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ABSTRAKSI

PERANCANGAN DAN PEMBUATAN ALAT PENDETEKSI KADAR
AMONIAK PADA KAMAR MANDI DENGAN MENGGUNAKAN
MIKROKONTROLLER AT8958252

Yossy Indra Kusuma
03.17.119
Jurusan Teknik Elcktre 81 — Institut Teknolegi Nasional Malang
Jin. Raya Karanglo Km 2 Malang

Dosen Pemhimbing Ir. Teguh Herbasuki. MT
M. Ashar, ST, MT

Kata Kunei : Amoniak, TGS 826,

Banyak dijumpal kamar mandi pada pusai-pusat perbelanjaan dewasa ini yang
masih terkesan kotor terutama pada masalah bau yang discbabkan oleh urine, sehingga
konsumen mengeluhkan keadaan tersebut.

Oleh karena it diperlukan suatu alal yang bisa mendeteksi kadar amoniak
sekalipus sehazai  pembersih pada kamar mandi secara otomatis menggunakin
mikrokontroller AT89S8252 untuk mengatasi bau amoniak yvang menggangeu pada
karmar mandi. Desain cara kerja sistem adalah sebagai berikul:  Sensor TGS B26
mendeteksi kadar amoniak, output dari senzor diubah dalam bentuk digital oleh ADC
0804 kemudian mikro mengolah dafa serta memprosesnya yang kemudian memberikan
instruksi pada fan, pengharum, kran pembilas, Hasil pengujian alat dipercleh error rata-
rata sebesar 0.37%.
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BAB 1

PENDAHULUAN

1.1. Latar Belakang

Perkembangan teknologi pada dewasa ini sudah sedemikian pesatnya
dengan dukungan ilmu teknik elektronika. Teknologl menjadi suatu media
pencrapan yang membantu manusia dalam hampir selurub aspek kehidupan. Salah
satunya dalam bidang kebersihan. Belakangan ini banyak dibangun tempat-tempat
perbelanjaan.yang  saling berlomba dalam memberikan pelayanan yang
memuaskan bagi konsumen. Pelavanan tersebut tidak hanya berupa transaksi jual
beli tetapi juga pelayanan dalam hal kebersihan khususnya kebersihan pada kamar
mandi. Banyak dijumpai kamar mandi pada pusat-pusal perbelanjaan dewasa ini
vang masih terkesan Kkotor terntama pada masalah bau yang discbabkan oleh
urine, sehingga banyak konsumen mengeluhkan keadaan tersebut. Selain itu
dalam penanganan kebersihan masih sering lerjadi ketidak-tangpgapan petugas
kebersihan khususnya pada kebersihan kamar mandi

Oleh karena itu diperlukan suatu alat yang bisa mendeteksi kadar amoniak
sekalipus sebagai pembersih pada kamar mandi secara otomatis. Hal im
menggunzkan mikrokontroller scbagai pengendali utama dari sistem, pengolah
data, dan pemberi instruksi sesuai dengan keadaan.

Alat yang digunakan menggunakan sensor sebagai cara kerja alat tersebut.
Sensor yaitu suatu alat yang mengubah besaran non elektris memjadi besaran

elekiris, sehingga dapat dilakukan pengukuran secara analog. Dari besaran analog




dapat diubah menjadi besaran digital dengan menggunakan converter analog ke
digital (ADC) vang sclanjulnya di hubungkan pada mikrokontroller sebagai
pengolah data.

Dengan pemikiran tersebut dibuat suatu alat yang mudah, lerjangkau, serta

dapat memudahkan dalam proses pendeteksian dan pembersih pada kamar mandi.

1.2. Rumusan masalah
Mengacu pada permasalahan yang telah diuraikan pada latar belakang,
maka rumusan masalah dapat disusun sebagai benkul :
|. Bapaimana merancang dan membuat alat pendeteksi kadar amoniak
dan pembersih pada kamar mandi  menggunakan mikrokontroller

ATRISE252.

b2

Bagaimana cara sensor mendeteksi kadar amoniak pada kamar mandi

secard olomatis.

1.3. Tujuan
‘Tujuan dari pembahasan skripsi ini adalah Perancangan dan pembuatan

alat pendeteksi kadar amoniak pada kamar mandi dengan menggunakan

mikrokontroller ATROS8252, e B lr)

-




1.4. Batasan Masalah
Dengan mengacu pada permasalahan yang telah dirumuskan, maka hal-hal

vang berkaitan dengan alat vang dibuat, diberi batasan berikut :

1. Scnsor amoniak mendeteksi kadar amomak antara 30 ppm- 300 ppm.
2. Sistem ini digunakan untuk satu buah kamar mandi.
3. Mikrokontroller yang digunakan adalah AT89S8252,

4. 'lidak membahas perancangan dan pembuatan catu daya.

1.5. Metodologi

Metodologi penulisan yang dipakai dalam pembuatan skripsi ini adalah -
- Studi Literatur.
- Perancangan dan pembuatan alat,
- Pelaksanaan uji coba alat.

- Penyusuttan Laporan Skripsi.

1.6. Sistematika Penulisan

Penulisan skripsi ini terbagi dalam lima bab dengan sistematika sebagai berikut:

BAB | PENDAHULUANM
Membahas tentang latar belakang permasalahan. rumusan masalah tujuan,
batasan masalah,metodologi penulisan serta sistematika susunan penulisan dari

buku skripsi ini




BAB II TEORI
Bab ini berisikan tentang tcori-tcori penunjang yang digunakan dalam
perencanaan dan pembuatan skripsi,

BABII PERANCANGAN DAN PEMBUATAN ALAT

Membahas tentang perancangan alat baik perangkat keras maupun
perangkat lunak, serta cara kerja blok diagram.
BAB IV PENGUIJIAN ALAT

Mencakup pembahasan leniang proses pengujian alat yang lerdiri
dari peralatan vang digunakan, langkah kerja dan analisa hasil pengujian.
BABV PENUTUP

Berisi kesimpulan dan saran




BABII

TINJAUAN PUSTAKA

2.1. Sensor Amoniak (TGS816)
Sensor yang digunakan dalam pendeteksi kadar Amoniak im adalah

Sensor T(GSA26. Sensor ini sangat sensitif dengan amoniak, dan sensor ini dapal

mendeteksi kadar amoniak dari 30ppr-300ppm dalam udara dan sccara ideal
—_— B .

merupakan batas keselamatan yang berhubungan dengan aplikasi seperti deteksi

kadar amoniak pada sistem pendingin dan deteksi amoniak pada lahan pertanian.
Flemen setsor TGS 826 adalah mefal oxide semiconductor yang

mempunyai konduktivitas yang rendah di udara bersih. Dalam kemampuan

pendeteksian gas konduktifitas sensor bertambah tergantung konsentrasi gas pada

udara. Sebuah rangkaian listrik sederhana dapat mengkonversikan perubahan

konduktivitas kedalam sebuah signal ouipuf vang sesum dengan konsentrasi gas.

Gambar 2.1 Sensor TGS826 1 Sensor Amoniak




Ciambar dibawah ini menjelaskan karakteristik dari sensitivitas sensor,
semua data diambil pada kondisi Standard. Garis (Y ) diindikasikan sebagai

sensor resisiance redio ( Rs/Ro ) yang didefinisikan sebagai berikut:

e Rs = Resistansi sensor dari gas-pas yang ditampilkan dalam berbagai
macam konsentrasi,

¢ Ro = Resistansi sensor dalam 50 ppm amoniak.
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Gambar 2.2 Sensifivity characteristics TGS826
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Gambar 2.3 Basic measuring circtit

Apabila sensor memiliki polaritas tegangan DC selalu diperlukan untuk
tegangan rangkaian. Apabila sensor dihubungkan seperti yang ditunjukkan pada
gambar diatas maka oulput yang melewati load resistor ( VRL ) bertambah
sedangkan tesistansi sensor ( Rs ) berkurang tergantung pada konsentrasi gas.

» Resistansi sensor dihitung dengan rumus seperti berikul:

@:‘/\F fﬁ_ l]x i
\ Frl

2.2. Mikrokontroller AT8958252

Perbedaan mendasar antara mikrokontroller dan mikroprosesor adalah jika
mikrokoniroller selain memiliki CPU (Central Processing [nit) juga dilengkapi
dengan memori dan 'O (fmput/Ouipur). Maka mikrokonuroller dapat dikatakan
sebagai microcomputer dalam keping wnggal (single chip microcomputer) yang

dapat berdiri sendiri.




Mikrokontroller AT8988232 adaluh mikrokontroller keluarga MCS-51
yang membutubkan daya rendah, memiliki kemampuan yang tinggi, dan
merupakan mikrokomputer ¥ bit yang dilengkapi 8K fyre Flash PEROM
(Programmable and Erasable Read Only Memory) yaitu ROM yang dapat ditulis
ulang atau dihapus menggunakan sebuah perangkal programmer. Serta terdapat
EEPROM internal sebesar 2K Byre.

Flash PEROM dalam AT8988252 menggunakan Ammel ‘s High-Density
Non Volatile Technology yang mempunyai kemampuan untuk ditulis ulang hingga
1000 kali dan berisikan perintah sfandard MCS-51. Selain itu juga dilengkapi
RAM infernal sebesar 256 byre. Dalam sistem Mikrokontroller terdapat dua hal
vang mendasar, yailu perangkat keras dan perangkat lunak yang keduanya saling

terkait dan mendukung.




2.2.1. Perangkat Keras Mikrokontroller AT8958252
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Gambar 2.4

Blok Diagram Mikrokontroller ATRISE252
Sumber : Belajar Mikrakontrollzr ATMEL ATE9S8252




Mikrokontroller ATBYSR252 secarg umum memiliki:
# CPU 8 bit
» 8 Kbyte FLANI PEROM
# 2 Khyte EEPROM
# Mempry 256 x 8 bit Infernal RAM
# 32 Port /Y Lines
# 3 Timer dan Coyetfer 16 bit
# O Sumber h}sr-:qusi

» SPI soripl intepface

‘r?'

Oscillgtor dap ¢lock maksimal 24 MHz

¥ Programmable Watchdog Timer

"-.f

Programmabie UART Serial Chanel
»  Dual Data Pointer

7 Power-Off Flag

2.2.2. Arsitektur AT8IS8252
Arsitektur Mikrokontroller AT$958252 adalah sebagai berikut :
1. CPU (Central Processing Unit) 8 bit dengan register A (Accumudator) & B.
2, 18-bit Program Counter (PC) dan (Data Pointer) DTPR.
3. B-bit Pragram Status Word (PSI).
4. B-bit Stack Pointer (5F).
5. 8 Kbyte Flash PEROM infernal.

6. 256 byte internal RAM.




Mikrokontroller ATE958252 secara umum memiliki:

¥

CPLU B bit

% Kbyte FLASH PEROM

4 Khyte EEPROM

Memory 256 8 bit Internal RAM
32 Pont /O Lines

3 Timer dan Courier 16 bit

9 Sumber Interupsi

SP1 senal interface

QOscillator dan clock maksimal 24 MHz
Programmable Watchdog Timer
Programmahle UART Serial Chanel
Diial Data Pointer

Power-Off Flag

2.2.2. Arsitektur AT8958252

1. CPU (Central Processing Unit) 8 bit dengan register A (Accumulator) & B.

2. 16-bit Program Counter (PC) dan (Daia Fointer) DTPR.

[}

Arsitekiur Mikrokontroller ATR9SE252 adalah sebagai berikut

. B-bit Program Statux Word (PSW).

4, 8-bit Stack Pointer (8P).

LA

. 8 Kbyre Flash PEROM infernai.

6. 256 hyte internal RAM.

1
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# 4 bank register. masing-masing berisi & register.
# 16 byte vang dapat dialamati pada bit-fevel.
= 208 byte general purpose memory data.
7. 32 pin input-ouipul tersusun alas PO-P3, masing-masing 8-bit,
8. 3 buah timer (10 & T1) dengan masing-masing | 6-bit timer/counter.
O, Receiver/transmiter deta sceara serial full duplex: Serial bujfer (SBUF).
1. Comtrol register : TCON, TMOD. SCON, PCON, IP & IE.
11. Y buah sumber interupsi (4 buah sumber interupsi external dan 5 buah sumber
mlerupsi infernal ).

12. Oseillator dan clock inlernal,

2.2.3. Organisasi Mcmori

Dalam mikrokontroller ATR9S8252 ruang alamal telah dibedakan untuk
program memori dan data memori.
2.2.3.1. Infernal Program Memory

Mikrokontroller AT8958252 memiliki program memori infernal sebesar
8 Kbyte dengan ruang alamat 0000H-0FAQH. Jika alamat-alamat program lebih
tinggi dari pada O0FAOH dimana melebihi kapasitas ROM internal, menyebabkan
ATE9S8252 sccara otomatis mengambil kode byte dari program memori exfernad.
Kode hyte juga dapat diambil hanya dari memon exigrrgf dengan alamat 0000H-

FFFFH dengan cara menghubungkan pin EA ke grotnd.
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2.2.3.2. Random Access Memory (RAM)

Ruangan alamat memory data internal (RAM) dengan kapasitas 230 byte

vaitu : DDH-FFH yang terbagi atas 3 daerah, yaim :

1.

Empat bank register
Setiap hank terdiri dari & register (RO-RT) schingga jumlah regisfer untuk ke-
empat bank register menjadi 32 buah regisrer yang menempati ruang alamat
(NH-1FH. Mengaktifkan salah satu bank register dapat dilakukan dengan
mengatur RSO-RS1 pada Pregram Statws Word (PSW).

Bit Addrcssable
Terdiri dari /6 hyfe yang berada pada alamat 20H-2IH. Masing-masing bit
dalam 208 bit vang lokasinya dapat dialamati secara langsung,.

RAM Keperluan Umum
Terdini alas 208 hyre yang menempati alamat 30H-FFH, dan dapat dialamani

secara langsung maupun tak langsung dalam pengpunaan untuk keperluan

umum (general purpose).

Tahle 2.1
Pengaturan RS0-RS51 Bank Register
RS1 RS0 Register Bank Select Bits
Kij 0 Bank 0
{ 1 Bank 1
1 0 Bank 2
| 1 Bank 3

Swmiber : Belajar Mikrokontroller ATMEL ATS9SE252




2.2,.3.3. S5FR (Special Function Regisier)

Untuk operasi A'I'8988252 wyang menggunakan alamat internal RAM
(00H-FFH). Beberapa dari regisier-register ini juga mampu dengan pengalamatan
bit sehingga dapat dioperasikan seperti yang ada pada RAM.
2.2.3.3.1. PSW (Program Status Word)

Cara mendefenisikannya register ini ditunjukkan dalam tabel 2.4 :

Tabel 2.2
Pengaturan Register PSW
| Data | Simbol Posisi Fungsi /Art-1 |
LD P PSW .0 Parity flag
DI = PEW.1 Flag didefinisikan
| wleh pemakai.
D2 | oV PSW.2 Overflow Fag
D3 RS0 PSW .3 Bit pemilih bank
[ | register,
N4 RS1 PSW 4 Bit pemilih hank
) | register. 2|
D5 Fi PSW.5 Flag 0
D6 AC PSW.6 Auxiliary CarryFlag
D7 CY PSW.7 Carry Flug

Sumber ; Belajar Mikrokontroller ATMEL AT8958252

2.2.3.3.2, PCON (Power Conirol)

Uintuk register cara mendefenisikannya ditunjukkan dalam tabel 2.3

Tabel 2.3
Skema Medefinisikan PCON

| Data |  Simbol Fungsi /Arti
DO IDL Idle mode bit

D1 PD Power Down hit

12 GFO Bit flag serbaguna,

133 GF1 Bit flag scrbaguna.

D4 - Tidak dipakai.




2. 2333, Sistem

D5 - Tidak dipakai. )
D6 ~ | Tidak dipakai.
D7 SMOD Digunakan untuk menghasilkan

baudrafe dan SMOD 1. maka
bhaudrate akan double baik mode
(.12 atau 3.

Sumber Belajar Mikrokontroller ATMEL ATEYS82572

Interupsi
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Mikrokontroller AT8988252 mempunyai 9 buah sumber interupsi yang

dapat mengakibatkan permintaan interupsi, yaitu INTO, INTI, TO, T1 port serial

dan beberapa port lainnya. Saat terjadi interupsi mikrokontroller secara otomatis

akan menuju ke subrutin pada alamatl tersebut. Setelah interupsi service sclesal

dikerjakan, Mikrokontroller akan mengerjakan program semula. Sumber interupsi

external adalah INTO, INT'1, dimana kedua interupsi exiernal ini akan aktif pada

transisi rendah selain itu jugs ada Timer/Counter O, Timer/Counter {} dan interupsi

dari port serial (receiver). Interupsi serial dibangkitkan dengan melakukan operasi

OR pada R1 dan T1. Tiap-tiap sumber interupsi dapat di-enable atau di-disable

secara software. Tingkat prioritas scmua sumber interupsi dapat diprogram

sendiri-sendiri dengan ser atau clear bit pada SFRS IP (Inferrupt Priority).

Tabel 2.4
Alamat Sumber Interupsi
Sumber Interupsi Alamat Awal |
| Power (In Reset ] 0000h
| Interrupt luar 0 (INT 0) 0003h
Pewaktu/ pencacah 0 (T0) (000Bh
fnterrupt luar 1 (INT 1) (013h )
Pewsnktu/ pencacah 1 (11) 001Bh |
Port 110 Seriaf (023h

Sumber ; Relajar Mikrokontroller ATMEL ATRYI8252




Register yang berperan dalam mengatur aktif tidaknya interupsi adalah

interrupt enahle register, susunan dari bit-bit beserta kegunaannya adalah ;

Tabel 2.5

Kegunaan fnierrupt Enable Register

Data | Simbol | Posisi B Fungsi /Arti
B0 EX0 .0 Diatur secara sofiware unluk intcrupsi dari
INTI.
D1 ETO IE.1 Diatur secara software untuk interupsi dar
timer/counter 1.
D2 FX 1 IE:2 Diatur secara soffware untuk inlerupsi dari
INT 1.
D3 ET1 IE.3 Dialur secara sofiwgre untuk interupsi dari
timer/counier].
D4 ES .4 Untuk mengatur enable atan disables atau
- interupsi R1/T1.
D3 - IE.5 Kosong
D6 - IE.6 Kosong ]
D7 EA IE.7 Jika diatur () maka scmua interupsi di-disable,

jika diatur 1 maka interupsi diatur di-disable
atau di-enable menunut masing-masing bit. |

Sumber ; Belajar Mikrokontroller ATMEL ATB9S8252

2.2.3.3.4. Timer/Counter

Pengendalian kerja dari timerscounter dilakukan dengan pengaturan

register vang berhubungan dengan kerja dari timer/counter yaitu melalui sebuah

timer/counter mode control. Untuk mengaktifkan timer/counter yang meliputi

penentuan fungsi sebagai timer atau sebagai counter serta pemilihan mode operasi

dapat diatur melalni TMOD. Konfigurasi dari register TMOD seperti yang

ditunjukkan dalam tabel 2.6 berikut ini ;
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Tabhel 2.6
Register TMOD

Data Simbol |  Posisi Fungsi /Arti
[ I'1g TCON.O | Interrupt ( type control bil.
DI IO | TCON.1 | External interrupt 0 edge flag.
D2 1T1 TCONZ | Iterrupt type I control bit. Diatur olch

software untuk menentukan aktl Jow atau
high irigger dari external.

D3 1E1 TCON3 | External interrupt 1 edpe flag. Diatur oleh
hardware ketika external interrupt terdetcksi
dan nol-kan melalui soffware ketika interrupt

diproses.

D4 TRO | TCONA | Timer (0 control bit. Dialur olch sofiware
ketika fimer counter ().

D3 TFO | TCON.5 | Timer 0 overflow flag control bit. Diatur oleh

| sofiware ketika timer/counter ) overlow.

D6 TRI TCON.6 | Timer I contral bit. Diatur oleh sofiware
ketika timer counter (1.

D7 TT1 TCON.7 | Timer 1 overflow flag confrol bit. Diatur oleh

software ketika fimer/counter 0 overflow.

Sumber | Belajar Mikrokontroller ATMEL ATS958252

Tabel 2.7
Timer/Counter Mode Control Register

Data Simbol Fungsi/Arti
Do Timer (0, MO (0) Untuk memilih mode timer.
DI Timer 0; M1 (0) Untuk memilih mode fimer.
D2 Timer 0; C/T (1) | = Counter & 0 = Timer
D3 Timer 0; GATE () Timer akan berjalan jika bit di set

dan TNTO (uantuk Fimer (1) atau
INTT (untuk Timer ).

D4 Timer 1; MO (1) Untuk memilih mode timer.
- DS Timer 1: MI (1) Untuk memilih mode timer.
D6 Timer LO/T(0) |1 = Counter & 0= Timer
D7 Timer 1; GATE (1) Timer akan benjalan jika bit di set

dan INT0O (untuk Timer () atau
INTI (untuk Timer {).

Spmber ! Bclajar Mikrokontroller ATMEL ATBOS8252
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Tabel 2.8
Mode Operasi Timer/Counter
M1 MO Operating Mode
4] 0 | Timer 13 bil
0 1 Timer/Counter 16 bit
1 0 8 bit Auro reload Timer/Counter
1 1 TLO dari  Timer adalah 8  DBit

Timer/Counter dikendalikan oleh kontrol
bit Timer 0. THO adalah 8 bit yang
dikendalikan oleh Timer | control bit.
Somber : Bolajar Mikrokontroller ATMEL ATR0S8252

2.2.3.3.5. Metode Pengalamatan

1. Pengalamatam bit (Direct Bit Addressing)
Pengalamatan langsung tiap bit ini hanya dilakukan pada lokasi RAM internal
vaitu 20H-2FH, dan scbhagian SFR yaitu port 0, porl 1, port 2. port 3, TCUN
register, SCON register, IE register, PSW register, ACC dan B register.

2. Pengalamatan tak langsung (Indirect Bit Addressing) :
Pada pengalamatan tak langsung, instruksi menunjukkan suatu register yang
isinya adalah alamat dari aperand, eksternal dan internal RAM dapat dialamati
sceara tidak langsunp. Register alamat untuk data dengan lebar 8 bit dapat
berupa RO dan R1 yang digunakan untuk memilih angka regisier atau stack
pointer. Register alamatl untuk data, dengan lebar 16 bit digunakan Daila
Pointer (DPTR).

3. Penpalamatan her-indeks :
Yang dapal diakscs dengan pengalamatan berindeks hanya memory program.

Meode ini dimaksudkan untuk membaca look-up table program.
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4. Konstanta immecdiel :
Pengalamatan langsung dilakukan dengan memberikan nilai ke register secara

langsung, dilakukan dengan menggunakan tanda #, (Contoh : Mov A, #100).

2.3. Analog To Digital Converter (ADC)

ADC ini berfungsi untuk mengubah sinyal analog menjadi sinyal digital
yang akan diumpankan pada mikrokontroller. ADC yang digunakan pada alat
pengukur kadar gula dalam darah ini adalah ADC 0804 yang mempunyai fasilitas
internul clock yang dapat digunakan dengan hanya menambah resistor dan
kapasitor eksternal. Tegangan inpul maksimal ADC adalah 5 Vde, resolusi 8

hit.Giambar 2.6 di bawah ini adalah gambar pin ADC .

ADC 0804

STG A L ||
£5 R®D Wk Cldn NIR S5IG GND GND =2 GND

IEEEER

CGambar 2.5, Pin ADC
Sumber : Data Sheet ADC

IC ADC 0804 mempunyai dua masukan analog, Vin(-) dan Vin(+).
Masukan analop scsungguhnya (Vin) sama dengan selisih antara tegangan yang

dihubungkan dengan kedua pin masukan ini. Untuk operasi normal, ADC 0804




20

. |
dk =
felle = we

1
10K AS50pf

Telk

foik = 606,061z

Frekuensi ini masih berada dalam batas range ADC 0804 yailu 100 KHz sampai 1

MHz.

Dengan :

[ = Frekuensi cfock ADC 0804 (Hz)

R = Nilai lahanan pada rangkaian clock ADC 0804 (Ohm)

G = Nilai kapasitunsi pada rangkaian clock ADC 0804 (Farad)

Pengubah analog ke digital berfungsi untuk mengkonversikan data dari
bentuk analog ke benwk digital. Diantara berbagai jenis ADC yang biasa
digunakan adalah ADC jenis pencacah pendekatan berturut-turut (swccessive

Aproximere) dan jenis ADC dual slope.

Dalam sebuah pengukuran suatu variabel fisik yang pada umumnya
bersitat analog dengan menggunakan piranti digital, diperlukan adanya
pengubahan variabel digital yang nilainya proporsional dengan nilai variabel yang
diukur. Resolusi ADC adalah perubahan terkecil vang dapat terjadi pada owfp
analog sebagai hasil dari perubahan peta inpw digital dimana presentasi resolusi

memiliki perhitungan sebagai berikut:

slepsize

beresolusi = =1 00%

W
A
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mpesifikasi lain untuk ADC adalah waktu konversi (comvertion timel.
Waktu konverst suatu ADC untuk menghasilkan kode biner valid untuk tegangan
masukan yang diberikan. Sebuah comverfer disebut berkecepatan tinggi jika
memiliki waktu konversi pendek. Pada alat ini mengpunakan ADC parallel 8-bit
0804 seperti pada gambar 2.6. diatas. ADC paralel akan menpeluarkan data serial

melalui satu buah pin hila diberikan elock dani luar.

24. LCD( Liquid Crystal Display ).

Liguid Crysial Display adalah modul tampilan yang mempunyai konsumsi
daya vang relatif rendah dan terdapat sebuah controller CMOS didalamnya.
Controller tersebul scbagai pembangkit ROM/RAM dan display data RAM.
Semua fungsi tampilan di kontrol oleh suatu instruksi.sehingga modul LCD dapat

dengan mudah diintertacekan dengan MPLU. Ciri-cin dari T.CT M1632:

o Terdin dari 32 karakier vang dibagi menjadi 2 baris dengan display dot
matrik 5 X 7 ditambah cursor.

s Karakter generator ROM dengan 192 karakter.

e Karakter generator RAM dengan 8 tipe karakicr.

o 80 X 8 bit display data RAM.

e [Dapat diinterfacekan dengan MPLUI 8 atau 4 bit

s Dilengkapi (ungsi tambahan : Display clear, cursor home, display
ON/OFF, cursor O/ OFF, display character blink, cursor shift dan
display shift

+» [nternal data
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e Intermal otomatis dan reset pada power ON

s +5 V power supply tunggal

Berikut ini merupakan pin-pin LCD berscrta konfigurasinya:

LEL
THOT MATRETS AT
TN 16 CHARACTER TYTE M a32
i
= -8
f= e e L -F & = ISR |

—_— VR
— T
— VEF

8w
Gambar 2-6, LCD M1632
LCD ini mempunyai 16 pin yang dihubungkan dengan perangkat keras
prosessor penunjang. Adapun fungsi dari masing-masing pin, ditunjukkan dalam
tabel berikut mni:

Tabel 2.9. Fungsi Pin LCD M1632

‘Na | | NamaPenyemat | Fungsi

1 Vss Terminal ground
2 Vee Tegangan catu +5 volt
3 Vi Drrive LCID
RS Sinyal pemilih register N
! 0: Instruksi register (tulis) |: Data Register (tulis dan baca)
W Sinyal seleksi tulis atau baca
: 0: Tulis |: Baca

i) E Simval operasi awal, sinyal ini mengaktifkan data tulis dan baca




7— 14 | DBO-DR7 Merupakan saluran data, berisi perintah dan data.

V+ BL Pengendali kecerahan latar belakang LCD 4 - 4 42 V dan 50
. 500 mA
16 V-BL Pengendali kecerahan latar belakang LCD 0 V

Masukan yang diperlukan untuk mengendalikan modul berupa bus data
yang masih termutiplek dengan bus alamat serta 3 bit sinyal kontrol. Scmentara
pengendalian LCD dilakukan secara internal oleh kontroler yang sudah terpasang

dalam modul LCT. Diagram blok untuk LCD dapat dilihat dalam Gambar 2.28.

L Lo LCD

4 v —_ i

i _ Canirotles Sarial tals Segmen
- t Driver
E Tiring signal T [‘

Gambar 2.7 Diagram Blok LCD M1632.

25, Kceypad 4x4.

Untuk mempermudah penggunaan mikrokontroler sebagai alat pemroses,
maka diperlukan sarana yang dapat menjadi penghubung antara pengguna dan alat
kontrol, yaitu sebagai sarana input data yang nantinya akan diolah oleh
mikrokontroler.

Peralatan inpul data vang dapat menunjang mikrokoniroler adalah

beberupa saklar tekan yang menyatakan angka dan karakter yang disusun
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berbentuk matrik 4 kolom dan 4 baris. Keypad ini berfungsi untuk memberikan
masukan setting waktu yang diinginkan. Rangkaian keypad menggunakan keypad
4 kolom dan 4 baris yaitu 16 saklar tekan (push button) yang dirangkai dalam
bentuk matrik. Rangkaian keypad ini dihubungkan langsung ke mikrokontroler.
[Yalam skripsi ini diperlukan sebuah keypad 4x4 yanyg memual angka 0 sampai 9,

karakter cancel dan enter. Berikut gambar keypad 4x4 ditunjukkan pada pambar

di hawah ini :
Gambar 2.8. Keypad 4 x4
Tabel 2.10 Tabel Kebenaran Key Pad 4x4
Axd MATHIX CODES
Etandard Shielded/Backiit
T]e * * . I Sneoed keypaz = Sneldac
i [« * . . Baci ¢ heyoed = NT
3 . . . . | Srecad ad bece | kaypaEs =
E & s | ® wl L 8= s
=15]» - - - ) ) .
= 5 - & - - siete B hiw ded *&,p:::f\:\_
§ 7 3 a < 1= =1 1 | DageT wayoad = EL Pane' 7
=18 " - - = Ena;:l:l ;_'1:1 peziil w@ypaz =
= [ » - i
:' hd = e = | 4= Sneosd waypss = KNI
- g = = 3 Back - bypad = EL Panai 2
‘3 nd o g - Sria-cad atd bezeit keppad =
Idye ool ) B L EL Panm 2
[ M - * &
15 . - - -
i1 ~ . " i—! |
FEE EIRHEE O B ERE FREIEE [ E EER
TERMIMAL LOCATHON
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BAB 111

PERANCANGAN DAN PEMBUATAN ALAT

Perencanaan alat vang dibuat dalam tugas akhir ini meliputi perencanasn
perangkat keras dan perencanaan perangkat lunak. Komponen yang dipakai dalam
perencanaan ini antara lain mikrokontrolcr AT8958252 sebagai kontrol wama,
dengan komponen pendukung meliputi sensor amoniak TGS3826.dan ADC 0804
serta [.CD sebagai tampilan kadar amoniak.

Cara kerja dari alat ini sccara garis besar dapal dijelaskan sebagai berikut:
Sensor TGS826 digunakan untuk mendeteksi kadar amoniak vang dihasilkan oleh
utine. Keluaran dari sensor tersebut berbentuk analog dimana sinyal yang
dihasilkan selanjuinya menjadi inputan untuk ADC 0804 untuk diubah menjadi
data digital (biner), Kemudian diolah oleh mikrokontroller AT89S8252 melalui
program  software schingga data olahan (crscbut dapat ditampilkan pada
LCD.Selain ilu mikrokontrolier akan memberikan instruksi pada mator untuk
menjalankan baik itu membuka kran air, menyalakan Kipas, maupun membier

pengharum ruangan.

3.1. Perancangan System

Perancangan alat pendeteksi kadar amoniak pada kamar mandi dimana
dikendalikan mikrokontroler AT8988252 sebagai  kendali utama  dan
menggunakan komponen lain sebagai komponen pendukung. Sebelum membuat

perangkat keras terlebih dahulu direncanakan blok diagram yang akan dibual, dan
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membahasnya sesuai dengan blok diagram. Adapun blok diagram yang

K d
aypa
Axd Pugh Off

direncanakan adalah sebagai berikut

oy
| Sengar Amoniak Mikro LCD
(TGSE26) —_— ADC 0804 ——» = ;
8 i " [ AT 8858252 | Display
: ) Y
Kran | Pengharum
Biower Pembilas Ruangan

Gambar 3.1 Blok Diagram Perencanaan

Dari blok diagram diatas dapat dijelaskan sebagai berkut :
Fungsi dari tiap-tiap diagram dijelaskan scbagai berikut -
1. Sensor Amoniak
Mengubah besaran non elekiris menjadi besaran elekiris dalam hal ini

adalah kadar Amomak dalam unne.

[~

ADC DEO4

Merubah atau mengkonversikan sinyal analog menjadi sinyal digital.

3. Mikrokontoller AT 8958252

Digunakan sehagai penghitung dan pengolah data serta memproscsnya
vang kemudian memberikan instruksi pada blower, pengharum ruangan,

dan kran pembilas untuk melakukan proses pembersihan.
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4. LCD

Digunakan untuk menampilkan kadar amoniak pada kamar mandi.

. Kcypad 4x4

Digunakan untuk memasukkan Ronge kadar amoniak yang dideteksi olch

Ly

SETISOT,
6. Push Off
Migunakan schagai pengaman. apabila saklar tertekan maka system akan
berhenti.
7. Kran Pembilas
Berfungsi untuk membilas lantai kamar mandi.
8. Pengharum Ruangan
Memberikan aroma harum pada ruangan kamar mandi.
9. Blower / Penyedot udara

Berfungsi untuk mengeluarkan gas amoniak yang terdapat dalam ruangan.

3.1.1.Pcrencanaan Perangkat Keras Meliputi :
¢ Sensor TGS826
= ADC 0804
s Mikrokontroller AT8958152
« LCD MI632
¢ Keypad 4x4

s Rangkaian Driver Relay
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3.1.1.1. Sensor

Sensor yang dipunakan pada perencanaan alal ini adalah scnsor amomiak
TGS826, Dalam kemampuan pendeteksian gas konduktifitas sensor bertambah
tergantung konsentrasi gas pada udara. Sebuah rangkaian listrik sederhana dapat
mengkonversikan perubahan konduktivitas kedalam sebuah signal owipus yang

sesual dengan konsentrasi gas.

Gambar 3.2 Sensor TGS826 [ Sensor Amoniak

5

CGambar 3.3 Rangkaian Dasar TGS826 / Sensor Amoniak

Pada rangakaian sensor, penulis merancang menggunakan RL = 33 KQ sesuai
dengan data sheer sensor TGS 826, Sedangkan dalam kondisi tersebut tanpa
inputan amoniak pada ADC sudah terdapat nilai desimal sehesar 50. Schingga

diperoleh perhitungan sebagai berikut:




7
Vperstep =4 m%
i
255

= (L0196
Vout = Vperstep x ADC
dengan diketahui ADC = 50

miaka,

RL
Yout: =—— v

—
RS+ RL
Sehingga,

RL=V
Fout

Hs RL

o
(.98

=135.36 KO

29
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3.1.1.2. Perancangan ADC

Pada perancangan ADC menggunakan [C type 0804. Lihat Gambar 3.4

Gambar 3.4. Rangkaian ADC 0804

Untiuk frekuensi clock dari ADC int adalah :

Untuk R =10 K£2 dan C = 150 pF

clk =
7 LIRC
1

felk = :
LLI0K 150 pF

Jelk = 606,061z
l'rekuensi ini masih berada dalam batas range ADC 0804 yaitu 100 KHz
sampai 800 Mhz.

Untuk Vin ADC dapat diketahui vaitu :

(¥ max— ¥’ min):|
256

Vin=V mﬂ—l,i[

Vipp =5 1,5[.(5 _Lj}]

256

Vin = 4.98Volt
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Keterangan Gambar :
1. Untuk Pin 1,2.8 disambungkan ke grouwnd.
2. Untuk pin 4 dan 19 dipzdf up resistor 10 K dan decoupling kapasitor
scbesar 150 pF.

Pin 6 merupakan inpul analog yang dihubungkan ke sensor TGS 826.

Lz

4. Tegangan referensi diambilkan dari pin 9 dengan membeni tambahan
resistor 10k
5. Pin 11 sampai pin 18 adalah output yang akan diumpankan ke

Mikrokontroller ATR9S8252.

3.1.1.3. Perancangan Mikrokentroller

L e r — i D
: lme . o~
— B = —._:—"f ¢
BT »l
a w | L]
— R B = ’
H— n: o —
R w2 ,
4 hopal :l"‘. i P —;\—-—":
—t———— tu: a-.' s
n —_ A
— X0 P
(——{ BT ALEF —
Skl R |
= b1 BT —
. I B
LT B
— 1T B
15 B ; e
Py E == P ! LT
oL ol <-
P [ Pelol
E—’° T

ATEwERIFD

Gambar 3.5. Rangkaian Mikrokontroller
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Keterangan Gambar :

Pin 20 dihubungkan ke ground

[

Untuk Pin 40 dihubungkan ke Vee

3. Untuk Pin | — 8 atau Port 1.0 - 1.7 digunakan sebagai input yang diterima
dan keypad.
4. Untuk Pin 32 - 39 atau Porl 0.0 - 2.7 digunakan sebagai outgid data yang

dihubungkan ke pin oo 7 — 14 pada display.
5. Untuk Pin 23 — 25 dihubungkan pada pin 1 — 3 pada refay.
6. Untuk Pin 10— 17 dihubungkan pada cuipur ADC.

Digunakannya MCU AT8988252 dalam perencanaan ini karena MCU m
telah menyediakan infernal memori, jadi tidak diperlukan memori tambahan dari
luar. Sehingga bentuk fisik alat lebih kecil, dan juga MCU ini mudah didapat di

pasaran dengan harga vang relatif lerjangkau.

3.1.1.3.1, Oscilator

Semua kelvarga MCS-31 mempunyai cfock (rangakaian oscilator) di
dalam chipnva sendiri yang disebut on-chip osilator. Cara mengakses clock
internal yang terdapat pada chip mikrokontroller yailu scbuah kristal pada pin-pin
XTAL 1 dan pin XTAL 2 dengan dua bush kapasitor yang masing-masing
dihubungkan ke ground. Pemindahan frekuensi kristal berdasarkan akses

mikrokontroller untuk sebuah iferface, kristal yang dipakai scbesar 12 Mhz
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dengan ketentuan pada data sheer adalah sebesar 30 pF. Rangkaian ini terdiri dari

dua buah kapasitor dan sebuah kristal, dengan data sebagai berikut :
C1 dan C2 =30 — 10 pF untuk kristal
C1 dan C2 =40 -10 pF untuk keramik resonator

Kristal =3 — 24 Mhz.

Gambar 3.6. Rangkaian Oscillater

3.1.1.4. Rangkaian LCD M1632 ( Liquid Crystal Display )

Dalam aplikesi ini menggunakan sebuah layar 1.CD (Liguid
Crysial Display) yaitu jenis Seiko Instrument M1632 yang merupakan 1.0CD dua
baris dengan sefiap barisnya terdiri 16 karakter dan menggunakan IC 7415164
yang merupakan register geser 8 bit yang memiliki jalan masuk deret
tergerbang. Gatiibar hummgan antara LCD, IC74LS164 dan mikrokontroler

dapat dilihat dalam Gambar 3.7
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Gambar 3.7 Rangkaian LCD

LCD dot matrik ini membutuhkan sepulub buah pin masukan/kcluaran
dari mikrokontroler dan 1IC 74164 Adapun dua buah pin yaitu port 1.0 pada
penyemat RS yang digunakan schagai sinyal pemilih register dan port 1.1 pada
penyemat Enable digunakan sebagai sinyal operasi awal, sinyal ¢nable ini
mengakiifkan data tulis atau baca oleh mikrokontroler, penvemat DBO-DB7
yang dihubungakan ke pin data 1C74164 digunakan untuk menampilkan
karakter yang dikehendaki oleh mikrokontroler. Ketika terdapat data pada jalur
data. data tersebut akan ditahan dengan memberikan clock pin L pada LCD. Pin
RS menentukan apakah data yang ditahan akan digunakan sebagai instruksi
untuk mengatur setting tampilan pada [.CD atau sebagui kode karakier yang
diperlukan LCD untuk menampilkan suatu karakier. Sedangkan untuk pin R/W
pada LCD dihubungkan ke ground karena dalam hal ini LCI hanya melakukan

operasi write alau operasi menampilkan karakter.

Untuk pin Vec pada 1L.CD dihubungkan ke supply +Vce dan Vss

dihubungkan ke ground. Pim Vep beserta pin Vee dan Vss dihubungkan ke
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trimer potensio atau kadang disebut dengan frimpoet. Trimpor ini digunakan
untuk mengatur kontras dari tampilan LCD dengan cara mengubah tegangan

pﬂdﬂ ]]lﬂ 1[nn-'T|-j|:.

Pada lembaran datasheet modul T.CD M1632 Seiko Instrument Ing.

disebutkan bahwa :

Power supply LCD meliputi :

Ves =0V

Vee =35V £ 5% (2mA)

Power supply back light

V +BL =4 - 4.2 V (50 sampai 200 mA)
V BL=0YV (GND)

Pada input V + BL dipasang scbuah dioda IN40O1 (bahan silicon
dengan Vd = 065 V sampai 0,7 V). twujvannya adalah didapatkun
tegangan V + BL sebesar 4-4.2 V dengan perhitungan schagai berikut :
Veo = Vd +(V +BL)

5 =0.7+(V+BL)
(V+DBLY=5-0,7—43 Volt
Dipilih dioda IN4001 karena arus maksimum yang biasa

dilewatkan olch dioda ini sebesar 1 A

3.1.1.5. Rangkaian Keypad
Keypad yang digunakan adalsh keypad matriks 4x4. Port yang

digunakan untuk sinyal port 2.0 — port 2.3 dari mikrokontroller masuk ke
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kelompok baris keypad. sedangkan kelompok kolom keypad dihubungkan ke
port 2.4 — port 2.7 mikrokontroller. Untuk fungsi dari tombol-tombol keypad
tergantung, pada pemrogram. Berikut blok diagram dari penyambungan keypad

lee mikrokontroller.

s TR £nA SEH
M- .L A L
.F: | ——y F-_ H e F’ i
R SUK Jar SR
— 'H—I |—'-I-I—ll [ — '—* e
FLa] kel a@L SR
A | S| S
k] ERriy ik SETE
1 -.IL‘
F * '—ﬁ-':h— F-l * —— « ]

Gambar 3.8 Blok Diagram Hubungan Keypad Dengan Mikrokentroller

3.1.1.6. Rangkaian Driver Relay
Rangkaian driver vang digunakan untuk menggerakkan relai
yang terhubung dengan motor DC terdini dari 1C ULN2003 yang difungsikan

sebagai penguat arus dan pembalik logika driver swithcing.

(L2 12V
B T =
™ l__l_q\ -
= | . N Eo sy
B x i 'f{_'
< =4 T L‘: ] Lﬁ’ﬁ“‘* -
: L 3 - _k"_'--jl_
—__l:-_— {:_,.' Mila v
] 3 Galenndd
Fan 1I¥ ‘
Sy a-
Sem:- J_
Fintw =

Gampbar 3.9 Rangkaian Driver Motor
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3.1.2. Perancangan Perangkat Lunak

Perancangan perangkat lunak diperlukan untuk menjalankan sistemn scsuai
yang kita harapkan. Untuk pemakaian mikrokontroller, perlu direncanakan
perangkat lunak yang dapat mengatur sistem tersebut. Perangkat lunak disimi
adalah susunan perintah-perintah (program) didalam memori yang harus

dilaksanakan oleh mikrokontroller.

Memori merupakan fasilitas utama karena disinilah disimpan perintah-
perintah yang harus dikerjakan. Memori disini dapat dibedakan menurut
fungsinya menjadi program dan memori data. Menurut letaknya memori dapat
dibedakan menjadi memori program dan memori luar. Memori Juar diberikan bila
memori didalam mikrokontroller tidak mencukupi untuk menampung semua
program dan data. Perancangan perangkat [lunak (software) didasarkan
perencanaan perangkat keras yang telah dibuat sebelumnya, untuk mendapatkan
sistemm kerja yang diharapkan seffware dari alat tersebul terdapat di bagian
lampiran dan diagarm alir ( flowecharr) dari tersebut adalah sebagai berikut :

Pada perangkat lunak inilah kita dapal menentukan bagaimana sistcm
rangkaian ini akan bekarja, pada bagian inilah semua tata kerja rangkaian
ditertukan .dalam merancang perangkat lunak ini .mengunukan sofware yaitu

sofware pada mikrokontroler.
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BAB IV

PENGUJIAN ALAT

4.1. Tujuan

Bab ini akan membahas lcntang pengujian alat yang telah dirancang. Adapun
tujuan dari pengujian ini adalah untuk mengetahui apakah hardware dan soffware
dapat bekerja sesuai dengan kondisi yang diinginkan.maka dilakukan pengujian pada
alat dan sistcm kerja alat, yang mana prosedur pengujian meliputi:

l.  Pengujian Hardware.

2. Pengujian sistem secara keseluruhan.

4.2. Pengujian Perangkat Keras([lardware).
Dalam pengujian alat dibagi dalam beberapa sub sistem dari instrumcn dan
peralatan, diantaranya adalah :

1. Pengujian Sensor

b2

Pengujian ADC

iyl

Pengujian LCD

4. Pengujian Keypad

5.  Pengujian Keseluruhan Alat

Pengujian perangkat keras ini mencakup pengujian rangkaian elektronika

pada masing-masing blok maupun blok secara kescluruhan.
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4.2.1. Pengujian Sensor
4.2.1.1. Tujuan
Untuk mengetahui  berapa kadar amoniak yang didetcksi  dengan

menterjemahkan grafik sensitivitas sensor TGS B26.

4.2.1.2. Prosedur Pengujian

Pada rangakaian sensor, menggunakan RL = 33 KQ, Vc = 5 Volt sesuai
denpgan dafa sheet sensor TGS §26.
ADC 0804 bekerja dari 0-5 volt = 0-255 data.

Jadi resolusi ADC linier/ Vperstep :

= (LO196F /data

Pada saat sensor tanpa beban / tanpa kadar amonizk sensor menunjukkan nilai

ADC = 50 yang artinya:

. ADC o Vout
- Vpersiep
50 _ Vaut
) (L0196

Maka
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s Voul (sensor) = Vperstepx ADC
=0.0196 x 50
=098V
Qutput dari sensor TGS 826 berbentuk tegangan {(Vout  sensor), dengan
mendapatkan nilai Voutput dari sensor maka dapat diketahui nilai Rs dengan rumus
seperti dibawah ini:

Fout

s Rs RL

_33x5
0.98

33

= 1353710}
Kemudian dengan didapal nilai Rs maka kadar amoniak dapat dikonversikan dengan
menggunakan grafik sensitifitas sensor TGS 826 seperti gambar 4.1 dibawah ini
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CGambar 4.1 Grafik Sensitivitas Sensor TGS 826
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Nilai ADC dapat dihitung dengan rumus dibawah ini:

. ADC = A
Ry« Vperstep

Dari rumus diatas didapat sensitifitas sensor seperti dibawah ini

Tabel 4.1 Sensitifitas Sensor TGS 826

NO | ADC RS €1) | PPM
1 63 100 50
2 | 80 90

4.2.1.3. Perhitungan Rs

Wout Esu:rumr} = V[!'E]‘S.I,Ep x ADC
ko= REXV _ gy
Vout

s Pada ADC =30
Vout (seaser) — Vperstep x ADC
=0.0196 x 50
=098V

33x5
0.98

Rs == 33 =13537 Q
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Pada ADC = 51
Voul (sensor) = Vperstepx ADUC
=0.0196x 51 = 09996 V

33x5

Ry =
.9996

—33 —132.07 &}

Dari perhitungan Rs diatas didapat tabel seperti dibawah ini

Tabel 4.2 Hasil Perhitungan Sensor TGS 826

ADC RS PP ADC RS PPM ADC RS PPM
{data) Q {data) Q {data) (2
50 13537 | 3007 78 74.93 99.93 106 46.42 | 32113
51 12207 | 32.01 79 7358 | 10757 107 4568 | 33049
52 12889 | 33.98 80 7223 | 114.45 108 4495 | 343.09
53 12584 | 3596 81 70.83 | 12077 109 4423 | 354,03
54 12290 | 3r.97 82 69.66 | 13048 110 4353 | 38620
55 12006 | 40.02 83 68.43 | 13510 111 4284 | 380.91
56 117.33 | 41.36 84 67.22 | 13875 112 42,16 | 39044
57 11469 | 43.09 BS 66.04 | 14859 113 4150 | 399.89
58 11214 | 44.04 86 6489 | 15274 114 40.85 | 42028
59 10968 | 4855 B7 63.78 | 16027 115 4020 | 44062
60 107.31 47.46 83 6266 | 165.03 116 39.57 | 461.08
&1 105.01 48.39 89 6159 | 16080 117 38.95 | 469.36
62 10278 | 4928 80 60.54 | 174862 118 38.34 | 489.95
63 10062 | 50.00 91 59.51 | 170.44 119 37.74 | 51008
64 o8 54 51.98 02 5850 | 184.32 120 37.15 | 541.80
65 96.51 55.01 83 5752 | 189.21 121 36.57 | 549.39
&6 04 55 58.07 o4 5656 | 19417 122 36.00 | 575.32
67 92.65 61.12 95 5561 | 198.12 123 3544 | B0O125
66 90.80 54.10 96 5489 | 221.09 124 34.80 | 62082
69 59.01 &7 11 97 5373 | 23108 125 3435 | 84045
70 87.26 70,15 88 5200 | 24107 126 3381 | 86012
71 B85.57 73.04 89 5203 | 25116 127 33.29 | 679.86
72 33.92 7595 100 5118 | 26125 128 32.77 | 69986
73 82.32 78.88 101 5035 | 27143 129 3226 | 73088
74 80.76 80.00 102 4853 | 281868 130 31.76 | 74950
75 79.24 93.04 103 48.73 | 292.01 131 31.26 | 780.78
76 77.77 95.97 104 47.85 | 30241 132 3078 | 79969
77 7632 97.25 105 4717 | 31177




47

Grafik perhitungan
130 RO
il | | | |

b : | E |
130 4 I O I | | | | I
S ae==e | L R e s
ER ] . T | I _! I ‘ |
110 _1.7—- iiE - | |

v I .
e L A Tl | B | .
ni— | + { | | | I
: 18! I8 g
o ol | 111 B I.
e R N ’ |
7 M S —— . | | LT
w e Tt |
it ] T T T e
 — i I I .

0 o S - I
ol 4- : = . . =

= ; | i I b i i
[ ) ?E1m12ﬁ1m1mmzaamm’aumuﬁa&ﬁw&mmmmm:mm:r:ummmnf?mm?}ammmaﬂ

FFM

Gambar 4.3 Grafik Hasil Perhitungan Sensor TGS 826

Lntuk menghitung kesalahan pada percobaan yaitu

_ HasilPerhitungan — hasilpengu kuran

Error s ] 0%
Hasil Perhitungan
L —100  100%
100.62

Frror = 0,61%

Dengan melakukan perhitungan yang sama maka akan didapatkan hasil yang

ditunjukkan pada tabel 4.3. di bawah ini.




Tabel 4.3.Perbandingan Rs Sensor dan Rs Perhitungan

ADC | Rs {_sénsnr} € | Rs(perhitungan) €1 | % Error PPM
63 100 ' 100.62 0.61 50
74 80 80.76 0.94 90

l-rror rata-tata sebesar

> error

1

1.55%

Zem}rmm — rata =

= 0.7

Eenﬂrrum — e =

4.2.2. Pengujinn ADC 0804

4.2.2.1. Tujuan

48

Untuk mengetahui hasil konversi tegangan snalog ke digital sciiap kenaikan

Idigit hasil konversi.

4.2.2.2. Peralatan yvang digunakan
e Variabel resistor 10 k2
+ Digital multimeter
o Catudaya 5 Volt
+ Rangkaian ADC 0804

« Delapan bit rangkaian indikator LED
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4.2.2.3. Prosedur pengujian
1. Memasang 8 buah LED dengan resistor 220 pada keluaran ADC

0804.

b3

Memberikan calu daya 5 Voll pada rangkaian ADC 0804,

3. Memberikan Masukan analog pada tegangan @ sd 5 Volt pada
pin masukan ADC 0804,

4, Mengatur Variabel resistor untuk mendapatkan tcgangan yang

diinginkan.

5. Mencatat data biner 8 bit pada keluaran ADC 0804,

Variabel

Tegangan 0-5volt LED

¥

ADC 0804 -

-

i C_am Daya 1

Gambar 4.4 Diagram Blok Pengujian ADC 0804

4.2.2.4. Hasil Pengujian
Untuk mengetahui perubahan tegangan tiap bit ADC adalah dengan
menggunakan perhitungan sebagai berikut

Diketahui V=35 Volt Step ADC=2% (255 ), maka
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I bit=

LTIEPJ.IDE‘
5 -
=——=196mV=20mV
235

Tabel 4.4 Hasil Pembacaan Dan Perhitongan ADC 0804

Input Output ADC
ADC { pembacaan ) _ Output ADC Perhitungan
( Volt ) Biner Biner Desimal Heksa Desimal
0 00000000 | 00000000 0 00h
0.25 00001101 00001101 13 0Dh
0.5 00011010 00011010 26 1Ah
0.75 00100110 (0100110 J8 26h
101 00110100 00110100 52 34h
1.26 01000000 01000000 64 40h
1.5 01001101 01001101 77 4Dh
175 01011001 01011001 89 5%
2.02 01100111 01100111 103 67h
2.25 01110011 01110011 | 115 73h
2.5 10000000 10000000 128 80h
275 | 10001100 10001 100 140 8Ch
3 10011001 10011001 153 99h
325 10100110 10100110 166 Abh
3.5 10110011 10110011 179 B3h
3.75 10111111 10111111 191 BFh
4 1001100 11001 100 204 CCh
4.25 11011001 11011001 217 D%h
45 11100110 11100110 230 E6h
4.75 11110010 11110010 242 F2h |
4.99 1111111 1111111 2552335 FFh

Sedangkan untuk mengetahui data ADC ditentukan dengan perhitungan
sehagai berikut:

Dikel V analog = (.25 Volt, maka
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Data ADC _ Vanalog

rFesolusi

0.25
= = 1275 = 13
0.0196 e

— 00001101 ,,,

=0D 4

42.3. Pengujian LCD
4.2.3.1. Tujuan

Adapun tujuan dari pengujian rangkaian ini untuk mengetahui kondisi
kelvaran LCD yaitu sebagai tampilan,juga mencatat nilai legangan yang masuk pada

LCD sehelum dan sesudah melewati diode.

4.2.32. Alat-alat yang digunakan
« LCD
« Rangkaian mikrokontroler AT 89552
« C(Catu daya.

+  Voltmeter digital
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4.2.3.3. Prosedur pengujian

I. Menvusun rangkaian pengujian seperti pada gambar 4.5,

v 4 iy

ESFEEEREat=r=eme |
LomwEn

LT EE] I“ I!HI!!I-I §

Gambar 4.5 Rangkaian Pengujian LCD
2. Membuat software pengujian rangkaian 1.CD, program ini berisi inisialisasi
mikrokonrrafer dan LCD.

3. Mengaktifkan catu dava.

4 Mengoperasikan program dan hasil keluaran akan ditunjukkan pada layar

penampil kristal cair.

5  Mengukur besamya tegangan awal yang masuk pada LCD dan tegangan

setelah lewat pada dioda

4.23.4. Hasil pengujian
Dari hasil pengujian maka didapatkan lampilan scperti yang terlihat pada

gambar berikut ini :




Gambar 4.6 Hasil Pengujian LCD

Tabel 4.5, Ilasil Pengukuran Pengujian Rangkaian LCD

No

Tegangan Awal LCD (Volt)

4,87

Tegangan Setelah Melewati Dioda (Volt)

4,25

Gambar 4.7 Pengukuran Tegangan Awal LCD

Gambar 4.8 Pengukaran Tegangan Setelah Melewati Dioda.
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4.2.4. Pengujian Keypad 4 x 4
4.2.4.1. Tujuan
Untuk menguji apakah tombol keypad dapat bekerja sebagai inputan,dan

mensimulasikan tombol yang ditekan melalui suara buzzer pada multimeter digital.

4.2.4.2. Alat yang digunakan
«  Multimeter digital

® Keypad
4.2.4.3. Prosedur Pengujian

1. Menyusun rangkaian pengujian keypad seperti pada gambar 4.9.

3 .

ot e e s iy — —

e | LA A ..i.|f—
e 2t e P
sl | el |l | [P
i 2 L o { e

ey e = e et ey

Gambar 4.9 Penpujinn Rangkaian Keypad.

2. Memberikan kombinasi masukan dengan menekan tombol-tombol
keypad.
3. Mengamati hasil penekanan keypad. Kemudian mencatat hasil

pengamatan pada tabel 4.6.
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4.2.44. Hasil Peapujian
Tabel 4.6 Hasil Pengnjian Keypad.
TOMBOL BARIS KOLOM

1 2 3 4 I 2 3 4
I | 0 0 0 | 0 { (
2 | 0 0 0 0 | 0 0
3 I 0 (0 0 0 0 l 0
A 1 0 0 0 0 0 0 i
4 0 i 0 0 I 0 0 0
5 0 1 0 0 0 | 0 0
] 0 1 0 0 1] 0 1 0
B 0 1 0 0 'S 0 0 |
7 i} 0 1 0 1 0 0 0
8 0 0 | 0 1] 1 0 0
9 0 0 I 0 0 0 1 0
C ] 0 | 0 0 0 0 i
# 0 0 0 1 ] 0 0 0
0 0 0 0 1 0 1 0 0
¥ 0 0 0 1 0 0 1 0
D 0 0 0 I 0 0 0 |
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*Keterangan :© cara membaca tabel diatas adalah jika anlam baris dan kolom
terhubung (1) maka akan membentuk matrik baris dan kolom sesual

penckanan tombol keypad.

Gambar 4.10 Pengecekan Jalur Keypad Dengan Multimeter.
e Analisa Hasil Pengujian
Dari rangkaian pengujian didapatkan bahwa untuk membentuk satu karakter
penekanan keypad maka baris dan kolom harus terhubung. Sebagai contoh : jika
angka | ditekan kemudian mengeccknya menggunakan multimeter pada baris | dan
kolom 1 maka akan terdengar suara buzzer pada multimeter,begitu seterusnya pada

penekanan keypad yang lain sesuai tabel 4.6.




4.2.5. Pengujian Keseluruhan Alat
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Dari pengujian secara kescluruhan didapatkan hasil tahel dan grafik seperti

dibawah ini:
Tabel 4.7 Hasil Pengujian Alat
ADC RS2 PPM | ADC RSO PPM
Sensor | Hitung

1] 135.30 30.07 [ &0 13537 30.07
51 132.06 32.M &1 132.07 azm
52 128.91 33.98 52 128.89 33.98
53 125.87 35,06 53 126.84 35.98
| 54 122.92 3var . 54 122,90 37.97
55 120.05 40,02 | 85 120.06 40.02
56 117.40 41.36 [ 56 117.33 41.38
57 114.70 43.09 57 114.69 43.09
S8 11211 44 04 58 112.14 44 04
59 109.29 46.55 59 109.68 48,53
B0 107.06 47 .46 a0 107.31 47.46
61 104.86 4839 B1 105.01 48 39
B2 102,59 4028 B2 102.78 449 78
B3 100.47 50.23 B3 100.62 B0.23
B4 08 55 51.08 B4 98.54 51.98
E5 98 51 55.01 65 96.51 55.01
&6 84 51 53.07 B& 94 55 58.07
B7 o2 58 61.12 57 92 65 61.12
6h 80,75 6410 68 590.80 8410
6% 8895 67.11 &89 209.01 &67.11
70 8718 70.15 70 ar.ze T0.15
Fi | 85.55 73.04 71 85.87 73.04
72 B3.94 75.95 72 8392 75.95
73 8237 78.88 i) 82.32 78 88
74 8071 8412 T4 80.76 84.12
75 7923 88.04 Fis) 79.24 £8.04
76 77.78 91,97 76 7707 91.97
77 768.24 97 28 77 76.33 g7.25
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Gambar 4.12 Grafik Hasil Perhitungan Sensor TGS 826
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BABY

PENUTUP

5.1. Kesimpulan
Dari pembahasan Perancangan dan pembuatan alal pendeteksi kadar amoniak pada
kamar mandi, dapat diambil kesimpulan, yaitu :
e Nilai Rs sangat berpengaruh pada kadar amoniak, Semakin besar nilai Rs
maka nilai PPM juga akan semakin rendah begitu pula sebaliknya.
» Pada pengujian untuk 6 sampel yang memiliki nilai Rs yang sangal besar
perbedaannya maka didapatkan error rata-rata sebesar 0.37%.
e Sensor TGS 826 mampu digunakan untuk mendeteksi kadar amoniak
secara baik pada kamar mandi, tingkat keakuratan sensor adalah sebesar

99.63%

5.2, Saran
» Bapi penelili selanjuinya diharapkan bisa mengaplikasikan TGS 826
(pendeteksi kadar amoniak) ini bukan hanya pada kamar mandi saja,
melainkan untuk bidang yang lain.
» Diharapkan kedepannya bisa menentukan berapa kadar/sensitifitas dari
zat-zat yang dapat dideteksi oleh TGS 826 diantaranya Air, Iso-bulane,

Hydrogen, Fthanol.
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PRODUCT INFORMATION

TGS 826 - for the Detection of Ammonia

Features:

* High sensitivity fo ammonic
* @uick response to low concentrations of
gmmonia

Applications:

* Ammania leak detection in refrigerators
* Ventilation control for the agricultural and
poultry industries

* Uses simple electrical circuit
* Caraomic base resistant fo severe
anvironmeant

The sensing alément of TGSE26 is & matal oxide semiconduclor which has low
conductivity in ciéan air.  In the presence ol @ delectable gas, the sensors
conduclivity increases depending on the gas concenltralion in tha air. A simple
alectrical circuit can convart the change in conductivity tan outpal signal which
correspands to the gas concenlration.

The TESRA2ZE has high gerslivity toammonid gas. The sensor can detect concen-

ralinns as jow as 3Gppm in the air and |5 ideslly suited to crifical safely-related
applications such as the detection of ammonia lesks in reffigaration systems and

ammania detection in tha agricu/ural figld.

The figure below mprasants typical temperaiure and humigily
dependency charactenstics. Again, the Y-axis i3 indicated as
SBASor resisiEnce raiia (Re/Ra), defined as follows:
RBs = Sensor resislanca al S0pom of ammoma
At vanous emperaturesihumdinas
R = Sensor resistanca al 30ppm of amimon@
al 20°C ard 65% FLH.

Tha figure below reprasents typical sensitivily charactershos,
all dats havirg been gatheared at standard test conditions (2ae
raverse side of this shaat]. The Y-aums s indicated a5 sS850
rRaistarce e (Rsifo) which is defined as forlows:
Rs = Sensor resistance of displayed gases al
vanous  concentrations
Ro = Sensor resstance al S0ppm of ammonia

Sensifivity Chamcteristics: Tempemature/Homidity Dependency:
W e —] s Ty e, Gt G VR el
E . : L h 1 . -
| . E i ]
| Air - - -
| i
: d - J,
| ["“."Il-
=l Bobulare; 9 e e s o= .
= Hydrogen | @ 1.0 e = | 1
® foo i J I r ...... 7 e ?EE‘-'.]
F . Ammonia ! .: RH%
i i 1] i 1
| ! s
i * Etharel [ _i
- . i 0. I : BT |
10 i 10C0 -0 -200 <14 ih 10 20 an A 50

Caoncentration [ppm}) Amnbient Temperalura (°G)

MBGATANT NOTE: (FERATING CONTITEINS N WHICHE FIDARN S=NE0RS ARS LSS WILL WAL Wil H BAGH CLESTURLE & SPECIFH: APSLICATIORE, | I5AND STROMGLY
HECTRAMENDE OO NG LR TECHMICAT 5 EAFE DCRORE DEAIIVING FIGARD SENSIRGIN ¥ OURAPPLICATIENS ARLY, I P31 ICULAR WHFN CLIRTOMCF 5 TARGET QASEA
A RE MO LIETED HemE I . FIGARN CAMNOT SEEIME AN Y REFRINEIBILTY FORANY USE O 115 SENSORSIN APRIDLCT OR ASPLICATION FUR WHALH SLHSOR AAS HOT AFEN
SPECFIGAl LY TESTLD O FECA=0




Structure and imensions:

Pin Connection and Basic Measuring Cuouil

The numbers showr around the sensor symbal in the circuil diagram st he right
correspond with the pin numbers shown in the sensors stucture drawing [ v,
Since the sansor has 2 polanly, DG voltege is always required lor cireuil voltage {8
whlita o indicates pin 2, When the sensor is connected as shown in tha basic
giroul, nutput across the Lead Resistor (Ve) increases A5 the sensor's resislance

PE S

iRy dacresses, depanding on gas concantration,

Spccifications
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FIGARD USA, ING.
2703 Wast Lade Ave Silw 200
Glenview, linois BI025
Pannes (BATRRELS1TOT

| Fax: (BATHEI2-1 705

anail; figerousaifigarosensor.com

ﬁ:l Saensing Elemeant:

- Metal oxide is sintered Lo lorm a thick film
on the surtace ol an alumina ceramic

- lube which containg 2n inlemal hegter

[218ensor Base:

e Alurring saramic

(3] Flama Arrestor:

L 400 mesh SUS 316 double gaues

WH =1

a1

GHE =

Fin #2 is indlcated by 8 white dot an the
aEnE0r's Dasc.

Sensor Resistance (Rs) is caloulated by
the following tarmuka;

Rs = {(—%1) xR
ﬁ—{vﬁl-_XI

Fower dissipafion asress sensor efesctrodes (P2)
iz calculztad by the following formula:

Vit x Re

P8 TRe R

Special Note: A more narrowly detined range of Rs or Refo
will be indicatad on each production lot (see Appendix)
Presatectad ranges of Rs or Rs/Ro are not availalle,

For |ntormation on warmanty, ploase refer to Standard Terme and
Conditions of Sate of Figars USA Inc.

REV: 1544




Appendix

TGS 826 Pre-Sorted Groupings

The T35 £26 sanzor has a wils specification rangs in tams of
it rabad valua in S0ppm-ol M and sensor resistance ratic (Rs
in 150pnm of MHz2 | Fs i S0ppm of MHa). To faciitaie usage ol
this sensor, TGS 826 is shipped in pre-sorted groupings of 20
pieces par bag, with each bag marked with ore of the following
group rumbers which indicale a mara narmow rangs within the
spacification,

Plagse be advized that the sensor is produced to meel Lhe
overall specfication range—production of speciic groupings
willin the spes cannet ba done. As 8 resolt, if 3 user raquess
a specific group(s). the sensor can ba made avalable al an
additional charge, bl no guarantee. can bs offersd as 1o
avallabilily for shipment, The minimum delivery time ot spacial
group selschion should be considerad at B weaks minimum.

Group # Rs in S0pprn &f NH3 (K1) i’;ﬂ%ﬁﬁ;
Py 30 ~30 | D ~ (.5 .
18 70 = 30 05 - 0.6
G 2 ~ 30 0607
o 30 — 40 q% ~ 0.5
28 0 ~ 40 05=06
2.0 30 - 41 06~ 0.7
e U 40~53 | D4-04
30 ' 40 - 53 05—-DH
| 3¢ 40 ~ 53 D6 - 07
B 53 ~ 70 0.4 =115
4B a1~ 70 | T hs-a8
A-C 53~ /1 08 0.7
B 70 ~ 85 04-05
5B 70 ~ 86 D&k
B 70— &5 P Of-G7
&A G- 100 1 04-05
AR 55 ~ 100 65-08
B &5 - 100 06— 0.7

BEY: 504




H -
init:

tunggu:

tnggu:

' :
mulai:

org

Pint
sirm
smpr
Fand
Fanl
Rest
Enk]
Eecn
Esen
Eewr
wtdg
SELS
Dbts
Dadc
Ppm
PpmlL
Ppm2
Ppm3
Ppmd
FPpm5
cntl
cnrl
cnr?
cnt3
Char
DiyD
D1yl
D12

acall
acall
acall

Mo
acall
o
acall
mo
acall

acall
| [ aty

acal’l
dinz

moy
acall
mow
acall
mav
acall
oY
acall
acall
Moy
acall
mow
acall
mow
acall
MY

O0h

Bit FP2.0
Bit P2.1
Bit P2.2
Bit P2.3
Bit P2.4
Bit P2.5
B1t P2.6
Data 96h

Equ 00001000b
Egu (00100000
Egu 00000010k

Bit 20h.0
Egqu 30h
Equ 31h
Equ 32h
Equ 33h
Equ 34h
Equ 35h
Equ 36h
Fqu 37h
Egu 38h
Equ 3%h
Equ 3ah
Egu 3Eh
Equ 3Ch
Equ 3Ch
Equ 3Eh
Equ 4Fh

led_in
rsthrd
bcmmbt

DPTR , #fwrmght
Tinel
Char,#16
tulis .
DPTR ., #plwait
Tine2

Char ,#16
tulis

ontld, #1;25
delay3

cntl, tnggu

DPTR ,#nama
Tinel

Char ,#16
tulis
DPTR,#nim
1ine2

Char ,#16
tulis
delay?
DPTR,#jur
Tinel
Char,#16
1tulis
DPRTR, #univ
Tine?
char,#16

Yossy

pintu
siram
semprot
fan 0
fan 1

data eeprom control

bit eeprom enable (read)
bit eeprom write

bit watchdog

RN
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L]
sethts:

sthts0:

sthtsl:
stbhts2:
sthtsi:
stbhisd:
stbhts5:
sthisa:
stbts?:
sthts8:
sthtsa:

sthtsa:

ctbtsB:

sthtsC:

sthtsD:

sthtsE:

ﬁdgdta:

bdgdt0:
bdgdtl:

bdgdt2:

acall
acall
5]mp

mov
acall
Mo
acall
moy
cjne
mov
c]ne
Moy
cjne
moy
cjne
moyw
cjne
mow
cine
mov
cjne
moy
cyne
Moy
cine
maov
acall
MoV
acall
acall
acall
cjne
mov
1imp
cjne
dec
oY
cjne
moy
acall
1jmp
cine
inc
mov
cine
Moy
acall
1imp
ib
Moy
Cjne
acall
sjmp
cjne
acall
sjmp
cjne
acall
s]mp
cjne
acall

tulis
delay2
mulai

DFTR,#stybts
Tinel

Char ,#16
tulis

A . Dbts

A, #0,5thtsl
DETR,#pi1ih0
A,#1,stbts?
DPTR,#pilihl
A #2.s5tbts3
DPTR, #pilih2
A,#3,sthtsd
DPTR,#pilih3
A, #4,s5thtsh
DPTR,#pilihd
&, #5,5thtsh
DPTR,#pilih5
A,#6,s5thtsy
oPTR,#p11ih6
AL, #7 ,51tbtsB
DPTR, #pi1ih7
AL #B,s5tbts9
DPTR,#pil1hE
Tine?
Char,#16
tulis

tg_lps
scnkpd

RO, #11,sthtsR
SP,#07h
mulad
RO,#15,sThisD
ohts

A, Dbts

AL #255,stbhtsC
Dbts,#0
t1mmbt
sthis(

RO, #16,sthtsA
pbts

A, Dbts

A, #9,s5tbtsE
pbts, #8
t1mmbt
sthts0

Ppint, bdgdts

A,Dbts

A, #0, bdgdtD
rsesl
dgdt9

A, #1, bogdrtl
rsesl
dgdt9

A, #27,hdgdt2
rsess
dgdt9

A, #3, bdgde3
prses3

Yossy
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bdgdt3:
bdgdt4:
bdgdt5:
bdgdté:
bdodt7:
bdgdt8:

bdgdtd:

ﬁFSESG:

prssi0:

prses0l:

prss2:

prss03:

prsesl:

simp
cijne
acall
sjmp
cine
acall
simp
clne
acall
sjmp
cjne
acall
simp
cine
acall

sqmp
clr

clr
clr
clr
ret

mow
mowv
div
inz
clr
clr
clr
clr
S]mp
mow
Mo
giv
jnz
soth
seth
clr
clr
clr
sjmp
mow
may
div
jnz
seth
seth
g1r

seth
seth
acall
acall
clr
sjmp
seth
seth
seth
seth
ret

mov
Moy

bdgdt9
A, #4,bdgdt4d
rsesd
dgdt9
A, #5,bdodts
rsesh
dgdt9
A, #6,bdgdte
BESESE
dtg
A, #7  bdgdt?
Erscs?
dgdt9
A, #8,bdgdt9
rsecH
gdt9
FanO
Fanl
smpr
Sirm

A, Dadc
B,#79
AB
prss00
Fano
Fanl
Smpr
sirm
prssd3
A, Dadc
E,#82
AR
prss0l
Fan(l
Fanl
Smpr
sirm
atts
prss03
A, Dadc
B,#B6
AB
prss0?
Fand
Fanl
sirm
5tts,prss03
sStts
Sm?r
delayl
delayl
smpr
prss03
FanD
Fanl
smpr
57rm

A, Dadc
B,#80

Yossy

WA AR R W

matikan fan 0
matikan fan 1
matikan semprot
matikan siram

batas 1

matikan fan O
matikan fan 1
matikan semprot
matikan siram

batas 2

nyalakan fan 0
nyalakan fan 1
matikan semprot
matikan siram

bhatas 3

nyalakan fan 0
nyalakan fan 1
matikan siram

hyalakan semprot
nyalakan fan O
nyalakan fan 1

nyakakan semprot
nyalakan siram

batas 1
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prssl0;

prssll:

prasla:

prssl3:

ﬁrsesl:

prss20:

prss21:

div
jnz
clr
clr
clr
clr
sjmp
mow
MoV
div
jnz
seth
seth
cir
clr
clr
simp
oV
Mo
div
nz
seth
seth
cle

seth
seth
acall
acall
LiLe
sjm
set
seth

seth

seth
ret

O
Mo
div
jnz
clr
clr
clr
clir
simp
moy
moy
div
jnz
seth
seth
clr
chi
clr
sjmp
Mmooy

div
jnz
seth
sath
clr

AB
prssli
Fan0
Fanl
smpr
59 rm
prssl3
A, Dadc
B,#91
AB
prssll
rand
Fanl
Smpr
Sirm
Stts
prssi3
A Dadc
B, #4396
AB
prssl2
FanQ
Fanl
Sirm
stts,prssli3
Stts
Sm?r
delayl
delayl
smpr
prssl3
Fand
Fanl
Smpr
Sirm

A Dade
B,#96

AE
prss2i
Fanb
Fanl
Smpr
sirm
prss2i
A, Dadc
B.#97
AB
prssZl
Fand
Fanl
smpr
sirm
5tts
prss23
A, Dadc
B,#99
AB
prss22
Fan(
Fanl
51rm

Yos5Y

e

L

matikan fan Q
matikan fan 1
matikan semprot
matikan siram

batas 2

nyalakan fan 0O
nyalakan fan 1
matikan semprot
matikan siram

batas 3

nyalakan fan 0
nyalakan fan 1
matikan siram

nyalakan semprot

nyalakan fan O
nyalakan fan 1
nyalakan semprot
nyalakan siram

; batas 1

FER R

ame me

matikan fan 0
matikan fan 1
matikan semprot
matikan siram

batas 2

nyalakan fan 0
nyalakan fan 1
matikan semprot
matikan siram

batas 3

+ nyatakan fan {
: nyalakan fan 1

= matikan siram
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prsszz:

prss23:

ﬁPEESS:

prssio:

prss3l:

prss32:

prss3i:

ﬁr5954:

prssdi:

seth
seth
acall
acall
clr
sjm
set
seth
seth
seth
ret

Moy
Mo
in
In&
clr
clr
clr
clr
simp
mov
moy
div
Nz
seth
seth
clr
cle
clr
sjmp
Mo
moy
div
jnz
seth
cath
q]r

ceth
serh
acall
acall
clr
sim
set
seth
seth
sath
ret

mov
moy
div
jnz
clr
clr
clr
clr
sjmp
mov
mav

Stts,prssi3
5tts
Sm?r
delayl
delayl
Smpr
prss2i
FanD
Fanl
smpr

sirm

A,Dadc
E,#99
AB
prss30
Fan(
Fanl
smpr
sirm
prss33
A, Dadc
B,#102
AB
prss3l
Fan(]
Fanl
Smpr
sirm
S5TTS
prss3i3
A Dadc
B,#104
AB
prss32
Fan(
Fanl
s1rm
Stts,prss3i3
Stts
qur
delayl
delayl
smpr
prss33
Fan(
Fanl
smpr
sirm

A, Dadc
BE,#104
AB
prss40
Fan(
Fanl
smpr
sirm
prssd3
A, Dadc
B,#107

Yossy

L

: nyalakan semprot

nyalakan fan O
nyalakan fan 1
nyalakan semprot
nyalakan siram

* batas 1

TR LR

matikan fan 0
matikan fan 1
matikan semprot
matikan siram

batas 2

nyalakan fan 0
nyalakan fan 1
matikan semprot
matikan siram

hatas 3

nyalakan fan O
nyalakan fan 1
matikan 517ram

nyalakan semprot

nyalakan fan 0
nyalakan fan 1
nyalakan semprot
nyalakan siram

batas 1

matikan fan 0
matikan fan 1
matikan semprot
matikan siram

batas 2

»
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prssdl:

prssd2:

prss43:

ﬁrsesS:

prss50!

prss5l:

prsss2:

div
inz
seth
seth
clr
clr
clr
sjmp
Mo
mow
div
jnz
seth
seth
Lir
J
seth
seth
acall
acall
clr
s3m
set
sath
seth
seth
ret

MoV
Moy
div
inz
clr
o K
clr
clr
simp
may
mov
div
jnz
seth
seth
clr
clr
clr
simp
Moy
mov
div
inz
seth
seth
clr

sath
seth
acall
acall
clr
sim
58T
seth

AB
prssdl
Fan(
Fanl
smpr
sirm
5tts
prss43
A, Dadc
B,.#109
AB
prssd?
Fan(
Fanl
Sirm
Stts,prss43
Sttis
Sm?r
delayl
delayl
smpr
prss43
Fanl
Fanl
smpr
5irm

A, Dadc
B,#109

AB
prss50
Fan(
Fanl
smpr
5irm
prsss3
A, Dade
B, #111
AB
prsssl
FanQ
Fanl
smpr
sirm
Stts
prss53
A, Dadc
B,#114
AR
prsss?
Fan(
Fanl
sirm
Strs,prsshl
5Tts
Sm?r
delayl
delayl
smpr
prss33
Fan
Fanl

WA om

YOS5y

nyalakan fan 0
nyalakan fan 1
matikan semprot
matikan siram

-

batas 32

¢ nyalakan fan 0

; nyalakan fan 1
: matikan siram

nyalakan semprot

nyalakan fan O
nyalakan fan 1
nyalakan semprot
nyalakan siram

; batas 1

matikan fan O
matikan fan 1
matikan semprot
matikan siram

;: batas 2

nyalakan fan 0
nyalakan fan 1
matikan semprot
matikan siram

: batas 3

nyalakan fan 0
nyalakan fan 1
matikan siram

- nyalakan semprot

; nyalakan fan 0
: nyalakan fan 1
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4 seth
seth
prssad! ret

prsesb: mov
mov
div
jnz
cir
clr
clr
clr
sjmp
prssb0: moy
mov
div
inz
zeth
seth
clr
clr
ckr
smp
prssol: mow
mov
div
jnz
seth
sath
clr
b
seth
seth
acall
acall
clr
5jmp
prssb2: setb
setb
£ setb
seth
prss63: ret

prses’: mo
mov
div
jnz
cly
clr
clr
cir
simp

prss7Q: Mo
mov
div
inz
seth
seth
clr
cir
clir
simp

prssil: mov

smpr
girm

A, Dadc
5,#114
AB
prssol
Fand
Fanl
smpr
girm
prss63
A, Dadc
g, #115

AE
prssbl
Fanl
Fanl
smpr
sirm
stts
prss63
A ,Dadc
B,#116
AR
prssﬁz
Fand
Fanl
sirm
ctrts,prssod
STTS
smpr
delayl
delayl
smpT
prss63
Fan(
fFanl
Smpr
S1rm

p, Dadc
g, #116
AB
prss70
Fani
Fanl
smpT
girm
prss?3
a,Dadc
g, #118

et i)
presil
Fan0
Fanl
smpt
Sirm
stts
prssTE
A, Dpadc

YOS5y

nyalakan semprot

. nya]akan 5 ram

. batas 1

matikan fan ]
matikan fan 1
matikan semprot
matikan siram

batas ¢

nyalakan fan O
pyalakan fan 1

matikan semprot
matikan g ram

batas 3

pyalakan fan 0
nyalakan fan 1
matikan siram

nyalakan semprot

nyalakan fan 0O
ayalakan fan 1
wﬂﬂmsmwm
nyalakan 5jram

patas 1

matikan fan O
matikan fan 1
matikan semprot
matikan siram

hatas 2

nyalakan fan O
nyalakan fan 1
matikan semprot
matikan siram
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prss7i:

prssf3:

ﬁrSESE:

prssbl:

prssBl:

prss8l:

prss83:
kalbrs:

mov
div
inz
seth
seth
clr

seth
seth
acall
acall
T
sim
set
seth
seth
setb
ret

mov
moy
div
inz
clr
clr
clr
clf
simp
mov
Mo
div
inz
seth
seth
clr
clr
clr
sjmp
i
moy
div
jnz
seth
seth
clr

seth
seth
acall
acall
clr
sjm
el
seth
seth
seth
ret

acall
acall

mory
acall

B,#119
AB
prss7e
Fanb
Fanl
sirm
5tt5,pr55?3
StEs
smqr
delayl
delayl
smpr
pr55T3
Fan(}
Fanl
smpr
sirm

A, Dbadc
B,#119
AR
prss80
Fand
Fanl
smpr
5irm
prssd3
A, Dadc
B, #120
AB
prssél
Fand
Fanl
smpr
5irm
o
prssd3
A, Dadc
B,#122
A8
prssi
Fanl
Fanl
Sirm
Stts.pr5532
S5tts
qur
delayl
delayl
smpr
pr5533
Fand
Fanl
smpr
girm

ledclT

pPTR, #adcppm
1inel
Cha{,#lﬁ
tulis

YOSSY
. batas 3

B

e

==

nyalakan fan O
nyalakan fan 1
matikan siram

nyalakan semprot

nyalakan fan 0
nyalakan fan 1
nyalakan semprot
nyalakan siram

batas 1

matikan fan a
matikan fan 1
macikan semprot
matikan 57 ram

batas 2

pyalakan fan O
nyalakan fan 1
matikan semprot
matikan siram

patas 3

nyalakan fan O
ayalakan fan &L
matikan siram

nyalakan semprot

nyalakan fan O
alakan fan 1
nyalakan senprot

nyalakan 5iram
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klbrs0: mov

klbrsi: mov
m

kibrs2: mov
kibrs3: mov

acall
moY
acall
Mo
mov
move
moy
div
mov
acall
mov
acall
moy

mowC
mos
div
O
acall
Moy
acall
mon
acall

i
pilai: mov

YOSSY
to_lps

ALP3

padc, A

B, #50

AR
A,#D,k1br51
padc, #50
klbrs3

A, Dadc
B,#133

AR
A,#ﬂ.k]hrSZ
klbrs3
padc, #1342
DPTR, #anghka
Pﬂ,#ﬂtlh
W_ins

a ,Dad<
nilai
Put#ucnh
w_1ins

A, Dadc
DPTR,#1nkupD
A, @A+DPTR
B, #10

AR
DPTR, #angka
wr_chr

wr_chr

A ,DadC
DFTR.#1ﬂkup1
A, @AHDFTR

B, #10

AB
DPTR,#angka
wr,L@r
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Yossy

clr 5irm

clr Smpr
clr eTTS
ret

Sow T ar) fecn,#E2En
arl pecn,#Eewr
ret

W mm: wrl gecn ,#EEWT
%l Eech ,#EEEn
ret

strdmm: orl gecn, #Eeen
ret

anrdmm: ®xrl Eecn ,#EEEn
ret

wt_Wr: ey A, EECn
anl p, #utdg
iz wt_wr
ret

cknull: cjne A.#ﬂFFh.cknu1
mav A, #00h
ckpul: Tret

L]
hommbi: acall <L rdmim
mav ppTR,#00
MoK a,@OPTR
1call cknull

M obts.A
acall an romm
ret

= Tmmbrt: acall S WM
moy DPTR,#DDh
mo a,0DDtS
Moy @DPTR A

Jeall wi_wr
1call anwrmnm

ret

Yinel: mov pQ, #080h
acall W_1ins
ret

linez: mov PO, #0COR
acall wns
ret

Safiss €l A
mow e n,@A+DFTR
mov PO A
inc DFTR
acall w_cht
dinZ Char,tul1s
ret

wr_chr: move A, @A+DPTR
moy PO, A

acall w_chr
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b
wW_ins-

'
w_chr!

fcd_in:

ﬁcdclr:

écnkpd:

coll:
clbl:
clbZ:
clb3:
clb4:

col2:
c2bl:
c2b?:
cZb3:
c2b4:

coll:

c3bl:

ret

clr
clr
seth
clr
acall
ret

cir
seth
seth
clr
acall
ret

acall
Mo
acall
mos
acall
maos
acall
oW
acall
mow
acall
ret

mow
acall
acall
acall
ret

mav
Tcall
mey
oY
cine
Mo
cjne
mov
cjne
mov
cjne
Moy

mowv
moy
cjne
o
cine
mow
cjne
may
cjne
mov

oY

cjne
moy

Enhbl
delayl

delayl
g0, #01h
w_1ns
PO, #3Bh
w_ins
PO, #00h
w_ins
pO #0860
w_1ins
PO, #02h
w_ins

RO, #10

delay
p1,#11111110D
A,PL
A,#lllﬂlllﬂh.clbz
RO, #1
h,#llﬂllllﬂh,cle
RO ,#2
A.#lﬂlllllﬂb,clb4

rO,#3
ﬁ,#ﬂllllllﬂb,cu12
RO, #13

Pl,#llllllﬁlb

A, PL
A.#lllﬂllﬂlb.tlhz
RO, #4
A,#jlﬁlllﬁlb.czba
RO, #2
A,#lﬂllllulb,c2b4

RO, #6
A.#Glllllﬂlh.cn13
RO, #14

qu#lllllﬂllh

A,P1
A,#lllﬂlﬂllh.C3b2
RO, #7

YOs5Y

- pisplay Clear

: Function set

. pisplay on, Cursor,
: Entry mode

¢ Cursor Home

;. pisplay Clear
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c3bi:
c3b3.
c3bd:

é014:
c4bl:
cih2:
cab3:
cabd:
hack:

%g_tkn:
tg_tk0:

rg_tkl:
g _thki:
g th3:
tig_thd:
rg thd:
tg_tkb:
tg tk?:

{g_1psz
delay0:
delayl:

delyll:
delyll:

aelaylz
dalyl:

delayd:

deltyl:

13mp
l'_ll'lE

clnp
13mp
cjne
13mp
cine
1jmp
ret

1ecall
cjne
ret

djnz
ret

aca11

A.#llﬂllﬂllh,cihi
RO, #B
A #10111D11h,c3h4

0. #9
A, #ﬂllllﬂllb,cn14
Rﬂ #15

Pl.#llllﬂlllb
AL, PL
A, #lllDDlllb.c4b2

#11
Au#llﬂlﬂlllh c4b3
R
A, #1ﬂ11ﬁ111h,c4h4
Rﬂ #12
A, #ﬂlllﬂlllh.hack
RO, #16

scnkpd
Rﬂ,#lﬁ,tg,tkl
tog_tkn
Rﬂ,#lﬁ,tg_tkz
t%_tkn
R .#14,tg,tk3
rg_tkn
RD,#la.tg,tk4
tg_tkn
Rﬂ.#lz.tg_tkﬁ

t%_tkn
RO, #11,1g_tkb
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eatures

Compatible with MCS-51" Products

8K Bytes of in-System Reprogrammable Downloadable Fash Memory
— 5Pl Serial Inlerface {or Program pownloading
_ Endurance: 1.000 write/Erase Cycles

2K Bytes EEPROM
— Endurance: 100,000 Write/Erass Cytlas

256 x B-bit Intarnal RAM g8-bit

32 Programmable I/ Lines

m l::{uﬂg::ﬂﬂﬁ;ntm MiCI"UCDI'ItI'O“ET
WJM Serial Channe! with 8K Bytes
vorer e o e S Flash

3rpgrammabte watchdog Timer
Jual Dala Pointey

romer-oft

e AT8958252
escription

e ATEOSR252 is @ [ow-powel, high-performance CMOS B-bit microcomputer with
" bytas of downicadable Flash programmablé and erasable read only memory and
" bytas of EEPROM. The device IS manufactured using aimel's high-density nonvol-
la memory technology and is compatible with the industry-standard anceE
aruction set and pinout. The on-chip downloadable Flash allows the program mem-
y to be repmgrammad in-sysiem thraugh an 50 sarial interface or by 2
nventional nonvolatile memory programmer. By combining & versatile 8-bit CPU
ih downloadable Flash on 3 monalitic chip, the pimel ATB9S8252 is a poweriul
crocomputer which provides & highly—ll.exihle and cost-affective solution o Many
1hedded control applications.

g AT8958252 provides the following standard features: 8K byles of downloadable
1sh, 2K bytes of EEPROM, 256 Dyles of RAM, 32 1O lines, pro-grammabl& watch-
g timer, Wwo data pointers, inree 16-bit limar/counters, @ siy-vector two-level
grrupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
dition, the AT8988252 s designed with staic logic for gperation down 10 zarg ire-
ency and supports two software splectable powel saving modes. The Idia Mode
jps the CPU while allowing the RAM . timaricountars, sedal port, and intarrunt sys-
n to continue functioning. The Power-down mode saves the RAM contents but
azes the oscillalor, disabling all other chip functions until the naxt interrupt or hard-
e rasat.

o downloadable Flash can be changed a single byte at a ime and is accessible
ough the SP1 sarial interface. Holding FESET active forces the 5Pl bus inta a serial
sgramming interface and allows the program memory to be written 1o OF read from
less Lock Bit 2 has been activated,

Ray. 401 E-OET0



in Configurations
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in Description program and data memory. In this mode, PO has internal
pullups.

o Port 0 also recelves the coda bytes during Flash prograim-
ming and putputs the code bytes during program

pply voltage. verification. Extarnal pullups are required during program
verfication.

4D

ound. Port 1

o port 1 is an B-bit bi-directional 1O port with nternal pullups.
The Port 1 cutput buifers can sink/source four TTL inputs.

0 5 an §-bit open drain phi-didirectional yO port. AS 8N when 1s are written in Port 1 pins, they are pulled high by
tput port, each pin can sink eight TTL inputs. When 15 pe internal pullups and can be used as inputs. As inputs,
3 writien _tn port 0 pins, the pins can be used as high-  pont 1 pins that are externally being pulled low will source
pedance inpuis. current () because of the internal pullups.

i 0 can also be eonfigured lo be the multiplexed low-

jer address/data bus during accesses 10 external

AT8958252 /
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ame Paort 1 pins provide additianal funclions, P1.0 and
1.1 can be configured to be the timercounter 2 exlernal
wnt input (P1.0/T2) and the timerfeounter 2 trigger inpul
1 AT2EX), respectively.

in Description

rikermare, P1.4, P1.5,P1.6, and P1.7 can be configured
ine SPI siave port selecl, data inputfautput and shifl
3ek Inputfoutpul pins as shown in the iolliowing table.

‘oriPin | Alternate Functions |
|
H.0 T2 (pxtetna count input 10T imerCourter 2}, |
| clock-out |
14 | T2EX (TimerCounter 5 caphure/ralead Ingger |
| and direction woetrol)
1.4 A5 (Slave port select gt} |
1.5 WMOS1 {Waster Gata oulput, slave data Pt pin |
for SPI channal)
1.6 | MISO (Master data input, slave dald ouputpin |
| for SF channe]
¥ | BCK (Master slock outpul, slave clock iInput pin |

_

| Far 5P channal)

it 1 also receives the low-order address bytes during
sh programming and verification,

2

4 215 an 8-bil bi-directional /O porl with internal pullups.
= Port 2 cutput buffers can simk/source four TTL INpuls.
en 1= are writter 1o Fofl 2 ping, they are pulled high by

imtersal pullups and can be used as Inpuls. As iNPLILS,
rt 2 ping that are externally being pulled low will source
rant (1, ) because ol the intemal puliups.

4 = emits the highn-crder address byle durng letches
1 exlernal program memaory and during accesses 1o
arnal data memory thal use 16-bil addresses IMOVX &
TR I this application, Port o ugas strong intermal pul-
= when emitting 15, During accesses to extemnal datd
meory that use g-pit addresses (MOVX @ Al Port 2
its he contents of the P2 Special Funchion Register.

t 2 alsp receives Ihe high-arder ardress bits and some
irol signals dunng Flash programming and yerificaliar.

13

[3igand pit bi-directional 10 part with mtemal puliups.
. Port 3 outpul bufters can sinkisource four TTL inpLis.
en 15 are wrillen 10 Port 3 pins, thay are pulled high by
imernal pullups and can be used as inputs. As Inpuls,

Port 3 pins that are axtarnally being pulled low will source
currant (I, ) because of the puliups,

Port 3 also senves the junctions of various special features
of thie ATBOS8252, as shown in the tollowlng lekie.

Port § also receves 0mMa conirol signals for Flash pro-
gramming ard verlficalion.

| Port Fin | Alternate Functions |
| F“P:O o [ HKEJ I:SETiEEI'Ir}-.ﬂ pert] |
|— F3.1 | TXD {garial uu!p;n p?m] -
|_F’E-E o |_WT:CI 1e;tarna_iingrru;t I:I}_ B o |
|_F‘EI:3 o | I_WTi_{a;err;! i:‘;rru_m ‘I_} - o j
]_P3.4_ o "I'_'D(Er'neTﬂ E!_'AIET?LaI 1r;u1‘]_ - -
| ;35_ a _.| ;1 I]rnﬁr_1 auzern_a'l n:putjr o 1
| se | WA {axtamal data memory v
70 e o ey it
RST

Reset input. A high on this pin for wo machine cycles whie
the oscillator is running rasets the devica.

ALE/PROG

pddress Lalch Crable is an culpul pulse for latching the
iow byte of the address during accesses o exlernal mam-
ory. This pin is also the program pulse input (PROG) during
Flash program ring.

\n normal operation, aLE iz emitted at & canstant rate of 1/6
the oscillalor frequency and may be used lor axternal Lm-
ing or clocking purposes. pute, however, thal ong ALE
pulse is skipped during esch ACCess to externa date
memory.

if desired, ALE operation can be disabled by sating bit O ot
SFR location aEH. With the bit sel, ALE is active only dur-
ing a MOV, ar MOVG instruction. Othenwise, the pin is
weakly pulled high. Selling the ALE-disable bil has "o
effoct i ina micracontroller i in external execulion mode.
PSEN

Program Store Enable is the read sirobe to external pro-
gram mermory.

When the ATBSSB252 15 ewecuting code from external pro-
gram mermaory. PSEN Is activated twice gach machine
eycle, except thal lwo PSEM activations a7 skipped during
each access to external dala memaory.

EA/NPP
Extarnal Access Enable. ER must be strapped to GND in
order 1o enable the device tn feich code from guternal pro-

AT89S58252 /
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am memary |ocations starting at DO00H up 10 | FFFFH. XTALA
sie, however, that it lack bit 1 is programmed, EA will b&  |nput 1o the inverting ascill
-amally latched on reset

{ should be strapped 1o Vg for inlernal program axecu-
s, This pin also recaives the 12-voll programming ATALZ

able voltage (Ve curing Flash programming when 12-  Qutput from 16 nverting osciliator ampiifier
It programming is selected.

ator amphfier and inpul to lhe
internal clock operaling circuit.

ble 1. ATag58252 cFR Map and Aesel Values

| | | I
oF8H. | I | | I I OFFH
= = s s [ U= EL
erar | ot | ! oF#H

| = 7 _______I___I___I____I___I___ .
-IEEHl f | | | I | aEFH
i s A I I = Sy =

! ' ' I DETH
0H | so000000 | | [l = s
P - _I_ = I I I 1
DEH QDFH
I____I___ ____|____I ___I___I__ _J____I
PEW I SPCH |t
anTH
oo | awmoown | _ | Lo o o
.| TeioN. | _T2MOR coapz. | RCAPZH | IL2 THZ | k]
[ COnBa000 ERAANADD pODAGNOE | ponooDae | 00000000 | 0ODO0DC0 | 4 |
COH | | | I ! | | | aem
",;“""‘“l“"r“'"‘ﬂ‘"r‘— X
0000 DBFH
g | ! s H
ek 1111111 | | I I | i [
I_______‘I______T___I___I____I___
e | e | T I AFH
0X00000_ e I R Lo b=} se=e
R e
I | GATH
WOR gt | i I I I ! DR =
B e e W S S
oart | Soon | SEUF | I | | -
'_Dw&EDﬂﬂl‘.{l}D{IHK}‘LI __l____l___l_______ I
B I WL lam
A0H | gyt | L i I_ - _I_ S, 00000010 [
| L fCON | THOD m | ma | e | m ! | sy
00000 gopooaoy | O00ODR0d 000A0000 angum_ _ﬂl}ﬂﬂﬂﬂﬂ_ (A, (g~ |
| PO I =P | DL BPoH oPiL | DR1H SPDH PCON | gy
BOH | qqg7ae11 | 0000MAIL | 00000000 | MMEG_U_WG___W_EXEHEI_ BXHKO000
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pecial Function Regisiers

map of 1he or-chip Memary area called the Speclal Func- |meations, since they may be used in fulure producls to in-
n Register (SFR) space is shown in Table 1. voke new fealures. In that cage, the resat ar inactive valuas
Jte that not all of the adcresses are occupied, and unoc- of the new bits will always be 0.

pied addresses may not be implementad on the chip. Timear 2 Registers Contral and status bits are containgd in
.ad accesses 0 INese addrasses will N general relurn registers T2CON {shown in Tablé 2} and T2MOD (shown in
~ilorm dals, and wrile aCCESSES will havean indelerminate  Table g for Timer 2. The register pair {RCAP2H, RCAPZL)
ecl. are the Capture/Reioad regisiers for Timer 2 jn 16 bit cap-
sar software shou'ld nol write 15 to IDesSE unlisted  fure made or 16-bil auo-reloat mode.

ble 2. T2CON—Timer/Counter 2 Cantrol Hegisiar

SCOM Address = 0CBH Resel Value = 0000 000D |
it Addressa!ile_ |
S s | | L T O |
y T s L 8 T 4 17 g 4| Ak )
ymbol | Funection _I|
Fa | Timer 2 overfiow fimg sat by & Timet 2 overtlaw el et b claared by safrware. TH2 will ol be sel when sither |

ROLYE = 1ar TELK = 1.

WFEE | Timar 2 exfamal {lag set whian eilne: 8 capiure of raload is caused by 2 pegatve transttion on ToEY and EXENZ = 1. |
wWhan Timer 2 intarrupt (& gnabled, EXF2=1 will causa tha GPL O yaclor (o the Timar A jpkerupt MU, EXF2 mustba |
| miaarad by software. EXFZ dogs nit cause art intarmupt in upfdown counier mode (DCEM= 1) |

LK

| Racsive clock enable. When set, causes The serial port 1o use Timar a pyertiow putses for its raceive clock in serial port |
| Mecdes 3 ard 3, RGLK = 0 causes Timer 1 qwertiows 10 iz wigadl for the redelve clock, |
SLK | Tramsnit cladk snakle. When 561, cAUSES \he seral parl 1o use Timer 2 guatflow puises for itk ranamit clock in sarial port |

| Wodes 1 and 3 FTCLKE = [ couses Tirmer 1 oyerflows 10 be usad for ihe fransmil Gk,

CEME | Timer2 axtarnal enable. When sai, allows a capture of relaad 1o poCur as a8 ra=ult of a negative transition on T2EX if

I rimer 2 18 not being ysad to clotk the sera port: EXENZ = 0 causes Timear 2 10 igrione events sl T2EX. |
32 | start'Stop control jorTimer 2. TRZ=1 slarts the timar. jl
T | Tiemer or counter sekect for Timer 5 T2 =1 lor timer function. CiT2 = 1 for external avent counter falling edge lriggered). |

PRIE | Gapure/Rsload selgct. CPALE = 1 causes sapturas 1o OGoUr on regatve transitions al T2EX i EXENZ =1, CRAEZ=0
| causes utcmatic einads o eesur whan Timer 2 overflows of nagalive ranstions acour al TEEX when ExEMZ=1,Whan
i aither ACLK or TOLK = 1, this bit ig iGno ad and the timer & forced o auto-reload on Timer Z epsrthow, |

ATB9S8252 /
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atchdog and Memory Control Register The WMCON
gister contains contral pits for Lhe Waichdog Timer
yown jn Table 3). Tha EEMEN and EEMWE bits are used

ple 3. WIMCON- Watchdog and Memary Control Regisier

o select tha 2K byles on-chip EEPHOM. and to enable
byte-write. The DPS bil selects one of tWO DPTR regislers
aveilable.

VMCON Address = a6H

Aesat Vake = 0000 010 |

___I_________________.__________
T omss | cest | pay | EEMWE | EEMEN | DPS | WDTRST  WOTEN | |
i | ? | 6 | 5 I i ! 3 | 2 | 1 ' 0 |

- e S | S . A——— . S Y R PR |
ymbol | Funetion _Il
52 Prescalar Bils for the Waichdog Timer. When il three bits are sat 10 " the watchdog timer has a nominal penod of |
=4 16 ms. Whan all three Lils ang sat tn*1", tha pominal pe find 33 2048 mS, |
50 I

EMWE | EEpROM Dala Marmory Write Enabke Bit. 5&l this bif 1o 1" betane initiating byie werite 100 cnip EEPRON with Ihe

| pACH i instTuction. ser soltwarng should 521 this it Lo ap gfter EEPRAOK writs iz completad. |

CWEM
===

P3
| second pank, D1

! Internal EEPAON ACCESS Enabie. Wnan EEMEN = 1,1he MACH X instruction with DFTR will accesa ar-chip EEFROM
inelead of exiamal data rrermory. Winen EEMERN = (0, MOV ¥ with DPTH ancesses exlernal data memornt

Data Fointer Aegistar Selsdl DPS = 0 selecls the first kank of Data Poinler Registsr, 5p0. and OFS = 1 selacts the |

nTRST | Waichdog Tirmer Reset and SEPROM Rasdy/Busy Flag. Each tima this hit 15 €110 4~ py user softwars, 8 pulse is |

Fy/BaY | ganeraied lo recel the walchdog timer.

The WOTHST kit is than qutomatically reset to "0 in the next insiraceon £ycha.

I The WITRST hit 5 Weite-Onty, This bil @lso sarves as e ROY/BEY flagina Aead-Only mode duning EEPROM write,
BDY/BSY = 1 means that 1ha EEFROM is ready (o 8 pmgrammed. While programming upeeations are being executed, |

OTEM

rwmchdng Tirner Enable Bil WOTEM =1

| Registers Control and status bits for the Serial Periph-
| Interface are contained in registers SPCH [shown in
e 4% and SRSR (ghown in Table 5). The SPl dala bits
coniained (nthe SPDR register, Wnting the SF! dala
istar guring serial data trunsier sets the Write Collisian
WCOL, in the SPSH register. The SPDR is double buif-
o far writing and he values in SPDR are nol changed by
zalk.
arrupt Registers The global interrupt enable bil and ihe
ividug! interrupl enable bits are in tha |E register. 1n
ition, the individua! interrupt enabie bit tur the SPIisin
SPCH register. Two priorities Can be set for each of Ine
terrupt SOUrCES N he (P regisier-

snables the walchdoD timer and W

| she ROY/BSY bil aquals “0" and 1 autoratically rese to 1" when programming is Gompletad. |

DTEN = 0 disables Ihe watshdag timer. |
pual Data Pointer Reglsters To |acilitate accessing bath
internal EEPROM and exlernal dala memary, two bariks of
18 bil Data Painter Aegisters are provided: DPo at SFH
oddress locations gzH-gaH and DP1 al a4H-851. Bit DPS
"0 in SFR WMCON selects pPO and DPS =1 selects
OP1. The user should always inltialize e DP3 bit o the
appropriate value befara accessing the respective Dala
Poinler Redisier.
power Off Flag The power Off Flag (PQF) is |located at
bit_4 (PCON A in the pCON SFR. POF is sat lo 17 during
power up. | can be sel and resel under software contrel
and is mot afected by RESET.

_———_ A'mEl 7
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s = At
ble 4. SPCR—SP| Controd Hegister
PeR Address = D5H Feset Walua = 0000 01 XXE |
— — — -T —— g . i o = =l le= - = L . - 5 = — -_— T i1 ! e oy = = == J— ]
| gPE | SPE | DORD wsTR | cFoL | CPHA | SPRL_ | 5PR0 | |
) ___________|___T_____________
| ; |
R le | Lo Fos 3 F i I e S |
ymbol | Function
PIE | zpi interrupt Enatile, This bit, in conjunchon with the ES bit in Lhe [E ragistar, snables 5P| intemups: SPIE=1 and ES
= 1 er.:ab'e SF'I mtem.pts SF'!E 0 dus.ames 5PI lnlermpts |
FE | SF| Endbie SPI — 1 anables he 5F1 [:hdnnﬁﬂ and CONnects 'S‘i MDEI MISO and SCK o p1n5 F"l &, F‘I 5 F'1 E and |
Pi.7. SPL= 0 disables the SPi charnel J
QRD l_Daw. Dfd-EII' D'DHD = 1 sa‘.acf-- LSE Tlrs.T da1a U‘EII'IEI‘I'ILEﬁIDH DDF!'D D -;g'lects MSES Frs.t daua traﬂemp:sp:sn J

STF\ Maﬂﬁrfﬁlam Eale.-ct MSTH 1. selrar:t& Ma&tﬂr SPI rnndﬂ M'%TH 1] ’S'EHEICtE Sllewu SF‘i r'nc:de |

FOL Glock . Polarity. Whan GPOL = 1, SCK is I'ngh when idle. when GPOL = 1, SCK of the mastar davice s low when nol |
' lmnsmmlng F'Iease refar ta 1|gure nn SF‘I L.Inch Phdﬁﬂ: and Pﬁlanr,r Cu:mlml |

PHA r:;'lcajc Phasge. 'I'ha CPHA bit together wilh s CF‘DL kit mnlnms the dvnuh and da‘la Talaﬂnnshlp bewman mastar artd
| glave. Please refarto igure on SF Gluck Phase : and Polarity [:mtrd |

= |
PRO 1 Giock Hate Select. Thiase two bits control 1ne &0 rata of the device sonfigured as master, SPR1 1 and SPRO have |

PR | noeftect on the slave. The relationsmp balween orK and the oscillatar frequancy, Foes, 1528 foullows:
|
| sPRISPAC SCK =Faw diviclad by
| . 4 |
| 0 1 18 |
g e |
| 4 A, 128 |
ye 5. SPSH— SPI Status Heqister
25A Addrass =AAH Rasel Value = 00XX HHAUXB |
T seE  WooL | T =T o=, 0= = |
3 | 7 ! 6 | 5 g 3 | 2 | L_l__':' o |

ymbol | Function |

2IF | Py rterrupt Flag. When a sanal transier s complate, the SFIF Dil {5 sot and an INteriptis ganerated if SPIE = 1 and |
| ES = 1. The SFIF fit i clearsd by reading the 57| slalus register with SPIF and WCOL bits sl and then acressing |
1!19 SPI Uata Tegxstar

= | _ — _—
0L Wrile Golh-amn Flag. The WCDL Lm is ssi lf tha SPI data regusmt is -nmttan during a r:!al.a tra-nstar '.]un.ng dala tr‘ar.slﬂr l
| \he result of reading the SPOR register may b8 incorrect, and writing 10 il has no aftect. The WCOL bil (and the SPIF |
| I'.'utj arg C deared by re realdlng the SFﬂ sra.tus reguster wnh EPEF and WCDL sel, and than aecessmg 1he SF"I dala fags'saf 3

le 6. SPDA - SP| Data Register

IR Address = BEH Agset Walus = unchangad
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ata Memory — EEPROM and RAM

ip ATBISB2SZ implements 2K byles of an-chip EEPROM
¢ data storage and 256 bytes of RAM. The upper 128
tes of RAM cocupy A paraliel space io ine Special Func-
i Registers, That means the upper 128 hytes have e
me addresses as Ihe SFR space butare physically sepa-
e lrom SFR space.

hen an instruction acCeSses an internal location above
idress TFH, \he addrass made used in INe instruction
acifies wnether the CPU acoesses the upper 128 bytes
HAM or the SFR space. Instructions lhal Use direct
drassing acLess SFA spaca.

¢ exarnple, the following direct addressing instructian
sasces tha SFH al |pcation OACH iwhich is P2).

My DRIH, wdHbl

{ructions that use indirect addressing access the Lippel
3 byles ol RAM. For exampie, the following inditect
iressing instruction, where HO cuntains oAOH, accesses

dala byle al address DAOH, rather than P2 (whose
{ress is QAOH).

sy BED 4dnla
tg that stack operations are awamples of indirect
jressirg, so the UDpeT {128 pytes ol dala RAM are avail-
& ag stack SPAcE.

3 on-chip EEPROM data memary I8 salected by setiing

EEMEN bitin the WHCON register al 5FR address
align BEH. The EEPROM address range i5 from DOOH to
=Y. The MOVZA instructions are used Lo access the
IEOM. To actass aff-chip data memary with the MOVX
ructions, the EEMEN pit naeds 1o be sel 10 =",

\ EEMWE it in the WMCON reqister needs to be sat 10
wafore any byle location i the EEPROM car be wriltan.
+¢ soltware should recat EEMWE bil 1o iy if mia Turther
PRCM write is raquired. EEPROM write cycles in the
igl programming maode are sell-timed and typically take
ms. The progress EEEPHC}M wrile can be manilored
reading the rDY/B3Y bil {read-only) in SFR WGOM.
¥/B5Y = D maans programming is ctill in progress and
v/BSY = 1 means EEPROM write cycle is completed
another write cycle can b intiated.

\ddition, during EEFRGM programming, &fl attempled
4 from the EEPROM will feteh lhe byle being written
“the M3B complemented. Dnce the write cycle 15 com-
o true dala are valid ak all bit localions.

ygrammable Wwatchdog Timer

programmable Waichdog Timer (W DT} operales from
ndependent oscillator. The prescaler bits, P30, PS1
P52 in SFR WICON are Lsed 1o setihe pariod of the
chdog Timer from 18 me to 2048 Ms. The available
w periods are shown in 1he tollowing table and the

aclual timer periods {at Ve = BY) ara within +30% of tha
riarminal.

The WDT is disabled by power-on Resel and during
power-down. ILis enabled by setting Ine WODTEN bit in SFH
WMCON (address = ggH). The WDT i5 resel by seiting the
WOTRST bitin WMCOHN. Whan the WDT times oul wilhout
being resetor disabled, an internal RST pulse is generated
to resel the GPU

Table 7. Watchdog Timer Period Selection

| WOT Prescaler Bits | |
| ps2 | Ps . Pso | period {nnminal_'i
f_ﬂ__L_ﬂ__L o | ems |
| 42 ¥hE
|__'D__|__CI__|__I_ ______I
| o [ o ——||— _gdms N
| 0 E I 1 12B ms |
B = _|_ P _|_ — J. L e —— _|
| 1 a ! 0 | o568 ms
R S S
| B £ § | 1 | 512 ms |
|| 1 | 1 0 | 1024 ms |
- A = = __Werie o
|___1' | 1 1__'_ 204R mE ||

Timer 0 and 1

Timer @ and Timer 1 n the ATEOSE252 aperale the same
way as Timer 0 and Tirner 1 in the ATBOCS1, ATESCEE and
ATROCSES. For jurther information, sae the Oclober 1985
Microcontraller Data Book, page 2-45, section litled,
“TimenCounters.”

Timer 2

Timer 2 is @ 16bit TimerCounier that can gperate as either
a timer or an evenl caunler. The ype of ppefalion 1%
-elected by bit T2 in the STR ToGON {shown in Table 2}
Tirmer 2 has three operaling modes: CApUre, aulo-reload
{up or down counting}, and paud rate generator. The
modas are selected by bits in T2COMN, 5 shown in Table 8.

Timer 2 consisis of Two g-bit ragisters, TH2 and TL2. In the
Timer [unclion, the TL2 regisier is incremented every
machine cycle. Since 8 maching cycie consists of 12 oseil-
lator periods, the count rate iz 1/12 of the geci'latar
frequenty.

Iy the Counter function, the reqgister is incremented in
response 10 a 1-to-0 kransition at its corresponding axiermna.
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a hign in ona cycla and & low in the nexl cydle, the
Gount is incremantad. The new pount value appeans in the
register during £3P1 of the cycle fallowing the one in which

_—_——— ‘IﬁEL 9
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s transition was deteeted. Since WO maching cycles (24
cillator perods) are raquired 10 recognize a {-ta-0 transk-
. the maximum eount rate is 1/24 al the asclilator
quency. 10 ersure that & given level is sampled al least
ioe before it changes, the |evel should be held for al leas!
& full machine cycle.

ple 8. Timer 2 Operating Modes

GCapture Mode

In the capture mode, {wo gplions are selected by bil
EXENZ in T2CON. If EXENZ =0, Timer 2 is @ 16 bit limer
or counter which upan overtiow sels bit TF2 in T2COM.
[his bil can then be ucad o generate an irterrupt. If
EXENZ =1, Timar 2 periorms lhe same operation, but a |-
to-0 transition at extarnal nput T2EX als0 CRUSES the Gur-
rent value in TH2 and TL2 to be caplurad inio ACAP2H and

ROLK + TCLK | CPMALZ | TRZ | MODE | RCAP2L, respectively: In addition, the transition al T2EX
e e === TE2, can generate an interrupt. The caplure mode is (lus:
S g 1k 16-brCapture wrated in Figure 1.
1 | b4 [ 1 Baud Rate Generaior |
¥ [ b | @ |l0ﬂ] - =
jure 1. Time: 2 in Caplure Wioce
=1 I & |
At | 12 e
|___J_ L= __I-_ _LG,ITE =0 |____
T e i ——1' i pa
: = | "1__““'___"'*24 o TF2 |
T |
. I SONTROL _IL . il OVERFLOW |
— | cm2 =1 L — =" M i |
Flm==s=+=== ! . # I D—
12 PIN CAPTURE | |_|__ A . |
| LF%C‘J'.PEH| RCAP2L | | !
TRAMSITICN A ;
TIMER 2
_DETECTOR e N | \NTEFRUPT
e P — — g |___|_..-".'__|- - —r|__Ex_FE II___ sie==
® " | I I . e
| — i e
| CONTROL
EXENZ
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Jsto-reload (Up or Down Counter)

ner 7 can be programmed 10 count up or down when by a 1-10-0 transition at external input T2EX. This transinan
ntigured i its 18 bit auta-reload mode. Thiz leature is  &ls0 SELS the EXE2 bit. Botn the TF2 and EXF2 bits can
roked by the DCEN (Down Counter Enable) bit locater in generate an interrupt if enabled.

» SFR TZMOD (sea Table 9). Upon resel, the DCEN bl Seiting tne DCEN bit enables Timer 2 1o count up o down,
sl Lo D so that imer 2 will defauit 10 count up. When  ag shown in Figure 3. In this mode, the T2EX pin controls
~EN is a8t Timer 2 can count up or dowrn. depending @n  the direction of the count. A logic 1 al T2EX makes Timer 2
s value of the T2EX . count up. The timer will averliow al DFFFFH and sel ine
jure 2 shows Timear 2 aulamatcally counting up when TF2 bit, This puerilow also Causes the 16 bit value in
“EN = 0. In this mode, Two options are selected by bit ~ RCAP2H and RCAPZL to be reloaded into the timer regis-
'EN2 in T2CON. EXEN2 = 0, Timer 2 counts up to  ters, TH2 and TL2, respectively.

FFFH and then sels the TF2 bit upan gverllow. The A logic 0 al ToEX makes Timer 2 count down. The timer
arflow also causes the Nmer registers to be reloaded with  ynderflows when TH2 and TL2 equal the values stored in
."\6 bit value in RCAP2H and RCAP2L. The voluse Tt B AR2H and RCAP2L. The underflow sets the TF2 bit and
:aP2H and RCAP2L are preset by software. WEXEN?=  causes OFFFFH to be reloaded into the timer registers.

1 16 bit reload ¢an be triggered ither by an overflow of The EXF2 bil toggles whenever Timer ? overflows or

underlows and can be usad as & 17th bl of resolution. I
thiz operating mode, EXF2 does nol flag an internipl.

jure 2. Timer 2 in Aulo Relead nade ([DCEN = o

] I —— 7}
Iqac|—|-| a2 F—1 )
- 1 e =0 r— £
= 5 -—
R — ﬂ —T —I — » THZ2 Lz | ]
e I_I__I_'_ ERELOW
| comMTROL | rl |
& THR2 - 7/‘"-_\_ = l\ [
- LS e —
== i RELOAD! I | .
TIMER 7
M L 2= | INTERFLIET
| ArapeH | RGAPZLL A
| —F ——— e —
| ———-q-———&—rl TF2 | |
TRAMGITION Poo BT ol | |
DETECTOR - | _D_
= . i = — .
Ex P = — " " = ——a'..v'a-=—|——l———————— o mxER | =
| =] Lk | ="
| e
 CONTRO
EXENZ
e 8. T2MOD - Timer 2 Made Control Register
WOD Address = 0C3H Rasat Value = KXKX XXO0B II
| Bit Addressable |
-____________r___T____I____I_*l'_____—_
| = | . | - L T e rp0E | DCEN | |
____________|____ EE—- ____I________
o 1 | [ |
f =1 8 o ) 4 L NI N |

nhol | Function |

| mant implemermed, raserves fof fulure USe |

= Tymer 2 Output Enable bit L = ezoer

e e —— —— ==
EM J_'|.|'|.|'r'|ar'1| sl this it aliows TImer o 1p ba configurad &5 4n up/dawn Counter

—_—_ ‘lmEL 11
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gure 3. Timer 2 auto Belcad Mode (DCEM =1}

(DOWN GOUNTING RELOAD VALUE) TOGGLE
r;FH_'_D;H_I SN
L __|___ | e S Expe |
T Lt ==
|
WL | .
= TR \} _,-"{"_ _\,‘ [# I |
Hag 1w | = Ve M M| OVERRLOW }\( |
_ e —l — — D.I'TE=|:| _—— | | | J ||
—| ¥ .. — ||— -Irl THZ TL?_ll _ o —| TED |
y A e =S S I L 1 |
A | 1
CONTHOL |4 A b |
& TH2 l,.-'" N — .-"If T N Ld
PO e i T ! TIMER 2
L I [ | INTERAUFT
T2 PIN I__|_ B =
| RGAP2H | AoAPIL .
s e g et | COUNT
(UP GOUNTING RELOAD VALUE) | ?‘IFlllJETGT'IGN
| D=nOWN
=
.
T2ZEX FIN

ure 4. Timer 210 Baud Rate Generalor MWpda
THAER 1 CWEHFLOW
|

- — = W -

=1,
B
= I g e |
_ NOTE: OSC. FREQ. 1S DIVIDED BY 2 NGT 12 [ |
l SMoL
L
ey e |
osc —4 = -
| s g = | ihEsOe—— .
¥ | [ T 0
— — V THE . TLZE —_- -
| | =¥ ity NN | RCLK
T ot ' ) ! RGN
CONTH A |
ONTROL |y JA*[ | T
[ H Sla—7 =1 ==
= gz =1 i T
LJ I — - | | | ign -ﬂul
T2 PIN e T Lo W _—
| AcaPzH | vapeL | % L
e — L,
THANSITION - Bl _lr 28 | GLOCE
DETECTOR ==
|____| e P | TIMEH 2
azx PN |- - B [ s = b — - PI_ ExF2 L — - |M-|IEF|.Hupr
F =N A -
| CONTROL
ERENZ

AT8958252 /

[



/ AT8958252

.aud Rate Generator

mer 2 is selected as the haud rate generator by gatling
=Lk andfor RCLK in T2CON (Table 2). Note that the
i rates lor transmit and receive can be different if Timer
i used for the receiver or iransmitter and Timear 1 is used
r Ihe other funclion. Setting RCLK and/or TGLK puls
mer 2 inlo its baud rate generator mode, as shown in Fig-
ed.

& baud rale generalor mode is similar to the auto-reload
sde, in that a rollover n THZ causes the Tmer 2 regislers
e relozded with the 16 bit value in registers RCAPEH
4 ACAP2L, which are precet by soltware.

& baud -ates in Modes 1 and 3 are determingd by Timar
. overtiow rate according to the following equalion.

Modes 1 and 3 Baud Rales = Timer 2 Overilow Rate
16

e Timer can bé contigured lor aithar timer or counier
aratior. In most applicalions, itis configured lor Limer
aralion (CR/TZ = 0). The imer operalion is different far
~er 2 when it s used as & paud rate generalor. Marmally,
a timer, il increments every machine cycle (at 1/12 the
Jqllator frequency). As8 haud rate generator, NOWeVar. it
rements every state time (at 1/2 the pacitiater lre-
ancy). The baud rale fomula is given bielaw.

fodes1and3 _ __ _ Oscillator Frequency
Baud Hate 32 = |B5536 —{ HGAFEH,FH:AF’EL‘J‘,

e (RCAPZH, RCAP2L) is the conient ol RCAP2H and
AP2L taken asa 16 bit unsigned integet.

ier 2 as a baud rate generalor is Shown in Figure 4. This
ire is valid only | RCLK or TCLK =1 in T2CGON. Nate
{ & rolaver in TH2 Qoes not set TF2 and will not gener-
sn inlerrupl. Note lgo, that if EXENZ is sel, 2 1-t0-0
eition in T2ER witl set EXF2 but will not cause 8 reinad
n (RGAP2H, ACAPZL) to (THE, FL2). Thus when Tmer

2 |5 in uge as a baud rale generalar, T2EX can be used a5
an extra extemal interrupt.

Note that when Timer 2 ig running (TR2=1)as 8 fimer in
the baud rate generalcr mode, TH2 or TL2 should not be
read from or written 10. Under these condilions, the Timer IS
incremented every state tirne, ana the results af a read or
wrile may nat be accurate. The RCAFZ registers may be
read but shauld not be writter lo, because a write might
overap & retoad and cause write andfor reload errors. The
timer should be urned off {clear THRZ) belore accessing the
Timer 2 or RCAP2 registers.

Programmable Clock Out

A 50% duty cycle clock can be programmed fo come aut an
P10, as shown in Figure 5. This pin, besides being a rEgu”
far |/0 pin, has WO allernate funclions. |t can be
programmed o input the extermal clock laor Timer/Counter 2
ar 10 outpul & 50% duty cycla clock ranging from €1 H: to 4
MHz al & 16 MHZ pperaling frequency.

To cantigure the Timer/Countar 2 a5 & ciock generator, bil
C/T2 (TZCON. 1) musi be cleared and bit T2OE {(T2M001}
must be seL. Bit TR2 (T2CON.2) slans and stops the timar.

The clock-out [requency depends on the oscillater fre-
quency and ihe reload value ol Timer 2 caplure ragistars
(HCAPZH, RBCAR2L), as shown in Ihe lollowing equatian.

Oscillator Frequancy
F Fae = — e e A i
Clock Oul Frequency = 5 Tereng - (RGAPZH AGAPZLY

in the clock-out mode, Timer 2 rollovers will not generate
an intarrupt, This hehavior & similar W when Timer 215
used as & baud-rale genarator, LIS possible to use Timer 2
as a baud-rate generator and a clock generator simuaita-
neousty. Note, however, 1hal ihe haud-rate and clack-out
frequencies cannct be delermined independently from one
another since ey hoth use RCAPZH and RCAF2L.

ATMEL s
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qure 5. Timer 2in Clock-oul Mode

A — r— — T e i e |
= | | e [ THE |
| osC | 5 -|/\5>- - — | —|— 18 E.mﬂ (A BITS) -
: LS A S e o
I | THE b _l //ﬂ\l\* i |
A L
P | | =i _
= [ s S Lol I |
| o | A St
| =S Gtz BT S [
| |
I é — - =
ei0 | \\.__l___{%'_________l 5 | _I
i k _/[ H"‘-I |____|_ f 1_
izt | e
|
T20E (T2MO0)
__ TRANSITION
'y DETECTOR
TR g o Car | ==
F“I.1I 'I_ = === _| Yk I J =. = |.| EXFz F— — F TIMEH 2
(TLEX) A o | s INTERRUPT
=i — — =
1
EXEMNZ
jure 6. SF Block Diagram
= =T A
— —_— - —I h‘ I .Eh
| OSCILLATOR S by | ]
= L m s BT
= | 1_1]r15-l'!ll‘=iHL'-‘l'FI|:G'-‘“T‘EF- R g f
o — | ﬁE.u.Dn.mEuFFEH | =
™ oIvIDEN A || #I
[ =4 1 EA1ER | e | | |
il — | =
i e | 2|
T o cooK MASTERL ook F |
| BELECT + oLooK k— — '§ 17
| ———————|LGL1IE = -
| — - — | —— L - — | o
T E| | = ———T—_*—_f—— = J_ '||3:|"4|
mlE . |_| e _ — —— — T,. II._'_L —
e N = =—— T | By &
| LI [ i e
' |
e — .l X
e
| o CONTROL i g  Ey e i s i s
S R | o n:l | a0t
wy | IR = EI| E #
He i ol A BEEEE S
J_L_J._I_ II___J_l_._
| 5P STAIUS FEGISTER | 5Pt CONTHOL HEGISTER _
|
| : |
—— My |
.
= IMTERAUFT  INTEHNAL
ACOUEST  DATABUS
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ART

& UAAT in the ATBOSE252 operates the same way as
s UART in the ATBICEL, ATBICE2 and ATRACSES For
ther intormation, see the Dectober 1895 Microcontroller
sta Book, page 2-48, saction titled, “Serial Intertace.”

erial Peripheral \nterface

allows high-speed Syr-
the & TEOSB25E and
ATBASBESE
inghude the

o serial peripnaral interlace {SPlY
ronous daeta transfer belwean
ripheral devices or petween several
wices. The ATBOSA252 5PI feqtures
lowing:

Full-Duplex, 3-Wire Synchranoaus [rata Transler
Wiaster of Slave Ciperation

1.5 MHz Bit Fragquancy {max.)

SR First or MSE First Data Transier

our Programmable Bit Rates

=nd of Transmission Interrupt Flag

jure 7. 3P Master-slave interconnection

| defined but normally MSB of character just received

S ‘lmEl

« Write Collision Flag Protection
« Wakeup from \dle Mode (Slave Mode Cinly)

The interconnaction belween master and slave CPUS with
=Pl is shown in the tollowing figure. The SCHK pin is the
clack output in the master miode but is the clock nputin the
=jave mode. Wriling Lo the op)| data register of le mastar
CPU stars the SPI clock generalor, and the data writlen
<hifts out of the MOSI pin and inta the MOSI pin af tha
slave CPU. After shifling one byle, the SFI clock generator
sipps, setting the and af transmission f1ag {SPIF). [T both
the SP| jmterrupl enable it (SPIE) and the serial port inter-
rupl enable bit (ES) are sel, an interrupt is requested.

The Slave Select input, S5/P1.4, is set low lo select an
individual SPI device a8 & Slave. When SB/P1.4 s set high,
thie SPl portis deactivaled and the MOSH/P1.5 pin can be
used as an input

There are four combinations o SCK phase and polarty
wiih respect to serial data, which are determined by contral
bits CPHA and CPOL. The 5P| data transier formals are
shown in Figure 8 and Figure g,

vsB WASTER L83 wsomso [ SLAVE LS8
T | B-BIT SHIFT REGISTER | — . A= = IE-E[TEHIFT REGISTER [*|
e e . E it G oot
|.__._____J,__&*OEMGSL*._____T____
i I |
[ .
| : i
| .: I
T s | -: I
2Pl | ' ‘50K SCKi |
|CLOCK GENERATOR| ™ - s s o
= Ve
ure B, SP! transter Formal with CPHA =0
SCK CYCLE # |_1'"I'2_'_;3_"'_4_|_5' '_g__—,r_|‘ﬂ_|
(FOR REFERENGE) T s L A By (S o R
aCK (CPOL=D} _ _ ] T T8 J [ N A =
e —— I— I l— | ! | L | Ve L [ = e =
SCK (CPOL=1) Al et s . " |
| | i | | | | r | | |
e |__|__I.L._.|_|___I__I_I__. e
MOSI e z 4 A s ¥
{FROM MASTER R e A i AT T
T = = e S S s s T
(FROM BLAVE) I | | o | i R (T
&5 {TO SLAVE) g (S (0 O O N L S S L W e J-"
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igure 9. SFI Transter Format with GPHA=1
SOK GYGLE f ol A I

(FOR REFERENCE) | — -
SCK (CPOL=D) "

gk (CPOL=1]

e
'FROM MASTER) |

| |
'.‘JHSG =] = }._M._ . _5 L 5 4 4 po g v E W _1 o LSB =
(EROM SLAVE) = > i = ‘ G

55 (TO SLAVE) o 0 A .
ol defined but normally LSB of previously transmilted character

terrupts
& ATBISE252 has a total of six interrupl veclors: WG Table 10. interrupl Enable {IE} Register

termal nterrupts (INTO and TNTT). three timer interrupts.  [oriray .
mars 0. 1, and 2}, and ine serial part interrupt. These U N —— et v T = |
errupls are all shown in Figure 10, | &A= i El2 |_ES_ ET Exd | ET0 W EXQ |

weh of Ihese inlarmd pt sourcas can be individually anabled | Enabia Bii= 1 anables the intarTu |
disabled by setting or clearing a bit in Special Function | Cosets Bi- O diables e interupt. |

gister |E. [E also comtains & global disable bil, EA, whieh '
ables all inlerrupls al onee. ¥
Symbe| Position | Function

@ that Table 10 shows that bit position IE.6 s unimples ,
snted. In the AT80C51, bit posilion [E.5 18 also |_

Lisabiss all intern apts [FEA =10, Ny intartu-,:-._l

| ! i& anknowiedgen. 11 EA 1, gach intarrapl |

implemented. User software should not write 18 to these | Es B | ety anablec o disabies
pusitions, since they may be used in future ATES | | sattitig nr charnng 115 ariable bit. |
wucts. e == == -
5 | - [Ef | Regerved. |

nar 2 interrupl is generated by the logical OR of bits THZ |— S _ == ]
4 EXF2 in registar T2GON. Neither of these liags is Evg | e | HES2IGAD eopblg bt |

ared by hardwars when lhe service rautine is vectorad | ES E4 | SPiand UART inteerupt enable hit. |
i lact, the service routine mMay have fo determing | EE - R -
ether it was TF2 o EXED thai generated the interrupt, [~ ¢ C ) R A S h e = ]
4 that bil will have to be cleared In soitware. o R | Esternal interrupt 1 enable bl

| ETD iE4 | Tmet finterrupt enatla b ]

g Timer 0 and Timar 1 flags, TFO and TF1, are sel al =0
B2 of the cycle in which e imers overflow. The values | exe | |
s tnen polled by the circuitry in the pexl oycle, However, UE‘ me noule pwer wiita 15 10 UAIMA T =
 Timar 2 flag, TF2, is set at 52P2 and is pelled In Lhe Lh;:‘“” hzrl&;?nf;:mrzm;g pm:,?:ts milpmentec Bis, BECAIES |
na cycle in which the timear averfiows. B e T _

[E0 | Erigrmal e rrupt 0 enabe bt
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gure 10 Interrupt Sources

P
=1 =

O, L =
nTa - = : (| |En-|| -
1| ____l | =t
L| & |_I
N
i Simmen fememm—= T e i
T
h | — ——
INTH - = ;'_ Eoof iE |I —»
| —_— = = ) e
|_|| £ l||_|
==
ey — == s e

MN=———"
qT =y
BRlF — —— —

seillator Characteristics

ALY and XTALZ are the input and outpul, respectively,
L inverting ampilifier that can be configured for use a5
an-chip oscillator, 85 shown in Figure 11. Eitner a quarkZ
stal or caramic regonator may be used. To drive the
rige from an axtermnal clock SoUrGe. ¥TALS should be lelt
onnected while ¥TALL is driven, as shown i Figure 12.
2re are no requirements on the duty cycle of the external
ok signal, since the input to the internal clocking circuiiny
hroagh & divide-by -t fiip-flop, but minimum and maxi=

m voltage high and low time specifications rrwst be
enved.

Figure 11. Oscillator Connactions
G2

R S

| |

| =

| I_1

[ €l

&=k —=—9— = ¥TALA

|

|

|

o« GND
Maler  Motar G, Ce=30pF=2 {0 pF for Crys@ls

= 40 pF + 10 pF fr Ceramic Resanalnrs

Figure 12. Extarnal Clack Drive Configuration

EXTERHAL
OSCILLATOR = — —
SIGMAL

|
_
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le Mode

idle mode, the GPU puts itealf to slesp while all the o-
ip peripherals remain aclive. Tha made is invoked by
Aware. The contenl of the on-chip RAM and all the spe-
| tunctions registers remaim unchanged during this
srie, The idle mode can be terminated by any enabled
sprupl or by 8 hardware resel

e thatl when (gle mode iz terminated by a hardware
;et, the device parrally resumes program execution

from whers it left off, upto two maching cyclas before Me
intarnal reset algorthm takes contral. On-chip hardware
inhibits acgess o internal RAM in this event, but access 10
the port ping Is not innibiled. To eliminata the possibility of
an urexpacied write 10 & part pin when idle motle is lermi-
naled by a reset, the instruction following the ane that
invokes idle mode <hould not wrile 10 a part pin o Lo exter-
nal memary.

latus of External Pins During \dle and power-down Modes

" program Memory | ALE PS

| poRto | PORTI | PORT2 |

ose . J'
T W B e | Dma P T o | o |
R External % 1 | Floal | Dma_ [ Address | Data J
yver-down | Irtesrnal ' 0 | o i Data [ Dam j Drala i _Da_ta - |
;;er_:jo;n_ B E:'la_miT____ -1 T Bl 7 Fea ',"__Eém_ fa | o |

ywer-down Mode

he power-dawn mode, the oecillator s siopped and 1ha
(ruction that Invokes power-down is the lasl instructian
scuted. The on-chip BAM and Special Function Regis-
s retain their values until the power-cawn mode 15
ninater. Exit fram power-down can be initiated either by
angware resel or by an gnabled extemal imterrupt. Hesel
afinas the SFRs but does not change the an-chip RAM.
s resel should not be activaled before V. 18 regtored io
normal operaling |evel and must be held active long
jugh to allow the ascillalor to restart and stabilize,

exit power-gown vid an nterrupl, the external interrupl
51 be enabled a5 1aval sansilive belore griering power-
w1, The interrupl service routine starls al 16 ms {nomi-
\ alter the enabied interrupt pin is activated.

ck Bit Protection Modes! "

Program Memory Lock Bits

The ATB258252 hae three Jock bils that can be lefl unpra-
grammed {U) or can be programmed (P} Lo oblain the
additional features listed In the following Lable.

When lock bit1is programmed, e lugic leve! al the EA pin
is sampled and latched during reset. Il e device s pow-
gred up without & resat. the lateh intializes 1o a random
value and holds that value until resal is activated. The
latched value of EA must agree with the current logic [evel
al that pin in order fur the device 10 function properly

once pmgrammed, the jock bDits camn gnly be unpre-
grammed with the Ghip Erase oparations in gilhar Lhe
paraliel of serial modes.

program Lock Bite |
ot S e

f ;
| LBt | L2 LB3 protection Type
T 1 | E _-|
I B Ma intamal memory lock faafre. i
—'—————|——|——————————————————————————————r
U - T ¥ I T MO G [nstructions exgeuted from axtamal program memaory are dizabled from fateing cotle bytes |
f i | frowm intarnal mamoTy. EA is sampled and latched on reset and further prograrmiming af the Flash |
| , ; | memory (paralie! or senal rode) s disatied. |
_.__I__.___________________ _____________
PR I = I | U gama as Mods 2, bl parailed ar sarial verify are alsn disatyed, |
T T e = same as Mode 3, bul axlermal execulion is &i50 disabied. |
& 1 U= Lﬁﬁgrarﬁna____ -
5 P = Programmed
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rogramming the Flash and EEPROM

mel's AT895B2Z5Z Flash Microcantroller offars BK bytes
in-systam reprogrammable Elach Gade memary and 2K
i4eg of EFPROM Data memany.

e ATROSE252 is narmally shipped wilh the on-chip Flash
ade and EEPROM Data memory arrays in \he arased
ale (1@ contents = FFH) and ready lo De programmed.
Jie dewice supports a High-valtage {1V Parallel pro-
camming mode and a4 Low«vollage {5V) Sernal
agramming mode. The serial prugramming made proe
4gs a convenient Way to oowntoad the ATEOSRPSZ nside
e yser's system. The paralel pregramming made is Gonr
slible with conventianal third party Flash or EPROM
ogrammers.
e Cogde and Dala mamory arrays ars mapped via sepas
e address spaces |1 \he serial programming mode. In
: paralig! programming mode, the bwo ATEYSs OGCupy ore
niiguous address space: 0000H 1o 1FFFH for the Code
-gy and 2000H 10 #7FFH for the Data array.
i@ Coda and Data memary arrays on the ATHESSA252 are
sgrammed byle-py-byte in githar programming mode. An
to-erage cycie 15 provided with the seli-limed program-
ng operatian in the serial pragramming mode. There (8
, nead to perarm the Chip Erase gparation 10 reprogram
iy METTOTY jogalign in the serial pmgrarﬂming mode
jess any of the lock bits have been pragrammed.
the parallel programming moda, therg is No aulp-2rase
-, To reprogram ary non-blank byte, the user needs 10
g the Ghip Erase aperation lirsl to erase both arays.
rallel Programming Algorithm: To program and verty
-« ATROSA252 in ine paraliel programming mode, tha fol-
ving SequUence is recomimanded:

Power-Up SeQuence

Apply power petween Ve and GHND pins.

Set AST pin ko iy,

Apply & 3 MHZ 1o 54 MHz clock to XTALY pin and wait

jor al least 10 milliseconds.

St PSEN pinto L7

ALE pin to i

EA pin to “H and all olher pins 1o “H™

Apply the appropriate combination of *H” 0r “L" logic

tevils o pins P2.6, pe7. P36, P37 0 select one of

the programming operations Shown in the Flash

Proframrming Modes table.

Apply the desired byle addrass to pins P1.0 10 P T

and P2.0 10 P25

Apply data 10 pins P00 Lo po.7 for Wrile Code

gperatiorn.

5 Raiss EANpto 12V 10 anabla Flash programming.
erase or verification.

& Pulse ALE/PROG onge 1o program a byte in Ine
Code memory array tha Data memary array o ihe
lock bits. The byta-write cycle s self-timed and yp-
cally takes 1.5 ms.

= Touerfy the byle just pmgrammed. pring pin P27 10
w » gnd read the programmed dala at pins P00 10
PO.T.

g. Repealsteps 3 through 7 changing the address and
data for the entire 2K or 8W hytes array or urlil the
and al the object tile is reached.

0 Power-off sequence:
Sat XTALT ta "L
Set RST and EA pins 1o o
Turn Ve power off

\n the paralle! programming mode, thereis no aulo-grase
cycle and 1D reprogram any non-blank byte, the uset ne eds
15 use Ihe Chip Erase gperation first 10 erase both arrays,

Hiata Polling: The ATBISE252 fanlures DATA Polling to
indicate the end of 2 wrile cycle. During & write cycle in Lhe
parallel or serial programming mode: an attempted read ol
the |ast byte writen will result in the complement of the writ-
tan datum on PO.7 {paraliel mode), ard on the MSB of the
cerial putpul byte on MISO (serlal mode} Qnee the wrile
cycie hes been completed, lrue data are valid on all oul-
puts, and the nexl cycle may begin. DATA Folling may
pegin any ime afiar @ wrile cycle has been inifiated.
Ready/Busy: The progress of byte programming |f the
parallet Emgrammiﬁg mode can also be monitored by the
ROY/BSY output signal. pin P3.4 is pullad Low afler ALE
goes High during pragramming to Indicate BuUSY. P34 is
puiled High again when programming is done lo indicale
READY.

Program Varity: ! lock Dits LE1 and LB2 have nol been
program med, the p-rugrammed Code or Data byle gan be
reatt back via the address and data lines for yerification.
The ctate of ihe lock bits G20 algn be verified directly in the
parallel prugramming mode. n the serial programming
mode, lhe state of the Jock bits can only be verilied indl
rectly by cbserving thal the lock bit features Breé anabled.

Chip Erase: Both Flash and EEPROM arrays are erased
elacirically at the same tima. In e parallal pragramming
mode, chip erase 18 initiated by using tha proper combina-
tion of control signais and by holding ALE/PROG law for 10
mis. The Code and Dala arrays are written with all *1"s In

{he Chip Erase operalion.

—__-__' "mEL 19
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ihe serial programming mode, & chip erase operation is
jated by 1ssuing Ine Chip Erase instruction. in this e,
p erase is call-timed and Lakes about 16 mEe.

ring chip erase, 8 serial read from any address location
| return QOH at the data oulputs.

rial Programming Fuse: A programmable fuse s avail-
le 1o disable Serial Pragramming il the User neads
gEirmum syslam security. The Senal Programming Fuse
1 only be programrmed ar arased in the Paraliel Program-
1g Mode.

o ATBISBE52 is shipped with ihe Serial Programming
e enatfed

ading the Signalure Bytes: The signalure byles are
d by the same procedurs 85 normal verification of
stions 030H and 031H, axcepl that F3.6 and P37 must
Sulled to a logic low. The values retumed are a5 follows:

(030H) = 1EH indieates manufactured by Atmel
(03tH =72H indicates 8958257

ogramming Interface

my code byte in he Flash and EEPROM arrays can be
ten, and the entire array can ba erased, by using the
roprale combination ol conlrol signa's. The wrile cper-
in cycle is self-limed and once initiated, will
smatically ime ilself 1o completion.

najgr programming yendors ofler worldwide guppor for
Atmel microcantrolier saries. Pleaga gontacl your lecal
Jraming vender for the appropriate sotiware revision.

rial Downloading

h the Code and Data memory arrays can be pra-
nmed using the serial SP1 bus while AST i pulied fo
The seral intarface consists ol pine SCK, MOS! (input)
MISO {output). Atler RST is set high, the Programming
ble instruction needs 0 he executed first betore pra-
nigrase operations can be execulad.

Lto-erase cycle 1s built nto ihe seli-timed programming
afion {in the sarial mode ONLY} and thare is no need
ei axecule the Chip Erase instruction uniess any of the
Bite have been pmgrammad. The Chip Erase opera-
s the content al every memary |cation in bath the
& and Data arrays nto FFH.

Code and Dala memory arays have separate address
Bs!

0000H to 1FFFH for Code memaory and DOOH to 7FFH for
Data memaory.

Eithar an extarnal system clock is supplied al pin XTALY ar
a crystal needs o be connected ACross pins ATALT and
*TALZ. The maximuem serial clock [SCK) frequency should
be less han 1/40 of the crystal frequency. With a 24 MHz
oscillator clock, he maximum SCK frequentcy is B0D kHZ.

serial Programming Algorithm

To program and verify the ATAASA252 in lha sarial pro-

gramming mode, the lollowing sequance IS recommendead:

1. Power-up sequence:

Apply power belweaan VCC and GND pins.

Set RST pin o "H™

If a crystal is not connected across ping ¥TALY and
¥TaLE, applya 3 MHz to 24 MHz clock to KTALT pin
and wait for at lzast 10 milliseconds.

2. Cnable serial pragramming by sending the Pro-
gramming Enable serial instruction 1o pn
MOSIP1.E. The freguency of the snift clock sup-
plied at pin SCK/P1.7 needs o be less than the
CPU clock &l XTAL1 divided by 40

4, The Code or Dala array is programmed one oyle al
a time by supplying the address and data together
with the appropriate Wrile instruction. The selected
mernary location is lirst automatically erased before
new data is wrtien. The wrile cycle is self-timed ard
typically takes less than 2.5 ms at 5Y.

4. Arny memory |scation can be verified by using the
Head instruction which returns the content al the
selected address at serial pulpul MISOP1.6.

5. Attheendol & programming session, AST can be
sel low o commence narmal cperalion.

Power-ofl sequence (if needed):
cat XTALY L (il acryslal is not used).

Set AST "L
Tur Ve power off,

Serial Programming Instruction

The Instruction Sel tor Serial Pragrammirng follows 2 Fhwyte
protocol and is shown in the following table:

AT8958252 /
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struction Set

' input Format | |
1struction | Bytel ' Byte2 | Byled | Operation |
"-:lgrarnmng. Enable | mm 1100 | o101 0011 HEUR O f EnablF- Sﬁt‘la1 pm-gramrning intarlaae af'te-r A5 T goes high. |
nip Erasg | 10101 11::(]—' g 10D 00000 | Chip erase b boih 8K & 2K memory anays. ]
j=ad G-::rdr& MPm-:m,r Agaa a':m [ b sdde s yiey xaxx  Miead dala rmm Code memary aray 8l the sa.ef‘lad add 855, |

| I | | The 5 MSEs of the lirst byte are b high nrder addrass bits. |
| I | The baw graer addross bits are in tne second oyte, Data aré
L ) |_ = | a-.mlanle at pin 'MIS{',J during the thirel biyte. B 1
Jrite Coda Mermory | onEa al1d | oW addr 1 data in Write dala to Guﬁa mamory location at selemad addrass Tha |
| | sadress oils are the & MSBs of tha first byle Toyether with the |
| i second byte,
— = — | — = — = A= = |
sad Chata Memory | opaasiol ! “low addr | XK ABEX | Rcad data from Daxa mamary array at s&lacta-d Eﬁdl‘E‘SE Dala
" [ are a a'.ramal:lle at pin Mlgﬂ durmrg the third h';r!E |
ite Date Mermory | OC=aallo | lowaddr | daan wma data fo Dala memary o locatian at ﬂelac‘ad add ess. |
rita Linck Bits 1010 1100 | wxttd | omme o it lock it |
| Ger LB1, LB2 or LB = 40" ta program lock bils. B
o 7, DATA paliing is used 1o — eate The end ol a writs cycla which R Typically takes less. FanfEmsalsy.

2 ‘“aggaa’ = high oroer adoress,
3, “%" = don't care.

e ATTIEL ;
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'ash and EEPROM Parallel Programming Modes

| [ | = | | i ; | Dats VO | Address
Tode | AsT | PSEN ALEFROG | EANV. P28 | F27 | pas | pa7 | POT@ | PRSOPLTO
angl Prog, hades UL 'l " &% | I | '
L L — — T = - — —| — — _z'l s —|— | - == |— === —| — = - -I
i s T T o O Lfe ! B % x|
________L___i____l________|__|___|___
[rie (10K Dytes) Memory N i 124 L ! H | W W | D | ADDR |
-_——___—————___————+_|__|-—|— R
=ai (10K hytas) Memnry Fw & | H R Loy Lo M v | pour | apDR ||
s e —I—_I________'I'_ = _T__T'___
Jrite Lock Bils: I H | * . S [ A2y I gl Bl R [I' i I % |
I |
Bi-1 | | ! | | | | POT=0 | X |
Bit-2 | | [ I \ | | | POG=0 K |
- B3| | B _| | | | | 'I PAS -0 3 |
sad Lotk Bils: | v H | tv [ H | M| L b DDUTT # |
Bit-1 | | l I | | | ! I @pPoz k |
Bit - 2 ' | | | | | | @ PO ! % |
Eil-3| | | | | | | Sron | k3
sl Al Gxle "R H v |t L L L pour | agH |
——————————|——————————I——I——I———- = =
-ad Davice Coas I ™ B H (o b R L | ooy | A
'________i_I'_______'_I_—I_ o e _
ariat Prag. Enabin H W (- L wo| k| H | pog-o K
________J_!______ R A | L e e — —
wial Prog. Di=abis H | L |—\ i -t b e | S (- 2] L T H PO0=1 b |
________J.__[__|__.__r________|_____|____
sl Serial Prog. Fuse H Ky B e O o (O 2 0 [ % |
a5 1. = sy pules “High' mternally. - 7, P48 pulted Low wrinG program ming (o ndical
2. Chip Erase and sarial Programming Fuse reguire a ADYIBSY,
10 ms PROG puigs. Chip Erase neesls to be per- 4, "®"=don'lcare

jormed first bafore reprog rrming any byl with a
santent otherthan FFA.

AT8958252 /
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gure 13 Programming the Flash/EEPROM Memaory
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jure 14. Vernfying the Flash/EEPROM Memory
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Figure 13. [lash/EEPROM Serigl Dawnloading
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\ash Programming and Verification Characteristics - Parallel Mode
_ gC e 70°C, Vg = B.OV L 10%

ymbol | Parameter [ Min | Max | Units |
o _IFr{.‘:_graTmiEgEn_ablEWitﬂgE e e = B AL 125 | = _|
o IPrngrarnming Eﬁablacurwinl_ I l o _‘1.(3'_'_ mA _|
Moo Osmllamr Fqueney . — — — — —— o 3 T _24_ i Mt |
weL AddresssatumeHDGLaw e s e _| j&.:g;.__ k= _|
Y I_AddrequmdaﬂmF'HDG = = | jEIpEL_l S N
v | EﬂtasuluptﬂF'RGGLmH S e | Mo — _|
e J_Jflalta HnldaflarF"FtUG e S B _d-ﬂui.«im_ i = _|
HEH |P2?[ENM3LE]H|-5,!‘|T.¢JV—.F e = = _L"'EtCL‘E_lI___ i———'l
e |‘u’rspﬁa1uptnPHDGLDW_ = Earuem e _l_m_ A ks

._Gu_lpqocwmh e |1 (e _m )
vy lAddrﬁssiDDatava'ud ol s e S N I_4EH,“J | |
v TENABLE antﬂﬂata "-l'alld = EaEm e = o = T 4ﬂI.-._;. ! [ ‘|
. DamFlnala’rtarENAELE T == It _n_ '_433.1;1__ -

HEL_T‘H_G-rugntusnm_________ _____|___|r En_ll uijl
o I'I]mﬁ Wnte ﬂ-,rcleﬂma - - - - - . E ms |
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ash/EEPROM Programming and Verification Waveforms — Parallel Mode

PROGRAMMING i WERIFICATION
FOBIT o T aDERE _ | Taopmess _ — -
: s | | . s
— = = — — | == = =i
GeRT e 29— — — — | = AW _ B L - U
ot o
Tavel [*— "*l i !t l |
aEwgsss T . L x=— = l____"_'__l__
tSHGLr_ Tl gy ™ I f
. ____*l_"-’Ep___l____‘T_____'
EAMpp = s smssep et S T _!___ .
—! la— - 1
P27 —_ N o -~y e
{EMABLE) o= v | [
' towat ~ % '
P34 ez ioaeie |
(RDY/BSY) | ho BUSY READY
a— ~twg T
rial Downloading Waveforms
SERIAL CLOCK INPUT
SCK/P17 QR i R g [T —

SERIAL DATA INPUT |

MOSIPA.5 [ - T A W S sl
|
|
SERIAL DATA OUTPUT
MISOIF16 B e e B I S
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bsolute Maximum Ratings”

Yosrating TEMPEratura . e e seof tn 4 126°0 SNOTICE:  Stresses beyond those listad under “Absolua
Maxmum Fatings" may cause penmanant dam-
torage TATRBTEINIE oo 65°C e +150°C age to the device. This i& 3 stress mting only and

| [unetional operation of the device althese o any

tpltage on Amy Fin nher conditions beyond those indicated in the

(i Aaspet to Greund tl:l‘u" fo 4 7.0V operational sectians ol this specification is not
impliad. Exposare 10 aneglute makimum @ITg
s Operating VOIRGE oo s sy 6.6 sonditions for exlendead panods may afiec dEVICE
raliatility.
3 OUtpUl GBI oot nmmmsiares e s e 7 15.0 mAo J

C Characteristics
@ values shown in this lable are valid for T, = -40°C 1o B5°C and Voo = 5.0V 1 20%, unless otherwise noted.

ymbol | Parametes | Gondition T mn | Max ' units |
| Input Low-voliage | (Except EA) s | 02¥ee- 0o v '|
| Tnput Low-voliage (EA) | 05 | 02Vp-08 Ty |
q | tput Hifh-voliage {Excepl XTALY, RST) 02Vee+0® | Mop +08 |V _|
w | Ineut Hifh-vottage | {xTAL1, RST) 0.7 Vo L Ve t05 |V |
Grutput Low-vohage | |
AL | Ports1.2.9) le =1.6mAk | | 05 | v |
_—[_____-._____ ______________I__
Outpui Low-vattage - | |
ook i {Port §, ALE, PSEN) l. by =32 mA 2 0.3 | v |
1 [y = -60 PA, Voo = Y+ 10% 2.4 ! | ¥ |
| Cutput Hih-woitade i_ =] e = | — — T ¥ e
T = TE Ver
| (Poris 12,3 ALE, PEEN) low=BBRA _ GT8Veo o |
| lgy= =10 nA 20V | v |
e = T | o B Y= PO | B i R
o= " s v o .
| Culput Hidh-waltade Ll e T = ===
a3 | 675V v
i | {Pan 0 in Edemal Bus Moce) L low = _m”‘n"_ R S 1| L — ot = _|
= el [oove | 1 v]
| Logical 0 Input Gurren! (Ports 1.2.3) iy = 0.45V | | 50 | pa |
i Logical 1 1o 0 Transition Curarl (Ports 1,23) | Vik= oy Van =5V T 10% | | -g50 I pa _l
_____________________________l__
| Input Leakage Gurrant | |
o e | 0.45 < Vi = Yo i | mo | wA |
35T Resct Pull-down Fessor T B4 G0 | KEX |
5 TPin Capaciana | TastFreq. =1 MHL T = 255 il | 10 I pF |
! | Active Moda, 12 MHz | | 25 mA
| Pewwer Supply Gurent i =L —_— T
i P | lgle Mode, 12 MHz | I s o
) | Vo =8V | ' 100 A |
| Power-down Mods ' i e - =) I = = —|
| | Vg =3V ___L D B . . .=
o Tﬁﬁsﬁdﬁmﬁnﬁﬁmnﬂ conditions, 1 A tolal I, for all output pins: 71 ma
st be axternally limited as follows: II 1, exceans the tast condition, Vg may oxcesd e
MU Ly, per port pire 10 ma ralaled specilicaton, Pins are not quaranieed 1o sk
Maxirmum 1o, per 8-bit port: current graater than tha linted 151 conditions.
Port i 26 mA 5. Mimium Ve for power-down s 2Y

Portz 1, 2. 3: 15 mA

ATB9S8252 /



/ AT8958252

C Characteristics
der operaling conditions, loac capaciance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all otner
iputs = 83 pF.

«ternal Program and Data Memory Characteristics
|

Variahle Oscillator

_!_
I

ymbol | Parameter | Min | Max | Units |
Mg | OsllorFrequoney___ _  — — — — % = WMz
Wi T | ALE Pulse Widih D) e I s |
W |Addraﬁs‘-la!|dmALEan == T L _|
e AddmssHmdaﬁerAiFLuw RS — '_'3'-'352{)_' B s

. | AElowevadmswaenn - L |
o _|A|_|:|_uwmﬁia_NLcm_ = _1._LCL*‘-'-_‘3 i s _I|
o |FTSFENF'uI.,eWIdlh e s e MG |_ s ‘|
W JPSEN Low to Valid Instructu:min [ l_ N _EIL.E,_.-jE i _ & |
w I_InmilnstmcuonHmudaﬂarP_r:'N B e = _|_ _n_ L _| _-15_

i Inp'l.ntlnst'ru-."hnr'l'FlomaﬂarF‘EEN ey semees i = |_ e _I_t[E,_-_H:_l_ ns _J|
m: ~ " SnEN o Address Valid = I tgas® 1 ns _|
R e o | _m
:ﬁ? — T :EHLMtn.ﬁujdms.stnaT ____ ___ S _I_ - _|_ 1o | s _'|
L FOPusewan  _ _ _ _ _ __ — — —— T .. 1|
-:.uH_l_HFm&BW'dﬂh e = T TG s
{_LH_ELmtn‘JaleDatam = menaea I _J_51.;_,_Cl$ﬂ - N
~ " Tosatodater®  _ _  _ — — — — — o] = o s

Wz |DataFIuatai_erHD I = l_ﬂE"‘iEE’_ s _|
o Ip.u:l_nwtouahdnataln = === _B:c,_.;,-_15::| r'ls_|
i | address o Valid Data In ey S _l_EtEC,-lEﬁ_ _ons

,:____ |F.L-L|:rw'lGFl':lorWF¥Ll:n; : _____ == m e _|_3tﬂ_,_~;__-ED_II_31£LC_+5IJ_ B ns_ ||
we Iﬂddrassm_ﬁanHL{m e maee— e i ft:'-E"ES_|_ _ = s ES_|
wio |Dara‘u’alld!nﬂF*Transmﬂn ==} I_C.GL-EEI_ = s ns _l
Wi |‘Datn\"-l'alld-1ﬁWFtHl-gh I~ = 4 ELg.E_-‘:E_ﬂ e ne _|
o _IﬂataHmdaﬂarWH I I_EC_L:._;ED_ A _m o,
w _'H_ngtrhudmsslflna'l e = == L = = - ns |
 TADorWAMghtoALEHGh | s 20 | lent® | s |
— ‘II-“EL 27
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xternal Program Memory Read Cycle

. T e
ALE . '|________ . -
o — — —— —Hilsmy
Tm.ul"“ e — L — =¥ |
R _____"‘_1'-|-_'-|'" J =
FSEN | ' == tpiw ( ;
| | Apgav * o
l | ez lpsiy la— —»
| llh_."..‘-{i— —F'|
| tpw-w b=
PORT O o kT TRo-A7_ |— — {ONSTRIN | . TAaea <
|-|- — —_ t'ww —— b-l
POHAT 2 = = __l _______ _AB_A15_ - __ - :Aﬂ-__MET_ -

dernal Data Memory Read Cycle

™ —thn —™ |
ALE { " -
I - H o s
PSEM ____!________|_______\
= «— — Yymw -~ _ -
| " taian
R | |
ne la— tpax = 1 l— — -1
by = o ol = I"”Ffl.l.l::l"." r ""lt“HDZ
I Ay 1 1 | ol |
| L e T
= ] I PEBEEG e . et
PORT O [ AD - AT FROM Rl OR DRI _\'7 ,1' — + DATA IN“T:—'>|'m ~ +7 FAOM PG — INSTR_IN
. A~ 2 FROW Bl TR Sl 0~ A7 FAOM T AL
- — — -t — — — ¥
e — — — = twov — — —
pORT 2 _ | _ PO - ﬁg.?‘_ﬂﬁ_ﬁ_-}@_rﬁc_m_gﬁ-t___',a T AB - AlS FROM PCH _ _



/ AT8958252
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Port Timing: Shift Register Mode Test C
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rdering Information

“Speed | Power | I |

(MHz) | Supply I Ordering Code : Package | Operation Range J

-5 | AovioGov | ATEDGR252-24A0 YT I Commercial |
| | ATEQSBEEQ-E&JC [ Adl [ {0Cto FOVE Y

j | ATEO0SA2E2-24PC ik |

ATAOS8252-2400 440 ' |

[ 4.0V to 8.0V ATEISE252-24A1 l. wa — |

| Aragsezse-24J! 44J ' (-40-C 1o BE'C} |

| ATR9SER52-24P1 | 40P6 I |

| | arsgsezsz-240l | a40 | |

ag | A&VI0BY ATB0SRZ52- 3380 | aaa | e = %

| | AT8958252.33UC | 4 | (0°C o 70°C) |

| | ATROSE252-33PC [ 0P | |

5, Ay | ATEQSB262-330C | w0 |

[ ] = Prefiminary Information

== |

Package Type —|

1A L T iead Tnm F"Iastu: 1'.3u1l Wlng Duad Flalpach {TCIFP) |

L 4-‘4—!|Enad F‘iastlc J4eaned Gnip Cartier (PLCCH |

P6 l_-tﬂ—iead a. 600" Wide, Plasiic Dual Inline Package (PDIP) |

i} ' 44 |ead Flashc Gu‘ll. Wnng 'Dua{:. Flaipaﬂh (PGFF‘p _]I

AT8958252 /
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ackaglng Infurmatlnn
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§-8it, Microprocessor-Compatible, A/D
Converters

The ADCGEDX family are CMOS 8-Bit, sUccessive-
approximation AND converters which use a modified
petentiometrs ladder and are designad to operate with the
BOBOA contral bus via threa-stets cutputs, These converters
appaar o the procasser as mamaory locatons ar 10 pors,
ard hence no inerfacing logic is reguired.

The differental snalog valtages input has good common-
mode-te@stion and permits offsetting the analog zero-input-
voltage value. Inadditon, the vollage reference inout can be
adjusted to allow sncoading any smallar analog voltege span
to tha full B bits of resclutian.

Typical Application Schematic

ADC0803, ADC0804

FN3094.4

Adgust 2002

Features

» BOCYE and SUCHHES Eus Compatible - No Interacing
Logic Required
Conversion Time . __ . . . 11,11

Fasy Interface to Most Microprocecesrs
Wil Operae ina "Sand Alone” Mode
Differential Aralog Yoltage Inputs

Warks with Bandgap Vollage References
TTL Compatible Inputs and Dutputs
On-Chip Clock Ganerats:

Analog Voltage Input Range
[Single + 0V Supply) ..

Mo Zero-Adjust Required

B0C48 and B0CE0/85 Bus Compatible - Na Interfacing
Logic Required

0 to &

Mg C8 7 Vel ssy qsope
EqfD  CURR 12 Pinout
WR Gl |3 10K | l:l,”
Bl - ADCOBDI, ADCOE04
K| y [(PDIRY
2124 o TOP WIEW
ANY e
| PROCEESOR e 1.7 pes v
= -
:: DBy iy i+ -:—'n DIFE cs 1] 20] 1+ OR Vres
e R INFUTS "o 2] V8] CLK R
D5 lpex  AomD —
* WH [3 W8] DBy a5
Srloe,  Vreri2| ) Vet B 18] 08 1 55)
™ et {DBg  DeND|Y 1 cuiem [4] 17} 08,
£ ! — TR [5 15] B
Vi (+) [§] 18] oy
Vi 4 3] 1] DRy
B-BIT REZOLUTION
OVER ANY AN E E Dy
DESIRED Vrer2 [3] E DB
ANALOG INPUT
VOLTAGE RANGE peND i 1] D87 ses
Ordering Information
| FART HUMBER ERROR EXTERMAL CONDITIODNS TEMP, RANGE i"'"C‘-il PACHKAGE PHG. NO |
ADCOSIILON | Meies |vpesi2 Adjustsd far Ganact Fall Seale 0 to 70 20 Ld POIP Ez0d |
| Reading
ADCOS04LEN 1LSH Vppe2= 2 500V 5 (Mo Adjustrants) O'te 7D 20 Ld PDIP !EZGLS
T T CALTICR. T q.::w. A darrdtive b ehectrostatic o changs; faliow! aropeT o Hanoing Frooecares

1-BEFNTFR AN nr 371-724-7142 | Imiesil Jarn dewigrng 8 @ meyrdeeed badenarh @ Disisd Boneicas e

Loy gL Inle s AnericEE i, SR Al Byt ese vad




ADCO0803, ADCOBO4

Functional Diagram
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% : z & D SET "7 = BUSY AMD RESET STATE RESET

CLKR INPUT PROTECTION 1
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ADC0803, ADCOB04

Absolute Maximum Ratings

Supply Vollaga
Woltage at Any Input.,

Operating Conditlons
Terrperature Banga. . . TEEEGT

CAUTION Strascos ahaen thnse Sebad o Abeodle Waimum Ratngs” mey cacss pammanenl daradie e by dawes, This /& 5 stress dnde raling g gReration of ihe

Thermal Information

e i e Y Themmal Rasistance (Typical, Mote 1)
coo 0BV I VT 40 3V) PDIP Pagkage: . = va i
Maximum Junction Temperatura
Plastic Package _ ... . ...

09 0 FOMC

Maximum Storage Températurg Rangs.

B, (FCHA

BD

A LG
55" 10 150°C

Masimim Lead Ternparature (Soldaring, 10sh .. . .

it ol s v Ay Giher condifions aibove Mhase inomsated in e dieralat secdinns of Hus specilTalun @ nor mpihed

NOTE:

Tk

1. Hyp is mAssured with the component mounted on & low eflective tharmal canductivity test koard in free air. Sae Tach Briaf TBITS for details.

3| Imitersi)

Electrical Specifications  [Netes 7, 8
PARAMETER TEST CONDITIONS Min TYP MAx WNITS
COMVERTER SFECIFICATIONS W+ = 5V, T = 25°C and Iy ¢ = 540kHz, Unless Otherwise Spedified
Tatal Unadiusted Error [
ADCDE0E Vioppt2 Adprsted for Cormect Full Szzle Keadmg = - +1s Lap
ADCOE0 Vo2 = 2500 . - -+ | 5F
Wz pf2 Input Rasistasee | Input Resistance at Pin 9 Y 13 : [
Analeg Ir.l-ﬁutTu'ultager Ranga (Mota 3) GHD 00S o (W + D05 i)
DG Corminon-Maode Rejection de Analeg input Voltage Range o I"J'»]ﬁ | I."E, LB
Pawer Supply Een.s-iti;c.iﬁ.r- . | W= 5 210% Cver Allawed Input Vcll:a;e_ = =+ Ry 7-1;'5 [ LEE
o Range . |
CONVERTER SPECFICATIONS W+ = 5V, 0°C to 70UC and fry i = S40kHz, Unlass Othervise Sperifiad
Total Unadjusted Errcr -
ADCOE03 Viep2 Adjustad for Comect Full Seale Reading = il LsE
ADCEE0 Vopr2 = 2.500V 1 +1 L5E
perd Input Resistance | Input Resistance at Pin 8 ) 13 : ke
Amalog Input Voltage Range | (Nt 3) - GND-0 05 : W +005| W
DC Comman-Made Rejection !Dmar Analag Input Voltage Range - i Ty Vi LER
Powsr Supphy Songitrety ['We = 50 Z10% Crvar Mlowed Input Valtage Nt =13 LEE
[ : Range |
AC TIMING SPECIFICATIONS W+ = 5V, and Ty, = 3575, Unlass Othanwise Specified
Clock Frequancy, fep Wi =6\ (Hate 43 T 540 1280 kHz
=5y 100 f0 BOD klz
Ciack Perlods per Conversian (Hote 5], — = 52 = i m?&cﬁnﬂ
eelar )
Conwarsion Rata In Free-Running Mode, CR | INTR tied o AR with ©2 - Y, fop i = B4DkHz = 8azg Corws
Wicth of WR Input (Skart Putse Widlh)., T5 = OV {Note §) oo | - ns
bl
Access Time (Delay fiom Falling Edgeof | &_ = 100pF {Use Bus Drivar IC for Larger C _, E 135 200 ns
RO to Output Deta Valid), taro
Threa-State Contral (Detay frem Rising | ©_ = 10pF. By = 10K . 125 250 ns
Edge of RD b HI-Z Sfate), by, ki {See Three-State Test Circuits}
Uslay fram Falling Edge of WH to Resst of . - oo 50 ns
INTR. b bx| .
Input Capacitance of Logic Contral Inputs, E E R pF
City
Thrae-Stats Oulput Capacitance (Daka - 8 - pF
Bufters), Gt |




ADCO0803, ADCO804

Electrical Specifications  (Note= 2 8) (Continued)

FARAMETER | TEST CONDITIONS | mn [ Tve MAK UNITS

DG DIEITAL LEVELS 8ND OC SPECIFIGATIONS Ve =5 and Tpyn b0 Tppax. Unkess Othenaise Specified

GCONTROL INPUTS (Mote 7)

Logie "1" Input Valtage (Except Pin 4 CLK 4+ = 5,250 I BET R
IND. Wiy
Logie "0 Inpat Voltage (Except Pind CLK | Ve =475V . : B v
1), Wiy,

'CLK IN (Pm 4) Positive Golng Threshold zr | &34 as | v
Walaga, Vo

CLK IN {Pin 4) Negatve Gong Threshaid 1S 18 | =21 W
Vaoltage: Wy i

| CLK IN {Pim 4} Hystoresis, Vi 05 1.3 0 | v
Lagic 1" Input Currant (A1 Inpetsl, Ly | Mg = 5 - - 0,005 1 B TR
Legic "7 Input Current {All tnputa],"q;i_.,ﬁ Wi, = Y -1 I .00 ] LA,
SUpplY GUTEnt {Inckides Laddgr'c-mnt]. I+ |r(-_. i = BdlkHz, Ta = 25"; a_nu_ﬁ =Hi . | 13 | T m
DATA DUTPUTS AND INTR

Logic “07 Cutpu: Vakage Vs, lo=1.BmA, VE= 475y 2 . g4 v
Lagic*1" Qutput Velisga. VCJH b= -350uA W+ = 4 70V 24 - & W
Three-Grate Disabled Cutpul Leakags [AIII-..;':I:EJT =y - -3 - = 1A
Data Buffers, I, Vi = 5V | &= [ # A
Cutpat éhnrt Glﬁ:uft current tzoupon W Short o GHD, Ty = 25°C 4.5 B - mdk
Output Short Circuit Currant. Lo |‘u"._r_1_1— Shartto W4, Ty, m 285C 90 1& - il
NCTES:
2 Al voltages are measured with respect te GND, unless othennse spacified, Tha saparate AGND point ehould always be wired to the DGHD,

3.

being careful bo aveid ground loops.

For Wiy 2 Wi the digital output code wall be G000 G000 Two on-chep dodes are ted to cach amlog input (sea Block Diagramy) which will

farward canduct for analeg input valiages one disde drop below ground or ona disde drop greater thanthe s supply Be careful, during tosting
at low v+ levals (4.5Y), as high level analog inputs (5%) car caussa this input diode to conduct - espadally atelovated lemperatures, and ceuse
arrors far analog nputs near full scale. As leng as the analog Yy dess not excead the supply voltage by more than S0, the oufpul code will
ba correct. To achiave an abeolute OV to 3V input voltape range wili therefore reguive 8 minimum supply valtage of 4 950V aver tamperature

variations, Initel telerance and loading

. Wiith W+ = 8V, the digital logic mierfaces are ne lenge: 7TTL compaltible.

With an asynchronous start pukse, upte & clock perieds may be required before the internal clock phases are aroper to SEM e converskan pocess,
The £S5 input is assumed to bracket the W strobe input so that timing is dependent on the WH pulse widih, An arbitrariny wide pilse width will
hold the convertar in a reset mods and the start of convarsion is initated by the low to high transton of the WR, pulse (sea Timing Deagrams).
CLE IM {pin 4} iz the input of a Sehitt rigger cireait and iz therefore spesifed separately,

Weane of these A/Ds raquires a zaro-adjust. Howewar, if an all zere cods is desired foran aralog input othar than 0V, or © a nasrow full scale span enislz
ar exampie: 03 to 4% full scale)-the Vi, nput can be adisted to acheve thés. See the Zara Exor desaiption in this data shest

Timing Waveforms
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FIGLIRE 14, 14y FIGURE 1B. tyu, Gy = 10pF
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Timing Waveforms icontinued)

' Y+
]' 10k
DATA
QUTPUT
L L

FIGLURE 1C. tgy FIGURE 100 gy, S = 10pF
FIGURE 1. THREE-STATE CIRCUITS &ND WAVEFORMS

Typical Performance Curves
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Typical Performance Curves (continued)

| 7 16 . — 4
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Timing Diagrams (Centinued)
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FIGURE 108B. QUTPUT ENABLE AND RESETINTR
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Understanding A/D Error Specs

A perfect &0 trareter charackeristic (StE|reass wave-form) s
shown in Figure 114 The honzontsl scale is analod input
voltage and the particular polnts labeled are 0 stepaof 1
LSB (19:53mA with Z 5V tied to the Vg2 pin). The digitzh
auput codes which core spond ta thees inputs ame shown as
0., O, and D1, For the perfect AL not anly will centai-
e (A-1, 8 AT janalog inputs produce the conect
yutput digl@l codes, bt also aach riser (the transiions
Jetween adjacent output codes] will be located iy 128
gway fram each certar-value s shown, the risers are deal
ard have o width, Carect digital output codes will ba
provided far a rangea ot analog input volmges which axhand
-_1}2 LSE from the ideal cenler-valuss. Each tread (the range
of araing input voltags which provides f1e samMe digital
output code) 8 therefore 1 LSB wide:

The emor ourve of Figurs 11 B shows the worst cas2 transfer
Function far the ADCOECY. Hare the speciicatian guerantees
that i we apply an analog nput egual o the LSB analog
yoltage cantarvalue, tha AID will preduca the correct digitzl
cade.

Mext i each ransher function is showh the comasponding
amor olot, Motice that the ermar inclades the quantization
uncarminty af the AT For exampie, fhe amar atpoint 1 of
Figure 114 [s 4117 LS8 because the digital code appeared
{3 LGB in advance of the canter-vsiue of the tread. The
piTor plots abways have 3 constant negative slops and the
abrupt upside steps are atways 1 L3B in mag pitude, uNless
the device has MISsing codes

Detailed Description

The functional diagram of the ADCOa0Y. senes of AD
eonvertars operates on fhe sUCoESSIVE approsimanon
phnciple {se8 Apglicabon Motes ANDTE and ANDZD for s
more detailed description of this principle) Analod switches
are closed sequentally by succestaive-approxmation legic
untl: the anslog differential input voltage [VN+) - Vingeid
matches 2 vollage derivad from a @pped resistar sTing
acrass the referanca voltage The o=t significant bit s
lasted first and after & comparisons {64 clock eycies), 8n 8-
it binary cade {1111 1111 = fult scale] is trarsfermad to an
autput lateh

Tha nomnal cperaton procesds as DIOWS. iy thie high-to o
transition of the YWR input, tha rternal SAR Teiches and the
shift-registar sages are resat, and tha [NTR gutputwill ©e =21
figh, &s feng as the £S5 input and VR input remain fow, the
AT wall rarriain in & resat State, Conversion wil start frorm 110
B clock porinds after &t least one of thesa nputs makes a low-
ta-high transition, After tha requisite Aurmber of clock pulses o
romplete the conversan the INTR pin will maks a high-ta-low
transition, This can be usad to IETUPTE Processan, o
atreneise signal the availabilioy of a naw comversior. & RO
oneraton (with T35 ) will clear the IMTR line high again
The devics mzy be mparated in e free-nupming mode by

- — T
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conmecting INTR o the \WH input with ©5 = 0. To ensura start-
uzp uncer all pos=ble cond wans, an edemal WH pulses i=
retjuired during the first pawer-up cycke. & convarsion-n-
process can be interrupted by issUing 3 socnnd star
command.

Digital Cperation

rhe canverter s staried by hgving G5 and WH simuitansoLsly
jow. This sals the etart fip-flop {FiF) and the resultng *1" tevel
resets the A-bit shift registar, recets the Interrupt (IWTR} FF
and inputs a 1" o the D flip-fiop, OFF1, which i at the input
end of the B-bit shift ragister Intermal clock sgnals then
fransfer this "1" o the 0 output of DFF4. The AND gate, 51,
combines this *1" output with & clogk signal 1 provide 2 raset
signal to the start FiF, |F the sat signal is no [onger present
(erther YWRor &5 s 8 *1"), the startFIF is reset ahd the B-bit
shift register then can have the 1" clocked in which starts the
conversion process. f the sat signal wers to stll be prasant.
this resetpulse would haye no affect (both outputs of the start
FIF would be ata “1" lavel) and the B-bit =hift ragister wauld
continue fo be held [n the reset miode, This sllows for
asynchronaus or wide 5 and WR sigrals.

After the *17 s clacksd through the B-bit shift reqistar (which
completas e SAR pperaban) it appaars as the input to
OFF2 & soonasims 4" & putput trom e shift register, the
AMD gate, G2, causes the new digital word to transfer to tha
Three-State output latches. yhen DFF2is subsauenty
slacked. the 01 output makes & figh-to-law transition which
nausit:la (M TR FIF foeet An inwvering buffer then sLpplies
the [NTR output sigral

JVhen datm is 1o be read, the comninaton of hath ©B and RD
baing low will causs the INTR FIF o be resat and the threa-
=tate output lakches will e enabled to provide e B-bit
digital cutputs

Digital Control Inputs

Tha digial contral inputs (5, RO, and WR}rmest standard
TTL logie veltage levels These signals are gmzentially
equivalent to the standard A/D Starl and Cutput Enabla
conirol signals, and are aokive low to allow siheasy intarface
o FCIOpIOCEES0r corirol busees. For Ao M-miCroprecassar
based applicatons, the S input (@0 1) =0 e grounded ard
the standard AT Start funchon obtained by an astive g
puise at te WR nput (pin 3}, The Dutput Enatile funchen is
achiayed by =nactive e pulss atthe RO input {pin 2},

Analog Operatian

The analog compansons ane parformed by & Capaditve
charge sumrming sircut, Three capacitors (with pracize ratged
values) share 3 common node with the input @ anauie-
rarosd comparator. The inpUt capacitar is switched betwaen
‘J|N[+}_and VN wihile targ ratioed reference capacitors are
ewitched between EpsOn the raference voltage drider sing.
The net charge cormesponds 4o the weighted diferance
betwean the input and the currant totsl value set by the




succsSsive appraximation ragister A pomecton is made to
st the comparison by 'io LSB (see Figure 11AL

Analog Differential Voliage Inputs and Comman-
Mede Rejection

This A/D gains considerable applications fexibility from the
analeg diffarential voltage nput The Y. input (pin Tlean
b usat to autarmatically subtract 3 fued voltage valug fram
*he |nput reading (tare corteciion), This is alsd ueaful indrmh
S0 eurrant loop conversion in additon, common-made
noisa can be reducen by use oif the differential inpuk.

The time Interval bebwesn sampling Vin and Vipiy 15 4l
clock periods The yra mum @ mor voltage due o this st
fime difference betwesn the input voltage sarmples is ghven by
-':'L"l"; iMN‘:: = ':‘HrF.EP'p{l:I[?T[fGM'ILA—-ﬁ']

Tl
wWhere,

AWz is the sirer voltage dus ko sampling datay,
Wppak is the peak valug of the common-moda voltags
Top) is he cornmon-mode frequancy,

For example, with B0z commion-moda frequency, fon. and
- BADKHz ATD clock fey e keeping this error o 114 LSB {~5mb)
wiuld allow a comman-mads voltage, \op g, Giver by’

A T
L """lzlr.-';!-.m.fﬂ_l_‘,:]J
Vpzad TETE 4T

or
3 3
(Bx 10 1BAD-10 ), g
=18,
Vprak B ZBWEONAS] |
The allowed range of apalog input woltage ustally places
miare cevene resticions on input commaon-rmace woltage
tevals fhian this:

A ErElog input voltage with & reduced span and & ratativaly
large zera offsetoan be sasily handied by making use at the
cifferantial input (see Reference Woltage Span Arfjust).

Analog Input Current

Tha intermal switching sotion caLSes disgtacemant curents o
flawr at the anaiog inputs, The voitage on the on-chip
capatimnce fo ground & swilched through e analog
diffarental input volEge, resulting in proportional cumants
entaring the W4 (NRUL and leaving the Wiy Input These
curen! Tansents oeeuUrat the |sading edoe of the |l
clocks, They rapidly decay and o nat nRersnty muss eTrors
g the un-chip comparator = sirobed at the end of the chock
perled.

Input Bypass Capacitors

Bypass capacitors at the mputs will everags these charges
and cause s DC currentin flow through the output resistances
of the analog signal SOLrces. This chigrga pumEng action is
wiorse for aniNUOUS CONVErsions with the Vs Nputvoltags
st full scals. Fora G40KHz clock fraquency With thie Vinj+i

_'J| int ;il
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input at 5y, this OC current is at & maxirum of approximately
SpA, Thenefore, bypass capagcitors should not be used at
the analog inputs or the \ggr!2 pin for g resistance
sources (=1kd) If inputhypass capacitars are Necessary far
rinise ftlenng and high souce resizmnce s desireble
minirize capacitor size, e effedls of e voltage drop acToss
this input resisianca, oUa to this average value af the input
current, can be compensated by & full scate adjustment while
the given SOUMCE rESISAr and input bypass capacitarane both
in place. This s possible becauss the average valus of the
impart current 53 precise linear funclion of tne diferential input
yoltage at a constant convarsion rake.

Input Source Resistance

| arge values of source resistarice whers an input bypass
capacitor is not used will not cause ermons since the npul
currenls sethe out pror to the comparson tirna. H & o
pass fiter 1= required in the SySEIM, USE 3 [owe-value series
resister (= ki) for = passive RG sechon of add sn op amp
R actve low-pass filter, For |ow-source-resistance
applications (<1%L1), 2 0 1uF bypass capaciir at the inputs
will mynimize EMI due o e earies lead inductance of a fong
wire. A 1000 saries resistor can ba used o ieolzke this
capa citor (holh the R =nd C are placed outsida the feadback
|pop) from the output of an op ame, 1f used

Stray Plckup

| b l2acs o e anakes Inputs (pins £ and /) should be keot
g% sharl as possible to minmize STy signal pickus (EMI}
Bt EMI and undesired digital-clock coupling o these imputE
car calse systam errors, The soUMGe resistanca for thess
inputs should, ingeneral, hie kepl below SHEL Larger values of
enurca resistAnce Can Cause urdesired signal pickup, Input
bypass capactors, placed from the analeg inputs o ground,
will eliminate tis Fiskup But can sregte gnaton scale amors 33
thass capaciors will verage the ransient input switshing
cuments af te AD (see analog Input Currant). This scate
armor depends on both a large sourcs resistance and the use
of an nput bypass capacitor This emor can be campenseted
by a full scale adjustment of the AT {see Full Scale
Adjustmant) with the source rasigta nee and input Bypass
rapacitor n place, and the desired conyersien rate

Refarenice Voltage Span Adjust

Ear maximum application flexbility, these AlCs have heen
designed o sccommodsls a Oy, 2.5Nar an adjusted volzge
refarence 1his nas been achipved in the design of the 10 38
shown n Figure 12,

Natice that the refercnse voltage for the 1S is gither 111 ofthe
yoikage which s applied tn the W+ supply pin, oris equal te
tne voltage which is externatly forcsd attne Vrep/2 gin. This
allows far 2 peeudo-ratiometic volisge reference using, for
the W+ eupply, 3 5 reference voltmge . Altamatively, 3
voltzge less than 2 8 can oe apphed fo tie Mg pele input
The inemal gainto the Vaer2 input is 2 to allow tis factar
af 2 reduction in the reference yoltage
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Such n adjusted reference voltage can accommodate 8
juduced span of dynanmic yoltage range of the analog input
yoltage. If the analog nput voltage were o range from 0.5V I
55\ |netead of OV to SV, the Span would be 3 With 0.5V
applied ta tha Vi pin © absarh the offsat, the referancs
woltage can be made equal to 1j5 of the 3 span of 1.5% The
AT o will encode the Wi+ signal from 1.5 to 354 with
tha 0.5V input corresponding o zerm and the 3.5V input
comespanding to full seals. The full 8 bits of resolutiion are
theretone applied ovar this recucad analog input vattags
range. The requiste connections are shown in Figure 13. For
expanded scale inputs, the circuies of Figures 14 and 15can
he used.

e
wee) | o
R
]
VREFZ o—rT] =
DIGITAL
] CIRCUITS
}* 1
1 }
rd | DECODE 5 :1%';]?;

AGHD | 2 DGHD | 10
—— e

FIGURE 12. THE Vrgrerence DESIGN ON THE IC

Vner

FERD SHIFT VOLTAGE

FiGURE13. OFFSETTING THE ZERC OF THE ADCOB0X AND
PERFOEMING AN INPUT RAMNGE (SPAN)
ADUUSTMENT
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EIGURE 16. HANDLING =5V ANALOG INPUT RAMNGE

Reference Accuracy Reguirements

The convertar can be operated in 2 peaudg-ratiometric mode
or an absolute mede. In ratiometric conyerer applications
tne magnitude of the farence voltage is @ Tactor in both the
putput of the source trameducer and the output of the AD
conwerter and therefors cancals out in the finah digital eutput
code. In absolute conversion spplications, poth the ihitial
valug and the temperatre stapility of the referance valtage
are ImportEnt accuracy Tactors i1 the operatian of the AT
corvertar, Far W gep2 veltages af 2 5% nominal value, irgal
arrars of £10my will causs conversion emors of £1 LS8 dus
to the gain of 2 ofthe Veep input.In raduced span
applications, the ipitial value and the stability of the Vapr2
input voltage become even more inpartant Far axample, T
the span is reduced 10 23V, e anzlog input LSE vaoitage
value 15 enrrespondingly reducad Torm 20my (5% span) 1o
10mY and 1 L5E atthe YRpEF?2 input becomes Sy, A En
be seen, his reduces fhe allowed inifial tolerance of the
relerence volage and requires carrespandingly less
absalute change with tamperaturs variatons. Note what
spans smafler than 2 A% place even tighter requirermants on
the initial accuracy and srabliity of the reference SOUTCE

In ganeral, e referanca volege will reguire an inidal
adjustment. ETrors due tc an improper vale of raferance
volmge sppear as full scale emersin tha AD transfE
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function. |16 voltage regulators may ba used for refersnces if
the ambiert termperaturs changes are not excassive.

Zera Ervar

Tha zem of the AD does not require adjustment If the
minimum analag input voltaga wlle. WipgiMIng s mval ground. 8
zemm cfsat can be dons. The convarErcan be made o output
DO0 0000 digits! code for this rrsnimum irpLt voltage By
biasing the AT Vg mput at this Vg value (gee
Appheations section), [his whlizes the differentsl e
aperation of the AL

The zefm erar of he AD converter relates ta the location of
the first riser of the trarsfar fsunction and can be measuned by
grounding e VN input and applying & srall magreludes
aositive voltage to the Vi« input Zarg amor is the difference
betwash the actual DO input voltage which is necessany o
just calise ah putpUt digial code transiton from 0000 D000 tn
5000 0001 and the ideal Yo LEB value (1 LSB = 9.8mV for
VREFZ = 2.500V).

Full Scafe Adjust
The full scale adustment can be made by applying 2
Jifiarential input voltage which is 114 LSB down from the
desired analog full scsle voltage range and then adjustng
the magnitude of the Vpep2 input (pin ) for a digiel oUtput
code which is just changing from 1411 1110 1o 1111 119
\Winan offseting the zero and Lsng a span-adjusted Vrep2
yatmge, the full scale adjugtmert is made by inputting Vi
1o the Vip) input of the AD and applying a velEge © the
WINE+) input which is given by

Y = I3
V- Taaps ~ Ymax ! 5[ M e M'i:l'
wihere:

Wpax = the high end of the anakog Input range, and

Wi = the low end [the offest zaro ) af the aralug ranga
{Both are ground referencad.)

Clocking Cption

The cock for ha A/D can be darived from an sxtemal sourca
such as e CPU clock oran axtemal BG netwark can be
added to provide saif-clocking. Tha GLK M {pin 4) makeas
use of @ Schmit tngaer as shown in Figure 16

Y
CLKR
19 i
OG- oLk = 91 RGC
) ADCOE
R= 10k

CLK IH s g

g

FIGURE 18- SELF-CLOGKING THE AID

Heawy capacilive ar DG loading of the CLE.R pin should be
Juaided as this will disturt nammal converter aperation

1 | & .
1 Frailierail

| aads lase than SOpF, such as driving up o 7 AJD converter
clack inputs from e single CLK R pin af 1 converer, s

aliwed, For larger dock line loading, 2 CMOS ar low power
TTL buffer or PNP input lngic shauld be usad ta minimize tha
Ipading wn the CLE R pin {de not use B standard TTL buffer),

Restart During a Conversion

i the AJD s restarted (GS and WR g low and retum high)
duning a conversion, the converter is reset anc 8 New
conversion is sared. The output data lgtch & not updated
the conversion in progress is not completed, The data fram
the pravious conversion ramain in thus latch

Continuous Conversions
Iri this application, the CS input is grounded and the WR

input is tied to the INTR output. This Wi and INTR rode
shaould be momantarily forced to legic low foliowing @ power-

up cycle to insUre mifeLit operation, Sea Figurs 17 foi- datails:

10K ot i)

ND,
START =
ANALOG © b L DATA
INPLITS , H & DUTFUTS
5 | MSE

EIGURE 17. FREE-RUNNING COMMECTION

Driving the Data Bus

This CMOS AL fike MOS microprocassors and memories,
will require & bus driver whan the tofal capscimnca of he
data bus gats large. CHher circuttry, which is ded 1o the datas
pus, will add to the tota] capacitve loading, even in three-
state (high-impadane mode) Back plane busing alsa
greatly adds te the gtray capaciance of the data bus.

Thers are some alternatives available to the designar to
handle thig problem, Basically, the capacitive loading of e
data bus =ows down the responss tima. even thaugh DG
specifications are i/l met For systems oparating with a
relatively slow CPU clock frequency, mone 1me i5 availsble
in whigh to establish proper lagin levels on the bus and
therefare higher capacitive jmads can be driven (sae Typical
Parformance Curves)

At bigher CFU giock frequervies hime can be extended for
|f0) reads randior writes) by insarting wait states [BOBLY or
using clock-extending cirguits (B500).




Firally, it ime is short and capaglive loading is high. extemal
Lijs drivers must be used. Thase can ba thres-state buffers
{low porwer Schottey is recammendad, such a8 tha T4L5240
saries) or specizl mgher—dmre—currant products which @i
casigned as bus drivers, High-sursnt bipatar bus difyers
with PHP inputs are recommendad

Power Supplies

Noiee spikes an the V+ supply line cap cause CONVBrsdn
amors 85 the comparako” will respond to this noise, &
lowAnducmnee Eralum filtsr caparitor should be used
close to the converter Y+ pif, and values of 1uF or grester
ara recommendad. If an urregulated voltage is available in
the system, 2 geparate SV voltage raguiah:rfnf the converter
{and other analog pireLitry | will greatly reducs digital naise
an the W+ supply An IGL7663 can be used o regulate such
g supply om an input as low as 5.2V,

Wiring and Hook-Up Precautians

ayandard digital wire-wrag sockets are not satisfacny for
breadboarding with tis AL convertar, Sockets on PG
heards can ba used. Al logic sigral wires and leads should
be groupad and kaptasfar away as possible from the
analog signal leads Exposed leads 1o the analog inputs can
cause undesired digital noise and hum pickup; tharcfore,
shislded leads may be NECassEry inmany applications.

& single-point anabog ground should be usad which is
separate from the logic ground points. The power sUpply
bypass capaciiar ard the salf clocking eapacitor iif used]
should both e returned o digiel ground, Any VRep'Z
bypass capactars, analog nput filter capacitors, of input
signal shislding shauld e retumad to the analog ground
poinL A st for praper grounding is 1o measure the zano
arror of the AJD convarter, Zero erors in excess of 1, LSB
can usyslly be traced 10 iMpereper hiaard ayoutand winng
{zee Zero Ermor for mieasurement). Furthar informaton can
ba found in Application Mote ANDIE.

Testing the A/D Converier

Thare are marny degiees of complexty associated with tessting
an AL corverter, One of the amplest tasts is o apply 2
known analog input valiage ta the comverter and usa LEDs ta

dispiay the resulting digita| nutput coda &5 whypwen in Figure 18

For saze of testing, the VpepZ (pin &) should be suppled
with 2 560 and 3 W4 sUpply vollags af 512y should be
used. This provides an LSH value of 20mY

I = Bl scale adjustment 1S tx be mads, an analog inpul
ynltage of 5,090V (5120 1115 LSB) shouid be applied 10
this Wi+ PN wath the Wy BN grounded. The walue of e
YRERE input valtage should be adjusted uritil the digital
pulput code is just changing from 1111 110 4 1111 11
This value of Waep2 should then be used for al the tests.

Tha digital-sutput LED dizplay can ba decodad by dividing
the B bitg into 2 hex characians, ore with the & most

ifz—ll_ treie il
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sgnificant bits (MS) and ane wikh the 4 least-significart bits
(L) The output iz then nterpreted as 2 sum of fractions
times the full scale valtage:

_ (M5 LS54, :
il I"]_E ﬁJ.ﬁ.‘ZfV

'1b[lpFJ‘ 3 B 5120V
! 10uF
J Ei A ranTALW
TS
& N.O. L

START L_EE
5

Wi+ F

W

maB

a4 ||F:L 5
1.3k
— DaND 18 LlEB?S

FIGURE 18. BASIC TESTER FOR THE AID

Far example, for an eutplt LED display of 10711 0110, the
MS character is hex B (decimal 11 and the LS character is
hex {(and decimal} . 50

11 =20

e Lo 384,

Figures 19 snd 20 show mong saphisticated test circults

AMALOG _ . .
INPUTS e

00 A ANALDG
% ERROR YOLTRGE

FIGURE 19. AD TESTER WITH ANALOG ERRORCUTPUT. THIS
CIRCUIT CAN BE USED TO GEMERATE “ERROR
pLOTS" OF FIGURE 11

DHGTTAL DMSTTRL

IWNPUTS OUTPUTS
r:ﬂ ApASRERE—
TEST

FIGLURE 20. BASIC “pIEITAL" A/D TESTER

Typical Applications
Interfacing 8080/85 or Z-80 Microprocessors




This converter has been designed to diractly interface with
B0B0IAS or 2-80 Microprecessors The three-state output
capahility of the AJD alminates the need for @ peripheral
interface device, afthaugh address decoding js still required
to generate the appropriata TS for ‘hie converter, Tha AL
can be mapped irto MaMmary Spags {using standard

me mory-address decoding for G5 and the MEMR and
MENW strabes) or it can be cantrelied as an /0 device by
using the [1OR and WO strobes and decoding the addmess
it A -+ AT (or address hits A8 — A5, =ince they will
otz the same 8-bit address infermation) 10 obiEin the C5
imput. Using the VO spacs previdas 256 additioral
addresses and may alinw 2 simplar B-bit address dacodar
hut the data can only Be input o the gecumulator. To make
L= of the addifiona) mafnary reference instructions; e Al
chould ba mapped iNto MEMETy Spacs. Sea ANDZ0 for mMore
digcuzsion of memony-mapped v yoemapped interfaces. An
axample of an AID in WO space i ghown in Flgure 21

The standard contrel-bus signale of the BOBO (G5, RD and
TR} can be directly wired o the digit] cuntral inputs af the

D, since tha bus timimg requirameris, o gllow both starirg
tha corverter, and outputting the data onto the data bus, are
et A bus driver should o8 Used for larger misroprocassar
systems whare the dats bus leavesthe PO board andlor
st drive capacitive lpads targer thian 100pF

It e yseful o note that i systems whare the &/D canverter [
1 of 8 or fawer x-mapped dewces, no address-deceding
Gircuitry s necessary. Each of the B address bits {0 o AT}
can be directy usad a8 T5 inputs, nne for sacn O dewvine.

inferfacing the Z-80 and 8oe5

'he 7-B0 and 8085 contro| busas =8 slightly ditferent from
it of the S0B0. General RO ard R sirobes are provided
and separats memany request, MREL, and /0 request,
ORG. signals have to be combined with the generalized
strobes to provide the approprats sagnals. Anadvartage af
operating the AD M |10 space with the 7-80 is that the CPU
will automatically insert one wait state (the BD and WR
citohes are extendsd one closk period) W allow more Erme
far e WD davices B respond Lagic @ Mag the A in IO
space is shown in Figure 22 By using MRED in place of
TORQ. & menory-mapped configuraton rasults.

Additiomnal VO advan@ges axist o= softwsre DMA routnes are
available and uss can be made of the output data ransfer
which exists an the upper B address ines (A T Al 5 during
L3 input instructions. Forexample, MUK chanrel selechon for
the AJ0 can oe secomplished with s opeTating mase:

The BOAS also provides 3 generslized RO and R strobe, with
@l |oM fine to distinguish oand memary requests. Th_&ﬂ':mt
of Figurs 22 can again be ysed, with (M in place of IORQ for
a memon-mapped interface, and an extra inverter (or e Ingie
gounalznt) o provide IO for an WO-mapped connecion.

13 | inercil
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Interfacing 6800 Microprocessar Derivatives (6502,
afc.)

The contral bus for the G800 micropracessor derivaives dnes
nat use the RO and WR stmbe sigrals. Instead it empoys 3
gingle RAN e and aoditional iming, if nesded, can ba derved
fram the 92 cock. All YO davices are mamory-rapped in the
G0 system, and a sperial signal, V MA indicates hat the
pufment address is valid. Figurs 25 shows an interface
sohematc where the &0 is memory-mapped in the GR00
system. For simpleity, the 05 cecoding ks shown using "fz
DOMAnae, kote that in many BAOD systes, anairsady dacodead
I fine is brought eut o the commun bus st pin 2. This can be
tied directy ta the G5 pin of the AID, provided that no other
devices are addressed at HE® ADDR: 42X or NN

I Figure 24 the ADCOBOX series is interfaced D he raCEaco
microprocessar though it arbitrarily choss) Fort B of the
MCAEZ0 or MEEE2Y Pariphacal Interface Bdapher (PRA). Harte
e C5 pin of the AT 1S grounded since the P14 1= already
memory-mapped in the MCERDD system and no G5 decoding
e mecaszary, Aleo notoes tHat the AT sutput datm lines are
canpectzd o the micOproCEssor bus under program control
through the P14 and therafors the AD RD pin can be grounded,

Application Notes

(wotes | — = ooy
mmﬂ s aiaeting A0 Converars I
wots  |“Dosand Donts oappiying AID Converters’
Iimz_n I "A_m:m;uh ;pm:-:rh ;H.ig:Spe_n d Dats Ac_q isition [
i i _
AMNDE0 "The ICLT104 - A Binary Outpur AT Camverber for

[ Mictprocesses’ !

p— ________.
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FIGURE 21, ADCOROX TO B080A CPU INTERFAGE
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FIAURE 22. MAFPPING THE A/D AS AN
jio DEVICE FOR USE
WITH THE Z-80 GPU

ADC0803, ADC0804
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FIGURE 24, ADCHEDY TO MCEBZ0 PLA INTERFACE
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Dual-in-Line Plastic Packages (PDIP)

E20.3 (JEDEC M5-001-AD ISSUE D)
20 LEAD DUAL-IN-LINE PLASTIC PAGKAGE

| Tlm-nzs_ " MILLIMETERS |
SsYMBOL  MIN | mnxl_mu_| MAX | NOTES
S - 2 I
la —E—»] Al Dois = 0.9 2 4
BAZE | | ThD BELL BT e

FI._ANE'\ | L S & E z_.:-‘la | A -~
] 8 |_b...m4 0032 Djss_n.ﬁsa_F .
PLANE || € | B 0p4s | 0070 155 137 & _|
o1 - | J | il | c uodE o014 | D204 | 0355 | E
Bl - th i WOl .;_..I ld- | D 0S80 | 1.080 | 2488 268 e |
l— wp — 1 0.005 a3 | - | 5
amonas@|c] s |[e@ | R Bt R i AR ‘ = |2
E papd | o32s TEz | 825 & |
| E —I o240 | ¢280 &0 7.1 5
i bt =1 = - =
NOTES. & pA00BSC | 254BSC =
1 Conhu'ﬂm_g D.Irnansmns.' INC.H. In aasa of conflct bebween Engiish aa A500 G5 — ?.EEEG B |
and Matric dimensions, the inch dimensiors cartral. == = : T T -
5 Qimenslioning and tolerancing per ANSI Y 14.5M-1882 . I o0 IS ez 7
3. Symbols are defined in the "WO Series Symbol List" in Section 2.2 [ L 0115 0480 28 | AW 4
of Publication Mo. 5. |__N T og S e - |
4 Dirvensions &, A1 and | are measured with the package seatedin =" — o T Rew 01753

JEDEC sealing plans gauge G52
E. D, 1, and E1 dimensicns e not includa reald fask or protiusions
Mald flash of protrusions shall not sxcesd 0040 inch (D25mm).
8. Eand [24] are maasurad win the loads cofarained to bo perpan-
dicular 1o datum E'
eg and eg; are neasared at Hhe lead tips with the lsads uncon-
strained. #y mast be zarm or greater
8. B1 maxrum dimensicns do not inslude dammkar protiusichs. Dem-
bar protrusions shalinat axceed 0.010 inch {0 25mim)

=4

9. M |5 the maxksium number of termina | positions.
19, Corner leads 11N, B2 and M2 + 1) forESS, EVE.3 E16.3, E28:3,
42 Bwill ave a B dmenson &f 0030 - 0.045 inch {0.76- 1.14mm)

Al intersi products are manufactured, assembled and testsd utilizing 1509000 quality sysems,
Intersil Corporation's guality ceriticatons can be viewed atwabeie v nersil comigual s aso.

w1 oGty Are. s by cemerion coly. it Comevaticn ressrves e aghil s ake shangss TSl desn andar spectcahans af @y [me i b
el The nesderis crafonsd [ venry ins! g3k sheels s urmeel afova Ik REINT OFTIRS (RO TAEoN Fpristed by iritsrs s badeusd o e s urste s (elahle, How-
u, o respensbiiy e seswned by (etaral or e subsianes for 15 L ey o e UETgrIEns of pabels fr adher pahts of (! paries Which [rery vagull from 15 s Mo

e 5 e iy InprCElicn orotherdss Ly gy patand or ratenl Auhts of Irders or 5 SLbBKilres,

For informaton regard?ng Intersl I:Ffpnrﬁnn and its prE:!u::tﬁTsse wab site renvintersil com
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2024

drDEGT

Dhweg. Wo, &-5554

Nt fhat the VEN20ex A sertes (dual in-Hoe

packaps ) aml L LA MeexT. series Csmall-outline
IC packape) wre elecirically ideotical anndd share

4 connmon termingl number dssinment

\BSOLUTE MAXIMUM RATINGS
Turpant Voltage, ¥V

(LM 200 A and ULNZNL) . 30V
(UL A and ULNZ2EL) e sV
npit Voltage, Vi ny
‘antinues Output Curment,
|| it cenmsnnssg s oot S0 mA
oomnuois Input Carrent, Lo 25 mA
over Dissdpation, B,
{one DRl o Painh e mem e 14 W
f1omal DHCRALE] et i Se€ Lrraph
porating Temperatune Renge,
OO 207 1o +85°0
srapge Temperatire Rilmge,
5 SRR -55°C 1o #150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

tdeally suited for interfacing between low-level logic circutry arid
multiple peripheral power loads, the Series Ul MN20xaA /L high-valtage,
high-current Darington arrays feature continuous loard current ralings
to 500 mA for each of the seven drivers. AL an appropriae duty cyvele
depending an ambicat emperature and number of drivers tumed ON
simultncously, tpical power loads totaling over 230 W (350 mA < 7.
45 %] can be controdled. Tvpical loads include relays, solennids,
stepping motors, mapnetic print hammers, multplexed LE and
incandescent displays, and heaters. All devices fealure open-collectod
outputs with integral clamp dindes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for aperation dircctly with 3% TTL or CMOS. These devices
will handle numerous interface needs — particalarly those beyond the
capabilities of standard logic bufters,

The ULNZO4A and ULN2024A/L have scries input resistors [or
operation digectly from 6 to 15V CMOS or PMOS logic oulputs.

The ULN2003A/L and ULN2004A/L, are the standard Drarlinglon
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Qulputs may be paralleled for higher
toad current capahility, The ULN2023AJ. and ULNZ24A4/ will
withstand 95 V in the OFF state.

These Darlington arrays ate fumished m 16-pin dual in-line plast
packages (sulflix A and 1 G-lead surface-mountible SO (sullix
SLML ALl deviees are pinned with outputs opposite nputs to fucilitate
euse of circuit board lavout.  All devices are rated for operation over the
remperatue range of -20°C o FREUC. Mosl (ses matrix, next page) i
also available for operation to -40°C; 10 order, change the prefis [pon:
SULNT to “ULQ"

FEATURES

B TTL. DTL, PMOS. ar CMOS-Compatible Inpuls

B Outpul Current 1o 500 maA

B Cutpul Yoltage o 93 ¥

B Transicnt-Frowected Ourpuls

B Dual In-Line Plastic Package or Small-Outline 1€ Package

w = digis 1y identify specific device. Characteristic shiwn applies to family of
devices with remadining digils a5 shown. Sec matnX on neel page.

18843 =eq

legro:

* Mierasysiame Inc




003 Taru 2024
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HGH-CURRENT
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DEVICE PART NUMBER DESIGNATION

L a—— g0 98 v
e ey S0 mi S00OmA
Logic Part Number
av ULM200ZAS ULMZOZEA"
TTL, CMOS LILMZ00EL" LILNZGZ3EL
6-15'V LLM20044° LILM20244
CMOS, PMOS LIL W20 ULNZ0Z4L

# Alwa available for operation hetween -40°C and +85°C. Toorder, clunge

PARTIAL SCHEMATICS

LN20x3A/L (Each Driver)

— e G

Dot i, DRI

_N20x4A/L (Each Driver)

cememmamc-smn=- -

—e—0 TOM

Own. Ho. A-BRER

preafix froam “ULNT o “ULO™

25 | | T
£ i
E
L
E a0 P - | |
E EUFFIN AL B - SROGNA
W i ! !
wn 15
(=1
£
8 10— —
W
g
: |

05 |- = gt 1
;. BUFFIX L, iy, = 9PCW
[=i]
=
5
= 025 a0 75 100 155 150
= AMBIENT TEMPERATURE IN"C

Crug. GP-DNES

* = Digit to wdentify specibic device. Specification shown applies to Fomaly of
devices with remeaining digits 45 shown. 5ec i abve.

Winrasysiera, b

1415 Mertheast Cutaf, B 15056

Wiscaster, Massachuseits 016150036 (508) BA3-500H

Copyrght 1 1974, 1888 Allegr McroSysierns, 10
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HIGH-VOLTAGE

HIGH-CURRENT
DARLINGTON ARRAYS
r'ypes ULN2003A, ULN2003L, ULN2004A, and ULN2004L
:LECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).
| Test | Applicable Limits
Characteristic Symbol Flg. Devices Tast Conditions Min. Typ. Max | Units
Outpul Leakage Current lcex 14 Al Nep =50V, Ta=25C - <1 a0 [
_H'.;E=5EI Y, Ty =700 — =1 100 WA,
8 | ULNZODSAML | Ve =50V, TA=70°C Vy=18V| — <5 500 A
Collgctar-Emitiar VoE=aT) All Iz=180mA, g =250 pA — 0.9 1.1 W
Saturation Voltage | I =200mA, I = 350 pA _ 4 13| W
I =360 mA. Iy = 500 A N = v
inpul Gurren| HiioM) 3 LLMNZO03AL | Yy =383V —_ 083 135 mA,
ULNzZOO4AL | V=50V a5 05| mA
_v.h=1zv 140 145 mA
nioeey |4 All I = 500 pA, Ty = 70°C 0 65 02— | MA
Input Voltage Vo 5 ULNZOOZAL | Vep =28, Ic = 200 mA e i W
Vep = 2.0V, Ig = 250 mA — ,
VpE =20V, g = 300 mA == — &b W
T LILNZODAAL | Vep =20V lg= 125 mA =T
Ve = 2.0V, Iz = 200 mA = - B0 v
Vg =20V, I = 275 mA — = T®
Vog = 2.0V, In= 350 mA _ — &0 v
sput Capacilance Ci = Al = 15 25 pF
=0 dalay toLH 4 A N5 EntodSEmiT —. BFE 34 s
urn=0ff Dalay tryL B Al 0.5 Ejpyto 05 EquT —  p¥E A0 ps
tamp Diode IR G Al VR =90V, T4 =25°C . = B uA
=akaga Curranl Vp =50V, Ty =70°C —  — 60| ph
lamp Diode Vi 7 All IF = 350 mA — AT 2D v
wward Voltage:

st prart nwmbcr includes suffix o idennty

package stvle: A=THP. L= 50I1C
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IIGH-VOLTAGE,
IIGH-CURRENT
JARLINGTON ARRAYS

pes ULN2023A, ULN2023L,
ECTRICAL CHARACTERISTICS at +23

ULN2024A, and ULN2024L
°C (unless otherwise noted).

Tesi Applicable Limits
1aracteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Uniis
itput Laakage Cumeni leEx 1A Al Vep =85V Te= 250 <1 50 [T

[ Veg =85V, Ta =70°C ~ <1 180 pA
5 | ULNZOZ4AL | Ver =95V, TA=/0'Cn=10V| — <5 500 wA
Nector-Emities Vegigar | 2 Al | 15 = 100 mA, ly = 250 pA — o Be 1 v
wration Voltags o = 200 mA, Iy = 350 JA =
o= 350 mA, Ig = 500 pA — Y5 s y
wul Current IriONy 3 | ULN2023AL | Vipy = 385V 0o3 135 mA
LILNZDZ4AIL | Vi =50V . n3s 05 mA |
Wiy =12V = 10 145  mA
e Al I = 500 uA, Tg = T0°C 50 B>  — LA
ul Valtage ViNiON ULNZOZ3AL | Vg =20V, Ig=200mA = o2k
| Ve =20V, Ig =250 mA .. — ZF W
Npg = 20V, lg = 300 mA = = = 3 \
[ ULNZO24AIL | Ve =20V, 1p= 125 mA — 50 v |
Vep =20V, = 200 mA — = &3 Y
Vep = 2.0V, Ig = 275 mA — - im0V
[ Vep =20V, 1 =350 MA 3 ~ 80V
A Gapaditance Cin - All - 15 23 pE
1-0n Delay IBLH il All 0.5 By to 0.5 Equr — 625 140 jig
\-Off Delay L 8 All 0.5 Eypy 0 0.5 Enu ~pZs 1D ws
rp Diodes Ie 6 Al Vg =95V, Ta=257C - — B pA
<aga Curman! V=95V, Ta=70°C . — 0B pA
p Chode WE T Al |p = 360 mA - 1.7 R0 W
iard Yoltage _]

plete part number includes sutfix fo

identify package siyle: A= oIF; L. =500

145 Maribaast Gutoft Bax 15LEE
WerceslEr Massarhusets (54 5-00aE [ 508) B3-S0
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TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
open  YEE GPEN  VCE aPEM

Yin

| I

Dy Min A-0T I

lew

[rwg Mo, ASTAGA

Thwg Moo mBTATA

FIGURE 3 FIGURE 4 FIGURE 5
TFEH oped VoE OPEN
lirq Ie
OPEN
! =
L = -
Cawm, K. 5T 32 v, Moy B BT3A
FIGURE & FIGURET FIGURE B
E 3 [
oPEN
wauill
! TR e .: 5 1T [ l
Dhwigy, Mo AcETI5A T, Tk A-ITEA ﬁll:.zm.;;: iz: ":::m ﬂ#_l‘n ﬂﬁm
g i  [§] L il iF
N i
Zomplate park numner includes a finul loter to mdicate package.
gt eo whentify speafic devies, 5

pecification shown apphes m

family of devices with remaining digits as shown.
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ALLOWABLE COLLECTOR CURRENT TYPICAL APPLICATIONS

AS A FUNCTION OF DUTY CYCLE
{Dual In-line-Packaged Devices, Suffix ‘A"

L

+\gg +¥

k'
d \
x
E
4w il N
(=]
2
E
: —|
E
2 ]
5 i HLIWEEH OF 01 TUTS :
E T N | PRIOS
£ LA TAMETIELY ([T OUTPUT
2 | M, — a0 | -
Doy, fn &KL
| ]
gl
il af 10 B i LRl +WEm +
¢

OUTY CYGLE IN FER CENT

L L]

{Small-Outline-Packaged Devices, Suffix 'L")

i | - | T
. s
- | -
E NN <
3 h"“'-\-___
E %\*\.\_:ﬁ' i v
E - e
g | | g ——— B q QUTRUT
5] SUVBER QOF QU 'UTS e = =
LUNGAIC TG Cratj M ACSESAS
.\ SMULTANEELY | |
1 0 41 ] i (1]
DUTY CYCLE IN FER CENT S—
SATURATION VOLTAGE COLLECTOR CURRENT AS A
A FUNCTION OF COLLECTOR CURRENT FUNCTION OF INPUT CURRENT
| -
E ;E A f— ( /
= : 74
] i S
# /”“* |
-i o E e - / & .
| i i ! =
L S . /‘“‘/’: |
i 1 | | |
8 LE 10 ] =0 n 0 uJJ I
COLLECTOR-EMITTER SATURATHIN WOLTAGE £ INPUT CUHTERT P4 i R

l 115 Morthaast Cuba, Box 15036
et yrarcestar, Massechusells 01615-00536 (508} H53-5000
SRR Ha—rr'-“:pal-l e
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DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

Types ULN2003A, ULN2003L, ULM2023A, and

ULN2023L
&9 T
| | )/
2.0 = =
3 'ﬂ&f//
: % :
L=
; 1.6 [— —/ ]
& / e
T} v . |
E . / ‘-_...«-'
= L P
L _,'.-*"' A
5 o
wE —5 T =l rEE
w AHCA D= HOAMA_ DTERATION
= WIITH S TRRDAAD OR-SCHETTRE (L
|
Eirvg. Mo, E-SusAE m I_ | | | | | J

2.0 3.0 4.0 R En

INBUT YOI TAGE
Lwvg, i T

Types ULNEIJD*iA,UULN.‘ZﬂlHL ULN2024A, and

28 | |

INPUT CURRENT IH mA — in

D N B BT

PPUT VOLTAGE

Vb FELTR
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IIGH-VOLTAGE,
[HGH-CURRENT
ARLINGTON ARRAYS
PACKAGE DESIGNATOR “A”
Dimensicns in Inchas
{cantralling dimensions)
0704
: GO0R 4 _ .
Iti‘u s et s ) e TR s s (1O i %—l . |
| | o
[2E0 . WA
2 o | o
o 5 e S S e oy e R S —i L
1 ===z
U.{]?ﬂ_l_.l _.Iﬂ.mcl._ I_-_n.ucﬁ
LG DTS et ]
0.735
=i ||
S LT '_4,_[ B |_ |J
_'_1'_( r N "||'—_“H"T
e |l J | I ! G
) ! i J J
ooz ot
014 Ly, WAL bt
Dimension in Millimetars
{for raferance only)
0.355_
020
18 £ R ¥
p e W s 0 s ) B O s D = s Epi |
| | Tl
T [ i i
| | LT
i e P S [ Y T i i T = =

197 ; _ S __I-z.s"- |.._ El..._n_m ==

BaLl Falbd

?4%’3([;'!- o= < U O
AysyapEhasaty

T
039 ‘ | ‘ ‘ 3Bl
MIn
u I»..' L U L U v 2.531
o o 350 Livny, MK IR b
v, [ <]

(356

| aade |, % 9, and 16 may be half leuds af vendar’s aptisn
. Leadd thickness 1y measured at scuting plane or helow
_ Lead spacing wierano: is pen-cunul atve,
Exuct hody and lead configuration at vendors option within [imis shown.

= R P

14 & Mortheast Cuicff, Box 15035
Worcaster, Massanhusalls [01615-0036 (508) B53-5000
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “L"

Dimensions i Inches
Hor referance oniy)

THHHHHHHFL I 0007

01574 0.2440
0'1119? 2234 0.050
OB
TAROEOL | e

g:gﬂ_'ﬂ* C 0.3037 Dﬁu 070 B

.3859
|
0053 |

_T t 00010 sun s WA T Hin

Dimernsion in Millimeters
{controlling dimensions)

4

TE_H__MJHFH T2 028

4.00 620
i‘fﬂ_ 5.80 127
) -1 ]
TTOH0H0E | ¥
g:ga | i :anég _-l 1 L.Ec? D'f'mﬁ*;.r'-;.a

[ oy Pl b CHTE T ERy vV

10 b

VTES: |, 1ead spacing tolcrance is non-cinmlative.
7 Exuet hody and Jead configaration at vendor's option within limits shivso.
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JIGH-CURRENT

JARLINGTON ARRAYS

Fie progeects deyerited here are pranafaewred Wide e 1E OF J0E
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Standard Keypads

Greoyhll

SERIES 96
Conductive Rubber

FEATURES

« Qualily, Economical Keyboards

= Easily Customized Legands

= Matrix Circuilry

= Bacwit and Shieided Cptions
Available

- Termination Matas With Standard
Connactars

« Taclile Fasdback to Oparator

« 1,000,000 Cperalons per Butlan

« Compatible With High Resistance
Logic Inpuls

The Sarues 06 s Grayhills mast scurmmical i
and Aed keypad family, The contaci system
gtilizes oondusiive rubbar 1o mala the
approanate PG board acss. Offerad in matrix
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stk quialiny corrponent pErs, he Series S i
subjecied to our rigid statistical process contrml
a ingure that it meets our refisbiity skEndamds
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SPECIFICATIONS

Rating Criteria

Rating at 12 Vde: 5 millamgps for .5 seconds
Contact Bounca: < 12 milliseconds

Comact Reslstance: < 100 chms {2t staled
oparating larcel

voitage Breakdown: 250 Vac hietwesrn
CIMpOnants

Mechenical Operation Life: A, 000, 000
oparations per key

Insulation Aoststance: > 101 ohms @ 500V do
Push Dut Force Par Pin: 3 s

Operating Features

Travel: 040 minimum

Oporating Force: 175 £ 40 Qrams
Dperating Temperatura: 10°C +A0°C

Material and Finishes

Terminal Fin: Phosphos bronze, soder-plaled
PC Board: FR-4 glass cloth epody

Keypad: Silicone rubber, duromeser 80 4+5
Housing: ABS, cyroiac ‘R

Housing Color: Black

STANDARD LEGENDS

Shielding Effectivensss

Resulte shown are ypicl fun @ standard Cirayhil
Seiles 48 keyhoard. A condudtive gaskal will
generally increase e shiglding, depanding on
Iie size and shaps of the gaskisl and fts rmeabarial.
[ata derived for E-Feld Radigtkon

Test Method:

Messuraments ware mrde wilh the keyboand
mounted o a wass plae, which n lum was
mnrited o a shislded enclosure contaming the
mcﬂiuingaquinmanl_nslgnalganemznrpmk:!ad
11 frequency source hatwas radiated from ke
sanemilling antenna to the endased receking
anfenna. The spacing betwesn Bnionfas Wak
mainlzined constant throughout e frequency
mnge. The afceivanass (aling is dhetermined
hy astablishing 3 rafersnce reading withowl
obsimiction betwsan the bwo anteanss and
Aetarmuning lhe differerice betvween thatreading
and e test setup reading

Mo,

When measl red in actial egulpment, shislding
alfeciivaness & dotormined by many fBakrs,
This metnod aocuralaly represents the shieding
wlferivanesss of the Grayhili Serfes B4 umder
|desal test conditions

Standard Keypads

FHIELDING EFFECTWEHCSS OF

48 SERIES 96 EL KEYFADS
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‘ Avallsble through Grayhill Disiributors

A2

RS

Ta arder sneat the confgurstions below, use Me desh nurher st hare; selant the keypad
the appronriate legend dash number.

gi7e ard coda, and order the part mumiber wilh

ORDERING INFORMATION

r
| | prem———
==
S6AB2-102-F5EL
1] o—

o =

—  Grayhill Series Mumier
Keyboard Ske: & = awd, 3 = dud
Circuitry: B2 = Matrix jermined pin humewlar)

E.L. Panel Backlighting Option
EL = Backil, Blank = Mon-banklit
EMURFI Shielding Optian

' & = Shislder, Blank = Mon-shishied
Mounting Gptiorn:
Starard Legend Cholces

12 Posiiton (sgends

102 = Black legends on a while buton
{55 = \Whila legends on & Liack butwn
15 Pasifion legends

D0 = Back legands on @ Wwhite buiton
056 = Wnite legends oo a black puton

F = Fronl panalmoeant, = Rear pearval moa

| E-;I-tﬁlhlll e

B4 Miigrove Avcrue o | AGrange, s QUB 350597 - U5 -

pvallabln from your local Grayhill Distributor.
For prices and discounts, contacl 3 local Baks
Ofice, anaullinized local DHistributar or Srayhill




M1632 MODULE LCD 16 X 2 BARIS (M1632)

[Rsbripnl:
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