD_A . Control C
26 [Ny Masukan 0

27 IN, Masukan 1
28 IN, Masukan 2

*Sumber : Anonimous, NATIONAL DATA SHEET, 1995 : 2/56

2.9.RTC (Real Time Clock) IC DS 12C887
DS 12C887 adalah serpih yang dipakai sebagai basis pewaktuan buatan
dallas Semiconductor. Terdiri atas 24 pin dengan konfigurasi penyemat seperti

ditunjukkan dalam gambar 2.12 berikut ini :
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I Mot vee[] 24
2 [INC sQw(]23
3 One Ne(] 22
4 [Jpo Ned 2
s 0o Nc(] 20
6 Ip2 RQ 19
7{1p3 RESET[] 18
8 [Jp4 ps[]17
9 (1Ds © Nel s
10 [Jps RW( 15
1 o7 As(] 14
12 [JGND csOns

DS12C887

Gambar 2.12. Konfigurasi Pin IC DS 12C887
*Sumber : Paulus, 2003 ; 142

Arsitektur dari IC RTC tipe DS 12C887 antara lain adalah:

- Oscillator internal dan time base internal,

- Menghitung detik, menit, jam dalam hari.

- Menghitung hari dalam setiap minggu, tanggal, bulan dan tahun.

- Seratus tahun kalender (1 abad) samapai tahun 2100.

- Mempunyai catu daya back-up.

- Dapat beroperasi lebih dari 10 tahun tanpa kehadiran catu daya eksternal

- RAM internal sebesar 64 byte, terdiri atas 14 byte untuk clock dan register

kontrol, sedangkan 50 byre lainya dapat digunakan oleh pemakai (umum).
Fungsi tiap-tiap pin IC RTC DS 12C887 adalah sebagai berikut :
> Pin_1: MOT (Motel):
Digunakan sebagai saklar pemilih mode. Apabila dihubungkan dengan Ve,
pewaktuan Motorola yang dipakai, jika dihubungkan dengan GND (Ground)
berarti sistem diagram pewaktuan Intel yang dipakai.
> Pin_2-3: NC (No Conec):

Tidak terhubung.
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> Pin_3-11: AD0-AD7 (Multiplexed Bidirectional Address/Data Bus):
Merupakan bus alamat dan data dua arah yang termultipleks.

> Pin_12: GND (Ground):
Merupakan penyemat catu daya yang dihubungkan dengan ground.

> Pin_13: CS (Chip Select Input):
Merupakan masukan untuk mengaktifkan periferal RTC. Sinyal CS didapat
dari dekoder alamat dengan alamat tertentu.

> Pin_14: AS (Address Strobe Input):
Merupakan masukan bagi sinyal yang digunakan untuk memisahkan bus data
dan bus alamat.

> Pin_15: R/W (Read/Write Input):
Penyemat R/W dapat diartikan sama seperti sinyal Write Enable (WE) yang
dipakai dalam proses penulisan data memori jenis RAM.

» Pin_16: NC (No Conec):
Tidak terhubung,

> Pin_17: DS (Data Strobe or Read Input):
Pin DS diartikan sama seperti sinyal Output Enable (OE) dalam komponen
memori untuk melakukan proses membaca data RAM internal RTC.

> Pin_18: RESET (Reset Input):
Sinyal RESET diberikan dengan memberikan logika rendah selama waktu

yang di spesifikasikan. |
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> Pin_19: IRQ (Interrupt Request Output):

Sinyal IRQ merupakan sinyal aktif rendah, yang dapat digunakan untuk

menginterupsi sistem kontrol. Saat tidak terdapat interupsi, pin ini dalam kondisi

impedansi tinggi (high-impedance).

> Pin_20-22: NC (No Conec):
Tidak terhubung.

> Pin_23: SQW (Square Wave Output): -
Merupakan pin yang dapat dipilih untuk mengeluarkan satu dari 13 frekuensi
keluaran yang tersedia. Besar frekuensi keluaran SQW dapat diubah melalui
pengaturan pada register “A”. Untuk mengaktifkan dan me-nonaktifkan sinyal
SOW dipilih lewat bit SOWE dalam register “B”, Tabel 2.1 menunjukkan
cara mengatur register “A” agar dihasilkan frekuensi dalam pin SQW .

> Pin_24: Vee:

Merupakan pin catu daya yang dihubungkan dengan sumber sebesar 5Volt.
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Tabel 2.10

Perioda Interrupt dan Frekuensi Keluaran SQW

S2 RRUPT. UENCY.

0 0 0 0 None None

0 0 0 1 30,0517 us 32.768 Hz
0 0 1 0 61,0352 us 16.384 Hz
0 0 1 1 122,070 us 8.129 Hz
0 1 0 0 244,141 us 4.096 Hz
0 1 0 1 488,2813 us 2.048 Hz
0 | 1 0 976,5625 us 1.024 Hz
0 1 1 1 1,953125 ms 512 Hz

1 0 0 0 3,90625 ms 256 Hz

1 0 0 1 7,8125 ms 128 Hz

1 0 1 0 15,625 ms 64 Hz

1 0 | | 31,25 ms 32 Hz

1 | 0 0 62,5 ms 16 Hz

1 | 0 | 125 ms 8 Hz

1 | 1 0 250 ms 4 Hz

1 | 1 | 500 ms 2 Hz

*Sumber : Paulus, 2003 : 144

Untuk menginisialisasi IC RTC, yaitu mengatur beberapa register yang
ada di dalam RAM IC RTC saat kali pertama diaktifkan. Sinyal WR (write)

sistem kontrol dihubungkan dengan penyemat R/W IC RTC, setelah data yang

diinginkan dalam alamat dianggap sesuai. Sedangkan untuk membaca data RAM

internal IC RTC, digunakan sinyal RD (read) pada sistem kontrol yang

dihubungkan dengan pin DS (data strobe) pada IC RTC. Operasi pembacaan dan

penulisan RAM internal 1C RTC, sama seperti operasi baca dan tulis saat

menggunakan komponen memori jenis RAM umumnya.

Peta alamat RAM internal IC RTC tipe DS 12C887 ditunjukkan dalam

gambar 2.13 berikut ini :
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00H

14 byte " [Detik 00H
Alarm Detik 01H

ODH Menit 02H

OE ’ Alarm Menit 03H

Jam 04H

Alarm Jam 05H

>0 byte Hari Dalam Seminggu {06H
yang dapat Tanggal 07H
digunakan Bulan 08H
Tahun 09H

secara umum Register "A" 0AH
oleh pemakai Register "B" O0BH
Register "C" 0CH

3FH : Register "D" ODH

Gambar 2.13 Peta Alamat RAM Internal Real Time Clock DS 12C887
*Sumber : Paulus, 2003 : 143

2.10. LCD (Liquid Crystal Display) M1632

LCD (Liquid Cristal Display) adalah suatu jenis piranti output yang
menggunakan daya rendah dengan pengontrol kontras dan kecerahan. Pengontrol
utamanya dan karakter ada pada ROM (Read Only Memory) generator dan
display data RAM (Random Access Memory) yang akan menghasilkan extended
key codes (kode tombol/keyboard standart internclztional dalam Hexsa) jika
padanya diberikan inputan. Untuk dapat memfungsikan dengan baik maka perlu
diperhatikan proses inisialisasi yang telah ditentukan oleh pabrik pembuatnya.
Timing penginisialisasian sangat perlu dipertimbangkan, karena jika meleset
sampai orde mili secon, maka dapat dipastikan LCD itu tidak dapat berfungsi.

Ada dua jenis register yang terdapat dalam LCD M1632 ini, yaitu data

register dan instruction register. Dengan menggunakan pin RS (Register Select)
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pada LCD, pemakaian kedua register dapat dipilih. Pemilihan register pada LCD
ditunjukkan pada Tabel 2.9. berikut inj :

Tabel 2.11
Pemilihan Register Pada LCD M1632

sl S A T
rminal ijuan | Keterangan Sinyal

0:  Instruction register
I Data register

L RS 4 Input MPU

*Sumber : Seiko Data Sheet, 1987 : 2

Jika bagian yang dipilih adalah instruction register maka output yang
dihasilkan adalah meliputi operasiolnal dari LCD, misalnya fungsi display clear,
cursor home, entry mode set, display on/off, cursor shift dan sejenisnya.
Sebaliknya jika bagian yang dipilih adalah dara register, output yang dihasilkan
adalah meliputi karakter yang tabelnya terdapat pada lampiran.

Karakteristik LCD M1632 adalah :

- 16 karakter 2 baris dalam bentuk dot matrik 5 x 7 dan kursor.

- Duty ratio 1/16. |

- Memiliki ROM pembangkit karakter untuk 192 jenis karakter.

- RAM untuk data display sebanyak 80 x 8 bit (80 karakter maksimum).

- Dapat dirangkai dengan MPU (Microprocesor Unit) 8 bit atau 4 bit.

- RAM data display dan RAM pembangkit karakter dibaca oleh MPU

- Memiliki fungsi instruksi : display ON/OFF. cursor ON/OFF, display
character blink, cursor shift dan display shift.

- Memiliki rangkaian oscillator sendiri.

- Sumber tegangan tunggal +5 Volt.

- Memiliki rangkaian reser otomatis pada saat catu daya dihidupkan.

- Temperatur operasi 0° — 50°.

36



Deskripsi pin LCD ditunjukkan dalam gambar 2.14 berikut ini :

DOT MATRIK LCD

2 x 16 CHARACTER TYPE M1362

Vss Vec Vee RS R/WEN DO DI D2 D3 D4 D5 D6 D7 AN KT

—'r"l'i‘ 3 14'1’5 ]6 17 ls 19 l!o 111 112 ]13 114 ]15 116
Gambar 2.14 Deskripsi Pin Pada LCD Tipe M1632
*Sumber : Seiko Data Sheet, 1987 : 2
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BAB Il

PERENCANAAN DAN PEMBUATAN ALAT

3.1. Pendahukuan

Perancangan dan pembuatan alat ini berdasarkan beberapa teori penunjang
yang telah dijelaskan pada BAB Il sebelumnya. Rangkaian yang akan dibahas
meliputi rangkaian sensor kelembabari tanah, rangkaian penguat tegangan, rangkaian,
konvereter analog ke digital (ADC), rangkaian display (LCD), rangkaian kontrol
utama dengan mikrokontroler AT89S8252 dan beberapa driver selenoid sebagai
pembuka kran air secara elektrik. Disamping itu juga dibahas perencanaan perangkat

lunak dengan bahasa pemrograman assembler.

3.2. Perencanaan Perangkat Keras (Hardware)
Sebelum melakukan perancangan beberapa hardware, terlebih dahulu perlu
adanya penyusunan blok diagram seperti ditunjukkan pada gambar 3.1. Untuk
perancangan penyiraman otomatis pada tanaman kedelai berdasarkan kelembaban
tanah ada beberapa fungsi dari setiap blok diagram yang ada pada gambar, antara lain:
a Sensor kelembaban tanah sebagai pendeteksi dari kelembaban tanah dengan
satuan persentase dari kering hingga basah ( 0% - 99%).

0 Rangkaian penguat tegangan yang difungsikan untuk menguatkan tegangan
keluaran sensor agar dapat dibaca oleh rangkaian ADC dengan akurat.

Q Analog to Digital Convereter (ADC) sebagai pengubah besaran analog dari

sensor menjadi besaran digital agar dapat diolah oleh sistem kontrol.
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Q Blok Real Time Clock (RTC) sebagai generator pembangkit waktu yang
akurat, sehingga dapat menunjukkan waktu penyiraman yang aman dan tidak
berbahaya bagi daun tanaman kedelai.

0 Blok kontrol yakni, yang mengendalikan hidup dan matinya kran penyiraman
berdasarkan data yang diolah secara digital dari sensor kelembaban.

Q Rangkaian driver selenoid sebagai pembuka kran air pada penyiraman
tanaman kedelai secara otomatis (elektrik).

0 Display LCD sebagai penampil data persentase dari kelembaban baik dari
keypad maupun dari ADC (sensor) serta penampil data waktu dari IC RTC.

Berikut adalah gambar blok diagram sistem secara keseluruhan dari

penyiraman otomatis pada tanaman kedelai.

Sensor Kelembaban Tanah

Real Time Clock(RTC)
OO [

Penguat Tegangan »  ADC 0809
Key Pad .
ax4 » Mikrokontroller » LCD
AT 89S8252 2x16
Stil/en\(,)i(il Vix/lve n Driver Driver
1 V2 V3 Vg - Selenoid Motor

Gambar 3.1. Blok Sistem Penyiraman Otomatis Pada Tanaman Kedelai
*Sumber : Perencanaan
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3.2.1. Sensor Kelembaban Tanah

Sensor ini berfungsi untuk mendeteksi kosentrasi air dalam tanah yang
menyatakan kelembaban dari suatu bidang tanah. Sensor berupa probe yang
ditanam pada kedalaman tertentu (10cm-20cm). Sensor dalam perencanaan ini
dibuat sebanyak empat buah, dan digunakan sebagai pengukur kondisi air tanah
(kelembaban) untuk rangkaian kontrol dalam menggerakkan buka-tutup selenoid
valve (kran listrik air). ‘

Probe yang ditanam dalam tanah, saat mendeteksi kosentrasi kelembaban
tanah tinggi memiliki resistansi sekitar + 500 Q, dan ketika tidak ada air (kering)
maka besar resistansinya sangat besar (tak terhingga). Sensor ini dibentuk

(disusun) dari dua lempeng baja yang tipis:

Data sensor :

Panjang = 5cm
Lebar = lcm
Tebal = ]lmm
Jarak (track) = lem

Jika ada air tanah mengenahi probe (sensor), maka akan menyebabkan
turunya nilai resistansi antara track (lempeng baja). Output dari sensor
dimasukkan pada suatu rangkaian penguat tegangan, hal ini untuk menghasilkan
tegangan keluaran yang sesuai dengan harga maksimal input ADC. Gambar 3.2

dibawah ini merupakan gambar elektrik sensor air dalam tanah (kelembaban

tanah).
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| 'to Penguat Tegangan -

Keping Baja

Gambar 3.2. Rangkaian Elektrik Sensor Kelembaban Tanah
*Sumber : Perencanaan

Rangkaian penedeteksi air tanah ini tidak berdiri sendiri tetapi masih
dilengkapi reistor pull-up sebagai pengangkat tegangan saat tidak ada
kelembaban. Besar nilai resirtor pull-up (R,) ditentukan berdasarkan besar nilai
arus maksimal yang mengalir, yaitu 0,05mA, dengan tegangan oufput maksimal
5Volt, maka R, adalah:

Vee
I

mak

5V

~0.5mA
=100kQ

R= @a3.n

Sedangkan pada saat sensor mendeteksi kelembaban tinggi, resistansi
berkisar 500Q dengan R, yang terpasang 100kQ. Sehingga arus maksimal dan
tegangan output maksimal dapat dicari sebagai berikut:

Vee
Imak =
R,,,, + pr

(3.2)

5y
" 100k +0,5k
=0,049mA
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Untuk Vg, minimal:

R
V,y=—2—xVcc (3.3)
Rp,, +R, :
0k o sy—0004
0,5k +100k

Dari perhitungan diatas didapat nilai Vo, = 0,024V saat sensor mendeteksi

kelembaban tinggi.

3.2.2. Rangkaian Penguat Tegangan Membalik (Inverting)

Dari output rangkaian sensor memberi pengertian terbalik, dengan kondisi
dimana sesungguhnya jika kelembaban naik, maka prosentase akan naik demikian
juga tegangan keluaran akan naik, namun tidak demikian untuk sensor diatas,
Untuk menyeimbangkan pengertian diatas, maka keluaran tegangan sensor
terlebih dahulu diumpankan pada rangkaian penguat membalik dengan penguatan
(A=1) kali menggunakan IC Op-Amp tipe LM324. Dengan menentukan R; =

100kQ2, maka dapat ditentukan nilai R¢ sebagai berikut:

A=-—L (3.4)
~ R, =1x100k
=1004Q

Sedangkan untuk membalik tegangan keluaran, dengan mengeser trimpot
50kQ sampai pada tegangan (V). Untuk menentukan nilai Vet harus sebanding
dengan besar nilai outpur sensor saat kelembaban rendah (kering), yaitu = 5Volt.

Sehingga didapat Vo Op-Amp saat kelembaban kering adalah:
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V., =AVxA 3.5)

AV=V*-V- 3.6)
=5V -5V
=0Volt

Vo =0V x1
=0Volt

Saat Kelembaban tinggi (tanah basah) adalah:

=5V -0,024V
=4,976Volt
V. =4976V x1
=4,976Volt
Rangkaian penguat pembalik tegangan dari sensor kelembaban
ditunjukkan pada gambar 3.3 dibawah ini:
+5V

POT=50k ‘ +5V

= 3

l from S-Kelembaban 1-4 >-"' WV &
Ri=100k

—1{ toin 0-3 ADC 0809 >

oo
-
=
—
-

Rf=100k

Gambar 3.3. Rangkaian Penguat Tegangan Membalik
*Sumber : Perencanaan

3.2.3. Rangkaian Keypad 4x4
Rangkaian keypad dalam perancangan menggunakan keypad 4 x 4 push
button. Dari 12 tombol tersebut akan terbentuk karakter angka dan simbul (0-9

dan A-F). Teknik pembacaan pada keypad ini, yaitu model scaning 4 jalur baris
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dan 4 jalur kolom. Bila baris dan kolom ini disilangkan maka akan terbentuk titik-

titik potong yang membentuk matrik 4 x 4 seperti ditunjukkan pada gambar 3.4

Gambar 3.4. Rangkaian Keypad Matrik 4 x 4

*Sumber : Perencanaan

Proses pembacaan keypad 4 x 4 model scaning sebagai berikut :

a)

b)

d

Menentukan urutan data karakter permanen keypad pada saat pembuatan
software, missal (3-2-1-0~7-6—5-4-B-A-9-8-F-E-D-C). Dimana “3” yang
pertama dan seterusnya “C” yang terakhir,

Kemudian menentukan data (output) untuk kolom dan baris, misal secara
berurutan dari kolom teratas sampai baris paling bawah yaitu (111-11 10).
Selanjutnya menentukan data pembanding yang ke-n, misal (0111-11 10).
Setelah menentukan data pembanding yang ke-n, maka siap membaca data
(input) dari penekanan tombol pada keypad untuk scan yang ke-n. Jika data
input dan output sama, maka proses scaning dihentikan. Perlu diinggat proses

dihentikan pada saat scan yang ke-n, maka data karakter yang diambil juga

yang ke-n, misal nilai ‘n =1’ karakternya yaitu “3”,
Bila proses scaning dihentikan atau sudah melakukan scaning sebanyak 16

kali, maka program keluar dari proses scaning menuju program selanjutnya
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dalam software. Sebaliknya bila proses tidak dihentikan dikarenakan data
input dan output tidak sama atau scaning belum 16 kali , maka proses menuju
poin (6).

Jika pencocokkan antara data input dan output tidak sama, maka proses
diteruskan dengan menentukan data pembanding yang ke-(n + 1), yaitu
dengan cara menggeser ke kanan satu kali logic ‘0’ pada kolom dan
menetapkan data pada barisnya. Proses kembali pada poin (4).

Jika kolom sudah digeser 4 kali, maka diganti dengan menggeser satu kali ke
kiri logic ‘0’ pada baris dan mengembalikan data kolom pada posisi awal
yaitu seperti poin 3 (0111). Sedangkan data pembanding dilanjutkan yang ke-
(n + 1) dan proses kembali pada poin 4.

3.2.4. Rangkaian Converter Analog to Digital (ADC 0809)

Penggunaan rangkaian ADC 0809 yang merupakan ADC dengan sistem

Succesive Approximation. ADC 0809 ini memiliki 8 buah input, tetapi dalam

perancangan ini hanya menggunakan empat buah inputan yaitu D0-D3. Untuk

menyeleksi empat inputannya terdapat tiga bit address yang ada pada ADC 0809

(A0, Al & A2) dimana pin ini akan dihubungkan dengan mikrokontroller

AT89S8252 untuk pengontrolannya.

Dikarenakan tegangan yang di inputkan 0-5 Volt, maka tingkat resolusi

dari ADC 0809 diharapkan cukup kecil juga, sehingga penulis menggunakan Vref

= 5Volt. Untuk membuat ADC 0809 dapat bekerja, maka perlu sebuah sumber

45



pulsa frekuensi sebesar 900Hz, yang dihasilkan dari rangkaian fangki pulsa (C &

R). Rangkaian dan besar nilai “C & R” dapat di cari sebagai berkut:

F = I/ILIRC (3.7
900Hz = 1/(1,1 x 1000 x C)
-9
C = 10°F = InF
ADCO0809 .
| . from §_Kelemtaban-1~2—| in.o msb2-| 2k toPortd
2.2
| . fromS_Ketembaban-2—21—] IN.1 23 —12
24—
fom S_Kelembuban3—2— N.2 28
26
| “from § Relemboband—L—o» IN.3 27 M
1sb2-8
2| ing , v
\ o el o CE
IN-S — from Por1 34
. ADD-A :  from Port 3.1
Mo lems P fmls
rom Port 3.3
s " e
. ALE :
16 | ey ENABLE — 74HC14
12 START —S-
ref{+) CLOCK

Gambar 3.5. Rangkaian ADC 0809

*Sumber : Perencanaan

3.2.5. Rangkian Timer RTC DS12C887

Seperti telah dijelaskan dalam sebelumnya (tinjauan pustaka), bahwa
untuk mengoperasikan IC fimer ini diperlukan beberapa langkah, yaitu
menentukan register A, B dan register C pada IC. Sedangkan untuk mengambil
data dari hasil operasi timer RTC, dengan cara pembacaan inferrupt pada bit
“IUP” yang terletak pada register C. Pengaturan interrupt TUP langsung dikontrol
oleh register B. Sedangkan pembacaan IUP ditentukan oleh frekuensi counter
pada RTC, dimana frekuensi ini diatur pada register A.

Besarnya frekuensi counter yang dihasilkan dapat dilihat pada pin SQW,

dengan duty cycle 50%. Sama seperti halnya IUP, SQW juga diatur oleh register
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B untuk pengaktifkannya. Setelah bii IUP memiliki carry flag “1”, data waktu
dapat diambil. Selanjutnya sebelum ditampilkan pada layar display LCD, terlebih
dahulu data (jam, menit, tanggal, bulan dan tahunnya) akan dicocokkan dengan
data masa aktif dari masing-masing agenda yang tersimpan pada memori.
Hubungan tatap muka antara IC fimer RTC DS 12C887 dengan sistem
kontrol ditentukan oleh pin MOT pada pin 1. Bila berhubungan dengan sistem
kontrol MOTOROLA maka pin MOT dihubungkan dengan Vce, sebaliknya bila
dengan sistem kontrol INTEL (mikrokontroler) pin MOT dihubungkan dengan
ground. Rangkaian timer RTC nilai komponen penunjang, dicuplik dari
“dplication Data Sheet Dallas Semicoductor”, Sedangkan untuk jalur pin data-

alamat serta pin kontrol disesuaikan dengan perencanaan sistem seperti

ditunjukkan pada gambar 3.6:
+5V
an Port0.0-0.7“\ /4_‘ ADO MOT | 1
5 ADI1 SQWOUT | 23 I R=10K
— =
6 AD2 INT [ 19
] —=
i AD3 RESET 18
/ — IC=IOuF
/8 — A DS L 17  omporiis =
< fomPor3g ]
4 < fromPort37 )
/IO_ ADS AS/AE 4 From P ALE )
1L} AD7 CS | _13
y/ (fromPort3.5___|
RTC DS 12C887

Gambar 3.6. Rangkaian Timer dengan IC RTC DS 12C887
*Sumber : Perencanaan
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3.2.6. Rangkaian Sistem Kontrol Utama (Mikrokontrole AT89S8252)

Dalam perancanngan perangkat keras mikrokontroler AT89S8252 sebagai
kontrol utama untuk menjalankan sistem, akan dibantu dengan rangkaian
penunjang lainnya. Penggunaan rangkaian karena sistem kontrol beroperasi dalam
sistem digital, sedangkan objek yang dibaca maupun yang dikontrol merupakan
sistem analog murni. Mikrokontroler memiliki memori mpenyimpan program
(Flash EPROM) dan penyimpan data dengan (EEPROM), yang sifatnya non
volatile (tidak menguap) meskipun power dimatikan.

Pada mikrokontroler tersebut menggunkan sistem clok eksternal dengan
frekuensi 12MHz. Clok ini akan disusun dari kristal 12MHz dan 2 kapasitor
keramik 30pF. Gambar minimum sistem dari IC kontrol mikrokontroler
ATR89S58252 beserta jalur data dan kontrol ditunjukkan pada gambar 3.7 berikut:

P10

% START-ADC B o mmi
A INTO
% CS-RIC E—m

i TO
ssv—2 ] ERve

—l ] %y

18

x2
2| RESET

1o WR-RTC :Z o RD_

10 DS-RTC -0 WR

+5V AT8958252

£
o 30pF i :_I; 30pF

-

Gambar 3.7. Rangkaian Sistem Kontrol AT89S8252

*Sumber : Perencanaan

3.2.7. Rangkaian Driver Selenoid Valve
Untuk menghubungkan pengontrol utama mikrokontroler dengan alat
yang dikontrol, dibutuhkan suatu rangkaian penyesuai tegangan antara tegangan
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pengontrol utama mikrokontroler dengan tegangan alat yang dikontrol. Penyesuai
tegangan ini yang disebut rangkaian driver.

Selenoid pada perencanaan ini berfungsi sebagai buka-tutup kran air
penyiraman. Komponen yang digunakan adalah 2 buah transistor NPN FCS 9013
dengan Hfe 120 dan TIP 41 Hfe 40. Sebuah solenoid 12V dan 1 buah diode
sebagai penghantar arus diri pada kumparan selenoid. Dimana kedua komponen
tersebut disusun dengan driver model darlington guna menghasilkan penguatan
arus yang besar, sehingga sesuai dengan kebutuhan beban. Kerena memiliki
penguatan arus yang sangat besar, maka diperlukan pembatas arus dengan resitor
basis (Rp) pada basis transistor utama, agar transistor beban tidak berkerja terlalu
jenuh akibat kelebihan arus basis.

L

hﬁ,_, x hﬁ,_2
14

120 x 40

Veg—=2 % Vi
1 B

5V -2x0,6

"~ 0,208mA

b

(3.8)

=0,208mA

R,= (3.9)

=18,2694Q

Untuk pemasangan Rb yang mendekati maka dipasang nilai 20 KQ.
Gambear dari driver solenoide terdapat pada gambar 3.8.
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e

1b=0,208mA

Gambar 3.8. Rangkaian Driver Selenoid Mode! Darlington
Sumber : Perencanaan
3.2.8. Rangkaian Dispplay LCD (M1632)

Rangkaian LCD dot matrik 2 x 16 karakter ini adalah komponen display
yang paling umum digunakan saat ini. Display LCD 2 x 16 karakter ini memiliki
ROM sebagai penyimpan karakter sebanyak 192 buah. Sebelum mengoperasikan
LCD sebagai penampil karakter, terlebih dahulu ditentukan format penulisan
LCD. Dalam format penulisan LCD ada beberapa aturan yang diberikan oleh
pabrik pembuatnya (data sheet) yaitu:

1. Menentukan jalur bit data yang akan digunakan (4bit atau 8bit).
2. Membersihkan layar display dari karakter blank.

3. Menentukan alamat baris pertama dan baris kedua.

4. Dalam penulisan karakter menggunakan cursor atau tidak.

Jika pepginisialisasian telah selesai, langkah selanjﬁtnya menulis karakter
yang diinginkan, misal tampilan yang diinginkan “123”, maka format data yang
ditransferkan ke jalur data adalah format data BCD angka 123 yang masing-

masing disertai data posisi baris. Data yang dikirim ke LCD cukup satu kali,
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selanjutnya data akan terus ditampilkan berulang-ulang oleh LCD itu sendiri
selama tidak ada intruksi membersihkan layar display. Hubungan pin data dan pin

kontrol LCD dengan mikrokontroler ditunjukkan dalam gambar 3.9 di bawah ini:

+5V

{ LCD DOT MATRIK !

i 2 x 16 CHARACTER TYPE MI1632 | IN$001
|
|
i

j Vss Ve Vee RS RAWEN DO DI D2 D3I D4 DS D6 D? AN KT

P[] [T

|
1

=

toPort0

K {_roPort2s >

i

I { toPo26 "

Gambar 3.9. Rangkaian LCD dengan Jalur Data dan Pin Kontrol

*Sumber : Perancangan

3.3. Perencanaan Perangkat Lunak (Software)

Pada sub-bab ini dibahas juga perencangan perangkat lunak secara
diagram alir. Untuk pemakaian sitem kontrol digital terprogram, perlu
direncanakan perangkat lunak yang dapat mengatur sistem tersebut. Perangkat
lunak disini adalah susunan perintah-perintah (program) di dalam memori yang
harus dilaksanakan oleh mikrokontroler.

Di dalam suatu mikrokontroler terdapat memori (Flash EPROM))

merupakan fasilitas utama untuk penyimpanan intruksi, karena disinilah disimpan
perintah-perintah yang harus dikerjakan. Perencanaan perangkat lunak (software)
didasarkan perencanaan perangkat keras yang telah dibuat sebelumnya, untuk
mendapatkan sistem kerja yang diharapkan. Software dari alat tersebut terdapat di

bagian lampiran dan diagram alir (flow chart).
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3.3.1. Flowchart

START

INISIALILASI
MIKROKONTROLER & LCD

PILIH MENU:
1). TIMER
2). KELEMBABAN
3). EXIT

MASUKKAN SETING RTC
deagsa DATA (TAHUN, BULAN,
HARL JAM , MENIT dea DETIK

MASUKKAN RETING DATA
KELEMBABAN

SIMPAN DATA SETING ke
MEMORI

TAMPILKAN
DATA JAM

SUDAN $s

YA

SELENOID 'ON*
KRAN BUKA

KONVERSI DATA ko
DECIMAL

TAMPILKAN
DATA ke LCD

BANDINGKAN DATA SENSOR
TIDAK deages DATA KEYPAD

IDAK
SELENOID 'OFF
KRAN TUTUP

TIDAK

Gambar 3.10. Flowchart Program Penyiraman Otomatis
*Sumber : Perencanaan
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BAB 1V

PENGUJIAN ALAT

Untuk mengetahui sistem penyiraman otomatis pada tanaman
kedelai secara terprogram ini dapat beketja seperti yang diharapkan, maka
diperlukan pengujian-pengujian terhadap sistem. Dalam rangka pengujian
tersebut, pada bab ini diuraikan sejumlah pengukuran dan percobaan yang
dilakukan untuk mengetahui sistem kerja alat secara keseluruhan. Ada bebrapa
cara dalam pengujian yaitu pengujian perangkat keras (hardware) per-blok dan
alat secara keseluruhan (hardware dan software). Berikut ini prosedur pengujian

perblok dan hasil pengamatan terhadap pengujian.

4.1.  Pengujian Sensor Kelembaban Tanah dan Rangkaian Penguat

a. Tujuan:
Pada pengujian ini bertujuan untuk mengetahui kepekaan sensor
kelembaban dalam mendeteksi tingkat intensitas kadar air dalam tanah
dengan jenis dan kedalam tanah yang berbeda.

b. Alat dan bahan:
- Catu daya +5Volt DC
- Voltmeter digital

- Media tanah dan air

- Rangkaian pengujian
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c. Blok gambar cara pengujian:

v

POT=50k 43V
?
-

= 3 A
Ri= 100k + 1
AT =" LMo
N : o
R=100k

Keping Bgja

Gambar 4.1. Pengujian Sensor Kelembaban Tanah
Sekaligus Rangkaian Penguat Tegangan
*Sumber : Rangkaian pengujian

d. Data hasil pengukuran alat:

Tabel 4.1
Data Hasil Pengukuran Rangkaian Sensor Kelembaban Tanah
Tegangan Output | Penguatan Tegangan Output

No | Jenis Tanah | Kelembaban Sensor (Volt i Op- ol

1 Liat Kering 4,35 1 4,83

2 Liat Lembab 2,78 1 2,55

3 Liat Basah 0,43 1 0,62

4 Pasir Kering 4,21 1 4,24

5 Pasir Lembab 2,32 1 297

6 Pasir Basah 0,22 1 0,31

*Sumber : Data hasil pengukuran
¢. Analisis:
Setelah melakukan pengujian dan melihat data dari hasil beberapa
pengukuran kelembaban tanah, di dapat analisis yaitu, sensor kelemaban
dapat mendeteksi adanya air dalam tanah dan sensor memiliki tingkat

resistansi yang berbeda untuk tiap struktur tanah yang berbeda.
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4.2. Pengujian Rangkaian ADC 0809
a. Tujuan:
Untuk mengetahui hasil konversi tegangan analog menjadi bentuk
tegangan digital (high ‘1’ & low ‘0°) dari tiap volt inpur tegangan analog.
b. Alat dan bahan:
- Catu daya + 5Volt DC
- Voltmeter digital
- 8 LED masing-masing dipasang seri dengan resistor 220 Ohm,
- Variabel tegangan input (sebagai simulasi pengujian)
- Rangkaian pengujian.

c. Blok gambar cara pengujian:

H ié

Z
..;u.,_lsr.ag
2 zf

—_

Ay

7 _
4
3
22
|16 refs) ENABLE :
2 START 00
-

L

Gambar 4.2. Pengujian Rangkaian ADC 0809
*Sumber : Rangkaian pengujian
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d. Data hasil pengukuran alat:

Tabel 4.2
Data Hasil Pengukuran Rangkaian Konversi ADC 0809
Vin 0 Keluaran ADC
(Volt) Perhitungan Pengukuran
m— 7-D 3-1)0 Hex D7-D __ Des

5,09 1111 1111 255 FFH 1111 1111 255
4,76 1110 1110 238 EEH 1110 1111 239
4,40 1101 1100 220 DCH 1101 1100 220
4,00 1100 1000 200 C8H 1100 1011 203
3,76 1011 1100 188 BCH 1011 1110 190
3,24 1010 0010 162 A2H 1010 0000 160
3,08 1001 1010 154 9AH 1001 1011 155
2,84 1000 1110 142 8EH 1000 1110 142
2,52 0111 1110 126 7EH 0111 1110 126
2,20 0110 1110 110 6EH 0110 1110 110
1,88 0101 1110 94 SEH 0101 1110 94
1,54 0100 1101 77 4DH 0100 0000 64
1,24 0011 1110 62 3EH 0011 0000 48
0,92 0010 1110 46 2EH 0010 0000 32
0,62 0001 1111 31 1FH 0001 1111 31
0,28 0000 1110 14 OEH 0000 1111 15

0,00 0000 0000 0 00H 0000 0000 0
*Sumber : Data pengukuran
Keterangan:

Vin = Tegangan input ADC

“1” =LED ON

“o” = LED OFF

D7-D4 = Keluaran D7, D6, DS, D4 (MSB)
D3-D0 = Keluaran D3, D2, D1, DO (LSB)

Des = Keluaran dalam bentuk desimal

e. Analisis:
Pada percobaan ini kesalahan (error) masih dapat diabaikan, jika
kesalahan tersebut berada pada keluaran Dy-D; , karena bobot nilai dari
rumus (2) pada keluaran ini sangat rendah, yakni antara (0 ~ 3 desimal)

saja.
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4.3. Pengujian Rangkaian Driver Selenoid

Pengujian driver selenoid sebagi simulasi penggerak buka tutup kranair
secara elektrik, dengan cara menghubungkan catu daya yang sesuai (+12 V)
terlebih dahulu, kemudian memberi masukan pada input logic (1 / 0) pada basis
transistor driver.

Dengan pengujian cara ini dapat diketahui pada saat inpur diberi masukan
logika “1” maka transistor pertama (9013) akan mengalirkan arus kolektor yang
lebih besar dan sebanding dari hasil kali arus basis dengan penguatan arusnya
(Hfe). Kemudian arus kolektor yang mengali menuju emitor akan diumpankan
pada basis transistor terakhir, dengan demikian maka, arus kolektor pada
transistor (TIP 41) akan mengalir melalui selenoid. Pada kondisi, ini selenoid akan
membangkitkan medan listrik yang akan membuka katup penutup aliran air
(sebagai kran). Kondisi sebaliknya jika input basis transistor pertama diberi
logikia Jow ‘0’, maka arus kolektor pada kedua transistor akan tersumbat dan
menyebabkan selenoid tidak melepaskan katup penutup kran, dengan demikian

kran air akan tertutup kembali.

+5 [
SELENOID
R 10k
Rb=18k Ie=1A
b

.208mA

<

Input logic = i

——

Gambar 4.3. Pengujian Driver Selenoid Valve
*Sumber : Rangkaian pengujian
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4.4.  Pengujian Timer RTC DS 12C887, LCD & Keypad

a. Tujuan:
Bagaimana memanfaatkan sebuah IC timer dan sekaligus RAM
internalnya, yang data padanya tidak hilang walaupun catudaya dimatikan.
Kemudian bagaimana menampilkan data timer tersebut pada display LCD,
dimana dalam pengujian ini sudah termasuk cara penulisan data pada
display LCD.

b. Alat dan bahan :
- Sumber tegangan +5VDC
- Program ‘HB 2000’ serial pada PC sekaligus emulator
- Sofiware dengan bahasa assembler
- Rangkaian minimum sistem mikrokontroler, RTC, LCD dan keypad.

¢. Gambar cara pengujian :

[ e s e |

|

:
L

p—i. r,

1

A

m%#ai!g 5

iJ: H:L;J—

EEEEEEE

38 sesamass msaaanm

=
L "'; -

J

Gambar 4.4. Blok Cara Pengujian Rangkaian RTC dengan LCD dan
Mikrokontroler AT89S8252

*Sumber : Pengujian
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Folwchart pengujian IC RTC dan LCD dengan program assembler:

PMISIALIIALI MIKROKONTROLER
(MENENTUKAN PORT 1O & RAM)

NISIALISASILCD
CLEAR DISPLAY & CRUSOR SERTA
MENENTUKAN JALUR DATA Sha

)

MEMPERSIAPRAN DISPLAY &
MENENTUKAN POSISI AWAL
UNTUK PENULISAN DAKIS b 122

v

INDIALISASIRTC
MENENTUKAN 151 REOISTER *A, D, C° &
WAKTU INTRUPSI DATA BARUAE

'

MEMASUKKAN DATA JAM,
MNT, DTK, HR, BLN & THN

INTRUPSI
DATA BARY
L3 {4

AMBD, DATA DARIRTC
(TAM. MNT, DTK, KR, BLN & TRN)

CLRAR LAYAR DISPLAY 1CD

MENYIAPKAN CRUSOR PADA
BARIS he-)

TULIS DATA
HARLOULAN.TAKUN

MENYIAPRAN CRUBOR PADA
BARIS t03

TULIS DATA
JAM:MENIT DETIK

Gambar 4.5. Flowchart Penulisan dan Pengambilan Data RTC & LCD

*Sumber : Pengujian

€. Data hasil pengujian :
Tabel 4.3

Data Hasil Pengamatan Timer RTC Pada LCD
No Baris LCD Tampilan LCD Keterangan

1 Pertama Minggu —Oktober — 2005 | Pergantian Hari/Jam 00:00:00
2 Kedua 20:45:05 Timer-Up/Detik

*Sumber : Pengujian
f. Analisis:
Pada pengujian blok ini tidak dapat dilakukan seperti pengujian rangkaian

lainnya, karena pada blok ini masih membutuhkan perangkat lunak untuk
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mengatur dan membaca data RTC tersebut. Pengujian RTC ini didukung
rangkaian kontrol dan display LCD, karena pengujian rangkaian RTC
tidak dapat berdiri sendiri. Melihat dari tabel hasil pengamatan pada
pengujian RTC dan LCD, menunjukkan bahwa program penulisan dan
pembacaan sekaligus menampilkan data waktu pada layar display LCD,

berjalan sesuai yang diharapkan.
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BAB YV

PENUTUP

5.1. Kesimpulan
Dari hasil perancangan, pengujian dan analisis alat didapat bebarapa
kesimpulan sebagai berikut :
1. Sistem hanya dilengkapi empat sensor dan empat selenoid pembuka kran air.
2. Waktu penyiraman dapat dilakukan sewaktu-waktu, kecuali pada jam-jam
khusus jika terjadi kekeringan, sistem kontrol akan menahan pembuka kran air
tetap tertutup, yakni dari jam 11 — 1 siang.
3. Penyiram akan dilakukan, jika sensor terbaca lebih kecil dari harga data pada
keypad, dan selama itu kran air akan membuka.
4. Penggunaan IC RTC DS12C887 dapat memberikan pewaktuan yang tepat saat
pada jam-jam khusus untuk tidak menyiram, hal ini untuk menghindari
terbakarnya daun akibat dari terik sinar matahari.
5.2. Saran-Saran
1. Diperlukan penyesuaian alat (mekanik) jika untuk penggunaan yang
sesungguhnya (kran air dan banyaknya sensor).

2. Sistem dapat dikembangkan dengan memberikan data kelembaban sampai
pada akhir tanaman (panen).

3. Penyesuaian sensor kelembaban dapat dikembangkan menjadi model
tongkat yang diberi satuan centimeter untuk mengukur kedalaman sensor.

4. Sensor dapat diperbanyak dengan cara dipararelkan.
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KONSTANTA PORT

LCD EQU PO ;DISPLAY

RTC EQU PO ;TIMER

ADC EQU PO ;ADC0809

KEY EQU P1 ;KEYPAD

SEL_1 BIT P20 ;

SEL_2 BIT P21 ;

SEL_3 BIT P22 ;

SEL_4 BIT P23 ;

MTR BIT P24 ;

RS BIT P25

EN BIT P26

CON_A BIT P3.0

CON_B BIT P3.1

START BIT P3.2

EOC BIT P33

CS T BIT P34

BACA BIT P3.5

; RAM

BARIS EQU 3BH

DATA_4 EQU 3CH

PER_BARIS EQU 3DH

BAN PI EQU 3EH

COMMON EQU 3FH

BOUNC EQU 35H

DAT EQU 36H

DATA_KEY EQU 37H

REG_A EQU 0AH

REG_B EQU 0BH

REG_C EQU OCH

REG D EQU ODH

RTC_DETIK EQU O00H

RTC_MENIT EQU 02H

RTC_JAM EQU 04H

RTC_HARI EQU 06H

RTC_TANGGAL EQU 07H

RTC_BULAN EQU 08H

RTC_TAHUN EQU O09H

RTC_CENTURY EQU 32H

PULUHAN EQU 40H
EQU 41H

SATUAN

-



PUL_TAHUN
SAT_TAHUN
PUL_BULAN
SAT BULAN

PUL_TANGGAL
SAT_TANGGAL

PUL_HARI
SAT_HARI
PUL_JAM
SAT_JAM
PUL_MENIT
SAT_MENIT
PUL_DETIK
SAT_DETIK

DAT_TANGGAL

DAT_HARI
DAT BULAN
DAT_TAHUN

DAT_JAM
DAT_MENIT
DAT_DETIK

DAT _UPP
DAT_DWN
DAT_ERR
DAT BUF
BUF_HARI
BUF_BULAN
DAT_KON
DAT_KONVIC

LEMB_1
LEMB_2
LEMB_3
LEMB 4

BUF _1
BUF_2
BUF_3
BUF 4

EROR_1
EROR_2
EROR_3
EROR_4

CAD_1
CODE_1

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU

EQU
EQU

42H
43H
44H
45H
46H
47H
48H
49H
4AH
4BH
4CH
4DH
4EH
4FH

SOH
S1H
S2H
53H

54H
S5H
S6H

S7TH
S8H
59H
SAH
SBH
S5CH
SDH
SEH

60H
61H
62H
63H

64H
65H
66H
67H

68H
69H
6AH
6BH

6CH
6DH



CODE_2 EQU 6EH
VALUE EQU 6FH
; PROG_AWAL
ORG OOH
SETB CS_T
SETB SEL_I
SETB SEL_2
SETB SEL_3
SETB SEL_4
SETB MTR
SETB EN
CLR BACA
CLR RS
LCALL INIT_LCD
LCALL HEADO_1
LCALL PLEASED
START_1:
LCALL AMBIL_PERSEN
LCALL BACA_ADC
LCALL TAMPIL
LCALL BANDING
LCALL SIRAM
LCALL KEY_SCAN
MOV A,DAT
CINE A#1,START 2
MOV DAT,#0
MOV A DATA_KEY
CINE A#OFH,START 2
LIMP MENU
START _2:
LCALL TUNDA
LIMP START_1

L]

: PRO_AMBIL PERSEN

AMBIL_PERSEN:
MOV
MOV
MOV
CLR
PERSEN:
LCALL
MOVX
LCALL

RO,#60H
R1,#10H
R7,44
CS_T

DELAY

A,@R1
DELAY



MOV @RO,A

INC RO
INC RI

DINZ R7,PERSEN

SETB CS_T

RET

’

: PRO_BACA_ADC

BACA_ADC:
MOV
MOV
MOV
CLR
CLR
LCALL

BACA_Y:
LCALL
LCALL
LCALL

: JNB

LCALL
SETB
LCALL
MOV
CLR
MOV
SUBB
MOV
DIV
MOV
MOV
MOV
MUL
MOV
DIV
MOV

MOV
SWAP
ORL
MOV
INC
INC
CLR
DINZ
RET
BACA _1:

RO,#64H
R7,#4
CAD 1,40
CON_A
CON B
DELAY

TULISEN
DELAY
DELAY
EOC,$
GUN 1
BACA
DELAY

A,ADC

o

B,#25

AB

B#24

AB
CODE_1,A
AB

B,#10

AB

B#26

AB
CODE_2,A

A,CODE _1
A
A,CODE 2

@RO,A
RO
CAD |

BACA
R7,BACA_1



MOV A,CAD_1
CINE A#1,BACA 2
SETB CON_A
CLR CON B
LIMP BACA_Y

BACA_2:
CINE A#2,BACA 3
CLR CON_A
SETB CON B
LIMP BACA_Y
BACA_3:
SETB CON_A
SETB CON B
LIMP BACA_ Y
;*********## ****"START"*********‘*** e o ok ofe ok ok sk e ok
TULISEN:
SETB START
LCALL DELAY
LCALL DELAY
CLR START
LCALL DELAY
RET
: PRO_TAMPIL
TAMPIL:
MOV R1,#60H
MOV R7,#4
LCALL CLEAR_TAMPILAN
LCALL ROW 1
MOV DPTR,#MAS 3
LCALL WRITE
TAMPIL_3:
MOV A,@RI1
ANL A #0FOH
SWAP A
CINE A #0,TAMPIL 1
LCALL SPASI
SIMP TAMPIL,_2
TAMPIL_1:
LCALL TULIS
TAMPIL_2:
MOV A,@R1
ANL A #0FH
LCALL TULIS
LCALL STRIP
INC Rl
DINZ R7,TAMPIL 3
MOV R1,#64H



MOV R7#4
LCALL ROW 2
MOV DPTR#MAS_4
LCALL WRITE
TIMPIL_3:
MOV A,@R1
ANL A, #OFOH
SWAP A
CINE A#0,TIMPIL_1
LCALL SPASI
SIMP TIMPIL_2
TIMPIL_1:
LCALL TULIS
TIMPIL_2:
MOV A,@R1
ANL AH#OFH
LCALL TULIS
LCALL STRIP
INC R1
DINZ R7,TIMPIL_3
RET
; PRO_BANDING
BANDING:
MOV DAT UPP#60H  ;LEMB
MOV DAT DWN#64H ;BUF
MOV RO,#68H
MOV R7.#4
BAND_1:
MOV A,DAT_UPP
MOV R1,A
MOV A@RI
MOV B,A
MOV A,DAT_DWN
MOV R1,A
MOV A,@R1
CLR C
CINE A,B,BAND 2 ;BUF/LEMB
BAND_4:
MOV AH0
BAND_3:
MOV @RO,A
INC RO
INC DAT_UPP
INC DAT_DWN
DINZ R7,BAND I
RET
BAND_2:
INC BAND_4



MOV A#l
SIMP BAND _3
; PRO_PUTAR
SIRAM:
CLR CS_T
LCALL DELAY
LCALL CEK_UIP
LCALL DELAY
MOV RO#RTC_JAM
LCALL DELAY
MOVX A,@RO
LCALL KONVERSI
MOV PUL_JAM,PULUHAN
MOV SAT_JAM,SATUAN
LCALL AS_BIN
MOV DAT_JAM,A ;UTK_PEMBANDING
SETB CS. T
LCALL DELAY
MOV A,DAT JAM
CINE A#0BH,TARA 1
MOV VALUE#1
SIMP TARA_3
TARA_1:
CINE A#OCH,TARA 2
MOV VALUE,#1
SIMP TARA_3
TARA_2:
' MOV VALUE,#0
TARA_3:
MOV R1,#68H
MOV DAT.#0
MOV A,@R1
CINE A#0,TAR_1
TER_1:
SETB SEL 1
INC R1
SIMP TAR_2
TAR_1:
MOV A,VALUE
CINE A#0,TER 1
CLR SEL 1
MOV DAT,#1
INC R1
TAR_2:
MOV A,@R1



CINE
TER_2:
SETB
INC
SIMP
TAR_3:
MOV
CINE
CLR
MOV
INC
TAR _4:
MOV
CINE
TER_3:
SETB
INC
SIMP
TAR_S:
MOV
CINE
CLR
MOV
INC
TAR_6:
MOV
CINE
TER_4:
SETB
INC
SIMP
TAR_7:
MOV
CINE
CLR
MOV
INC
TAR_8:
MOV
CINE
TAR_A:
SETB
RET
TAR_9:
MOV
CINE
CLR

A#0,TAR 3

SEL 2
Rl
TAR 4

A,VALUE
A,#0,TER 2
SEL_2
DAT.#1

RI

A,@R1
AH#0,TAR 5

SEL 3
R1
TAR_6

A,VALUE
A#0,TER_3
SEL 3
DAT,#1

Rl

A,@R1
A#0,TAR 7

SEL_4
RI
TAR 8

A,VALUE
AH#0,TER 4
SEL_4
DAT,#1

R1

A,DAT
AH#0,TAR 9

MTR
A,VALUE

AH#0,TAR_A
MTR



RET

3

; PRO_SETTING_MENU

MENU:

;SET_LEMBAB

;EXIT

LCALL SETT_1
MOV CODE_1,#40
LIEP_1:
MOV CODE_2,#250
LIEP_6:
LCALL KEY_SCAN
MOV ADAT
CINE A#1LIEP 3
MOV DAT,#0
SIMP LIEP_4
LIEP_3:
DINZ CODE_2,LIEP 6
DINZ CODE_1,LIEP 1
LIMP START_1
LIEP 4:
MOV ALDATA_KEY
CINE A#O1H,LIEP_S
LIMP CEK_TIMER ;CEK_RTC
LIEP_S:
CINE A#02H,LIEP 7
LCALL LEMBAB
LCALL DELAY
LIMP MENU
LIEP_7:
CINE A#03H,LIEP 3
LCALL DELAY
LIMP START _1
LEMBAB:
MOV BUF_1,#5
MOV BUF_2,#0AAH
MOV BUF_3,#2
LCALL NO_MEN
NUM_1:
LCALL KEY_SCAN
MOV ADAT
CINE A#INUM_1
MOV DAT,#0
MOV ADATA_KEY
MOV BUF_1,A
CINE A#OCH,NUM_2
RET
NUM_2:
CLR C



CINE
SIMP
NUM_22:
INC
CINE
SIMP
NUM_3:
LCALL
NUM_33:
LCALL
MOV
CINE
MOV
MOV
CINE
LCALL
NUM_4:
LCALL
MOV

MOV
MOV

CINE
RET

NUM_5:
CLR
CINE
SIMP

NUM_55:
INC
MOV
SWAP

ORL
MOV
LCALL
DINZ
NUM_7:

LCALL
MOV
CINE
MOV
MOV

SIMP
NUM_6:

CINE
NUM_S:

LCALL

AH#OSH,NUM_22
NUM_1

NUM_1
A #0,NUM_3
NUM _1

NO_MEN

KEY_SCAN
ADAT
A#1,NUM_33
DAT,#0
A,DATA_KEY
AH#OEH,NUM 33
WAKTU

KEY_SCAN
A,DAT
A#1,NUM_4
DAT#0
ADATA_KEY

A#OCH,NUM_5

C
A#OAHNUM_55
NUM_4

NUM_6
A,BUF 2

A

A#0FOH
ADATA_KEY
BUF 2,A
NO_MEN
BUF_3,NUM_4

KEY_SCAN
ADAT
A#1NUM_7
DAT,#0
ADATA_KEY
AH#OEH,NUM 7
NUM_8

A#0EH,NUM_4

WAKTU



LCALL TUNGGU_1
MOV A,BUF_1
MOV B,#0FH
ADD AB
MOV RO,A
CLR CS_T
MOV A,BUF 2
LCALL DELAY
MOV x  @ROA
LCALL DELAY
SETB CS_T
RET

TULIS:
ORL A#30H
MOV LCD,A
LCALL LCD_CONTROL
RET

?

; PRO_CEK TIMER

CEK_TIMER:
LCALL

LIOP_1:
LCALL
MOV
CINE
MOV
MOV

CINE
LIMP
LIOP 2:
CINE
LIMP
LIOP_3:
CINE
LCALL
RET

TUNGGU 2

KEY_SCAN
ADAT
A#1,LIOP 1
DAT,#0
A,DATA_KEY

A#OAH,LIOP 2
LIHAT RTC

A#OBH,LIOP 3
SETING_RTC

AH#OCH,LIOP 1
DELAY

;LIHAT TIMER

;GANTI TIMER

;GANTI TIMER

’

; PRO_LIHAT TIMER

LIHAT RTC:
MOV

SEEP 1:
LCALL
LCALL
LCALL

R6,#10
AMBIL_DATA

AMBIL_HARIAN

TAMPIL_RTC

;AMBIL DATA RTC
;AMBIL HARI RTC
;TAMPIL DATA RTC



DINZ R6,SEEP_2

LIMP MENU
SEEP_2:

LCALL KEY_SCAN

MOV A,DAT

CINE A#1,SEEP 1

MOV DAT#0

MOV ADATA_KEY

CINE A#0CH,SEEP 1

LIMP MENU

H

: PRO_SETTING_RTC_DGN_TAMPILAN

SETING_RTC:
MOV DAT_DWN,#0
MOV DAT_UPP,#99
MOV DAT_TAHUN,#0
MOV DAT_BUF#7

LCALL SET_TIMER ;DISPLAY
LCALL SET_TAHUN ;DISPLAY
MOV ADAT TAHUN
LCALL RIBU

YES_1:
MOV R7#1
LCALL KEY_SCAN
MOV ADAT
CINE A#1YES 1
MOV DAT#0
MOV ADATA_KEY
CINE A#03H,SEY_1 ;UPP(3)
SIMP YES_XX
SEY_1:
CINE A#OTH,SEY 2 ;DWN(7)
SIMP YES_YY
SEY_2:
CINE AM#OEH,YES_1 ;ENTER(E)
DINZ DAT_BUF,YES_BUF
LIMP SIMPAN_RTC
YES_BUF:
LIMP YES_4
YES_YY:
LIMP YES_Y
YES_XX:
MOV A,DAT_BUF
CINE A#7,YEX 1
MOV ADAT _TAHUN

MOV B,DAT_UPP



CINE
LIMP

UPPER_1:

LCALL
LCALL
INC
LCALL
LIMP

YEX _1:

CINE
MOV
MOV
CINE
LIMP

UPPER 2:

LCALL
LCALL
INC
LCALL
LIMP

YEX_2:

CINE
MOV
MOV
CINE
LIMP

UPPER_3:

LCALL
LCALL
INC
LCALL
LIMP

YEX_3:

CINE
MOV
MOV
CINE
LIMP

UPPER_4:

LCALL
LCALL
INC
MOV
LCALL
LIMP

YEX_4.

CINE
MOV
MOV
CINE

A,B,UPPER I
YES _1

SET TIMER ;DISPLAY
SET_TAHUN ;DISPLAY
DAT_TAHUN

RIBU

YES_1

A#6,YEX 2
A.DAT_BULAN
B.DAT_UPP
A,B,UPPER 2
YES_1

SET TIMER ;DISPLAY
SET_BULAN ;DISPLAY
DAT _BULAN
BUL_UPDW

YES_1

A#5,YEX 3
ADAT HARI
B,DAT_UPP
A,B,UPPER 3
YES_1

SET TIMER ;DISPLAY
SET HARI ;DISPLAY
DAT_HARI
HAR_UPDW

YES_1

AH#4.YEX_4
ADAT_TANGGAL
B,.DAT_UPP
A,B,UPPER 4
YES_1

SET_TIMER ;DISPLAY

SET TANGGAL  ;DISPLAY
DAT TANGGAL

ADAT TANGGAL

BAGI

YES 1

A#3,YEX_S
ADAT_JAM
B,DAT_UPP
A,B,UPPER 5



LIMP
UPPER_S:
LCALL
LCALL
INC
MOV
LCALL
LIMP
YEX §:
CINE
MOV
MOV
CINE
LIMP
UPPER_6:
LCALL
LCALL
INC
MOV
LCALL
LIMP
YEX_é:
MOV
MOV
CINE
LIMP
UPPER_7:
LCALL
LCALL
INC
MOV
LCALL
LIMP

YES_Y:
MOV
CINE
MOV
MOV
CINE
LIMP

DOWER_1:
LCALL
LCALL
DEC
LCALL
LIMP

XEY_1:

CINE
MOV

YES 1

SET_TIMER ;DISPLAY
SET_JAM ;DISPLAY
DAT_JAM

A,DAT_JAM

BAGI

YES_1

A#2,YEX_6
A,DAT_MENIT
B,DAT_UPP
A,B,UPPER 6
YES_1

SET_TIMER ;DISPLAY
SET_MENIT ;DISPLAY
DAT MENIT
ADAT_MENIT

BAGI

YES 1

A,DAT DETIK
B,DAT_UPP
A,B,UPPER 7
YES_1

SET_TIMER ;DISPLAY
SET DETIK ;DISPLAY
DAT DETIK
A,DAT_DETIK

BAGI

YES 1

A,DAT BUF
A#1XEY 1
A,DAT_TAHUN
B,DAT DWN
A,B,DOWER _|
YES_1

SET_TIMER ;DIPLAY
SET_TAHUN ;DISPLAY
DAT_TAHUN

RIBU

YES 1

A#6XEY 2
ADAT BULAN



MOV
CINE
LIMP
DOWER_2:
LCALL
LCALL
DEC
LCALL
LIMP
XEY_2:
CINE
MOV
MOV
CINE
LIMP
DOWER_3:
LCALL
LCALL
DEC
LCALL
LIMP
XEY_3:
CINE
MOV
MOV
CINE
LIMP
DOWER_4:
LCALL
LCALL
DEC
MOV
LCALL
LIMP
XEY_4:
CINE
MOV
MOV
CINE
LIMP
DOWER_S:
LCALL
LCALL
DEC
MOV
LCALL
LIMP
XEY_S:
CINE
MOV

B,DAT DWN
A,B,DOWER _2
YES_1

SET_TIMER ;DISPLAY
SET_BULAN ;DISPLAY
DAT BULAN
BUL_UPDW

YES_1

AH#SXEY 3
ADAT_HARI
B,DAT_DWN
A,B,DOWER 3
YES_1

SET_TIMER ;DISPLAY
SET HARI ;DISPLAY
DAT_HARI
HAR_UPDW

YES_1

A#4.XEY_4
A,DAT TANGGAL
B,DAT_DWN
A,B,DOWER 4
YES_1

SET TIMER ;DISPLAY

SET TANGGAL  ;DISPLAY
DAT TANGGAL

ADAT TANGGAL

BAGI

YES 1

A#3.XEY 5
ADAT_JAM
B,DAT DWN
A,B,DOWER_5
YES 1

SET_TIMER ;DISPLAY
SET JAM  ;DISPLAY
DAT_JAM

ADAT_JAM

BAGI

YES_1

A#2.XEY 6
A,DAT_MENIT



MOV
CINE
LIMP
DOWER_6:
LCALL
LCALL
DEC
MOV
LCALL
LIMP
XEY_6:
MOV
MOV
CINE
LIMP
DOWER_7:
LCALL
LCALL
DEC
MOV
LCALL
LIMP

YES_4:
MOV
CINE
LCALL
LCALL
MOV
MOV
MOV
LCALL
LIMP

YES_5:

CINE

LCALL

LCALL

MOV

MOV

MOV

LCALL

YES_6:
CINE
LCALL
LCALL
MOV
MOV
MOV
MOV

B,DAT DWN
A,B,DOWER_6
YES_1

SET TIMER ;DISPLAY
SET_MENIT ;DIPLAY
DAT_MENIT
A,DAT_MENIT

BAGI

YES_1

ADAT _DETIK
B,DAT DWN
A,B,DOWER 7
YES_1

SET TIMER ;DISPLAY
SET DETIK ;DISPLAY
DAT_DETIK

ADAT DETIK

BAGI

YES_1

ADAT_BUF
A#6,YES_S
SET_TIMER ;DISPLAY
SET_BULAN ;DISPLAY
DAT DWN,#1
DAT_UPP#12
DAT_BULAN,#1
BUL_UPDW

YES 1

A#5,YES 6
SET_TIMER ;DISPLAY
SET HARI ;DISPLAY
DAT_DWN#1
DAT_UPP,#7
DAT_HARL#1
HAR_UPDW

YES 1

A#4.YES 7

SET_TIMER ;DISPLAY
SET_TANGGAL  ;DISPLAY
DAT DWN,#1

DAT_UPP #31
DAT_TANGGAL.#1
A,DAT_TANGGAL



LCALL
LIMP
YES_7:
CINE
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
LIMP
YES_8:
CINE
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
LIMP
YES_9:
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
LIMP

. SET_TIMER

BAGI
YES_1

A#3,YES 8

:DISPLAY
SET_JAM :DISPLAY
‘DAT_DWN,#0

DAT_UPP,#23

DAT _JAM,#0

ADAT _JAM

BAGI

YES_1

A#2,YES 9

SET TIMER ;DISPLAY
SET_MENIT ;DISPLAY
DAT_DWN,#0
DAT_UPP,#59
DAT_MENIT,#0
A,DAT_MENIT

BAGI

YES_1

SET_TIMER ;DISPLAY
SET DETIK ;DISPLAY
DAT_DWN,#0
DAT_UPP,#59

DAT DETIK,#0
A,DAT_DETIK

BAGI

YES_1

1

. PRO_SIMPAN_JAM

SIMPAN_RTC:
. CIR
LCALL

CLR
LCALL
LCALL
LCALL
LCALL
SETB
LCALL
; SETB
LIMP

EA
TUNGGU_1

CS_T >>
DOLAY
INIT_RTC_DS
RTC_SAVE_DS
DOLAY

CS_T >>
DELAY_TAMPILAN
EA

MENU

; Inisialisasi RTC_DS




INIT_RTC_DS:
LCALL DELAY
MOV R1,4REG A
MOV A#2FH
LCALL DELAY
MOVX @R1,A
LCALL DELAY

MOV R1#REG B
MOV A#1AH
LCALL DELAY
MOVX @R1,A .
LCALL DELAY

MOV R1,#RTC_CENTURY
MOV A#20H

LCALL DELAY

MOVX @R1,A

LCALL DELAY

RET

»

; PRO_SIMPAN_MENU_MAKANAN_DS

RTC_SAVE_DS:
MOV R1#RTC_TAHUN
MOV ADAT TAHUN
LCALL  SEIKO

" Mov R1,#RTC_BULAN
MOV ADAT BULAN
LCALL  SEIKO

" MoV R1#RTC_TANGGAL
MOV ADAT TANGGAL
LCALL  SEIKO

" Mov R1#RTC_HARI
MOV ADAT_HARI
LCALL  SEIKO

" MoV R1#4RTC_JAM
MOV ADAT JAM
LCALL  SEIKO

" Mov R1,#4RTC_MENIT
MOV A,DAT MENIT

LCALL SEIKO

MOV R1,#RTC_DETIK
MOV A,DAT_DETIK



LCALL
RET

SEIKO

E]

; PRO_AMBIL_DATA_RTC

AMBIL_DATA:
CLR
LCALL
LCALL
LCALL

MOV
LCALL
MOVX
LCALL
MOV
MOV
LCALL

MOV
LCALL
MOVX
LCALL
MOV
MOV
LCALL

MOV
LCALL
MOVX
LCALL
MOV
MOV
LCALL

MOV
LCALL
MOVX
LCALL
MOV
MOV
LCALL

MOV
LCALL
MOVX
LCALL
MOV
MOV
LCALL

CS_T
DELAY
CEK_UIP
DELAY

RO#RTC_TAHUN
DELAY

A,@R0

KONVERSI
PUL_TAHUN,PULUHAN
SAT_TAHUN,SATUAN
DELAY

RO#RTC_BULAN
DELAY

A,@RO

KONVERSI
PUL_BULAN,PULUHAN
SAT_BULAN,SATUAN
DELAY

RO#RTC_TANGGAL
DELAY

A,@RO

KONVERSI
PUL_TANGGAL,PULUHAN
SAT_TANGGAL,SATUAN
DELAY

RO#RTC_HARI
DELAY

A,@RO

KONVERSI
PUL_HARLPULUHAN
SAT_HARLSATUAN
DELAY

ROARTC_JAM
DELAY

A@RO

KONVERSI
PUL_JAM,PULUHAN
SAT_JAM,SATUAN
AS_BIN



MOV DAT_JAM,A ;UTK_PEMBANDING
LCALL DELAY

MOV RO#RTC_MENIT
LCALL DELAY

MOVX A,@R0O

LCALL KONVERSI

MOV PUL_MENIT,PULUHAN

MOV SAT_MENIT,SATUAN

LCALL AS_BIN

MOV DAT_MENIT,A  ;UTK_PEMBANDING

LCALL DELAY

MOV RO#RTC_DETIK
LCALL DELAY

MOVX A@RO

LCALL KONVERSI

MOV PUL_DETIK,PULUHAN

MOV SAT_DETIK,SATUAN

LCALL AS_BIN

MOV DAT DETIK,A  ;UTK_PEMBANDING
SETB CS_T

LCALL DELAY

RET

H

; PROG_AMBIL_HARI

AMBIL_HARIAN:
MOV A,SAT_HARI
CINE A#31HBA_SENIN

LCALL CLEAR_TAMPILAN
LCALL ROW_1

MoV DPTR #MINGGU
LCALL WRITE
RET
BA_SENIN:
CINE A#32H,BA_SELASA

LCALL CLEAR_TAMPILAN
LCALL ROW 1

MOV DPTR,4SENIN
LCALL WRITE
RET
BA_SELASA:
CINE A#33H,BA_RABU

LCALL CLEAR_TAMPILAN
LCALL ROW_1

MOV DPTR,#SELASA
LCALL WRITE
RET

BA_RABU:



CINE A#34H,BA_KAMIS
LCALL CLEAR_TAMPILAN
LCALL ROW 1

MOV DPTR #RABU
LCALL WRITE
RET
BA_KAMIS:
CINE A#35H,BA_JUMAT

LCALL CLEAR_TAMPILAN
LCALL ROW _1

MOV DPTR #KAMIS
LCALL WRITE
RET
BA_JUMAT:
CINE A#36H,BA_SABTU

LCALL CLEAR_TAMPILAN
LCALL ROW_1

MOV DPTR#JUMAT
LCALL WRITE
RET

BA_SABTU:

LCALL CLEAR_TAMPILAN
LCALL ROW 1

MOV DPTR#SABTU
LCALL WRITE
RET

2

; PRO_TAMPILAN_RTC

TAMPIL_RTC:
LCALL  KOMA

" MoV LCD,PUL_TANGGAL
LCALL  LCD CONTROL
MOV LCD,SAT TANGGAL

LCALL LCD_CONTROL

LCALL STRIP

MOV LCD,PUL_BULAN
LCALL LCD_CONTROL
MOV LCD,SAT_BULAN

LCALL LCD_CONTROL
LCALL STRIP

MOV LCD,PUL_TAHUN
LCALL LCD_CONTROL
MOV LCD,SAT_TAHUN

LCALL LCD_CONTROL



LCALL ROW 2
LCALL DELAY

SETB RS
LCALL WIB
LCALL KOMA

MOV LCD,PUL_JAM
LCALL LCD_CONTROL
MOV LCD,SAT_JAM

LCALL LCD_CONTROL

LCALL TITIK

MOV LCD,PUL_MENIT
LCALL LCD_CONTROL
MOV LCD,SAT_MENIT

LCALL LCD_CONTROL

LCALL TITIK

MOV LCD,PUL_DETIK
LCALL LCD_CONTROL
MOV LCD,SAT DETIK
LCALL LCD_CONTROL
RET

b

o
1

PRO_KONVERSI_BCD_ASCII

KONVERSI:

LCALL  DELAY

MOV DAT_KONVIC,A
ANL A H#OFOH

SWAP A

ORL o A#30H

MOV PULUHAN,A
MOV A,DAT_KONVIC
ANL A#0FH

ORL A#30H

MOV SATUAN,A

RET

E

’

PRO_KONVERSI_ASCII_BINER/DESIMAL

AS_BIN:
MOV A,PULUHAN
ANL A#O0FH
MOV B,#10

MUL AB



MOV
MOV
ANL
MOV
ADD
LCALL
RET

PULUHAN,A
A,SATUAN
A#OFH
B,PULUHAN
AB

DELAY

’

; PRO_KONVERSI_BCD_BINER

BC_BIN:
MOV
ANL
SWAP
MOV
MUL
MOV
MOV
ANL
MOV
ADD
LCALL
RET

SATUAN,A
A #0FOH

A

B,#10

AB
PULUHAN,A
A,SATUAN
A#OFH
B,PULUHAN
AB

DELAY

: PRO_KONVERSI_BINER_BCD DG_CLOK

SEIKO:
MOV
DIV
SWAP
ADD

GUCL_I:
LCALL
MOVX
LCALL
RET

B,#10
AB

A
AB

DELAY

@R1,A
DELAY

’

; PRO_CEK_'IRQF/UIP'

CEK_UIP:
MOV
MOV
MOV

SIBUK:
LCALL
MOVX
LCALL
ANL
JNB
CLR

RO#REG_C
ARO
RLA

DELAY
A,@R0O
DELAY

A, #80H
ACC.7,SIBUK
ACC.7



MOV
LCALL
RET

@R1,A
DELAY

?

; PRO_DIS_AWAL

HEADO_1:
MOV 7CH#1
MOV TDH,#150
HEADO_2:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#HEADER_1
LCALL WRITE
LCALL ROW_2
MOV DPTR,#HEADER_2
LCALL ISI_DATA
LCALL DISPLAY
INC 7CH
LCALL TUNDA
LCALL TUNDA
DINZ 7DH,HEADO_2
LCALL DELAY
LCALL DELAY
RET
SETT _1:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#MENO_3
LCALL WRITE
LCALL ROW_2
MOV DPTR#MENO_4
LCALL WRITE
RET
PLEASED:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#PLS_1
LCALL WRITE
LCALL ROW_2
MOV DPTR#PLS_2
LCALL WRITE
LCALL DELAY_TAMPILAN
LCALL DELAY_TAMPILAN
RET
TUNGGU_1:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#PLS_3



LCALL WRITE
LCALL ROW_2
MOV DPTR#PLS 4 ;SIMPAN PROG
LCALL WRITE
LCALL DELAY_TAMPILAN
RET
TUNGGU_2:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTRM#PLS 5 ;LIHAT TIMER
LCALL WRITE
LCALL ROW_2
MOV DPTRM#PLS 6 ;GANTI TIMER
LCALL WRITE
RET
NO_MEN:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#MAS 1
LCALL WRITE
MOV A,BUF 1
CINE A#OSHMOM_1
SIMP MOM 2
MOM_1:
LCALL TULIS
MOM_2:
LCALL ROW_2
MOV DPTR#MAS 2
LCALL WRITE
MOV ABUF 2
SWAP A
ANL A#OFH
CINE A#0AH,MAM 1
MOV A,BUF_2
ANL A#OFH
CINE A#OAHMAM 3
SIMP MAM 2
MAM_1:
LCALL TULIS
MOV A,BUF 2
ANL A#0FH
MAM_3:
LCALL TULIS
MAM_2:
RET
SET_TIMER:
LCALL CLEAR_TAMPILAN
LCALL ROW_1
MOV DPTR#JAM 1



LCALL
RET
SET JAM:
LCALL
MOV
LCALL
RET
SET_MENIT:
LCALL
MOV
LCALL
RET
SET_DETIK:
LCALL
MOV
LCALL
RET
SET _HARL:
LCALL
MOV
LCALL
RET
SET BULAN:
LCALL
MOV
LCALL
RET

SET_TANGGAL.:

LCALL
MOV
LCALL
RET

SET_TAHUN:
LCALL
MOV
LCALL
RET

KALI
MOV
MOV
LCALL
MOV
MOV
LCALL
MOV
MOV
LCALL
MOV
MOV
LCALL

WRITE

ROW 2
DPTR#JAM 2
WRITE

ROW 2
DPTR#JAM 3
WRITE

ROW 2
DPTRH#JAM 4
WRITE

ROW 2
DPTRA#JAM_5
WRITE

ROW 2
DPTR#JAM 6
WRITE

ROW_2
DPTRAJAM_7
WRITE

ROW 2
DPTR#JAM_8
WRITE

A#HH

LCD,A
LCD_CONTROL
A#'a'

LCD,A
LCD_CONTROL
Ajd#r

LCD,A
LCD_CONTROL
A#T

LCD,A
LCD_CONTROL



RET

WIB:
MOV A#FW
MOV LCD,A
LCALL LCD_CONTROL
MOV A#T
MOV LCD,A
LCALL LCD_CONTROL
MOV A#B'
MOV LCD,A
LCALL LCD_CONTROL
LCALL SPASI
LCALL SPASI
LCALL SPASI
LCALL SPASI
RET
VIU:
ORL A#30H
MOV LCD,A
LCALL LCD_CONTROL
RET
BAGI:
MOV B,#10
DIV AB
ORL A#30H
MOV LCD,A
LCALL LCD_CONTROL
ORL B,#30H
MOV LCD,B
LCALL LCD_CONTROL
RET
HAR_UPDW:
MOV ADAT_HARI
MOV B,#6
MUL AB
MOV BUF_HARLA
MOV DAT_KON,#6
MOV DPTR#HEAD _1
HAR 2:
MOV A,BUF_HARI
MOVC A,@A+DPTR
MOV LCD,A
LCALL LCD_CONTROL
DINZ DAT_KON,HAR 1
RET

HAR 1:



INC
SIMP

BUL_UPDW:
MOV
MOV
MUL
MOV
MOV
MOV
BUL_2:
MOV
MOVC
MOV
LCALL
DINZ
RET
BUL_1I:
INC
SIMP
RIBU:
MOV
LCALL
MOV
LCALL
MOV
MOV
DIV
ORL
MOV
LCALL
ORL
MOV
LCALL
RET

SPASI:
MOV
MOV
LCALL
RET
STRIP:
MOV
MOV
LCALL
RET
TITIK:
MOV
MOV

DPTR
HAR_2

ADAT_BULAN
B#9

AB
BUF_BULAN,A
DAT_KON,#9
DPTR#HEAD_2

ABUF_BULAN
A@A+DPTR
LCDA
LCD_CONTROL
DAT KON,BUL_1

DPTR
BUL 2

LCD#00110010B  ;2'
LCD_CONTROL
LCD,#00110000B ;'
LCD_CONTROL
ADAT_TAHUN

B#10

AB

A#30H

LCD,A
LCD_CONTROL
B#30H

LCD,B
LCD_CONTROL

A,#' '
LCD,A
LCD_CONTROL

A’#l-l
LCD,A
LCD_CONTROL

A#
LCD,A



LCALL LCD_CONTROL

RET
KOMA:
MOV AH
MOV LCD,A
LCALL LCD_CONTROL
RET
; Baca Keypad
KEY_SCAN:
LCALL BACA_TOMBOL
MOV ADAT
CINE A#1, KEMBALI
LOMPAT:
MOV BOUNC,#5
LOMPATI:
MOV P1,COMMON
MOV AP1
ORL A#0FH
CINE A#OFFH,LOMPAT
DINZ BOUNC,LOMPATI1
KEMBALI:
RET

A B o B B B B B e Y
;Baca Tombol Keypad 4X4
;Jumlah baris:4 (P1.0 - P1.3)
;Jumlah kolom:4 (P1.4 - P1.7)
B B O B B B o L
BACA_TOMBOL:
MOV BARIS#4
MOV COMMON,#11111110B ;DATA BARIS
MOV DATA_4#0
MOV DPTR#ANGKA
BACA_TOMBOLI1:
MOV BAN_P1#01111111B ;DATA KOLOM
MOV PER_BARIS,#0
BACA_TOMBOL2:

MOV P1,COMMON

MOV AP1

ORL A #OFH

CINE ABAN P1,.BACA_TOMBOL3
MOV A,PER_BARIS

ADD A,DATA_4

MOVC A,@A+DPTR

MOV DATA_KEY,A

MOV DAT,#1

RET

BACA_TOMBOL3:
INC PER_BARIS



MOV
RR
MOV
MOV
CINE
nextscan:

MOV
ADD
MOV
MOV
RL
MOV
DINZ
MOV
MOV
RET

A,BAN P1
A

BAN P1,A
A,PER_BARIS
A#4,BACA_TOMBOL2

A,DATA _4
A4
DATA_4,A
A,COMMON
A

COMMON,A
BARIS,BACA_TOMBOL1
P1,#0FFh

DAT,#0

’

H PROG_ISI DATA RAM

ISI_DATA:
MOV
MOV

ISI_DATAL:
MOV
MOVC
MOV
INC
INC
DINZ
RET

R1,#60H
R3,#16

A,7CH
A,@A+DPTR
@R1,A

DPTR

R1
R3,ISI_DATAI1

?

: PROG_DISPLAY

DISPLAY:

MOV RO,#60H
MOV R3,#16
SETB RS
DISPLAY1:
MOV A,@R0
MOV LCD,A
LCALL LCD_CONTROL
INC RO
DINZ R3,DISPLAY]1
RET
; Inisialisasi LCD
INIT_LCD:
CLR RS
MOV LCD,#3FH



LCALL LCD_CONTROL
LCALL LCD_CONTROL
LCALL DELAY

MOV LCD,#0EH
LCALL LCD_CONTROL
LCALL DELAY

MOV LCD,#06H
LCALL LCD_CONTROL
LCALL DELAY

MOV LCD,#01H
LCALL LCD_CONTROL
LCALL DELAY

MOV LCD#0CH
LCALL LCD_CONTROL
LCALL DELAY

RET
LCD_CONTROL:
LCALL  DELAY
SETB EN
CLR EN

LCALL DELAY
LCALL DELAY
RET

2

; Hapus Tampilan

CLEAR_TAMPILAN:

CLR EA
CLR RS
MOV LCD,#01H

LCALL LCD_CONTROL
LCALL DELAY

RET
; Baris Pertama
ROW 1:
CLR RS
MOV LCD,#10H

LCALL LCD_CONTROL
LCALL DELAY

RET
; Baris Kedua
ROW 2:

CLR RS

MOV LCD,#11000000B

LCALL LCD_CONTROL



LCALL DELAY

RET

; Prosedur Pengiriman Data

; ke LCD

WRITE:
SETB RS

TULIS_1:
CLR A
MOVC A,@A+DPTR
CINE A#$, TULIS 2
SETB EA
NOP
RET

TULIS_2:
MOV LCD,A
LCALL LCD_CONTROL
INC DPTR
LCALL DELAY
LIMP TULIS_1

»

; PROG_TIMER KRISTAL 12MHz

DOLAY:
PUSH B
PUSH PSW
PUSH 02H
PUSH 03H
MOV R2,#200
DOLAY_1:
MOV R3,#0FFH
DINZ R3,$
DINZ R2,DOLAY_1
POP O3H
POP 02H
POP PSW
POP B
RET
DELAY:
PUSH B
PUSH PSW
PUSH 02H
PUSH 03H
MOV R2,#9
DELAY 1:
MOV R3#10
DINZ R3,$
DINZ R2,DELAY_I
POP O03H



POP 02H

POP PSW

POP B

RET
DELAY_TAMPILAN:

PUSH B

PUSH PSW

PUSH 02H

PUSH 03H

PUSH 04H

MOV R2#10
DELAY_TAMPILANI:

MOV R3,#0FFH
DELAY_TAMPILAN2:

MOV R4,#0FFH

DINZ R4,%

DINZ R3,DELAY_TAMPILAN2

DINZ R2,DELAY_TAMPILANI

POP 04H

POP 03H

POP O02H

POP PSW

POP B

RET
TUNDA:

PUSH B

PUSH PSW

PUSH 03H

PUSH 04H

MOV R4,#125
LDEL _1:

MOV R3,#0FFH

DINZ R3,$

DINZ R4,LDEL_1

POP 04H

POP 03H

POP PSW

POP B

RET
WAKTU: ;0.5 s

PUSH B

PUSH PSW

PUSH 02H
WAKTU_2:

MOV R2,#25
WAKTU_3:

LCALL GAP_1

DINZ R2,WAKTU_3

POP 02H

POP PSW



POP
RET
GAPA_I:

B

PUSH B
PUSH PSW
PUSH 02H

MOV
GAPA_2:

LCALL

DINZ
POP
POP
POP
RET
GAP_1:
MOV
MOV
MOV
SETB
GAP_2:
NOP
JBC
SIMP
GAP_3:
RET
GUN_1:
MOV
MOV
MOV
SETB
GUN_2:
NOP
JBC
SIMP
GUN_3:
RET

R2,#100

02H

PSW

B

TMOD,#1
THO,#0D8H
TLO,#0EFH
TRO

TF0,GAP_3
GAP 2

TMOD,#1
THO,#0FFH
TLO,#9BH
TRO

TF0,GUN_3
GUN_2

GAP_1
R2,GAPA 2

;"65.535 - 10000 = 55535_Dec = DSEF_Hex"
;(t=0,000.100s) = 0,0001s

;"65.535 - XXX = 65435_Dec = FF9B_Hex"
;(t=0,000.100s) = 0,0001s

H

; DATA_MEMORY

ANGKA:
DB

03H,02H,01H,00H,07H,06,05H,04H,0BH,0AH,09H,08H,0FH,0EH,0DH,0CH

HEADER_I:
DB

HEADER 2:
DB
DB
DB

DB

"TAMPILAN UTAMA"$

20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H

'* PENYIRAMAN OTOMATIS PADA TANAMAN KEDELALI * - Oleh:
ACHMAT EBIT - NIM: 00.107138 -'

'Fak/Jur: TEK. ELEKTRO/ELEKTRONIKA - * ITN MALANG *'



DB
DB
DB
DB
DB
DB
DAT_SP:
DB
MINGGU:
DB
SENIN:
DB
SELASA:
DB
RABU:
DB
KAMIS:
DB
JUMAT:
DB
SABTU:
DB
HEAD 1:
DB
HEAD 2:
DB

PLS_1:
DB
PLS_2:
DB
PLS_3:
DB
PLS_4:
DB
PLS_S:
DB
PLS_6:
DB
MENO_3:
DB
MENO_4:
DB
MAS_1:
DB
MAS_2:
DB
MAS_3:
DB

20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H
20H,20H,20H,20H,20H,20H,20H,20H

'HARL: $'
'Minggu $'
‘Senin $'
'Selasa $'
‘Rabu §'
'Kamis $'
'Jum"at $'

'Sabtu $'

' MingguSenin SelasaRabu Kamis Jum"atSabtu '

' * Masuk Menu * §'

'-- Tekan: "F" --§'
'TUNGGU!!! Sedang$'
' Simpan Program $'
'Lihat Timer: "A"$'
'Ganti Timer: "B"$'
'MENU SET: 1.JAM §'
'2.LEMBAB 3.EXIT$'
Nomor Sensor: $'

'Kelembaban : §'

'KEY: §$'

Januari Februari Maret April Mei
SeptemberOktober Nopember Desember '

Juni  Juli

Agustus



MAS 4:
DB
JAM_1:
DB
JAM_2:
DB
JAM 3:
DB
JAM_4:
DB
JAM_S:
DB
JAM_6:
DB
JAM_7:
DB
JAM_8:
DB

END

'ADC: §'

'SET TIMER "24HR"$'
'JAM: §'

‘MENIT: §'

'DETIK: $'

'HARI: §'

'‘BULAN: §'
'TANGGAL: §'
‘TAHUN: §'
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Features

* Compatible with MCS®51 Products

* 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
- SPI Serial Interface for Program Downloading
- Endurance: 1,000 Write/Erase Cycles

* 2K Bytes EEPROM
- Endurance: 100,000 Write/Erase Cycles

* 4V to 6V Operating Range

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

* 32 Programmabile 1/O Lines

* Three 16-bit Timer/Counters

* Nine Interrupt Sources

* Programmable UART Serial Channel

* SPI Serial Interface

* Low-power Idle and Power-down Modes

* Interrupt Recovery from Power-down

* Programmable Watchdog Timer

* Dual Data Pointer

* Power-off Flag

Descﬁpﬁbn

The AT89S58252 is a low-power, high-performance CMOS 8-bit microcontroller with 8K
bytes of downloadable Flash programmable and erasable read-only memory and 2K
bytes of EEPROM. The device is manufactured using Atmel's high-density nonvolatile
memory technology and is compatible with the industry-standard 80C51 instruction
set and pinout. The on-chip downloadable Flash allows the program memory to be
reprogrammed In-System through an SPI serial interface or by a conventional nonvol-
atile memory programmer. By combining a versatile 8-bit CPU with downloadable
Flash on a monolithic chip, the Atmel AT8958252 is a powerful microcontroller, which
provides a highly-flexible and cost-effective solution to many embedded control
applications.

The AT8958252 provides the following standard features: 8K bytes of downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 1/O lines, programmable 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 AT89S8252 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 contents but freezes the oscillator,
disabling all other chip functions until the next external interrupt or hardware reset.

The downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial

programming interface and allows the program memory to be written to or read from
unless lock bits have been activated.

AIMEL
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8-bit
Microcontroller
with 8K Bytes
Flash

AT89S8252
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ris cascription
vCC
GND

Port 0

Port 1

2 AT89GSZus —

(MOSH) P15 bw‘ (AD4)
(MISO) P1.6 P05 (ADS)
{scK) P17 272 Po 6 (AD6)
RST [1P0.7 (AD?)

(RXD) PA.O [ EAvPP

NC
(YXD) P21 ALEPROG
(iNTB) P32 P F5EN

(RT)P32 P27 tA15)
(T0) P34 b1P26 (A14)
(F1)P3s P P25 (a13)

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bi-diuiicuiiviiai i poi. As an vuipui puri, eaui pin can
sink eight TTL inputs. When 1s are wiiiion w puit  pitis, i pits Gan Ue useu as iligi-
impedance inputs.

Port 0 can also be configured to be tie inulipisacu iuw-urder atidicosidaia bus duting
accesses to external program and daia iennuny. i iiis nivde, FO Ras inieal pui-ups.

Port 0 also receives the code bytes duiiny Fiasin progianniing ard cuipuis iie vode
Sytes during program verificatiun. Exte.al puli-ups aie (equited dutii 1y progiam
verification.

Port 1 is an 8-bit bi-directional /O porl witii inleinal puli-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1s are wriiien io Por { pins, they are pulied nigh
by the internal pull-ups and can be used us inpuis. As inpuis, Purt i pins liai are exie-
nally being puiled low will saurce curreni (i ) because of the internal puli-ups.
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Some Port 1 pins provide additional functions. 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.

Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured as the SPI slave port select,
data input/output and shift clock input/output pins as shown in the following table.

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)
P14 §S (Slave port select input)
P1.5 MOSI (Master data output, slave data input pin for SP1 channel)
P1.6 MISO (Master data input, slave data output pin for SPI channel)
P17 SCK (Master clock output, slave clock input pin for SPI channel)
Port 1 also receives the low-order address bytes during Flash programming and
verification. K
Port 2 Port 2 is an 8-bit bi-directional /O port with internal pull-ups. The Port 2 output buffers

can sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will source current (Iy) because of the internal pull-ups.

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

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

Port 3 Port 3 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 3 output buffers
can sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are exter-
nally being pulled low will source current (Iy) 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 AT89S8252, as shown
in the following table.

; AT89S8252 mem
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Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P34 TO (timer O external input)

P3.5 T1 (timer 1 external input)

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

Reset input. A high on this pin for two machine cycles while the oscillator is running
resets the device.

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

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

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

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

When the AT89S8252 is executing code from external program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to
fetch code from external program memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V¢ for internal program executions. This pin also receives the
12-volt programming enable voltage (V,,) during Fiash programming when 12-volt pro-
gramming is selected.

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

Output from the inverting oscillator amplifier.

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

Note that not all of the addresses are occupied, and unoccupied addresses may not be
implemented on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will have an indeterminate effect.

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

Timer 2 Registers Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 9) for Timer 2. The register pair (RCAP2H,
RCAP2L) are the Capture/Reload registers for Timer 2 in 16-bit capture mode or 16-bit
auto-reload mode.

Table 1. AT89S8252 SFR Map and Reset Values

OF8H

OFOH

0EBH

OEOH

0D8H

O0DOH

0C8H

OCOH

0B8H

0BOH

O0AOH

98H

90H

88H

80H

OFFH
B
00000000 OF7H
OEFH
ACC
00000000 0E7H
0DF
H
PSW SPCR
000001XX 0D7H
T2C0N T2MOD RCAP2L RCAP2H 2 TH2 oCF
00000000 XXXXXX00 00000000 00000000 00000000 00000000 H
0C7H
P
XX000000 0BFH
P3
1111119 0B7H
IE SPSR
0X000000 0XXXXXX OAFH
P2
1111111 0A7H
SCON SBUF oFH
00000000 XXXXXXXX
P1 WMCON
1114111 00000010 87H
TCON T™OD TL0 I THO M oFH
00000000 00000000 00000000 00000000 00000000
PO sP oPOL DPOH DPIL DP1H SPDR PCON o7H
1111111 00000111 00000000 00000000 00000000 00000000 XXXXXXXX 0XXX0000

AT89S8252 mwwmes
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Table 2. T2CON - Timer/Counter 2 Control Register

T2CON Address = 0C8H Reset Value = 0000 00008
Bit Addressable

TF2 EXF2 RCLK TCLK EXEN2 TR2 ci2 CPRLZ
Bit 7 6 5 4 3 2 1 0
Symbol | Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

RCLK=10or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1),

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial port
Modas 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of negative transition on T2EX if
Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

ciT2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).

CP/RLZ | Capture/Reload select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2 = 0

causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overfiow.

H01F-MICRO-11/03

AINEL r




AIMEL

Watchdog and Memory Control Register The WMCON register contains control bits for the Watchdog Timer (shown in
Table 3). The EEMEN and EEMWE bits are used to select the 2K bytes on-chip EEPROM, and to enable byte-write. The

DPS bit selects one of two DPTR registers available.

Table 3. WMCON—Watchdog and Memory Control Register

WMCON Address = 86H Reset Value = 0000 0010B
PS2 PS1 PSO EEMWE EEMEN DPS WDTRST WDTEN
Bit 6 5 4 3 2 1 0
Symbol Function .
PS2 Prescaler Bits for the Watchdog Timer. When all three bits are set to “0", the watchdog timer has a nominal period of
PS1 16 ms. When all three bits are set to “1”, the nominal period is 2048 ms.
PS0
EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the
MOVX instruction. User software should set this bit to “0" after EEPROM write is completed.
EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.
.DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DPO, and DPS = 1 selects the
second bank, DP1
WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to *1” by user software, a pulse is
RDY/BSY | generated to reset the watchdog timer. The WDTRST bit is then automatically reset to “0” in the next instruction cycle.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0" and is automaticatly reset to "1” when programming is compieted.
WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables the watchdog timer.
8 AT89S88252
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SP1 Registers Control and status bits for the Serial Peripheral Interface are contained in
registers SPCR (shown in Table 4) and SPSR (shown in Table 5). The SPI data bits are
contained in the SPDR register. Writing the SPI data register during serial data transfer
sets the Write Collision bit, WCOL, in the SPSR register. The SPDR is double buffered
for writing and the values in SPDR are not changed by Reset.

Interrupt Registers The global interrupt enable bit and the individual interrupt enable
bits are in the IE register. In addition, the individual interrupt enable bit for the SP! is in
the SPCR register. Two priorities can be set for each of the six interrupt sources in the
IP register.

Dual Data Pointer Registers To facilitate accessing both internal EEPROM and exter-
nal data memory, two banks of 16-bit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR WMCON selects
DPO0 and DPS = 1 selects DP1. The user should ALWAYS initialize the DPS bit to the
appropriate value before accessing the respective Data Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at bit_4 (PCON.4) in the PCON
SFR. POF is set to “1” during power up. It can be set and reset under software control
and is not affected by RESET.

Table 4. SPCR — SPI Control Register

SPCR Address = D5H

Reset Value = 0000 01XXB

SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO

Bit 7 6 5 4 3 2 1 0
Symbol | Function
SPIE SPI Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SP! interrupts: SPIE = 1 and ES =

1 enable SPI interrupts. SPIE = 0 disables SP! interrupts.
SPE SPI Enable. SPI = 1 enables the SPI channel and connects 88§, MOSI, MISO and SCK to pins P1.4, P1.5,P1.6, and P1.7.
SPI = 0 disables the SPI channel.
DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission.
MSTR Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.
CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not
transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.
CPHA Clock Phase. The CPHA bit together with the CPOL bit contrals the clock and data relationship between master and
slave. Please refer to figure on SPI Clock Phase and Polarity Control.

SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have no
SPR1 effect on the slave. The relationship between SCK and the osgillator frequency, Fosc, is as follows:

SPR1  SPRO  SCK = Foqc divided by
0 0 4
0 1 16
1 0 64
1 1 128

401F-MICRO-11/03
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Table 5. SPSR ~ SPI Status Register

SPSR Address = AAH

SPIF WCOoL - - - - - -
Bit 7 6 5 4 3 2 1 0
Symbol Function
SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and ES
= 1. The SPIF bit is cleared by reading the SPI status register with SPIF and WCOL bits set, and then reading/writing the
SPI data register.
WwCOL Write Collision Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer, the

result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF bit) are
cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.

Table 6. SPDR — SP| Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6 SPD5 SPD4 SPD3 SPD2 SPD1 SPDO
Bit 7 6 5 4 3 2 1 0
Data Memory - The AT8958252 implements 2K bytes of on-chip EEPROM for data storage and 256
EEPROM and RAM bytes of RAM. The upper 128 bytes of RAM occupy a parallel space to the Special

10

AT8988252

Function Registers. That means 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 that use direct addressing access SFR space.

For example, the following direct addressing instruction accesses the SFR at location
OAOH (which is P2).
MOV OAOH, #data

Instructions that use indirect addressing access the upper 128 bytes of RAM. For exam-
ple, the following indirect addressing instruction, where RO contains OAOH, accesses the
data byte at address OAOH, rather than P2 (whose address is 0ACH).

MOV @RO, #data

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

The on-chip EEPROM data memory is selected by setting the EEMEN bit in the
WMCON register at SFR address location 96H. The EEPROM address range is from
000H to 7FFH. The MOVX instructions are used to access the EEPROM. To access off-
chip data memory with the MOVX instructions, the EEMEN bit needs to be set to “0".

The EEMWE bit in the WMCON register needs to be set to “1” before any byte location
in the EEPROM can be written. User software should reset EEMWE bit to “0” if no fur-
ther EEPROM write is required. EEPROM write cycles in the serial programming mode
are self-timed and typically take 2.5 ms. The progress of EEPROM write can be moni-
tored by reading the RDY/BSY bit (read-only) in SFR WMCON. RDY/BSY = 0 means

0401F-MICRO-11/03
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programming is still in progress and RDY/BSY = 1 means EEPROM write cycle is com-
pleted and another write cycle can be initiated.

In addition, during EEPROM programming, an attempted read from the EEPROM will
fetch the byte being written with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

The programmable Watchdog Timer (WDT) operates from an independent internal
oscillator. The prescaler bits, PS0, PS1 and PS2 in SFR WMCON are used to set the
period of the Watchdog Timer from 16 ms to 2048 ms. The available timer periods are
shown in the following table and the actual timer periods (at V¢ = 5V) are within +30%
of the nominal.

The WDT is disabled by Power-on Reset and during Power-down. It is enabled by set-
ting the WDTEN bit in SFR WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without being reset or disabled, an
internal RST pulse is generated to reset the CPU.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits
PS2 PS1 PS0O Period (nominal)
0 0 0 16 ms
0 0 1 32ms
0 1 0 64 ms
0 1 1 128 ms
1 0 0 256 ms
1 0 1 512ms
1 1 0 1024 ms
1 1 1 2048 ms

Timer 0 and Timer 1 in the AT89S8262 operate the same way as Timer 0 and Timer 1 in
the AT89C51 and AT83C52. For further information on the timers’ operation, refer to the
Atmel web site (http://www.atmel.com). From the home page, select “Products”, then
“Microcontrollers, then “8051-Architecture”. Click on “Documentation”, then on “Other
Documents”. Open the document “AT89 Series Hardware Description”.

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 Table 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 Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the Timer function, the TL2 reg-
ister is incremented every machine cycle. Since a machine cycle consists of 12
oscillator periods, the count rate is 1/12 of the oscillator frequency.

In the Counter function, the register is incremented in response to a 1-to-0 transition at
its corresponding 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 reg-
ister during S3P1 of the cycle following the one in which the transition was detected.

ATHEL ]



AIEL

Since two machine cycles (24 oscillator periods) are required to recognize a 1-to-0 tran-
sition, 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.

Table 8. 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 (off)
Capture Mode 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 I-to-0 transition 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 illustrated in Figure 1.

Figure 1. Timer 2 in Capture Mode
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Auto-reload (Up or Down Timer 2 can be programmed to count up or down when configured in its 16-bit auto-

Counter)

reload mode. This feature is invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 9). 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.

Figure 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
RCAP2H and RCAP2L are preset by software. If EXEN2 = 1, a 16-bit reload can be trig-
gered 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 3. 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.

Figure 2. Timer 2 in Auto Reload Mode (DCEN=0)
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Table 9. T2MOD — Timer 2 Mode Control Register

AIMEL

T2MOD Address = 6CSH Reset Value = XXXX XX00B
Not Bit Addressable
- - - - T20E DCEN
Bit 7 5 4 3 1 0
Symbol Function
- Not implemented, reserved for future use.
T20E Timer 2 Output Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator Timer 2 is selected as the baud rate generator by setting TCLK and/or RCLK in T2CON

(Table 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 aother function.
Setting RCLK and/or TCLK puts Timer 2 into its baud rate generator mode, as shown in
Figure 4.

The baud rate generator mode is similar to the auto-reload mode, in that a rollover 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 following equation.

Modes 1 and 3 Baud Rates = 1imer2 Ozgrﬂow Rate

The Timer can be configured for either " timer or counter operation. In most applications,
itis configured for timer operation (CP/T2 = 0). The timer operation is different for Timer
2 when itis 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., :

il ‘!mEi% 15
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Timer 2 as a baud rate generator is shown in Figure 4. This figure is valid only if RCLK
or TCLK = 1 in T2CON. Note that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. 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
overlap 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.

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figure 5,
This pin, besides being a regular I/0 pin, has two alternate functions. It can be pro-
grammed 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 Frequenc:

Clock Out Frequency ~ — [65536 - (RCAP2H,RCAPZL)]

In the clock-out mode, Timer 2 rallovers will not generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate generator. Itis possible to use Timer 2 as
a baud-rate generator 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.
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Figure 5. Timer 2 in Clock-out Mcde
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UART The UART in the AT89S8252 operates the same way as the UART in the AT89C51 and
AT89CS52. For further information on the UART operation, refer to the Atmel web site
(http://www.atmel.com). From the home page, select “Products”, then “Microcontrollers,
then "8051-Architecture”. Click on “Documentation”, then on “Other Documents”. Open
the document “AT89 Series Hardware Description".

Serial Peripheral The serial peripheral interface (SPI) allows high-speed synchronous data transfer
Interface between the AT8988252 and periph.eral devices or petween several AT89S8252

devices. The AT89S8252 SP features include the following:

*  Full-Duplex, 3-Wire Synchronous Data Transfer

* Master or Slave Operation

* 1.5 MHz Bit Frequency (max.)

* LSB First or MSB First Data Transfer

*  Four Programmable Bit Rates

*  End of Transmission Interrupt Flag

*  Write Collision Flag Protection

*  Wakeup from Ildle Mode (Slave Mode Only)

The interconnection between master and slave CPUs with SPI is shown in the following
figure. The SCK pin is the clock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master CPU starts the SPI clock gen-
erator, and the data written shifts out of the MOSI pin and into the MOSI pin of the slave
CPU. After shifting one byte, the SPI clock generator stops, setting the end of transmis-
sion flag (SPIF). If both the SPI interrupt enable bit (SPIE) and the serial port interrupt
enable bit (ES) are set, an interrupt is requested.

The Slave Select input, SS/P1.4, is set low to select an individual SPI device as a slave.
When S5/P1.4 is set high, the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity with respect to serial data,
which are determined by control bits CPHA and CPOL. The SPI data transfer formats
are shown in Figure 8 and Figure 9.

Figure 7. SPI Master-slave Interconnection

MSB MASTER LSB  iuco wso MSB  SLAVE LSB
~| 8BIT SHIFT REGISTER [~ : 8-BIT SHIFT REGISTER {+—
r e e | iMOSIMOSE -
SPI 'scK  scki
[CLOCK GENERATOR{" =~ g
Ve
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Figure 8. SP! transfer Format with CPHA =0

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
SCK (CPOL=1)

1

I
MSB

MOSI
(FROM MASTER)

MISO
(FROM SLAVE)

SS (TO SLAVE)

—

|
—4 s

Note:

*Not defined but normally MSB of character just received

Figure 9. SPI Transfer Format with CPHA = 1

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
SCK (CPOL=1)

—
TN

2 3 4 5 6 7
] ! ! { ] I

I

_}_é .

I6 !2 |

Mosi
(FROM MASTER)

MISO
(FROM SLAVE)

SS(TosLAvE)

LSB

Note:

Interrupts

401F-MICRO-11/03

*Not defined but normally LSB of previously transmitted character.

The AT89S58252 has a total of six interrupt vectors: two external interrupts (INTO and
INT1), three timer interrupts (Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10.

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

Note that Table 10 shows that bit position IE.6 is unimplemented. In the AT89C51, bit
position |E.5 is also unimplemented. User software should not write 1s to these bit posi-
tions, since they may be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and EXF2 in register
T2CON. Neither of these flags is cleared by hardware when the service routine is vec-
tored 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

AlmEL
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Table 10. Interrupt Enable (IE) Register

(MSB)(LSB)
ea | - ]| Em ES ET1 EXA ETO EX0

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function
EA IE.7 Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each interrupt
source is individually enabled or disabled by setting or clearing its enable bit,
- IE.6 Reserved.
ET2 IE.S Timer 2 interrupt enable bit.
ES IE.4 SPI and UART interrupt enable bit.
ET1 IE.3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit.
ETO 1E.1 Timer O interrupt enable bit.
EX0 IE.0 External interrupt 0 enable bit.

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

Figure 10. Interrupt Sources

Oy
a— -
INTO —-O~", iED
1
.
L ———
¢ <...AI>') -
0}
INTH - A —» IE1 |-—»
‘.
TRl o e e ey

—

Tl orere oo e
SPIF -
"2 D
EXF? e e e T b

T ey

20 AT89S8252
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Oscillator XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that
PH can be configured for use as an on-chip oscillator, as shown in Figure 11. Either a
Characteristics 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 12. There are no requirements on the duty cycle of the external clock signal,
since the input to the internal clocking circuitry is through a divide-by-two flip-flop, but

minimum and maximum voltage high and low time specifications must be observed.

Figure 11. Oscillator Connections

mbgi‘wwlﬁh XTAL2

[]
'y 3;~_I"_ XTAL{

B e N €1\ )
Note: C1,C2 = 30pF:10 pF for Crystals
= 40 pF * 10 pF for Ceramic Resonators
Figure 12. External Clock Drive Configuration
NC XTAL2

EXTERNAL
OSCILLATOR ——{ XTAL1

SIGNAL
_[—-———- GND
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idle Mode

Power-down Mode

Program Memory
Lock Bits

AIREL

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 registers remain unchanged during this mode. The idle mode can be termi-
nated by any enabled interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally
resumes program execution fram 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.

Status of External Pins During Idle and Power-down Modes

Program o
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle Internal 1 1 Data Data Data Data
ldle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Dala

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 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 allow the oscillator to restart and stabilize.

To exit power-down via an interrupt, the external interrupt must be enabled as level sen-
sitive before entering power-down. The interrupt service routine starts at 16 ms
(nominal) after the enabled interrupt pin is activated.

The AT8958252 has three lock bits that can be left unprogrammed (U) or can be pro-
grammed (P) to obtain the additional features listed in the following table.

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched dur-
ing reset. If the device is powered up without a reset, the latch initializes es 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.

Once programmed, the lock bits can only be unprogrammed with the Chip Erase opera-
tions in either the parallel or serial modes.

Lock Bit Protection Modes('¥?

Program Lock Bits

LB1 LB2 LB3 Protection Type

1 U U U No internal memory lock feature.

2 P u V) MOVC instructions executed from external program memory are disabled from fetching code bytes from
internal memory. EA is sampled and latched on reset and further programming of the Flash memory
{parallel or serial mode) is disabled.

3 P P V) Same as Mode 2, but parallel or serial verify are also disabted.

4 P P P Same as Mode 3, but external execution is also disabled.

Notes: 1. U = Unprogrammed

22

2. P = Programmed

AT89S8252

R T e S e T

0401F-MICRO-11/03



AT8SS8252

Programming the Atmel’'s AT8958252 Flash Microcontroller offers 8K bytes of in-system reprogrammable
Flash and EEPROM Flash Code memory and 2K bytes of EEPROM Data memory.

The AT89S8252 is normally shipped with the on-chip Flash Code and EEPROM Data
memory arrays in the erased state (i.e. contents = FFH) and ready to be programmed.
This device supports a High-voltage (12-V Vpp) Parallel pregramming mode and a Low-
voltage (5-V V) Serial programming mode. The serial programming mode provides a
convenient way to reprogram the AT89S8252 inside the user's system. The parallel pro-
gramming mode is compatible with conventional third party Flash or EPROM
programmers.

The Code and Data memory arrays are mapped via separate address spaces in the
serial programming mode. In the paralle! programming mode, the two arrays occupy
one contiguous address space: 0000H to 1FFFH for the Code array and 2000H to
27FFH for the Data array.

The Code and Data memory arrays on the AT89S8252 are programmed byte-by-byte in
either programming mode. An auto-erase cycle is provided with the self-timed program-
ming operation in the serial programming mode. There is no need to perform the Chip
Erase operation to reprogram any memory location in the serial programming mode
unless any of the lock bits have been programmed.

in the parallel programming mode, there is no auto-erase cycle. To reprogram any non-
blank byte, the user needs to use the Chip Erase operation first to erase both arrays.

Parallel Programming Algorithm: To program and verify the AT89S8252 in the paral-
lel programming mode, the following sequence is recommended:

1.

B LT Wy

401F-MICRO-11/03

Power-up sequence:

Apply power between Ve and GND pins.

Set RST pin to "H".

Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait for at least 10 milliseconds.
Set PSEN pin to “L”

ALE pin to “H"

EA pin to “H" and all other pins to "H".

Apply the appropriate combination of “H" or “L” logic levels to pins P2.6, P2.7, P3.6,
P3.7 to select one of the programming operations shown in the Flash Programming
Modes table.

Apply the desired byte address to pins P1.0 to P1.7 and P2.0 to P2.5.
Apply data to pins P0.0 to P0.7 for Write Code operation.
Raise EANV,» to 12V to enable Flash programming, erase or verification.

Pulse ALE/PROG once to program a byte in the Code memory array, the Data mem-
ory array or the lock bits. The byte-write cycle is self-timed and typically takes
1.5 ms.

To verify the byte just programmed, bring pin P2.7 to “L" and read the programmed
data at pins P0.0 to P0.7.

Repeat steps 3 through 7 changing the address and data for the entire 2K or 8K
bytes array or until the end of the object file is reached.

Power-off sequence:

Set XTAL1 to “L".

Set RST and EA pins to “L".
Turn Ve power off.

Aliiies, 2
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In the parallel programming mode, there is no auto-erase cycle and to reprogram any
non-blank byte, the user needs to use the Chip Erase operation first to erase both
arrays.

Data Polling: The AT89S8252 features DATA Polling to indicate the end of a byte write
cycle. During a byte write cycle in the parallel or serial programming mode, an
attempted read of the last byte written will result in the complement of the written datum
on P0.7 (parallel mode), and on the MSB of the serial output byte on MISO (serial
mode). Once the write cycle has been completed, true data are valid on all outputs, and
the next cycle may begin. DATA Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming in the parallel programming mode can
also be monitored by the RDY/BSY output signal. Pin P3.4 is pulled Low after ALE goes
High during programming to indicate BUSY. P3.4 is pulled High again when program-
ming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed
Ccde or Data byte can be read back via the address and data lines for verification. The
state of the lock bits can also be verified directly in the parallel programming mode. In
the serial programming mode, the state of the lock bits can only be verified indirectly by
observing that the lock bit features are enabled.

Chip Erase: Both Flash and EEPROM arrays are erased electrically at the same time.
in the parallel programming mode, chip erase is initiated by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10 ms. The Code and Data
arrays are written with all “1”s in the Chip Erase operation.

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 16 ms.

During chip erase, a serial read from any address location will return 00H at the data
outputs.

" Serial Programming Fuse: A programmable fuse is available to disable Seriai Pro-

gramming if the user needs maximum system security. The Serial Programming Fuse
can only be programmed or erased in the Parallel Programming Mode.

The AT89S8252 is shipped with the Serial Programming Mode enabled.

Reading the Signature Bytes: The signature bytes are read by the same procedure as
a normal verification of locations 030H and 031 H, except that P3.6 and P3.7 must be
pulled to a logic low. The values returned are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates 8958252

Every code byte in the Flash and EEPROM arrays can be written, and the entire array
can be erased, by using the appropriate combination of control signals. The write opera-
fior cycle is self-timed and once initiated, wijl AUGNIGtueny hic ot v wolupiciin,

Most worldwide major proaramming vendors offer suppcrt for the Atmiel AT2S inicresen
troller series. Please contact vour local programming vendar for the approgiias
software revision.

'4 AT89$8252 mﬁn'm"r""- s T S e AR w s R ) R T et e I T
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Serial Downloading

Serial Programming
Algorithm
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Both the Code and Data memory arrays can be programmed using the serial SP! bus
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 program/erase operations can be executed.

An auto-erase cycle is built into the self-timed programming operation (in the serial
mode ONLY) and there is no need to first execute the Chip Erase instruction unless any
of the lock bits have been programmed. The Chip Erase operation turns the content of
every memory location in both the Code and Data arrays into FFH.

The Code and Data memory arrays have separate address spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for Data memory.
Either an external system clock is supplied at pin XTAL1 or a crystal needs to be con-
nected across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency

should be less than 1/40 of the crystal frequency. With a 24 MHz oscillator clock, the
maximum SCK frequency is 600 kHz.

To program and verify the ATB9S8252 in the serial programming mode, the foliowing
sequence is recommended:

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

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to
24 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 40.

3. The Code or Data array is programmed one byte at a time by supplying the address
and data together with the appropriate Write instruction. The selected memory loca-
tion is first automatically erased before new data is written. The write cycle is self-
timed and typically takes less than 2.5 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. Atthe end of a programming session, RST can be set low to commence normal
operation.

6. Power-off sequence (if needed):
Set XTAL1 to “L" (if a crystal is not used).
Set RST to “L".
Turn Ve power off.

A s
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Instruction

Instruction Set
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The Instruction Set for Serial Programming follows a 3-byte protocol and is shown in the
following table:

Input Format

Instruction Byte 1 Byte 2 Byte 3 Operation

Programming Enable 1010 1100 | 0101 G011 XXxx xxxx | Enable serial programming interface after RST goes high.

Chip Erase 1010 1100 xxxx x100 xxxx xxxx | Chip erase both 8K & 2K memory arrays.

Read Code Memory aaaa a001 low addr xxxx xxxx | Read data from Code memory array at the selected address.
The 5 MSBs of the first byte are the high order address bits.
The low order address bits are in the second byte. Data are
available at pin MISO during the third byte.

Write Code Memory aaaa a010 low addr data in Write data to Code memory location at selected address. The
address bits are the 5 MSBs of the first byte together with the
second byte.

Read Data Memory 00aa a101 low addr xxxx xxxx | Read data from Data memory array at selected address. Data
are available at pin MISO during the third byte.

Write Data Memory 00aa a110 low addr data in Write data to Data memory location at selected address.

Write Lock Bits 1010 1100 oo X111 | xxxx xxxx | Write lock bits.

-t ad

SetLB1,LB2orLB3="0"to program lock bits.

Notes: 1. DATA polling Is used to indicate the end of a by

2. “aaaaa” = high order address.

3. “x” =don't care.

%  AT89S8252

te write cycle which typically takes less than 2.5 ms at 5V,
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Flash and EEPROM Parallel Programming Modes
Data /O Address

Mode RST | PSEN | ALE/PROG | EANV., | P28 | P27 | P36 | P37 | P0.7:0 P2.5:0 P1.7:0
Serial Prog. Modes H " hth X
Chip Erase H L [~ —®@ 12v H L L L X X
Write (10K bytes) Memory H L " 12v L H H H DIN ADDR
Read (10K bytes) Memory H L H 12v L L H H pouTt ADDR
Write Lock Bits: H L |~ 12v H L H L DIN X

Bit- 1 P0.7=0 X

Bit- 2 P0.6=0 X

Bit-3 PO.5=0 X
Read Lock Bits: H L H 12v H H L L DouT X

Bit- 1 @P0.2 X

Bit- 2 @Po.1 X

Bit-3 @P0.0 X
Read Atmel Code L 12v L L L L DOUT 30H
Read Device Code L 12v L L L L DouT 31H
Serial Prog. Enable H L |~ —@ 12v L H L H | P0.0=0 X
Serial Prog. Disable H L [N @ 12v L H L H | PO.O=1 X
Read Serial Prog. Fuse H L H 12v H H L H @PO0.0 X

Notes: 1. “h"= weakly pufled “High” internally.

2. Chip Erase and Serial Programming Fuse require a 10 ms PROG
reprogramming any byte with a content other than FFH.

. P3.4is pulled Low during programming to indicate RDY/BSY.

3
4. "X" =don't care

MO01F-MICRO-11/03
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pulse. Chip Erase needs to be performed first before
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Figure 13. Programming the Flash/EEPROM Memory

AImEL

Figure 15. Flash/EEPROM Serial Downloading

+5V +4.0V t0 6.0V
AT89S8252 ' AT89S52
AO - A7 |
ADDR, P1 Vee |— Vee
0000H/27FFH PGM
P20 - P25 PO |4
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N
——»| P26 S INPUT  ——¥{ P1.5/MOSI
SEE FLASH ALE |e¢——— PROG | premiso
PROGRAMMING ] — "] P27 DATA OUTPUT +——
P3.7
XTAL2 EA le—— V,, —8——————| XTAL2
3-24 MHz 3-24 MHz l
i P34 |---——» RDY/ E
; i BSY T !
L L B
XTAL1 RST |¢— v, XTAL1 RST fe— v,
—] GND PSEN f—-—\ { GND
= = =
Figure 14. Verifying the Flash/EEPROM Memory
+5V
AT8958252 o
aopr. 20 - ALl o, Vee ool
GO00H/2FFFH PGM DATA
P20 - P25 PO |-» (USE 10K
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- P26
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—— | P3.7
s XTAL2 EA |« Ve
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‘[. L
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ui -
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Flash Programming and Verification Characteristics — Parallel Mode
Ta = 0°C t0 70°C, Ve = 5.0V £10%

Symbol | Parameter Min Max Units
Vep Programming Enable Voltage 1.5 12.5 \
lpp Programming Enable Current 1.0 mA
oLeL Oscillator Frequency 3 24 MHz
taval Address Setup to PROG Low 48ty o,
tomax Address Hold after PROG 48te 1
toveL Data Setup to PROG Low 48t o,
terox Data Hold after PROG 48to o0
tensH P2.7 (ENABLE) High to Vpp 48t o
tsnaL Vpp Setup to PROG Low 10 us
' teLen PROG Width 1 110 us
tavav Address to Data Valid 48t ¢
terqv ENABLE Low to Data Valid 48te o,
tenaz Data Float after ENABLE 0 48te o
tamaL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Flash/EEPROM Programming and Verification Waveforms — Paraiiel Mode
P1.0 - P1.7 PROGRAMMING A ) VERIFICATION
P2.0 - P25 - — ADDRESS j ADDRESS
4 tavav
PORT 0 lL CDATAIN T BATA OUT P
taL |t ’; fovet - torox 1721 tarax
ALE/PROG T I T T
fsmoL [+ ﬂ‘"‘ taLen—>

. A Vep

BANee

P2.7 M>] " tersn teLav —" *——‘.] *~ Yeraz

(ENABLE) / N -
T toaL —> [+ !
P34 R ‘ |
(RDY/BSY) I BUSY  .I" READY
e —
25
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Serial Downloading Waveforms

SERIAL CLOCK INPUT

SCKIP1.7 o ryygyuyuruyeyre

'|7l 6 5§ 4 3 2 1 0
SERIAL DATA INPUT H

MOSI/P1.5 ) IMSBII T TR D A O [ -) I
SERIAL DATA OUTPUT |
MISO/P1.6 wsel 1 1 1 | | s\l

Serial Programming Characteristics

‘igure 16. Serial Programmirig Timing

most X X

t

tovsH feste »{tsHox tsLsH
R
tsHsL

mso X X X

rable 11. Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 6.0V (Unless Otherwise Noted)

Symbol Parameter Min Typ Max Units
1MeLeL Oscillator Frequency 0 24 MHz
tereL Oscillator Period 416 ns
temst SCK Pulse Width High 2410 ¢t ns
toLsH SCK Pulse Width Low 24t ¢, ns
tovsH MOSI Setup to SCK High tereL ns
tsHox MOSI Hold after SCK High 2oL ns

0401F-MICRO-11/03



Absolute Maximum Ratings*

Operating Temperature..............veeeverennnnn. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-

Storage TemMPerature .............ce.ccermverersenserens -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

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

Maximum Operating Voltage .............cccouevverecceevreneennnn 6.6V conditions for extended periods may affect device
reliability.

DC Output CurTent...........cooeueueemeceeerrereeereeeeane 15.0 mA

DC Characteristics

The values shown in this table are valid for T, = -40°C to 85°C and Vec = 5.0V = 20%, unless otherwise noted.

J401F-MICRO-11/03

Maximum Iy, per port pin: 10 mA

Maximum Iy per 8-bit port: Port 0: 26 mA; Ports 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA

If lo, exceeds the test condition, V,, may exceed the related specifi

A,

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

@

Symbol Parameter Condition Min Max Units
vy Input Low-voltage (Except EA) -0.5 0.2 Ve - 0.1 v
Vg Inpul Low-vollage (EA) -0.5 0.2V -0.3 \%
Vi tnput High-voltage (Except XTAL1, RST) 0.2 Ve +0.9 Vec +0.5 v
Ving Input High-voitage (XTAL1, RST) 0.7 Ve Vee +0.5 v
VoL Output Low-voltage lo, = 1.6 MA 0.5 v
(Ports 1,2,3)
Vot Output Low-voltage (" lor =3.2mA 0.5 v
(Port 0, ALE, PSEN)
Vou Output High-voltagg___ low = -60 pPA, Ve = 5V £10% 24 v
(Ports 1,2,3, ALE, PSEN) lop = -25 A 0.75 Voo v
lon = -10 pA 0.9 Ve v
Vous Oulput High-valtage lon = -800 PA, Ve = 5V £10% 24 v
(Port 0 in External Bus Mode) lon = -300 A 0.75 Vge v
lon = -80 pA 0.9 Ve v
Iy Logical 0 Input Current (Porls 1,2,3) Vin = 045V -50 pA
I Logical 1 to 0 Transition Current (Ports 1,2,3) Vin =2V, Ve =5V £10% -650 pA
t Input Leakage Current 0.45 <V < Ve 0 pA
(Port 0, EA)
RRST Resst Pull-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lce Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode @ Vee = 6V 100 pA
Vee =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, oL must be externally limited as follows:

cation. Pins are not guaranteed to sink current greater
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AC Characteristics

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

B AT LTy

External Program and Data Memory Characteristics

Variable Oscillator
Symbol Parameter Min Max Units
MeLeL Oscillator Frequency 0 24 MHz
1T ALE Pulse Width 2teicy- 40 ns
tavLL Address Valid to ALE Low tereL- 13 ns
tiax Address Hold after ALE Low toreL - 20 ns
tiw ALE Low to Valid Instruction In 4tci oL - 65 ns
tuet ALE Low to PSEN Low toror - 13 ns
teLen PSEN Pulse Width 3tei e - 20 ns
teLy PSEN Low to Valid Instruction In tere, - 45 ns
toxix Input instruction Hold after PSEN ] ns
toxiz Input Instruction Float after PSEN tere, - 10 ns
texav PSEN to Address Valid tee - 8 ns
taviv Address to Valid Instruction in StereL - 55 ns
toraz PSEN Low to Address Float 10 ns
tRLRH RD Puise Width 6t o - 100 ns
twewh WR Pulse Width 6te - 100 ns
taLov RD Low to Valid Data in Storce - 90 ns
trupx Data Hold after RD 0 ns
trinz Data Float after RD 2ty - 28 ns
biov ALE Low to Valid Data In 8o o - 150 ns
tavov Address to Valid Data In Oteic - 165 ns
tuwe ALE Low to RD or WR Low 3teicL - 50 3t + 50 ns
b Address to RD or WR Low Ao - 75 ns
tovwx Data Valid to WR Transition terce - 20 ns
tavwn Data Valid to WR High Ttercl - 120 ns
twrax Data Hold after WR I terer - 20 ns
taraz RD Low to Address Float 0 ns
(Y RD or WR High to ALE High terer - 20 toreL + 25 ns
2 AT89S8252 e S
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Ty I LTI ST e e 'ﬁ‘ i 8 02 J ‘
External Program Memory Read Cycle
- tLHL.L ’
SN TN
ALE L e
toLpn
tav [¢ N iy
—» tLLF‘L [
PSEN Ve teuy
t —
et : PXAV
tax e PXIZ
o toxix—
PORT 0 ~K__A0-A7 _ i~ ——INSTRIN A0-A7 <
< tA\.IIV
PORT 2 N ~AB-Al5 AB - A15
External Data Memory Read Cycle
— b ——»
ALE A AT y
: ¥ ety
PSEN i ' oo B
- taupn —-»!
o tgwe ¥ I
RD W Yyax IR i :
byl oo < mlgov < *lakpz
RLAZ | ¥ - t
i o ta-{-laHOX
PORT 0 __{ A0 - A7 FROM RI ‘oibbl.f‘f;_",i-w DATA IN 1324 A0 - A7 FROM PCL —INSTR IN
I
u
O SN tAVWL e e » I
‘.V.m. 7,...,,” . tAVDV PR
PORT 2 '} P2.0- P27 OR A8 - A15 FROM DPH . A8 - A15 FROM PCH
5 ﬁ!m”* 3
TS 3
0401F-MICRO-11/03 L g



xternal Data Memory Write Cycle

o b —»

L. L -
AE VL S g —
—> twHiH
PSEN S
—— b ety
WR o fax hi
- by lavwx - "j ‘- e 54 - twHax
L tavwn > i
PORT 0 '-{"A0 - A7 FROM ﬁf"f’éﬁffbfé'tﬁEF“_.QAIA-QUL_.;'::’; A0 - A7 FROM PCL’— INSTR IN
[ !
P tAVWL TR ¥

PORT 2 __ {7 P20 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

e t . ! | D tonox > |
CHCX 1 toow % [ s
Ve = 0.8V —— e | i L e
A= 0.7 Veg —{ I b
y ! » S N
— 0.2 Ve 0.1V e - -
0.45V .
t loex ¥
m e tCLCL B
cternal Clock Drive
Vee = 4.0V to 6.0V
ymbol | Parameter Min Max Units
teLeL Oscillator Frequency 0 24 MHz
LcL Clock Period 41.6 ns
HCX Hfgh Time 18 ns
LCX Low Time 15 ns
LCH Rise Time 20 ns
HCL Fall Time 20 ns

AT89S8252 mumsmeessrssssrsss—
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s A T89S 8252

erial Port Timing: Shift Register Mode Test Conditions

e values in this table are valid for V¢ = 4.0V to 6V and Load Capacitance = 80 pF.

Variable Oscillator
iymbol | Parameter Min Max Units
(WXL Serial Port Clock Cycle Time 12t oL us
WXH Output Data Setup to Clock Rising Edge 10tg . - 133 ns
HaX Output Data Hold after Clock Rising Edge 2o oL - 117 ns
(HDX input Data Hold after Clock Rising Edge 0 ns
(HDV Clock Rising Edge to Input Data Valid 10tg ¢ - 133 ns

hift Register Mode Timing Waveforms

INSTRUCTION [ 0 [ 1 [ 2 | 3 [ 4 | 5 | 6 ] 7 | 8 ]
ALE ML e L e e e re U
N o
GLocK I SN R TN I O N O B O
tovxH |e N !
— e— txnox
.‘1’5'1%}9&%!’3 N0 [ 1 2 X 38 X4 X 58 X6 X 77
bl |a— t
OUTPUT DATA trov +—>] [+ taiox setTi |
__CLEARRI |
v
INPUT DATA

C Testing Input/Output Waveforms("

Voo~ 08V - 0.2 Vg + 0.8V = o
TEST POINTS
02 Voo - 01V
0.45V AR .

te: 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 togic 1 and V,, max. for a logic 0.

.

oat Waveforms("
Vioas @V - T T g oy
\; Timing Reference :
LOAD Paints ‘
VLO“D' o o e T VOL‘ o.1v

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

AINEL 5

-
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AT8958252
" TYPICAL ICC (ACTIVE) at 25°C
Vee 2 6.0V
| 2 ]
C 12 — T cc = O
4 / - _
0
] 4 8 12 16 20 24
F (MHz)
AT8988252
TYPICAL ICC (IDLE) at 25°C
48~ Vee 26.0V
4.0 : /
C' 3.2 Al S ,./ /l
C 24 /J/ ,/ Ve =5.0V
IR 16]- - - // L
08/7 b - .
' i |
0.0 | ! i
0 4 8 12 16 20 24
F (MHz)
AT8958252
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)

>F 00—
o
x

w
\

T h?

3.0V 4.0V 5.0V 6.0V
V¢ VOLTAGE

Notes: 1. XTAL1 tied to GND for lcc (power-down)
2. Lock bits programmed

AT89S8252 msssssesssssesssesss e
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ey A T89S 8252

dering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
4.0V to 6.0V AT8958252-24AC 44A Commercial
AT8958252-244C 44 (0°C to 70°C)
o4 AT8958252-24PC 40P6
4.0V o 6.0V AT8958252-24Al 44A Industrial
AT8958252-24J) 444 (-40°C to 85°C)
AT8988252-24P| 40P6
Package Type
A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
J 44-|ead, Plastic J-leaded Chip Carrier (PLCC)
Pé 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

*-MICRO-11/03
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ATMEL

ckaging Information

A - TQFP
NARARADRRE.  RERDARGRCRD. W
PIN 1 :-f o 5 l
g E
g 'PIN 1 IDENTIFIER A l
" kX |
Ny E1 E
' i |
l R R A— A
el » } - l
I -l
C 4 o | U
“I e Cpnnenuwi? diinnne e, -

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05

11.75 12.00 | 12.25

D1 9.80 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. Aflowable E1 9.80 10.00 | 10.10 | Note2

o

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. C 0.09 0.20
3. Lead coplanarity is 0.10 mm maximum. e - s
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
TITLE DRAWING NO. |REV.

| 2325 Orchard Parkway

San Jose, CA 95131 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness,

0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) 44A B

AT89S8252 manssssssre s ———
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J-PLCC
. 1.14(0.045) X 45°
1.14(0.0T15)x45 PIN NO. 1 L_ . 031800125
L oo OENTEER == osmooosy
‘(O
N : T
N i
h ‘
j L B e _e{ D2E2
B -t
B ) |
: ‘
8
Bj ))
Lt 2 e f Gt e v ¥
e D1 ——e Y '! A
-l Al
A
Lw
0.51(0.020)MAX
45" MAX (3X)
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A 4.191 - 4.572
A1l 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.
2. Bimensions D1 and E1 do not include mold protrusion. E1 16.510 - 16.662 | Note 2
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 8 0.660 0.813
material condition at the upper or lower parting line. d — .
3. Lead coplanarity is 0.004" (0.102 mm) maximum. B1 0.330 - 0.533
e 1.270 TYP
10/04/01
TITLE DRAWING NO. |REV.
ME], 232° Oroard Parway | 444, 44-1ead, Plastic J-leaded Chip Carrier (PLCC) 44) B

ATEL =
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P6 - PDIP
b PIN
\mmnmmm\\nfll *
C E1
|0 O N O I A O A AL A | +
A

SEATING PMNE‘HW W _L
L [
B1 e

]

pEN

COMMON DIMENSIONS
0°~15° REF (Unit of Measure = mm)
\/ <\
- SYMBOL| MIN NOM MAX | NOTE
B | A - — | a8
Al 0.381 - -
D 52.070 - 52.578 | 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. 81 1.041 _ 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). 0.203 N 0.381
eB 15.494 - 17.526
e 2540 TYP
09/28/01
5 Orchard Parkw TITLE DRAWING NO. [REV.
Sandoss,CA 95131 | 9P 421028 000011524 mm W) Pt Ol wes | o

AT89S8252 mssssssssesssssss s e——
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DS12C887
Real Time Clock

= DALLAS

B SEMICONDUCTOR

o

-EATURES PIN ASSIGNMENT
Drop-in replacement for IBM AT computer
clock/calendar MN%T -5 - ;gw
Pin compatible with the MC146818B and s i 2; NG
DS1287 ADO 1 4 afd Ne
Totally nonvolatile with over 10 years of AD1 [l s 00 NC
operation in the absence of power ARz P 6 a Eo
" cludes lithi AD3 [17 18 | RESET
Self-contained subsy-rstel.n includes lithium, AD4 g 78 Ds
quartz, and support circuitry. ADS o 160 NC
Counts seconds, minutes, hours, days, day of ADE Q10 150 Rw
the week, date, month, and year with leap AD7 B 11 ME AS
GND 112 I3 cCs

year compensation valid up to 2100

Binary or BCD representation of time,
calendar, and alarm

12— or 24-hour clock with AM and PM in
12-hour mode

DS12C887 24-Pin
ENCAPSULATED PACKAGE

PIN DESCRIPTION

Daylight Savings Time option ADO-AD7 - Multiplexed Address/Data Bus
Selectable between Motorola and Intel bus NC - No Connect

timing MOT - Bus Type Selection
Multiplex bus for pin efficiency cs - RTC Chip Select Input
Interfaced with software as 128 RAM AS - Address Strobe
loeatinns . R/W - Read/Write Input

— 15 bytes of clock and control registers DS i Dita Birobs

— 113 bytes of general purpose RAM —— SR .

Programmable square wave output signal " L
Bus—compatible interrupt signals (IRQ) IRQ - Interrupt Request Output
Three interrupts are separately software SQW - Square Wave Output
maskable and testable Vige - +5 Volt Main Supply

— Time-of-day alarm once/second to GND - Ground

once/day
— Periodic rates from 122 ms to 500 ms
- End of clock update cycle
Century register

JESCRIPTION

"he DS 12C887 Real Time Clock plus RAM is designed as a direct upgrade replacement for the DS12887
n existing IBM compatible personal computers to add hardware year 2000 compliance. A century byte
vas added to memory location 50, 32h, as called out by the PC AT specification. A lithium energy
ource, quartz crystal, and write-protection circuitry are contained within a 24—pin dual in-line package.
\s such, the DS12C887 is a complete subsystem replacing 16 components in a typical application. The
unctions include a nonvolatile time-of-day clock, an alarm, a one-hundred-year calendar, programmable
nterrupt, square wave generator, and 113 bytes of nonvolatile static RAM. The real time clock is
listinctive in that time-of-day and memory are maintained even in the absence of power.

I of 19 020900



DS12C887

PERATION

1¢ block diagram in Figure | shows the pin connections with the major internal functions of the
$12C887. The following paragraphs describe the function of each pin.

IGNAL DESCRIPTIONS

ND, Vcc - DC power is provided to the device on these pins. Ve is the +5 volt input. When § volts are
iplied within normal limits, the device is fully accessible and data can be written and read. When Ve is
low 4.25 volts typical, reads and writes are inhibited. However, the timekeeping function continues
\affected by the lower input voltage. As V¢c falls below 3 volts typical, the RAM and timekeeper are
vitched over to an internal lithium energy source. The timekeeping function maintains an accuracy of 1
inute per month at 25°C regardless of the voltage input on the V¢c pin.

[OT (Mode Select) — The MOT pin offers the flexibility to choose between two bus types. When
mnected to Vcc, Motorola bus timing is selected. When connected to GND or left disconnected, Intel
1s timing is selected. The pin has an internal pull-down resistance of approximately 20KQ.

QW (Square Wave Output) — The SQW pin can output a signal from one of 13 taps provided by the
» internal divider stages of the Real Time Clock. The frequency of the SQW pin can be changed by
ogramming Register A as shown in Table 1. The SQW signal can be turned on and off using the SQWE
t in Register B. The SQW signal is not available when V¢ is less than 4.25 volts typical.

D0-AD7 (Multiplexed Bidirectional Address/Data Bus) — Multiplexed buses save pins because
Idress information and data information time share the same signal paths. The addresses are present
wring the first portion of the bus cycle and the same pins and signal paths are used for data in the second
rtion of the cycle. Address/data multiplexing does not slow the access time of the DS12C887 since the
1s change from address to data occurs during the intemal RAM access time. Addresses must be valid
ior to the falling edge of AS/ALE, at which time the DS12C887 latches the address from ADO to AD6.
alid write data must be present and held stable during the latter portion of the DS or WR pulses. In a
ad cycle the DS12C887 outputs 8 bits of data during the latter portion of the DS or RD pulses. The read
rcle is terminated and the bus returns to a high impedance state as DS transitions low in the case of
[otorola timing or as RD transitions high in the case of Intel timing.

S (Address Strobe Input) — A positive going address strobe pulse serves to demultiplex the bus. The
lling edge of AS/ALE causes the address to be latched within the DS12C887. The next rising edge that

scurs on the AS bus will clear the address regardless of whether CS is asserted. Access commands
1ould be sent in pairs.

S (Data Strobe or Read Input) — The DS/RD pin has two modes of operation depending on the level
F the MOT pin. When the MOT pin is connected to V¢, Motorola bus timing is selected. In this mode
S is a positive pulse during the latter portion of the bus cycle and is called Data Strobe. During read
/cles, DS signifies the time that the DS12C887 is to drive the bidirectional bus. In write cycles the
ailing edge of DS causes the DS12C887 to latch the written data. When the MOT pin is connected to
ND, Intel bus timing is selected. In this mode the DS pin is called Read(RD). RD identifies the time
:riod when the DS12C887 drives the bus with read data. The RD signal is the same definition as the
utput Enable (OE) signal on a typical memory.
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DS12C887

YW (Read/Write Input) — The R/ W pin also has two modes of operation. When the MOT pin is
onnected to V¢c for Motorola timing, R/W is at a level which indicates whether the current cycle is a
ead or write. A read cycle is indicated with a high level on R/W while DS is high. A write cycle is
1dicated when R/W is low during DS. When the MOT pin is connected to GND for Intel timing, the

/W signal is an active low signal called WR. In this mode the R/W pin has the same meaning as the
Vrite Enable signal (WE) on generic RAMs.

>S (Chip Select Input) — The Chip Select signal must be asserted low for a bus cycle in the DS12C887
3 be accessed. CS must be kept in the active state during DS and AS for Motorola timing and during RD

nd WR for Intel timing. Bus cycles which take place without asserting cs will latch addresses but no
ccess will occur. When Vcc is below 4.25 volts, the DS12C887 internally inhibits access cycles by

rternally disabling the €S input. This action protects both the real time clock data and RAM data during
ower outages.

RQ (Interrupt Request Output) - The IRQ pin is an active low output of the DS12C887 that can be
sed as an interrupt input to a processor. The IRQ output remains low as long as the status bit causing the
rerrupt is present and the corresponding interrupt-enable bit is set. To clear the IRQ pin the processor
rogram normally reads the C register. The RESET pin also clears pending interrupts. When no interrupt
onditions are present, the 1RQ level is in the high impedance state. Multiple interrupting devices can be
onnected to an IRQ bus. The IRQ bus is an open drain output and requires an external pull-up resistor.

ESET (Reset Input) — The RESET pin has no effect on the clock, calendar, or RAM. On power-up the
RESET pin can be held low for a time in order to allow the power supply to stabilize. The amount of
me that RESET is held low is dependent on the application. However, if RESET is used on power—up,
1e time RESET is low should exceed 200 ms to make sure that the internal timer that controls the
)$12C887 on power-up has timed out. When RESET is low and V¢ is above 4.25 volts, the following
ceurs:

A. Periodic Interrupt Enable (PEI) bit is cleared to zero.

B. Alarm Interrupt Enable (AIE) bit is cleared to zero.

C. Update Ended Interrupt Flag (UF) bit is cleared to zero.

D. Interrupt Request Status Flag (IRQF) bit is cleared to zero.

E. Periodic Interrupt Flag (PF) bit is cleared to zero.

F. The device is not accessible until RESET is returncd hiyghi.

G. Alarm Interrupt Flag (AF) bit is cleared to zero.

H. IRQ pin is in the high impedance statc.

1. Square Wave Output Enable (SQWE) bit is clearcd (6 2ero.

J. Update Ended Interrupt Enable (UIE) is cleared tv zero.

? a typical application RESET can be connected to Ve . This connection will allow the DS12C887 (o
o in and out of power fail without affecting any of the control registers.
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DS12C887 BLOCK DIAGRAM Figure 1

il

osc. | | . +8 +84 || +64
‘ i
cs
v POWER v -
cc SWITCH cC
———a! AND f—» r—'\ PERICDIC INTERRUPT/SQUARE WAVE
y WRITE | POX SELECTOR
BAT PROTECT ™
poss SN SQUARE
- — -~
_I WAVE OUT saw
s

\
,____': REGISTERS ABC.D - ResET
DS
> <: DOUBLE
Rw_ | cLocK CLOCK, CALENDAR, BUFFERED
CALENDAR (::::) - ANDALARM RAM -
A Bus uppATE |V [ YT T T T T T
INTERFACE —N
ADO- r'l/
e
BCO/
BINARY e
INCREMENT
USER RAM
Mot | 113 BYTES
CENTURY BYTE
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DS12C887

*OWER-DOWN/POWER-UP CONSIDERATIONS

The Real Time Clock function will continue to operate and all of the RAM, time, calendar, and alarm
nemory locations remain nonvolatile regardless of the level of the Ve input. When V¢ is applied to the
J§12C887 and reaches a level of greater than 4.25 volts, the device becomes accessible after 200 ms,
yrovided that the oscillator is running and the oscillator countdown chain is not in reset (see Register A).
Chis time period allows the system to stabilize after power is applied. When V¢ falls below 4.25 volts,

he chip select input is internally forced to an inactive level regardless of the value of CS at the input pin.
lhe DS 12C887 is, therefore, write-protected. When the DS12C887 s in a write-protected state, all inputs
wre ignored and all outputs are in a high impedance state. When V¢ falls below a level of approximately
} volts, the external Vcc supply is switched off and an internal lithium energy source supplies power to
he Real Time Clock and the RAM memory.

RTC ADDRESS MAP

'he address map for the DS12C885 is shown in Figure 2. The address map consists of 113 bytes of user
RAM, 11 bytes of RAM that contain the RTC time, calendar, and alarm data, and 4 bytes which are used
or control and status. All 128 bytes can be directly written or read except for the following;

1. Registers C and D are read-only.

2. Bit-7 of Register A is read-only.
3. The high order bit of the seconds byte is read-only.

JS12C887 REAL TIME CLOCK ADDRESS MAP Figure 2

o 0 0 SECONDS
14 BYTES 1 SECONDS ALARM
13 oD z MINUTES
14 0E 3 MINUTES ALARM
4 HOURS
;g g; 5 HOURS ALARM g
5 33 6 DAY OF THE WEEK §
7 DAY OF THE MONTH %
8 MONTH g
m
9 YEAR
10 REGISTER A
1 REGISTER B
12 REGISTER C
127 7 13 REGISTER D

S0 CENTURY
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THAE, CALENDAR AR Aciiun oo criisinl

iz fine and calendar information is obtained by reading the wwiive. inic tacine.. U.les TRl L
i

s ates 4atn uibadw.

ey ~
n

aiendar. and alarm are set or initialized by writing the appropriaic TLAN Ui ioo. The wiiivdain L5 il tani
me. calendar. and alarm bytes can be either Binary or Binary-Coded Decimal (BC0 1 ivinuii. Deivic
rriting the internal time. calendar. and alarm registers. the SET bit in Register B shuald be witiicii i o
»gic one to prevent updates from occurring while access is being attemptcd. i additivs © wiiting Ui ici
me, calendar, and alarm registers in a selected format (binary or BCD), the data modc bii (D) of
\egister B must be set to the appropriate logic level. All ten time, calendar, and alariii Uyics st uov tic
ame data mode. The set bit in Register B should be cleared after the data mode bit has been wiiitcii Lo
Hlow the real time clock to update the time and calendar bytes. Once initialized, the real time clock
1akes all updates in the selected mode. The data mode cannot be changed without reinitializing the icn
ata bytes. Table 2 shows the binary and BCD formats of the ten time, calendar, and alarm locations. The
4-12 bit cannot be changed without reinitializing the hour locations. When the 12-hour format is
elected, the high order bit of the hours byte represents PM when it is a logic one. The time, calendar,
nd alarm bytes are always accessible because they are double buffered. Once per second the eleven bytes
re advanced by one second and checked for an alanm condition. If a read of the time and calendar data
ccurs during an update, a problem exists where seconds, minutes, hours, etc. may not correlate. The
robability of reading incorrect time and calendar data is low. Several methods of avoiding any possible
1correct time and calendar reads are covered later in this text. The three alarm bytes can be used in two
rays. First, when the alarm time is written in the appropriate hours, minutes, and seconds alarm
dcations, the alarm interrupt is initiated at the specified time each day if the alarm enable bit is high . The
econd use condition is to insert a “don’t care” state in one or more of the three alarm bytes. The “don’t
are” code is any hexadecimal value from CO to FF. The two most significant bits of each byte set the
don’t care” condition when at logic 1. An alarm will be generated each hour when the “don’t care” bits
re set in the hours byte. Similarly, an alarm is generated every minute with “don’t care” codes in the
ours and minute alarm bytes. The “don’t care” codes in all three alarm bytes create an interrupt every
econd.

'IME, CALENDAR AND ALARM DATA MCDES Tabie |

ADDRESS FUNCTION DECIMAL RANGE
LOCATION RANGE BINARY DATA MODE BCD DATA MODE
[0} Seconds 0-59 00-38 00-59
1 Seconds Alarm 0-59 00-3B 00-59
2 Minutes 0-59 00-3B 00-59
3 Minutes Alarm 0-59 00-3B 00-59
4 Hours 12-hr, Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM
Hours 24-hr, Mode 0-23 00-17 00-23
5 Hours Atarm 12-hr, Mode 1-12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM
Hours Alarm 24-hr, Mode 0-23 00-17 00-23
6 Day of the week Sunday=1 1-7 01-07 01-07
7 Date of Month 1-31 01-1F 01-31
8 Month 1-12 01-0C 01-12
9 Year 0-99 00-63 00-99
50 Century 0-99 NA 19,20
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DS12Cy37

CONTROL REGISTERS
The DS12C887 has four control registers which are accessible at all times, even during the update cycle.
REGISTER A
MSB LSB
BIT7 BIT 6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BIT O
UIP DV2 DV1 DVo RS3 RS2 RS1 RSO

UIP - The Update In Progress (UIP) bit is a status flag that can be monitored. When the UIP bit is a 1, the
update transfer will soon occur. When UIP is a 0, the update transfer will not occur for at least 244s.
The time, calendar, and alarm information in RAM is fully available for access when the UIP bit is 0. The

UIP bit is read-only and is not affected by RESET . Writing the SET bit in Register B to a 1 inhibits any
update transfer and clears the UIP status bit

RS3, RS2, RS1, RSO - These four rate-selection bits select one of the 13 taps on the 15-stage divider or
disable the divider output. The tap selected can be used to generate an output square wave (SQW pin)
and/or a periodic interrupt. The user can do one of the following:

1. Enable the interrupt with the PIE bit;

2. Enable the SQW output pin with the SQWE bit:

3. Enable both at the same time and the same rate; or
4. Enable neither

Table 1 lists the periodic interrupt rates and the Square wave frequencies that can be chosen with the RS
bits. These four read/write bits are not affected by RESET.
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DS12C887

REGISTER B
ASB LSB
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
SET PIE AIE UIE SQWE DM 24/12 DSE

SET - When the SET bit is a 0, the update transfer functions normally by advancing the counts once per
econd. When the SET bit is written to a 1, any update transfer is inhibited and the prograin can initialize
he time and calendar bytes without an update occurring in the midst of initializing. Read cycles can Le

xecuted in a similar manner. SET is a read/write bit and is not affected by RESET or internal functions
if the DS12C887.

’IE - The Periodic Interrupt Enable bit is a read/write bit which allows the Periodic Interrupt Flag (PF)
it in Register C to drive the IRQ pin low. When the PIE bit is set to |, periodic interrupts are generated
y driving the IRQ pin low at a rate specified by the RS3-RS0 bits of Register A. A 0 in the PIE bit

locks the IRQ output from being driven by a periodic interrupt, but the Periodic Flag (PF) bit is still set
t the periodic rate. PIE is not modified by any internal DS12C887 functions but is cleared to 0 on
RESET.

\IE - The Alarm Interrupt Enable (Aﬂi) bit is a read/write bit which, when set to a |, permits the Alarm
lag (AF) bit in register C to assert IRQ. An alarm interrupt occurs for each second that the 3 time bytes
qual the 3 alarm bytes including a “don’t care” alarm code of binary 11XXXXXX. When the AIE bit is

et to 0, the AF bit does not initiate the IRQ signal. The internal functions of the DS12C887 not affect
he AIE bit.

'IE - The Update Ended Interrupt Enable (UIE) bit is a read/write bit that enables the Update End Flay

UF) bit in Register C to assert IRQ. The RESET pin going low or the SET bit going high clears the
JIE bit.

'QWE - When the Square Wave Enable (SQWE) bit is set to a 1, a square wave signal at the frequency
et by the rate-selection bits RS3 through RSO is driven out on the SQW pin. When the SQWE bit is set

> 0, the SQW pin is held low. SQWE is a read/write bit and is cleared by RESET . SQWE is setto a |
vhen Vccis powered up.

)M - The Data Mode (DM) bit indicates whether time and calendar information is in binary or BCD
ormat. The DM bit is set by the program to the appropriate format and can be read as required. This bit

s not modified by internal functions or RESET. A 1 in DM signifies binary data while a 0 in DM
pecifies Binary Coded Decimal (BCD) data.

4/12 - The 24/12 control bit establishes the format of the hours byte. A 1 indicates the 24-hour mode and
0 indicates the 12-hour mode. This bit is read/write and is not affected by internal functions or RESET .

)SE - The Daylight Savings Enable (DSE) bit is a read/write bit which enables two special updates when
)SE is set to 1. On the first Sunday in April the time increments from 1:59:59 AM to 3:00:00 AM. On
1¢ last Sunday in October when the time first reaches 1:59:59 AM it changes to 1:00:00 AM. These
pecial updates do not occur when the DSE bit is a zero. This bit is not affected by internal functions or

RESET.
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DS12C887

REGISTER C

uSB LSB
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
IRQF PF AF UF 0 0 0 0

RQF - The Interrupt Request Flag (IRQF) bit is set to a 1 when one or more of the following are true:
F=PIE=1
\F=AIE=1
JF=UIE=1

€., IRQF = (PF o PIE) + (AF e AIE) + (UF ¢ UIE)

\ny time the IRQF bit is a I, the IRQ pin is driven low. Flag bits PF, AF, and UF are cleared after
tegister C is read by the program or when the RESET pin is low.

’F - The Periodic Interrupt Flag (PF) is a read-only bit which is set to a 1 when an edge is detected on the
elected tap of the divider chain. The RS3 through RSO bits establish the periodic rate. PF is set to a 1

ndependent of the state of the PIE bit. When both PF and PIE are 1’s, the @ signal is active and will
et the IRQF bit. The PF bit is cleared by a software read of Register C ora RESET .

\F - A 1 in the Alarm Interrupt Flag (AF) bit indicates that the current time has matched the alarm time.

f the AIE bit is also a 1, the IRQ pin will go low and a 1 will appear in the IRQF bit. A RESET or a read
f Register C will clear AF.

JF - The Update Ended Interrupt Flag (UF) bit is set after each update_cycle. When the UIE bit is set to
, the 1 in UF causes the IRQF bit to be a 1, which will assert the IRQ pin. UF is cleared by reading
tegister C or a RESET .

3IT 3 THROUGH BIT 0 - These are unused bits of the status Register C. These bits always read 0 and
annot be written.

REGISTER D
ASB LSB
BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
VRT 0 0 0 0 0 0 0

‘RT - The Valid RAM and Time (VRT) bit indicates the condition of the battery connected to the Vpar
in. This bit is not writeable and should always be a | when read. If a 0 is ever present, an exhausted
iternal lithium energy source is indicated and both the contents of the RTC data and RAM data are

uestionable. This bit is unaffected by RESET .

T 6 THROUGH BIT 0 - The remaining bits of Register D are not usable. They cannot be written and,
rhen read, they will always read 0.

9019




DS12C887

SENTURY REGISTER

lhe century register at location 32h, is a BCD register designed to automatically load the BCD value 20
1s the year register changes from 99 to 00. The MSB of this register will not be affected when the load of
20 occurs and will remain at the value written by the user.

NONVOLATILE RAM

lhe 113 general purpose nonvolatile RAM bytes are not dedicated to any special function within the
DS12C887. They can be used by the processor program as nonvolatile memory and are fully available
luring the update cycle.

NTERRUPTS

(he RTC plus RAM includes three separate, fully automatic sources of interrupt for a processor. The
larm interrupt can be programmed to occur at rates from once per second to once per day. The periodic
nterrupt can be selected for rates from 500ms to 122us. The update-ended interrupt can be used to

ndicate to the program that an update cycle is complete. Each of these independent interrupt conditions is
lescribed in greater detail in other sections of this text.

"he processor program can select which interrupts, if any, are going to be used. Three bits in Register B
nable the interrupts. Writing a logic | to an interrupt-enable bit permits that interrupt to be initiated

vhen the event occurs. A zero in an interrupt-enable bit prohibits the IRQ pin from being asserted from

hat interrupt condition. If an interrupt flag is already set when an interrupt is enabled, IRQ is
mmediately set at an active level, although the interrupt initiating the event may have occurred much

arlier. As a result, there are cases where the program should clear such earlier initiated interrupts before
irst enabling new interrupts.

Vhen an interrupt event occurs, the relating flag bit is set to logic 1 in Register C. These flag bits are set
ndependent of the state of the comesponding enable bit in Register B. The flag bit can be used in a
olling mode without enabling the corresponding enable bits. The interrupt flag bit is a status bit which
oftware can interrogate as necessary. When a flag is set, an indication is given to software that an
nterrupt event has occurred since the flag bit was last read; however, care should be taken when using the
lag bits as they are cleared each time Register C is read. Double latching is included with Register C so
hat bits which are set remain stable throughout the read cycle. All bits which are set (high) are cleared
vhen read and new interrupts which are pending during the read cycle are held until after the cycle is
ompleted. One, two, or three bits can be set when reading Register C. Each utilized flag bit should be
xamined when read to ensure that no interrupts are lost.

'he second flag bit usage method is with fully enabled interrupts. When an interrupt flag bit is set and the
orresponding interrupt enable bit is also set, the IRQ pin is asserted low. IRQ is asserted as long as at
zast one of the three interrupt sources has its flag and enable bits both set. The IRQF bit in Register C is

one whenever the IRQ pin is being driven low. Determination that the RTC initiated an interrupt is
ccomplished by reading Register C. A logic one in bit 7 (IRQF bit) indicates that one or more interrupts

ave been initiated by the DS12C887. The act of reading Register C clears all active flag bits and the
RQF bit.
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DS12C887

JSCILLATOR CONTROL BITS

Nhen the DS12C887 is shipped from the factory, the internal oscillator is turned off. This feature
yrevents the lithium energy cell from being used until it is installed in a system. A pattern of 010 in bits 4
hrough 6 of Register A will turn the oscillator on and enable the countdown chain. A pattern of 11X will
urn the oscillator on, but holds the countdown chain of the oscillator in reset. All other combinations of
its 4 through 6 keep the oscillator off.

SQUARE WAVE OUTPUT SELECTION

Chirteen of the 15 divider taps are made available to a 1-of-15 selector, as shown in the block diagram of
“igure 1. The first purpose of selecting a divider tap is to generate a square wave output signal on the
QW pin. The RSO-RS3 bits in Register A establish the square wave output frequency. These
requencies are listed in Table 1. The SQW frequency selection shares its 1-of-15 selector with the
reriodic interrupt generator. Once the frequency is selected, the output of the SQW pin can be turned on
ind off under program control with the square wave enable bit (SQWE).

PERIODIC INTERRUPT SELECTION

Che periodic interrupt will cause the IRQ pin to go to an active state from once every 500ms to once

:very 122ps. This function is separate from the alarm interrupt which can be output from once per second
o once per day. The periodic interrupt rate is selected using the same Register A bits which select the
iquare wave frequency (see Table 1). Changing the Register A bits affects both the square wave
fequency and the periodic interrupt output. However, each function has a separate enable bit in Register
3. The SQWE bit controls the square wave output. Similarly, the periodic interrupt is enabled by the PIE
it in Register B. The periodic interrupt can be used with software counters to measure inputs, create
yutput intervals, or await the next needed software function.

PERIODIC INTERRUPT RATE AND SQUARE WAVE CUTPUT FREGUENRCY
[able 2

EXT. REG. B SELECT BITS REGISTER A to PERIODIC INTERRUPT SQW OUTPUT
E32K RS3 | RS2 | RSI | RSO RATE FREQUENCY
0 0 0 0 0 None None
0 0 0 0 1 3.90625 ms 256 Hz
0 0 0 I 0 7.8125 ms 128 Hz
0 0 0 1 1 122.070 ps 8.192 kHz
0 0 l 0 0 244.141 yis 4.096 kHz
0 0 | 0 i 488.281 ps 2.048 kHz
0 . 0 ] | 0 976.5625 ps 1.024 kHz
0 0 1 ! | 1.953125 ms 512 Hz
0 i 0 0 0 3.90625 ms 256 Hz
0 1 0 0 1 7.8125 ms 128 Hz
0 1 0 1 0 15.625 ms 64 Hz
0 1 0 1 1 31.25ms 32 Hz
0 1 1 0 0 62.5 ms 16 Hz
0 | 1 0 1 125 ms 8Hz
0 I 1 1 0 250 ms 4Hz
0 I i 1 | 500 ms 2 Hz
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DS12C887

JPDATE CYCLE

"he DS12C887 executes an update cycle once per second regardless of the SET bit in Register B. When
he SET bit in Register B is set to one, the user copy of the double buffered time, calendar, and alarm
ytes is frozen and will not update as the time increments. How-ever, the time countdown chain continues
0 update the internal copy of the buffer. This feature allows time to maintain accuracy independent of
eading or writing the time, calendar, and alarm buffers and also guarantees that time and calendar
nformation is consistent. The update cycle also compares each alarm byte with the corresponding time
yte and issues an alarm if a match or if a “don’t care” code is present in all three positions.

"here are three methods that can handle access of the real time clock that avoid any possibility of
ccessing inconsistent time and calendar data. The first method uses the update-ended interrupt. If
nabled, an interrupt occurs after every up date cycle that indicates that over 999 ms are available to read
alid time and date information. If this interrupt is used, the IRQF bit in Register C should be cleared
efore leaving the interrupt routine.

\ second method uses the update-in-progress bit (UIP) in Register A to determine if the update cycle is in
rogress. The UIP bit will pulse once per second. After the UIP bit goes high, the update transfer occurs
44ps later. If a low is read on the UIP bit, the user has at least 244ps before the time/calendar data will
e changed. Therefore, the user should avoid interrupt service routines that would cause the time needed
) read valid time/calendar data to exceed 244ys.

he third method uses a periodic interrupt to determine if an update cycle is in progress. The UIP bit in
egister A is set high between the setting of the PF bit in Register C (see Figure 3). Periodic interrupts
1at occur at a rate of greater than tgyc allow valid time and date information to be reached at each
ccurrence of the periodic interrupt. The reads should be complete within 1 (tp2 + tyc ) to ensure that
ata is not read during the update cycle.

IPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIP F igure 3

UIP BIT IN
REGISTER A
tsuc— f—
REGISTER C
fe— tpry —ste— top —e
PF BITIN l ]
REGISTERC

P ——

tp = PERIODIC INTERRUPT TIME INTERNAL PER TABLE 1
tauc = DELAY TIME BEFORE UPDATE CYCLE = 244 ps




DSIZCRRY

ABSOLUTE MAXiii

P e T

[LS 1 TR VAN

Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

LT R B S

-0.3V to +7.0V

0° to 70°C

-40°C to +70°C

260°C for 10 seconds (See Note 7)

* This is a stress rating only and functional operation of the device at these or any oo conditioug above
those indicated in the operation sections of this specification is not implica. Daposdaic o absolulc
maximum rating conditions for extended periods of time may affect reliabilit V.

RECOMMENDED DC OPERATING CCRIITICHNE {6°C to 70°C;
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Power Supply Voltage Vee 45 5.0 5.5 \Y% 1
Input Logic 1 Viu 23 Veet0.3 \Y 1
Input Logic 0 Vi -0.3 0.8 \% 1
DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; VCC = 5.0V & 10%;
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Average Vcc Power Supply lecy 7 15 mA 2
Current
Input Leakage I -1.0 +1.0 HA 3
I/O Leakage lo -1.0 +1.0 HA 4
Input Current Imor -1.0 +500 HA 3
Output @ 2.4V lons -1.0 mA 1,5
Output @ 0.4V Iot, 4.0 mA 1
Write Protect Voltage Vip 4.0 4.25 4.5 \Y
>APACITANCE (tA = 25°C)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Capacitance Cin 5 pF
Output Capacitance Cour 7 pF
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DS12C387

AC ELECTRICAL CHARACTERISTICS

(0°C to 70°C; VCC = 5.5V £ 10%)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Cycle Time tcyc 385 DC ns
Pulse Width, DS/E Low or PWi, 150 ns
RD/WR High
Pulse Width, DS/E High or PWrit 125 ns
RD/WR Low
Input Rise and Fall tr, tp 30 ns
R/W Hold Time trwH 10 ns
R/W Setup Time Before DS/E trws 50 ns
Chip Select Setup Time Before tes 20 ns
DS, W—R, or RD
Chip Select Hold Time ten 0 ns
Read Data Hold Time thuR 10 80 ns
Write Data Hold Time thuw 0 ns
Mux’ed Address Valid Time to tast, 30 ns
ALE Fall
Mused Address Hold Time to tAHL 10 ns
ALE Fall
Delay Time DS/E to AS/ALE tasn 20 ns
Rise
Pulse Width AS/ALE High PWasn 60 ns
Delay Time, AS/ALE to DS/E tas:D 40 ns
Rise
Output Data Delay Time from tbpr 20 120 ns 6
DS/E or RD
Data Setup Time tnsw 100 ns
Reset Pulse Width tRw, 5 Us
IRQ Release from DS twos 2 Ms
IRQ Release from RESET tikk 2 s

IOTES:

All voltages are referenced to ground.

. All Outputs are open.

. The MOT pin has an internal pull-down of 20KQ.

. Applies to the ADO-AD7 pins, the IRQ pin, and the SQW pin when each is in a high impedance state.

. The IRQ pin is open drain.

. Measured with a load as shown in Figure 4.
. Real-Time Clock Modules can be successfully processed through conventional wave-soldering
techniques as long as temperature exposure to the lithium energy source contained within does not
exceed +85°C. Post solder cleaning with water washing techniques is acceptable, provided that

ultrasonic vibration is not used. Such cleaning can damage the crystal.
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DS12C887

OUTPUT LOAD Figure 4

+5 VOLTS
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2812C887 BUS TIMING FOR MOTOROLA INTERFACE
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DS12C887

0S12C887 BUS TIMING FOR INTEL INTERFACE WRITE CYCLE
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2512C887 BUS TIMING FOR INTEL INTERFACE READ CYCLE
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DS12C887

DS12C887 IRQ RELEASE DELAY TIMING

[ fowy i

OWER DOWN / POWER UP TIMING

Vee

o= N o

p— \J—— —‘l/ le— @
7/ y—
o o | 7 | —of laee
3 _,/ IL "

= \_ . /
7 4
] L /\

’A DATA RETENTION N
CURRENT SUPPLIED N —

INTERNAL
UTHIUM ENERGY CELL
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DS12C3887

POWER DOWN / POWER UF TiiilC

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
CS at Vi before Power- tey 0 us
Down
Vec slew from 4.5V to OV ty 300 s
(CS at Vi) 40<Vee< 4.5V
Vee slew from OV to 4.5V tr 100 us
(Cs at Viy)
CS at Vi after Power-Up tREC 20 200 ms
Expected Data Retention tor 10 years 10,11
(tA=25°C)
PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Expected Data Retention tor 10 years 10,11
\ote:
Che real time clock will keep time to an accuracy of +1 minute per month during data retention time for
he period of tpg.
Narning:

Jnder no circumstances are negative undershoots, of any amplitude, allowed when device is in battery

yack-up mode.
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DS12C887

D512C887 REAL TIME CLOCK PLUS RAM

24 13

D
<¢—— 11 EQUAL SPACES AT — ™

100 4010 TNA

NOTE:
Pins 2. 3, 16, 20, 21 and 22 are missing by design
PKG 24-PIN
DIM MIN MAX
AIN 1.320 1.335
MM 33.53 33.91
BIN 0.675 0.700
MM 17.15 17.78
CIN 0.345 0.370
MM 8.76 9.40
DIN 0.100 0.130
MM 2.54 3.30
EIN 0.015 0.030
MM (.38 0.76
FIN 0.110 0.140
MM 2.79 3.56
GIN 0.090 0.110
MM 2.29 2,79
HIN 0.590 0.630
MM 14.99 16.00
JIN 0.008 0.012
MM 0.20 0.30
K IN 0.015 0.021
MM 0.38 0.53
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SERIES 96
Conductive Rubber

FEATURES

* Quality, Economical Keyboards

* Easily Customized Legends

* Matrix Circuitry

* Backlit and Shielded Options
Available

* Termination Mates With Standard
Connectors

* Tactile Feedback to Operator

* 1,000,000 Operations per Button

» Compatible With High Resistance
Logic Inputs

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

DIMENSIONS in inches (and millimeters)

..2.000+ 015 __,

3x4 Front Mount Keyboard

Standard Versions

Shielded/Backlit Versions

(50,8 £ 0,38)
|-t -500
(12,7)
= 1.000 150 (3,81) R
(25.4) 4 CORNERS
500 "
{12,7)
q 500 =
§ 0524
e b 2700
i 1.500 + 015
(38.1) (68.58
‘ +0.38) ﬂ
1.000
(25.4) | =7
SWITCH POSITION 075 (1,91)
IDENTIFICATION BUTTON
EENE - .308 (7,82) SQ HEIGHT
BUTTON 12 PLS. =|=+-1— 020 051
PANEL et
MOUNT | 1.700 —~ 125 i
cuTouT [~ 43,18) ___{'fa.m; GliARD
{ I 4 |=- 250 5.35)
4 PLS.
062 (1,57) R, e
iy —— 200 (5,0)
2400
(60,96)
125 (3,18) MAXIMUM
| PANEL THICKNESS
; RECOMMENDED
12573,18) DIA.
2 PLS,

030 3401 015 030 340+ 015
(0.76) | (8,64 +0,38) (0,76) | (8,84 £ 0,38)
‘ —
-t 0254+ 002 ) i 0254 002 ]
(0,64 + 0,05) SQ. PiN (0.64 £ 0,05) SQ. PIN
550 350
600 (15,24 - 1,100 (27,94 :
(15.24) (1397) 00 (2Ti94) 889
o o o off I T i
I 150 150
2 400 B8 2 400 81!
o o off| 80,96 (60,95)
(e} o o] (o] o o [+]
CRATMIL 1h GRATHILL iNC,
o/po o o ofpo o o
L LABEL L LaBEL
1100 (2.54) 100 (2.54)
DIA. 4 PLS DIA. 4 PLS
1700 | [ 150 | e 1.700 | [ 150
(43,18) (3.81) (43,18) (3.81)
| |=— 100 (2,54) REF = =— 100 (2.54) REF
TERMINAL TERMINAL
PIN HEADER PIN HEADER
TERMINAL PIN
~ TERMINAL FIN
/' IDENTIFICATION i IDENTIRGATION
f 71654321 1 9 8765432 1
0000000 BN O O0000000000)
Pooo] = co sy Tve. f ~| = 100 @54 Tvp
098 (2.49) 098 (2,49)
REF. TERMINAL REF. TERMINAL
PIN HEADER PIN HEADER

Srayhill, Inc. » 561 Hillgrove Avenue - LaGrange, Illinois

60525-5997 -

USA - Phone: 708-354-1040 - Fax: 708-354.2820

= www.grayhill.com
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Standard Keypads

DIMENSIONS In inches (and millimeters)

3x4 Rear Mount Keyboard Standard Versions Shielded/Backlit Versions
030 _ 3402 015 030 _ 340%.015
le 2.200£ 015 __ (0.76) 1'(3.54 £0,38) (0,75) [ (8,64 £0,38)
™ (55,88 0,38) " | 150 (381 R, e
- 2,000 (50,8)~ APLS. L 1L1]1] — T
. 500 (5.24) : =1— 025% .002 ) -l 025 £ .002
&g ; 750 (0,64 £0,05) SQ.PIN (0,64 £ 0.05) SQ. PIN
500 (12,7) t‘z-g%o) - L)
g : 600 (16,24 700 (17,78 1.100 (27,94 o 500 (12,7
500 (12,7) (16,51) ( )j—-_—l:j: ( : ) { )I 5 (' 27)
e ~ e 1 ) 7 » 7
T i— 2
[0 EH=h
+.000 595 (12,71 (5 08) (5.08)
~.005 (16,11) B E} 1.500
(68,33 (38,1)
e 3
-0,13 0] [+1] [2
(] 50
{ N (254) \
4956 (12,57) —f=| N~ sW. POS. ID 5 i ' A
t 5% L s 7 _ﬁ-ggi‘;‘;? 100 {2,54) R 100 (2,54)R.
7.82) Q. 300 ‘01; 200E08) 093235  4FLS 093 (235  4PLS.
BUTTON s G = o fl— 075 (1,91) DIA. 4 PLS. DIA. 4 PLS.
12PLS. {76,24:0.35) BUTTON
1.990 + 000 -.005 HEIGHT
(50,55 +0.00-0.13) | 550051 | | = 100 (2,54} REF ol (=100 (2,54) REF
REAR — 050 HIGH TERMINAL TERMINAL
PANEL =+ 2,000 (50.8)=] “"27) BUTTGH PIN HEADER PIN HEADER
MOUNT A ‘ GUARD TERMINAL PIN
TERMINAL PIN
CUTOUTT fgggﬁ.uou SERTEIEATION 37 IDENTIFICATION
2.800 3,81 +0,00 i 716 54321 i 09 8765432 1
( 2.700 0000000 EEEEEEEEEEEE
(71,12) -0,13) (68,58) o T
4PLS. ' = | 100 @254 TYP. { | =100 (2.54) TvP.
.062 (1,57) MAXIMUM .088 (2,49) .098 (2,49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
RECOMMENDED PIN HEADER PIN HEADER
093 (2,36) DIA., 4 PLS. OR
2-56 X .260 (6,35) LONG STUD
4x4 Front Mount Keyboard Standard Versions Shielded/Backlit Versions
.030 340 .030
~_ 2500% 015 ©.76) [ 1015 (07511_ : ms
(53,5 + 0,38) ] (8,54 (8,64
500 1.500 __, + 0,38) + 0,38)
(12,7 {38.1) -l 025 002 -l 0251002
122040 P 150 (3.81)R (0,64 £ 0,05) SQ.PIN (0,64 £ 0,05) SQ.PIN
e (254) 4 CORNERS 200 (17,78) 750 1.200__, 700
. j ‘ “(30.48)" | (17,75”
(12,7) i
=1 e & (e
(15,24 t
DR LTS | P S
127 g i ;
EI 1.500 £ .015 ﬂ - 2400
= (38,1) (68,58 o (60,95)
B B | sosm ﬂ "
14 16
E . @ o 1.000 o
L Y 1 =
SWITCH POSITION 1| 075 (1,91) L ageL
IDENTIFICATION 32;2’3;\' 100 (2,54) 100 (2,54)
FRONT - 308 (7,82) SQ0. . 1 f20/(054) DIA. 4 PLS. DIA. 4 PLS.
PANEL BUTTONAZ PLS; il — 2200 ||, .150 . 2200 || .150
MOUNT 2.200 425 AUTTON (55,88) (3.81) (55,88) @an
cuTouT | (588" f@m GUARD
. - 100 (2,54) REF.
| 1= 25016.35) | |- -100(2.54) REF | j—
N 5 PL;_ : TERMIBIAL TERMINAL
062 (1,57) R. | |=— 200 5.08) PIN HEADER PIN HEADER
2PLS. : ’ TERMINAL PIN
2.400 TERMINAL PIN
(50,95) IDENTIFICATION A JOENTIFICATION
176542321 Mo 98765432
t Islzes4 0 7
125 (3,18) MAXIMUM 00000000 0000900000000
) PANEL THICKNESS i |== 100 2.54) Tvp = |~ 100 (2,54 TvP.
%"~ RECOMMENDED
098 (2,49) 098 (2,49)
125'(3,18) DIA. REF. TERMINAL REF. TERMINAL
2PLS. PIN HEADER PIN HEADER
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IMENSIONS in inches (and millimeters)

4x4 Rear Mount Keyboard Standard Versions Shielded/Backlit Versions
030 _ 340 030 _ 340
— oo e o]
X 3 150 (3,81)R. r&&ﬁ , ,
je— 2.500 (63,5) —= 4 pLé mm'“ £0,38) 10,38)
600 (15.24) '3'3010 - i 025 002 i et 025 ¢ 002 [}
1 éno' ! ({;5.?5, (0,64 £ 0,05) SQ. PIN (0,64 £0,05) SQ. PIN
500 (12.7) @54y [ 650 700 800 (22,86) 1.200,, 700 (17,78)
500 (12.7) (18,51) , (30.48)
1 ~ A 3
2680 .200 .200
Z 05 (1.29151) 1500 ©.98) s A |
(é8,33 ' (38,1) © of 0O o ©O
+0,00 ° o o0 o
-0,13 13 16 .
C‘] ®E Lo o bao o o
495 (12,57) —1== I SW.POS.ID o 062 (1,57 LABEL
308 =1 1=l 2800 (71,12)- - 200 :5:08; '41 2‘1&5" R ,',' 2'{3-5“’ R
(7.82)5Q. 30004 015 093 (2,36) - 093 (2,36) -
BUTTON 4 015 — -— .075 (1.91) DIA. 4 PLS. DIA.4PLS.
Lo (76,2 + 0,38) BUTTON
REAR - 2480+ .000 ~.005 HEIGHT
;g:;%r 63,25+000-013) _ | .020(0,51) 100 (2,54) REF. - 100 (2,54) REF.
HIGH TERMINAL TERMINAL
CUTOUT |=— 2500 835)— = -(‘:5;’7) BUTTON PIN HEADER PIN HEADER
> \ GUARD
150 + 006 TERMINAL PIN DENTIFICATION
JaER IDENTIFICATION
2.800 (3.81+0.00 | 2700 |
{71,12) -0,13) (68.58) T
4PLS. ; { 100 (2,54) TYP.
1062 (1.57) MAXIMUM 098 (2,49) 098 (2.49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
RECOMMENDED PIN HEADER PIN HEADER
093 (2,36) DIA., 4 PLS. OR
2.56 X .250 (6.35) LONG STUD
>ODE AND TRUTH TABLES
Dots in the chart indicate connected terminals when switch is closed.
Terminals are identified on the keyboard.
12 Button Keypads 16 Button Keypads
MATRIX CODES MATRIX CODES
3x4 dard Shiclded/Backiit 4xd Standard Shiatdod/Backilt
. 0 . . Shielded keypad = Shietded 1]e . D > Shietded keypad = Shielded
2] [+ [ QN0 Backlit keypad = NC FAND . . . Backit keypad = NC
= i[s a0 Shielded and backid keypad = 3 o e AND Shielded and backiit keypad =
2lale D . 0 Shielded 2ia o lo ols Shieided
<i5] le . . . = . . . 3
Sls NED AED 11 Shielded keypad = NC Slel 1o . . . 11~ Shialded keypad = NC
N . . . Backiit koypad = EL Panel 1 9 . . . . Backit keyped = EL Panel 1
FHnan . . . Shielded and backiit keypad = | 22 —T s NEE Shielded end backiit keyped =
E ) . [ . . EL Penel 1 E 0 r} Py > EL Panel 1
S 10 2 - : 2 - : 4 Shielded keypad = NC F] 2 - : S - : 4 Shielded keyped = NC
BEANOENED ENOERED Swldea g vacki xeypsa = | BT TIe T Te T Sheldad and backi Keypa =
slel7 [112131al6 1718 2]3] 41513 [9F0] &L Panel2 . Al 0 EL Panel 2
TERMINAL LOCATION 14] 1o 2] fo >
15 » - . .
'ﬁi » [ » .
s|e|7islii2(3[al[el7ie o[z 3la s 1[0l
TERMINAL LOCATION
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SPECIFICATIONS Shielding Effectiveness

Rating Criteria Results shown are typical for a standard Grayhill

Rating at 12 Vde: 5 milliamps for .5 seconds ~ Series 84S keyboard. A conductive gasket will

Contact Bounce: < 12 milliseconds generally increase the shielding, depending on

Contact Resistance: < 100 chms (at stated thesize and shape ofthe gasketand its material.

operating force) Data derived for E-Field Radiation.

Voltage Breakdown: 250 Vac between

components Test Method:

Mechanical Operation Life: 1,000,000 Measurements were made with the keyboa:2

operations per key mounted to a brass plate, which in tum was

nsulation Resistance: > 102ohms @ 500 Vdc ~ mounted to a shielded enclosure containing the

Push Out Force Per Pin: 5 Ibs. receiving equipment. A signal generator provided
the frequency source that was radiated from the

Operating Features transmitting antenna to the enclosed receiving

Travel: .040 minimum antenna. The spacing between antennas was

SHIELDING EFFECTIVENESS OF
dB8 SERIES 96 E.L. KEYPADS

100

~ -

80 * \

. NN

2l | l

1 A I

0.1 i, 00 400 800 2000 ROO0C 10005 16
MHz
— - Represents shielding eflectiveness
gteater than or equal lo line.

Operating Force: 175 + 40 grams maintained consts;nt throughf}ut ‘the frequt.ancy Frequency Rating
Operating Temperature: -30°C to +80°C range. Th.e gffectweness rating is .deterr.nlned M Hz in dB
by establishing a reference reading without 0.1 > 66.2
. o obstruction between the two antennas and 10 >04.8
Material and Finishes determining the difference between that reading 100 90.5
Terminal Pin: Phosphor bronze, solder-plated ;4 {he test setup reading 400 6 :
PC Board: FR-4 glass cloth epoxy ' 400 422
Keypad: Silicone rubber, durometer 50 + 5 Note: 2000 40'5
Housing: ABS'ICVm'aC KIW When measured in actual equipment, shielding 6.000 331
Housing Color: Black effectiveness is determined by many factors. 10,000 34.4
This method accurately represents the shielding 18,000 37.0
effectiveness of the Grayhill Series 84S under
Ideal test conditions.
STANDARD LEGENDS
|
! Available through Grayhill Distributors To order one of the configuraticns below, use the dash number shiown here, select thie neypad #

-102 -152

size and code, and order the part number with the appropriate legend dash number.

ORDERING INFORMATION

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

96AB2-102-FS-EL

“T 77 ™=— E.L. Panel Backlighting Option
EL = Backlit, Blank = Non-backlit
EMI/RFI Shielding Option
S = Shielded, Blank = Non-shielded
Mounting Option: F = Front panel mount, R = Rear panel mount
Standard Legend Choices
12 Paosition legends
102 = Black legends on a white button
152 = White legends on a black button

16 Position legends
006 = Black legends on a white button

056 = White legends on a black button

Avallable from your local Grayhill Distributor.
For prices and discounts, contact a local Sales
Office, an authorized local Distributor or Grayhill.

c-9 Grayhill, Inc. = 561 Hillgrove Avenue * LaGrange, lllinois 60525.5997 + USA - Phone: 708-354.1040 - Fax: 708-354-2820 + www.grayhill.com



National Semiconductor
Designing an LCD Dot Application Note 350
Matrix Display Interface Bob Lutz
May 1988
The MM58201 is a CMOS LCD driver capable of driving a  frequency of the driving signals to the LCD. The MM58201
muttiplexed display of up to 192 segmenls (24 segment col-  can also be programmed to accept the oscillator output and
umns by 8 backplanes). The number of backplanes being  backplane signals of another MM58201 for cascading pur-
driven is programmable from one to elght. Data to be dis-  poses. The displayed data may also be read serially from
played is sent to the chip serially and stored in an intemal  the on-chip RAM. A simplified functional block diagram of
RAM. An extemal resistor and capacitor control the the MM5B201 is shown in Figure 7.
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FIGURE 1. MM58201 Functional Diagram
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BACKGROUND

LCD displays have become very popular because of their
ultra-low power consumption and high contrast ratio under
high ambient light levels. Typically an LCD has a backplane
that overlaps the entire display area and multiple segment
lines thal each overlap jusl one segment or descriptor. This
means thal a separate external connection is needed for
avery segment or descriptor as shown in Figure 2. For a
display with many segments such as a dot matrix display,
the number of external connections could easily grow to be
very large.

Unlike other display technologies that respond to peak or
avarage voltage and current, LCDs are sensitive to the rms
voltage between the backplane and given segment location.
Also, any DC bias across this junction would cause an irre-
versible electrochemical action that would shorten the life of
the display. A typical LCD driving signal is shown in Figure 3.
The backplane signal is simply a symmetrical square wave.
The individual segment outputs are also square waves, ei-
ther in phase with the backplane for an "'off” segment or out
of phase for an "'on” segment. This causes a Vrms of zero
for an "off" segment and a Vrms of +V for an “on"

T p DYy

vy

FIGURE 2. Typical LCD Pin Connections

(‘.OIIMW

POLARITY
. REVERSAL
V1 |
0Pl 0.5 Ve
ov
Voo |
B2 0.5 Ve

Vae

3 05 Vo
ov

0.68 Vye
032 Vye

0.68 Vre
52 | | I
0.32 ¥y

One way to reduce the number of external connections is to
multiplex the display. An example of this could be an LCD
with its segments arranged as intersections of an X-Y grid. A
driver to control a matrix like this would be fairly straightfor-
ward for an LED display. However, it is more complex for an
LCD because of the DC bias restriclion.

A mulliplexed LCD driver must genarate a complex set of
output signals to insure that an 'on” segment sees an rms
voltage greater than the display's turn-on voltage and that
an "off” segment sees an rms voltage less than the dis-
play’'s tum-off voltage. The driver must also insure that there
is no DC bias.

One pattemn that can accomplish this is shown as an exam-
ple in Figure 4. This is the pattern that the MM58201 uses.
The actual Vrms of an ““on” segment and an “off”” segment
is shown in Figure 5. If there are eight backplanes, the Vrms
(ON) = 0.2935 % Vyg and the Vrms (OFF) = 0.2029 x
Vrc. It can be seen in Figure 6 that as the number of back-
planes increases, the difference between Vrms (ON) and
Vrms (OFF) becomes less. Refer to the specifications of the
LCD to determine exactly what Vrms is required.

“oFF* sEcuEnt *Y

DRIVE (N PHASE) s
*y

BACKPLANE | | I l I

s

o seeupnt *V
ORIVE (180° OUT OF PHASE)

TL/B/5606-3

FIGURE 3. Drive Signals from a
Direct Connect LCD Driver

S 52

B = ox (paRK)

TL/B/5606-4

FIGURE 4. Example of Backplane and Segment Patterns
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0.68 Vg -
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0.32 Ve

0.68 Vpe
0.18 Vi e
=018 Vpe — ] AV OF “QON" SEGMENT
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N - number of backplanes
a. Analysis of Vrms (ON)
e '—I
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0.68 Vi
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0.32 Vi
0.32 V¢
0.18 vie
08V B J AV OF “OFF" SEGUENT
~0.32 Vyp ———— e e
0 L § N Net N TME
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0+ T
vems (OFF) - f., v2(|)dt)"2

(
. (é[J:(ozzvm)?dt ' _r:(' 0.'3Vrc)’¢‘])”’
. (%vmz(o.toea + 0.0324(N - l)l)"z

v'c[o.mu 4 0::324('4 - 1) w2

N number ol backptanas
b. Analysis of Vrms (OFF)

[ YmOm Vo
0, _xy()g_-l), jodsze ¢ 0.0324( -I)]
4

'
MUST BE GREATER THAN ——————mu
TL/B/5606-7
Examgle: 1N = 8
and Vims (OFF) = 1.8V
and vims (ON) = 2.2v
then V¢ = 7.5V

FIGURE §




FUNCTIONAL DESCRIPTION

Connecting an MM58201 to an Lco

The backplane and segment outputs of the MM58201 con-
nect directly to the backplane and segment (ines of the
LCD. These outputs are designed to drive a display with a
total “on™ capacitance of up to 2000 pF. This Is especially
important for the backplane outputs, as it is usually the
backplanes that have the most capacitance. As the capaci-
tance of the output lines increases, the DC offset between a
backplane and segment signal may increass. Most LCD dis-
plays specify that a maximum offset of 50 mV Is acceptable.
For backplane capacitance under 2000 pF the MM58201
guarantees an offset of less than 10 mv.

if the LCD display to be used has 24 segments per back-
plane or less, then aach MM56201 should be configured as
& "master” so that each one will generate ils own set of
backplane signals. However, If the LCD display has mora
than 24 segments per backplane, more than one MM58201
will be needed tor each backplane. To synchronize the driy-
ing signals there must be one “"master* chip and then an
additional “slave” chip for evary 24 segments after the first
24. When a chip Is configured as a "slave" it does not gen-
erate its own backplane signals. It simply synchonizes itself
to the backplane signals generated by a "master” chip by
sensing the BP1 signal. An example of both an all “master”
configuration and a “master-slave" configuration will be
shiown later.

Voitage Cantrol Pin and Circuftry

The voltage presented at the V¢ pin determines the actual
voitage that Is output on the backplane and segment lines.
Thase voltages are shown in Figurs 7. V¢ should be set
with respect to Virms (ON) and Vrms (OFF) and can be cal-
culated as shown in Figure 5.

024
az
£ @\
g 013
ots
= o \\\ S
,E af - SN
L o T
3 s
E 208
>
a2
[}
1 2 38 4 5 6 7 8
NUMBER OF BACKPLANES
TL/8/5606-8
FIGURE 6. AVrms/Vy¢

a. Backplane Output

LI | SR P X
0.68 vy

0.32 Vpp ———
b. Segment Output
FIGURE 7. Output Voltages

TL/8/5606-10

Since the input impedance of Vr1c may vary between 10 ki
and 30 kQ, the output impedance of the voltage reference
at Vg should be relatively low. One example of a Vg driver
Is shown in Figurs 8. To put the MM58201 in a standby
mods, bring V¢ to Vss (ground). This will blank out the
display and reduce the supply current to less than 300 KA.

15V
33K
M2222 100K
68K
. =
w TL/8/5606-11
FIGURE 8. Example of V¢ Driver

RC Oscillator

This oscillator works with an external resistor tied to Voo
and an externat capacitor tied to Vss. The frequency of os-
cillation Is related to the external R and C by:

fosc = 1/1.25RC t 30%
The valus of the exteral resistor should be in the range
from 10 k12 to 1 M(. The value of the external capacitor
should be less than 0.005 pF.
The oscillator generates the timing required for multiplexing
the LCD. The trequency of the oscillalor is 4N times the
refresh rate of the display, where N Is the number of back-
planes programmed. Since the refresh rate should be in the
range from 32 Hz to 100 Hz, the osciilator frequency should
be:

128N < fogc < 400N
If the frequency is too stow, there will be a noticeable flicker
In the display. If the fraquency is tao fast, there will be a loss
of contrast between segments and an increase in powar
consumption,

Serial Input and Cutput

Data is sent to the MM58201 serially through the DATA IN
pin. Each transmission must consist of 30 bits of informa-
tion, as shown in Figure 9. The first five bits are the addrass,
MSB first, of the first column of LCD sagments that are to be
changed. The next bit is a read or write flag. The following
24 bits are the actual data to be displayed.

The address specifies the first LCD column that is going to
be attected. The columns are numbered as shown in Figure
10. Data is always written in three column chunks. Twenty-
four bils of data must always be sent, even if some ot the
backplanes are not in use, The starting column can be any
number between one (00000) and twenty-four (10111), if
column 23 or 24 is specified the displayed data will wrap
around to column 1.

It the R/W bit is a "0” then the specitied columns of the
LCD will be overwritten with the new data. If the bitisa 1"
then the data displayed in the spacified columnsg will be
available serially at the DATA OUT pin and the display wili
not be changed.
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TL/B/5606-12
FIGURE 9. Transmission of Data
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TL/B/S606~13
UDsagram abovo shows wnare data will appecr on cisptay o sterting adaress 0100 ts spacitad i data formal.
FIGURE 10. Address of Particular Segment Columns
The data I formatted as shown In Figure 10. The first bit in 5.0 ps. A transmigsion is initiated by S going iow. T3 can
the data stream corresponds o backptane 1 In the first then be raised anylime after the rising edge of the first clock
specified column. The second bit corresponds to backplane pulse and before the rising edge of the last clock pulse (the
2 in the first specified column and so on. clock edge that reads tn D24). 30 bits of information must
During initialization each MMS8201 must be programmed 1o always be sent.
select how many backplanes are to be used, and whether The data at DATA IN is latched on each rising edge of the
the chip is to be a "master” or a “slave”. The tormat of this clock pulse. The data at DATA QUT is valid after each fali-
transmigsion is just like a regular data transmission except Ing edge of the last 24 clock pulses.
for the following: the address must be 11000; the R/W must It is important 10 note that during a read or write transmis-
be a‘wnte (0); the first three data bits must be selected from sion the LCD will display random bits. Thus the transmis.
the listin Table I. Ttn'e next bit should be a “1" tor the chp to sions should be kept as short as possible to avoid distupting
be a master or a ‘0" for the chip to be a slave. The foliowing the pattern viewed on the display. A recommended frequen-
20 bits are necessary to complete the transmission but they ¢y is:
will be ignored. The mode cannot be read back from the f - 3001 71
chip. osc (t.eo s)
TABLE 1. Backplane Select tten = tum on/oft time of LCD
ts — time between each successive transmission.
Number ot y
B2 81 BO This should produce a flicker-free display.
Backplanes

The DATA OUT pin is an open drain N-channel device to
Vss. This output must be tied to Vpp through a resistor if it
is to be used. It could also be tied to a lower voltage it this
output is to be interfaced to ogic running at a lower voltage.
The value of tha resistor is calculated by:
R = (+V - 0.4)/0.0006

tV - voltage of lower voltage logic

®NDODGAEWN
- - . D OO
A . OO - =0
-~ O . O = O ~

Power Supply

Vpp can range between 7V and 18V. A voltage should be
used that is greater than or equal to the voltage that you
calculate for Vyc as shown in Figure 5.

The timing of the CLK, TS, DATA IN, and DATA OUT are
ilustrated in Figura 11. The frequency of the clock can be
between DC and 100 kHz with the shortest halt-period being




TYPICAL APPLICATIONS

One application of the MM58201 is a general purpose dis-
play to show graphic symbols and text, This type of display
could be used in an electronic toy or a small portable com-
puter or calcutator. One such display is shown in Figure 12.
This display consists of four separate LCD displays that are
built into one housing. Each separate LCD display has 8
backplanes and 24 segment lings. The entire display wifl
require four MM58201s to control it.

The circult diagram of this application is shown in Figure 14.
Each separate LCD display is driven by one MM58201. The
backptanes are driven by the separate MM58201s and are
not paralleled together. There are three common lines: CLK,

DATA

iN, and DATA OUT. The CLK and DATA IN are gen-

erated from an output port such as an INS8255. Four other
bits of the output port generate a linear select with a differ-
ent bit going to each MM58201 chip select as shown in
Figure 13. DATA OUT is sent to one bit of an input port.

ts

X

The Vrc driver is as described baforehand. The MM74C906
is an open drain CMOS buffer that has near regular TTL
compatible inputs. This is to provide level transtation from
the 5V supply of the computer system to the 12V supply of
the MM58201.

It 1/0 ports are not available, the circuit in Figurs 15 could
be used as an interface between the MM58201s and a mi-
croprocessor bus.

To reduce the number of connections between the circuit
and the LCD, all of the backplanes could have been driven
by one MM58201 as shown in Figure 16. The other
MM58201s would be configured as “slaves” synchronized
to the one “master” MM58201. This would save 24 connec-
tions to the LCD but would increase the capacitance of the
backplanes. In this apptication the capacitance is not a
problem with either setup.
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FIGURE 11. Timing of One Transmission
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SOFTWARE MAIN

The real heart of this system is the software which consists

ol four parts. Fart one is the initialization portion. This sets

up the MM58201s as “masters” and programs them for 8

backplanes. it then sets up the needed pointers for the oth-

er subroutines which consist of:

1) GRAPH: displays pattem on LCD.

2) TEXT: prints ASCI| characters on display.

3) SCROLL: scrolis whatever pattern is displayed to the
right until LCD is cleared.

This application used an NSCBOO™ with 8080 mnemonics.

It could easily be adapted for other microprocessors.

This program initializes the MM58201s. it controls the se-
quence of display output by calling other programs.

Ittirst sends out a “dummy” transmission to make surg that
the chips are ready to raspond to a valid transmission. it
then programs the chips to be “masters” and to use eight
backplanes.

After initialization, this program sets up the correct pointors
to display a graphic symbol. First it displays the upper sight
bits of it, then it displays the lower eight bits.

The words “"TESTING MM58201" are then displaycd. A catt
to scrofl then causes this to scroll to the right until the
screen is blank. Finally the words “END OF TEST" appear
and the program ends.

The method to create a custom graphic symbo! will be dam-
onslrated in the next saction.




#8080
EXTRN GRAPH,¥RITE,MODE, TEXT, CURSOR + SCROLL

$INITIAGLIZE THE STACK POINTER
XY SP,1PFFH

tINITIALIZE THE 810

$SET NODE O FOR PORT A

(INIT:  WNVI A,00H
0uT 274

{SET PORT A AS OUTPUT AND PORT ¢ AS INPUT
MVI A,OFFH
OUT 24H sPORT A DDR
HVI A,00H
OUT 26H sPORT B DDR

$INITIALIZE THE FOUR 58201°'S
MVI A,0 $SET FOR WRITE NODE
STA HODE
LXI H,MASTER,
uVI E,110008
VI D,000011108
CALL WRITE
LX1 H,MASTER sCONFIGURE CHIPS 0, 1, 2, AND 3 AS MASTERS
V1 D,000011108
CALL WRITE
LX1 H,MASTER
VI D,00001101B
CALL WRITE
LXI H,MASTER
VI D,00001011B
CALL WRITE
LXI H,MASTER
VI D,000001118
CALL WRITE

iSET UP POINTER AND COUNTERS TO DISPLAY NATIONAL SEWI SYMBOL
NV B,21 iB HOLDS # OF COLUNNS TO CHANGE
RESTRT: MVI D,0 iD HOLDS THE STARTING COLUMN NUMBER FOR UPPER HALF
NP1 B,48 i{E HOLDS STARTING COLUMN NUMBER FOR LOWER HALF
DSLOOP: KOV C,D
LX1 H,NATSMY :DISPLAY UPPER HALF OF GRAPHIC
CALL GRAFH
IXI H,NATSM2 sDISPLAY LOWER HALF OF GRAFPHIC
MOV C,E
CALL GRAPH

LX1 H,OFFFFH iPAUSE
PAUSE: DCX H

MOV A, H

ORA L

JNZ PAUSE

SEND A COMPLETE TRANSMISS10H TO CLEAR OUT
ANY OLD CHIP SELECT.

INR D (INCREMENT STARTING COLUMN NUMBERS
INR D

1NR D

INR B

INR B

INR E

HVI A,30 iDISPLAY IT UNTIL COLUMN COUNT IS 30
CNP D

JRZ DSLOOP

LX1 H,TEXT sPRINT FIRST TEXT
MVI A,0 $ZERO THE CURSOR
STA CURSOR
CALL TEXT

CALL SCROLL $SCROLEL THE TEXT

LX1 H,TEXT2 iPRINT SECOND TEXT
HY1 A0 $ZERO THE CURSOR
STA CURSOR

CALL TEXY

LX1 H,OFFFFR {PAUSE
PAUSE1: DCX H
MV1 4,2
DCR A
JHZ PAUSE2
NOV A,H
ORA L
JN2Z PAUSEL

PAUSE2:




LAl H,TEXT3
NVI A0
STA CURSOR
CALL TEXT

:PRINT THIRD TEXT

RST 8 SEND

TEXT1: DB °*TESTING WN58201 ‘0
TEXT2: DB *THIS IS THE END °, 0
TEXT3: DB * OF THE TEST °, O

MASTER: DB 11118
SLAVE: DB OL11B

tADDRESS FOR MASTER
tADDRESS FOR SLAVE

NATSHM1: DR OFFH, OFFH, OFFH, 7FH, 3FHl, 9FM, OCFH, 67H,

DB 3P, 9FH, OCFH., 67H, 33u
DB 954, OFFH, OFFH, OOH, OOH

33K, OLH, 7RH

NATSM2: DB OFFH, OFFH, OFFH, OE8H, OF3H, OFSH, OFCH, OFEH, OFFH

DB OEOH, OE6H, OF3H, OF9H, OFCH
DB OFEH, OFFH, OFFH, OFFH, OFFH, OOH, OOH
END

GRAPH
This subroutine is the center of the software. Itis the inter-
face between the calling programs and the hardware, All
1/0 is generated by this subroutine.

There are two entrances to this subroutine: graph and read.
Graph is the entrance used to display new data. Read is the
entrance used to read data from the display.

The HL register should point to the beginning of the data to
bo displayed. The B register should hold the number of col-
umns to change. This must be a multiple of three. The C
register should hold the column number to start with. This
must also be a multiple of three. These restrictions are to
simplify the software.

The first operation is the calculation of the correct chip to
enable and the column number to start within that chip. The
first bit of the column address is output with the correct chip

select going low. The rest of the cofumn address is then
output with all the chip selects high. It the operation is a
write, the data is sent to the display bit by bit. It the opera-
tion is a read, the data is read in bit by bit.

To create a custom graphic symbol, draw it on a grid as
shown in Figure 17. Group the upper eight squares as a byte
with the least significant bit at the top, counting a dark
Square as a one. Group the lower elght squares as a byte
with the most significant bit at the bottom. Use this generat-
ed data as Input lists 1o the graph subroutine. A good exam-
ple ot this is shown in the listing of main when i calls graph,
Pad the data at the end with zeros as shown to keep the
number of data values a muitiple of three, Remember, this is
only a software restriction. A different routine could be used
that would aflow any number of columns to be displayed.

7FSFSTC|’67JSO|7'.“’970!’67!309""0000

f UPPER
Data Upper: 7F, 3F, 9F, CF, 67, 33,
01, 7F, 3F, §F. CF, 67,
_ 83, 99, FF, FF, 00, 00
Dala Lower: €8, F3,F8, FC, FE, FF,
EO, ES, F3, F, FC, FE,
FF, FF, FF, FF, 00, 00
P LOWER

EGFSFS'CFEFYEOESFSFSFCFEFF""WMW

TL/B/5606-20

FIGURE 17. Example Graphic Symbol
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PUBLIC GRAPH, READ, WRITE, MODE

$GRAFHIC DISPLAY DRIVER

H IRPUT: HL - POINTS T0 START OF DATA

: B- # OF 8 BIT COLUMNS TO CHANGE (KUST BE MULT. OF 3)
H C- COLUMN # T0 START WITH (BUST BE MULT. OF 3)

H OUTPUT: NO REGISTERS DISTURBED

H DATA POINTED TO 1S DISPLAYED ON LCD DISPLAY.

H COLUUNS NOT SPECIFIED ARE NOT AFFECTED,

READ:

$SAVE ALL STATES
PUSH PSW
PUSH B
PUSH D
PUSH #

iFLAG FOR A READ OPERATION
HVI A,100000008
STA MODE
JHP GRAPH1

GRAPH ¢

iSAVE ALL STATES
PUSH PSW
PUSH B
PUSH D
PUSH #

iFLAG FOR A WRITE OPERATION

STA MODE

{CALCULATE WHICH 58201 TO ACCESS
GRAPHL: WVI D,OBEH $START WITH CS1
ACC: MoV A,C
Sul 24 iSUBTRACT 24 FROM COLUMN COUNT
JC GO tIF CARRY IS SET THE CORRECT CHIP 1S SELECTED
X0V C.A {REG C GETS NEW COLUNN NUMBER
HOV A,D
RLC {INCREMENT THE CS TO NEXT CHIP
MOV D,A
JHP ACC

MAIN LOOP
GOo: ¥OV E,C {GET COLUMN NUNRER
M.LOOP: CALL WRITE :DRAW 3 COLUMNS
DCR B {SUBTRACT 3 FROM COLUMN COUNT
DCR B
DCR B
JZ END.G :1F DONE, JUMP.
KOV AE {ADD 3 T0 ADDRESS
ADI 3
CP1 110008 {IF ADDRESS ROT MAX THEN SXIP THIS
JNZ SKIP1
OV A,D
RLC {SELECT NEXT 88201 €S
HOV D,A
HVI A,0
SKIPl: NOV E,A iSAVE NEXT ADDRESS
JNP H,L00P iLOOP URTIL DONE

END.G: POP H {RESTORE ALL STATES
POP D
POP B
POP PSW
RET

WRITE:

DISPLAY 3 COLUMNS: OF DATA

1NPUT: HL- POINTS TO START OF DATA
E - ADDRESS
D - OUTPUT CS

OUTPUT: HL <= HL + 3

SAVE ALL STATES
PUSH PSW
PUSH B
FUSH D

START: MVI A,00001111B ;ISOLATE CS IN REG b
ANA D
NOV D,A
NOV A,F iGET ADDRESS BITS AT HIGH END OF BYTE
RLC
RLC
MOV E,A




SOUTPUT FIVE ADDRESS BITS WITH CHIP SELECT

1¢C,8
W.LOOP: WOV A,B
RLC
NOV B,A
WVI A,100000008
ANA 2

ORA D
CALL DISPLY
DCR C
JNZ R.LOOP

iS1GNAL FOR A READ OR WRITE

UDA RODE

ORI 00001111R
CALL DISPLY
JP D150

SREAD THE DATA

VI B,3
READY: WVI C,B

MVl D,0
READ2: 1IN 224

ANI1 000000018

ORA D

RRC

NOV D,A

VI A,000011118
CALL DISPLY
BCR C

JNZ READ2

NOV M,D

INX H

DCR B

JNZ READ1

:RESTORE STATES
POP D
POP B
POP PSW
RET

iDISPLAY THE DATA
DISO: VI 8,3
DIS1: MVI C,8

oV D, %
DIS2: KOV A,D

RRC

ROV D,A

ANI 100000008

ORI 00001111B

CALL DISPLY

DRC C

JNZ DIS2

INX 8

DCR B

JNZ D1S1

sRESTORE STATES
POP D
POP B
POP PSW
RET

DISPLY:
{DISPLAY ROUTINE

PP

PUSH PSW

ANI 100011118
OUT 20H
OR1 01000000R
OUT 208
AN1 101111218

POP PSW
RET

KODE: DS 1
END

IROTATE ADBRESS

sGET KNSB
iMERGE WITH CHIP SELECT

tDEC ADDRESS BLT COUNTER
iLOOP UNTIL ADDRESS 1S OUT

iJUNP IF THIS 1S A WRITE
i3 BYTES OF DATA

i8 BITS PER BYTE

iCLEAR DATA BYTE

iGET A BIT OF DATA

{MASK OFF UNWANTED BITS
{MERGE WITH DATA BYTE
sROTATE DATA

iSET UP 88201 TO READ NEXT BIT
;LOOP UNTIL DONE WITH BYTE

iINCRENENT BYTE POINTER
:LOOP UNTIL DONE WITH ALL BYTES

i3 BYTES OF DATA
i8 BITS PER BYTE

sROTATE DATA

$GET NEXT BIT

:SET CS

$OUTPUT & BIT OF DATA

sLOOP UNTIL DONE WITH BYTE

{LOOF UNTIL DONE WITH 3 BYTES

INPUT: A ~ DATA AND CHIP SELECT

BIT 7 = DATA
BITS 0-3 - CHIP SELECT

OUTPUT: NO REGISTERS DISTURBRED
OUTPUT ONE BIT 70 58201

ISAVE STATES

:MASK OFF UKSRANTED B1TS

:SET UP DATA AND CHIP SELECT
iCLOCK HiGH

:CLOCK LoW

SRESTORE STATES




TEXT

This subroutino will take the ASCit text pointed to by HL. and
display it on the L.CD slarting at tho column pointed to by
the memory location CURSOR. The data should end with a
zero. CURSOR should be in the range of 0~15 as this is the
extent of this LCD display. The first operation is the calcula-
tion of the offset into the ASCII table of the first character.
Thirty-two is subtracted trom the ASCIl number because

NS080

EXTRN GRAPH

PURLIC TEXT, LFT TR, CURSOR

TEXT:

iDISPLAY A CHARACTER STRING ON LCD DISPLAY

INFUT: HL-POINTS TO BEGIHNING OF STRING
CURSOR-CURRENT CURSOR POSITION

OUTPUT: CURSOR <= CURSOR + LENGTH OF STRING
NO REGISTERS DISTURBED

o vo 0o =

PUSH PSW iSAVE STATES
PUSH H
T.LOOPs MOV A,N {CHECK FOR END OF STRING
CPI O
JZ T.FIN
CALL LETTR {PRINT LETTER
INX 8
JWP T.1L00P iLOOP UNTIL DONE
T.FIN: POP H {RESTORE STATES
POP PSW
RET
LETTR:

iDISFLAY AN ASCI1 CHARACTER ON LCD DISPLAY
INPUT: A-CHARACTER TO DISPLAY
CURSOR - CURRENT CURSOR LOCATION
OUTPUT: CURSOR <= CURSOR + 1
NO REGISTERS DISTURBEZD

(0 - 95

iSAVE STATES
PUSH PsS®
PUSH B
PUSH D
PUSH H

$SET UP HL T0 POINT TO CORRECT DATA
LXI H,ASCI1

HOV C.A
V1 B,8
CALL GRAPH
LDA CURSOR
INR A

CPI 18

iDISPLAY THE CHARACTER
tINCRENENT CURSOR

{1F S0, RESET TO zERO
T.END: STA CURSOR
:RESTORE STAIES
POP H
POP D
POP B
POP PSW
RET

{HL POINTS TO BASE ADDRESS
{BC GETS ASCI1 OFFSET HUINUS A CONSTANT

the table starts with a spaco character. This rosylt is then
multiplied by six because the data to bo displayed Is six
bytes long. We now have the offset into the table, The char-
acter is displayed on the LCD. This operation is repeated
until all the characters have been disptayed.

A custom font can be generated using the same technique
as that used (o create a custom graphic symbol.

{NULTIPLY OFFSET BY g (DOUBLE PRECISION)
#HL POINTS 70 CORRECT CHARACTER DATA
HULTIPLY CURSOR BY 6 TO GET COLUMN NUMBER

:EACH CHARACTER 1S SIX COLUMRS WIDE

iCHECK FOR END OF LCD DISPLAY

13




NULT:

IMULTIPLY BC REG BY S1X

s

CURSOR:
ASCII:

INPUT: BC - MULTIPLICAND
OUTPUT: BC <= BC * 6
NO REGISTERS DISTURBED

PUSH PSW
PUSH H

MOV H,B

HOV L,C

DAD B

DAD B

DAD B

DAD B

DAD B

MOV B,

MOV C,L

POP H

POP PSW

RET

DS 1

DB 0,0,0,0,0,0

DB 0,98,98,0,0,0

0B 0,7,0.7,0,0 H
DB 20,127,20,127,20,0 :#
DB 36,42,127,42,18,0 $
DB 35,19,8,100,58,0 *
DB 54,73,102,32,80,0 W
DB 0,0,7,0,0,0 H
DB 0,28,34,88,0,0 i
o8 0,65,34,28,0,0 3)
DB 34,20,127,20,34,0 i
b8 8,8,62,8,8,0 +
DB 0,64,48,0,0,0 Iy
LB 8,8,8,8,8,0 -
CB 0,96,96,0,0,0 i
DB 32,16.8,4,2,0 :
DB 62,81,73,69,62,0 3
DB 0,66,127,64,0,0 g
DB 122,73,73,73,70,0 E
DB 34,85,73,75,54,0 3
0B 15,8,8,126,8,0 3

DB 39,69,69,89,87,0
DB 82,73,73,73,49,0
DB 1,87,17,9,7,0
DB 54,73,73,73,54,0
DB 6,9,9,9,128,0

DB 0,64,54,0,0,0

DB 96,64,84,0,0.0
bB 8,20,34,65,0,0
DB 20,20,20,20,20,0
DB 0,65,34,20,8,0
DB 2,1,88,8,2,0

DB 62,86,93,89,78.0 H

DB 124,18,17,18,124,0 H
DB 127,73,73,73,84,0 :
DB 82,68,65,85,34,0 Hy
DR 127,66,66,65,62,0 H
DR 127,73,73,685,65,0 :E

DB 127,9,9,1,1,0 F
DB 82,66,66,81,114,0 H
DB 127.8.8,8,127,0 Hi
DB 0,65,127,65,0.0 H
08 32,64,684,64,83,0 H
08 127,8,20,34,85,0 H
DB 127,84,64,84,84,0 :
DB 127,2,12,2,127,0 3
DB 127,4.8,16,127,0 H
bB 62,66.65,63,62,0 H
DB 127,9,9,9,8,0 H
PR 62,66,81,33,94,0 3
DB 127,9,258,41,70,0 H
DB 34,89,73,81,34.0 :
DB 1,1,127,1,1,0 B
DB 83,84,84,64,83,0 B
DB 31,32,84,32,31,0 v
DB 127,32,24,32,127,0 Hd
DB 89,20,8,20,99,0 B
D8 3,4,120,4,3,0 :
DB 97,81,73,69,87,0 H

14




SCROLL

This subrouline will scroll whatever is displayed on the LCD entire LCD has been shifted by one column. Then the entire

to the right until the screen is clear. It first reads in three operation is repeated until all the displayed data is shifted

columns of data. It then writes threg columns of data with off the screen.

the HL pointer shifted by one byte. This wil shit the dis- This subroutine could easily be adapted to scroll the displa

played data by one column. This is repeated until the to the left if desired. y o Piay
18080

PUBLIC SCROLL
EXTRN READ,GRAPH

SCROLL :

:SCROLLS DISPLAY TO THE RIGHT UNTIL CLEAR

H INPUT: NONE

OUTPUT: NO REGISTERS ARE CHANGED
SCREEN 1S SCROLLED UNTIL CLEAR

$SAVE ALL STATES

PUSH PSW
PUSH B
PUSH D
PUSH H
$SET UP ALL THE POINTERS
MVI D,88 {LOOP UNTIL SCREEN IS CLBAR (88 CYCLES)
REPEAT: MVI A,0 iCLEAR FIRST BYTE IN BUFFER
STA BUFFER
VI B,3 {READ 3 COLUMNS ALWAYS
uvi ¢,0 $START WITH COLUKN ZERO
sREAD THE DATA
L.READ: LX1 H,BUFFER+1 iSET HL T0 POINT TO BUFFER+1
CALL READ
LXI H,BUFFER {SET HL TO SHIFT THE DATA
CALL GRAPH {REDRAY THE SHIFTED DATA

tHOVE LAST COLUKN OF LAST READ INTO FIRST COLUMN OF NEXT WRITE
LDA BUFFER+3
STA BUFPFER

tUPDATE COUNTERS
MOV A,C {1NCREMENT COLUMN NUMBER
ADI 3
4oV C,A
CPI 98 iCHECK IF DONE WITH ONE CYCLE
JINZ L.READ
DCR D :DECREMENT LOOF COUNT
JNZ REPEAT LOOP UNTIL DONE WITH ALL CYCLES

iRESTORE STATES
POP &
POP D
POP B
POP PSW
RET

BUFFER: DS 4

END
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OTHER APPLICATIONS

There are many different types of LCDshat tan bo con-
trolled by the MM58201. Some of these arghown in Figure
18.

Up to 24 seven-segment digits can be antroled by one
MMS58201. The software to control a multipxed seven-seg-
ment display is not too much different fromiat of the pravi-
ous application. The software is simpler beause only one
MM58201 is needed instead of four. A logidiagram for a
six-digit multiplexed seven-segment LCD disay is shown in
Figure 19 and the software to control it is injsting 5.

Given a string of numbers to display, this subroutine simply
looks up the data it needs from a look-up table and stores
this data In a buffer. After every threo digits, the subroutine
sends this data to the MM58201 to be displayed. The digit
backplanes are wired backward in groups of three to simpli-
fy the software. The subroutines that this subroutine uses
are very similar to the equivalent subroytines in the LCD dot
matrix application. Since there Is only one MM58201, the

software is simpler. There is no need to calculate which

MMS58201 chip select to enable.
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FIGURE 18. Typical LCD Connections to the MM58201
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NITIALIZE THE 810

HV A0

OUT 274

WVI A,OFFH

OUT 24%

LX1 BC,TEST
NVl E,6
CALL RUMBER
RST 6

TEST: DB 1,2,3,4,6,8

;SUBROUTINE TO DISPLAY NUMERALS ON LCD DISPLAY
H INPUT  BC-POINTS TO BCD DATA STRING
H E -LENGTH OF DATA STRING (NULTIPLE oF 3)
OUTPUT ~NO REGISTERS DISTURBED
=DATA STRIKG IS DISPLAYED

UMBER: PUSH PSW iSAVE STATES
PUSH B
PUSH D
PUSH H

DIG3: MVI D,3 {LOOP FOR 3 DIGITS
LOOP: LDAX B
LX1 H,TABLE iCALCULATE ADDRESS INTO TARLE
ADD 1L
MOV L,A
UVI A,O00H
ADC H
KOV H,A

MOV A,M {GET OUTPUT DATA FROM TABLE
FUSH PSW

LX1 H,DATA iSTORE 1XTO DATA BUFFER
NOV AL

ADD D

KOV L,A

DCR L

POP PSK

MOV M,A

INX B sINCREMENT POINTER TO DATA STRING
DCR E :DECREHENT # OF DIGITS

OCR D {DECREMENT 3 DIGIT COUNT

JNZ LOOP i1F NOT THIRD DIGIT THEN LOOP BACK

LXI H,DATA
CALL WRITE :DISPLAY THESE THREE DIGITS

NOV ALE iCHECK FOR LAST DIGIT OF DATA STRING
ANA A
JNZ DIG3

POP 8 tRESTORE STATES
POP D

POP B

POP PSW

RET

WRITE:
DISPLAY 3 DIGITS
INPUT  HL-POINTS TO START OF DATA
E -COLUMN ADDRESS
OQUTPUT =NO REQGISTERS DISTURBED

PUSH PSW $SAVE STATES
FUSH B
FUSH D
PUSH H

HOV A2 {GET ADDRESS BITS AT HIGH END OF BYTE
RLC

RLC

OV E,A

18




WUTPUT FIVE ADDRESS BITS
]

uvr ¢,
W.LOOP: KOV A,E
RLC {ROTATE ADDRESS
MOV E,A
HVI A,100000008 iGET MSB & ENABLE CHIP SELECT BT
ANA B
CALL OU? {OUTPUT BIT WITH CHIP SELECT
DCR ¢
INZ W,LOOP tLOOP UNTIL ADDRESS 1S OUT
$SIGNAL FOR A WRITE
MVE A,O00H
CALL 0UT 10UTPUT A ZERO BIT

;OUTPUT THE DATA
Wv1 B,3 3 BYTES OF DATA
DISl: uv1 ¢,B 8 BITS PER BYTE
HOV DM
NOV A,D
RRC
KOV D,A
ANI 100000008 {GET NEXT BIT
ORI 000000018 iDISABLE CHIP SELECT
CALL 0ur
DCR ¢
JNZ D1S2 iLOOP UNTIL DONE WITH BYTE
INX 8
DCR B
JNZ DISL {LOOP UNTIL DONE WITH 3 BYTES

DIs2: iROTATE DATA

POP # tRESTORE STATES
POP D

POP 8

POP PS®

RET

OLT:

$SUBROUTINE T0 OUTPUT ONE BIT T0 THE MM58201

INPUT A <DATA BIT IN MSB POSIT1ON

OUTPUT =0 REGISTERS DISTURBED
~OUTPUT ONE BIT T0 58201

PUSH PSW

OUT 20

ORI 010000008 iCLOCK H1GH
OUT 20H

ANI 10111111B $CLOCKX LOW
OUT 20H

POP PSW

RET

DATA: DS 3

TABLE: DB 00111111R, 000001108, 010110118, 010011118
DB 011001108, 011011018, 011111018, 000001118
DB 011111118, 011011118

END
SUMMARY
The MM58201 makes it easy lo interface a multiplexed LCD subroutines listed here or similar ones. Multiplexed LCDs
display to a microprocassor. It is simply a matter of connect- are the perfect way to cut down on display interconnections
ing the display and the microprocessor to the chip, choosing while still taking advantage of the LCD's low power con-
a value tor Ver, then interfacing your program to use the sumption and high contrast ratio—and the MMS58201 makes

them easy 10 use.




Designing an LCD Dot Matrix Display Interface
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Absolute Maximum Ratings
It Milltary/Asrospace specitied devices are required, please contact the National Semiconductor Sales Otfica/Distributors for avallabllity and specifications.
(M ‘e 9)
LM124/1.M224/LM324 LIN124/LMZ24/LM324
s 1.M124A7/LM224A/LM324A Lu2902 LM124A/LM23A/LM324A LM2502
. pply Voltage, V 32v 26V Storage Tamperatute Range -65°Cto +150°C --§5°G to -+ 150°C
t ferential Input Voltage 3J2v 26V Load Temg erature (Soldering, 10 seconds)  260°C 260°C
I -ut Voltage —0.3Vto + 32V —0.3Vtc --z6V Soldeving Information
V' ow uerat Dual-In-Line Package
Vi < 0.3V) (Note 3) 50 mA 50 mA Soldermg (10 seconds) 260°C 260°C
. nati Sm.all Outline Puckage
t # Cis pation (Note 1) Vgor Phase (50 seconds) 215°C 215°C
Ao IR 1130 mwW 1130 mW . “ =
3y 2 1261 mW 1260 mW b rared (*5 82 zonds) 220°C 220°C
3t 1 the-Ppreaze 80¢ W 800 mW Sea + 1-450 **3urt: +:@ Mounting Methods and Their Effect on Product Reliability” tar
Ct € 1 Mo ND other et ods of¢ 'de ‘~g surface mount device-.
N ¥ r o) ESD e ne IN- 2t 2%V 27y
/i ov @ '5°C Cont . 1008 Contnuocus
Ce r. ¢ e '3 3lange ~40°C 1~ +85°C
. 2 bk 4 0'Ctc 73°C
R T ) ~25°C.)» +85°C
R S -85°Ct* +125°C
=t e 1 e cteristics vt - 50 (Note 4), unless otr.wise stated
v i Conditions LM124A LM224A I ”'if:'—-i LM124/LM224 LM324 LM280:! Untis
. ! ___|™inTyp  Max  Win Twp  Max f""l Ta ¢ IMin Typ  Max [Min *vp Max |Min Typ_ “ax
bhoor L AMeH)TpT 25C 1 A JU U U . J -t P71 _{mv
Lo N ’;'3“"" Vo = V. 0 & 4 B0 | £ 1) , 45 :50 5 20 4 5 | nA
L J (4 Vi = W 2 1 R 3 1 o5 & 0 [
A 3 hzer2v e . viois ¢ vt-ss! AR R VAR R vto15 0 v'-15] v i
LS B A R R —] S e e _) . !
[ e J amiara se''an 3
| ~ o A O mA
| C3 (L2 v Vi 1.5 13 15 3 5 : | 1.5 3 15 3 1.3 3
; T - R TR N 07 12 A S " 2 L A K 0./ 2 !
¢ oW A B . A T4 - . | ~ \ - i\
booe o)ty 2 mre e _wmwe  |ie  mefew
I Y ot o1 - c -
IR S R I ne Jie_re i _qmr |
\ » [ a8 ’
i i &y Y E iy 5 130 65 1C J 5K 65 1 J P ISD 1 B
| — — s — _




Electrical Characteristics v* -- 1 5.0V (Mote 4) untess atherwise stated {Continuad)

Parameter Contitions [ Lmi24a LM224A LM321A | Lmizasimzz4 | Lmaz2s M2z |
Min Typ Max [Min Typ Max [Min Typ Max [Min Typ Max |[Min Typ Max [Min Typ Max
Amplifier-to-Ampliter t = 1 kHZ 10 2C kHz, T = 25°C _ _ _ . - _
Coupling (Mote 8) (Input Refe Ted) 120 120 120 120 120 120 a8
Outpv* Curren” |Source [y ™ = 1v,Viy™ = OV,
l Y BV Vg = 2, Ty = 25°C 20 40 20 40 20 40 20 40 20 40 20 40 A
'Q -k j- = 1v v. T ov
&k . Vg y ' t
! = BV, Vo = 2V, T, = 25°C 0 20 10 20 10 20 10 10 20 10 20
TV = OV, . . 5
Jl- ‘ =B g 200wy, T = 250 |12 5O 12 50 12 50 2 50 2 50 12 ¢ pA
Shon Circuitt: G+ nd * e v " = 5V T, = 25'C | a6 . 4 60 49 60 40 60 o 60 | 4 60 | ~A
B i S J 4 4 5 7 LI L
v ff 3 ' - . X i
ot ‘ ‘ ] i 20 720 7 30 7 i 7 | bore
v F L e, Mo = ; 30 30 75 100 | 150 ¢« 20 A
vt P 1 20} 10 200 10 300 10 J 1 1 r
g t ' H
- - - - + — - -— — - — nd . -
Lo o S . & 10 & 100 ar 200 _j 40 309 . 4 500 « 5ee 2
- - - —_— . PR A P — e —— + — — — -— — -
L - i + +_ + o 4 v +
e s i vt-2 0 v ¢ vt 2 vi.2 0 v 0 vt 2
[T ; - ! ,
b : T L) | 5 25 an [ 5 18 S
: PR s _J :
t v o Vo ' P = 2kn 8 12 E L HE 2 g,
i A L o A 127 2t . o © 28 7o i w ,
S R R T B N S I U R 2 s x5 __mlx




Electrical Characteristics vt - +50v (Note 4) untess otherwise stated {Cont nued)

paramstar Condhions LM124A LM224A LM324A LM124/LM224 LM324 LMoz [
Min Typ Max|Min Typ Max|Min Typ Max|Min Typ Mox|Min Typ Mux| Mk Typ Max
= ourar = + oL
Surput Cument | Gourss | Vg = 2V \‘2:- o‘;,“\;u isy| 0 2 10 20 0 20 10 20 10 20 1 20
- mA,
Sink z"’.p - ;;,"\';4. -qsv| 10 15 5 8 5 8 5 8 5 8 5 8

Note 1: For oporating at luih tompoeratures tho LM324/LM324A/LM2902 must bo doratod basod on a -+ 125°C maximum junction lomperaturo ano a therma reaistance of 38°C/W which applios 1of the dav:co soldefed b ina printed

cirevit oonvnd, Oporating in u still air ambient The LM224/LM224A and LM124/LM124A can bo derated bascd on a +150°C junction tomp Tho diasipation is tho total of &) four ampidi USH
whera possible, to akow 1o amplifier 10 sa urats o’ to raduc: the powsr which is dissipated in the lme:nlod circuit.
Mohzsmmvmlromunmwtov can ciuso ive heating and i smncoammgwnd.mmmnumowmwnemswpmmmwmAmopcnlonlaWomagnwoi

V™. At vaties of “upply veitage in excess ¢t +15Y, wnm;hm-dmmunamdhpmrmaﬁonmnpwmo can rosult from simultaneous shor's on al amplifiers.
Note : Th's irp. curront will only oxist wh the .oltago at any of the input loads is driven nogative. nhmmmmﬁmymmmm?ﬂnmnwmtemmwﬂmwwehyr ng as input cfodo
clarz... i dd' 112 this dlodo sction, tho & 8 ¢ -3 Iateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voitages of the 9o aTps I 10 10 the - * voitags ‘ovol jor t* wousd fo- a large
QveX: “ve) dme curation that an input 13 ¢ 9n negative. This Is not and normal output states will re-ostoblish when the input voltage., which was negative, 3 ~nretures 5 a value greater th: —0.3V - 25*C).
Not 7% sa ~scificatiors a imited to ~5' = Ta = +125°C lor the LM124/LM124A. With tho LM224/LM224A, all tomperature specifications are limitec' to —~25°C : Ta = 35°C. tha _MCZ4/L: 24A tem rati s
Sper cath sa limksdto C < Ta s ~70°C 1 the L2802 spocifications are Bmitad to ~40'C < Tp < +85°C.

Mol v a W w e DwhVY oT SV 30V ane wer the full input common-mode range (OV to V* ~ 1.5V) for LM2302, V* from 5V to 26V.

bo T dv ion ‘the vpL currts out MGt di o t™ 't PNP inpul stago. This cufront is ially o of the stats of tho output so N lcading - 1BNGO €« & ON IHE #:0u1 | 106

bor :TH wmp. 200 wone od< iolts motcuhe Put gr ol eshouldnolboanomdtooommwbymmanosvwzsm The upper end of the comwme "-moce v garangs V' = 177{. 26 butwither 4ti.-n
vprocan 31 3t wid ut wma (+° VLN 0 1 :ndont of tho magnitude of V

o 0 o m pot xte Jdc Por M sy M Jis POt ONGInating via siray il b these parts. This typically canbe - sto *ada: ihi: poolca lancet: eas:a Jhar ea: « Fok 5.
Po iF ar: 1E 124 4% MOMAC de e o s drofer 10 RETS124X for LM124 militwy spocifications.
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= OUTPUT VOLTAGE

Yo = GUTPUT
VOLIAGE (V)

Y, - WPUT
VOLIAGE (¥)
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o

Vi

e

=7

1Y, ~ MPUT VOLTASE (V5o

//

¥* OR V" = POWER SUPPLY VOLIASE (£Vo)

8

5 10 15

Voltage Gain

il

R, = 204

8

R, =240

-]
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10 » % o
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Voltage Follower Pulse
Response

® 20
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0001 001 41 1 10 100
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Typica! Perfcrmanss Chorooiotoes:

input Current
00

o
i

8

Yy~ BHPUT CURRENT (nAge)
B
\
\

0 10 20 30
V*= SUPPLY VOLTAGE (Vo)
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I
FAIRCHE

SEMICONDUCTOR®

$S9013

1W Output Amplifier of Potable Radios in

Class B Push-pull Operation.
« High total power dissipation. (Pr=625mW)

« High Collector Current. (c=500mA)

« Complementary to SS9012

« Excellent hgg linearty.

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings T7,=25"C unless otherwise noted

1. Emitter 2. Base 3. Collector

TO-92

Symbol Parameter Ratings Units
Veso Collector-Base Voltage 40 \'
Veeo Collector-Emitter Voitage 20 \
Veso Emitter-Base Voltage 5 v
le Collector Current 500 A
Pe Collector Power Dissipation 625 w
Ty Junction Temperature 150 °C
Tste Storage Temperature -55 ~ 150 “C

Electrical Characteristics 1,=25"C unless otherwise noted
Symbol Parameter Test Condition Min. Typ. Max. Units
BVego Collector-Base Breakdown Voltage Ic =100pA, lg =0 40 \
BVceo Collector-Emitter Breakdown Voltage | Ic =1mA, Ig=0 20 \
BVego Emitter-Base Breakdown Voltage lg =100pA, ic =0 5 \
leso Collector Cut-off Current Vep =25V, Ig =0 100 nA
leso Emitter Cut-off Current Vgg =3V, Ic =0 100 nA
beet DC Current Gain Vee =1V, Ig =50mA 64 120 202°
hega Veg =1V, I =500mA 40 120
Vce (sat) | Collector-Emitter Saturation Voltage ¢ =500mA, Ig=50mA 0.16 0.6 \'
Vge (sat) | Base-Emitter Saturation Voltage 1 =500mA, |g =50mA 0.91 1.2 \
Vge (on) Base-Emitter On Voltage Veg =1V, Ic =10mA 0.6 0.67 0.7 \Y
hgg Classification
Classification D E F G H
heey 64 ~91 78~ 112 96 ~ 135 112 ~ 166 144 ~ 202

©2001 Fairchiid Semiconductor Corporation

Rev. A1, Juty 2001

€106SS



Typical Characteristics
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Package Demensions
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not
intended to be an exhaustive list of all such trademarks.

ACEx™ FAST®
Bottomless™ FASTr™
COOlFET™ FRFET™
CROSSVOLT™ GlobalOptoisolator™
DenseTrench™ GTO™
DOME™ HiSeC™
EcoSPARK™ ISOPLANAR™
E2CMOS™ LitttleFET™
EnSigna™ MicroFET™
FACT™ MICROWIRE™
FACT Quiet Series™ OPTOLOGIC™

STAR*POWER is used under license

OPTOPLANAR™ STAR*POWER™
PACMAN™ Stealth™
POP™ SuperSOT™-3
Power247™ SuperSOT™-6
PowerTrench® SuperSOT™-8
QFET™ SyncFET™
Qs™ TruTranslation™
QT Optoelectronics™ TinyLogic™
Quiet Series™ UHC™

SLIENT SWITCHER® UitraFET®
SMART START™ VCX™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

CORPORATION.
As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
ofr (b) support or sustain life, or (¢) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet ldentification Product Status

Definition

Advance Information Formative or In

This datasheet contains the design specifications for

Design product development. Specifications may change in
any manner without notice.
Prefiminary First Production This datasheet contains preliminary data, and

supplementary data wifl be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No ldentification Needed Fuil Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor,
The datasheet is printed for reference information only.

©2001 Feirchid Semiconcuctor Corponation




i GHz, 5,500 'v'igs

Low Distortion Ampiiiier

38003

FEATURES
Ultrahigh Speed
5,500 V/ps Slew Rate, 4 V Step, G = +2
545 ps Rise Time, 2 V Step, G = +2
Large Signal Bandwidth
440 MHz, G = +2
320 MHz, G = +10
Small Signal Bandwidth (-3 dB)
1 GHz, G = +1
700 MHz, G = +2
Settling Time 10 ns to 0.1%, 2 V Step, G = +2
Low Distortion Over Wide Bandwidth
SFDR
~-44 dBc @ 150 MHz2, G =42, V=2 V p-p
—41 dBe @ 150 MHz, G=+10, V=2 Vp-p
3rd Order Intercept (3IP)
26 dBm @ 70 MHz, G = +10
18 dBm @ 150 MHz, G = +10
Good Video Specifications
Gain Flatness 0.1 dB to 75 MHz
0.01% Differential Gain Error, R = 150
0.07° Differential Phase Error, R, = 150 )
High Output Drive
175 mA Output Load Drive
10 dBm with -38 dBc SFDR @ 70 MHz, G = +10
Supply Operation
+5 V to £5 V Voltage Supply
14 mA (Typ) Supply Current

APPLICATIONS

Pulse Amplifiar

IF/RF Gain Stage/Amplifiers
Hligh Resolution Video Graphics
High Speed Instrumentatione
CCD Imaging Amplifier

2 T
G=4+2
1 Ry = 3010
Ry = 15011
0 ~ Y
" X
T -1 \
é Vo=2Vp-p G=4+10 )'\
3 =2 RAg = 20002 \
E 5 R, =1000__ )\
T4 \
2 \
@
g -5
-
-7
-8 L
1 10 100 1000

FREQUENCY RESPONSE - MHz

Figure 1. Large Signal Frequency Response; G = +2 and +10
REV. D

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted hy implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAMS
8-Lead Plastic SOIC (S0-8)  §-Lead SOT-23 (RT-5)

Ne 1] ADE00S 8] NC ADBODS

—N E 3 +Vg Vour E E+vs
+IN[3 6] out -v; [}

“Vs|4 E] NE +IN E [4]-In

NC = NO CONNECT

PRODUCT DESCRIPTION

The AD8009 is an ultrahigh speed current feedback amplifier
with a phenomenal 5,500 V/gis slew rate that results in a rise
time of 545 ps, making it ideal as a pulse amplifier.

The high slew rate reduces the effect of slew rate limiting and
results in the large signal bandwidth of 440 MHz required for
high resolution video graphic systems. Signal quality is main-
tained over a wide bandwidth with worst case distortion of
—40 dBc @ 250 MHz (G = +10, 1 V p-p). For applications
with multitone signals such as IT signal chains, the third order
Intercept (3IP) of 12 dBm is achieved at the same frequency.
This distortion performance coupled with the current feedback
architecture make the AD8009 a flexible component for a gain
stage amplifier in IF/RF signal chains.

The AD8009 is capable of delivering over 175 mA of load
current and will drive four back terminated video loads while
maintaining low differential gain and phase error of 0.02% and
0.04° respectively. The high drive capability is also reflected in
the ability to deliver 10 dBm of output power @ 70 MHz with
-38 dBc SFDR.

The ADB009 is available in a small SOIC package and will
operate over the industrial temperature range ~40°C to +85°C.
The AD8009 is also available in an SOT-23-5 and will operate
over the commercial temperature range 0°C to 70°C.

T
G=2
~40 — Rp=23010
Vo=2Vpp /
-50 10001 th‘)h.lhrl')' o 7
a o | [
ot + 1
T 60 e A
2 2ND, 17 Pl U
E 15001 LOAD [y ‘..,f L1
» J
~70 N
g /'/ *:CI- + ~ ™ 3np,
a gy . 1000 LOAD
-80 = .
L1 A~ 3RD,
4 15002 LOAD
-80 — =
|-
C
-100
1 10 100 200

FREQUENCY RESPONSE - MHz
Figure 2. Distortion vs. Frequency; G = +2

One Technology Way, P.O. Box 9106, Norwood, Mii ueubz-5106, U.5.A,
Tel: 781/329-4700 World Wide Web Sits: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2000



nemm G mmee M=o .

\DB“GQ—SPECE FIGALHIUNY (@1, =25, Vs = £5V, R = 100 2, for R Package: Ry = 301 Q for 6= +1, +2, R

200 © for & = +10, for RT Package: R; = 332 Q for & = +1, Ry = 226 Q for & = +2 and R¢ = 191 for & = +10, unless otherwise noted.)

ADS8009AR/RT
lodel Conditions Min Typ Max Unit
‘YNAMIC PERFORMANCE
-3 dB Small Signal Bandwidth, Vo = 0.2 V p-p
R Package G=+1,Rg=301Q 1000 MHz
RT Package G=+1,Rp=332Q 845 MHz
G=+2 480 760 MHz
G=+10 300 350 MHz
Large Signal Bandwidth, Vo =2 V p-p G=+2 390 440 MHz
G=+10 235 320 MHz
Gain Flatness 0.1 dB, Vo = 0.2 Vp-p G=+2,RL.=150Q 45 75 MHz
Slew Rate G=+2,R =150Q, 4V Step | 4500 5500 Vips
Settling Time to 0.1% G=+2,R_ =1500Q, 2V Step 10 ns
G=+10, 2V Step 25 ns
Rise and Fall Time G =+2, Rp. = 15042, 4 V Step 0.725 ns
[ARMONIC/NOISE PERFORMANCE
SFDR G=+2,Vo=2Vp-p 5 MHz -74 dBc
70 MHz -53 dBc
150 MHz -44 dBc
G=+10,Vo=2Vp-p 5 MHz -58 dBc
70 MHz -41 dBc
150 MH:z -41 dBc
Third Order Intercept (3IP) 70 MHz 26 dBm
W.R.T. Output, G = +10 150 MH2 18 dBm
250 MHz 12 dBm
Input Voltage Noise f=10 MHz 1.9 nVNHz
Input Current Noise f=10 MHz, +In 46 pANE
-In 41 pA~NHz
Differential Gain Error NTSC,G=+2,R.=1500 0.01 0.03 %
RL=375Q 0.02 0.05 %
Differential Phase Error NTSC,G=+2,R.=150Q 0.01 0.03 Degrees
RL=375Q 0.04 0.08 Degrees
)C PERFORMANCE
Input Offsct Voltage 2 5 mV
Tumn-"Trax 7 mV
Offset Voltage Drift 4 puv/eC
~Input Bias Current 50 150 THA
Tamin-Tuax 75 A
+Input Bias Voltage 50 150 IpA
TMIN_TMAX 75 iu.A
Open Loop Transresistance 90 250 kQ
Tamm—Taax 170 kQ
NPUT CHARACTERISTICS
Input Resistance +Input 110 kQ
~Input 8 Q
Input Capacitance +Input 2.6 pF
Input Common-Mode Voltage Range 3.8 v
Common-Mode Rejection Ratio Vem =125 50 52 dB
JUTPUT CHARACTERISTICS
Output Voltage Swing 3.7 +3.8 v
Output Current Ry =10 Q, Pp Package = 0.7 W | 150 175 mA
Short Circuit Current 330 mA
>OWER SUPPLY
Operating Range +5 16 \Y
Quiescent Current 14 16 mA
Tum-Tuax 18 mA
Power Supply Rejection Ratio Vs=t4Viot6V 64 70 dB
ipecifi bject to change without notice.



AD8003

ABSOLUTE MAXIMUM RATINGS'

Supiply VOICAFE v voven woves v s was v 5 wies s 12.6 V
Internal Power Dissipation®

Sniglt Outhiie' PACKAEE TRY v vu vas o v svseass s 0.75 Wats
Input Voltage (Common Mode) .................... Vs

Differential Input Voltage
Output Short Circuit Duration

...................... Observe Power Derating Curves
Storage Temperature Range R Package .... —65°C to +125°C
Operating Temperature Range (A Grade) ... -40°C to +85°C
Operating Temperature Range (J Grade) .. ... .. 0°C to 70°C
Lead Temperature Range (Soldering 10 sec) ......... 300°C
NOTES
'Stresses above those Jisted under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may afTect device reliability.
*Specification is for device in free air;
8-Lead SOIC Package: 8, = 155°C/W.
5-Lead SOT-23 Package: By, = 240°C/W.

MAXIMUM POWER DISSIPATION

The maximum power that can be safely dissipated by the
ADB8009 is limited by the associated risc in junction tempera-
ture. The maximum safe junction temperature for plastic
encapsulated devices is determined by the glass transition
temperature of the plastic, approximately 150°C. Exceeding
this limit temporarily may cause a shift in parametric perfor-
mance due to a change in the stresses exerted on the die by the
package. Exceeding a junction temperature of 175°C for an
extended period can result in device failure.

While the AD8009 is internally short circuit protected, this
may not be sufficient to guarantee that the maximum junction
temperature (150°C) is not exceeded under all conditions. To
ensurc proper operation, it is necessary to observe the maxi-
mum power derating curves.

2.0
[T T T
Ty=+150°C

g

T

ét.s
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Figure 3. Plot of Maximum Power Dissipation vs.
Temperature

ORDERING GUIDE

Temperature Package Package Branding
Model Range Description Option Information
ADBS0N9ACHIPS —40°C to +85°C Dic
ADB8009AR —40°C 10 +85°C 8-Lead SOIC S0-8
ADS8009AR-REEL —40°C to +85°C 8-Lead SOIC 13" Tape and Reel
ADS009AR-REEL7 —40°C to +85°C 8-Lead SOIC 7" Tape and Reel
ADS8009JRT-REEL 0°C to 70°C 5-Lead SOT-23 13" Tape and Reel HK]
ADB8009JRT-REEL7 0°C to 70°C 5-Lead SOT-23 7" Tape and Reel HK]
ADB009-EB Evaluation Board SO-8
CAUTION

Y o - .. ’ s o )

>D (electrostatic UIBLLATRE) >cudluve ucVite, Licvciiusiaiie vaige
: A F Loa v R e e e

avcumdate ui the o ol and wesr g aiCHIEn

| [—

Althonah the ANNNO fearuree nroprictary HSIY prorecnian circinrey. nermanant damaoe mav
occur on devices subjected to high-energy electrostaic aiscnarges. therelore, proper EXiy
precautions are recommended to avoid performance degradation or loss of functionality.

REV.D
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Figure 10. Distortion vs. Frequency; G = +2
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Figure 13. Distortion vs. Frequency; G = +10
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Figure 14. 3rd Harmonic Distortion vs. Pour: (G = +10)
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Figure 15. Two Tone, 3rd Order IMD Intercept vs.
Frequency; G = +10




\D8003

1A = 8
X
\~‘
. ook Al ~40
" N
g !
2 e N B
< H L.
i 10k —."‘811?0' < PHASETT
& N N
2 ' J
E N
1k s
*&ﬂm
100 160
0.01 01 1 10 109 1000

FREQUENCY -MH2z

PHASE - “egrees

Figure 16. Transresistance and Phase vs. Frequency

{0
M T ;
eHH Go42 W
I s A H
—to [l Ru=tooa (i1 L 11HY d
iomid p-p ONTOP OF Vg ,,ﬁ'
_20 "__ ) lﬂ' | | '///
2
P ad 444 + 303
z _4‘,':]- ’/' APSRR
e
il
By 1 10 00 500

w
8

»
3

»
8

INPUT CURRENT - pAVHZ
b -y
8 a

8

FREQUENCY - MHz
Figure 17. PSRR vs. Frequency

\

\
\

NONINVERTING CURRENT
INVERTING CURRENT
10 100 ik 1ok ook 1M 10M  100M 25GM
FREQUENCY ~ Hz

Figure 18. Current Noise vs. Frequency

—to IR R R
301N
-5k 3010 1

CMRfi-dB

I
H

/f

10 100
FREQUENCY —MH2

1000

Figure 19. CMRR vs. Frequency

I
a 1--2:::0iu- A
o 10 ’ V4
§ . 1IP%
E l
E o pat
0.01
0.03 0.1 1 10 100 500

FREQUENCY - MHz
Figure 20. Output Resistance vs. Frequency

10

o
"

INPUT VOLTAGE NOISE - nVy/ Rz
£

0
10 100 1 10k 100k 1M
FREQUENCY - Hz

Figure 21. Voltage Noise vs. Frequency

" REV.D

10M  100M 250M |



AD8009

25

— S— —4—4 4 ,! —
20 {
|

N —

10 1

NOISE FIGURE - dB

1 10 100 500
SOURCE RESISTANCE - {}

Figure 22. Noise Figure

2,0

VSWR
-
ES

0.1 1 10 100 500
FREQUENCY - MHz
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Figure 28. Small Signal Transient Response; G = +2 Figure 31. Small Signal Transient Response; G = +10

Figure 32. 2 V Transient Response; G = +10
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Figure 33. 4 V Transient Response; G = +10
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Figure 34. Small Signal Frequency Response vs. Parasitic
Capacitance

Figure 35. Small Signal Pulse Response vs. Parasitic
Capacitance

APPLICATIONS

All current feedback op amps are affected by stray capacitance
on their -INPUT. Figures 34 and 35 illustrate the AD8009’s
response to such capacitance,

Figure 34 shows the bandwidth can be extended by placing a
capacitor in parallel with the gain resistor. The small signal pulse
response corresponding to such an increase in capacitance/
bandwidth is shown in Figure 35,

As a practical consideration, the higher the capacitance on the
-INPUT to GND, the higher Ry needs to be to minimize
peaking/ringing.

RF Filter Driver

The output drive capability, wide bandwidth and low distortion
of the AD8009 arc well suited for creating gain blocks that can
drive RF filters. Many of these filters require that the input be
driven by a 50 € source, while the output must be terminated in
50 € for the filters to exhibit their specified frequency response.
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Figure 36. AD8009 Driving a Bandpass RF Filter
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Figure 37. Frequency Response of Bandpass Filter Circuit

Figure 36 shows a circuit for driving and measuring the
frequency response of a filter, a Wavetek 5201 Tunable Band
Pass Filter that is tuned to a 50 MHz center frequency. The
HP8753D network provides a stimulus signal for the measure-
ment. The analyzer has a 50 Q source impedance that drives a
cable that is terminated in 50 Q at the high impedance nonin-
verting input of the AD8009,

The ADB009 is set at a gain of two. The series 50 Q resistor at
the output, along with the 50 Q termination provided by the
filter and its termination, yield an overall unity gain for the
measured path. The frequency response plot of Figure 37
shows the circuit to have an insertion loss of 1.3 dB in the pass
band and about 75 dB rejection in the stop band.
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RGB Monitor Driver

High resolution computer monitors require very high full power
bandwidth signals to maximize their display resolution. The
KB signals that drive these monitors are generally provided by
a current-out RAMDAC that can directly drive a 75 Q doubiy
terminated line.

‘There are times when the same output wants to be delivered to
additional monitors. The termination provided internally by
each monitor prohibits the ability to simply connect a second
monitor in parallel with the first. Additionat buffering must be
provided.

Figure 38 shows a connection diagram for twe high resolution
monitors being driven by an ADV7160 or ADV7162, a 220 MH2
uvicga-pixei pet secund) uipic fouiUAL. 1his piscl rate
siquines o defver whest Sl power bandwidth is at least half the
pixel rate or 110 MHz. This is to provide good resolution for 2
worst casc signal that swings between zcro scale and full scale
on adjacent pixels.

-10-

I'he pnimary monitor is connected in the conventional fashion
with a 75 Q) termination to ground at cach end of the 75 {2
cable. Sometimes this configuration is called “doubly termi-
nated” and is used when the driver is a high output impedancc
cuirent source.

For the additional monitor, cach of the RGB signals close to the
RAMDAC outpui is applicd to a high inpui impedance, noniuveri-
ing input of an AD8009 that is configured for a gain of +2. ‘ihe
outputs each drive a series 75 §2 resistor, cable and tenninativn
resistor in the monitor that divides the output signai by two, thus
providing an overall unity gain. This scheme is referred to as
“Lack tennination” and is used when the driver is a low output
wipcdanil Tillige source. Back termination requires that the
voltage of the signal be double the value that the monitor sees.
Double termination requires that the output current be double the
value that flows in the monitor termination.
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Driving a Capacitive Load

A capacitive load, like that presented by some A/D converters,
can sometimes be a challenge for an op amp to drive depending
on the architecture of the op amp. Most of the problem is
caused by the pole created by the output impedance of the op
amp and the capacitor that is driven. This creates extra phase
shift that can eventually cause the op amp to become unstable.

One way to prevent instability and improve settling time when
driving a capacitor is to insert a resistor in series between the op
amp output and the capacitor. The feedback resistor is still
connected directly to the output of the op amp, while the series
resistor provides some isvlation of the capacitive load from the
up amp output.

+5V
q

G=+2Rp=301{l=Ry
G=+10:Rp = 2000, Ry = 2210

sopfF

y tD.OMpF I°.1JIF 1Wp.F
SR

Figure 39. Capacitive Load Drive Circuit
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Figure 39 shows such a circuit with an AD8009 driving a 50 pF
load. With Rg = 0, the AD8009 circuit will be unstable. For a
gain of +2 and +10, it was found experimentally that setting Rg
to 42.2 Q will minimize the 0.1% settling time with a 2 V step at
the output. The 0.1% settling time was measured to be 40 ns with
this circuit.

For smaller capacitive loads, a smaller Rs will yield optimal
settling time, while a larger R will be required for larger capacitive
loads. Of course, a larger capacitance will always require more
time for settling to a given accuracy than a smaller one, and this
will be lengthened by the increase in Ry required. At best, a given
RC combination will require about 7 time constants by itself to
settle to 0.1%, so a limit will be reached where too large a
capacitance cannot be driven by a given op amp and still
meet the system’s required settling time specification.

-11-
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