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

SKRIPSI

PERANCANGAN DAN PEMBUATAN ALAT PENGISIAN DAN
PENGEPRESAN GULA PASIR DALAM KEMASAN SECARA OTOMATIS
DENGAN MENGGUNAKAN MIKROKONTROLLER ATS89S8252

Disusunr Oleh :

ADY KRISTIANTO
00. 17. 184




LEMBAR PERSETUJUAN

PERANCANGAN DAN PEMBUATAN ALAT PENGISIAN DAN
PENGEPRESAN GULA PASIR DALAM KEMASAN SECARA
OTOMATIS DENGAN MENGGUNAKAN MIKROKONTROLLER
ATS8958252

SKRIPSI

Digjukan Sebagai Selak Satu Syarat Untuk Memperoleh Gelar Sarjana Teknik
Elektro Konsentrasi Teknik Elektronika

Dizusun Oleh :

ADY KRISTIANTO
00.17.184

Diperilsa dan Disetnjuoi
Pembimbing

KONSENTRASI TEENIK ELEKTRONIKA
JURUSAN TEKNIK ELEKTRO 5-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGIL NASIONAL MALANG




INSTITUT TEKNOLOGI NASIONAL MALANG
FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO 5-]
KONSENTRASI TEKNIK ELEKTRONIKA

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Mama Mahasiswa : Ady Kristianto

MNim : 0017184

Jurusan : Teknik Elekiro S-1

Kaonsentrasi : Teknik Elektronika

Tadul Skripsi : Perancangan Dan Pembucatan Alai Pengisian Dan

Pengepresan Guila Pasiv Dafam Kemasan Secara
Otomatis Dengan Mengeunakon Mikrokontroller

ATRINE2S2

Dipertahankan Dihadapan Tim Penguji Skripsi Jenjang Steata Satu ( S-1 ) Pada :

Hari 1 Kamis
langgal + 26 Maret 2006
Dengan Nilai : 78,25 (B+)
J.#_A"'."'&.
/,f«_:l_;; N Panitia Ujian Skripsi
L| ' % '}ma
o '
\
W Asroni, MSME

1013100036

Anggota Penguji

praptong, MT

1]‘-'IF".Y. 039500274




ABSTRAKSI

PERANCANGAN DAN PEMBUATAN ALAT PENGISIAN DAN
PENGEPRESAN GULA PASIR DALAM KEMASAN SECARA OTOMATIS
DENGAN MENGGUNARKAN MIKROKONTROELLER AT8958252
{ Ady Kristianto, 00.17.184, Jurusan Teknik Elektiro S-1/Elektronika )

{ Doscn Pembimbing : Ir. Eko Nurcahyo )

Kata kunci :  Mikrokontroller AT8958252, Sensor Beral, Motor de pres, Sensor
Infra red, Motor de komveyor dan Sistern timbangan digital

Alat ini dirancang dan dibual dengan tujuan untuk mempermudah pekerjaan
manugia khususnya pedagang dan indusri kecil dalam melakukan penimbangan dan
pengepresan {pengepakan ) gula pasir dalam kemasan secara otomatis.

Pada perancangan alat ini, Mikrokontroller AT8958252 merupakan basis
kontrolnva. Alat yang dibuat meliputi perancangan perangkat keras dan peranghkat
lunak. Perancangan perangkat keras meliputi perancangan rangkaian  keypad,
perancangan rangkaian sensor beral, perancangan ADCOB04, perancangan rangkaian
LCD. perancangan driver motor [DC. perancangan rangkaian sensor | dan
perancangan mimmum gistem ATS89S8252. Perancangan perangkat lunak berupa
Hew chart cara kerja alat. Setting kevpad merupakan langkah awal dari sistem kerja
alat ini. Sensor berat berfungsi sebagai penimbang beral gula pasit yvang telah
disetting, membandingkan beral setting dengan berat aksi pada alat adalah proses
kerja alat control. setelah proses ini konvevor bergerak membawa gula dalam plastik
kemasan menuju proses pengepresan untuk menutup kemasan plastik.

Adapun spesifikasi alat adalah sebagai berikut :

Tlimensi Alatr
Panjang : 120 em
Lebar : 50 ¢m

Tinggi : 80cem
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BAB I

PENDAHULUAN

I.1. Latar Belakang

Berkembangnya ilmu pengetahuan dan teknologi diberbagai bidang telah
menjadikan pekenjasn manusia menjadi sangal mudah, Hal ini disebabkan karena
sesuatu vang dulu dikerjakan secara manual sekarang dikerjakan secara otomatis,
Hal tersebul dipicu oleh perkembangan teknologi khususnya kemajuan teknologi
dibidang 1C  menghasilkan chip mikrokontroller yang makin  kecil dan
memungkinkan untuk merancang peralatan bharu dalam bidang pengontrolan.
Keadaan im sangat memungkinkan membantu bentuk — bentuk kegiatan
otomatisast dibidang industri baik v industri kecil maupun industri berskala
besar, Namun tidak menutup kemungkinan masih banyak kegiatan industri vang
belum mepergunakan alat — alal kontrol dalam melakukan pekerjaannya. Hal
terschut bisa saja terjadi karena mungkin ada anggapan bahwa sesuatu vang
bersifat otomatis 1tu mahal harganya. Padahal jika mau mempertimbangkan lagi
manfaat yvang didapat dari kehadiran alat - alat terschut sangat membantu tentu
akan lain keadaannya. Pada suatu usaha dagang vang dilakukan oleh sebagian
besar masyarakal pedagang disekitar kita yang menjual gula dengan ukuran berat
tertentu pada proses pengisian dan penimbangannya masih menggunakan cara
konvensional yaitu dengan mengambil dari karung gula kemasan besar kemudian
diisikan dan ditimbang ulang kedalam plastik kemasan sampal mencapai ukuran

vang diinginkan. Dengan menggunakan cara konvensional ini ukuran gula




kemasan yang diinginkan kadang tidak sesuai dengan berat yang diinginkan
disehahkan oleh beberapa faktor antara lain: karena kelalaian manusia dan alat
penimbang yang kurang valid. Dari keadaan diatas penyusun akan mencoba untuk
mengangkat judul “Perancengan Dan Pembuatan Alat Pengisian Dun
Pengepresan Gula Pasir Dalam Kemasan Secara Otomatis Dengan
Menggunakan Mikrokontrofler AT8958252 ™ yang nantinya diharapkan bisa
menggantikan proses pengisian dan pengepakan gula pasir dalam plastik kemasan
secara manual dilingkungan masyarakat maupun industri kecil.
1.2.  Tujuan
Tujuan dari penulisan skripsi ini adalah untuk mengetshui fungsi dari
mikrokontroller sebagai pengontrol alat pengisi dan pengepres gula dalam plastik
kemasan dengan menggunakan mikrokontroller AT8958252.
1.3. Rumusan Masalah
Rumusan masalah yang diangkat dalam penyusunan skripsi ini adalah :
o Bagaimana merencanakan dan membuat alat pengisi dan pengepres gula
pasir dalam kemasan ,
4 Bagaimana merencanakan dan membuat rangkaian pengontrol mesin
pengisi gula dan pengepresannya..
» Bagaimana membuat instalasi hardware dan software dengan

menggunakan mikrokontroller ATR958252 wang berfungsi  sehagai

pengontrol alat pengisi dan pengepres.

[




1.4. Batasan Masalah

Sehubungan dengan masalah yang dihadapi dalam | pembuatan skripsi ini.

permasalahan hanya dibatasi dengan tujuan untuk mencegah kemungkinan

meluasnya masalah dan menyimpang dari permasalahan . Pembatasan tersebul

antara lain ;

b Menggunakan Software dan Hardware pendukung AT8988252,

g Nalam rangkaian ini catu daya dianggap konstan dan tidak akan dibahas.

L Tidak membahas secara mendetail kontruksi mekanik mesin berserta
motor penggeraknya { motor dc ),

g Hanya menimbang gula dengan batasan berat 1000gr dan 1500g:.

&

Alat yang dibuat dalam bentuk simulasi.

1.5.  Metodologi Penulisan

Metode yang digunakan dalam penulisan skripsi ini adalah ;

. Studi Pustaka
Memperoleh data dengan cara membaca dan mempelajari buku
literatur yang ada hubungannya dengan penyusunan skripsi ini.

2. Studi Lapangan
Memperoleh data dengan cara praktek langsung dalam perencanaan
dan pembuatan alat.

3.  Penpgolahan Data
Mengolah data dengan jalan membuat analisa dan menarik

kesimpulan dari hasil pengujian data yang ada,

Lad




1.6.

Sistematika Pennlisan

Pada penulisan laporan skripsi ini ditulis sedemikian rupa sehingga diperoleh

hubungan yang jelus antara bagaian yang satu dengan yang lainnya.

Sistematika penulisan dari laporan ini adalah sebagai berikut :

BABI1 Pendahuluan
Meliputi Latar Belakang, Tujuan, Rumusan Masalah, Batasan
Masalah, Metodologi Penulisan dan Sisternatika Penulisan.
BABTl  lLandasan Teori
Berisi tentang teori penunjang yang membantu dalam pembuatan alat.
BAB Il  Perencanaan Dan Pembuatan Alat
Meliputi berbagai hal yang berkenaan dengan perencanaan dan
pembuatan alal yang berupa perangkat keras dan perangkat lunak.
BAB IV  Pengujian Alat
Meliputi proses pengujian alat yang terdiri dari peralatan yang
digunakan, langkah kerja dan analisa hasil pengujian.
BABY  Peunutup
Meliputi kesimpulan dan saran yang didapat selama perancangan dan
pembuatan alat, |
DATFTAR PUSTAKA
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Arsitektur AT8958252

PO - Pier

RO - PXT

fifty

PORT 0 DRIVERS I | PORT & DRNERS

.

[
|

-

| PORT 3 DRIVERE

vYVY

Fan - mr

PORT 1

¥
'

PAG . M7

Al 400
i | eErREN osen | M R hLiil.g FLASH
1
! X
: L
: 3
H
i
' ;
|: B FROGRAE
P s e AFrTER
I
1
! ¥ ¥ ¥
| 4—» BUFFER 4
] THFZ TR
i
H
g
; 3 "
i s I CREHICHTER
E INTERRUFT. SERIAL PORT
: AND TIKER BlOCKS
1
DCRAK
P Ok T
&
FEEH -4
PR Tk WMsTRUCTEN 1 y 4
A IR
T i o oL, | RRGRTFR
Fst —i— |
il »
WATCH PR POET 1 o ,
O LAICH LATGH PORT HCGH:"

DiENEFS
YYw I E 3 #

Gambar 2.1. Blok Diagram AT8958252M1

i . e e e e

R L T

ST




Arsitektur Mikrokontroler AT8958252 adalah sebagai berikut;

I, CPU (Central Processing Uinif) 8 bit denpan register A (Accumulator) & B.
2, 16-hit Program Counter (PC) dan (Data Pointer) DTPR,

3. B-bit Program Stanus Word (PSW).

4. 8-bit Stack Pointer (SP).

5. 8 Kbwe Flash PEROM inrernal.

6. 256 bvte internad RAM.

o 4 bank register, masing-masing berisi 8 regisrer
¢ 16 hyre yang dapat dinlamati pada bit level
® 208 byte general purpose memory dara

7. 32 pin inpuf-output tersusun atas PO-P3. masinpg-masing 8-bit,

8. 3 buah timer (T0O & T1) dengan masing-masing 16-bit timier’ couner.

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

10, Control register : (TCON, TMOD, SCON. PCON, 1P & IE)

1. 9 buah sumber interupsi (2 buah sumber interupsi external dan 3 bush
sumber interupsi irernal ).

12, Oscillator dan clock internal

Mikrokontroller ATB958252 menyediakan fungsi standar sebagai berikut

o 8K Bytes memori yang dapat diprogram ulang

o Memary 256 x & bit Internal RAM

< 32 jalur 1/O ( Input dan Output ) vang dapat diprogram

b Tiga buah 16 Bit Timer dan Counter

< Dual Data Pointer { DPTR. )

o Programable Watchdog Timer




e Waktu pemrograman yang singkat
& Memiliki internal memori (EEPROM) sebesar 2KByte
& 9 Sumber Interupsi
" ISP Port
& Oscillator dan clock 12 - 24 MIz
o Programmable TJART Serial Chanel
& Power-Off Flag

Schagai tambahan AT8988252 dirancang menggunakan logika yang statis
untuk mode pengoperasian yang menuju ke frekwensi dasar dan pendukungan
terhadap dua Software, serta dapat memilih model power savingnya. Mode idle
akan berhenti ketika CPU sedang menjalankan RAM, Timer/Comnter, Serial Port
dan Interupt Sistem untuk terus melanjutkan fungsinya, Model power down akan
menyimpan isi dari RAM tapi akan memberhentikan osilator dan akan
menghentikan semua chip lain yang sedang berfungsi sampai terdapat adanya

gangguan dari luar atau hardware di reset,

2.1.2.  Konfigurasi Pin - pin Mikrokontroller
Konfigurasi kaki-kaki Mikrokontroller terdiri dari 40 pena (pin), seperti

pada gambar dibawah ini
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Gambar 2.2. Pin — pin AT8958252 1!l

Hunpsi dari tiap-tiap pena adatah sebagai berikut :

VCC
GND

Port 0

Port 1

: Power Supply ( sumber tegangan ),
 Grround.

: Merupakan port input dua arah dan dikonligurasikan sebagai

multipleks dua bus alamat rendah (A0-A7) dan data sclama
pengaksesan program memori dan data internal,

Merupakan por! inptwt dua arah dengan pull-up dan juga
menerima  Low-order address hyte selama memprogram dan
verifikasi darl flash. Pada mikrokontroller ATB958252 port |

memikili 3 pin dengan fungsi khusus.




Tabel 2.1. Fungsi Alternatif Port 1

Port Pin Fungsi Alternatif
PLS MOSI { Master Dutput Slave fnput )
Pl.6 MISO ( Master Input Slave Output )
P1.7 SCK ( Serial Clock)
Port2 : Merupakan port IO dengan internal pull-up. Mengeluarkan

address tinggi selama pengambilan (fetching) program memon
cksternal. Selama pengaksesan ke eksternal data memori, port 2
mengeluarkan isi SFR (Special an.—:r:'rlm Register). Menerima
address dan beberapa sinyal kontrol selama pemrograman.

Port 3 i Merupakan port IO dengan imternal pull-up, Port 3 juga
memiliki fungsi khusus, yaitu:

Tabel 2.2, Funsi — fungsi Alternatif Port 3

Port Pin Fungsi Alternatif
Pin 3.0 RXD ( Serial Input Port )
Pin 3.1 TXD ( Serial Output Port )
Pin 3.2 INTO ( Eksternal Interrupt 0 )
Pin 3.3 INT1 ( Eksternal Interrupt 1 )
Pin 3.4 TO { Timer 0 Eksternal Input )
Pin 3.5 T1 ( Timer 1 Eksternal Input )
Pin 3.6 WR ( Eksternal Data Memory Write Strobe )
Pin 3.7 RD ( Eksternal Data Memory Read Strobe )
Reset : Inputan reset akan memberikan logika High *1° pada pin ini

dengan jangka waktu yang ditentukan oleh lamanya pengosongan

data muatan kapasitor. Jangka waktu minimal adalah 2 siklus




ALE/PROG :

PSEN

mesin { 24 periode trekwensi clok ) dilambah wakiu start On

Osilator,

Gamhbar 23. Rangkaian Power On Reset '

Keluaran ALE { Address Laich Enable ) menghasilkan pulsa —
pulsa untuk menutup byte rendah { Low RBire ) alamat sclama
mengakses memori eksternal, Pin ini juga berlungsi sebagai
mputan pulsa program ( The Program Pulze Input ) atan PROG
selama melakukan Flash Program. Pada operasi normal, ALE
akan berpulsa dengan laju 1/6 dari ﬁekwcnéi kristal dan dapat
digunakan sebagai pewakiuan ( Timing ) atau pedetakan (
elocking ) rangkaian cksternal, Scbhagai catatan ada sebuah pulsa
vang dilewali selama pengaksesan memori data eksternal. Jika
dikehendaki operasi ALE dapat dinonaklilkan dengan cara
mengatur bit { dari SFR ( Special Function Repister ) lokasi

8Eh..

: PSEN ( Program Store Erable ) merupakan sinyal baca untuk

memori program eksternal. Ketika mikrokontrolier ATR958252

menjalankan kode dari program ckstcmal, PSEN akan diaktifkan
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sebanyak 2 kali per siklusnva, kecuali dua aktifasi PSEN

dilompati ( diabaikan ) saat mengakses memori data eksternal.

EA/VPP : EA/VPP ( lksternal Access Dwnable ). EA harus sclalu
dihubungkan ke ground jika digunakan untuk menpakses
cksternal memori. Dan EA dihubungkan ke Vee jika digunskan
untuk memjalankan program secara inlernal.

XTAL1 : Merupakan input ke penguat pembalik osilator dan ke rangkaian
operasi Clock Internal.

XTALZ : Keluaran dari penguat pembalik osilator.

—-)—T— YTALZ
— —I— WAL

Gambar 2.4. Rangkaian Crystal !

Mikrokontroller AT8958252 memiliki rangkaian osilator internal dengan
mengacu pada [rekwensi referensi pada pin XTALT dan XTALZ.
Programable Wacthdog Timer { WD'T ) :

Fungsi dari PWDT sebenamya adalah untuk melakukan peresetan secara
otomatis. Dimana dia akan me - resel mukrokontroler jika mikrokontroler hang.
Oleh sebab itu user harus selalu me — reset WDT sebelum WDT mereset
mikrokontroler, jika WDT tidak direset oleh mikrokontroler dalam jangka waktu

vang telah ditentukan maka sccara otomatis WDT — lah yang akan meresel

11




mikrokontroler. PWDT terdiri dari suatu 14-bit counter dan Watchdog Timer
Reset ( WDTRST ) SFR. WDT diset default untuk menonaktifkan reset vang ada.
Tidak ada jalan lain untuk menonaktifkan WDT kecuali melalui resel ( baik
Hardware reset atau WDT Overlow reset ). Jika WDT Overlow, itu akan membuat
suatu keluaran Reset High di pin RST.

Dual DPTR ( Data Pointer Register ) :

DPTR sebenarnya digunakan untuk melakukan transaksi dengan memori
eksternal. Ini dikarenakan dalam keluarga MCS — 51 tidak dapat melakukan
pemindahan dala secara langsung dari RAM Internal dengan memori Eksternal.
Pemindahan data semacam ini memerlukan DPTR untuk memberitahukan dimana
alamat tepatnya data akan dipindahkan dari RAM Internal atan dari RAM Internal
ke Memori Eksternal. |
ISP Port
ISP Port digunakan untuk melakukan pemrograman secara langsung lanpa harus
melepaskan [C dari tempatnya, cara ini agar lebih efisien pada waktu melakukan
pemrograman ada terjadi kesalahan maka kita tidak perlu melepaskan IC (¢rschut

untuk kembali memprogramnya di downloader AT8958252.

2.1.3.  Organisasi Memori

Dalam mikrokontroler ATR9S8252 ruang alamat telah dibedakan untuk

program memori dan data memori.




2.1.3.1. Internal Program Memory
Mikrokontroler AT89S8252 memiliki program memori fitrernal sehesar
4Kbyte dengan ruang alamat 0000H-OFAOH, Jika alamat-alamat program lebih
tinggi dari pada OFAOH dimana melebihi kapasitas ROM inrernal, menyebabkan
ATR958252 secara otomatis mengambil kode byte dari program memori external,
Kode hyfe juga dapat diambil hanya dari memori external dengan alamat 0000H-
FFFFH dengan cara menghubungkan pin EA ke ground.
2.1.3.2, Random Access Memory (RAM)
Ruangan alamat memory data internal (RAM) dengan kapasitas 256 byte
yaitu: 00H-FFH yang terbagi atas 3 daerah, yaitu:
1. Empat hank register
Setiap bank terdiri dari 8 register (R0-R7) sehingga jumlah regisier untuk
ke-empat bank register menjadi 32 buah register yang menempati ruang
alamat 00H-1FH. Mengaktifkan salah satu hank register dapat dilakukan
dengan mengatur RS0-RS1 pada Program Status Word (PSW),
2. Bit Addressable
Terdiri dari /6 hyte yang berada pada alamat 20H-2FH. Masing-masing bit
dalam 128 bit yang lokasinya dapat dialamati secara langsung,
3. RAM Keperluan Umum
Terdiri atas 208 hyte yang menempati alamat 30H-FFH, dan dapat dialamati
secara langsung maupun tak langsung dalam penggunaan untuk keperluan

umum (general purpose).
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Tabel 2.3

Pengaturan RS0-RST Bank Register

RS{ RS0 | Register Bank Select Bits

Hoank 1}
Bank 1
Beonk 2
Bank 3

R

2.1.4. SFR (Special Function Register)
Untuk operasi AT8958252 yang mengpunakan alamat internal RAM
(00H-7FH). Beberapa dari register-register ini juzsa mampu dengan pengalamatan

bit sehingga dapat dioperasikan seperti vang ada pada RAM.

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

pada tabel 2.2, berikut ini :

Tabel 2.4
Pengaturan RS0-RS1 Bank Register

Alamat Datz | Simbol Posisi Fungsi fArti

DO p PSW.0 | Parity flag

D - PEW.1 | Flag didefinisikan oleh pemakai.

(b oy PEW.2 | OverflowFiag

03 RS0 PSW.3 | Bit pemilih haitk regivier,
DOH D4 RS1 | PSW.4 | Bit pemilih hank register.

D5 FO PSW.S | Flag i)

D6 AC | PSW.6 | Auriliary CarryFiag

D7 CY | PSW.T | Carry Flag

- PCON (Power Control)
Register ini terletak pada alamat 87H. Cara mendefenisikannya

ditunjukkan pada tabel 2.3 berikut ini :




Tahel 2.5

Skema Medefinisikan PCON

Alamags | Deta | Simbol Fungst fArth
D0 DL fdle mode bit
D1 FD Prower Down bit
[x2 GF0 Bit flag serbaguna.
13 GFI Bit ffag serhaguna,

H D4 - Tidak dipakai,

87 D5 - Tidak dipakai,
D6 Tidak dipakai.
o7 SMOD Digunakan untuk menghasilkan handrete dan SMOD 1,

ke baudrate akan doubife baik mode 1.2 atau 3.

s Sistem Interupsi

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

dikerjakan, Mikrokontroler akan mengerjakan program semula. Sumber interupsi

external adalah INTO, INT1, dimana kedua interupsi external ini akan aktl pada

transisi rendah selain itu juga ada Timer/Counter ¢, Timer/Counter () dan interupsi

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

OR pada R1 dan T1. Tiap-tiap sumber interrupsi dapat di-enaghle atau di-disabie

secara software, Tingkat prioritas semua sumber interupsi dapat diprogram

sendiri-sendiri dengan sef atau clear bil pada SFRS 1P (Interrupt Priorii).

13




Tabel 2.6

Alamat Sumber Interupsi

Sumber Interupsi Alamat Awal
Power On Reset 0000k
Interrupt luar O (INT 0) 0003h |
Pewaktu/ pencacah 0 (T0) 00OBh
Interrupt luar 1 (INT 1) 0013h
Pewaktu' pencacah | (T1) 001Bh
Port IO Sewial 0023h

Register yang berperan dalam mengatur aktif tidaknya interupsi adalah

interrupt enable register, susunan dari bit-bit beserta kegunaannya adalah:

Tabel 2.7
Kegunaan Interrupt Enable Register
[0 EX0 IEQ | Diatur secara software untuk interupsi dari INT],
0 ETO 1E.1 i}mrur secara software untuk interupsi dan time s conmier
D2 EX1 IE2 | Diatur secara software untuk interupsi dari INT1.
D3 ET1 IE3 P]atur secarda sqffware untuk interupsi dari fimercommer
A8H D4 ES IE.4 E?,tr"[l'l; mengalur enghie atau disables watu interupsi

DS - IE.5 | Kosong
D6 - IE.6 | Kosong

Jika diatur 0 maka semua interupsi di-disairle, jika diatur
D7 EA IE.7 | 1 maka interupsi diatur di-disable atan di-emabie menurut

masing-maring bit

o Timer/Counter

Pengendalian kerja dari fimer/counter dilakukan dengan pengaturan

register yang berhubungan dengan kerja dari timer/counter yaitu melalui sehuah

timericounter mode control. Untuk mengaktitkan fimer/counter vang meliputi

penentuan fungsi sebagai timer atau sebagai counter serta pemilihan mode operasi




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

TMOD seperti yang ditunjukkan pada Tabel 2.8. berikut ini :

Tabel 2.8
Register TMOD
Alamae | Data | Simbol | o .. Fungsi /Arti
D ITD TCON.O | fnterrupt O pype controf bil,
[5]] 1EQ TCOM.1 | External interrupt O edge flay,
. Interrupt type | contref bit. Diatur olel soffware untuk
D2 ; ; 3
I Bt menentukan akiifl fow atau high trizeer dari exrcrnal,
External fnterrupt | edge flag. Diatur oleh hardware
D3 IEI TCON.3 | ketika external interrupt terdeteksi dan nol-kan
melalui software ketika interript diproses.
88H D4 TRO Tecon.a | TPer 0 control bit. Diatur oleh soffware ketika timer.
T | eounter 0,
Timer U overflow flag contral bit. Diatur oleh software
B9 Frd TEONS ketika fimer/counier (F oferffow,
D6 TR TCON.6 Timer | control bit. Diatur oleh saffware ketika fimer
courter .
- Timer | overflow flag cantrol bit, Diatur oleh soffware
FI | TCON, : .
L i A | EEE ketika timer/counter ) oferflow. il
Tabel 2.9
Timer/Counter Mode Control Register
Alamar | Data Simbaol Fungsi /Arti
1} Timer (; MO (0) Untuk memilih mode tinrer.
Dl Fimer 1); M1 (D) Untuk memilih mode timer. !
D2 Timer 0, CST {0 1 = Counter & 0= Timer
: J : Fimer akan berjalan jika bit di ser dan INTO {untuk
D3 | Timer 0: GATE () | ripner 0) atau INT! {untuk Zimer 1)
89H D4 Fimer 1; MO (1) Untuk memilih mode fimer.
D5 Timer 1; M1 (1) Untuk memilih mode rimer.
D6 | Timer 1, CT () | = Connter & 0 = Timer
; ) Timer akan berjalan jika bil di set dan INTO {uniuk
B7 | Timer 1; GATE(1) Timer 0) atau INTT {untuk Timer 1)
Tabel 2.10
Mode Operasi Timer/Counter
M1 Mo Dperating Mode
i 0 Timer 13 bit B
Q 1 Timer/Counter 16 hit
] 0 8 bit Aufo reload Timer /Counrer ;
1 1 TLG dari Timer adalah 8 Bit Timer/Counter dikendalikan oleh kantrol hit |

Timer 0. THO adalah 8 bit yang dikendalikan oleh Timer | coniral bit.




2.1.5. Metode Pengalamatan

1.

2.2

Pengalamatan bit { Direct Bit Addressing) :

Pengalamatan langsung tiap bit ini hanya dilakukan pada lokasi RAM internai
yaitu 20H-2FH, dan sebagian SFR yaitu: port 0, porl 1, port 2, port 3, TCON
register, SCON register, 1E register, PSW regisier, ACC dan B repisrer.
Pengalamatan tak langsung { Indirect Bit Addressing):

Pada pengalamatan tak langsung, instruksi menunjukkan suatu register vang
isinya adalah alamat dari operand eksternal dan infernal RAM dapat
dialamati secara tidak langsung. Register alamat untuk data dengan lebar 8 bit
dapat berupa R0 dan R1 yang digunakan untuk memilih angka regisrer atau
stack pointer. Register alamat untuk data, dengan lebar 16 bit digunakan Data
FPointer (DPTR).

Pengalamatan ber-indeks :

Yang dapat diakses dengan pengalamatan berindeks hanva memory program,
Mode ini dimaksudkan untuk membaca look-up iable program.

Konstanta immediet :

Pengalamatan langsung dilakukan dengan memberikan nilai ke register secara

langsung, dilakukan dengan menggunakan tanda #,Contch: Mov A, #100

Keypad

Papan tombol ini digunakan untuk memasukkan data referensi dan

mengubah data bila diinginkan. Untuk menterjemahkan informasi yang diterima

dari papan tombol, maka keypad dihubungkan dengan port pada Mikrokontroller.




Papan tombol tersebut mempunyai matrik 4 baris dan 3 kolom. Deretan baris dan
kolom dari papan tombol dibubungkan dengan porr pada Mikrokontroller yang
difungsikan sebagal masukan dan keluaran.

Matrik keypad 4 X 3 memungkinkan untuk membuat kombinasi tombol sehanyak
12 buah dengan menggunakan 7 buah kawat yang dibagi menjadi 4 baris dan 3
kolom. Setiap tombol mewakili sebuah baris dan sebuah kolom, sehingea dengan
menckan sebuah tombol, maka akan hanya ada sebuah baris dan sebush kolom
yang terhubung, sebagaimana ditunjukkan pada Gambar 2.9. Dengan demikian
keypad matrks 4 X 3 mampu melakukan penghematan saluran dua kali dari pada
deagan menggunakan satu kawat untuk satu tombol. Prinsipnya, dengan
penekanan scbuah tombol, akan ada dua buah kawat yang terhubung.
Terhubungnya dua buah kawat ini kemudian akan menjadi kode untuk masing-

masing tombol vang menandakan bahwa suatu tombol yang diidentifikasi oleh

kode tersebut telah ditekan.

l 2 3

4 5 6

7 B 9

. 0 #
BEIEIRIENEIEIR N
Bl B3 Cl O3

B B4 (2

Gambar 2.5. Keypad Matriks 4 x 3
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Untuk mendetekst penckanam itu, maka diadakan scanning sehanyak 4 kali, setiap
kali scanning diadakan pengecckan scbanyak 3 kall. Searnming dan pengecekan ini
dilukukan secara berulang-ulang hingea ada penckanan tombol. Bards di jadikan
scamner. Metode scanming dilakukan dengan cara membuat logik 0 pada salah
satu baris secara bergantian. Sedangkan kolom dijadikan sebagal obyek
pengecekan., Pengecekan dilakukan denpan melihat apakab terdapat logik O
diantara salah satu kolom. Jika ada, berarti ada tombol yany ditekan. Dengan
demikian akan ada 16 kombinasi kode untuk mewakili tiap-tiap tombol vang ada,

yititu tombol 1.1 hingga 4.3 sebagaimana bisa dilihat pada Gambar 2.9

1 2 3
-
D‘} n"} n\}
n\ﬁ n\ 5\0

O

-< ] ] g

?n\} a\u n\}
b

Baris b W
e ) 3
bl

. 4

-

b -
Kolom { FA——

Gambar 2.6, Penampang Dasar Keypad
2.3, LCD ( Liguid Cristal Display )

Liguid cristal display ( LCD ) adalah modul tampilan yang mempunyai
konsumsi daya yang relatil rendah dan terdapat sebuah kontroller CMOS
didalamnya. Kontroller tersebut sebagai pembangkit ROM/RAM dan display data.
Semua fungsi tampilan di kontrol oleh suatu instruksi modul LCD yang dapat

dengan mudah diinterfacekan dengan MP1L




DRO-DBY Common Signal
e ram—— :>’ LCD
Sermenl Stma <
T Ry gD Byt T ﬁ
RV
B —— s Controller Senal Data SE"’I’I'IEI'It
Diriver

Timing Signal A]/T

Von O0———m»
Vis 00—
Vu_' e

Fungsi

1.

1

Gambar 2.7. Diagram Blok LCD M1632 P

-fungsi vang ada dalam Diagram Blok diatus adalah sebapgal berikur :

DB, - DB;

FEmpat bit bus data tertingei dua arah dengan logika tipa keadaan.

DBs  DB-

Empat bit bus data terendah dua arah dengan logika tiga keadaan.

E (Enable)

Sinyal yang menandakan permulaan operasi. Sinyal ini mengaktifkan
data tulis atau baca.

RAW

Sinyal operasi tulis dan baca. 0 unmuk operasi tulis, dan 1 untuk baca.
RS

Sinyal pemilih register. 0 unluk register data, dan 1 untuk register

instrulksi,
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6. Vo

Terminal suppdy untuk mengatur contras LCD.
7. Vi

Dihubungkan ke sumber tegangan 45 volt.
B Vg

Dihubungkan ke ground rangkaian.

Gambar 2.8. Bentuk Fisik LCD M 16327
24 Relay

Relay adalah komponen elekironika yang terdiri dari schuah lilitan
kawat (kumparan/koily yang terlilit pada sebuah besi lunsk, Jika kumparan dialin
arus listnk maka inti besi akan menjadi magnetl dan menarik pegas sehingga kotak

AD terthubung dan BC terputus.

Inti Bes| Terlllit
Kumparan

g

Gambar 2. 9. Cara Kerja Relay Hl
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Relay merupakan suatu alal unluk menghubungkan atau memerlukan kontak
antara  komponen vang satn dengan vang  lain. Dalam memutus  atan
menghubungkan kontak digerakkan oleh fAuksi vang ditimbulkan dari adanva
medan magnet listrik yang dihasilkan oleh kumparan vang melilit pada besi lunak.
Ada beberapa jenis susunan kontak relay dimana semuanya (erisolasi lerhadap
arus listrik yang ada didalam kumparan. lenis susunan kontak sebagai berikut:

»  Normally Open (Normal Tertwka)

Yaitu kontak-kontak tertutup pada saat kumparan relay dialin arus
. Normally Close (Normal Tertutup)

Yaitu kontak-konlak terbuka pada saat kumparan relay dialin arus

Ada beberapa macam relay, antara lain:

I.  SPST ( Single Pin Single Terminal )

Q

Gambar 2,10, Relay SPST 1l

2,  SPDT ( Single Pin Dual Terminal )

Gambar 2.11. Relay SPDT ¥




3. DPST (Dual Pin Single Terminal)

Gambar 2.12. Relay DPST ¥

4. DPDT (Dual Pin Dual Terminal )

Lo ME

_:E;:L'E

P NO

sl

Gambar 2.13. Relay DPDT M




2.5, Maotor DC

2.5.1. Kontruksi Dasar Motor DC

ROTATION

¢ DCPOWER SOURCE ¢—

Gambar 2.14. Kontruksi Dasar Mator DC ¥/

Pada gambar diatas tampak sebuah konstruksi dasar motor de, pada
gambar diatas terlihat bahwa pada saat terminal motor diberi tegangan de, maka
arus elektron akan mengalir melalui konduktor dari terminal negatil menuju ke
terminal positif. Karena konduktor berada diantara medan magnet, maka akan
timbul medan magnet juga pada konduktor vang arahnya scperti terlihat pada
gambar diatas. Arah garis gaya medan magnel vang dihasilkan oleh magnet
permanen adalah dari kutub utara menuju ke selatan. Sementara pada kondulktor
vang dekal dengan kutub selatan, arah garis gaya magnet disisi sebelah bawah
scarah dengan garis gaya magnel permanen sedangkan di sisi sebelah atas arah
gans gaya magnet berlawanan arah dengan garis gaya magnet permanen. Ini
menyebabkan medan magnet disisi sebelah bawah lebih rapat daripada sisi

sebelah atas. Dengan demikian konduktor akan terdorong ke arah atas. Sementara
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pada konduktor yvang dekat dengan kutub utara, arah paris gava magnet disisi
schelah atas searah dengan paris gava magnet permanen sedangkan di sisi sebelah
bawah arah paris paya magnet berlawanan arah denpan garis gava magnel
permanen. lni menyebabkan medan magnet disisi sebelah atas lebih rapat daripada
sisi scbelah bawah. Dengan demikian konduktor akan terdorong ke arah bawah.
Pada akhirnya konduktor akan membentuk gerakan berputar berlawanan dengan

jarum jam seperti terlihat pada pambar diatas.

1.5.2. Pengendalian Motor DC

Gambar 2.15. Pengendalian Mator DC

Dari pambar diatas, agar arah pularan motor de¢ berubah, maka polaritas

tegangan pada terminal motor harus dibalik.

2.6. ADC 0804

Kebanyakan besaran yang dihadapi schari-hari berubah secara beraturan
(kontinyu). Perubahan lerscbut tidak sekonyeong-konvong melompat dari saru
harga ekstrim ke harga ekstrim yang lain, melainkan berubah dengan melewati
harga-harpa vang ada diantara harga ekstrim tersebut. Besaran besaran tersebut

digolongkan sebapai besaran analog.
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Disamping besaran analog juga dikenal besaran digital. Scbagai contoh bila kita

menghitung sesuatu, maka dalam menghitung tersebut kita melompat dari | ke 2,

kemudian ke 3 dan sebagainya. Pengubahan bentuk analog ke dalam bentuk

digital diperlukan karena mikrokontroller hanva dapat menerima besaran digital.

Piranti elekironika yang berfungsi untuk merubah besaran analog menjadi besaran

digital dinamakan ADC (dngiog to Digital Conversion). 1C 0804 merupakan

salah satu IC yang berfungsi sebagai pengubah amalop menjadi 8 biL bentuk

digital. Dengan demikian 1C akan dapal merubah bentuk analog menjadi 255 siep

bentuk digital persamasnnya, Bentuk fisik dari 1C 0804 ditunjukkan pada gambar

berikut

Sedangkan rumus perubahan tiap step ADC dirumuskan sebagai berikut :

|
. L
= [ 20— Yop (OR Vepr
fiD—d1 -] SN
WR— 1 18 f=[an {2 5H)
Cikm—4d 17 f=ra
INTR — & 16 —La2
Vil =15 154—c53
V=17 14 =L
Acho—{8 15—C39
Wpge/ 2 =% 12f—pa8
DCHD =1 11— E27 {uzE)

Gambar 2.16. Susunan Pin 1C 0804 ¢

¥iup : Perubahan tegangan tiap step
Waer ¢ Teganpan pada pin 9 ADC
N : Jumlah bit ADC




2.7. IC ULN 2003A

Pada IC ULN 2003A didalamnya terdapat rangkaian penguat Darlington.
Untuk satu 1C ULN2O03A terdapat 7 pasang rangkaian Darlington NPN yang
tersusun dalam ranghkaian common catoda. Rangkaian Darlington ini digunakan
sebapal saklar. Pada masing-masing rangkaian Darlington arus kolckiomya
sebesar 500mA. Rangkaian Dardington yvang ada di dalam IC ULN 20034 dapat
diparalel guna untuk kebutuhan arus vang besar. Karenanya [C ini dapat
diaplikasikan untuk ariver relay, defver lampu, deiver display dan logic bufier,
Pada skripsi ini ranpkaian Darlington yang ada pada IC TN 2003A digunakan
sehagai driver relay vang digunakan untuk mengendalikan putaran motor de.
Adapun pin-pin koneksi yang ada dalam 1C ULN 20003A dapat dilihat pada

gambar di bawah ini:

Gambar 2.17, Pin-Pin Koncksi Dalam IC ULN 2003A 1"




1.8. Sensor Berat

Untuk mengukur besaran berat maka dibutubkan suatu tranducer vang
dapat mengubah suatu besaran beral menjadi besaran listrik. Tranducer yang
sering digunakan adalah strain gage. Tetapi oleh karena tranducer ini memiliki
bentuk fisik yang sangat kecil. maka dalam skripsi ini untuk menghindari
kerusakan yang permanent ( akibat posisi pemagzangan vang sulit dan menghindari
gesckan belt konveyor ) pada strain gage maka penulis menggunakan alternative
lain yaitu berupa tranducer posisi { potensiomiter ).
Potensiometer merupakan komponen elektronika vang memiliki nilai resistansi
yang variable. Perubahan resistansi tersebut dapat dilakukan secara mekanis.
Berdasarkan sistem mekanis perubahan nilai resistansinya, potensio meter
dibedakan menjadi potensiometer jenis putar dan potensiometer jenis geser, Nilai-
nilai potensio meter yang terdapal dipasaran anlara lain adalah 300 Q, 1K,
SKLI0K, 50K, 100K, IM dan lain sebagainya. Simbol dari potensiometer adalah

sebagai berikut :

Gambar 2.18. Simbol Dari Potensiometer

2.9. LED Inframerah Dan Photodioda

Dalam aplikasi, led infra merah digunakan bersama dengan photodioda

dimana led sebagai pemancar (Tx) dan photodioda sebagai penerima (Rx) atau
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sensornya. Rangkaian sensor ini biasanya dioperasikan dalam uji kondisi dua
keadaan, yaitu ada atau tidak adanya cahaya infra merah. Pada prinsipnya
photodioda adalah mengkombinasikan kemampuan untuk mendeteksi jumlah
cahaya yang masuk padanya dan menghasilkan penguatan berupa teganaan,
Adapun konstruksi dari sebuah photodioda hampir sama dengan transistor

BJT biasa, kecuali bagian atasnya terdapat sebuah jendela‘lensa, scperti terlihat

%ﬁ -i +
‘u A
‘m AT pus ks

Gambar 2.19 Simbol LED Infra Merah Dan Phato Dioda

pada gambar 2,12 dibawah ini:

Timbulnya photon menggerakkan sepasang hole electron dalam pertemuan
kolektor-basis. Tegangan reverse bias antara kolektor-basis akan menarik hole
yang diinduksikan ke basis dan kolektor area. Forward bias dari basis emitor akan
menyebabkan hole-hole mengalir dari basis ke emitor seperti juga clcktron
mengalir dari emitor ke basis

Pada titik ini transistor biasa akan mengambil alih vaitu dengan emitor
infected electron bagian basis yang sempit dan ditarik kearah kolektor yang lebih
positif. Aliran elektron menuju sumber cahaya vang diinduksikan oleh sepasang
hole electron menyokong arus basis dan apabila transistor dihubungkan dalam
konfigurasi common emitor, arus cahaya yang diinduksikan dikalikan dengan Hfc

dari transistor dan akan muncul arus kolektor.
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Makin tinggi intensitas cahaya yang mengenai photodioda maka tahanan
photodioda akan makin rendah, sehingga menyebabkan tegangan output menjadi
kecil. Sedangkan bila sinar dari led infra merah sebagai sumber cahaya tidak

mengenai photodioda, maka kelvaran akan sama dengan tegangan input (VCC).




BAB III

PERANCANGAN DAN PEMBUATAN ALAT

Bab ini membahas tentang peremcanaan dan pembuatan alat. Pada
awalniya akan dibahas gambaran umum mengenai fungsi dan proses kerja sistem
yang dirancang, kemudian dilanjutkan dengan pembahasan mengenai
perancangan sistem mekanis alat dan sistem kontrol elektronika yang deterapkan

pada alat tersebut.

.. Gambaran Umum Fungsi dan Proses Kerja Sistem
Sistem yang dirancang ini adalah simulasi dalam otomatisasi proses penetuan
berat gula hingga pengepresan gula dalam plastik kemasannya. Mekanis sistem

dirancang sebagai berikut :

Gambar 3.1. Perancangan Sistem Mekanis
* Sumber : Perancangan
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Proses kerja sistem dirancang sebagai berikut :

Pada penggunaan awal, operator harus memasukkan berat gula vang di butuhkan.
Berat gula yanpg dapat dipilih sebesar 1 Kg dan 1.5 Kg. Setelah itu operator
memastkkan variable jumlah kantong gula yang ingin di hasilkan.

Dengan menekan tombol enter proses sistem akan mulai aktif, ditandai dengan
bergeraknya konveyor. Operator dapat meletakkan kantung plastik pada kenveyor
yang sedang berjalan. Jika kantung plastik telah berada di bawah bak penampung
gula, maka konveyor akan berhenti bergerak.

Proses selanjutnya adalah proses pengisian gula pada kantung dengan berat yang
telah ditetapkan sebelumnya, melalui keypad. Proses ini 3diawu:i dengan
membukanya kran pembuka schingga gula yang berada pada bak pUnAmpung
menguecur pada kantong. Berat gula akan di deteksi oleh sensor berat. Ketika berat
telah sesuai, kran pembuka akan langsung menutup dan kuﬁveynr akan kembali
hergerak.

Suatu saat kantung plastik yang telah berisi gula akan berada pada mekanis
pengepres. Pada saat tersebut konmveyor akan kembali berhenti, dan proses
pengepresan kantong gula berlangsung. Setelah proses tersebut kantong gula telah
terbungkus. Proses ini akan berlangsung scjumlah variable banvaknya kantung
plastik yang telah tersetting sebelumnya. Buzer akan berbunyi ketika seluruh
proses telah selesai.

3.2. Perancangan Sistem Kontrol Elektrik Alat

Agar sistem mekanis yang dirancang dapat bekerja sesuai }r-ang diharapkan maka

sistem kontrol elektronika akan dirancang seperti blok diagram sebagai berikut :




Sensor

Infra Red | |———m

:

Berat “T ADC

Infra Red 2 -

Keypad >

‘—h
Diriver Buzza

— Display
I_ngl'.nhm Iff_x'-l
> Drver —— | P |
Parmanas \ ¥
AR il I s
MG — \;f"’
ATBOSE252 Rangialan | e I
' Driver Motor |~ ™ ey |
i L
Rangkeis 3
l_mrfrm: -—-J/Cﬂ‘“:'\|
Gulg ok
L =
Bt =
e w (1 _...I-’ Motor \‘.
| Fres

1

T
=0 R

Rangkalan

|

3
" '?‘"\
*:ﬁﬁ

Gambar 3

.2. Blok diagram perancangan alat

* Sumber :

Perancangan

Pada blok diagram diatas sistem memiliki input yang bersumber dari sensor berat,

dua buah sensor infra merah, dan keypad. Sedangkan output sistem berupa satu

buah display, pemanas, motor konveyor, sentralock schagai kran pembuka. motor

pengepres, dan buzzer yang difungsikan sebagai indikator.

J.2.1. Sensor Berat

Sensor yang digunakan pada perencanaan alat ini adalah potensiometer

geser. Setiap keluaran yang berasal dari sensor yang berupa V ( sensor ) atau
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tegangan sensor yang diperoleh dari pengolahan dani nilai resistansi sensor akan
dijadikan V { input ) ADC.

Adapun perencanaan sensor berat adulah seperti pada gambar berikut :

Gambar 3.3, Sensor Berat
*Sumber : Perancangan

Pada rangkaian didapat arus awal schesar 100 pA yang didapat dengan:

£
£

| disensor =

Dimana: VYcc Tegangan masuk sensor
Rs = Tahanan sensor
Tsensor = Arus yang melewati sensor
Diketahui :Vee = 5 volt
Rs =50K0

o Svolt

1 sensor = 100 pA
Ketika sensor berada pada kondisi normal ( tanpa beban ), nilai R1 = 50 K dan

nilai R2 = 0 K0, dengan demikian tegangan output sensor sehesar




V output min =

V output min = .
50
V output min = 0 Volt
[an ketika sensor berada pada kondisi beban dengan berat 2000 gram ( beban in
merupakan beban maksimal yang disesuaikan dengan besar alat ) nilai R1 = 30

KO dan nilai R2 = 20 K{}, dengan demikian legangan output sensor sehesar :

V output max = x5Vailr
R+ R2

V output max = LISVM{ ........................................... {3.3)
WK +20K

V output max = 2 Volt { 2000 mV)
Dengan demikian maka sensitivitas (8) dani sensor yang dirancang adalah sebesar:

K max= F min

Berat max— Berat min

_ 2000-0
T

wrerrerperseea | 324 )
5=1mlgram

Jadi setiap perubahan 1 gram diwakili dengan perubahan tegangan sebesar 1 mV.

Dan pada perancangan alat ini perubahan berat yang direncanakan adalah per - 10

gram dengan perubahan tegangan sebesar 10 mV,

3.2.2.  ADC (Analog to Digital Convertiorn)
Penggunaan ADC pada perancangan alat ini digunakan untuk merubah
besaran analog yang bersumber pada sensor berat menjadi besaran digital yang

dapat dikenali oleh mikrokentroller.
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ADC yang digunakan merupakan ADC dengan tipe 0804 yang memiliki output
sebesar 8 bit. Rangkaian ADC memerlukan pewakiu ( elock ) untuk mengatur
kerjanya. Dalam hal ini untuk frekwensi clock ADC dapat dihilung sebesar

Diketahui : R=10K
C=150pF

1
LI{RC)

Frekwensi clock =

|
LI(10K.150pF)

=006 KHz

Dengan frekwensi clock sebesar 606 KHz, maka waktu konversi vang diperlukan

internal ADC adalah:
Frekwensi clock =g06 KHz
" 1
Maka periode clock = =
1 .
= S T LT T R L e {3.6)
107,00 s
= 1,65 pe

Pengujian terhadap rangkaian ADC dilakukan untuk mengetahui output dari ADC
0804 untuk berbagai variasi tegangan masukan. Besarnya resolusi dapat dihitung
dengan menggunakan rumus :

2xVref 1,

Resolusi(R )=
esolusi (R ) T

1 mana N = jumlah bit




Vref/2 yang digunakan dalam perencanaan alat ini adalah sebesar 1,3 Volt, hal ini

digunakan untuk mendapatkan pcrubahan tegangan tiap step ( resolusi ) dari

ADC sebesar *
o 2x13
255 EtH
_ 26
255
=001 Vol

Jadi kenaikan atau perubahan per step ADC sebesar 0,01 Volt atau 10 mV.

Sehingga data output dari ADC dapat dihitung

Fin
Cutput ADC e T TP {38
¥ Re solusi :
i
ADCOR04 L 50p
2o we crend 9 :I:
hity £
/_n -

PR o v
B 3 &
o i
L~ Dhs
Pl
L DT
%

2] 4

Gambar 3.4, Rangkaian ADC 0804

* Sumber ; Perancangan
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32.3.  Keypad
Keypad berfungsi untuk menentukan berat gula yang akan ditimbang

dan jumlah yang diinginkan. Keypad yang digunakan disini merupakan kevpad 3

kolom X 4 baris yang memiliki tombol angka 0 sampai 9, *, dan #. Tombol 0-9

berfungsi untuk menentukan berat dan jumlah gula sedangkan # difungsikan

sebagai tombel enter,

Untuk mengetahui posisi tombol mana yang ditekan software pendeteksi keypad

disusun menggunakan algoritma sebagai berikut:

? 4 Buat semua baris berlogika H, dan buat kolom berlogika L

2 Periksa kondisi logika pada baris keypad. Jika ada penckanan salah-satu
tombol keypad maka salah-satu baris akan berlogika L.

i Membuat semua baris berlogika L, dan kolom berlogika H.

4, Periksa kondisi kolom, jika salah satu tombol keypad ditekan maka salah-
satu kolom akan berlogika L.

5. Dengan demikian posisi penckanan sctiap tombol keypad dapat diketshui
melalui pemeriksaan baris dan kolom keypad. Perancangan keypad

digambarkan sebagai berikut :

I 2 3
1-—0-.‘5—-\* _-o—\u—o“-ho—-\_ F3.0
- = =
$5 O 4D 6 4D T Pil
5 o-\-hc_-o—x -5 O P32
- e ikt
L o] O—-\h —2 O—-\-ﬂ-ﬂ i:}----\1 ij

P34 P3.5 P3.6

Gambar 3.5. Perancangan Keypad
*Sumber : Perancangan




Proses pengidentifikasian keypad tersebut digambarkan pada diagram alir sebagai

berikut ;

<>

Baris : byle ¢
Kolom : byte P3.0...P33=L
Hasil : byte P34..P36=H
k.
P3.0..P33=H =
P3.4..P3.6=L Kolom=1 | _
Baris=0 |
Kolom =2 [ igd
Baris=1 | |
Kolom =3 .o
Baris =2
B Hasil==" | | voasd =3 % Bifis
+ Kolom
Baris=13

Gambar 3.6. Flowchart Pengidentifikasian Keypad

*Sumber : Perancangan
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Dari gambar flowchart diatas hasil pengidentifikasian keypad dituliskan pada tabel

3.1:
Tabel 3.1. Fungsi dari setiap tombol keypad
Tombol Hasil Fangsi Tombol Hasil Fungsi

1 1 Angka 7 7 Angka

2 2 Angka 8 8 Angka

3 3 Angka 9 9 Anpka

4 4 Angka "‘ 10 Refres

5 5 Angka 0 11 Angka

6 6 Angka # 12 Run (enter)
Tidak Spasi -
ditekan , |

* Sumber : Perancangan

324. MC ATBIS8152

Rangkaian mikrokontroller merupakan unit utama yang mengontrol
proses kerja sistem. Perancangan mikrokontroller AT89S8252 in dilengkapi
dengan penggunaan Xtal 12 Mhz sebagai penggerak oscilator internalnya.
Mikrokontroller ini mendapatkan input yang bersumber dari blok ADC sensor
infra merah, dan keypad, Perancangan ADC memiliki B bil data dan dan 1 buah
bit kontrol. Ke-8 bit data masuk pada port P1.0 sampai P1.7, sedangkan pin
kontrolnya ditempatkan pada P2.6. Penanganan keypad membutuhkan 7 bugh port
mikrokontroller yang kesemuanya dikontrol pada port P3.0 sampai P3.6. Selain
itu mikrokontroller juga menerima inputan yang bersumber dari 2 buah rangkaian
penerima inframerah, melalui port P2.1, dan P2.2.
Mikrokontroller ini juga melakukan kontrol pada bagian output yaitu Display

yang berupa LCD M1632 dan rangkaian driver-driver beban. Rangkaian Display
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memhbutuhkan 8 bit data dan 2 bit kontrol (RS,E). Delapan bil data dikontrel pada
P1.0 sampai P1.7, sedangkan ke-2 hit kontrol dilakukan oleh P24 dan P2.5.

QOutput lain dari rangkaian mikrokontroller adalah beberapa output driver beban,
vaitu : pemanas, pcngepres, senirallock sebagai pembuka kran. dan motor
konveyor. Untuk lebih jelasnya perancangan umil mikrokontroller AT8958252,

dijelaskan sebagai berikut:

P __i___fﬂ
i
v
o 143 ]
36
M3 35-
P4 g
AL D M5 =
ADCILCD T¥ P06 =
ADCILID D7 T
w2
ATEIZEIST a1 ]
PIT 7Y
[k} =
OO P
T P25 7——'—3
Bl l———
P
FED [t  RETERBEL
THIL = EEYPAD BHI
=
FiEd O——

Gambar 3.7. Perancangan Unit pengontrol Mikrokontroller ATSYSE2IS2.
* Sumber : Perancangan
3.2.5. Display
Display digunakan untuk menampilkan beral gula yang akan ditimbang
dan jumnlah gula yang ingin diproses. Perancangan display digunakan sebuah LCD
MI1632 vang dapat menambilkan 32 karakter dalam 16 kolom dan 2 baris.

Perancangan bagian display digambarkan sebagai berikut

42




e

5V LCD

P1O--P1.7

Gambar 3.8. Perancangan rangkaian LCD

* Bumber ¢ Pomncengan

Dari Gambar 3.8 diatas pin data dikontrol olch P1.0...P1.7 dari mikrokontroller.
Sedangkan pin kontrol LCD yaiw RS dan E, dikentrol oleh pin P2.4, dan P25,
Penggunaan nilal Vr sebesar | K merupakan ketetapan dari datasaeet book dan
Diode {germanium) pada pin 15 (Ve +), bertujuan sebagai pengurang tegangan

sebesar 0,7 volt.

3.2.6. Rapgkaian Sensor Infra Merah

Rangkaian scnsor infra merah berfungsi untuk mendetekst keberadaan
kantung gula. sehingga sistem dapal mengetahul kapan proses pengision kantung
gula dan wakw pengepresan terjudl, Rangkaian infra merah ini terdiri dari 2 buah
led infra merah sebagal pemancar inframerah dan 2 buah photo diode sehagai
penerima infra merah. Gambar perancangan rangkaian infra merah adalah sebapai

berikut :




B1TE

RITH

N

Gambar 3.9, Perancangan rangkaian sensor infra merah
*Bumber ¢ Perdnesngan

Pada perancangan diatas. rangkaian sensor inframerah terdivi dari 2 buah pengirim
dan 2 buah penerima. Rangkaian pemancar bersumber dari 2 buah led pemancar
infra merah yang dirangkai seri dan di driver melalui transistor 9014, kontrol
rangkaian pemancar dilakukan oleh 22, vang berarti mempunyai frekuensi schesar
12Mhz. Penjelasan mengenai perhitungan driver pemancar infra merah adalah
sehagal berikut :

. Feoe —2F inf srerah

’®. -
' 2Hinf meerak
. 5—215)
' 20 GnzA)
K= 2
200mA
R = 100hm
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Dengean demnikian nilai Re yang digunakan adalah sebesar 10 ohm.

Nilai Rb dapat di cari sehagai berikut :
(e
" hfe
_ 100mA
200
I, =0,5md

agar transistor dapat mengalami kondisi hard saturasi nilai Iy g, yang berikan harus 10 kali

lebih tinggi dari nilai T
hmax = '[ﬂ)(fk
b = 10x0.5mA
L. :jm
R = Vm = Vrm
Jrmm _I'.ﬁm
g e 4,7-0.7
SmA
Rllmirr =i
SmA
Ry = 8000km

Dengan nilai Ry min sebesar 800 ohm dan nilai Ry mae adalah 10 kali Ry miw maka
dipilih nilai nilai Rb sebesar 2K2 ohm.

Sedangkan perancangan penerima infra merah, terdiri dari photo diode dan sebuah
resistor pul-up. Photo diode mempunyai sifat yang hambatannya akan turun jika
menerima cahaya inframerah. Perubahan resistansi yang terjadi  akan
menyebabkan perubahan tegangan. Dan perubshan tegangan ini akan
dibandingkan dengan tegangan referensi dari 1C LM339. untuk merubah menjadi

logika high atau low.
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3.27. Rangkaian Driver

Rangkaian driver berfungsi untuk memperkuat logika vang terdapat pada
mikrokontroller sehingga mampu untuk menggerakkan beban yang di inginkan,
Rangkaian driver disini dibedakan menjadi 2 buah yaitu driver yang pembalik

polaritas dan driver switch.

Driver switch terdiri dari | buah relay dan 1 buah driver relay. Schingga driver
switch dapat menerima logika dari pin mikrokontroller dan meneruskan logika

tersebut pada beban yang dimaksud, Gambar driver swilch adalah sebagai berikut:

®

.|Ij

uln 2003

FELAT-DFDT

Gambar 3.10. Rangkaian driver switch
* Sumber @ Perancangan

Driver switch digunakan untuk melakukan pengontrolan pada bebhan motor

konveyor, pemanas, dan buzzer.

Sedangkan driver pembalik polaritas memiliki dua buah input untuk mengontrol
arah gerak beban dan untuk mengaktif atau non aktif beban. Perancangan driver

pembalik polaritas adalah sebagai berikut:
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£} -0
=3 2
beban : ;

- ] Q—( Port MK Onoff |
12N ] ik
oﬂ—m

aln 2003

(Gzambar 3.11. Rangkaian driver pembalik polaritas
* Bumber : Perancangan
Beban yang membutuhkan pengontrolan dtiver pembalik polaritas adalah motor

pengepres, dan motor sentral lock.

3.2.8. Flowchart Alat

Dengan perancangan sisiem mekanis dan sistem konfrol elektris yang
diterapkan pada alat, agar alat dapat bekerja sesuai dengan yang diinginkan maka
algoritma perancangan software alat digambarkan berdasarkan flowchart sebagai

berikut ;
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Inisialisasi
Sistem

| Masukkan
]| Tumnlah proses dan berat
1

botor Konveyor
On

Enofrma Fada
Tempat

Prrmsian

Motor Konveyor
off

:

Buka Kran Cula

Berat 1wclah
sesual

Tutup Kran Gula
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-
-

Motor Konveyor
On

Enntung Pl
Tempat
Pengepresan

Motor Konveyor
Off

Proses Pengepresan

b

Kurangi Jumlah
(N-1)

Jumlah =0

)

Gambar 3.12 Diagram Alir Sistem
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BAB IV

PENGUJIAN DAN ANALISA ALAT

4.1, Umum

Pengujian alat ini dilakukan untuk mengetahui kinerja dari keseluruhan
sistem rangkaian. Jadi pada tahap ini akan diketahui nilai-nilai serla parameter-
parameter dari setiap hagian yang munyusun sistem secara keseluruhan,
4.2. Pengujian Rangkaian Mikrokontroller
42.1. Tujuan

Tujuan dar pengujian rangkaan mikrokontroller ini adalah untuk
mengetahui apakah rangkaian yang telah dirancang dapat bekerja sesuai dengan
yany direncanakar,

2.2, Alat dan Bahan
1.  Power Supply
2. 8 buah LLI} peraga

Dowrniloader ATEGSE252

Cd

4. Rangkaian Mikrokontroller ATBOSE252
4.2.3. Langkah Pengujian

I. Merancang Software Pengujian sebagai berikut :

org 0H

Mulai: oy P1AOFH :kondisi satu
call Delay
oY P14 OFOH Jkondisi dua
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call Delay

jmp Mulai

Delay: mov R0.#0

Delayl:  mov R #5011

Lea

djnz. R5.%
djnz RO, Delay]
end
Melakukan load software pada langkah 1 kedalam Mikrokontroller

AT8958252 dengan bantuan komputer dan downloader ATBI58252.

. Mempersiapkan blok pengujian seperti pada gambar 4 — 1.

Mengaktifkan sistem mikokontroller, display LED, dan memasang

catu daya schesar 3 voll serla mengamati hasil nyala LED.

L \\.
.. )
pO k‘:; !
Rangkaian . 2
a’r 3
Mikrokenirolier R
oy 4
ATBOS6252 A
. AR 8
P3 Pz Jf &
I
!
% ) 7
A ]
8 f ——
Y ; LED s

Gambar 4.1. Blok Diagram Pengujian Rangkaian
Mikrokontroler ATB9S8252

* Sumber : Pengujian
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Pada pengujian ini led"0” di umpamakan sebagai motor konveyor,led™1 dan 27
sebapai central lock led *3dand”™ sebagai motor pengepres dan led 3" sebagai
buzser.
4.3. Pengujiann Rangkaian Keypad
43.1. Tujuan

Tujuan dari pengujian rangkaian keypad ini adalah untuk mengetahui
apakah rangkaian keypad dapat bekerja sesuai dengan yang direncunahan.
4.32. Alat dan Bahan

1. Power Supply

2. 4 buah LED peraga

3. Downloader ATE9SE252

4. Rangkalan Keypad dan Mikrokontroller ATE9S8252
5. Softwarc proses scaning keypad 3 X 4 yang telah dirancang

{ Software ini dapat dilibat pada lampiran program baris 704 - 830)

4.3.3. Langkah Pengujian

1. Mempersiapkan dan melakukan download software pengujian

keypad sebagai berikut :

LI AR
LUALL AMBIL_KEYPALY
MOV R4 HASIL_KEVFAD
CINE R 4N, LITEKAN
IMP ULANG

DITEKAN;
MOV Pl LR
Mp ULANG
EMEY

2. Moempersiapkan blok pengujian seperti pada gambar 4 — 2,

3. Menekan tombol keypad dan mengamati kondisi nyala LED.
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Mikrokontrollar

Keypad P1 PO
AT BB58252
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Y€

—
m
=
w
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e

Gambar 4.3. Blok Diagram Pengujian Keypad
* Bumber : Penpujian

4.3.4. Hasil dan Analisa
Setelah melakukan pengujian sesuai dengan langkah - langkah

pengujian diatas didapatkan hasil pengujian seperti dalam tabel 4 -2

Tabel 4.2. Hasil Pengujian Keypad

TOMBOL LED 3 LED 2 LED 1 LED 0
1 on on on off
2 on on _ off’ on
B 3 on on off’ off
4 on off on ot
3 _on _off on off
6 on off off on
7 on oft off off
8 oll on on on
B 9 off on ol off
. * oft on off on
'. 0 off on off off
| 4 off | off on on

sumber : Pengujian
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Pemasangan LED pada pengujian diatas menggunakan common
anoda, schingga LLED akan menyala jika port mikrokontroller berlogika rendah.
Dengan memperhatikan kombinasi nyala LED pada saat tombel 2 ditekan, nila
biner yang yang ditunjukkan adalah 0010, dan pada saat tombol 6 ditekan nilai
binter yang ditunjukkan 0110, Dengan demikian kombinasi nyala LED tersebut

telah mewakili penekanan tiap tombol keypad yang dirancang.

4.4. Pengujian Rangkaian LCD
44.1. Tujuan

Tujuan dari pengujian rangkaian LCD ini adalah untuk mengetahui
apakah rangkaian display { LCD ) yang telah dirancang dapat bekerja sesuai
dengan yang direncanakan.
4.4.2. Alat dan Bahan

1. Data Sheet LCD type M1632

2. Rangkaian LCD

3. Rangkaian Mikrokontroller AT89S8252

4, Downloader ATB9S8252

5. Power Supply

6. Software Pemanfaatan 1.CD, dar proses inisialisasi hingga proses

penulisan suatu string ke LCD. ( Program ini dapat dilihal pada

|]ampiran program pada baris 480 sampai baris 702 )

35




4.4.3. Langkah Pengujian

1. Mempersiapkan software Pemanfaatan LCI). Program ini ferdapal

pada program keseluruhan, Adapun software pemanlaatan dan LCD

adalah sebagm berikut :
LOALL INISIALISASE LCD
MY BARISAI
MO EOLOM#0
LEALL TEMPATR AN EURSOR
MLy DITR_ACONA_LCD
[l TULES STRING
AT

CORA_LCD: DR COBA LOD

FMI

2. Mengisi mikrokontroller AT8988252 dengan soflware yang telah

dipersiapkan dialas menggunakan downloader ATB9SE252Z.

]

pengujian LCD pada gambar 4 — 4.

4. Menghubungkan rangkaian dengan power supply.

5. Mengamaii hasil pengujian LCD.

Mikrokontroller

ATB9582562

I

Data

V]

LCD

Control

Gambar 4.4. Blok Diagram Pengujian LCD

¥ Sumber : Penguiiatn

Mempersiapkan rangkaian pengujian seperti pada Blok diagram
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4.44. Hasil dan Analisa

Setelah  melakukan pengujian LCD  dialas, dan  hasil pengujian
didapatkan bahwa rangkaian LCD dapat menampilkan karakter-karakicr, sesuai
dengan daw yang dikirimkan. Tampilan berupa tulisan * COBA LCD * pada baris
pertama LCD, dari hasil pengujian diatas menandakan bahwa proses penulisan ke

LCD berhasil dilakukan dengan benar.

Gambar 4.5. Foto hasil pengujian LCD

4.5. Pengujian Rangkaian Sensor Berat
451. Tujuan

Tujuan dari pengujizn rangkaian scnsor berat ini adalah unluk
mengelahui apakah sensor berat vang dirancang dapat bekerja sesuai dengan yang
direncanakan.
45.2. Alat dan Bahan

1. Power Supply

2. Digital Multimeter

3. Beban Berat
4.5.3. Langkah Pengujian

1. Melakukan pcmbebanan pada sensor berat yang telah dirancang,




2. Mengamati nilai tegangan ( V ) disensor pada multimeter digital dan

memasukkan hasilnva kedalam tabel 4 — 3.

3. Mengulangi langkah | dan 2 untuk beban yang berbeda.

5V

SR

Gambar 4.6. Blok Diagram Pengujian Sensor Berat
® Sumber T Penguiian

4.5.4, Hasil dan Analisa

Dari pengujian sensor berat diatas dengan melakukan pembebanan acak.

hasil yang diperoleh adalah sebagi berikut :

4.5.4. Hasil dan Analiza

Dari pengujian sensor berat diatas dengan melakukan pembebanan acak,

hasil yang diperoleh adalah sebagi berikut :

Tabel 4.3. Hasil Pengujian Sensor Berat

No Berat Tegangan (V) pada sensor
( gram ) { Volt)
1 750 0,76
> 1000 1,03
3 1100 114
4 1150 1,19 )
5 1250 .28
f 1 5040 1,52
7 1750 1,79
8 2000 ] 2,08

Sumber ; Pengujian
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Gambar 4.7.

a. Foto hasil pengujian linieritas sensor berat pada beban 1000 gram

b. Grafik linieritas sensor berat

4,6. Pengujian Rangkaian ADCO804
4.6.1. Tujuam
'I'yjuan dari pengujian rangkaian AT} 0804 ini adalah untuk mengetahui
apakah rangkaian ADC dapat bekerja sesuai dengan yang direncanakan.
4.6.2.  Alat dan Bahan
1. Power Supply
2. Sensor Berat
1. Digital Multimeter
4. Rangkaian ADC 0804 vang akan diuji
5. 8 LLED peraga
4.6.3. Langkah Pengujian
I. Menghubungkan pin — pin keluaran ADC 0804 dengan rangkaian

LED.




2. Menghubungkan rangkalan pengujian ADC 0804 dengan tegangan

power supply 5 Volt DC.

3, Memberikan tegangan input ADC 0804 yang bervariasi ( hasil dari

teganzan keluaran pada sensor berat ).

4, Mengamali nyala LED dan memasukkan hasilnya kedalam tabel

44,

|
1=

Gambar 4.8, Blok Diagram Pengujian ADC 0804

4.6.4. Hasil dan Analisa

* Sumber : Penguiian

Dari pengujian ADC 0804 hasil yang diperoleh adalah sebagai berikut :

Tabel 4.4, Hasil Pengujian ADC 0804

" [mput [ ©° OUTPUT DIGITAL ADC 0804 . |
Mo Auslog 'pgo | pa1 | D2 | pB3 | B4 | DBs | D6 | DB7 | PP
[ [ 076 | 0 | L | 0 | 0 | 1 I | 0 | 0 | 76
2 a5 ] 6 1 | 1 | & | pob Pyl a [
3 1,14 0 1 1 | 0 0 | 0 14
4 1,19 0 1 1 l 0 1 1 | 119
5 128 [ 1 | 0 0 [ 0 0 | 0 |0 | o |128
6 152 | L | 0 [ @8 [ [ [ 1 |00 [ 0|15
7 1,79 1 0 1 I { 0 I l 179
8 | 208 | | 1 0 1 0 | 0 0 | 0 | 208

Sumber @ Pengujian
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Pengukuran ke-1 :

Pengukuran ke-2 :

Pengukuran ke-3 :

Pengukuran ke-4 :

Pengukuran ke-5 ;

Pengukuran ke-6

Vin=

boE =

Vin=

%E =

Vin=

WE =

Yin =

b =

Vin =

UE, =

¥in=

76

—x 2.0 Voli = 0,774 Vol
255
= 0,77 Volt
ST1-076, joo% = 126 %
0.77
03 26Velt = 1.050 Vol
255
108, 1009 = 190%
L05
U8 26vVol = 1,162 Vol
255
= 1,16 Vol
Le-M 0% = 112%
16
119 B :
—x 2.6 Volt =1,213 Vol
255
= 1.21 Volt
Mx 100 % = |,65%
121
Eix 2,0 Vol = 1,305 Vol
555
= 1,30 Vol
LI b =155
1,30
E%x 2.6 Vol = [,549 Vall
235
= 1,55 Vol




155-1,52

%E = = 100 % = 1LUI %
. 179
Pengukuran ke-7 : Vin= e x 2,6 Volt = |,825 Volt
= 1,82 Vol
wp=282079 0% =1.64%
. 208
Pengukuran ke- § Vin= TS x 2,6 Volt =2,120 Volt
Yol = M!{ 100 % = 1,88 %

]

L(% KesalahanPengukuran) ,
BanyakmaData

%L rata —rata =

1,29+1,90+ L72+ 1,65 + 1,53+ 1,93 + 1,64 + 18R
8

Yok rala —rafa =

=%= 1,692 %

Sehingga dapat diperoleh k@sa]nhaﬁ rata-ratanya sebesar 1,692 %
Jadi untuk pengujian rangkaian ADC 0804 ini presentasi ketelitiannya adalah :
Presentasi Ketelitian = 100 % - 1.692 %

= 98,30 %
Setelah melakukan pengujian sistem timbangan diatas maka dengan melihat hasil
pengujian dapat disimpulkan dalam pengisian gula seberat |000gram dibutuhkan
waktu selama 15 detik dan untuk 1500 gram dibutuhkan waktu selama 24 detik.
Schingga rangkaian sistem timbangan digital dapat beketja sebagaimana yang di

harapkan.
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4.7.

Pengujian Sistem Timbangan Digital

4,7.1.  Tujuan

‘Tujuan pengujian ini adalah unk membandingkan hasil pengukuran

timbangan digital dengan timbangan konvensional. Pengujian ini dilakukan

beberapa kali untuk mengetahui error rata — rala sistem.

4.7.2,  Alar dan Bahan

1.

2

3.

6.

Power Supply

Sensor Beral

Rangkaian ADC 0304

Rangkaian Mikrokontroller ATE958252
PO MI632

Digital Multimeter

4.7.3. Langkah Pengujian

8

Melakukan penimbangan secara kovensional dan mencatat hasilnya
kedalam tabel 4 — 5.

Menghubungkan Rangkaian Sensor Berat dan ADC 0804 dengan
rangkaian Mikrokontroller AT8958252 dan LCD.

Menghubungkan keseluruhan rangkaian diatas dengan powcr supply.
Melakukan pembebanan pada sensor beral scsuai dengan berat yang
telah diukur atau ditimbang secara konvensional dan mencatat

hasilnya kedalam tabel 4 - 5.
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ol vlies
s ADC 0804
‘I L Murdmaler Chg el

EJ
LCD

Gambar 4.9. Blok Diagram Peogujian Sistem Timbangan Digital
* Sumber : Penguiien

B0 K

4.7.4. Hasil dan Analisa

Dari pengujian sistem timbangan digital diperoleh hasil sebagai berikut :

Tubel 4.3. Hasil Pengujian Perbandingan Timbangan Digital

dan Timbangan Konvensional

{0  DISPLAY TIMBANGAN
No. Tlmhlngm Kﬂmnswnal mbaugan mgmu
L (gram) i {gram}

| Tal ) 750
2 1030 1000
3 1140 1100
4 1% 1150
: 1280 1250
6 1520 1500

7 1790 1750
8 2080 2000

Sumber : Pengujinn
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Gambar 4.10. Foto hasil pengujian timbangan digital dan konvensional

Dar dawe diaes dapat dicari persentasi kcsalahannya vaitu dengan

mengpunakan rumus

dengan :  %E = persentasi kesalahan
x = berat timbangan konvensional

¥ = herat timbangan digital

q
_ (760 -750) 4o

1. %[
! 760

- 10 o0
760
= 1.3 %
(1030 —1000)
- B0 VW e
1034 % /i;

30
1030

= 291%

2. Tk

2100%
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_ (1140 -1100)
1140

40
1140

s
=35%

3. %E X100

i

x1 0%

_ (11901150
1120

40
1190
=34 %
(1280 -1250)
1280
30
1280
=23%
_ {1520-1500)
1520

= ﬂxlﬂﬂ%

1520

=13%

_ (1790 -1750)
1790

= 4[:' Q
o ¥100%

=2,2%
8 %E =wxmu%
2080

L xlO0Yy

2080
=38%
D%E = 1,342,943,543,4+2,3+1,342,243,8

4. %E x100 Y,

x100%

5. %E = *1009;

x100%

6. %E 2100y,

7. %E 1009

= 20,7
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Sehingga dapat diperoleh kesalahan rata-ratanya :

Y %E _ (2071)%
H 8

= 2,588
Untuk persentasi ketelitian rata — ratanya = 100% - 2.588 %
=97,412 %
Setelah melakukan pengujian sistem timbgngan diatas maka dengan
melihat hasil pengujian dapat disimpulkan bahwa rangkaian sistem timbangan

digital dapat bekerja sesuai yang direncanakan
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4.8. Pengujian Motor DC

4.8.1.

Tujpan

Tujuan dari pengujian ini adalah untuk mengelahui arah putaran motor

de sekallgus apakah driver motor dc dapat bekerja sesuai dengan yahg

direncanakath

Lﬂ.‘;". Allut dun Bahan

4.8.3.

2.

3.

Power Supply 24 Volt untuk motor dc,12 Volt untuk driver motor
de, 5 Volt untuk input driver High dan D Volt untuk iﬂj}lﬂ dtiver
Low,

Rangkaian driver motor de.

Motor DC,

Langlmh Peagujian

|. Menghubungkan motor de dengan rangkaian driver motor de.

1

Menghubungkan motor de dengan power supply 24 Volt DC.
Menghubungkan VCC driver motor de dengah power supply 12 Volt
DC.

Menghubungkan input driver motor de dengdn power supply 5 Valt
DC.

Menghubungkan input driver moter do dengan power supply 0 Voll
DC.

Memberikan inputan driver motor de seperti pada langkah 4 dan 5
secara bervariasi dan menpgamati arah puturannya lalu memasukkan

hasilnya k¢ dalam tabel 4 — 6.
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Motar
Fengepres

S

Motor FPintu

Motar
Konveyor

I

37—

DRIVER L I - X FOWER
M%EDR SUPPLY

Gambar 4.11. Blok Diagram Pengujian Motor DC
* Sumber : Pengudian

4.8.4.

Hasil dan Analisa

¥

Dari pengujian motor de dapat diperoleh data sebagal berikur :

Tabel 4.6, Hasil Pengujian Motor DC

st o - Input DPriver - | Kondisi relay | R ot
G w1 n e FR 10 [ - R 30| s oosist Motor
L H Off On Diam
Pengnpies L L Off Off Diam ‘
H L On Off Berputar searah jarum jam
H H On On Berlawan arah jarum jam
Pintu gula L H Off On Diam
{central L L Oft Off Driam
lock) H L On Off Berputar searah jarum jam
| H H On Cn Berlawan arah jarum jam

¥ Sumber : Pengujian

Tabel 4.7. Hasil Pengujinn Motor DC konveyor

C | Input Driver | Kondisirelay | = ' Kondisi Motor -
Konveyor ol 24 Diam
i L On Berputar searah jarum jam

* Sumber ; Pengujian
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Pada proses pengepresan di gunakan motor TC untuk menggerakkan
kawat pemanas dengan lama pengepresan 10 detik. Dengan melihat tabel diatas
dapat disimpulkan bahwa mangkaian motor de dapat bekerja sebagaimana

mestinya sesuai dengan yang direncanakan.

4.9, Pengujian Rangkaian Sensor fnfra Red
4.9.1, Tujuan
Pengujian ffra Red ini bertujuan untuk mengetahui bagaiamana kondisi

Infra Red pada saat rangkaion ini digunakan sebagai sensor

4.9.2. Alat dan Bahan

I. Power Supply 5 Volt DC.

2. Rangkaian fifra Red vang akan diuji.
4.93. Langkah Pengujian

1, Membuat rangkaian pengujian seperti blok diagram dibawah ini ;

WEE

-

oo

=) 1] {C=G—

Fangading

Gambar . 4.12. Blok Diagram Pengujian Rangkaian Infra Red

* Sumber : Pengujian
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AR k|

Gambar. 4,13, Pengujian Infra Red
Menghubungkan rangkaian fnfra Red, driver dan LCD dengan power
supply 5 Volt DC.

Menghalangi /nfra Red dengan penghalang dan mencatal hasilnya
kedalam tabel 4 — 8.

Melepas penghalang dan mencatat hasilnya kedalam tabel 4 — 8.

4.9.4. Hasil dan Analisa

Scielah melakukan pengujian sensor fnfra red maka hasil yang

didapatkan adalah scbagai berikut :

Tabel 4.8, Hasil Pengujian Sensor Infra Red

i .- ¥ Out Sensor
. Kondisi Sensor . . R
Terhalang 4,76
Tauk Terhalang 235

Sumber ; Pengujiar
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{zambar. 4.14. Foto hasil pengukuran

Drengan mengetahui kondisi sensor fnfia red maka dapat disimpulkan
bahwa rangkaian semsor infra red dapat bekerja sebagaimana mestinva sesuai
dengan yang direncanakan.

4.10.  Pengzujian Peranghat Lunak

Program yang digunakan ialah program assembly. Pengujian program
assembly ini dilakukan pada saat mengkompile program sumber assembdy, yang
merupakan kumpulan baris-baris perintab dan telah disimpan dengan extention
CASM. Program  ini  ditulis mengounakan  UlraEdit-32  vang  dihubungkan
langsung dengan HB2000W  Programmer &  Fvafwation  Board  For
ATBYS/C/51/52. Mada bagian proscs assembly, program ASM akan dikompile
menjadi dua bagian, yaitu fiszing assembly * L8T dan program obyek * HEX yang
berisikan kode-kode yang hanya dikenali mikrokontroller. Program inilah yang

akan didewrloadkan ke mikrokontroller.,

4.11. Pengujinn Sistemn Kexelurubhan
Pada bagian ini komponen — komponen vang telah diuji sebelummnya

seperti Keypad, LCD, Sensor Berat, Driver Motor DU, Motor DC, Sensor fufra
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Red dan Mikrokontroller dihubungkan sesuai dengan  perancangan  sistem.
Tampilan awal dalam pengujian sistem ini berupa tampilan pada 1.CT) sebapai

berikut:

Gambar. 4.15. Tampilan Awal Pada LCD
Dalam pengujian ini untuk melakukan pengesetan  yaitu dengan
menekan tombol pada keypad dan akan tampil pada unil lampilan menu utama
yang terdirl dari berat gula pasir yang ingin ditimbang. Tampilan pada LCD

sepertl pada gambar berikut -

Gambhar. 4.16. Tampilan Awal Perintah Pengisian Berat
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(GGambar. 4.17. Tampilan jumlah yang diinginkan
Setelah proses pengesetan selesai maka selanjutnya melakukan set uniuk
menjalankan sistem yaitu dengan menekan tanda ( # ) pada kevpad. Pada proses
selanjutnya pada LCD akan ditampilkan berat yang diinginkan dan berat aktual

pada saat penimbangan,

Gambar. 4.18 Tampilan Berat Setting dan Akiual
Tampilan selling merupakan acuan berat aktual, sehingga pada saat berat
aktual sudah mencapai berat scperti pada gambar 4,12 maka proses pengisian

selesal.
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CGambar . 4.19. Tampilan Proses Pengisian dun Penimbangan Gula

Seperti yang terdapat pada gambar 4.13. Sciclah proscs penimbangan
selesai selanjutnya akan menuju step berikutnva dimana gula yang telah

dimasukkan kedalam plastik kemasan akan dipres.

Gambar. 4.20. Tampilan 'roses Pengepresan
Apabila seluruh proses telah selesai maka buzzer akan memberikan tanda

peringatan, dengan tampilan pada LCD melakukan proses kembali atau tidak.

Gambar. 4.21. Tampilan Akhir Dari Proscs
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BABYV

PENUTUP

Kesimpulan

Dari hasil pengujian dan analisa dari alat vang telah dibuat maka dapat

disimpulkan :

ks

bt

Pada penpgujian rangkaian mikrokontroller AT8938252. mikrokontroller
dapat berfungsi mengendalikan sistern kescluruhan.

Pada pengujian keypad, rangkaian dapal digunakan schagai masukan
perintah berupa piliban proses berat 1000 gram, 1500 gram dan banyak
nya jumlah gula vang akan diproses.

Pada pengujian LCD, rangkaian dapal digunakan sebagai penampil
proses.

Pada pengujian sensor berat dengan melakokan beberapa kali percobaan
dengan nilai berat yane berbeda didapat penyimpangan hasil yang
bervariasi. [lal ini discbabkan karcna tingkat lincaritas sensor berat yang
menggunakan potensiometer geser yang dihubungkan dengan pegas
timbangan konvensional tidak dapat bekerja 100 %. Pada pengujian
sistem timbangan digital dapat diketahui nilai persentasi kesalahan rata
ratanya, yaitu scbesar 2,588 %. Dan dapat diketahui pula persentasi
ketelitiannya, yaitu sebesar 97,412 %,

Pada pengujian ADC 0804, dapat diketahui nilai persentasi kesalahan
rata ratanya, yaitu sebesar 1,692 %, Sehingga dapat diketahui

persentasi ketelittannya, yaitu sebesar 98,085 %
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fi.

5.2,

Malam pengujian pengisian gula dalam kantung diperlukan wakiu selama
15 detik untuk pilihan berat 1000gr dan 24 detik untuk berat gula 1300
or, sedangkan untuk proses pengepresan plastik memerlukan waktu 10

detik

Saran

L ntuk mengembangkan alal pengisian dan pengepresan gula pasir dalam

kemasan ini, maka vang perlu diperhatikan antara lain:

1.

2.

3

Pada sensor berat hendaknya mengounakan sensor vang mempunyai
tingkat linearitas yang baik, misalnya menggunakan sensor LVDT.

Pada saat proses penimbangan berat vang diinginkan sering berubah-
ubah dikarenakan bebeorapa faktor antara lain kelenturan belt konveyor
dan penempatan plastik kemas

Perlu membuat jalur untuk membantu penempatan plastik kemasan agar

tepal berada pada pinto gula dan pada proses pengeprasannya.
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Nama - Ady Kristianto

Nim : 0017184

Masa Bimbingan : 15-8ep-2005 s/d 18-Mar-1006

Judul Sripsi : Perancangan Dan Pembuatan Alat Pengisian Dan

Pengepresan Gula Pasir Dalam Kemasan Secara Otlomatis
Dengan Menggunakan Mikrokontroller ATR9S8252

i Paraf
NO Tanggal ' Uraian Pembimbing
1 5 -01- 2006 ACCBARI
2 13 -01-2006 ACCBAR I

3 24-01-2006 Revisi BAD 1T

4 3-02-2006 ACC BAB I

3 20-02-2006 Revisi BAB IV

7 10-03-2006 ACC Maju Seminar Hasil

8 13-03-2006 Dﬁ:rriﬂ Alat

S
e
ﬂ‘7~

O 27-02-2006 fﬁ.CC BAB VY zi:
3

(z.(ﬂ
Y

9 | 20-03-2006 ACC Ujian Skripsi




FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO 5-1
e KONSENTRASI TEKNIK ELEKTRONIKA

M,H INSTITUT TEKNOLOGI NASIONAL MALANG
£

FORMULIR PERBAIKAN SKRIPS]

Nama 1 Ady Kristianto

Nim 2 00,17.184

Masa Bimbingan @ 15 September 2005 — 18 Maret 2006

Judul : Perancangan  Dan Pembuaton  Alat Pengivian  Dan
Pengepresan Gula Pasir Dalum Kemasan Secara Otomatis

Derran Menmggunaken Mikrokomtroller ATS9S8252

Mo Tanggal Materi Perbaikan Paral Penguji
] ] = Pengujian linjeritas  sensor B -2
| | 4 April 2006 ,
| berat ' '
Disetujui

Pengnji 11

pAipraptono, MT
NIPY 1039500274

Mingr:lahui,
fembimbing

Ir. Eklo Nurcahvo
NIP. Y 028700172




LIBTING PROGAREAM :@ PERANCENWGANM TWAN PEMBIOATAN RIAT [PENGTSILAN DAN
FPENGEPRESAN GULA PASIK DALRM  KEMAZEN SKCKED
OTOMATLE  DENGAN MENGGUMNAKDN MIKBOECONIHO_LEE AT
Eo2B252

i saddres memori kontrol

£ MODE _PROSES EQU ZFH

ks BUFEDATI EQL JCH

4. EUFFDATZ EQT 211

5. EUFFLATI E30 32H

B, JUMLAHIE EDT 40H

4 JUMLAHZE EL 418

k. JUMLEHAE ECH 125

9. DATAPERIESE ECU JBE

14, AHGER ECO 338

il #

12 SATUAN ECT 35H

13. FULLUAN EQU 36H

14. RATUSAN Bl 37H

15. I

18, PGRT_RDC EQ Pl

p kg DﬁTH_EDC EQO 34H

18. ENABEL ADC EQT Pash

189. H

20, FRDSEE_ISIHH BIT 1GH
21. DHLHH_FRGSES ZRES BIT 1988
22,  BARU SLESAI BIT  1AH

23. SUDAH_PERNRH BIT 128H
24. RIGUNEAN HABRIS BIT 1EH
25. ;

26, jaddres data bit kontrol

27, sentral kanki- GIT BC.0
28. sentral OnDff BIT PO.1
29, motorpres_kankir BIT PO.2

a0, motorpres OnOff BIT PG.3
3. Motor gerak BEIT B4

32, pemanas BIT S
Y Buzor BIT I

4. IR R¥1 BIT P2.1
J5. IR*RKE BIE B2
36. ;

37. z

38, CRG 00h
38, JMBP Stare

40. e S e e e S o S B e s b S LT U R e
41. i INISTIALISAST

42, P e e e o e e e e e e
43, START:

a4, MO PO, #00H

45. CALL tunda lama

46. CALL tunda_lama

47. CALL tunda lama

48, LEOALL INISIALISASI_LTD IRISIALISARSI CIT
43, i




0. Mov BARIS, #1HR

51, MOV  KOLOM, fou

52, CALL TEMPATKAN KURSOH

53, MOV  DBTR, £NIME sTULIS MAME
5¢.  LCRLL TULLS STRING

b

5g. Hos BARIS, #2ZE

S Moy KOLOM, 401

5. CRLL TEMPATELN EURESCOR

a8, AT DETE, #NTM sTELIS KIM
ag, LCALL TULIS STRING

61. CALL TUNDA TAME SEKALI

E2. x

r
E3: MOy ERRIS, #1H
€4 . mMos EOLCM, 405
€. CALL TEMPRTEDN KiIRICR

E6. Mo CETH, #FAK TULLIS FAROLTAS
g7, LCALL TULIS STRING
6a ., ;

*
9. MOV  BARIS, #2H
70. MOV KOLOM, $0H
71. CALL TEMPATKAN KURSOR

72. MOV DPTR, #JUR sTULIS JURUSAN
73.  LCALL TULIS STRING

74. CALL TUNDA LAMA SERALI

75.

Th. MO BRARIS, #1H
T M KOLOM, #0H
8. CALL TEMPATKAN KURSOR

., MoV DETR, #UNIV FTOLIS UNIVERSITAS
BO. LCALL TULLS STRING
Bl1. :

Ba. MOV BRARIE, $2H
B3. MOV EDLOM, #0H
g4 CALL TEMPATHAN KURSOR

85. MOV DPTR, #MALANG FTULIS KGTA MALANG
86.  LCALL TOLIS STRING

87. CALL TUNDA LEMA SEKALI

BE. ¢

B3, MoV BARIS, #141
g MOV ROLOM, #0H

1. CALL TEMPATKAN KURSOR

5 Mo OPTR, $ TUDTL ;JHJIDUL SKERIPSI GBARIS PSRTAMA
=5 LCALL TULIS STRING

94, H

95. MOV 3ARIS, k2
96. MOV KOLGM, #OE

57.  CALL TEMPATKAN KURSOR

58, MOV DETR, fJUDULL ; JUDUL BARIS KE DUA
23.  LCALL TULIS_STRING

100, CALL TUNDA LAMA SEKALI

101,

102, AWAL_SETING:

103, TDK_ULANGI_PROSES:

104, MOV PO, 4D0H ;

105, MOV BARIS, #1H




10&.
197.

109.
110.
111.
132
113.
114.
115,
1146,
pEE e
133,
11%9.
120.

121,
122.
123,
124.
125,
12&.
127.
128.
1249,
130.
131,
132,
1323,
134.
135.
i36.
137,
138,
139,
140,
141.
142,
143,
144,
145,
lds.
147,
148,
145,
150,
L&1.
152,
153,
154,
155,
1586,
157.
158
Bt
1&d.

MOV KCLOM, $0H
CALL TEMPATKASN_KURSOR
MOV~ DPTR, 4BERAT
LCALT TULTS STRING
MOV  BARIS, §2H

MOV KOLOM, #0H

CALL TEMPATKAN KURSOR
MOV~ DETR, #BERAT1
LCALL TULIS STRING
CALL TUNDA_LAMA

BACA_KEYPAD LAGI:
LCALL AMBIL_KEYPAD
MOV R4, HASIZ_KEYPRD

CIJNE R4, #1,BUKAN SATU

MOV MODE PROSES, #1
MOV~ BARIS, #2H

MOV KOLOM, #0H

CALL TEMPATEAN KURSOR
MOV DETR, kmoda?

LCALL TULIS_STRINS
SIME LONCAT PROZESR
BUKAN SATU:

CJINE R4, £2, BURAN [DUA

MOV~ MODE PROSES, 2
MOV BARIE, ¥2B
MOV KOLOM, 40H

CALL TEMPATKAN KURSOR
MOV~ DPTR, #model
LCALL TULIS_STRING
SJMP  LONCAT PROSES
RUKAN DUA:

JMP T BACAE KEYPAD LAGT
LONCAT PROSES:

LCALL AMBIL KEYPAD

MOV R4, HASIL_KEYPAD

P DETERSI EEYEAD

s JIKN 1 MODE PROSES =1
SEERAT 1 KG

{ TULIES MODE 1 KG
s Dans LoD

FATRA & MODE PRES = 2
sBEERT 1,5 Ko

s TULTS MR G

1,3
; BADA LCD

i THWNGED BETEARD DILIPAS

CINE R4, #'N', LONCAT PRGSES

i
v
ULRNGI PROSES:
SETING_JUMLAH:

MoV BARIE, #1H

MOV KOLOM, #0H

CALL TEMPATHAN KUIEOR
MOwv DETR, # JOMLAH
LCALL TULLIS_STRING

MOV BARIS, #2H

Mov EOLCM, f#0H

CALL TEMPATKAN EKORSOR
Mo DPTR, # JOMLAHL
LCALL TOLIS STRING

F

CALL  KEYPRD 3 RNGHA

FMASTIRELN JUMLAH

pPEMANGANAN KEXYBAD 3 LILIEIT




TEL.. f

162, MOV B3, mode prioses

163. CJRE 3R3,#1,bkan tulis modei

R4, MOV BARIS, E1H -

185, MOV HOLOM, £0H

154, CALL TEMBATHKAN KURSGE :mulal proses mes: ol , kg
167, MoV DETR, bruna

168. LECALL TULIS_STRING

16%, BIMP loncat tulis mode

170, bkan tulis model:

171. MO BARIEZ, #1H

172. MoV EOLOW, #0H

173, CALL TEMPATEAN KURSOR ;nulai proses mesin 1, 5ky
174, MoV DETR, $#runb

1715, LCALL TULIS_STRING

176, Toneat_tulis mode:
1Tl @ a
1TE. Moy BARIS, #ZRH stullis berat dan Jjumlah yang terssting

179, MOV KCLOM, $ON

160, CALL TEMPATEAN EURSOR

181. MOV  DPBTR, frunl

182. LCALL TOLIS STRING

B o

184,

165. CLE dalam proses pres jinlsial awal pres
186, CLE proses isian

187. CLE sudah pernah

188. CLR  BARU SLESAT

18%.
130
1gl.

V
122, MULAI PROSES;

A, CALL T%HPTL_NILAI ADC  ;AMBIL OBRR TAMPIL ADT
193, B
194. MOV BARTS, #7H STUOLIS WILAT JUMLAH

185, MGV KOLOM, #12
196. CALL TEMPATKAN KURSOR
187, -
198, MOV A, JUMLRAHIR
199. ©ORL A, #30H

200. MOV DATALCD,A
201. CALL WRITE.DATA
202, MOV A, JUMLAHZB
203. OBL &, #30H

204, MOV DATALCD,A
205. CALL WRITE DATA
Z0%. MOV A, JUMLAH3IB
2079, ORL A, #30H

Z08. MOV DATALCO, A
209. CALL WRITE DATA
210. ;JMP MULARI_ PROSES

a5 F

b. JB PROSES _ISTAN, DALAM PHOSES [S5T EULA  ;APAKAH
TERDAPAT PROIES

211. JB DALAM PROSES PRES, ADR FROSES fTERIADT PEREEFRESAN

2i2. BETB MDTOR:SER&K FON MOTOE EONVEYOR




213. CRALE tunda lama

214, CARLL tunda_lama

215. ©CALL fLtunda_ lama

21&. HDA_PRGSEE:

3 5 SETE HIGUNGAH_HPBIS

Z18. JB IR RX1,BLIM MOTST :PERIKSA ME0OE SEMPRAT.OCK
219. SETE FROSES ISIAN SENTEALOCK

220. CLR MOTOR GERAER sURNTIE MAINGTST GOLE

22l. CRLL tunda lama

222, CALE tunda lama

223, CALL tunda lama

224, CALL tunda lama

225. CALL BUKA SENTRALOTH

226, JHME MULAI PRODSES

237, ;

228, ELUM_NGIS]M:

229, BIME LHNGSUWSPEHCELAGI

234, -

201 . DATAM PROSES TS5T GULAG

232. JB ERRU_$LESHTrSLEEH: WEIEL FAMBIT, WILAT ZERAT
233. LANGEUNG_BHCHLHGI:

234, CALL THHPIL”NILAI_ABC ARG BEBRGAT  SUMBRR QAT
BERAT

235, MOV R3, MODE _PROSEE

236. MOV A,DATA_AHG

237. CJINE R3, #1,DATALEG JMOOE 1 ARTAL 1,E
238, (ZINE R;#iﬂU,BLM_SATqu 1 AFPL ELDAH 1HS
2385 aJMP USAT MGISI

<40. BLM SATUKkg:

281, J2 BLUM NGISIM

242, JHEP USHI_NGISI

243, DATHRIEG:

- g CIHE E,#lEU,BLM_STEMGAH MODE 2 APA O ELDAH
L, 9K

b. JMP  USAT _NGISI

244, BLM STZNGAH:

245, I1C 3LUM NEISIM

246, USAT NGIST:

a. CALL TUTUP SENTRALOCHK TRLAE TERISI

o SETE BARU SLESAT FTUHTUE SENTEALLOCS
247. JHP BLUM NGISI

243. ELESAI_HGIEIt

249, JB DALAM PROSES PRES,ADE PROSES] UNTUE HMENJALARWNEAN MOTOR
KOVEYDR a

250, BETB MOTOR _GERAK P TOMGGYD SAMEAT TILAK AULA FRO5ES
25l. CALL  TUNDA LAMA

A ChLL  TUNDA LAMA

2534, CALL TUNDA_LAMA

254, CALL  TUNDA LAMA

253, ADA_ FROSESL:

258, JHD IR_RHI,EHSI"ADR TEMEAT JRPLACTIK he PR B MEWUTUP
[NTRA MERLEH -

257. CALL TUNDA LAMA

238, CALL TUNDA LAMA

259, JHB IR EX]1,MAST ADA TEMEALT

2600, CLR BHRULELESRI




Z61.
262,
263,
264,
285,
266.
287,
268,
265,
KE 2
270,
271,
272.
2 B
274,
215,
276,
277,
e74.
20%.
£d0.
241,
282,
283,
ZB4.
285,
286,
28T
egg,
289,
290
Z9]1.
292
293.
234,
295,
226.
297,
=98,
299,
300.
3gl.
Joz.
303.
304,
305.
306.
307.
308,
309,
JL0),
311.
312.
3 i o
314.
35

CLE

PROSES_TSIAN

MASI ADA TEMEAT:

= me ma

r

+
F

BLUM NGIST:

SETB HIGUNGAN HABIS
JE IR R¥Z, BLUM NGISIZ2 FTUNGED IEFRA MERAH
JB SUDAE_FEZRNAH,BLUM MGTHT?

CLER MOTOr geral

CALL  TUNDA LAMA

CALL TUNDA_LAMA

CALL TUMDA LAMA

SETE DALAM PROSES FEES sORTAM FROSES
CALL PRCSES PRES . pFDNGSL JNVUKE PROSES PRES
CALL TUNDA STABIL

CLR  CALAM PROSES PRES

SETE SUDRH_PERNAH

JB FROSES TSTAN, BLUM NEISIZ

SETE MOTOR GERAK

CALL TUNDA LAMA

CALL TUMNDA LAMA

CALL TUNDA LAMA

CALL TUMDA LAMA

HLUM nGISIZ2:

JB IR RX2Z, SUDRH_ KOSONG sMAS | VHRDAPAT BUNSKUS
SETE SUDRH PERMAN

SIME GOOOD

SUDRH_KOSONG:

CLR  SUDAH PERNEH

GOOoOO:

JB HIGUNGAN HABIS, BLM HABRTS

CLE  MOTOR GERAK a

MCHS BARIS, &L

MOV EOLCM, #0

CALL TEMPATKAN KURSCR

MOV DPTR, $¥AKHIR

CALL TULIS STRING

MOV BARTIS, §2

MOV KOLOM, #0

CALL TEMPATKAN KURSOR

MOV DPTR, $BKHIR]

CALL TULIS STRING

SETE  buzer

TURDS KE KEYPADZ:

CALL AMBIL KEYPAD

MOV R4, HASTL XEYPAD

CINE R4, #5, BENA YR

CLE buzar

JME  ULANGT _FROSES

BEKNA ¥A:

CONE R4, Ika, IENA TDK

CLR DUEer

TRNG




i16. JMP  TDK_ULANGT PROSRES
317. BKNA_TDK:

318. B&JMP  TURUS KE KEYPAD

318, BLM HABIS:

320. CALL AMBIL_KEYPAD

321. MOV R4, BRSIL KEYPAD

322, CJINE BRd,#'"',BENCANCELyA

323, JMP  TDK_ULANGI PROSES

324, BENCANCELyA:

325, JMP  MULAI PROSES

326, g

£37:

IRe.

329. NAMA:; DB 'ADY KRISTIANTC &°
330, NIM: DB 'NIM : C0.17.184 &°
331, FRK: DB ' Fak TEENIZ &'
332. JUR: DB ' ELEKTRONIKA S1 &'
333, UNIV: DB 'INST TEKNOLOGL &'
334, MALANG: DE 'NASICNAL MALANG S°'

335. JUDUL: L "RALAT PENGISTIAN 57
336. JODUL1: DE 'GULA OTOMATIS...S!
337. OBEHAT: CB "BERAT PNGISIAN 2
338. BERAT1: OB '{LYiEg {(2)1,5Kg &'
33%. MHODEL: DB 'MODE 1,5 KG.es...S5*
34C. MODEZ: JB 'MOOE I KG.o..ww. g
341, JUMLEH: DB "MASUKEAN JUMLAH:S'
342, JUMLAHLI:DB 'w= gt

343, RUWA: DB ‘Aktif!MODE 1,0kgs'
344. RUNE: DB *Aktif!MODE 1,5kad!

345, EROUN1: DBE TW:0000meg ! T= 21l

346, DBEHIE: B '"SLESAT! DLANGSI? 30
347. ABKHIHIL: DB "i5)1Ya [R)TIDAK 57
348.

349,

as0.

351. BUKA SENTRALOCEK:
257 GELR SENTRATL ONOFEE
333. CARLL TUNDR LAMA
354. CARLL tunda lama
355. CALL tunda lama
356. CLR SENTRAL KANHEIZ
357. CALL TUNDA LAMA
35B. CALL tunda lama
359, CALL tunda lama
3g60. SETE SENTRAL ONOFE
361. CALL TUNDA LAMA
362. CALL tunda lama
363. CALL tunoa lama
364, CALL TUNDA LAMA
Jg5. CLR SENTRAL ONGEF
366. RET

367. TUTUP SENTRALOCK!:
AEH.  TLR SENTRAL _OMOFE
369. CALL TUNDA LAMA
370, ©CALL tunda lama
271. ©CALL  tunda lama




3z,
. B 14
374.
373.
37a.
- fr A
37H.
374,
330,
331.
3z,
383,
igq.
385,
J6a.
JB7.
384,
189
350,
9L
393,
393.
394,
395,
396,
397,
398,
349,
400.
401,
402,
4.03,
104,
405,
406,
407.
408,
409,
4184,
411.
41z,
413,
414.
115,
416.
417.
414d.
15,
42c.
421 .
422,
423.
424,
425,
426,
427,

SETH SENTRAL KAWNKIR
CALL TUNDA LAMA
CALL  tunda_lama
CALL  tunda lama
CALL  TUNDA_LAMR
CALL  tunda lama
CALL tunda lama
SETE SENTRAL_ONOFT
CALL TUNDA TLAMA
CALL tunda lama
CALL tunda lama

CLR SENTRAL QHOFF
CALL tunda_ lama
CALL tunda lama
CALL TUNMDA LAMA

CLR  SENTRAL KAWKIR
EET

PROSES_PRES:

CLR MOTORFRES ONOFF
CALL KURANGI DATA BUDKE3 LBYTE
CALL TUNDA_ LAMA
CALL ftunda lama
CALL tunda lams

CLE MOTORPRES: EANKTR
CALL TUNDA LAMA
CALL tunda leania
CALL  tunda lama
SETE MOTORPRES GNOFF
CRLL TUNDA LAMA
CALL TUNDA LAMRA
SETE pemanas

MOV RO, #2

putar tundcs preset:
CALL TUNDA LENMA
CALL TUNDA LAMA
CALL “IUKNLA LAMA
CARLL TUNDA_LAMA
CALL TUNLCA LAMA
CALL, TUNDR LAMA
CALL TUNDA LAMA
CALL TUNCA LAMA
CALL TUHDA LAMA
CALL TUNDA LAMA
CALL TUNDA LAMA
CALL TOMDA LAMA
CALL 'TUNUA_LAMA
CALL TUNDA_LAMA
CALL  TUNDA LAMA
CALL TUNDA LAMA
CALT,  TUNDA_LAMA
CALL TUNDA LAMA
CALL TURDA . LAMA
CALL TUNDA LAMA
CALL TUNDR LAMA
CALL  TUNDA ZAMA
CALL TUNDA__AMA




428, CALL TUNDA_LAMA

429, DINZ ﬁﬂh,patar_tunda_preset
430, CLR PEmanas

431, CALL TUNDA LAMA

432, CALL TUMDA_ LAMA

133, CALL TUNDA LAMA

434, CALL TUMDA LAMA

435, CALL TUNDA_LAMR

436, CALL TUNDA LAMA

437. CALL TUNDA_ LAMA

4138. CALL TUNDA LAMA

439, CALL TUNDA LaMA

440. CALL TUNDA LAMA

441, CALL TUNDA_LRMA

142, CALL TUNDA LAMA

443, CALL TUNDA LAMA

444, CALL TUNDA LAMR

445. CALL TUNDR TAMA

446. CALL TUNLCA LAMA

447. CALL TUNDA_LAMA

448. CALL TUNDA [AMA

449. CLRE  MOTCRPRES ONOFT
450. CALL TUNDA_LAMA

451. CALL TUNDA_ LAMA

452. CALL TUNDA_LAMA

453. CALL TUNDA_LAMA

454, EETE MOTORPRES RANKIR
455. CALL TUNDR LAMR

456. CALL TUNDA LAMA

437. CALL TUNDA LAMR

458. SETBE MOTORPRES ONOFE
459. CALL TUNDA_LAMA

460, CALL TUNDA LAMA

461. CALL TUMDA LAMA

462. CALL TUNDA ZAMA

163, CLR motorpres_onoff
464. CALL TUNDA_IRMA

465. CALL TUNDA LAMA

d66 . RET

467. H

4668, =

468,

474 . i

471, e e e s s e s s
472 » BUTEN PENUNHDASN YaNiE 1

473,  jomm—mmmmmmmmmm oo

¥
474. TUWMDA LAMA SEHALI:
475, MOV 7BH, #20
476. PUTAR TONDA:
477. CRLL- TDNDA T.AMAL
478. DJINE TBH, PUTAR TUNDA
479, BRET
80, Jemmee e
481. PEMANFARTAMN LCD MIG3Z BRIT DATA
2. s
483. DATALCD £ EL




1B4.
485,
4848,
€37.
188,
4849,
490,
-
492,
493,
494,
445,
1946,
497,
498,
495,
500,
501,
o2,
503,
504.
305,
S04,
507,
504,
509,
5140,
511).
51z,
BIA:
l4.
als,
516,
a1
514.
SR
220,
521.
£22,
£23.
524.
325,
526,
527,
528,
528,
530.
331,
haZ.
533.
a34,
535.
536.
£37.
538,
539,

D
5L
oI
i
BI
aCl
ELI
DLE
k3
E

f

r

BIT FI,1
EIT B0
BIM B
BIT By
BT Fl.0Q
BIT Pl
BIT o
BEIT Bl.4
BIT P24
BLIT A

DISPLAY CLEAR:

MOV DATALCD, #01#

JMP  KIRIM_PERINTAH LCC
CURSOR_HOME :

MOV DATALCD, 4C2H

JMP  KIRIM PERINTAH LT
ENTRI_MODE_SET:

PUSH RCC

iMOV  DATALCD, #UH

MOV A, #O4H

ORL  DATALCD,A

POP  ACC

JMP  KIRIM_PERTINTAH_LCD
O _OFF:

PUSH ACC

fMOV  DATALCD, KOH

MOV A, #08H

ORL  DATALCD, R

POP  ACC

JMP  KIRIM PERINTAH LCD
CURSOR_ SIFT:

FPUSHE AcC

;MOV  DATALCD, #0H

MOV &, #10H

ORL  DATALCI,A

FOEF  ACC

JME  KIRIM PERINTAI LID
FUNGSI SET: a
FUSH ACC

FMOV  DATALCD, #0H

MOy A, ¥38H

GRL  DATALCD, A

FOP  ACC

JMP KTRTM_PRRINTAH_1CD
CGRAM_ADLDR:

FUSH ACC

iMOV  DATALCD, #OH

MOV A, #40H

GRL,  DATALCD, A

FOF  ACC

JUE  KIRIM PERINTAH LCD
DDRAM ADDR:

PUSH ACC

MOV A, #80H




540, CRL  DATALCD, A

541. BOP  ACC

542, JMP  KIRIM_PERINTAE LCL
543, WRITE DATA:

544. JMP  KIRIM DATA 1CD
545. READ DATA:

546. JMP  BACA DATA 1CD

347, 4
248,
548, j-o-———

550. KIRTM_PERINTAH LCD:
551, CLR RS

552, SJMP LONCATLCD
553, KIRIM DATA LCD:
554, SETB RS

555. LONCATLCD:

556. & CLR RW

557. SETB E

DhE. HOP
550, MNOP
Fe0. MNOP

561. CLR F
562. CRLL TUNDALCD

563. RET

£¢4. DACR DATA LC3:

EE5. SETE RS

5€6. ;SETE BW

567. SETE E

S68. MOV A, DATALCD
569. CLR B

570. CALL TUMDALCD

57%. RET
BTXI ¥
ald=

574. BACA POSISI CURSOR:
575. MOV  DATALCD, ¥OFFH
576. CLR RS

577. ;SETE RW

57B. SETE &

57%. MOV A,DATALCD
SB0. ANL A, #7FH

5Bl. CLR E

582. RET
583, &

584,

S8FL | eednaniin
586. TUNDALCD:
587, jm—————mm==—m

583. MOV BCH, 4$0FFH
589. DJNZ BCH,S

530, RET
59 3

592,  ;

593, fmmmrmmsmee e e
394. ; TOLIS SUATD STRING PADA LD




o5,
ERE,
597.
538.
339.
&0,
&01.
a0,
a3,
aod,
05,
B06.
AOT .
GOE.
&09,
£10.
611,
6lz.
G613,
614,
2=
6lE.
617
B61E.
616,
£20.
621,
22,
623,
a4,
a5,
A&,
2T,
R2E.
629,
30,
£31.
£32.
633,
634,
635,
630,
§37.
638
n39.
Ba0.
41 .
642,
43,
fa4,
h45.
4.
A4,
48,
&40,
650,

H SIAPEAN CPFTR PADA ATLAMAT LABEL
TULLS _STRING:

FUSH ACC

TERISKAN

CLR A

MOV A, BRA4DPTR

CJNE A, #'S', TERUS TUTLIS
POF  ACC

RET

TERUS TOLIS:

MOV DATALCD, A

CALL WRITE DATA

IHC DPTH

SJMP TERUSEAN

:SETING EURSOR LCD
; TEMEATKAN 'BRARIS' CAN 'COLOM' UL
BARIS EQU TRH
KOLOM EQU  7CH
BUFKURSOR  ROU TFH

i

;

TEMPATKAN KUBSCR:

PUSH ACC

MOV A,BARIS

CJNE A, #01H,BARIS DUA
MOV BUFKURSCR, KoLOM
SSMP  TEMEAT XUR

BARIS DUA:

MOV &, KOLOM

ADD A, #4CH

MOV~ BUFKURSOR, A
TEMPAT KUR:

POP  NCC

POSISI:

MOV DATARLCD, BUFKURSOR
CALL DORAM_ADDR

RET

P I e ey e i e o o, b mb me i s o e S R o e i e i

INISIALISAST LCD:
MOV DATALCD, £00
SETE DLB .
CALL FURGSI_SET ;1
CALL TUNDA_LAMA
CALL FUNGSI SET ;2
CALL TUNDA LAMA
CRLL FUMGSI SET ;3
CALL  TUNDA_AMA




‘B3l. ©CALL FUNGSI_SET
B52. MOV CARTALCD, #G0
653, SETBE DI

£54. CLE CI

&55. CLRE Bl

©56. CALL ON OFF

657, CALL DISPLAY CLERE
658, CALL TUNDA LAMA
655, MOV CATRLCOD, §CC
660, SETB ID

a6l. CLR a1

662, CALL ENTRI MOLDE SET

663. BRET
664.

BG5S, pessssoasisouan
£66. ;TUNDA LAMA

667. jmmmemmmmm——e—eoo

666, TUNDA_LAMA:
66a%. MOV TR, WOFFH
€70, PUTARTERKS ¢
all, MOV T9H, #0FFH
672, DINZ T9KE.5
613, DJNEZ TAK, FUTARTERLUS
B4, HET
675, L
676, TUNDRE STABIT:
77. MOV JAH. 4§10
6ETE. JMP PUTARTERUS
679. ;
R
fE1. ; MENOLIS 2 &NGEA BINER KE LCD

682, ANGER DISIAFPKAN PADA A

B3,  jmmmmmmmmmm e
684. BUF ANGEA EQy TEH

£85.

686. TULIS_ 2 ANGKA:
6ET. MOV B, 41C

666. DIV  AB

669, SWAP A

690, ADD A,E

691. MOV  BUF_ANGEA, R
692. ANL A, 40FOH
693. SWAP A

694, ADD A, #30H

695. MOV  DATALCD,A
696. CALL WRITE CATA
f97. MOV R, BUF_BNGKR
698. AFL A, #0FH

695, ADD A, ¥30H

700. MOV DATALCE, A
701. CALL WRITE_GATA

aNF. O ORET
703
704, e

T05.  ; EROCRAM FELAYANAH EEYEPAD MATRIE
T0&E. 3 3 BARIS X 4 COLOM




708. BARISK EQU  TeH
103, COLOM EgU  TEH

710. HASIL KEYPAD Eot TTH
F11. ©2 BEIT  P3.0

712, Bl RIT  P3.]

713. C1 BIT F3.2

714. B4 BIT F3.3

715. 03 BIT  B3.4

716. B3 BIT PB31.5

T17. B2 BIT FEP3.6

TLE. i

718,

720, AMBEIL KEYPAL:
721, TCLR Bl

722, CLR B2

723. CLR B3

724, CLR Bd

125, SETE Cl

TZe. SETB C2

127, SETE C3

128,

730. CALL TUNDA KEYPAD
731, MOV A, #0CH

732, Mov C,Cl

733. MOV ACC.0,C

734. MOV C,C2Z

735. MOV ACC.l,C

T34, MOV Ced

737. MOV  ACC.2,C

739, CJNE A,#C00CC110B,BUEAN 1
744, MOV  BARISE, #l

741, JMP LGNGRT_BHRIE_EEYPHD
742, BUKAN 1:

T CJIME A,#UﬁGCSIDIE,EUKAN_E
Tad, MOV BARISK, #2

TL£8. JMFP LOKCRT BRRIS KEYPARD
746, BURAN 2: :
747, CJNE &, #0CO0DC11E, BUKAN
T4E. MOV BLEISK, §3

749,  JMF LONCAT BAFRIS KEYPAD
750. BUEAH Z2:

51, LJME LGNCRT_HD_TEHHN
82,

T53. LQECAT_ERRIS_KEYPHD:

754, CLR &5

785, CLE CZ2

7a6. CLE c3

Tkl

75E. ESETHB Bl

759, BETEB BEZ

T6e0. EETE E3

761. BSETB E4

ThEe




763. CALL TUNDA KEYPAD

Thd. MOV A, #00H

765, MOV C,Bl

TEE. MOV ACOD. 0,0

767. MOV C,BZ2

T6E, MOV ACC.LE

763. MOV C,B3

770, MOV BCC. 2,0

771. MoV O, B4

T2, MOW  ROOLA, O

Tha= ug

774, CJINE A, 000011108, BUKAN 1C
775. MOV CDLOM, EO

776. JMP  LONCAT BARIS KEYPALC
777. BUKAM 1C:

778, CINE A, F0ODD01101B, RUKAN 2C
779, MOV COLOM, E1

780. JMP  LONCAT BARIS KRYPADC
TA1. BUKAN 20:

F82. CINE A, #00001011B, BUKAN 32
JH3. MOV COLOM, &2 )
784, IMP  LONCAT _BARIS KEYPADC
785. BURAN 3C:

7BG. CINE A, ¥0000CL11H, BUKAN 4C
TBT. MOV COLOM, §3

7EE. JMP  LOWCAT BRRIS KEYPADC
189, BUKAN 4C:

790. LONCAT BARIS KEYPADC:

TALl.

702,

703 MOV P3,408F4

req. MOV B, #3

795. MOV A, COLOM

‘85, MUL AR

787. AODD A, BARIGKE

Toa.

783, CJINE A, #10,LOW1C

BJO. MOV Akt

BOl, JMP  LON1Z

302, LONLO:

303. CJNE A, #11,LoM-1

o4, MOV A, #0

303, JMP LONLZ

406, LOWL1:

907, CIHNE A, #12,LoM°2

808. MOV A, R'H!

203, LOMLZ:

310, MOV HASIL KEYPAD, A
8il. RET

BEaL 4

313. LONCAT HO TEKAN:
314, MOV b f'N'

315, MOV P31, #0FFR

ALo. MoV AASIL KETPAD, &
817. RET

318. ¢




19,

820. TUNDA KEYPAD:
B2L, PUSH 07

B22. PUSH 06

B23. MOV  R7, HOFFH
B24. TUNDA_KEYPALT:
825. MOV  R6,¥Z0H
gZa. DJINE RG6,5

B27., DJWE RT,TUNDA KEYPADL
g26, POP 06 -
Ez%. POER 07

B30, RET

B3il.

832,

833,

L i S
835. KEYPAD 3 ANGKA:

L e e e

837, MOV DARIS, 42
B38. MOV KOLOM, #1

B33, OCRLL TEMPATKAN KURSOR
BLO,

441, MOV  BUFFDAIL, #D0H
442, MOV BLEFDATZ, #00H
843, MOV  EUFEDATI, $OOH
B4, MOV PNGER, #1

B45. MOV RO, #30n

B46, TERUS1:

E47. LCALL AMBIL XEYPAD
£48. MOV R4, HASTL KEYPAD
E4S. CJNE R4, $#'N',BUKANY1
850, JMP  TERUS1

851. BUKAKY1:

852. LCALL AMBIL XEYPAD
853. MOV A, HASIL KEYPAD
854, CJHE B,4'N', BUKANY1
855.

B56. CINE R4, #'#", BUKANKR
B57. JME  KELUARA

B8,

BES. BURANER:

BGO. CJNE R4, H#'*, BUKANE
BEL. MOV  ANGKA, 41

B62. MOV  BARIS, 42

863. MOV KOLOM, 41

864. CALL TEMPATKAN KURSOR
B65. MOV RO, #30H

g66. MOV DATALCD, #30H
867. LCALL WRITE DATA

86B. LCALL WRITE DATA

869, LCALL WRITE DATA

g0 2

B71. MOV  BUFFDATL, $00H
B72. MOV  BUFFDATZ, #00H
B73. MOV  BUFFDATI, #00H
BT4. ;




Moy ARNGKA, #1
MOV BARIS, #2
pCs ROLOM, #1
CALL TCMPATZAW KUREOR

o+,

JHEP TERUS1

BUKANE:

CIHE R4, #'"H", BUKBKNL
JHE TEEDE1

BUKANNT
MOV A, R4
MOV BRO, A
INC RO

ADD A, #30H

MOV~ DATALCD, A
CALL WRITE_DATA
INC  ANGEA
MOV A, ANGKA
CINE A, 4, MASIH 1
MOV ANGEA, #1
MOV~ BRARIS, 2
MOV HKOLOM, #1
CALL TEMPATKAN_ KURSOR
MOV RO, #300
MASTH 1:
JMP  TERUS1
KELUARA:
MOV JUMLAHLB, BUFFDATI
MOV JUMLAHZB, BUFFDATZ
MOV JUMLAH33, RUFFDATS
RET
;
¢
v
COUNTER_PERIKSA EQU  &0H
¢
;
PERIKSA LOGIK HIGT:
MOV COUNTER_PERIKSA, §OFFE
MBSI HIGHT:

JB IR_RXl,SDH_HIGT
SIMP PERIKSA LOGIK HIGT
3bH_HIGT:

NOP

NOP

DINL  COUNTER _PERIKSA, MASI HIGET
RET

fup Ry Sy

PERTKSA LOGTE LOW:

MDY COONTER PERTKSL, 40FFH
MAST LOW:

JNB IR _RK1l,SDH_LOW

SJMZ  PERIKSA LOGIK LOW




936,
927.
928,
923,
930.
831.
837,
933,
934.
8350,
936.
337.
938.
839,
940.
G41.
942,
843,
944,
945,
946,
247,
948.
945,
g950.
s
952,
B53.
334.
255,
854,
25T,
33E.
253,
260,
361,
962,

963,
Ged.
SE5.
g6,
967,
9EB.
969,
g70.
a7l.,
Q72
873,
974d.
915,
376,
977.
478,
979,

SDH_LOW:
NOP
NOP
DJNEZ COUNTER PERIKSA,MASL LOW

RET

FERIKSA LOGTE HIGT GENSOR:
COUNTER. PERIZSA, | 0EFH
MAST HIGHTS:

MO

Ja IR _A¥2,5DH HIGTS

SIMP PERTKSA LOGIE HIGT SENSOR
SDH _HIGTS:

MO

RHOP

DINZ

RET

F

COUNTEPR_PERIKSA, MASI HICGHTS

PERTESRE LOGIK LOW SENSOR:

SENSOR

MOY  COUNTER_PERTKSA, $OFFH
MAST_LOWS:

JNE IR RXZ,SDH LOWS

SIMP  PERTKSA LOGIE LOW
SDH_LOWS: '
NOP

NOF

DJNZ COUNTEE PERIESA,MASI TOWE

RET

TAMPIL NILAT ADC:

MOV
HOV
CALL

CALL
MOV
SETB
MOV
MGV
DIv

ORL
[
CALL
MOV
MOV
LIV
GRL
MOV
CALL

BARIS, #28
KOoLOM, 42H
TEMPATKRN KURSOR

M EORT RDC, $OFFH

CLRE ENABEL EDC
tunda stabil

DATA ALC, PORT ADC
EWABEL ADC

hydara ade
B, #1c0
AEB

A, B30H
DATALCD, A
WRITE CATA
A, B

B, 410

AB

A, £30H
DATALCD, A
WRITE DATA

garkbil data ADC

+ TAMPITEAM HILAT ADC




JEQ.
JE1.
982,
583,
GH4.
685,
GHA.
387.
3B8.
SBD.
g0,
491.
992,
g8,
434,
93E.
996.
ST
298,
894,
1000.
1001.
1002,
1003,
1004.
1005.
1006,
1007.
1008,
1069.
1010,
1011.
1012,
E013.
1014,
1015,
1016.
1047,

MOV R, R
OEL A, #30H

MOV DATALCE, &
CALL WRITE IATA
BET

*

KURENGI DATA BCDK3 BYTE:
SETE HIGUNGAN HABIS
MOV A, JUMLANIDR

JHZ  BEMNOL DAT3
MOV R, JUMILAHZE

JNZ  BENNOL DATZ
MOV A, JUMLAHIE
JNZ  BENMOL DAT1
CLR  HIGUNMGEAN HALATS
RET -
BENNOL DATL:

MOV JUMLAHS3E, #29
MOV JUMLAHZE, £03
DEC  JUMLAHIB

SIME  BITLSATOAY
BENWOL DATZ:

MOV JUMLAH3E, #09
DEC  JUMLANZD

SIME BILSATIRN
BENNOL_DAT3:

DEC  JUMLAHAR

F

BILSATIAN:

MOV B, JUMLALISH

ORL A, JUMLAEZS

ORL A, JUMLAE1S

JNE  BLM_ENTEK_REK
CLR  HIGUNGAN HARIS
BLM ENTEK REK:

RET

END




Features

= Compatible with MCS-51™ Products

* 8K Bytas of In-System Reprogrammable Downloadabla Flash Memory
- 5P| Sarial Interface for Pregram Dowrleading
- Endurance: 1,000 Write/Ergse Cycles

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

4.0V to 8V Operating Range

* Fully Static Operation: 0 Hz to 24 MHz

Three-Leviel Program Memory Lock

256 x B-bit Imternal RAM

32 Programmable VO Lines

Three 16-bit Timer/Countars

Hine Interrupt Sources

Programmable UART Serial Channel

EPI Sarial Interface

' Low Power ldie and Power Down Modes

* Interrupt Recovery Frem Power Down
Programmable Watchdog Timer
Dual Data Pointer
Power CHF Flag

Jescription

"he ATBR58252 s a low-power, high-performance CMOS B-bit microcomputer with
IK byles of Downloadable Flash programmeble and erasable read only memory and
'K bytes of EEPROM. The device is manufactured using Atmel's high density nonvol-
itile memory technology and is compatible with the industry standard BOCS1 instruc-
on sat and pinout. The on-chip Downloadable Flash allows the program memory fo
& reprogrammed in-system through an SPI serfal interface or by a conventional non-
clatile memory programmar. By combining a versatile 8-bit CPU with Downloadsble
lash on a monelithie chip, the Atmel ATB9S8252 iz a powsarful microcomputer which
rovides a highty flexible and cost effactive solution to many embedded control appli-
ations,

he ATB9S8252 provides the following standard features:; BK bytes of Downloadable
lash, 2K bytes of EEPROM, 256 bytes of RAM, 32 IO lines, programmable walch-
ag timer, bwo Data Pointers, three 16-bit limerfeounters, a six-veclor two-leval Inter-
apt architacturs, a full duplex serial port, on-chip oscillator, and clock circuitry. In
ddition, the ATB9S58252 is designed with static logic for operation down 1o zero fre-
uency and supports two software selectable power saving modes, The ldle Mode
lops the CPU while allowing the RAM, timer/counters, seral port, and interrupt sys-
im to confinue functioning. The Power Down Meode saves the RAM contants but
eezes the oscillator, disabling all other chip functions unfil the next interrupt or hard-
are reset.

he Downloadable Flash can be changed a single byte al a time and is accessible
irough the 5Pl seral Interface. Holding RESET active forces the 5P bus into a serlal

rogramming interface and allows the program memery to be written to or read from
nless Lock Bit 2 has been activated,

AIMEL

ATMEL

| 8-Bit
Microcontroller
with 8K Bytes
Flash

AT8958252
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Pin Configurations
PDIP

1 P2 T (A8
1 P8 (A )
O PEEIATT)
0 FLA (AT
O P2 kA
0 P2 T Al
0 a1 18k

1 P2 0 oty

3

o

i

]
HERERRNUNYSEEEE RS AN E

= |

25 [FPRT (A15]
e ga
2P E AT

i R e
b
o
[¥]

==
by
-

in Description

CC
upply voltage.

ND
iround.

ort O

ort 0 is an B-bit open drain bidirectional 10 port, As an
fput pod, each pin can sink eight TTL inputs, YWhen 1s
= written io port 0 pinsg, the pins can be used as high-
ipadancea inputs.

ort 0 can also be configured to ba tha multiplexad low-
der address/data bus during accessas to axternal pro-
‘am and data memory. In this moda, PO has intemal pul=

ps.

woEn s 7 o
Lo R Y Y
scEm Pt
RST Cj 10
RMEY PO O] 11
MC [ 12

H P (A D
1 Po 5 (AL}
LI PO AT
O PR.7 (ADT)
1 ERVFR
L1 NE

1 AL EFTOD
M FEEN
P27 AR
I P2 (i
P25 AL

(TRD) P O 08
(TS P T
(PTG P3O 0
[L R B R L
i rasa] e

b e T e T i e

£
L]
-]
N
=
A
=
=
]

1T R
AT e
ETALT
AT
SO X

[ 1

AR PR
AR PRY
ARy P2

[at1p PR3
e L

Port 0 also receives the code bytes during Flash pregram-
ming and oulputs the code bytes during program verifica-
tion. External pullups are raquired during program verifica-
tion.

Port 4

Port 1is an 8-bit bidirectianal 'O port with intemal pullups
The Port 1 output buffars can sink/source four TTL inputs.
Yhen 15 are written to Port 1 pins, they are pulled high by
the Internal pullups and can be used as inputs. As inputs,
Port 1 pins that are axternally baing pulled low will source
currant (1, ) because of the intarmal pullups.

Somea Port 1 ping provide additional functions, P1.0 and
P1.1 can be configurad 1o be the timar/counter 2 external
count input {P1.0/M2) and the timar/counter 2 trigger input
(P1.1/T2EX), respectively.
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Block Diagram

PLO - POT PZEI PRy
Ve | i T r 1 v :
; FORT ¢ DRIVERS PORT 2 ORIVERS !
GHD | I T_ 3 T i
i I :
= RAM ADOE FORT D :
| eeProM REGisTER [ RAM LATCH pear.z FLASH
;X & z E | !
i T T F Y
i & i N 'Y + -
¥ |
i |
: 4 A 1 :
| [t T |
.: REGISTER ALC POINTER REGISTER -
f | H
' | .
E r ¥ ¥ ;
| B HUFFER  fd— i
: ™PZ ™EY i
| | T 5
! ‘ P ;
H ALL INCREMENTER M !
: WTERRUPT, SERIAL PORT !
; AND TIMER BLOCKS
" i
i 4 a PROGRAM |
| PEW COUNTER h
H |
| 3
FSEN 4 | 1
MEPROG € TMMNG  Lygrmcrion y . |
i AND & ¥ i oFR — i
EX | Ve ——| COMTROL | FECISTER i 1 i " |
RET — ' |
| T 4 L Y i
i WETCH PORT 3 PORT R0 i
! bod LATCH LarcH | | sorr [ oG |
| - T = |
: 08C : | L i . J |
5 PORT 3 DRIVERS  fai—! PORT 1 DRIVERS | |
) Ak i
i N £ = e S |
' Fa.0.- PAT !
TJ_T Pi0 - PAT
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Furthermone, P1.4, P1.5, P1.6, and F1.7 can be configured

as the 5PI slave port selact, data input/output and shift Bore BY -
slock inpulioutput pins as shown in the following table. el Altarnats Functions
Pt Pin | Afieete Fuiiors P3.0 RXD (serial input port)
P1.0 T2 (external count inpul la TimerCounter 29, o __.m {sarlal output F’F’"*
clock-out P32 INTD {external Interrupt O)
Pt T2EX (TimerCounter 2 capturedreload Irigger P33 NTT (external interrupt 1)
Sl P34 TO (timer O axtermal input)
s AN I_ﬁ_ (Stave port setect inpuf) | |p3s T1 (timer 1 extarnal input)
Pi. MOS! (Master data i P } |
i P Epf [,f:m;uﬂ SRR S0 e i | P38 | WR {external data memory write strobe)
P1.6 MISO (Master data input, slave data culput pin Fa.T RD {exlernal data memory read stroba)
for 3P| channed) RST
P1.T SCK (Master clock output, slave clock input pin Reset input, A high on this pin for two machine cycles whils
for SPI channel) the oscillator is running resets the device.

*ort 1 also receives the low-arder addrass byles during
‘lash programiming and verification,

‘ort 2

*ort 2 is an B-bit bidirectional VO port with internal pullups.
‘he Port 2 output buffers can sinkfsource four TTL inputs,
¥hen 1s are written to Port 2 pins, they are pulled high by
18 intemnal pullups and can be used as inpuls. As inputs,
'ort 2 pins that are externally being pulled low will sourca
urrent {l;_} because of the intemal pullups.

ort 2 emits the high-ordar addrass byte during fetchas
om external program memaory and durlng accesses to
xtermal data memory that use 16-bit addresses (MOVX @
PTR). In this application, Port 2 uses strong internal pul-
ips when emitting 15. During accasses to axternal data
emory that use 8-bit addresses (MOVX @ RI), Port 2
Tits the contents of the P2 Special Function Register,

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

art 3

ort 3 is an 8 bit bidirectional 1O port with Intemnal pullups.
18 Port 3 output buffers can sinkfsource four TTL inputs.
'hen 1s are writhen to Port 3 pins, they are pulled high by
g intarnal pullups and can ba used as inputs. As Inputs,
art 3 ping that are extarnally being pulled low will source
irent (|;) because of the pullups.

wrt 3 also serves the functions of various special features
the ATBOS8252, as shown in the following table.

i 3 also receives some control signals for Flash pro-
amming and verification,

108

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to extarnal mem-
ory. This pin is also the program pulse input (FROG) during
Flash programming,

In normal operation, ALE is emitted at a constant rats of 118
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Mote, howaver, thal one ALE
pulse is skippad during each access o exlemal data mem-
ory.

If dasirad, ALE operation can ba disablad by sefting bit C of
S5FR location BEH, With the bit set, ALE is active only dur-
Ing & MOVX or MOVC instruction, Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is In external execution mode,

PSEN
Program Store Enable is the read strobe lo external pro-
gram memory.

When the AT8858252 iz executing code from external pro-
gram mamory, PSEN is activated twice each machine
cycla, axcept that two PSEN aclivations are skipped during
gach access 1o external data memaory,

EANpp

External Access Enabla. EA mus! be strapped to GND in
order o anable the device to fetch code from exlernal pro-
gram memary locations starting at 0000H up to FFFFH.
Mota, however, that If lock bit 1 is programmed, EA will ba
internally latched on reset,

EA should be strapped to V. for intamal program execu-
tions. This pin also receivas the 12-volt programming
enable voltage (Vep) during Flash programming when 12-
volt programming i3 selected,




s 2\ [ 8958252

KTAL1

Input to the Inverting osclllator amplifier and input to the

nternal clock operating circuit,

ATALZ

Jutput from the inverting oscillator amplifier.

Special Function Registers

A map of the an-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.
Nole thal not all of the addresses are oocupied, and unoc-
cupied addresses may not be implemented on the chip,
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate

effect.
rable 1. ATB9538252 SFR Map and Reset Values
OFEH
B
OFOH | boooooon
DEBH |
ACT
OEOH | pooooooo
DOEH
PSWY SPCR
0DOH | papooooo BO0001XX
sk T2ZCON TZMOD RCABE RCAPZH L2 THZ
D00 HHHR K0 OEKAOE0 0OOOOaG0 00000000 DO0G00oN
OC0H
P
OREH | wwpn0o00
Pa
YEoH (ERELREE!
IE SPSA
OABH | nxopooo OOXHIHNK
pa
GAH | 41111144
I SCON SBUF
| o00oo0On HOOGOEKK
P1 WMCON
H | 1191179 GGl
e TCON T™OD TLO LA THO TH1
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Usar software should not write 1s to these unlisted loca-
fons, sinca they may be uszed in future products to invoke
tew festures. In that case. the reset or inactive veluas of the
1ew bita will always be 0,

Timer 2 Registers Control and status bits are containad In
‘egisters T2CON (shown in Table 2) and T2MOD (shown in
Tabla 8) for Timar 2. Tha register pair (RCAP2ZH, RCAP2L)
arg the Capture/Reload registers for Timer 2 in 16 bit cap-
ure mode or 168-bit auto-reload mode.

fatchdog and Memery Control Ragister The WMCON
‘egister contains control bits for the Walchdog Timer
'shown in Tabla 3). The EEMEN and EEMWE bits are used
o select the 2K bytas on-chip EEPROM, and to enabla
wie-write. The DPS bit selects one of two DPTR registers
wvailable,

fable 2. T2CON—Timer/Counter 2 Control Reqizster

5Pl Registers Control and stalus bits for the Serial Periph-
eral Interface are confained in registers SPCR (shown n
Table 4} and SPSR (shown in Table 5). The SPI data bits
are contalned in the SPOR register. Writing the 5P| data
register during seral data transfer sets the Yrite Collislon
bit, WCOL, In tha SPSR register. The SPOR is double buff-
ered for wriling and the values in SPDR are not changed by
Resel

intarrupt Registers The global Intarrupt enable bit and the
individual interrupt enable bits are in the |E regisler. In addi-
tion, the individual interrupt enable bit for the SPI s in the
SPCR register. Two prionities can be set for each of the six
interrupt saurces In the 1P registar.

T2CON Address = 0C8H

Resat Value = 0000 00008

Blt Addressabla

TF2 EXF2 RCLK TCLK EXENZ TH2 cz CPRLZ
Bit 7 ] | 5 4 3 2 1 _ o
Symbal | Function
TF2 Tirmer 2 overfiow flag sel by a Timer 2 overflow and must be cleared by software. TF2 will not ba set when either

RCLK=1or TCLK =1.

EXF2 Timer 2 exiarnal flag eat when either a caplure or refoad is caused by a negalive Irensition on T2EX and EXEMNZ = 1.
¥When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU 9 vechr o the Timer 2 interrupt roitine. EXFZ must ba
cleared by softwars. EXFZ does nol cause an Interupl in up/down counter mode (DCEN = 1),

RCLK Recaiva clock anable. When set, causes the senial port to usa Timer 2 cverflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflows to ba used for the receive clock,

TCLK Transmit clock enable. When sel, causes the serisl port to use Timer 2 overflow pulses for its fransmit dock in serdal port
Modes 1 and 3. TCLK = 0 causes Timer 1 overlows 1o be used for the transmit clock.

EXENZ Timer 2 external enabde. When sal, allows a caplure or refoad lo oocur as a result of a negative transition on TZEX if
Timer 2 is net baing used 1o clock the serial port. EXENZ = 0 cauzes Timer 2 1o ignore events at T2EX, '

TRZ Start'Stop cantrol for Timar 2. TR2 = 1 starts the Umer.

oTE Timer or countar selest for Timer 2, CiT2 = 0 for timer function. G/T2 = 1 for external event sourter (faliing edge iriggered).

SPRLZ | Capwra/Reload select. CP/RLEZ = 1 causes captures to ocour on negative transitions at T2EX i EXENZ = 1. cRRLZ =0
causes automatic reloads o occur when Timer 2 overflows or negative transitions ocour at T2ZEX when EXENZ = 1. When
gither RCLK or TCLK = 1, this bit is knored and the timer is forcad to auto-reload on Timer 2 ovarflow.
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lual Data Pointer Ragistars To facilitate accessing both
ttemal EEPROM and external data memory, two banks of
G bit Data Pointer Registers are provided: DPO at 5FR
ddress locations 82H-83H and DP1 at B4H-BSH. Bit DPS

0in SFR WMCON selecls DPO and DPS = 1 selects
1F1. The user should always initialize the DPS hit to the

able 3. WMCON—Watchdog and Memory Control Register

appropriate value before accessing the respective Data
FPointer Reqister,

Powaer Off Flag The Power Off Flag (POF) Iz located at
bit_4 (PCON.4) in the PCON SFR. POF is setto *17 curing

power up, It can be set.and resel under soltware control
and Is not affected by RESET,

WMCON Address = 9%6H

Reset Value = 0000 00108 |

FS2 P51 PSSO EEMWE EEMEN PS5 WDTRST WOTEN '
— - - - N = |
Bit 7 B & 4 3 2 1 0 | |
Symbol | Function
P52 Prescaler Bits for the Watchdog Timer. When ali three bits are set 1o ‘0%, the watchdog tmer has a nominal period of 16
P51 mz. When all three bits are set to "17, the nominal penod |3 2048 ms.
P50
EEMWE EEPROM Dala Memory wma Enabie Bit. Sat this bil io ‘1' bam lnlllaﬂnq byte writa to on-chip EEPROM with the
I. MOV instructlon. User software should set thes bi to "0° afier SEEPROM wrile |s t.nrnpla-te:d
EEMEN | Inlernai EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chln EEF'R‘DM
Insteal:l of exterral data memory, When EEMEN = 0, MOWX with DFTR BGIRSEES w-tlernal data memoy,
ops Data Pointer Register Salect. OFS = 0 selects the firgt bank of Data F'::untar R‘emsmf D-PI:I and DRS =1 saieds the
second bank, OF1
ANDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each lime this bil is setto *1" by user software, a pulse is
30v/BSY | genarated to reset the watchdog fimer. The WDTRST bil is then automatically reset to *07 in the next instruction cycle.
The WDTRST bit Is Write-Only. This bit also serves as the ROY/BSY flag in a Read-Only mode during EEPROM write,
ROY/BEY = 1 means that the EEPROM is ready to be programmed. While programming operations are hairg executed
the ROY/ESY bit equals "0" and Is autormatically reset to *1™ when programming is completed.
YDTEM Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 dlsables E‘hc walchdc-g timer
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Table 4. SPCR—SPI Confrol Registar

SPCR Address = D5H Reset Value = 0000 01)0XB
“seE | sPe | poro | msTR | cPoL  cpHa SPR SPRO
Bit 7 6 5 4 3 2 1 0

Symbol | Function

SPIE EPI Inberrupt Enable. This bit, In conjunction with the ES bit In the IE register, enatilas SPI interupts; SPIE = 1 and ES
= 1 enable 5P interrupts, SPIE = O disables SP|interrupts.
SPE 5Pl Enable, 5P1 = 1 anables tha SPI channel and connects 55, MOSI, MISC and SCK to pins P1.4, F1.5, P1.6. and

P1.7. &P1= 0 disables the SP| channel,
DORD Data Order, DORD = 1 selects LS8 first data transmission. DORD = 0 selects MSB firsl dala transmission.

METR Measter/Sleve Sealect, MSTR = 1 selects Master SP1 mode. MSTR = 0 selects Slave SP1 mode.

CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of tha master davica iz low whan not
transmitting. Flease refer o fgure on SPI Clock Phase and Polarity Gontrol,

CPHA Clock Phass. The CPHA bit iogather with the CPOL bit controls the clock and data relationship betwean mastar and
slave. Please refer o figura on 5P Clock Phase and Polarity Cantrol,

i
- - e {
SPRO £PI Clock Rate Select. These two bits control the SCK rate of the device conflured as master. SPR1 and SPRO kave |
SPR1 no affect on the slave. The relationship between SCK and the oscillator fraquency, Foop, 15 a5 follows: ‘

SPR1 SPRO SCK = Fee divided by
0 0 4

0 1 16

1 o 64

1 1

128 |

‘able 5. SPSR—S5PI Status Register

SPSR Address = AAH Reset Value = 00XX XXXXB
SPIF | WCOL - | = | = ] = = ==
Bit 7 B 5 | 4 3 | 2 1 0|

Symbol | Funetion

SPIF SPI Interrupt Flag, VWhen a sevial transfer is complete, the SPIF bit Is sel and an interrupt is generated if SPIE = 1 and
ES =1, Tha SPIF bit i= cleared by reading Ihe SPI sialus register with SPIF and WCOL bits set. and then aceassing
the 5P data register. ) B
WCoL Write Collisicn Flag. Tha WCOL bil is set if the SP1 data register 2 written during a data transfer, During data transte,

the resuit of reading the SPDR register may be incomect, and writing 1o it has no effect. The WOCOL bit {and the SPIF
bit} are clearsd by reading the 8P status register with SPIF and WCOL set, and then accessing the 5P data register,
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‘abla 6. SPFOR—SP| Data Reqister

SPDR Address = 86H

Reset Valua = unchanged

sPO3 sPp2 epD1 SPBn

Bit T 6 5 4

seor | spoe SPD5 SPD4
|

3 | 2 B i |

Jata Memory—EEPROM and RAM

‘he ATB9SHEZ52 Implements 2K bytes of on-chip EEPROM
or data storage and 256 bytes of RAM, The upper 128
wtes of RAM occupy a parallel space to the Special Func-
ion Ragisters. That means the upper 128 bytes have the
ame arddressas as the SFR space but are physically sapa-
ate from SFR space.

Vhan an instruction accesses an intemal location above
ddress 7FH, the address mode used in the instruction
pecifies whether the CPU accesses the upper 128 bytes
f RAM or the SFR space. Instructions that use direct
ddressing access SFR space.

‘ar example, the following direct addressing instruction
coasses the SFR at location 0ADH (which is P2).

MOV OADE, Kdata
wstructions that use indirect addressing access the upper
28 bytes of RAM. For example, the following indirect
ddressing instruction, whers R0 contains 0ADH, accesses
1e data byte at address 0AQH, rather than P2 {whose
ddrass is GAOH).

MOV ®R0, Hdata

lote that stack operallons are examplas of indirect
ddrassing, so the upper 128 bytes of data RAM are avail-
5le as stack space.

ha on-chip EEPROM data memeory is selectad by satting
1ia EEMEN bit in the YWWMCON registar at SFR address
ication 96H. The EEPROM address rangs is from 000H to
FFH, The MOWX instructions are used o access the
EPROM. To accass off-chip data memory with the MOWX
structions, the EEMEN bit neads to be set to *0F.

he EEMWE bit in the WMCON register needs to ba set to
I" bafore any byte locafion in tha EEPROM can be written.
ser softwara should reset EEMWE bit to 0" if no further
EPROM write is required. EEPROM write cycles in the
arial programming mode are self-imed and typically take
5 ms. The progress of EEPROM write can ba monitored
y reading the RDY/BSY bit (read-only) In SFR WMCON.
DY/BSY = 0 means programming is still In progress and
DY/BSY = 1 means EEPROM write cycle is completed
1 anothar write cycle can be initiated.

| addition, during EEPROM programming, an attemptad
1ad from the EEPROM will fetch the byte baing written
ith the MSE complementad. Once tha write cycle s com-
eted, true data are valid at all bit locations.

Programmable Watchdog Timer

The programmabla Watchdog Timer (WDT) operates from
an Independent oscillator. The prescaler bits, PS0, PS4
gnd PS2 in SFR WMCON ara used to sat the period of the
Watchdog Timer from 16 ms to 2048 ms. Tha available
timar periods are shown in the following table and the
actual fimer periods (al V- = 5V) are within £30% of the
nomingl,

The WOT is disabled by Power-cn Reset and during Power
Dawn. It is enabled by satting the WDTEM bit in SFR
WMCON (addrass = 98H). The WDIT Is resat by satting tha
WDTRST bit in WMCON. Whean the WDT times out without
being resel or disabled, an internal RST pulse Is gensrated
to reset the CPL,

Table T, Watchdog Timer Period Selection

WOT Prescalar Bits | Period (nominal)

PSz Ps1 | Pso |

0 o 0 16 ms

v} i 0 1 32 ms

1] - 1 0 bl B %ﬂ.-rnu

0 - _1._ 1 128 ms |

E s | o 256 ms |

T 1 512 ms

1 | 0  1024ms

1 E 1 2048 ms
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Timer 0 and 1

Timer 0 and Timer 1 in the ATB9S8252 oparata the same
way a5 Timer 0 and Timer 1 in the ATBE2CS1, ATEICS2 and
ATBOCES, For turther information, see the October 1885
Microcontroller Data Book, page 2-45, section titled,
“Timer Counters.”

Timer 2

Timer 2 is a 16 bit TimerCounter that can operate as either
a8 limer or an event counter, The type of operation Is
salected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: captura, aute-raload
{up or down counting), and baud rate generator. The
modes are selectad by bits In T2C0ON, as shown in Table 8.

Timer 2 consists of two 8-bit registars, THZ and TLZ, In the
Timer function, the TL2 reglster is Incremeanted every
machine cycla, Since a machine cycle consists of 12 oscil-
lator perinds, the count rate s 1/12 of the oscillator fre-
Juency.

In the Counter funclion, the register is incremantad in
esponse (o a 1-to-0 transitlon at Its corresponding external
nput pin, T2, |n this function, the external input Is samplad
uring 55P2 of every machine eycle. When the samplas
ihow a high in one cycle and a low in the next cycle, the
ount s iIncrementad. The new count value appears in the
agistar during S3P1 of the cycle following the one in which
he transition was detecled. Since two machine cycles {24
wcilfator pericds) are required to recognize a 1-to-0 transi-
lon, the maximum count rate is 1/24 of the oscillator fre-
juency. To ensura that a given level is sampled at laast
mce before it changes, the level should be held for at lsast
ne full machine cycle.

igure 1. Timer 2 in Capture Mode

Table 8. Timer 2 Operating Modes
q

RCLK + TCLK | CMRLZ | TR2 | MODE
0 I o 1| 16-bit Auto-Reload
0 I 1 | 16-bit Capture ’
1 - X 1 E!-a;x-!ﬁ:ataGemralur
X X o [om

Capture Mode
In the caplure mode, two options are selected by bit

- EXENZ in T2CON. If EXENZ = 0, Timer 2 is a 16 hit timer

or counter which upon overllow sets bit TF2 in T2C0OMN.
This bit can then be used to generate an inlerrupt. If
EXEN2 = 1, Timer 2 parforms tha same cparation, but a |-
to-0 transition at external input T2ZEX also causes the cur-
rent value in TH2 and TL2 {0 be captured into RCAP2ZH and
RCAPZL, respectivaly. In addition, the transition at T2EX
causes bit EXF2 In T2COM to be set. The EXF2 bit, like
TFE2, can generate an interrupt. The caplure moda is illus-

. trated in Figura 1,

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up ar down whean
configured in its 16 bit avto-reioad mode, This features is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD {see Tahle J). Upon resel, the OCEN bit
Is set to [ so that timer 2 will default to count up, When
DCEN is set, Timer 2 can count up or down, depending on
the value of tha T2ZEX pin.

Figure 2 shows Timer 2 automatically counting up waen
DCEN = [ In this mode, two oplicns are salacted by bit
EXENZ in TZCON. If EXENZ = 0, Timer 2 counts up to

osC +12 B
%; ﬂ
' -—-—c//r::——>| T™H? nz fo Te2 |
| CONTROL IWERFLOW
T = TR2 — A 7
0 o MM
T2 PIN CAFTURE D
RCAPZH| RCAPZL | 1
TRANSITION N
DETECTOR
- ! INTERRUPT
T2EX PIN [—— sl EXF2 | —— e
| conTroL
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OFFFFH and then sets lhe TF2 bit upon ovarflow. Tha over-
low also causeas the timer ragisters o be reloaded with the
16 bit value in RCAF2H and RCAPZL, The values in
RCAP2H and RCAP2L are presst by software, If EXENZ =
1, & 16 bit reload can be triggered either by an overflow or

2y & 1-to-0 transition at external input TZEX. This ransition
alzo sats the EXF2 bit. Both the TF2 and EXF2 bits can
jenerate an interrupt if anablad.

Satting the DCEM bit enables Timer 2 to count up ar down,
35 shown in Figure 3. In this moda, the T2ZEX pin controls
he direction of the count. A logic 1 at T2EX makas Timer 2
sount up. The timer will overflow at OFFFFH and set the
F'F2 bit. This ovaerflow also causes tha 16 bit value in

“igure 2. Timer 2 in Auto Reload Moda (DCEN = 0}

O8C !—r +12

RCAP2H and RCAPZL to be reloaded into the timer regis-
ters, TH2 and TLZ2, respectivaly.

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

Thae EXFZ hit toggles whanavar Timer 2 overflows ar
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt,

v CTE2 = 0
Ty o7 o
| contRoL
T B T™H2
= Sl RELOAD
T2 PIN TIMER 2
INTERBUPT
Y
—ig e TF2
TRANSITION
DETEGTOR D
T2EX PIN [_|——  w_ = — — Esz_J
CONTROL
EXEN2

able 9. T2MOD—Timer 2 Mode Control Register

T2MOD Address = 0C9H
Mel Bit Addraseabls

Resel Value = XK X008

DCEM

— — - | - = = T20E
Bit Fa B 5 4 3 2 1 )
3ymbel = Function !
= | Mot implernented, resarved for future uza.
T20E Timer 2 Output Enable bit

JCEN

Whean sat, this bit allows Timeri.i-u be mnﬁg;.l;'ad as an updown counlar
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(DOWN COUNTING RELOAD VALUE)

OFFH OFFH | |

Figure 3. Timaer 2 Auto Reload Mods (DCEN = 1)

1
osc s +12 | - \/ ‘
| GT2 =1 i

' TIMER 2
‘ | INTERRUPT
T2 PIN |
ACAPZH | RCAPIL
COUNT
(UP COUNTING RELOAD VALUE) | Dlﬁl;ﬂﬂﬂN

1=

&'I O=D0MWN
T2E¥ PIN

Figure 4, Timer 2 In Baud Rate Genarator Mode

TIMER 1 OVERFLIAN

L2

-
—— NOTE: 0SC, FREQ. IS DIVIDED BY 2, NOT 12 .
"'::;' + SMOD
0sc +2 [
i B .
tiiz ol e
~o— 07 o—n TH2
CONTROL |
B THZ
. iz = 1
T2 PIN = .
RCAPZH | RCAPIL “h Tk ™
TRANSI TN . + 16 By
DETECTOR B
T2EX BN ]—> S 1 - > INTERRUS
.- e ExF2 INTERRUPT
| conTROL
EXENZ
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK andfer RCLK in T2CON (Table 2). Mote thal the baud
-ates for transmit and receive can be differant f Timer 2 iz
Jsed for the receiver or transmitter and Timer 1 is used for
;he other function. Setling RCLK andfor TCLK puts Timer 2
rie its baud rate generator mode, as shown in Figure 4.

The baud rate genarator mode |s similar to the auto-reload
nede, In that a rollover in TH2 causes the Timer 2 registers
o be reloaded with the 18 bit value In registers RCAP2H
ind RCAPZL, which ara preset by softwara,

The baud rates in Modes 1 and 3 are determined by Timer
e overflow rate according to the following eguation.

Timer 2 Dverflow Rate

Maodes 1 and 3 Baud Rates = 76

lhe Timer can be configured for aeithar timer ar countar
speralion. In most applications, it is configured for timer
sparation (CPT2 = 0). The timar operation is different for
Mimer 2 when it is used as a baud rate generator, Normally,
1% & timer, it incremants avary machine cycle (at 1112 the
acillator frequency), As a baud rate generator, howevar, it
neramants every state time (at 1/2 the oscillator fra-
|usncy). The baud rate formula Is given below.

‘igura 5. Timer 2 in Clock-Out Mode

Modes 1and 2 _
Baud Rate

Oscillator Frequend
32 = {65536 —(RCAPZH,RCAPZL1]

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

Timer 2 as a baud rate generalor is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a roflover in TH2 doss not sat TF2 and will nat ganer-
ate an interrupt. Nota too, that If EXEMN2Z is sat, a 1-to-0
transition in T2ZEX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to {TH2, TL2). Thus when Timer
2 is in use a3 a baud rata generator, T2EX can be used as
an axtra ectarnal interrupt.

Bote that when Timer 2 iz running (TR2 = 1} as a timerin
the baud rate generator mode, THZ or TLZ should not be
read from or wrilten to. Under these conditions. the Timer is
incramented every state time, and the results of a read or
write may nol be accurate. The RCAPZ ragisters may be
read but should not be written to, because a write might
ovarap a reload and cause write and/or reload erors. The
timer should be lumed off (clear TR2) before accessing the
Timer 2 or RCAP2 registars,

L
. S E——r et 4 TL2 THZ
08C . —0 € (8 BITS) | (8 BITS} [ T
| e
o A
' ‘ RGAP2L | RCAPZH
L oT2 BT |
pral” N i % . ‘
|
T20E (T2MOD.1)
_ TRANBITION
Y DETECTOA
Pi.1 , TIMER 2
{w_Ex]i D'/;_‘ EXF2 *  INTERAUPT
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Programmable Clock Out UART

A 50% duty cycle clock can be programmed to come aut on The UART in the ATB9SAEZ52 o .
; ? parates the same way as
F1.0, as shown In Figure 5. This pin, besides being a regu- the UART in the ATB9GS1, ATSICS2 and ATBICS5. For

lar I/0 pin, has two alternate functions. It can be pro- !
! urther information, see the Octaber 1995 Microcontraller
grammed to input the external clock for Timer/Counter 2 or  pagg Book, page 2-49, saction litled, “Senal Interface.”

to outpul a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequeancy. z .
To configure the Timer/Counter 2 as a clock genarator, bit Serial Peripheral Interface

CfT2 (T2CON. 1) must be cleared and bit T20E (T2M0D.1)  The serlal peripheral interface (SP1) allows high-spead syn-
must be sel, B TR2 (T2CON.2) starts and stops the timer. chronous data transfer belween the ATB9S8252 and
The clock-out frequency depends on the oscillatar fra- paripheral devices or belween sevaral ATBSSE252
quency and the reload value of Timer 2 capture registers devices. Tha ATBBS3252 SPI featuras includa the follow-

(RCAP2H, RCAP2L), as shown In the following equation, N
* Full-Dupex, 3-Wire Synchronous Data Transfer

Clock Out Frequency = 7— ‘:'5‘5"_11'9"': EHHR‘{:;‘APH_H » Master or Slave Operation

* 1.5-MHz Bit Frequency {max.)

In the clock-out mode, Timer 2 rollovers will not generate » L3B First or MSB First Data Transfer

an interrupt. This behavior is similar to when Timer 2 jg = Four Programmable Bit Rates

used as a baud-rate generator. It i8 possible to use Timer 2« End of Transmission Interrupt Flag

as a baud-rate generalor and a clock generator simulla- & \Writa Callizion Flag Pratection

1eously. Note, however, that the baud-rate and clock-out Wk focin Ml Mokt

reuancies cannot be detarmined independently from one akeup irom Idie Mode (Slave Mode Only)
anather since they both use RCAFP2ZH and RCAPZL.

“igure B. 5Pl Block Diagram

B < ]—W
OSCILLATOR | LM 2
{
: L[THM e
5 !

| s . Lsp ,I i %
U BIEBIT SHIFT REGISTER (VTN T B
| 9
i |  READ DATA BUFFER |
+4+1 664+ 128 | £
T T §
M i l l 3P| CLOGHK [MASTER] BLOEK z
SELECT | CLOCK ———|g & i
Loeic |l
| & r S e =
JL—l 1
By 8
-——— — w
IR
15 1 L _
SPI CONTROL . S . — R
4 = = R
oy - i -t
L | &
Elg,,l L1 11 E»gqgiéggﬁi%
| SPI STATUS REGISTER | &PI CONTROL REGISTER |
- B, B,
= G v -
b
L ] ¥

SPIINTERRUPT [NTERMAL
REQUEST DATA BUE
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The interconnection between master and slava CPUs with
5P| is shown in the following figure. The SCK pin s the
clock output in the master mode but is the clock inputin the
slave moda. Writing to the SPI data registsr of the master
CPU starts the SPI clack genarator, and the data written
shifts out of the MOS! pin and into the MOSI pin of the
stave CPU., After shifling one byte, the SPI clock genarator
gtops, setting the end of transmission flag (SPIF). If bath
the SPI intarrupt anabla bit {SPIE) and the seral port intar-
rupt enable bit (ES) are set, an interrupt is reguestad.

Figura 7. SPI Master-Slave Interconnection

The Slave Salact inpul, 55/P1.4, is zet low to select an
individual SPI device as a slava. When S5/P1.4 is set high,
the SP1 porl |s deactivated and the MOSI/P1.5 pin can be
used as an input.

There ara four combinations of SCK phase and polarily
with respect to serial data, which are determined by cortrol
bits CPHA and CPOL. Tha SFI data transfer formats are
shown [n Figures 8 and 9.

MSB MASTER LSB S0 wEo MSB  SLAVE LSB
B-BIT SHIFT REGISTER |—#——— B-BIT SHIFT REGISTER
Wi : | o5l b el
. iMosi mosi_, .I
SPI 1 ) ;;SGK smc
|CLOCK GENERATOR Tiss  ss
—_ I
P Ves 4]
*igure B. SPI transfer Format with CPHA =0
SCK CYCLE # 1 o 4 5 6 -
{FOR REFERENCE) — i 3 - 2
SCK (CPOL=0) {J\_j | AT {/_ﬁ‘k_/f- _’j |
SCK (CPOL=1) | 1 |_/L l_.-f’ : | _\i_f“\_/ |_/! -
MOSI 7 W msa ¥ s 5 4 AW R Ls& >~
{(FROM MASTER) | | T | [ 1 T 1 1 i |
MISO MEE Y B % 5 4 R 1 L88 % v A —
R, XX T XE X _

ES {TO SLAVE)

Mot defined but normally MSEB of character just recelved

ATEL
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Figure 8. SPI Transfer Format with CPHA = 4

SCKCYCLE# 1

(FOR REFERENCE)
£CK (CPOL=0)

SCK [CPOL=1}

S . \;_/I
e
MOsl T

N MsB
(FROM MASTER)

[FROM SLAVE)
55 (TO SLAVE)

iy

M
i S
|

'Mat defined but normally LSB of previously transmitted character

Interrupts

The ATBSS8252 has a total of six interrupl vectors: two
sxternal interrupts (INTO and INTT), three timer interrupts
Timers 0, 1, and 2), and the serial port interrupt. Thace
ntermupts are all shown In Flgurs 10.

zach of these Interrupt sourcas can be individually enabled
i disabled by setting or clearing a bit In Special Function

tegister IE. |IE also contains a global disabla bit, EA, which
lisables all interrupts at onca.

lote that Tabla 10 shows that bit position IE.6 is unimple-
nented. In the ATB9CS51, bit position IE.5 Is also unimple-
nented. User software should not write 1= to these bit posi-
ions, since they may be used in future ATAY products.

able 10. Interrupt Enable (IE) Register
iMEB) B (LSB)
|ea |~ [Em2|Es |Em [ext  ero [exo
Enable Bit = 1 enables the interrupl.
Enabla Bit = 0 disables the interrupl.

Symbol Poslion | Function
Dizables all Interrupts, i EA =0, no intermipt.
EA er la achnowledged, If EA = 1, each ntemupt
; eource ie mdhadually enabled or disabloed by
satting or chaaring ite enable bit,
- IE.& Regansed.
ET2 IEB Tlnlr 2 h‘ltu'rupl snable bit.
ES IE4 SP1 and LART Intefrupt anabla bt
ET1 IE.3 Timar 1 interrupl snable bt
Ex1 IE2 Extarnal ntermupt 1 anable b,
ETO  IEA | TimerOinteerupt snabis b
EXg | IED Extarnal interrupl 0 anable bit.

User software shoukd never writh 15 1 unimplemantad bits, bacauses
they may be used In future ATAS products.

120 AT8958252

Timer 2 interrupl Is generated by the logical OR af bits T2
and EXF2 in register T2CON. Naither of these flags is
cleared by hardwara whan tha sarvics routine is vectored
to. In fact, the service routine may have to determine
whether il was TF2 or EXFZ that generated the interrupt,
and that bit will have to be cleared In software.

The Timer 0 and Timer 1 Mlags, TFO and TF1, are sel at
E5P2 of the cycle In which the timers overflow, The valuss
are then polled by the circuitry in the next aycle. Howaver,
the Timar 2 flag, TF2, is set at 82P2 and is polled in the
same cysle in which the timer overflows.

Figure 10. Intarrupt Sources

IMTi —Cf’T —-[ I-Eﬁ—’—h
i
TFO —— - -
::-I

INT1 —'_J"';i ||-i ET _.. —¥
fow
e "

TR —— -




Figure 11. Oscillator Connections

co
it _|._ XTAL2
]
| o1
) XTALA
l GND

dote:  Mote: ©1, ©2 = 30 pF £ 10 pF for Crystals

=40 pF 4 10 pF for Caramie Resonators

Jscillator Characteristics

{TAL1 and XTALZ are the input and oulput, respectively,
if an inverting amplifier that can be configured for use as
in on-chip oscillator, as shown in Figure 11. Either a quartz
rystal or ceramic resonatar may be usad. To drive the
levice from an external clock source, XTALZ should be left
nconnected while XTALT is driven, as shown in Figure 12,
hara ara no requirements on the duty cycle of the extemnal
lock signal, since the input to the internal clocking clreultry
i through a divide-by-two flip-flop, but minimum and maxi-
um voltage high and low lime specifications must be
baerved,

dle Mode

1 idle mode, the CPU puts iisalf to sleap whila all the on-
hip peripharals remain active. The mode is Invoked by
oftware. The content of the on-chip RAM and all the spe-
lal functions registers remain unchanged during this
wda. The idla mode can be terminated by any enabled
terrupt or by a hardweare rasat,

ote that when jdle mode is terminatad by a hardware
15et, the device normally resumes program execution
om where it left off, up to twa machine cycles belore the

AT89S8252

Figure 12, External Clock Drive Configuration

NG —— | XTALZ
EXTERNAL
OS8CILLATOR — —  XTAL1
SIGNAL
-E-- GND

internal reset algorithm takes contrel. On-chip hardware
inhibits access to internal RAM in this event, but access to
the porl pins is nol inhibited. To ellminate the possibility of
an unexpected write to a port pin when idie mode Is temml-
nated by a reset, the instruction fallowing the one that
invokes idla mode should not write to a por pin or to exter-
nal mamory.

Power Down Mode

In the power down mode, the oscillator is stopped and the
instruction that invokes power down is the last instruction
exacuted. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode s termi-
nated, Exlt from power down can be Initiated either by a
hardware reset or by an enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM,
The reset should not be activated before V- is restored to
its normal operating level and must be hald active long
encugh o allow the oscillator to restart and stabilize.

To exit power down via an interrupt, the external interrupt
muel ba enabled as lavel sensitive bafore entering power
down, The interrupt service routine starts at 16 ms (nomi-
nal} after the enabled interrupt pin is activated.

itatus of External Pins During Idle and Power Down Modes

Mode Program Memory ALE FSEN PORTO PORTY PORT2 PORT3
Iclle Internal 1 1 Data Data Dala Data
Il Extarnial o 1 1 Float . Data Address -ﬁata
W_D;n Irtermal 0 o Data Dala Data [ Data
Yower Down Exarmal a 0 Flost | Data Data - .. Data
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Program Memory Lock Bits

Tha ATROSR252 has thres lock bits that can be laft unpre-
grammed (U} or can ba programmead () to obtain the addi-
ticnal features listed In the following table.

When lock bit 1 is programmed, the logic level at the EA pin
s sampled and latched durdng reset. If tha devica is pow-
zred up without a reset, the lalch initializes to a random

Lock Bit Protection Modes{(12)

value and holds that value until raset is activated. The
latched value of EA must agree with the currant logic level
atthat pin In order for the device to function propery.

Once programmed, the lock bits can only be unsro-
grammed with the Chip Erase operations in either the par-
allel or s&rial modes.

Program Lock Bits Protection Typa
L81 | LB2 | LB3
u u Mo intarnal memory lock faalure,

2 | p|u]u

MOV instructions execuled from exlermal program memary are disabled from felching coda byles
from Intemmal memory. EA B sampled and latched on reset and further programming of the Flash
memory (parallel or sedal moda) is disabled.

a P P u

Sama as Mode 2, but paralied or zerial verify are also dra-a-blas-i.

4 | P P | P

Same a3 Mode 3, but external exaculion is siso disabled.

Iotes: 1. W= Unprogrammed

2. P =Programmed

'rogramming the Flash and EEPROM

Imel's ATE9S8252 Flash Microcontroller offers 8K bytes
lin-system reprogrammable Flash Code memory and 2K
ytes of EEPROM Data memory.

he ATB95E252 [s normally shipped with tha on-chip Flash
ode and EEPROM Data memory arrays in the erased
ate (i.e. contents = FFH) and ready to be programmed,
vis device supports a High-Veltage (12V) Parallel pro-
amming mode and a Low-Veoltage (5V) Serial program-
ing mode, The serial progremming moda provides a con-
nignt way to download the ATB9S8252 inside the user's
'sbem, The parallsl programming mode is compatible with
nventional third party Flash or EPROM programmars,

1@ Code and Data memary arraya are mapped via sepa-
te addrass spaces in the serial programming mode. In
b parallel programming mode, the two arrays occupy ona
ntiguous address space: 000CH to 1FFFH for the Code
ray and 2000H to 27FFH for the Data aray.

et Code and Diata memory amays on the ATES58252 are
sgrammed byte-by-byte in either programming mode. An
to-arase cycle is providad with the self-timed program-
ng operation in the serial programming mode. There iz
‘need to parform the Chip Erase operation 1o reprogram
iy mamory [ocation in the serlal programming mode
less any of the lock bits have bean programmad.

the parallal programming mode, thera is no auto-erase
tla. To raprogram any non-blank byte, the user needs to
ethe Chip Erase operation first to erase both arrays.

Parallel Programming Algorithm
To program and verify the ATBQSE252 in the paralial pro-
gramming mode, the following sequenca is recommended:

1. Power-up sequence;
Apply power betwean V. and GND ping,
Set RST pin to "H".
Apply 8 3 MHz to 24 MHz clock to XTALYT pin and wait
for at laast 10 milliseconds.
2. SetPSEN pinto"L”
ALE pin g "H"
EA pin to “H" and all other pins to "H".
3. Apply the appropriate combination of "H" ar =L logic
levels to pins P2.6, F2.7, P3.5, P3.7 to select one of the

programming operations shown in the Flash Programe-
ming Modes table.

4, Apply the desired byte address to pins P1.0 to P1.7

and P2.0 to P2 5,

Apply data to pins P0.0 to PO.7 for Write Code opera-
tion.

5. Raise EA/Vpe to 12V to enable Flash programming,
araze or verification,

6. Pulse ALE/PROG once to program a byte In the Coda

memory array, tha Data memory armay or tha lock bits.
The byte-write cycle is self-limed and typically takes
1.5 ms,

7. To verify the byte Just programmed, bring pin P2.7 to

“L" and read the programmed dala al pins PO.0 to PO.7.
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8 Repeat steps 3 through 7 changing the address and
data for the entire 2K ar BK bytes armay or until the end
of the object fila is reachad,

3. Powsr-off sequence:
Set KTALT to "L".
Set RST and EA pins to "L".
Turn Vop power off.

n the parallel programming mode, there Is no aulc-erase
wycla and to reprogram any non-blank byte, the user needs
o use the Chip Erase operation first to erase both arays.

JATA Polling

Mhe ATESSB2E52 features DATA Polling o indicats the end
of a write cycle, During a write cycle in the parallel or seral
srogramming mode, an attempted read of the last byte writ-
&n will result in the complemeant of the written datum on
*0.7 {parallel mode), and on the MSB of the seral output
wie on MISO (serlal mode). Once the write cycle has been
:ompleted, true data are valid on all cutputs, and the next
yele may begin. DATA Polling may begin any time after a
rite cycle has been initiated.

leady/Busy

‘he progress of byte programming in the parallel program-
ng moda can also be monitorad by the RDY/BSY output
ignal_ Pin P3.4 is pulled Low after ALE goes High during
rogramming to indicale BUSY, P3.4 is pulled High again
fien programming is done to indicate READY,

‘rogram Verify

lock bits LB1 and LB2 have not been programmed, the
rogrammed Code or Data byte can be read back via the
ddress and data lines for verification. The state of the lock
its can also be verified directly in the parallel programming
wda. In the serial programming mode, the state of the lock
Its can only be verified indirectly by observing that the lock
[t features are enablad.

yhip Erase

oth Flash and EEFPROM arrays are erased electrically at
ig same time, In the parallel programming mode, chip
rasa is injtiated by using the proper combination of control
gnals and by holding ALE/PROCG low for 10 ms. The
ode and Data arrays are written with all “1°s in the Chip
rase oparalion,

the sarial programming modea, a chip erase operation s
iiated by issuing the Chip Erase instruction. In this mode,
iip erase is self-imed and takes about 18 ms.

uring chip erase, a serial read from any address location
ill return O0H at the data outputs.

AIMEL

Serial Programming Fuse

A programmable fusa |e available to disable Sarial Pro-
gramming Il the user needs maximum system security. The
Seral Programming Fuse can only be programmed or
erased in the Parallel Programming Mode,

The AT8958252 is shipped with the Serlal Programming
Mode enabled.

Reading the Signature Bytes: The signature byles ara
read by the same procedurs as a normal verlfication of
Ipcations 030H and 031H, except that P3.6 and P3.7 must
be pullad to a logic low. The values ralurnad are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates BISA252

Programming Interface

Every code byte in the Flash and EEPRCM arrays can be
written, and the entire array can be arased, by using the
appropriate combination of control signals. Tha write oper-
atlon cycle is self-timad and once initiated, will automati-
cally time itself to completion,

All major pragramming vendors offar worldwide suppoer for
the Atmel microcontroller series. Flease contact your local
programming vendor for the approprate softwarae ravision.,

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial 5P| bus while RST is pulled to
Veo- The serial interface consists of pins SCK. MOSI {input)
and MISO {output), After RST is set high. the Programming
Enable instruction naeds to be executed first befora pro-
gram/erase oparations can be execuled.

An auto-arasa cycla is built into the selftimed programming
operation {in the serial mode ONLY) and there 5 no need
to first execute the Chip Erase instruslion unless any of the
lock bits have been programmed. The Chip Erase opera-
tlon turns the content of every memeory location in both the
Code and Data arrays into FFH.

The Code and Data memory arrays have separate addrass
spaces;

OO00H to 1FFFH for Code memory and 000H to 7FFH far
Data mamory,

Either an external system clock is suppliad at pin XTAL 1 ar
a crystal needs 1o be vonnecled across pins XTALY and
XTALZ. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal fraquency. With a 24 MHz
oscillator clock, the maximum SCK frequency is 800 kHz.
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Jerial Programming Algorithm written. The write cvcle is self-timed and typically takes
l'a program and verify the ATB958252 in the serial pro- less than 2.5 ms al 5V.
yramming made, the following sequence is recommended: 4. Any memory location can be verified by using the Read
. Power-up sequence: instruction which returns the confent at the selscted
Apply power between Vee and GND pins. address al seral outpul MISO/P1 .6,
Sat RST pin lo *H". 5. Atthe end of a programming session, RST can ke sat

fow to commence normal tion,
If a crystal iz not connecled across pins XTAL1 and =) pperanan

XTALZ, apply a 3 MHz to 24 MHz clock to XTAL1 pin " ower-off sequence (If needed).

and wait for at least 10 milliseconds. Set XTAL1 to "L" (if a crystal is not used),
!, Enable serial programming by sending the Program- Sel RST o L™
ming Enable serial instruction to pin MOSKP1.5. Tha Tumn Ve power off,

fraquency of the shift clock supplied at pin SCK/P1.7

needs to be less than the CPU clock at XTAL1 divided  Sefial Programming Instruction
by 40. The Instruclion Set for Sarial Programming follows a 3-byte

The Code or Data array is programmed one byte at a Rrofzcol And i shown in thie following table:

tima by supplying the address and data together with
the appropriate Yvrite instruction. The selectad mamory
location is first automatically erased before new data is

nstruction Set

Byte 1 Byte2 | Byte3
Programming Enable | 10901100 | 01010011 | xooxxx | Enabie serial programming interface after RST goes high.
Chip Erase 1010 1100 oo x 100 w00 | Chip eraze bath 8K & 2K memory arrays.

Read Goda Memory aaaa ald] loww addr wooc 0o | Read data from Code memory array at the selected address.
The 5 MS8s of the first byte are the high erder address bits.
The low order address bils are in the secand byte, Data are
available at pin MISO durirg the thir byte,

Instruction L Input Farmat Operation

Alrlte Code Memory asaa 010 lowe addr data in Write data to Code memory kocation at seleted address. The
addrass bits are the 5 MSBs of the firs! byte together with the
second byte.

Jead Data Mamory 00aa at01 low addr xped ook | Read data from Data memery array at selected address, Data

| are available at pin MISO during the third byte,

Mrite Data Meamory 00az al10 low addr data In Write data to Date memory location at selected address,

Nrite Lock Bits 1010 1100 EEE: 1111 | wooooox | Write lock bits.

Set LB1, LB2 or LB3 = "0" to program lack bits.

ses: 1. DATAE poling Is used to indicate the end of a write cycle which typically takes lsse than 2.5 ms &t 5V
2. "aaaaa” = high ardar address,
3. " = don't cara.
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“lash and EEPROM Parallel Programming Modes

| i I | Dats VO Address ]

Mode RET | FEEN | ALEPRGG | ERNVpp | P28 | PL7 P36 | PAT | P00 | PZEDPLTO
Sarial Prog. Modes H hit (] x
Ghip Erase H oo waw | e ow | x| o X %
Wrile (10K bytes) Memory H SO s s 12V L b H H DiN ADOR
Read (10K bytas) Mamory H L H 2y L L H H nouT ADDR
Wrlta Lock Bis: H T s S o P4l H L H L CIN %

Bit - | PoT=D | X

Bit - 2 S0E=0 X

Bir- 3 ' POE=0 ¥
Read Lok Bifs: H L H 1y H H L L DOUT x

Bit- 1 @ X

Bit-2 @Pa.1 X

Bit- 3 . EPO.0 %
Read Aimel Coda L 12v L L L L COUT 30H
Read Device Coda H H 12v L L CoUT 31H
Serial Prog. Enable H L =@ 12v L H L M | POO=0 %
Serial Prog, Disabis B (S [ 12v L H L H | Peo=1 M

e - - |

Isad Serial Prog. Fusa H L K 12v | M H L H @roo ¥

ateq: 1.

“h* = wesakly pulled "High" imermally,

2. Chip Erase and Serial Programming Fuse require a 10-ms PROG pulsa. Chip Erase needs to be performed first before
reprogramming any byte with a content other than FFH.

3. P34 = pulled Low during programming to indicate ROVIBSY.

4. " =don't cara

AIMEL
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igura 14 Programming the Flash/EEFROM Memory

5
ATBOSE252 T
apor. 20 - AT Vo
DO00H/2TFFH PG
P20 - P25 PO el
AR - A13 DATA
o P28 s
SEE FLASH ALE FROG
ROGRAMMING s 5
WODES TABLE ——» P2&
— W P37
XThL2 EA l—— v
324 MHz|
T m
I {
L | WTAL1 RST je— v,
£ END PSEN __|_

gure 186. Verifying the Flash/EEPROM Mamory

+5Y
ATB958252 T
appR, 20 - AL by Ve
OOOOHZTFFH PGM DATA
P20 - P25 PO | (UsE 10K
AR - A1 PULLLIPS)
—— P25
ALE S
SEE FLASH I(’—p P27 i iy
ROGRAMMING
A0DES TaBLE | —" P38
—p PAT
»HI-——‘-—- KTALZ (=Y —
24 MHz
1
S KTALI RST fe— W,
r oND  PSEN

126
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Figure 15. Flash/EEPROM Serial Cownloading

4.0 e 8.0V
ATBISE252 =
I""rr.r.
INSTRUCTION
NPT = = P SROS]
DATA OUTPUT +— P1.B8MISD
CLOCK 1IN ———M P1.7/5CK
— | ATRLZ
324 MMz | —
| #&—r
I O] KAl RST (4 W
& | GHND

ATE9S58257 e —————————————c—eeee——
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lash Programming and Verification Characteristics-Paralle| Mode

y = 0°C to 70°C, Vg = 5.0V £ 10%

Symbol | Parameter Min Max Units

Yep Programming Enabla Voliage 115 12.5 v

pp Programming Enable Curment . ID e

Moo Osclllstor Frequancy a : 24. MHz

acL  Address Setup to PROG Low CaBlge | |

GHAN Address Hold After PFROG 48t 0

L Data Sstup to PROG Low A8t o

shpx  Data Hold After PROG 4Bleyey ]

ensn P27 (ENABLE) High to Ve - 48tc o

SHEL Vpp Setup lo PROG Low 10 us

cioy | PPROG Wieth | 110 18

wov | Address to Data Velid E' o -

Eidin ENABLE Low to Data Vafid 48y oy

EHOE Data Float After ENABLE o 4Ble; oy

weL | PROG High to BUSY Low 10 | s

NE Byte Write Cytle Time . 20 _r;m-
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FlashfEEPROM Programming and Verification Waveforms - Parallel Mode

P1.G - P17 , PROGRAMMING VERIFICATION
P20 - P25 <_____ ADDRESS ‘}—-:’ ADDRESS  »—
' M Mty
PRI ——— ‘ M_:j “DATA OUT b
i tI:|'-"-:ll. larion | |
tavar I taax
ALE/PROG Tl
oL T ke tguan—
= A Vs —
EAMee - Tl o e et et il I

P27 1 e o ;[L—j tew

(ENABLE] A

! tam, —™
P34 o - "7 e e
(RDY/BSY) L5 BUSY 7 READY

werial Downloading Waveforms
SERIAL CLOCK (NPUT

SCKIP1.7 — - PR T o T

7 68 B 4 3 2 1 o
SERIAL DATA INPUT ]
MOSIR1.E MsBl [ | T T [ TisB

SERIAL DATA CUTPUT !

MISO/P1.6 SRl T T T 1 1 Tesey
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Absolute Maximum Ratings*

Stresses beyond those listed under "Absolute

Maximum Ratings" may cause permanent dam-
age 1o the devica. This is a s'ress rating only and
functional oparation of the device at these or any

Operating TEMPERATUIE .........commimmmin e =5 10 +125°C *NOTICE:
Storage Temmarallie ... ... -B58"C to +1680°C
Voltage on Any Pin
with Respectto Ground ... ~1.0% o +7.0v
Meancheraren Opereting Mollage....c..n e BBV
rediability
DT Oitput CUment.. . csemsmsssei wsenins 15,0 MA

)JC Characteristics

‘ha values shown In this table are valid for T, = -40°C to 85°C and V- = 5.0V + 20%, unless otherwise noted.

olher conditions beyond those indicated in the
operatinnal sections of this specification is not
impled. Exposure to abselute maximum mating
conditions for exended periods may affect device

Symbol | Parameter Condition | Min Max Units
Vi Input Low Voltage {Excapt EA) 0.5 02Vpe-04 | W
WL Input Low Wbltage (EA) B 0.5 02Vee-03 | W
UIH {rmt Hi'gh '\lhhﬂgﬂ {E:mpl XTALt, HST:I‘ 0.2 V{;{: +098 ‘h",:c +0.5 W
Viy | Input High Voitage (XTAL1, RST) 0.7 Vo Vo +0.5 v
D u-t .Lm I'Hbl {TJ N o =
Yoo |manisy lo = 1.8 mA 05 v
Output Low Voltage !/ =
Vo RO ALE ﬁ% loL=3.2mA 05 | v
o = 80 pA, Vg = 5V £ 10% 24 v
Oulpul High Vol o
Vou {Puﬁ: 1.2%1. aLEDF?BEN} for 2B RA 0.75 Vee N
low =-10 pA 0.8 Ve v
loy = -BO0 pA. Ve = 5V + 10% 24 v
Output High Valta )
foH1 {Fbr'.: 0 inl?ExlﬂrrmF;us‘ Mode) low = -300 pA 073 ¥er .I L)
| gy = <80 pA 0.9 Vee v
0w ' Logical 0 Input Current (Porls 1,.2,3) | Vi = 0.45V -50 A
A Logical 1 to 0 Transition Current (Ports 1,2,3) | Vi = 2V, Ve = 5V £ 10% 650 A
| :
i '(gg';': 'ﬁf’gﬁﬂ“ Current | 045<Vy< Vg 10 wh
RST | Reset Pulidown Resistor 50 300 Ka
35 | Pin Capecitanca Test Freg. = 1 MHz, T, = 25°C 10 pF
' Active Mode, 12 MHz 25 mA
| Power Supply Current
Idle Mode, 12 MHZ 65 i,
e ol Ll SRR il
Veor =6Y 100
Power Down Mode ) < - =
UEG =3V 40 ].I.IE\
stes: 1. Under steady stabe {non-transient) condifions, o Manximum total |, for all output pins; 71 mA,

mist be esternally imited a5 follows:
Mexximiam gy per port pin: 10 mA
Maximum |y per B-bit pori:

Port 0 26 mA

Ports 1, 2, 3: 15 mA

If |y, excseds the test condition, Vi, may exceed the
related specification. Pins are not guarantead to sink

current greater than the listed test conditlons,

Z. Minimum Ve for Power Down is 2V

AIMEL

4-129




AlmEt

C Characteristics

der uperaling conditions, load capaciiance for Fort D, ALE/PROG. and PSEN = 100 pF: Inad capacitance for all other
tputs = 80 pF.

xternal Program and Data Memory Characteristics

| Variabls Dsclilator |
iymibol Paramater Min N .I.llz;r _| Units
e, | Oscillator Frequency _ 0 24 MHz
HLL ALE Pulza Width . - -J.?'icL;,;L = 4 - ; ne .
Wil | Address Valid to ALE Low T 1 s
i Address Hald After ALE Low _ ey o - 20 o | e
i ALE Low lo Valid instrugtion In o | #tec 85 | s
i ALE Low to PSEN Low loicy- 13 [ w7 |
e | PBEN Pulse Width o oo 20 ' ne
i PSEN Low to Valid [nstruction In _ I | Btee-98 ns |
- Input Instruction Hold After PSEN ' 0 ns
4 Input Instruction Float After FSEN N . I dec-8 | e
i PSEN to Address Valid '- e | ne
i Address to Valid Instruction In B i EI:CL;.y_ .55 | ns
cig PSEN Low to Address Float ' i 10 o
s | D Pulss width | sicie- 100 | s
LWH WR Pulsa Width Bty oy - 100 . ns
= P05 Low to Valid Data In N Ste g - 90 ns
] Diata Hold After RD o . ns“
E Dala Float After RD - o _ Moy - 2B 1T =
S ALE Low to Valid Data In Bioc -150 |  ns
n Address to Valid Data In a Ble oy - 165 ns
WL | ALE Low to BD or W Low Mooy - 50 gy gL + 50 ns
AL Address to RD or WH Low - o oy =75 a ne
x| DataVaiid to WR Transition loret - 20 ns
e Data Valid fo WR High _ evcy - 120 T re
O Diata Hold After WR teroy, - 20 ) ns
4z | RD Lowto Address Float o s
wH | D or WRR Migh to ALE High tee-20 | tme 25 | es

30 ATE0S5825 ome————————




T ST RGRRPED

=xternal Program Memory Read Cycle

—— Ly — "

ALE F 4 N 4 N S
L —tou
Lo [¢ — o "'I b -‘
PSEN - :
FORT D
PORT 2 ) T AB-A15 R BN

:xternal Data Memory Read Cycle

I"_tLHLL_"
ALE _ .~ T~ /L’ ™
" tarn
e ol L .
SEN " P B
-— —
i g, —>
— s R ;
RD ot s . ] <
T — Nl oz
] T e
| I
PORT 0 40 - A7 FROM Rl OR nn}(\'d—\mm INJE-# A0 - A7 FROM PCL>—NSTR IN
Low, ————»
— by ————

H . T —
PORT 2 X___P20 - P27 OR AB - A15 FROM DPH > A8 - A15 FROM PCH

A mEl 4-131




=xternal Data Memory Write Cycle

I"_ti.l'ﬂ..l_"_"‘
ALE _r‘ I _..| L_* yicr =,
PEEN S

o L ——e—Ty g ]

WR (i R
1

PORT 0 AD - A7 FROM R OR DPL}_  DATA OUT X (AD - A7 FROM PCL><INSTR IN
v I '

it N

PORT 2 P20 - P2.7 OR A8 - A15 FROM DPH < AB - AI5 FROM PGH

|

.xternal Clock Drive Waveforms

. o
forcx leton —* L . }* tenot

"l'rm - DBV _i_ | —
0.7 Ve N N
0.2 V- 0.1V 3 = .
D-AE'U _/ L—L—/ I S
' oo — J
" tﬁ.CL

xternal Clock Drive

jymbol | Parameter Vg = 4.0V to 6.0V Units
Min Max

Moo Cracillator Frequency 0 24 MHz
seL | Clock Period M8 s
siex | High Time 15 E a ns
gk | towTime i |
SLOH Rise Time 20 ns
SHOL Fall Timo ' 20 s

132 AT 895820 I —
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serial Port Timing: Shift Register Mode Test Conditions
he vaiues In this table are valid for Ve = 4.0V to 6Y and Load Capacitance = 80 pF.

Bymbel = Parameter Varinble Osclllator Units
Min Max
bt Serial Port Clock Cycle Time 12 lis
lawiH O_Lﬂpul Data Setup to Clock Rising Edge _ 1"}111[:1_' 133 ns
bepax Output Data Hold After Clock Rising Edge Doy - 117 | ns
e Input Data Hold After Clock Rising Edge 0 ns
beri Clock Rising Edge ta Input Data Valid 10lc o - 133 ns
hift Register Mode Timing Waveforms
INSTRUCTICN | — e i P | Tem = ==
ALE e glpE i |_I_|_|_L_ T i 5
I e L2 o
CLOCK —l i I._.l I |_|_] . |_ . ! : e o5
Lo | |
——1X b .
WRITE TO SBUF ‘\ B TS WEr e § SR TN T
* g & :
OUTPUT DATA —-| | SETTI
CLE;LH Rl WUM ))én.-n’n J}!{muﬁb \*(ALﬁﬁmwhﬁ L : WALID™,
IMPUT DaTA SET RI 7
= Testing Input/Output Waveforms!")  Float Waveforms("
fop - 0BV 02 Vi + 0BV Yipad L T W n
Y Timing Reference >_ =
TEST PQINTS LCIAT : Fgints .
i 02 Vop - 0.1V ¥ ogag BV B N sE
as. 1. AC Inputs during testing are drivenat Vee - 0.5Y MNotes: 1. Fortiming purposas, a port pin is na longer floating
for & logic 1 and 0.45V for a logic 0. Timing mea- when a 100 mV change from laad votags occurs. A
surements are made at Wy, min. for a logie 1 and V. part pin begins to floal when & 100 mV change from
max,. for a kogic 0. the ioaded Voo, level oocurs

AINEL
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ATMEL

[=—=oreoseine)
AT8958252
54 TYPICAL ICC (ACTIVE]) at 25°C
| Wpe 8.0V
I
C 18 — ...--"'_"?‘ﬁ—-_":’_’f
€ e SO et L)
Ml ]
0 |
0 4 8 12 16 20 ]
F (MHz)
AT8958252
% TYPICAL ICC vs. VOLTAGE - POWER DOWHN (85°C)
| 158 | N L#,,_,._//’:
C
'G 10 f’,.-'"'f -
i
A .3 ‘_/-""’ "',f '
0
a3.0v 4.0V 50V B0V
Ve VOLTAGE
ATBSEBR252
” TYPICAL ICC (IDLE) at 25°C
i [ Wee @ BV
40 —t i
& az - — -
C 24 / = Veg =5.0¢
A 18 s ) N
ua-'_{:....’fr l P . S
00 ’ | ; '
0 4 B 12 18 20 PL

s 1. XTALT tied to GMD for lec (power down)
2. Lock bits programmed

134 AT89S58252 me——ee—e—————————————
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Jrdering Information

Speed Powar
{MHz) Supply Ordering Code Package Cperation Range
18 4.0V B0V | ATEESH252- 1644 444 Autorrotive
ATEIS8252- 164 44.) (=40 C o 105°C)
ATEOSB2S2-16FA 40PG
ATEOS8252-160A, ) 440
24 4.0V 1o 6.0V ATBISR252-24AC 44A Commercial
ATASSE252-24JC [ 44 {0°C to 70°C)
ATBOSA282-24PC | 40PB
ATBOS8252-2400 o 44} [
4.0V o B.OV ATBUSE252-244 ' 444 Indugtsial
. ATBOSA252-24.| 441 {-A0EC 10 RESCY
ATBOSB252-24P| A0PE
ATBASEZ252-2400 440
T m3 4.5V Ia 5.5V ATEOS8252.330C 448 Commareial
ATROSR252-334C 44J (D°C fo 70°C)
ATROS8252.33PC 40FE
ATRASAZE2-3300 | 440
= Preliminary Information
Package Type
A, 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
4J 44 Lead, Plastic J-Leaded Chip Carier (PLCC)
= 40 Lead, 0.600° Wide, Plastic Dual Inline Package (PDIP)
40 44 Lead, Plastle Gull Wing Cluad Flatpack (POFF)

ATMEL

4-135
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Ar0EGE
Beys BlEQ

Erveg. Ha A-S504

More that the ULN20xxA series {dual in-line
package) and ULN20=xl series (small-outline
IC package) are electrically identical and share
m common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS

Cutpul Voliage, V..
(ULNZ200xA and ULNZOOXL) ........ ny
(ULNZ02xA and ULNZO2KL) ........ By

Input Voltage, ¥, ciieiiiiiisiinnen. Y
Continuous Output Current,
Continuous Input Current, 1, oo 25 mA
Power Dissipation, P,

tone Dadington pair) e 1LOW

(B0l PACKAZE ) ccaesecmienes e S0 GEAPH
Operating Temperaiure Range,

i e et =20°C to +85°C
Storage Temperature Range,

T, cociiiisnrsemseirmnesnines ~S5°C to +1530°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Sedes ULN20xxA/L high-volsage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient iemperature and number of drvers turned ON
simultaneously, typical power loads totaling over 230 W (350 mA « 7,
95 V) can be controlled. Typical loads include relays. solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2ZN3IAML and ULN2023A/. have series input resistors
sclected for operation dircetly with 5 W TTL ar CMOS. These devices
will handle numeroas interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have serics input resistors for
operation directly from 6 o 15 V CMOS or PMOS logic outputs.

The ULN200IAM and ULN2004 AL are the standard Darlington
artays. The outputs are capable of zsinking 500 mA and will withstand
at least 50 V in the OFF state, Outpils may be paralleled for higher
load current capability., The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plestic
packages (sutfix "A”) and 16-lead surface-mountable SOLCs (sulfix
“L7). All devices ate pinned with outputs opposite inputs b facifitate
case of circuit board layout. All devices are rated for operation over the
temperature mange of -20°C to +85°C. Most (see matrix. next page) are
alga available for aperation to ~40°C: to order. change the prefix from
“ULN" to “ULQ".

FEATURES

B TTL. DTL. PMOS, or CMOS-Compatible Inputs

B Cutput Current to 500 mA

B Output Yoltage 0 95 V

B Trunsient-Protected Oulputs

B Dual [n-Line Plastic Package or Small-Outline IC Package

% = digit to identify specific deviee. Charnctenistic shown applies to famuly of
devices with remaining digits as shown, See matrix on nest page.

wAllegto’
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
DEVICE PART NUMBER DESIGNATION
"u"m sV LERY
Im 500 maA 500 mA
Logic Part Number
5v ULM20034A" ULM2023A™
TTL, CMOS ULNZ003L* ULNZ023L
615V UILNZ 044" ULNZDZ4A
CMOE, PMOS ULMZ004L" LILN2024L
PARTIAL SCHEMATICS * Also gvailable for operation between ~<0°C and 485°C. Tw otder, change

prefix from “ULN™ o “ULQ",
JLN20x3A/L (Each Driver)

na
o

na
(=

\simxw. A B B
D, M. A-B451
ULNZDx4A/L (Each Driver) . - \\
05 \k
it COM SUFRX L. Ry, = 9000

\\:\
25 50 T8 1040 185 150
AMBIENT TEMPERATURE IN °C

=]

ALLOWABLE PACKAGE POWER IISSIPATION I[N WATTS
-
/ / |

iz
2

Oy, (3 -006A

D B, i S8 X = Digit o identify wpecific device. Specification shown applies to family of

devices with remaining digits as shown. Sce matrix above,

115 Northaast Culoff, Box 150058
Worregter, Massachiosetts 01615-0036 (508) B53-5000
Copynght & 1674, 1998 Allegro MicroSystems, Inc,




2003 thrv 2024
HIGH-VOLTAGE
HIGH-CURRENT

DARLINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at #25°C (unless otherwise noted).

Tast Applicable Limits
Characteristic Symbal | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current |  loex 1A Al Ve =50V, Ta = 25°C — <1 50| pA
Veg =50V, Ty = 70°C — <t 10| ua
1B | ULN2004AL | Ve =50V, To=70C,Vig=10vV] — <5 so0| pA |
Collacior-Emitter Veesan 2 Al I = 100 maA, Ig =250 pA — g 11 W
Sahurslion \kege lc=200mA, lg = 350 uA = A3 1] W
lc = 350 mA, Ig = 500 pA — 13 18| v
Inpaurt Casrrent lingoony 3 ULNZOOIAL | Wy =385V — 083 135] mA
ULN2004AL | Viy=5.0V — 035 05| maA
Vig=12V - 10 145| ma
Injorry | 4 Al le = 500 A, T, = 70°C 50 65 — | pA
Inpu Voltage Vinon 3 ULN2O3AL | Ve =20V, o= 200 ma == — 2.4 v
Vg = 2.0V, Ig = 250 mA = = el
Ve = 2.0V, I = 300 mA — — 3| v
ULM2004AL | Veg=2.0V, o= 125 ma —_ — 5.0 v
Ve = 2.0V, lc=200mA = = el Y
_V_F_E=2.ﬂ ¥, lp = ZT5 mA P - 1o W
Vge =20V, Ig= 350 mA — = ugl] W
Input Capacitancs Cin — Al — 15 25 pF
Turn-On Delay tpy s B Al 0.5 Eqy to 0.5 Equr — D025 10| ps
Tum-Off Detay fopl 8 Al 0.5 Eyyte 0.5 Eguy — 028 10| s
Clamp Diade = 8 Al Vi = 50 V, Ta = 25°C — — 50| pa
Laakags Current Vp =50V, Ty = 70°C — — 100] A
Clamp Diodea VE T All Ip = 350 mA — .7 20 '
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = S0IC.

www allegromiero. com




2003 turv 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

ypes ULN2023A, ULN2023L, ULN2024A, and ULN2024L
LECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test | Applicable —_ Limits
zharacteristic Symbol | Flg. Devices Test Conditions Min. Typ. Max. Units
Jutput Leakage Cumrent |  logx 1A Al Vg =95V, Ty = 25°C — <1 50 A

Ve =85V, Ty =70FC - <1 100 [TES
1B | ULN2024AL | Vee=B5V, Ta=70°C Viy=10v| — <5 s00  pa
ollector-Emitter Veeisan 2 All I = 100 ma, Iy =250 pA - g9 11 W
‘aturation Vollage lg = 200 mA, I = 350 pA - 11 13
Ig = 350 mA, Iy =500 LA — 13 18 ¥
1put Gurment ngony | 3 | ULN2023AAL | Vin=385V — 083 135 mA
ULN2024AL | viy=5.0V — 035 05 mA
V=12V — 10 145 mA
injoFF) 4 All I = 500 A, Ty =70°C 50 65 - LA
ipUt Voltages Um,[gm 5 ULNZDZ3AL Vop=20V, 1(: = 200 mA -_— - 2.4 b
Vog = Z0V, lo = 250 mA - = B M
Ve = 2.0V, Ig = 300 mA —- — 80 ¥
ULNZ024AL | Vg =20V, Ic = 125mA o BB, W
Vigg =20V, g = 200 mA = =GP N
Veg =20V, lg = 275 mA - — 0 ¥
Veg =20V, g = 350 mA - == B0 N
pull Capacitence Cin - All - 15 25 pF
sm-Om Delay tpL 8 All 0.5 Epy 10 0.5 Egut — 025 10 s
Am-Off Delay tog 8 Al 0.5 Eyy 10 0.5 Egyr — 025 10 s
amp Diada Ig a8 All Vr=85Y, Ty=25"C — - 50 A
sakage Current Vg =85V, Ty = 70°C - s {00 gk
amp Diode Ve 7 Al IF = 350 mA — 17 20 V¥
mwand Voltage

wmplete part number includes suffis lo identify package style; A& = DIP, L = SOIC

L [}
Au= oo 195 Martheast Cutoft, Box 15038
- 2 Worcester, Massachusetts 01615-0036 (508) 8535000
EI MicreSystama, Inc.

[ Ko




2003 turu 2024
HIGH-VOLTAGE,

HIGH-CURRENT
DARLINGTON ARRAYS
TEST FIGURES
FIGURE 1A FIGURE 1B FIGURE 2
e
iy 'eex i
T i EX:
D Mo, ADTIEA l = Dhwg. Ma. A-87T304 = D Mo, &-B7 114
FIGURE 3 FIGURE 4 FIGURE 5
D hin. ASTIE4, Cwg. Mo. ABTILA
FIGURE & FIGURE 7 FIGURE 8

¥a
n
orEN
Dwi. Mo, A-FTISA

Complete part number includes a final letter to indicate package.

- =Digit to identify specific device. Specification shown applies to family of devices with remaining digies as shown.

vt allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

ALLOWABLE COLLECTOR CURRENT TYPICAL APPLICATIONS
AS A FUNCTION OF DUTY CYCLE
{Dual In-line-Packaged Devices, Suffix ‘A’)

N

7
77
/7 7
hr Jf
/

] 2 &0 1] 1 ]
BUTY CYOLE IN PER CERNT

SwpraTd

(Small-Qutiine-Packaged Devices, Suffix 'L')

i \\: \\\\\\‘\_\\ 2 =
- |
MEERNNNEN
E .f’:':"--;h'-‘?-‘---._
MUNEEROF OUTPUTE )
" l;-l‘lll.ﬂm'l'
n o 40 -] 1] 100
SATURATION VOLTAGE COLLECTOR CURRENT AS A
3 A FUNCTION OF COLLECTOR CURRENT FUNCTION OF INPUT CURRENT
- .-"f
o / i A | A
&
i VY i paw
E , - A
// (/? ;/x ¥
a A/ 1l

-] L LE ] 15 L] =] s o] L] B

COLLECTOA-EMITTER BATURATENN VOLTADGE HPUT CURMENT IN WA
e Mg, 7

-

-y .

e s ] 115 Mortheast Cutoff, Box 15036

ﬁ- . Waoreastar, Mazsachussite 01 E15-0036 {508) 8535000
[ ] Mizmfiyytama, Ine




2003 turu 2024
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
A3 A FUNCTION OF INPUT VOLTAGE
Types ULN2003A, ULN2003L, ULN2023A, and

LNZOZ3L
258 /
4 &n, ’/
1
I ;ff" = =
. o
PR
ENP A=
[ © AFEAGE HOFRAL DPEFATON
'WITH BTANDWRIH OF SGHD T IRT TTL
‘ | | ]
20 30 &0 A0 ]

INPUT ¥OLTAGE
Drwiy (4 o)

Types ULN2004A, ULN2004L, ULN2024A,
LN2024L and

) |

14

\

A

.
|
\

D Mo, 08170

INPUT VOLTAGE

wirw allegromicro.com
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YIGH-VOLTAGE,
HIGH-CURRENT
JARILINGTON ARRAYS
PACKAGE DESIGNATOR "A"
Dimensions in Inches
(controliing dimensions)
18

o
i O O i O s G v N i O i O

| i

J = = e O =
ﬂ.ﬂ?ﬂ_,__l 0100 E...-...

045 0778 B
0735

0.8 0150
] 0115
NNY i
_.| ne2s
not4 R

Dimansion in Millimeters
{for reference only)

16 2
1 5 Bt S e e o s o

L

= B B B E (=

1 Sl—'
177 254 L 013
115 c

19.688 G Lk
1867

]

a.81
283

|

Do BASES (B4

. Leads |, £, 9, 2ned 16 may be half leads at vendor's option.

. Lead thickness is measured at seating plane or below,

. Lead spacing tolerance is non-curnulative.

. Exuct body and lead configuration at vendor’s option within limits shown,

oot pd -

v '
¥ ﬂ %" 115 Northeast Cutoff, Box 15036
- g Worcester, Massachuseitts 01615-0036 (508) 853-5000
‘I==;.I MicroSystera, Ino.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS
PACKAGE DESIGNATOR "“L"
Dimenslons in inches
{for raference only)
HOHHAHAAAHA I oS
—T— e -—
0.1574 0.2440
n.1:gr 0.2284 0.050
! 0.018
W ELELLEL LS
) ez 3 | 0.050
pD.O13 ..__g:ﬁ__.. BSC r.‘r“mﬂ,h.«
P
e Py
0.05 )
T T_ 2.0040 M. o) WA 161
Dimension in Millimeters
{controling dimensions)
,ﬂ_HHHHHHH_ ’ 0re
4% 6.20
a.fu N =80 1.87
1 040
S ELELLEL | e
gga 11'" 2 3 ;%g _"1 . LE; ngﬂn“r‘l"
4
12t 1]
T T— (w i [ NY TS i WADOT. (88

I0TES: 1. Lead spacing tolerance is non-cumulative,
2. Exact body and lead configoration at vendor’s option within limits shown.

wrw. allegromicro. com
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

The products described here are manufmetured wider one or moere
1.8, patents ar [L.8, patents prading.

Alfegro MicroSyetems, Inc, reserved e relt fo mrake, fram fime o
fime, sl départires from the dewall specifeatfons ar may be required
fioo perenil inprovementy in the performance. relichilite ar
wmirfactnralnilicy of ifs produces, Before placing an order, the jier is
cautiovred forverify that Hre informsarion bafig relied upon is courvent.

Alfegee products are not awtfrorized fae ove or ortien componeats
tn Jife-suppart devives i syateme it doparess writrear approved.

The information included heretn v believed ra be accurate and
refiile, However, Allegro MicroSveriems, fifc. @esimes il respomsi-
Bifitw foritx ase: war for g infeiegemmens of prtenis o offer ripler oo
third pareies witlel sty rexnlt feenre ix sine

1156 Northeast Cuioff, Box 15036
Worcester, Massachusetts 01615-0036 (508) B53-5000




ﬂ National Semiconductor

General Description

The ADCDRB0T, ADCOBOZ, ADCOBI3, ADCOBD4  and
ADCOBDS are CMOS B-bit successive approximation A/D
converiars  thal use a differential  potantiometric
ledder—similar lo the 256R producls. These converters are
designed to alipw oparation with the NSCAD0 and |INSB0804A
derivalive control bus with TRI-3TATE cutpul latches direglly
driving the data bus. Thees A/Ds appear like memony locs-
lions or 1'C poris fo the microprocessor and no Interfacing
lagic Iz needed.

Differential - aralog voltage inputs allow increasing the
common-mode relection end offsetting the analog zero nput
voltage value, In addition, the valtage referance input can be
sdusted 1o allow encoding any smafler analeg voltage span
o the full 8 bHs of rasolulion.

Features

= Compalible with 8080 P derdvatives—no Imterfacing
logle needad - access fime - 135 ne

| Easy Interface to all microprocessars, of operates “stand
alona"

ADCO0801/ADCO0802/ADC0O803/ADCO0804/ADC0D805
8-Bit pP Compatible A/D Converters

November 1993

& Differantial analog vohage inpuls

® ogle inputs and outputs mest both MOS and TTL
voltage level specifications

® Works wilh 2.5% [LM338) vollage referance

8 On-chip clock genaratar

0V 1o 5V analog Input vollage range with single 5v

supply

Mo zaro adjus! required

.3 standard widih 20-pin DIP packaon

20-pin molded chip camier or small cutline package

Opearates ratiometrically or with 5 Vpe, 2.8 Ve, or

Analog span adjusted voltage reference

Key Specifications

B Resobution 8 bits
B Total emor W LSE, 214 LSRR and 1 LS8
® Cornvarsion time 100 us

Connection Diagram

Ordering Information

ADCOBOX
Dual-in-Line and SBmall Outline {30) Pachages

Sae Ordering Information

TEMP RANGE 0'C TO 70°C 0'C TO TO'C -40°C TO +B5'C
+14 Bit Adjusted i ADCOS01LCN
ERROR +14 Bit Unadjusted ADCOS0ZLEWM ADCOB02LCN
115 Bil Adjusted ADCOANALCH
1181t Unadjusiad ADCOR04LCWM ADCOBMLON ADCHB0SLC N ADCOBDELTS
PACKAGE OUTLINE M20B — Small N20A—Molded DIF
Dustlirve

ZB A replalered imdasark of Dhog Coin.

02001 Madlaral Samiconductes Camporation DSISETY

wheve natanal. dam

siapsauo) /v siquedwo) di yg-g $0800aVv/P0802AVY/E08000Y/Z08000Y/L08000Y




ADCOB0/ADCOBO2/ADCOBOIADCO304/ADCOB05

Typical Applications
w
ﬁ.
H L dr II
L AR Pl Ij, TAARSOUEER
TR o e LT EERDLETH
I bar o | evERANY BiTIRER
AN - s
o |4 : m ::M = ol e
- 11 1=}
- : L l“b-ﬂ!—ﬂ—ﬁ- I_'
it :f Ve .—'D::.I.runn'l = ki
nl m BT
| (L1
W rh
CPETLETIE
BOB0 nterface
= it
B &9
[
T
:l'. LL
LLLS ".—__1'“'
(=
DEseasr 131
Error Speciflcation (Includes Full-Scale,
Zero Emor, and Non-Linearity)
Part Fuli- Vaee/2= . 500 ¥pe | Vasef2=MNo Connectlon
Number Scale [No Adjustments) [No Adjustments}
Adjusted
ADCOE0M | +%W LSA
ADCOR0F 19 LSB
ADCOB0S | +14 LB
ADCOBRD4 +1L8B
ADCOB0S +1 LEB

www natlansf.com




Absolute Maximum Ratings (uots 1. 2

If Mititary/Asrospace epecified devices are required,
pleass contact the Mational Semiconductor Sales Offical

Distributora for availabllity and specifications.

Infrared (15 seconds) Z20°C
Siorage Temparature Range -65 2 o +150°C
Package Dissipation &: T4=25 C ETH ml
ESD Susceptioility {MNote 100 BOGY

Supgply Vialiage (Vee) (Nole 3) &8V
Voliage Operating Ratings notes 1. 21
Lagiz Cantrol Inpets -0.3V to +18V Temparalure Range

Al Other Input and Oulpuls
Lead Temp. (Soldering. 10 seconds)
Dual-In-Lme Package (plastic)
Dual-In-Line Package {ceramic)
ESwrface Mount Package
Vapor Phase (60 secands)

Electrical Characteristics

—0.AV 1o [V gt 3

26075
e[

ADCOBI4LC

ADCHE0A203A5L 0N

ADCOANLCHN

ADCOBD2EL TV
Range of Ve

M5

The following specifications apply fr Vep=5 Voo Tun=T a2 T and o =840 kH2 unless alherwise epecifiad.

Tt = Tal Thans
~40 CET,EH5 C
—4D DT RS €

LR A F-Cr (o

§ 0aT 45+70°C

45 Voo t0 0.3 Ve

Parameler Condltians Min Typ | Max Units
ADCHE0T : Tolal Adjuated Errar (Mote B With Full-Seale Adj. £ LSk
{See Seclion 2 5.37)
ADCOEDZ: Todai Unadjusted Error {MNoje 8) Voaen 222 500 Voo +%0 L5a
A0CIBDA: Tolal Adjusied Error (Nols &) Wilh Fulk-Scate Ad. 14 LB
(Sea Section 2.5.2)
ADCIED, Tota! Unadjwsted Errar (MNote 8) Vaep2=2 500 Ve +1 L3B
ADCOB0S; Total Unadjusted Error (Wote &) Vree'2-Mo Connection +1 L3G6
Waer'2 Inpul Resmstance {Pin 8) ADCO80 1020305 25 a0 ki
ACHZIE0G {Mole @) 075 11 hiy
Analog Inpul Yollage Range tMole 4] V=)o Wi=) Gnd-0.05 Wi .05 Yoo
DC Common-Mode Ermr Ower Analog Inpul Vaolage £1/16 £s Lsa
Rengs
Power Supply Senditivily Mpe=5 Vg 0% Over 110 t 58
Allewed Wi+l and Vi-]
“VoRage Range (MNele 4) |
AC Electrical Characteristics
The foliowing specilicatong apply for Var=5 Vop 8nd TonsT a5 Tiax Unless otherwise specified,
Symbol Parametar Canditions Min Typ Max Units
g Convarsion Time foe =G40 kHE (Mala 63 103 114 s
Te Convergion Tme (Motes 5, &) &6 T3 ]
Feniie Clock Fraouancy Vee=0W. (Note 5) 100 64N LLEN kb
Clock Duty Cycle 40 lu] B

CR Caonversion Rate in Free-Running THNTR teed to WH wilh BT70 FEGE) MR
Made T5 =0 Vae. fela™B40 kHz

bl "WidLh of WH Input (Start Pulse Width) TS =0 Vaas (Note 7) 100 g

[T Access Toa (Daelay from Falling C,=100 F 135 200 g
Edge of BD to Output Data Valid]

lig: lon TRI-STATE Contral {Delay Gy =10 pF. R =10k 125 2 ns
from Riging Sdge of RO fo (See TRI-STATE Tes:
HiZ Slate] Cirouits)

[ Delay from Falling Edge 300 430 1%
of WA o BD 1o Resel of THTR

Cin Inaul Capacitance of Lagls 5 7.5 pF
Control Inpuls

v VR AL
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ADCOE0TADCOSDZADCORDIADCOS0AADCDROS

AC Electrical Characteristics (continuea
The following specifications apoly for Vee=5 Voo and Ty =T =T Unless otherwise specifiod.

Symbaol| Parameter Ceondiiona Min Typ Max Units

Cour TRI-STATE Outaut o 5 75 pF
Capaciiancs (Data Buffeds)

CONTROL INPUTE [Nola: CLEK IM (Pin 4} is the input of 8 Schmitt trigger cirouit and is therefare -ap;é_crﬁed separalely|

Vin (1) Logical *1* Inpul Voltage Vec™5.25 Voo 20 15 Vor
{Except Pin 4 CLK IN)

Vi (0 Logieal *IF Input Voltage Vo=h.15 Vo 0B | Ves
{Excapt Pin 4 CLEK [N}

L T3 Logical "1" Input Cuarreni V=5 Ve 0005 1 [T
(Al Inputs)

] ] Loglcal “0° Input Current Vi =0 W -1 —-0.005 [
(1Al Inputs} {

CLOGK IN AND CLOCK R

Wt CLK IN {Pin 4) Positive Going 27 | 34 is Voo
Threshold Voltage '

W CLE IN {Pin 4) Nagalva 1.5 1.8 2.1 Voe
Gelng Threshoid Vallage

Wy CLK IN (Pin ) Hysleresis 06 1.3 20 Vo
M-

Vour 0} Logleal "0” LK R Qutput Ig=160 PA 0.4 Ve
Vahage Vee=d.75 Ve '

Vour (1) | Logical *1* CLK R Outpul lo=—380 pA 24 Voo
Valtage Vog=4.75 ¥op

DATA OUTPUTS AND INTR

Vour (0) | Logical *0" Oulput Voltags .
Dats Duiputs loyr=1.6 A, Vo =4.75 Vo 04 Voe
NTR Output lour=1.0 mA. Ve =4.75 Vo a4 Voo

W 11 Logleal *1" Qutput Voltags Ig=-360 ph, Vop=4.75 Vp, 24 Voo

Yous (1] | Logieal "1" Output Voltage lg=—10 pA. V=475 Ve | 45 Voe

Viirr TRI-STATE Disablad Output Vourr™0 Voo -3 VE
Leakage (Al Cata Bulfers) Vearr=5 Vo 3 Phg

[ Vour Short to Gnd, T,=25C | 45 B mAca

[ Vgur Shot b Vg, To=25'T 80 B M

POWER SUPPLY

le Supply Current (Includes fore=B40 kHz,
Ladder Currenf) VaeefZ2=NC. T,=225°C

and TF =5V

ACCOB01/02/03/04LCNDE 1:4 1A d
ADGOBCSLGNLCWM 1.8 25 m

Mote 1z Absciute Maximum Redings. indicate Smis beyond which damage to he device may ooour DG Bnd A sleciiicel spec¥icalions do nof apply when opersting
tha devicn bayond Es spaciiad cperaing conditione.

Mote 2= All valages ste ménsured with respect 1o Grd, urbess othenstse spactied. The sepamte A Grd por should atsmys be wired b the 0 Gag

Mote 3: A zaner tiode sxints, Intamally, from Voo 1o Grd and han 8 typical bremkcown voltage of 7 Ype.

Morte 42 For W=k Wi+ e digial ouket code will be D000 0000, Two on-chip dodes. ana tied bo each anafog Inpat (sae biock disgram) which will 1orsard soreducl
for analog input volisges ona diode droo balow pu.rdﬂrmldbchdrnpgrlﬂlrhnhuu, supoly. Ba caraful, durng Sasting i bow WVes lavels (4 8V}, aa high
lewed analog nputs {8V} can causa shis mput diode 1o conduct: al i temperalunes, and cause eroes for anaiog Inpuats near ful-scale Tha spec
ﬂumﬁt}m?'brnfdt‘-dihtﬂfdnﬂtﬂmﬂh“l!ﬂﬂhnﬂuﬂnﬂkg ¥ dons rol axceed e supply yollegn by mare than W my, e ouge cooa 'wis
ba cowrect. Th ochvisve 8 stheolubs 0 s ba 5 Wpe dnpud vollgs range will thansfore reduiee 8 mindmum supply volttge af 4.950 Yae aver temporatums watdatiors
Inltial iolerance ard loadng.

Mote 3= Accuracy i guaraniesd at fee = 8490 FHE Al higher dock requenchs ScELacy Gan degrade. For lower [Bock Tequancies. e duly aae limils can s
extandad 80 long 88 he minimum clock high lime ntesal or minirum clock iow 3me mlenval s no oes Ban 275 ns,

Mode : With &0 amynchronous SIE pulss, Ui W8 ok parods may be required belore 1M inar e dock phases are grpe Lo s13 (e comearian process. Thie
&larl remsasl is irpamally fached, ses Figurs 4 and saciion 20,

wnv netional .com 4




AC Electrical Characteristics (continvea

Wote 7: The OF inpuf i assumed to bracked th W strabe input and thenafona timing |s dapandant oni the TiH pulse widlh, An arbtiraribe wice puilsn sidth wil B
the cesvarier in & resel mode and the st of comvarsion i inftlated by the fow [ high rarsiien of ks Wi pulse (ses liming diagmams),

MNote & Mone of ihese ADS requires a fero admust {38 saciien 2.5.1), To obian zem code &t alhar enako] Npe voitapes o sechon 2.5 snd Figua T

Mota & The Vigesd pin bs the canter polnt of & two-resistor divider conmected Mom Yee o ground, In @l wershms. of the ADCAB!, ADCIM0Z, ADGOSTS, and
ADCEE0S, and In the ADCOBMMLE, aach resistor i pecally 16 kil in all varslons of the ADCOO04 excepr the ADCOBMLG, nach messbar is Sypicalty 2.2 kIl

Moda 180: FHumar body madel. 4860 pF dechaged thmugh a 1.5 ki eslaio

Typical Performance Characteristics

Legie Input Thrashold Voliage Delay From Faliing Edge of CLK | T
vs. Supply Voltage RD to Output Data Vshid “I';“"L:‘;“Ew Lyrly
T w&. Load Capacitance
z 18K < by 5 INTD 18 =1 -
E Ir e B L T =k L = E | FJ'-‘
3 = 5 -lu, ]
: " w L BT
i i E ; 13 g t 1 m‘.u11w_
E 3 » % i T
B L 2 10 B
14 E 1 W]
= m AT ] 44
EI 13 L F. E ;._.--dl'.":-:':' - — ..i-_
11
i R I ML e e L [T R T S T BT T
W - BUPFLY WOLTARE [¥ggl ¢ W W W e —UEPRLY VOLTHGE Vpg|
OBMHEATI.30 LA D CRPACITAMEE [§F) e ':'I&"."J:!E"JJ
PRAHET T8
fern vo. Clock Gapacitor Full-5cale Emor vs Effect of Unsdjusted Offast Error
- " Conversion Time 5, Vg 2 Voltage
[ T
B S | L s o 1 repr o e
i Coggttl = wygi-1 -ov. ]
LN 1Y A - m-m; *I-F-ur —r
Y u\ g i HE MEED =
3 \ '  d s TR T
= "\ \ B | Vee= Tr § " N T T
= ! \ s [ | E o _
= - [ E L i ! i I
s i i“\, : &: i i
™ ' 1 [
" ™ . i ™~ i g am ﬁ
CLOCK CRPALITIN ipff H W B WM N M (1.3 ol |8 1
DOSAT 141 Tie. CONVERSION TIME L} Vpgp? Vel
CESayraET 342 Lramysr|an
Output Current v Power Supply Current Linsarity Error at Low
Temparatura ws Temperaturs (Note 8) Vaeef2 Yoltages
' T “E¥pe] | 24 e 1T T L A
1 ! 4 ? = = ~ —'.l"“_ ----im.lﬁgrﬂl—
3 SRR EN - 2 ] T E | GERO aND Fue. |
g , \,‘:,_‘i 1T R e o WO : i__'_q______’ff:! ot
i bﬂ% Voo 2 e : H Ty N 130 ¥ALBE ]
B - 2 E Chgr L am | g
- =il S 1
E A = i " Voe - Th. S L 0 b7 T
- 1 - i 1i | B4l ekiz : -;X- - ~
pype— | | ] L _‘4_ . - e
i vour 14 et E o, FAMEE sl Lo i
A - 8 B W T WIS - ] 1 x 11
il E B O M N O i
Ta - AMMLINT TENPERATUNE (D) ¥RErE YALTAGE N
A - Ty - ANWIERT TERPERATHRE PEI N i

i TRl

5 wisrw, raltioAal. coen
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ADC0801/ADCO802/ADCO803/ADCOZ04/ADCDA0S

TRI-STATE Test Circuits and Waveforms

by Ein cq_"“ pF
Vee

—-lr'-.-—
Vee =Y
LLd
e 10"
nu
Vo o
iy —————

ONTH
QUTFUTE
-
it ORAAT 140
=0 =
tan tau, G =10 pF
Ver
Tk
BATA
BUTHIT
- -
(=t hal ] ] ;-=Z'l:l ne

Timing Diagrams (ai timing is measured from the 50% voltage points)
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Timing Diagrams (i timing is measured from the 50% vohage paints) {Confinusd)

Output Enable and Resel wilh INTR

am )

ey

ot R strobe mual occut B dock periods (847 ) after pssenion of Nt 1 guararios resel of THTHE |,

Typical Applications

GA0D Interfoce
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T -

AT

frn
a

L

FESWEAT .85

Ratiometeric with Full-Scale Adjust
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o
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1 . 1
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ADC0801/ADC0802/ADC0803/ADCOS04/ADCORS

Typical Applications (contined)

Absolute wih a 2.500Y Reforance

wTe

= e L L L

*Eor kow power. sbe elec LM3B5—2.5

Zaro-Bhift and Span Adjust 2V = W, < 8V

Abgulute with & 5 Reference

L

= WaF

b1

g wgpen |—

5
F e T s St Py

Bpen Adjusi: OV < ¥, = 3V

L]
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= Bl Vi 1 ' il Yer I
v i T _L
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Typical Applications (contiuen)

Directly Converting a Low-Level Signal

wige

L4 iyl Ve
Ll |

S Uy BER

L Lyl Yeril
Kl -( ..

LU LT v by

L

1 mV¥ Resolution with pP Controlled Rangs

rise

T

A PP Inderfaced Comparalar

Wl

I\ WaF

e Wy | Vaget —1

LEeAEa R B

For
Wil *1= Vil
Dutpuit e FFpey
Fr

Vil =Vl
Oulperd=Chyex

3

in m "
VRER2=2346 mY
¥
L]
1T BR%
fi |
S ™
nacm [T
TATH
73
Vapr2=128 my
1 LEB=1 mi
VoSV S[Vowc * 258 mi)
I & Vpae < 4.5V

L

i &
T

REMEATLR

wear maticengl oom
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ADC0801/ADC0B02/ADCO803/ADCO804/ADCO805

Typical Applications (contnusd

Drgitizing a Currend Flew

anBo A —1L ] 8 FULL AL I
.
::III T \'#
Vi< Ver L}
: A
fo i O
An
J.-_ - (R]]
-
- - IR
zm 34 ot Taps . i
T N
:En = w = L 3
L
Cattart 82
Self-Clocking Multiple ADs External Clocking
o o T e
5 T
aes Hoem
&t
W of i
E lepg b=——o
BEm
H L (111 ]
I:m
i 100 kHexlpy s 1280 &#ir
e [LE WD
L ]
17 AL THAN | ADSF TRl vl
AL LSE b Eo eI e i
Liamsat gy
* 1kex & lerps R wilos
I reciucs loeding
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Typical Applications icontinued)

Salf-Clocking In Frea-Running Mode

L L] men
3
= L E:"
asm
“ i_r‘nlm

m |

I.El o

u?i
DCBO058T |84

*Aftes power-p, 3 momesnbany gt of the T St |e reeded o
puamntes oparation.

Operating with "Auvtomative” Ratiomairic Transducers

oy
Vgl
=]
Ao |8 [ Yo
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[r H T
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& i -
ix == k10
Vo [ 3
o)
+ + Al
10¥ )
2um
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DHR0GT16T
W pt= ek 15 W
15% o Ve pm S5 o Voo

pP imterface for Free-Running AID

Ihg
r H;_H L1
- S :
I-i :.m
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P

Vrrl®l

L

HP Compatible Diffareniial-input Comparator with Pre-5et Vg, (with or withoul Hystoresis)
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ADCO8D1/ADCIS02/ADC 080 HADCOB0MADCDA0S

Typical Applications (continuad)

Handling 10V Analog Inpuis

<
£ W
|:l'
L
dd i i L -1

T
4
£m" [
) Vil
w

pactsar.m
"HecErnasn NBirurmens BESd-3-F 10K resistor sty

A

Low-Cost, pP Inferfaced, Temperature-to-Digitsl

Ts L]

pF interfaced Tempersture-to-Dightal Converter

Convarter
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iy
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s boct T

*algn calirale sach sansor o sliow apay mplacsmant, than ATD can b callbrabed Wit B pra-sab gl witeoe.

bt 0

wwealnatmnal oot




Typical Applications (continusd)

Handling 15V Analog Inputs

vt

J-—- Vit

¥t

-

"Backman Irslfiuments FE04- XR10K recstor amoy

wP Interfaced Comparator with Hysteresis

Tt BT

Hooes are 1NG4

Read-Only Interlace

Protecting the Input
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ADC0801/ADC0802/ADCOB0NADCOB04/ADCOB05

Typical Applications (cortinued

Anelog Salf-Test for a Systam

F°_|
Fipglel
h
'P
[ ]
LVETEM | O CHARNEL
B TEST | ANALDG L
PRINTE W
) T
[n
= 5]
Yin
0~ L]

1* l' 1': CHANBEL
L SELECT
FROM BETRUT
POAT OF uP

A Low-Cosi, 3-Decade Logarithmic Convarter

VimtH
AR = =y =10

“""'J;l;c—*,?:,

Hitm ; R

Vgl ¥urr2

~“¥MAK
(=T v'.'é ™

“LM3ES frensiston
A B, T, D= LMI24A quad op smp
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Typical Applications (continued)

-Decade Logarilthmic A/D Conveiter

.
Vel il
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lowe-paas, filler
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nnhg-mm?mmuum L .

Output Buffars with A'D Data Enabled
rﬂ' .
s 0 R e R
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ADCOB01/ADC0802/ADC0803/ADCO804/ADCOB05

Typical Applications o !

Samping an AC input Sknal

ing, i

Fm
Hgl
TR A, i |
e
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¥, e "

O20T2ET 1TE
Mote 11 Crarsampola whanaver Joasibie [keep fa > ZR-800] ks efmmnale icput iequency dakling (ailaairg) s 16 dlew foe the skic meperea-al tha Sha
Mrie 12: Consires the ampliunbe eroes which am miroduced $5hin 1be pesaband ol e Riler

T0% Power Savings by Clock Gating

Onoieaa? "W

|Gompiein shuldowT Eakes » 30 seoors )

Pawear Savings by A/D and V... Shutdown
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o- (] el Tl For =1

Furictional Description

renier-ealoe (A1 A Al

1,0 UNDERSTANDING A/D ERROR SPECS (E1 CnTRR]. EUbONE cligr | st
£opeehizes SE franster charadlerislz slaircase wevalorm' 5 Ii'.“. i ':_-_ '_
st 0 Fagoee T Tha horderlal scaie is enaley inpol G i
v oo g The passcular poicts leheled are 0 slep= ol | I
LBE (1820 mbowitlt 2284 sed Jotha v a2 piny The g i -
nuljpdl corles that socrespond 1 0 eEss ks 0 ahaves o
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ADCO801/ADCO802/ADC 0303/ ADCO804/ADC0805

Functional Description (conimues

Transfer Function

BIRITAL DUTPET Edbd
-
T
]
1
Al

nad
|
i
]
i

A-1 a LY ]
ARALOD T 1y 1
e

Error Plet

[ | & A
AHALBE HewrT Cvgyl

L taE

FIGURE 3. Clarifying the Error Specs of an AID Convertar
Accuracy=1% LSBE

2.0 FUNCTIONAL DESCRIPTION

The ADCOS0T serdes contains a circuil equivalent of the
256R network, Analog switches sre ssquenced by succes.
sive approximation logic ko match the analog diffierence input
voHage [Vin{+} = Vini-]] bo a comespanding tap on tha R
network. Tha mosl significant bit iz tested first and after 8
comparisons (B4 clock cydes) s digital B-bi binary code
{1111 1111 = ful-scale) is ransfemed to an output lalch and
ikan an Interupt i ssserded {INTR makes a high-to-low
fransition), A conversion in process can be interrupled by
isauing 8 second start command. The davice may ba cper-
sted in the free-running mode by connecting INTH o the WR
Input with T5F =0, To ensure startup under all possible
conditione, an external WR pulse is requirad during the firel
prower-up cycha.

On the high-todow Transition of the WE Inpul the intarnal
SAR latches and the shift register stapes are reset As long
as the CF inpul and WR Input remain law, the A0 will remaln
in-a resal state, Conversion wil sian fom 1 1o 8 ciock
pariods aftar &l lsast one of these inpuls makes 8 ow-to-high
trangifion.

& functinnal diagram of the A/D convarlsr is shown m Figue
4. All of the package pinouls are shawn and the magr oo
control paths ara drawn A heavier weight lines,

The converer is stared by having G5 and WR sirults.
necusly kw, This sels the slarl Nip-fop (F/F) and the resul-
ing "17 leveel resets the B-bil shift register, reasts the Inlarmpt
{INTR) FIF and inpuls a 17 to the O flop, FF1, which is at tha
input end of the B-bit shift register. Internal clock sigrais than
tranafer this *1° o the & output of FIF1, The AND gata, G1,
combings thiz *1" cutput with a clock signal la grovide a reset
signal to e start FF. 1 tha set slgnal is no longer prasent
{elher W or TF i a 17} the s12n EF |5 resst and (hae B-bit
shifl regisier then can hawe 1he *1° closked in, which stars
the convesrsion process, I the sel signal wera 1o still be
present. this reset pulse would have no effect [bath oulputs
af the start FF would momantardy be al 3 “1° level) and the
8-bll shift register would continue 1o be held in e resat
mode, This logic therefore allows for wide T8 and WHR
signals and the converter wall start aller at feasl ana of these
signals returns high and the Inlemal clacks again pravide a
reset signal for the start FiF.
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Functional Description (continuea
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FIGURE 4. Block Diagram

Aftes tha 17 is cloched through the B-bit shifl register (which which causes the Input to the D-type latch, LATCH 1, %o go
tampiates the SAR scarch) Il appears as tha input to the I As the latch enable mpat = il presert, the © outpul wil
D-type latch, LATCGH 1. AB soon as this " 17 is outpul from tha qo high, which then allaws the INTR F/F to be RESET This
shift regiater, the AND gate, G2, causes the new digital ward reduces the width ol the resuffing NTR oulpul pulse to anly
1o transfer 1o the TRI-STATE outpul iaiches. Whan LATCH 1 a few propagalion delays (approsimataly 300 nal.

is subsequenily enablad, the Q ocutput makes a high-to-low When data is to be read, the comhination of both 55 and BO
transifion which causes the INTR FIF 1o sat. An inverting being low will cause the [NTR F/F to be reset and the
bufer then supplies the INTR nput signal TRI-STATE output latches will ba anabled 10 provide the Bl
Mote that this SET contral of the INTR. F/F remains low for B digital outputsy,

of the extarnal cloeck perods (as the intemal clocks run at ' .

of the: fraquency of the extemal clock). H the data output is 2.1 Digital Control Inputs

continuousty enabled (G5 and BD both haid low), the INTR The digital control Inputs (G5, RD, and WR) meel standard
output wlll =1l signal the end of canversion (by a high-lo-low T?L logic vodtape levels. These signale have hins renamad
frangltion), because the SET input can contral the O auiput when compared to the standard A'D Starl and Oulgul Enable
of the INTR FIF aven though the RESET inpul is constantly labets. In addition, thesa inputs are actve low o aliow an
at a 1" lavel in this cperating mede. Ths oulpul wil easy inledface to microprocessor cuntrol busses. Far
therefore stay low for the duration of the SET signal, which is ner-micropmesssor based applicatians, the 55 input {pin 1)
B periods of the external clack fraquency (a8suming the AT can be groundsd and the stendard &0 Starl function |s
iz not started during this interval). oblained by an active low palse applied al (ke WH input {pin
When oparaling in the free-unning or continuous conversian 3} and the Owiput Enabla function fs caused by an attive aw
moda {INTR pin lied to WR and T3 wired low—sae ako pulse at the BD input {pin 2

section 2.8), the START FIF is SET by the high-to-low fran-
gition of the TNTR signal. This resets the SHIFT REGISTER

13 wiww nabiznglcom
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ADCO301/ADCO802/ADCO803/ADCORN/ADCO8D5

Functional Deseription (contieed)

2.2 Analoy DIfferantial Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flesdbillty due 1o the
analog differanilal voitaga inpul. Tha V() Input {pin 7) can
be used to automatically sublract a fived voltage value from
the input reading (tare cormreclion). Thas is alan weelyl in 4
mA-20 mA current lpop  conversion, In addition,
comman-mode noizs can be reduced by use of the diffaran-
tial inpul,

The time interval between sampling Wy +) and V(=) |5 414
clock pariods. The maximum amor voltage dus to this slight
fime difference befween the inpul yoftage samples s given
by:

AVLIAX) = (Vo) {24ler) (—& )

where:
AV, |8 the aror voltage due lo sampling delay

Vp [# tha paak value of the common-mode vollags

| I Ihe common-mode frequency
Ad an example, o keep this ey 1o Va6 LS8 (-5 my) when
oparating with a 80 Hz common-mode frequency, {,, #nd
using & 640 kHE A/D chock, foy . would allow & pesk vakue of
tha commorn-mode voftage, Ve, which la ghean by

vy — 18Veniax) oyl
Brrig) (4.5)

or

_IEx 10—F) (840 % 109}

Ve (6.28) (60) (4.5

which gives
Vom0

Tha allowed range of analpg Input vollages ususlly places
more severs resifclions on inpul commen-mode npise |ev-
aks.

An analog input yoltage with 8 reduced span and a relathedy
large zaro offeet can be handled saslly by making use of the
differantial input (see section 2.4 Reference Yaoltage).

2.3 Analog Inpuis
2.3 1 Input Currant

Normal Modae

Dua o the Internal switching action. displacement curmants
will ficwr at the analog inputs. This Is due Lo on-chip stray

capacitance o ground a3 shown in Figure 5.

Saniy
it

Teveg OF S 1 B0 S 2 = B kil
=raw Cpraar =S 1% 12 pF - 80 s

FIGURE 5. Analog Input Impedance

The voltage on this capacitance I3 switched and will result in
clmenls enlerng the Vi (+) nput pln and leaving the V.~
input which will depend on the analog diffacential inpul volt-
age kvels. These cument transkents occur at the leading
adge of tha intemnal clocks, They rapidly decay and do no!
caurse arrovs a5 the onchip comparalor is strabed 8! the enc
uf the clock parad.

Fault Mode

If the voltage source applied 1o tha Vi.l#) or V(=) pin
suceeds the allowed operating range of Voo +50 mV, large
input currenia can fiow through 8 parasilic diode to the Voo
pin. If thase currenis can exceed the 1 mA max aliowsd
spec, an extemnal diode (1M914) should be sdded to bypaszs
this current io the Vg pin (with the current bypassed with
ihis dicde, the voltage at the Vie,(+) pin can exceed the Ve
voltage by the forward voltage of this diode),

23.2 Input Bypass Capacitors

Bypass capacitors at the inpuls will average fhese charges
end cause a8 DO current 1o flow thropgh the oulpul resis-
tances of the analog skgnel sovrces, This chamge pumping
action is worsa for confinuous convessions with the V(=)
Inpul voltage at full-scale, For contiruous convarsions with &
640 kHz ciock frequency with tha Wi+ mpul at 5y, this OO0
current B5 al @ maximum of approximately 5 us. Therefore,
bypass capactors should nof ba pead al the analog inputs or
the Vg2 pin far high resistance soures [> 1 ko). If inpu
bypass capacilor Are necessary lof noise filtering and high
sourca resistance is desirable o minimize capacitor size, the
detrimenlal effects of the voltage drop across this input
reslstance, which i due lo the average value of the Input
currenl, can be aliminaled with 2 full-scale adjustmient whik
the given sourcw resislor end input bypess capacior are
both i place. This is possible becavss the average vahie of
the inpul current is a precise linear functlon of e difesantial
input voltage.

2.0.3 Input Source Registance

Larpga valuss of source resistance whame an inpul bypass
capacilor is rol vead, wif nof cavss ermors as the input
currants setlle oul prior o the comparison ime. Ifa low pass
filer I reguired in the aystem, use & low valued series
reslsion (< 1 ki) for 8 pessive RC aection or add an op amo
RC active low pass filler. For low source resislance applles-
tions. (< 1 ki), a 0. pF bypass capaciior at the inputs will
prevent nolse pickup dus to series lead inductance of a lang
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Functional Description (continued)

wire. A 1000 Seres resistor can be wsed 1o isolate this
rapactar—bath the B and C am placed ouleide the feed-
bach loop —from the outpul of an op amp, il used.

2.3.4 Nolse

The feads Io the analog inputs (pins 6 and 7) should ba kept
as short s possible b minimize fpul noise coupling, Boln
naise and undasired digital clock coupling to these Inputs
can causa sysiem errocs, The source resistance for thass
inputs should, In general, be képl below 5 kO, Larger valuss
of aource reslstance can causs undesred system nose
pickup, [npul bypass capaciiom, placed from the anaiog
inpul= fo ground. will eliminate system nolse plekup bt can
credle analog scale erors as these capacilors will average
the transint inpul swilching curents of the A'D {see sectian
2.3.1.). This scale ermor depends on both a larme source
registance and the use of an Inpitl bypase capaciior. Thes
aror can be sliminated by doing a full-scale adjusiment of
the A'D [adiust Va2 for & proper full-acale reading —sea
sactlon 2,5.2 on Full-Scala Adjusiment) with the source re-
aigtance and Inpul bypass capacitor in place,

2.4 Reference Valtage

241 Span Adjust

For maxamum applications flexiblity, thess ADs have been
designed 1o ascommodate 2 § Yoe, 2.5 Ve or an adusted
voltage raference. This has beer achisved in the design of
tha IC g8 shawn In Figure &

Yn = l_ s
. |"'I-“m mEum
-

i

Motice thal the reference vollage for the 15 is either Y5 of the
voltage apphed o the Vee supply pin, or s acual i the
voltage that is extarnally forced al the Vagpfa pin, This allows
fior & ratismetric voltage reference using the V. supply. a 5
Voo reference voltage can be used fof Ihe Voo supply ora
walliage less than 2.5 Ve can be apolied 10 1Me Vo2 input
for mereased applleation Aexibility, The mterral gain o the
Veer/d input b 2, making the fulscale diferenkal irpul
voltage twica the woltage al pin 9.

An examole of the use af an adjusted reference village is 1o
accommodate a reduced span—or dynamiz valiages ranga
of the analag input voltage. If the analog input voilage wars
1o range from 0.5 Ve to 3.5 Ve, instead of 1V 10 5 Vg, the
span would be 3V as shown in Figure 7 Wil 0.5 Ve
applied o the V(=) pin 1o-absarh the offssl, the reference
voltage can be made equal to ¥ of the 3V spur or 1.5 Ve
The AD now will encoda tha V. +k sigrat frarm 0.5 1o 25 W
with the 0.5Y Input corresponding 1o zero and Lhe 38 Vo
input corresponding 10 full-acale. Tha full B bids of resohillon
are thereforn applied cver Ihis reduced analng input vollage

range.

2.4.2 Reference Accuracy Requiremants

The conyverter can be operated in a raarreinin mode or an
abselite mode. In miiometic converer applications. e
magnitude of the reference voltage is a factor e heth Me
outpul of the source transducer and the outpul of the AD
converter and therafore cancels out in the final digital cutput
code. The ADCOENS |s specified paricularly fur use in ratic-
metric applicatiens with o Adjustmants required. n absolie
converslon applications, both the initial value and 1he lem-
perature stability of tha reference vellage are imparant fac-
tors in the accuracy of the A/D converter. For Vage2 wall-
ages of 2.4 Vo naminal value, initial emars of £ 10 miv,,. will
cause conversion wmors of £1 LSB due to the gain of 2 of the
Veee'? input. In reduced span apphications, the indial value
ared Ihe stability of the Vger2 input vollage become even
more impanant. For example, iT the span s reduced to 2,654,
fhe anaiog Inpul LSE voitage value & comespondingly re-
duced from 20 my [5V span} ta 10 mV and 1 LEE al the
Vaeefd INput becomas § my. As can ba seaq. this reduces
the allewed initial fnlerance of the referonce voltage and
requires correspondingly less absolule changs with fem-
porature varations. Mote that spans smaller than 2 23 place
even lighter requirgments on ha initial accuracy and slability
af tha relerencs source.

In peneral, the magaliude of the reference vollage will re-
quire an inifal adfusiment. Emors due to an Improper value
of referenca vaollage appear as full-scale errors in the A0
transfer funcilon, 12 vollage regulators may bs used lor
referancas if tha ambient emperalure changes are nol ax-
cessive. Tha LM33EB 2.5Y [T reference diode (from Ma-
tional Sermiconducior) has a temparatire stability of 1.8 my
typ (B mV max) over OCET,=+70°C, Other temperature
ranga paris amne alsn avaliahle,

1
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ADCO0801/ADCO802/ADCOS0IADCOSIADCOBOS

Functional Description (continued

A

e

i

HEOSAT 1 £T
aj Analog Input Signal Exampls
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Al An 9
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“acd i Vgepf? € 1 Ve with LMISE i drow 3 mi io grourd

b} Accommodsting an Analog lnput from
L5V (Digital Out = 0,y to 3.5V
[Dightal Dut=FF, ¢}

FIGURE 7. Adapting the A/D Analog Input Veltages fo Malch an Arbitrary Input Signal Range

2.5 Errors and Referance Voltage Adjustments

251 Zero Errar

Tha zero of the A does not raquire adjustment. IF the
minimum analog inpul voltage value, Viypwg. 15 nol ground,
a zerm offise! can be done. The convarter can be made fo
output Q300 (000 digial code for this minimum Input voltage
by birsing the AD Vi=] Inpul 3l this g value (sae
Applications sectign). This ulilizes he differaniial mode op-
erafian of the A,

The zero armor of the AJ/D converter felates to the beatinn of
the first riser of the transfer function and can be measwred by
grounding the V., (=) Input and applying a small magniturs
poslilve voliage 1o the Yy (+) input. Zero emor is the differ-
ance betwean the actual DG input valage thal is necesaarny
1o pist cau=e an outpul digital code transition from 0000 0000
to (OO0 0001 and the idaal % LSB valea (1% LSE = B8 mV
for Vaee!2=2.500 Ve

2.5.2 Full-Scale

The lull-scale adjustment can ba made by applying a differ-
enllal inpuet vollage hat 8 1% LSB iess than the desired
analog full-scala voltage range and then adjusting the mag-
nitude of the Vg2 input {pin 9 ar the V- supply if pin 8 s
not used) for a digital culpul coda that is just changing from
1111 1110 10 1181 1111

2.5.2 Adjusting for an Arbitrary Analeg Input Voltage
Ranga

If the analog zem voltaga of the AT I3 shified away from
graund {far example, to accommodate an analog inaut slignal
thel does nol go lo ground) this new zero reference shoukd
be properly adjusted firsk. A Vi(+) voltage thal equais this
desired zero reference plus V4 LSB {whera the LSB is cal-
culated for the desired analog gpan, 1 LSB=araiog span!

256) is applied to pin & and the zero reerence vollzge al pin
T shouid then be adjusted 1o just ohtain the 00z o 01,
code transition.

The full-scale adjustmeni should then be made (wils the
proper V(=) vollage applied) by forcing & vollage Lo the
Winl+) Inpat which is ghvar by:

; Viax — 'i'um}]
Vi {+ )4 =W &5 ————

it fs adj = Vaaax [ Ty
wene:

Wraan=The high end of Ihe analog input range
and

Win=the low end (the offsai zem) of the analog range.
[Both are ground referenced.)
The Yaes2 (Or ¥ voltage is then adiusted to provide a
code change from FE.., to FF.. This compleles the
adjusiment procedure.

2.8 Cloching Option

The clock for the A/D can be derved from the CPU dock or
an external RC can be added to provide salf-clocking. The
CLK IM {pin 4) makeas use of a Schmill irigger as shawn in
Figura 8,
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Functional Description (ceatinusd)

EEMAET A

1
(O
o™ TRe

A0 kil
FIGURE 4. Sei-Clocking the A/D

Heavy capaciive or DG Inading of the clock R pin should be
avoided as this will distrh nomal converler operation.
Leads kass than S0 pF, such as driving up 1o 7 A/D convertar
clock inpuls from a single clock R pin of 1 converter, are
aliowed. For largar clock fine loading. 8 CMOS or low powar
TTL buffer or PNP input logic should be used in minimize the
loading an tha clock R pin (do not use & skandard TTL
buffer).

2.7 Rastart During 2 Convarsion

If the AID |2 restared (TS and WR go low and return high)
durifg a conversion, the converter ks reset and a new con-
verglon is staded. The output data lalch ik not updated if the
conversian in process 13 not allowed o be completed, there-
fore the data of the previous cenversion remains in this laich,

Tha INTR output simply remains al the “17 lavel,

2.8 Continuous Converslons

For operation |n the ree-running mode an indializing pulse
shoruld be wead, following powar-up, to ensure circull opera-
tion, In this appication, the G5 input Is grounded and the W
input s tizd to the INTR oulput, This WE and THTR node
should be momentarity forced 1o logic low following a
pawar-up cydla 1o guarantee cperation

2.9 Driving tha Dala Bus

Tha MOS AT, like MOS microprocessors and memornes,
wil' require @ bus driver when the fotal capaciance of tha
data bua gets larga. Other clrewltry, which = Ged lo the dats
bus, wil add 1o 1he tMal capacllve lading, aven in
TRI-STATE {high impedance mode). Backplans bussing
also greatly adds (o the stray capacitanca of the data bus,
There are some alematives avallable to the deslgner o
handie this problem Basically, the capacitive loading of the
dala bus s'ows down the response lime, even thaugh OC
spacifications are stlll mat, For syelems oparating with a
relatively slow CPU clock regquency, more time |8 avaiiable
In which to sstablieh propar logic levals on the bus and
Ltherelore higher capacitive loads can be drivan (see ypical
charactaristice cirves).

Al higher CPU clock frequencias time can be extended for
& reads {and/or weites) by inserting wait siates (BOBD) or
usifig clock extanding circuita (BRODO).

Finally, if ima is shor and capacifive loading is high, external
bus drivers must be used, These can be TRI-STATE buffers

(ow power Scholtky such as the DMT4LS240 series iz racs
ammended) or spacial higher drive current products which
are designed as bus drivers. High cirent bipalar bus drivers
willh PHP imputs are recommended.

2.10 Power Supplies

Moise spikes on tha Ve~ supply line can cause conversion
errors a8 the comparator will respond fo this noise A o
Inductance tanialum fiter capacitar should be used cose Lo
fhe converler Voo pin and values of 1 UF ar grealer ame
recommanded. If an enregulaled voltage is avalable in tha
gyslem, A separate LMOLAZ-5.0, TO-92, 5V voltags ragu-
latar for the converter {and other analog clrouktng) will araatly
reduce digital noise on the Voo supply

211 Wiring end Hoak-Lip Precautions

Standard digital wire wrap sockels are no! satisfactory far
breadbearding this AD convertar. Sackiets an PG boards
can be used and all logie signal wires and leads should Be
grouped and kept as far away as passiole Tiom he dnalog
signal |eads. Exposed leads to the anakg Inputs ean cagse
undesired diglial noise and hum pickup, 1heredore shialded
leads may be necessary in many applications.

A single point anakog ground that is separate ram the logic
ground points should be used. The power supply bypass
capacitor and the self-clacking capacitor (il used) should
bath be retumed fo dighal ground. Any W 2 bypass ca-
pachors, anaiog input fier capacitors, or input signal ehisld-
ing should be retumed lo the analeg ground paolet, & test far
proper grounding @ 10 measure the zero erme af tha &0
convarter. Zera amors In excoss of 4 LEB can usually be
fraced to improper board fayodl and wiring (see section 2.5.1
for measuring the zero amor).

3.0 TESTING THE A/D CONVERTER

There are many degress of complaxily associated with las
img an A0 converler, One of the simpieal tesis 15 @ aoply &
knewin analog imput voltage to the converer and use LEDs to
disphay the resufing digital output code as shown in Figura 8
For eage of lesting, the Vipee2 (pin 9] should De supplied
with 2.560 Wore and 8 Voo aippéy vollage of 5.12 Vo, should
be used, This provioes an LSB value of 20 my

Il a full-scale adjustiment i o be made, an analeg impu;
valtage of 5080 Ve (5.120-11% LSB) should be applied 1o
the Wa,(+) pin with the Wei=) pin groundad, The value of the
Wig /2 input valtage sholild then be adjusied wniil tha digita
output code |8 just changing from 1117 1170 1o 1111 1111,
Thiz value of Vo /2 shoild then be usad for all (the tests.

The digital sutput LED dieplay can be decoded by dividing
ihe § bils Inlo 2 hex charaoters, the 4 most sgaificant (M3)
and the 4 least significant (LS). Table 1 shows tha fractional
binary equivalent of these two 4-bit groups. By adding the
voliages obtained from the "“WMS™ and "VLS" caolumns in
Tebde 7, the nominal valse of the dighal display {when
Vaee'2 = 2.5600) can be defermined, For axampia, for an
output LED display of 1011 G110 or BE (In hex), the voltage
values froem tha table are 3520 + 0120 or 3.64C Vo These
vollage vatues reprasent the center-values of a perfect a0
converar The affects of quantization error have 1o ba ac-
courtled for in tha interpretation af 1he test es.lts,

S0B0DOVY¥08020YE020D0Y 208020/ 1 02000Y
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Functional Description (continueq)
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FIGURE 10. A/D Teslar with Analeg Error Output
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FIGURE 11. Beaic “Dighal” AJD Tester
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TABLE 1. DECODING THE DIGITAL OUTPUT LED=

S0B0DAY/F0R000Y/C08000V/Z08020Y/1L08020Y

OUTPUT YOLTAGE
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
Vaer292.560 Vo
MS GROUP LS GROUP YME VLS
GROUF GROUP
[Mote 15) [Mote 18)

F 1 3 A 9 15115 15/256 4800 0,300
E I T8 7i128 4,420 0,280
o 1 1 0 1 1318 13256 4,160 0250
o M S [ - 1 /64 3,840 0,240
B |1 0 1 1 11118 {1258 3,520 0220
Ay @ 49 @ 58 5r1o8 3.200 0.200
g ¥ e i Ty ore 01258 2,880 0,180
a I TR - R 1/32 2,560 0160
= I 716 TI25E 2.240 0,140
B |l@o 4 1 o 8 3128 1.920 0,420
X T I R 516 21268 1600 0.100
&8 |0 1 o 8 14 114 1.2680 0.080
3 lae o 1 1 316 3258 D.9R 0 0080
2 |la o 1 o 18 128 0540 040
1 a 0 0 1 1116 11256 0.320 0,020
o o o o o o 0

Mote 15: Display Cedput="YME Group + VL5 Group
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ADCO0801/ADCO802/ADCOBDISADCOE04/ADCOBNS

Functional Description (coninues;
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misiruclion when an meemugl & ecnosiedged a8 required by i scoomparying Smpke program.

FIGURE 12. ADCO801_INSE080A CPU Interface
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Functiona! Description (coninues

SAMPLE PROGRAM FOR Figure 12 ADCOBM-INSBOBOA CPU INTERFACE

oo3s CI0003 REXT T JHF LD DATA

& ¥ -

" " ]
0100 21 00 02 START: LXI H 02008 iHupairwlllpoint to

jdatastorage locatians

0103 31 00 04 RETURN 1 LXI 5P 04008 tTnitialise stackpalnter (Nata 1)
0106 T NOVA, L :Test ol bytesentered
oLo7 FEOF CPLOFH iIfd=18. JNP Lo
0109 CALIOL JLCONY P USET PR gran
aLoc D3 ED OUT EOH 7 Btart ASD
GloE 5] EI ; Enable interrupt
olowF o LOOP: HoP iLeepuntil end af
0110 C30F DL JNE LOOF i conwarsion
O1LE . CONT -

] L] L] [ 3

" L {Usar progrem 1o .

. . process data) s

" s e .

® ® . "
Q3 0B ED LODATA: INEOH i logd data iote accumlatar
0302 ”r MOV M, A tBtore data
0303 23 INIH s+ Inoremant 3torage pointer
Q504 G303 01 JMF RETURN

OEKseTIH

Mote 18 The §L3CK ponar niust ba dmensionst besapes o J3T 7 nstuction pushes the PU omo 1ha stack,

Mots 19: All addmss wsad ware arpiirarly chosan

The standard control bus signals of the 8000 EE RD and
W.ﬁ] can be direclly wired o the digital controd inputs of the
AT and the bus liming requiremeants are mel 1o allow botk
starting the converter and outpurtting the data onto the data
bug. A bus drlver should be used for laiger mkToprocessorn
systema where the data bug lbaves the PC board andior
rmwst diive capacitive bads largar than 100 pF,

4.1.1 Sample B080A CPU Inlerfacing Circultry and
Pragram

The lollowing sample program and associated hanfwere
ahorwm in Flgure 12 may be used fo input data from 1he
converter 1o the INSB020A CPU chip set (comprised of the
INSB060A microprocessor, the INSB228 system controllar
and the INSB224 clock generalor). For simiplicity, the A/D is
controdled as an 10 davice, specifically an B-bit bi-directional
pot Iocated At an arbitracdly chosen port addresz, EQD The
TRIFSTATE oulpud capabliity of the A/D eliminates the need
for-a peripharal Interface davice, howevar address decoding
i% stifl required o ganerale he appropriate ©S for the con-
veriat

It is important o ncde thal in sysiems where the A0 con-
verder ig 1-0f-8 or less /0 mapped dewvices, no address
gecoding circuilry s necessary, Each of the & address bits
(A0 e AT) ean be directly used &5 TS Inpuils — ana for aach
1D davice.

4.1,2 INSB048 Intorface

Tha INSBO4E imterface lechnique with the ADC0A01 series
[see Figure T3 is simpler than the 30804 CPLU interface.
There are 24 /0 lines and three test input lines in he 8042,
Wit theese extra 1O lines available, one af the 'O lines (b
0 of porl 1) is used as the chip salect signal to 1he &C, hys
gliminatng tha use of an external addrezs decnder Birs
coatrol signals .HE WH and THT of the 8088 are fied direcly
to the A0 The 16 corvered data weeds are siored a1
on-chip RAM localons from 20 to 2F (Hax). The RO and WR
gignalz are generated by reading rom and wriling inlo a
dummy address. respeclively, & sample interface program is
shonwn bealcner.

7
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ADCO801/ADCO802/ADCO803/ADC 0804/ADCOB05

Functional Description (coninuen

&

FIGURE 13. INSB048 Interface

DECnEard

SAMPLE PROGRAM FOR Figure 77 INSB04AR INTERFACE

0410 THE 108
oRo )
04 80 IuE a0H
ORG 10H
9 TE ABL PL, #OFEL
a1 MDVE A. @H1
B 0L START: oRL FL, F1
28 20 " RO, #20H
B9 FP MOY BL, #OFFH
BA 10 NOY Rz, #10H
23FF AGAIN: Mow A, #OFFH
98 FE ARL FL, #OFEH
o1 MOVE el A
/] En I
08 21 LOOF Inz LaoP
EA 1B DNz B2, AOAIN
oo AOF :
[+]4] HOE
ORG S0H
61 INDATAI uovE A, gRL
AD MoV 2RO, A
1. ] 1§ 1a RO
B9 9L DRL FlL, #l1
ar CLR A
23 RETR

i Frogram starts at addr 10

i Interrupt Jump vector
:Mainprogram

i Chip aslect

:Road inthe 151 date
;ta regat the intr
iSetport piophigh
:Data addrass

; Dummry Address
:Counter for 18 bytas
:Bot ACE far Lotrloep
:5end 05 [bit O of FL)
: Bend WH aut

i Enable interrupl
:Wait farinterrupt
;1716 bytes are read
DES Lo aserT' & program

:Input data, 05 atill law
; Store inmemory
sIncrement torags sanntar
iRezet CSalgnal
:Clear ACC to gat out of
;the interrupt loop
CEOLET 144

4.2 Interfacing the Z-80

The Z-80 conirol bus iz siightly diferent from that of the
8080, General D and WH strobes are provided and sepa-
rate memory raguesl, MARED, and /O request, IORL, sig-
naks are used which have 1o be combined with the general-
lzed strobes to provide the equlvalent BOBD signabs. An
advartage of operaling the A7D in 'O space with the Z-80 is
{hat the SPU will avtomatically insert one wait slate {ihe RD
ard WK sirobes are exiended one clock pariod) to allow
miore tirme for the 110 devicea io respand. Legic o map the
AD in O space |z shown In Figove 14

A

CETER T 73

FIGURE 14. Mapping the A/D as an I/0 Davice
for Uss with the Z-80 CPLU

Additienal 10 adwantages swisl 83 softemre OMA moutines
are avadable and use can be made ol lhe oulpul dala
transfer which exists on the uoper B addérass linas (AR 1o
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Functional Description (continuam

A5 during 'O put insiructions. For exampla, MUX chan-
nel seleciion for tha A/'D can be accomplished with this
oparaling moda.

4.3 Intarfacing 8800 Microprocessor Darivativea

(6502, atc.)

The contrd bus Far the 6800 microprocessor denvalives
doas not uge the RO and WH strobe signals. Inatead |t
employe a single RAY line and additional timing, if needed,
can be darved fom the ¢2 clook. All 'O devices are memary
mapped in the 6800 system, and a special sikgnal, VMa,
indicates thal the current address |s valid, Flgure 15 ashows
an inerface schamatic whans the A'D s memary mapped in
the 8800 system. For simplicity, the TF decoding is shown
using ¥ DMBOSZ, Mote thel in many 6800 systems. an
aiready decoded 4/5 line |s brought out to the comman bus
al pln 21, Thiz can ba tled directly to the E8 pin of the /D,
pravided that no other devices are addrassad ai HX ADDR:
AXXX ar SXNK.

The following subrouline performs essentially the same func-
tian as in the case of the 8080A interlaca and |t san be called
from snywhere in ihe user's program,

In Figure 16 the ADCOS0 seres i3 inleffaced to the MGS00
microprocessor through (ihe arbltrarily chesen) Port 8 of the
MOGHEZ0 or MCHEZ1 Peripheral Interface Adapler, (P1A).
Here the C5 pn of the AD is grounded since the PIA is

already memery mapped |f the MEEOD system and na CS
decoding iz necessary. Alzo nobice that the AT cupul dala
lines are connecied 1o the microprocessor bus wnder pro-
gram contral through the PIA and therefore the &0 RO pm
can be grounded,

Asample nlerdace program equivalant to the previous ong is
shown below Figure 16. Tha PLA Data and Control Reqisiers
of Porl B are located at HEX addresses #0006 and 8007,
respecivaly.

5.0 GENERAL APPLICATIONS

The foliowing applications show some imeresting uses for
ihe AJD. The fact that one parlreular microprocessar is used
i3 not meanl to Se restictve. Each of these applicakon
cirgufs would have its counlerpart uaing any microprocessor
that ks desined.

5.1 Multiple ADCDE0T Series to MCES00 CPU Interface

To transfer anakog data from several channels 1o a single
rmicroprocassor syslam. a mulliple converter scheme pro-
sanls several advantages over the conventional multiphaxer
single-converter approach. With the ADCDADY sories, the
differential inputs allow malvidual span adjustment for sach
channel, Furthermore, all 2analog input channels are serzed
simutteneously, which essentially divides the microproces-
sar's toial eystem servicing lima by the number of channals,
since all comversions ocour simulanecusly. This scheme is

shown In Figure 17

- T e

D7) SE—————

Ll

ioim
P
(=1 F |
<o TR T

1S L —p -
lﬁi_::—--—-—-——ﬂ-ﬂ'llﬂ [L4]
lﬂ-“_blrrll M|
B e B4 11 [T
=i U5
o m mn [f)
L o 1]

hE oy )
wol pm |

Mixte 30: Numbers in parentheses mfer o MOBS00 CPU pin out.

o i o il
M8 i [
LU T

e

Mote 31 Mumber of leblers in brackeis refer to slandend MBB0D aysiem somman bus code.
FIGURE 15. ADCOROT-MCE200 CPU Interface
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ADC0801/ADCOB02ADCOB0NADCOS04/ADCOS05

Functional Description continusd)

0olo

e
fola
0ol
oolc
oolD
QOLF
a0zs
024
Qo27
Qz8
Q24
G20
002E
0031
0033
0034

b
i1kt ]
Eliht ]
0D
DO3F

SAMPLE PROGRAM FOR Figure 15 ADCORDY-MTERDD CPU INTERFACE

DF 3&
CEOO 20
FFFFFR
BT 80 00
oE

3E

DE 34
BC D2 OF
27 14
B7 5000
a8

LF 34
2010
DE 34
Ba B0 00
AT 00
38
0200

oo on
CEO2 00
DF 34
DE 38
a9

DATAIN 5TI TEMF2
LDX #iooze
STI {FFFR
5TAA 8000
CLI

CORVRT WAI
LB TEMP1
CPI #3020F
BEQ ENDP
ETAA $8000
INX
ETX TENF1
BRA CONVRT

INIKFT Lox TENT1
LBAA 5000
STAA b |
RI1

FENPL FDE §0200

b 4] b 1] §o000

ENDP Lox w30200
51X TEMF]
LDX TENF2
RIS

i fave contentsor X

; Upon IRG low CPU

3 Jumps ta Q020

: 5tart ADCOBDL

iWait Far interrupt
:Isfinnl date stared?

; Redterts ADCOBOL

: Rend data
iStore it et X

cSterting Address for
;data stornge

tFeinitinlizs TENPL
;Feturn from subroutine

i Touasr's program
DT LA

Meta 221 In orrar for tha mirmoprnescsnr o aandns Rrhminees and intarmiphs, e sack nolmee musk ba dirsanaisnsd 0 e wseses peogiam.

LI
-1 T8
10
Ty
1 5 ~ Yoo EGH'
E eeenpt
=% L 080 :: 'r::!rn Pl
& Ldcikm E1 & re1
Bl T - 1] :: 12 ) a2
ANALOG © : Viglv} i [ ':‘-‘ L
IRPUTE (e ¥imi=) DB4 - -'Ll.,. PB4
p— E_1aonn paEs = LT
oot O] Vpp2 ""ﬁ :;: rti
L P o3 p{F8)
=

FIGURE 16. ADCO801-MCEE20 PIA Interface
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Functional Description (continued;

SAMPLE PROGRAM FOR Figurs 16 ADCO201-KCEE20 PlA INTERFACE

Bo10 CE 00 38 DATALN LDY #3008 i Upon TRQ Low CFU
pol3 TIFF T8 5IX §TTFA i Jumps to 0038
pole BG B0 06 LDAA TILAGHRE ;Claar poasible IRQ flags
Bole 4P CLRA
0OL1A BT BOQT STAA PIACHRR
ool BT A0 08 STAA PIAORE ; Set Port Bas loput
20 OE ChbI
o221 &8 34 LDAR #4134
0023 B& 35D LDAK #5310
2D 7T B0a7 CONVRI BIAR FIACRE : Starts ADCOS0L
0028 BT BOOT STAA PIACRE
QO2E 3E WAI tWait for interrupt
e DE 4D LBX TENFL
ORE &0 02 OF cPX #jo20T ;1= final data storedf
00al 27 OF BEQ ENTP
033 08 INX
o034 DF 4D 5TX TENFL
ooas 20 ED BRA CONVAT
{38 DE 4D IEIRFPT LDX TENFL
003A B BOD 08 LDAA PIADRE ;Head dnta in
00D AT 00 STAA X :Storaitat X
003rF 5B RTI
0040 02 0 TENFL FDB §ozo0 i Starting address for
:datantarage
0042 CE 0200 ERDF LOK #0200 iRelpitialice TENFL
Q048 DF 4D 5TX TEMFL
o047 10 RES ; Raturn from subrout ine
FIADRR Equ 8008 ;Touser'sprogram
PIACRE B4 §acor
DEMSETE AT

The following schematic and semple submutine [DATA, 1M}
may beused to nterface (up o) B ADCO801 = direcity 1o the
MICEA0R SPU, This scheme can aasily be extended lo allow
the imierface of more converters. In this canfiguration the
converiers are {arbitrarily} located &l HEX address 5000 in
Ihe MCBEOD mamary spaca. To save componanis, the clock
signal is derved from jusi one RC pair an the first cormertar.
Thlz outpul drives the ather A'Ds.

All the converters are started gimullaneouasly with a STORE
imstruction al HEX address 5000, Nole that any other HEX
addregs of the form SXXX will be decoded by the circult,
pullireg ail the CS inpuls low. This can sasily be avoided Ly
using & more definitive address decoding schema. All the
imtarrupts are ORed together 1o insure that all A/Ds have
complated thalr converzion before the micmoprocessor 5
imberrupled

The subrouting, DATA IN, may be called from anywhare in
fha user's pmgram. Once callad, this routine initiallzes the

CPL, starls all the converters simultaneausly ard waits far
the interruot signal. Upon receiving the intorupl. it reads tho
converers [from HEX addresses 5000 through 5007) and
gsioreda tha dala successively Al (arbitrardly chosen) HEX
addresses 0200 1o 0207, before relurming 1o 1he users pro-
gram_ Al CPL reqesters. than recovers 1he original Gata ey
had before servicimg DATA IN

5.2 Auto-Zeroed Difforential Transducer Amplifier
and A/D Converter

The differential inpuls of the ADCOB01 series elimirate the
need o pardom a diferential lo single ended conversian for
A differential transducer. Thus, ona ap amp tan be alimi-
naled since the differential to single ended convession is
provided by the differential input of the ADCDSDY series. In
peneral, a Iransducer preamp is required to take advantage
of the full AT convertar inpul dynarmic range.

Y
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ADCO201/ADC802/ADCIS03/ADC 804/ ADCOB0S

Functional Description (continued)
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Hote E3: Mumbers in pacerihases reter 10 MOBEO GFU pinou,
Hobe 24; Wumbers f lethars In brockeis refer io standard WMSE00 system common Sus code,

FIGURE 17. Intarfacing Multipla AfDs in an MCBE00 System
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Functional Description (continued)

BAMPLE PROGRAM FOR Figue 17 INTERFACING MULTIPLE A/D's IN AN MCEBO0 3YSTEM

ADDRESS HEX CODE MHEMONICS COMMENTS

aaLo DP 44 DATLATN ETX TEMF : Save Dontentm af X

0oLz CE OO 24 LiX #0024 : Upon TR LOW CPU

OOLS FPTFF3 3IX E L] i Jampa Lo DOZA

ooLe BT BO 00 gTAA $5000 rEtarta mll A0

QOLE 0E CLI

oole 3E WAL ; Walt for interrupt
o0LD CE B0 00 LpX #EA000

ooen DF 40 51X INDEXL ;Reset both INDEX

o0eR CEQ200 LDX #0200 :1land 2to starting
Q025 DF 42 51X INDEXZ ;addresses

agaT DE 44 EDX TENP

[4luimar) 39 RIS :Return from subrout ine
falul-d | DE 40 INTRFT LDX INDEEL ; INDEXL — X

ala ity A8 00 LDAA K :Read date inframA/Dat X
QDZE 08 IBX : Incremant X by ona

Qo2F DF 40 5TX INDEXL i X — INDEIl

QO3 DE42 LDX INDET2 + INDEEZ —» X

Crsniam kv

BAMPLE PROGRAM FOR Figue 17 INTERFACING MULTIPLE AD's IN AN MCB3D0 SYSTEM

ADDRESS  HEX CODE MNEMOMI
0033 A700 ST
0038 8cozo7 CPx
o038 27 08 2Eq
0034 08 INx
0038 DY 42 STX
003D 20 KB BRA
0037 3B RETURE  RII
0040 8000 INDEXL  FDE
0042 0200 INDEX2 FhR
D044 0000 TEMP FDB

= COMMENTS
I iStoradatpat X
230207 iHave a1l AfD"s basn read?
HETURH :¥es: branch to RETURN
tHo! incremant I by ana
IFDEXZ i X — INDEX2
INTRFT : Branch to DOA
$3000 iStarting address for ASD
0200 tStarting addreass far datea atarags
§O000

LELTEAT A

Hobe 35 In ohar for (he microprocessor b santoe submoutnes and Mermupts B lech poirfler mus. e dimarsenid In e usst's orogram.

For amplification of DC Input signakes, a major syslem e &
the input offsat valtage of the amplifiers used for the preamp.
Figure 18 is a gain of 100 dffecential preamp whose offset
voltage ermors will be cancelled by a zZersing subrouline
which iz performed by tha INSBI2DA microprocessor Sy-
len. The total allowable Input offsel votage eror for this
preamp ls only 50 gV for L4 LER error. This would abviaishy
require very precise amplifiars, The axpression for the diffar-
antial outpat voltage of the preamp s

gR2

‘f‘n = W|"{+}"'vllﬂ_.“ 14+ -ir +

\‘_1'_"' \‘—v—"’
SIGNAL GAIN

2R2

(Vos, — Yos, — Vogy £ |1;H;¢}(1 +-'F]

5 B A
DG ERROR TERM GAIN

whers Iy 5 the curent through resistor R All of the ofsat
aror lerms can be cancelled by making tizRy= Vpgq +
Voga = Yo This is the prnciple of this suto-zeroing
schame.

The INSBOBOA wses the 3 1D pors ol an INSE255 Progra-
mable Periphers Interface (PP} to control the sputo reroing
and inpul data from the ADCOB0Y as shown in Flgure 15,
The PP i& programmad for baslo 'O oparation {moda 0) with
Port A being an inpul porl and Ports B and C being output
porte, Twa bilz of Port C are used (o altemately open or close
the 2 switches al e Inpul of he preamp, Swilch SW1 ks
closed In force he preamp's diferential inpul 1o ba zermn
during the zeroing subroutine and then opared and SW2 is
then closad for conversion of the actual differential inpuol
signal, Using 2 swilches in this manmer efiminales concen
for e ON reslzlancs of tha swilches ag thay mosi condict
only the mpul bias curment of the input amplifiers,

Qulput Porl B s used &3 8 successive approximation regla-
ter by the 8080 and the binery scaled resistors in series with
each ouipul bit create &8 DvA conwerter. During the zeraing
subrouting, the voltage al V, increasea o decreazes ag
required to make the differentlal outpul voltage equal lo zero,
Thie iz accomplished by ansuring that the voltage at the
outout of Al is approximately 2.5V so thal a legle *1° (5V) or

www rational, com
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ADCO801/ADCIE02ADCOS0/ADCOS04/ADCOBOS

Functional Description (coninues)

any ouipul of Port B will 2ource cument nfo node 'V, thus
raiging the voltage at ¥y and making the oulput diferenizal
more negative, Converaaly, a kagie “07 (W] will pull curent
put of node Vy and decrease the vollage, causng the differ-
entisl output io become more postive. For the resistor val-
ues shown, ¥y can move £12 mY with a resofution of 30 g,
which will rull the sfisst error erm 1o % LSB af fub-zcale for

the ADHCO804. It is impartant that the valtzage evels that drive
the aute-zero resislors be constant Also, for symmelry, &
logie swing af OV o BV iz comvenient To achieve thig &
CMOS buffier is used for the jogic aulpul sgnals of Pon &
and this CMOS package & powared wilh a stable 5V souscy
Bulfer amplifior A1 is necessany so thal il can source or sick
the O!'A output curreni.

——

LI
e GrTRT
Ll
|FEBaE 1R

e

Hote M B = 405 R
Hote 37. Swhches ame LMC 13334 CMOE analog swilches,

L R

Note 28; The § resision. used in the suic-2er section £30 be £5% W,
FIGURE 18, Galn of 100 Differential Transducer Preamp
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Functional Description (continued)

] ]
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FIGURE 19, Microprocessor interfgce Choultry for Differential Preamp

A flow chart for the zerping subrouling is shown in Fioue 20,
It must be noded that the ADCO201 series will output an all
rero coce when |t converts B nagative input [, =) = Vu(+1]
Akso, a ogic inversion exists as all of the MWD pors are
bufferad with inverting gates.
Basically, If the data read i zero, the diferential oulput
voltage is negafiva, so a bit in Port B s ceared 1o pull Vy
mare negative which will make the oulpuf mare pasilbee for
e rvexl converslon. If the dala read is not zero, the outputl
volage is pogitlva g0 a kit In Port B iz eet fo maka V', mare
pasitive and the culpul more negalive. This continues for B
approxlmationz and the differential output avenioally con-
vargas o wilhin S mV of Zero,
The aciual program is given n Flgure 27, All addreases used
ara compatible with the BLG 80010 microcoampuler system.
loy particylar;

Parl & and the ADCO8D1 ara at port address E4

Par B |z at port address E&

Part C i at port address EB&

PP controd word post is at port address ET

Program Countar auvlomatically goes to ADDR; 3C30 upon

acknowladgement of an intemupt from the ARCOBO1

5.3 Multipte AT Converfars in a Z-B0 Interrupt

Driven Mode

In data aequlsiion sysiems whers mone than one &0 con-
vertar (or other peripharal device) will ke Inlerupting pra-
gram axaculion of a8 microprocessor, thera (s obviously 8

need for the CPL 1o detarming which device fequines saric-
ing. Figove 22 and the accompanying software is a method
afl determining which of T ADZOED converters has com-
pheted @ conversion (INTR asserted) and |= requasting an
interrupl. Thig cireuit allows stafing the AT corwarars in
arvy sequerce, bul wll input and store valicd data fraim the
converters with a prioty sequanca of &0 1 Boaog read (e,
AMD 2 second, elc,, thraugh AD T which would Bave: lhe
lowesi priorty for data being read Only Lhe converters
whose INT is esserled will ba reac

Tha ey to decoding cintuitry is the OMT4LEDT 5 B-bit O type
flip-flop. When the Z2-80 ackrowledges Lthe inlsrupl, the
program is vectored to a data input Z2-80 subroutina. This
subroufing: will read A perpheral status word fromthe
DMTALSITI which containg the logic stale of the INTR
autputs of all the convarters, Each convarer whch initiates
an ntermapl will place & logic “07 i a unlgus o position in the
status word and the subrutine will determise 1he identity af
the converiler and execule a data reasd, Al idenbilies word
{which indicates which A/D the data came frem] s slored in
the next sequential memary location above the (ocalion of
the data so the program can kesa track of tha ideelity of the
data entered.
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ADCG801/ADC0802/ADCO803/ADCOBOHADCO805

Functional Description (continued)

WITIALIEL AN
CobiINRERC
ALEE=XTF

.

BUTFUT FIRET
&R EODE
I

i$

ATART AT AN D
RERD DATH

A AER WA

HIFT 1" INREG B
EWIHT T@ rFOMT Th
NEXT T

DFER 1 TE
CLOZE p?

T

PREAMP Ik ZERDED

AR FROFEA (NPT

COwVERBDRICLN
B DONE

L

“FLELURVE DR

HEQ RWTH RER £

@ SETHENT HT
BPFOATH

1

SUTHIT MEW AR
Cope T FORTR

L

CEERT
FIGURE 20. Flow Chart for Auto-Zern Roufine

woww, atianal. com




Functional Description (coniinues)

Hote 28 Al rumenicad valuas ane hexedecimal nepresantations,
FIGURE 21. Software for Auto-Zaroed Differential AD

5.3 Muliple A/D Convarters In a Z-80 Interrupt Driven
Moda [Continued)

The following notes apply:

Itis assumad that tha CPU automalically performs a RET
T inslructlen when a velld Infermupt |s ecknowledged
{CPU |5 In Interrupt mode 1). Hanes, the subroufine
stanttng address of X0038,

The acdress bus from the Z-B0 and the dala bus 1o the
Z-80 are azsumed to he invertad by bus drivers.

AT data and identifying words will be stored in sequan-
tial mermory locations slaring at the arhilrarily chosan
address X 3E00.

D00 3BSO VI 80
3p02 D3ET Out Contral Port : Program PPI
3004 2601 MYIROL Auto~-Zero Subroutine
mne 70 MOV A H
3007 DaEB Our g :Close SN1 apan W2
ADOS  ODEBD MVI B BOD iInitinline SAR bit polnter
J0E 3ETEF MVIATEF :Initinlize SAR coda
3noh 4AF MOV O, A Return
SDOE  DAES ouT B :Port B =SAR coda
3010 JLAAID LXT 5P 3DAA Start i Plmensicn Stack paintar
3013 D3E4 Uz A 1Btart ASD
3iE FB it
3Dlé 00 HOF Laap :Lospuntil THT agserted
D17 C3143D JNF Loop
1L A MOV AT Anto=Zara
3D1E CBoo ADI 0O
301D CAZDAD I SetC i Te3t A/Dontput data for 4o
32 78 MOVA.B Shift B
3D2l  Fs00 ORI GO :Clear carry
_ apzd IF RAR ;Shift *"1* ip B right ons place

Ab24 FEOO CPI 00 ;IsBpero? If yos last
g6 CAYTID  JiDone ;Approximaticonhas baen mads
et 4T HOVE, &
3DzA  C3333D  TWFP Few(
3pen w0 HOV A, C Set C
SD2E B ORA B ;Setbit inCthat 1sinsame
SD2F A4F NOW O, A iposition s "1 in R
330 C3203D JUPShift B
IDE3 A9 IRAC How C i Clearbit inCthat s in
3034 C3I0DSD  JNPRetorn »5ane poditionas *1* inE
33T AT HOVE.A Done ; then cutput new SAR coda.
3pie 7e MOV A,H s Opan 5SWL, nlose SN2 then
3pis  EEO3 IRI o3 iprocesd with program. Preamp
3D38 D3EG ouT ¢ ;18 nowzaroed.
inip L] Harmal

L]

-

Program for prooessing

prapsr data valuss
JCID  DBE4 INA Rend ASD Subroutine sHeed A/D data
SC3F EEFT XRI FF ; Invert data
3c41 &7 MOV D, A
342 7B HOT A B ;ISEReg=07If oot stay
3043 EAFF ARLFF 1 in muts mere aubroutins
5048 021A3D  JHZ Anto-Zara
3048 C33D3D  JNF Normal

CHIGART-A

The stack paintar must be dimansioned in the main pro-
gram as fthe RST 7 inslruction automalically puskes the
PC anta the siack and the subvouline uses an additional
© stack addresses.

Tha parpheals of concern are mapped inta 11D spacs
with the following por assignments,

ar

v natioral anm
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ADCO801/ADCOS0ZADCOS0MADCO304/ADCOB05

Functional Description icontinued

o4

HEX PORT ADDRESS PERIPHERAL 05

on
o1
02
03

MM74C3T4 Bbit fip-flop i
AD 1 i

ADd Thig pont address also serves as the A0 menifying word in

AD 3 the program.

HEX PORT ADDRESS

PERIFHERAL
A0 4
ADS
AL B
Al T

|
]

T

=

E

FIGURE 22. NMultipla A/Ds with Z-B0 Type Microprocessor
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Functional Description cantinued)

INTERRUPT SERVICING SUBROUTINE
BOURCE

LOC OBJ GODE BFTATEMENT COMMENT
oola EB PUEH HL 1 Save contents of all registers affegted by
po3e Co PUSH BC i this subroutios .
o vk R PUSHAF i Asaymed INT mode Learliar sst,
O03E 2100 3E LD [HL) ,X3E00 iIndtinlite mémory polnter whare datawill be starad.
0OJE OEQ1 nne, 01 iCragisterwill be port ADDR of &/D convertars .,
0040 D300 HUT X00, A i Load peripheral status word inte 8=-hit latoh.
Q042 DROO INA, XOD i Lond atatus word into aconmulater.
o044 47 LD B,A i Bave the statuaword.
Qo048 79 TEST LDA,C 1TIeat to see 1f the status af all AJT" 8 have
o0d8  FEOB cP, X028 ibesn cheoksd, If 30, exit agbrout ine
o048 CA 6000 JFZ, DONE
04 TEB LOA.B sTest a aingls bit in status word by logking for
[T T N RRA a"1"tobe rotated doto the CARRY [an INT
04D 47 LOB.& jislonded aE s ®"1%) . I CARRY 12 st then land
O04E D SBOD JPC, LOAD ;contents of A/D at port ADDRin C reglater.
o581 O NEXI INCC i 1T CARRY 18 not set, inorement C reglstar ta paint
o082 O3 4800 JP, TEST itooext A/D, then test next bit in status word.
0058 EDTH LOAD  IMA, (C) i Read data from intermpting A/D and iovart
0087 EETR IDRFF tthe data.
oose w7 LD (AL} A i Store the data
QOBA 2C IRCL
ooBEE 71 LD (HL) ., i Btore AJD 1dantifier (A/D port ADDR) .
ooBE 20 INC L
Q05D C35100 JP, NEXY :Toat neact bit ip stetus word.
obald TF1 DONE FOP AP i Re=satablish all registers as they wira
oal €1 FOF BC ibafores the intarmupt.
o082 El POP HL
o83 Cf RET ;Beturnto original pragram

3 WL natanal com
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ADCO0301/ADCOB02/ADCOB03/ADCOBD4/ADC 0205

Physical Dimensions inches (milimeters) unless othenwise noted
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE A3 CRITICAL COMFPOMNENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDEMT AND GEMERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION, As used herein.

1. Life suppor devices or aystems anre davices or 2. A orfical component is any comporent of 3 life

systama which, (&) are imtanded for surgical Implant
Il the body, or (b) suppod orf sustain life, and
whosa failure to perform when proparly used in
accordance with Instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose fafure (o perform
can be remsonsbly expected to cause the lallure of
the [ife support device or system, or 1o affecl s
eafaly ar affectivensas,

ke . B inomd etor Nifiomsl Seen oo deslor
Corparation L
Amarioes Fux 40 (2 1B0-530 85 88

Email: suppartiras oon Ereail . sumpe. supporiinec com
Dwssnch Tt =48 (%) A8 B00% A208
Engikh  Tat =44 (00 070 240 2171
wewnw nalianat com Frongam Tet =55 (0] 7 41 8 &Tay

Mrtional Bemiconmducior Wabignal Seemiconeduetor
Auale Pacitlo Curtomes Ampan Lid,

Rnipones S Tal: B4-LGEMLTEED
Tl G5 2584458 Fai: B13-55¥3.7507

Fiiod: BE- 2504466
Ernai: af suppoigns. oom
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siapaAuo) (/v 2iquedwo) drl 1g-8 508000Vv/708020V/E0800AY/Z08000Y/L0800AY




M1632 (16 x 2)

AN Mo S1G-CHMO28054,

B 16 Characters x 2 line

m 5 x 7 Dot Matrix + Cursor

B Electrical Characteristics

Vop=5Y+ 5%, Ves=0V, Ta=0 - 50'C

a 1/16 Duty Hemm Symbol | Condiiens | Min, | Typ. [Max | Unit
g Fow ar supply| Voo 475 500(525| v
8 5V single Power Supply vakage Voo - Vie 30| - [83] v
8 Available in EL and LED Input  High | Wik 22) - |Voo| v
Eﬂtﬂig]ﬂ o volage Low YiL 0 < las ] v
YT Output  High VoH1 [|Flon=0205ma) 24 | - -l ¥
¥ Absolute Maximum Ratings vorate: taw |_Yth LB bRon -8 B
Vag=0y. Ta=Iser Current consumplion *
ham Symbol | Concitions]  Min._ | Max, | Unit Mormel Tent oo Teckte Je- 1) S [
Fow ar sunply Voo 0.3 8.0 Y] type Lc W ic=0.25v = Q2] 1.0 | mA
- in o3 Yoo | Vv Wide Temp. | ko Ta=zs"C | - |16]25]|mA
Input voltage ir 03 Voo +0.9 [V, Lyper Lo Vic=0.6Y - 03 ) 1.0 ma
Oparating temperaturs * lest pattem : check board patienn
Normal Topr o +0_| *c | M Pin Function
Wida Toor =20 uds c Mo, Hama Furction
Storage tamperaturs 1 Y53 GHE
MNormal Tstg =20 +B0 'C 2 VoD Paw er supply vollaga +5V
Vice Tsig -30 +80 " 3 vLE Liguid grystal driving voltage
Starae =< 48 hrs +20 *835 FRH 4 RS L ! Instruction code input
uarchly <10} hrs +20 +65 wRH H: Data input
E: iy 5 R L - Drata wrile fram MPLU to LCM
I Mechanical Characteristics P S —
hem Specifications | Unit g E Enakle
dodule size (H x V) 85.0 x 30.0 mm [ D80 [ala bus line
Thickness Reflactive/EL 10.1 e & DB1 Drala bus line
LED 158 i g DB2 Drala bus line
fiew ing area (H x V) F2.0x 16.0 mrm 10 DBJ Dalabus line
sharacter size with cursor (Hx V)| 278x489 | nmm 11 DB4 Dala buy line
fbunting hole distance (H x V) 820%240 | mm 12 i L ioanldl
Reflactive o 13 DEE Data bua line
. - L 14 DB7 Data bua line
Jeight EL backlight 20 g (15} A Anode {+) for LED backlight
LED backlight 40 9 {16 ) K Cathode {-) for LED backlight
| Horzantal, V' Vertical
| Dimensions
M1632 (2x16) Unit: mm, General tolerance +0.5 mm
L]
| - . . . .
e map=: I Reflective/EL Backlight LED Backlight
1 Bl L o i
I I | R\ S &
l = 4 T T Bl H—
e — o
3 4 o I g, rd
15 R s g i
: _.'|'11- = .:t === == o B (G e =
4 9 4
il ] MTE BREANTAm | LR
pa-T SR AP G0 e I {E.r1
am G L -

loke :

Only dimension changes between Reflective/EL and LED backlight is the thickness,




M1632 (16 x 2)

AN MNo.SI3-CHMO28054

M Circuit Block diagram

Timing Signal 3

m'7<:’\> Serial Data ol ;’L =
A —— g Db
A — cnnh'ﬂ“ﬂr Sagnmsigrml @ MQF
[

C—®_—3 LCD(16x2)
Common Signal

LT 1 —
D R
L

B Recommended Operating Voltage

The recommended valus (Viape) for an ambiant lemperature

® LED Backlight

is as follows. Vepr=\ob - Vic 1. Absolute Maximum Ratings
Temparature (*C) [ -20 0 425 +50 +70 Ta=25°0
Vopr (V) [Nomal |- | 500 | 475 | 450 | - il syl Specifications]. Ul
Wide | 620 | 580 | 560 | 540 | 520 LEDtowand cunent k a A
consumption *
f Optical Characteristics = eeerse voliags A 2 X
Allow able loss Fo 0,52 W
1. Normal Temperature Range Type Qperating Temperature Topr —20~+70 | *c
Ta=21°C., 1116 Duty, Vopr=4.75 Starage Temperature Talg -40~+80 | °C
ey Symbol Conditions M. | Ty [Masc] Uit
fiewing ' Can N - |5 * LED fooward cumend conssmption and operafing temparalune
ngle P @ =00 55| - | - | deo. chavacteristics are as folliows,
g32-81 My - - 200
Zonirast c g =415 p=0" | - | B | - -
ton (rise) 8 =0° -1 150] 200|msan ';“E:uj'““d -
tesponsa| boff (fall) & =07 = | 200 220|meac conainption
me ton (isa)] & =0".@ =0" - | 750| BOO [meac (mA)
taff (fall) | Ta = 0°C, Vopr=5.0v] - | 600 700|msec i S i
feasuring aquipmant | Canon illuminater LG4SR '
. temperature ("0
L. Wide Temperatare Range Type 2. Eleetrical Characteristics
Ta=21°C, 1716 Duty, Vopr=¥no - Vie Ta=25°C
& Symbol Condtions Min, [Typ. JMax] Unit Hem Symbal | Conditions | Min, | Typ. | Max.| Unit
lew Ing g Gzl - = | =15 LED forw ard VF F=112mA | 365|410 44 W
nigle: 8z @ =0° 5] - - | deg. input voltags
#1081 Vop=5,fv ml - ] = LED reverss Ir Va=8v - fD1E| ma
“oanirast G g=tl" ¢ =0" -3 Bl = current
Nop=5,0v Brightness L IF=112ma” | 40 | 50 | - |edim?
lon (rise) g=0"¢=0" = | 1501 200 |meac
espansal loff (fall) [Ta = 215G, Vopr=5.6V] - |200] 220 |mee:
ne ton (risel] =0 @ =0° | - |750]800|msec Aniode
foff (fall}| Ta = 0°C, Vopr=5.9%| - | 800} 700 |msec ### #
temsuring equipment ; Canon lurminater LC-4SR
# # # # Cathode

Ledtt] muamber of LED chps =2 % 8 = 16 pes

13




M1632 (16 x 2)

AN Mo 51G-CHMOS80EA

B EL Backlight

1.Absolute Maximum Ratings

3.3 Maximum Ratings (Inverter only)

ftem Specifications Linit
Inpuit unltaga 7.0 \
Load range 50 ar
Operating temperature -10 to =80 L i
Storage temperaiure -20 e +70 e

tBm Enymibol Standard Lhnit
Oiperating Vopr AC 150V, 1KHz W
voltage Sinew ave

Crpreraling Topr =10 = +50 L
(emperaira

Storage Tsig =20~ + B0 "G
[emperature

Stormge 0 =10 % RH (80 "C)

hurmidity 0 =30 % RH (40 °C)

2. Brightness, Current, Life Characteristics

3.4 Inverter Dimensions (unit : mm)

e Conditians Specifications] Unit
rightness 100, 400H= 30 min. cdim®
Simew ave 35 typ.
Zurrent 100V, 400H= 1.2 yp. rrdy
Sinew ave 1.7 max
ite™ 100V, 400Hz, Sinow ave 1.500
25%C S0%LRH hrs
Using 55 Inverter 4,000
255G S0%RH

" Refinition of Life ; Wsed continuously dow nio 10 cd/im®

3. Suitable Inverter 58

A1 Electrical Characteristics
{When combined with EL lamp)

Ta=25"C

e Svmbuﬂ Conditionz |Specificationg) Linil
Yecillating finy | ViesSWDC| 850 yp. Hz
requancy
futput voliage Vour | ViksSVDC] 100 typ. W
Yutpul currant bour | Vin=EVDC 1.5 typ. iy
Apul current Win 5 typ VDo
oltage i Yie=SVDC 10 typ i,
vitial brightness B Vi=5WDC 35 lyp. cd/m?
wrface brightness| Bf | VusSVDO 7 byp. cdim®
sanel upper side) Vopr=0%
3.2 Tolerance (Inverter only)

Item Specifications Linit

put woltana A0t &0 W
oad rangse fto 15 crf

Pin Mo Functan
o 1 |lnpul:5&Y DC
2 |Comwnon DGO
= 3 |Cutput
: —E
— r'_
L2
|
1
B E
-7 0.5 R acd
3 2 L
] B I
B35 T
b3l
13 .25
R E
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o PR

SERIES 84
Unsealed, . 750" Centers

FEATURES

» 34" Button Centers

« Poet Mounted

= Mounts by Tinerman Mut or Heat
Upset Post

» Snap-Dome Contact Provides
Positive Feedback

DIMENSIONS In inchas (and milimeters)

| 334 Keyboard
M it w TS0L 019052 0,35} it
19,55 2 1,25 ZEQ 5FE) 0L NOH- =t -[::3';1 |1135' -
WO swmeniey ' TR Soma
. FE 7 TOENTIFICATION | i . '

: (PO REF LY (0BG (2,181 DA
: @ @] I e 4 PLLCES
T . Loy

Lt STUDS

T804 IHO lE e 2800 37
(19,05 £ 025 - - i ;
BE0 P8 |7] [8]] rows 450(1,27] —l _ fue tni“'l

H
3
=]
[ 2]

ACCLM ' — P
— r- ] q ] U (2,44] SH .
) 4
: —[@ } E| bt M%O g 4
3664630 1' A I It
Ba N 2 = 5702 040 - A1EO | peDs 00
BT 8 8 B bl s BADEO) | qr52e 025
0l = COLUMN - D50 e |
@7, % + 0,36
apmination |ninches (and milimeles)
' Matrix Gutput Single PolefCommaon Bus
BUTTON — BAFTTON
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@ MOTOROLA

Quad Single Supply

Comparators

Thess comparators are designed for use in level detection, low—leved
sansing and memaory applicationg in consumer auiomotive and industrial

elecirmnic applications.
® Single or Sphil Supply Operation

® Low Input Bias Curent: 25 na (Typ)

® Low Input Offset Curent 5.0 nA (Typ)
® Low Inpui Offsst Voltage: 1.0 mV (Typ) LM1394 Series
® (nput Common Mode Vollage Range to Gnd

Low Output Saturation Valtage: 130 m\f (Typ) @ 4.0 mA

L]
& TiL and CMOS Compatible
e

ESD Clamps on the Inputs Increase Refability withoul Affecting Deviee

Cparation
MAXIMUM RATINGS
Rating Symbol Valus Unkt
Power Supply Voltage Voo Vg
LMZ39. AL MIZSALM2901, W +38 or 218
hC3302 +30or +15
Inpurl Differantal Voltage Renge YIoR Vo
LM239, ANLMIZIANTM2E01, s
MC3302 k4]
Inpul Common Mode \Voltege Range Viemr =3 o Vo Weln
Cutpurt Shart Clreult to Grownd (Mota 1) Iz Confinuous
Power Digslpation @ Ta = 25°C Po
Plastic Packags 1.0 W
Darate above 25°C B.0 mvyes
Jurection Temperalurne T1 150 G
Operating Ambient Tamparature Rangs Ta, L
LM239, A -5 o +55
MC3302 —4 by +85
L2501 =40 b +105
LMzady —40 1o+ 125
L339, A Oto+T70
Storage Temperature Range Tatg —fi5 tn -+ 150 b

NOTE: 1. The mendmum output mime muy e 25 high B8 20 m, e of B mngnitda ol Vg,
Oeripit shairl ol B Wiy £ cllslie adtadiren haaling And avamunl detrocion.

Order this document by LMI33D

LM339, LM339A,

LM239, LM239A,

LM2901, M2901V,
MC3302

M. P BUFFIX
PLASTIC PACKAGE
GASE 646
o
1
O SUFFX
PLASTIC PACKAGE
CASE T31A
(B0-14)
PiN CONNECTIONS
oS
Outpua 2 1] ] Outpat 3
Oupat [ —— 1 | Cutput 4
vor (1] 2] Gnd
—tnpe 1 4] | + Input
4l 1 E S0 | =g 4
~lnpud 2 [} 7 ] +input 3
+Inpad 2 [ 7] ~Inpid 3

(Top W)

Flgure 1. Circult Schematic

ORDERING INFORMATION

Voo t o+ Input =inpd o q Tt
- Operming
L £ Davies Temperstura Rangs | Packags
oL LMZ350 AD 50-14
S | = ks LMz3gmaN | AT RAESC | ook Dip
¥ LM3380), AD 3 50-14
“ [/ LM33oN, AN | TASDPRATOC | o Dip
3 LMZ901D S SO-14
s —{ LM20gtN | TA= R HIOST | o DIP
3 LM2901VD _ S0-14
s LMzogIVN | (AT H0TID BT o e Die
MNOTE: CHagram ahown & for 1 comparson. MCA302P Ta=-4P o +85°C | Plastc DIP
I Modomla, Inc. 1958 Rev ¢




LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Vi = +5.0 Vide, T, = +25°C, unless otherwise noted)

LMZ30A/330A LM235/338 LM2801/2901V MC3302
Characterietle Symbol | Min | Typ | Mex | Min | Typ | Max | Min | Typ [ Mex | Min | Typ [ Max | Unit
Input Cffset Veltage (Note 4) Vio | - |s10(2o] - |20 (50| - |20 70| - |30 =20 | mvae
Inpurt Bias Currenl (Motes 4, 5) g - |2 |20 | - [ 25 j2s0| - |25 [250 | - | 25 | 500 | na
{Cwrtput in Analog Ranga) i
Impart Ciifset Cusment (Note 4) [T - |#50 | 450 | ~ |+50|+80 | - [+60 | 280 | — [+£30 [#100| mA
Imput Comman Mode Voltage Range | Vicug Q - VMoo | O - |[¥po] O - |Ve | O - |Vee W
-15 -15 -1.5 15
Supply Current loe ma
R = e [For All Comparatons) = 08 | 20 - 0De | 20 - be | 20 - 0B | 20
R =, Yoo = 30 Ve - |10 |25 ) = |10 |25 - |10 |25 ) — | to |25
\iolteqe Gain fogoiL B0 | 200 | - S0 fMoD | — 25 100 | - 25 | 100 I| - | Wmv
Ry = 15 kY, VMioe = 15 Vdo !
Large Sigreaal Response Time = - lso| - - Jawo| - | - (a0 = [ = l300] = | re
V| = TTL Loghke Swing,
Weal = 1.4 Vg, Vg = 5.0 Vac,
R =51k _
Responsa Time (MNote 6) - - |13 = - 13 | - - |13 | = - 13| = LS
VL =5.0de, R =51 k2
Output Sink Curment lSnk |80 | % | — |8D | % | - |60 |18 | — |Ec | ® | = | ma
Vi=] 2 +10%de, Vii+) =0, |
Vo 2156vde
Saturation Veltage Viat — | 120 | 400 | - (130 (400 | — [t30 Jecn | - | to0 |00 | mv
W=} =410 Vde, Vii+) =0,
lgink = 4.0 mA
Cutput Leakage Curant o - w1 = - | mt | - - o1 ] = - o1 | - (i
Wi+ = #1.0 Ve, Vil—} =10,
Vg = +5.0 Vde
PERFORMAMNCE CHARACTERISTICS (veg = +5.0 Ve, Ta = Tiow 1 Thigh [Nots 3])
LMZ30A/3304 LM239/339 LM2B01/2901V MC 3302 |
Characleristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit |
Inpid CHfsat Viokegs (Note 4) Vim - | = |Ha) - | - (0] - | = 25 ] - | - |40 [ mvoe |
Inpid Biss Curment (Notes 4, 5) g - | = Jao0] - | - f400] - | - [so0| - | - [to00] na |
(Output In Analog Range) 5
Input Offset Curmant [Nole 4} 15 - = |50 - — |#150| - - |40 - - (300 nA |
Input Commaon Mode Viollage Ranges | Vioumr K - Ve 0 = Vol O ~- |¥pp| 0 Voo EET)
-20 =200 -2 =20
Saturaton Voltaga Vigat = - OO - - T00 - - T - - TOO my
Vi) = 1.0 Ve, Vi) = 0,
lgink = 4.0 mA
Oitpatt Leskege Cument loL - - 1.0 - - 1.0 - - 1.0 - - 1.0 pA
Wi+ 2 +1.0 Voo, Vii- =0, ;
Vi =30 Vde |
Diffarential iput Voltage ¥io - - |Yee| - - Voo | - - veel - - Voo | v
AllV] 2 D Vdg

HOTES: 3. (LMZIRZI0A) Tjny = =28°C, THT

TLMIZEAIBA) Tiguy ® I°C, Thigh

= 485"
700

(MC N2} Vg = —40C, Thpopy = 2B5%C

[LMZ201} Tieryy ® —40°C, T =
(LMY Ty = =40°C, T|

+105"
=+120%

4, Al the outpart mwitch point, Wy = 1.4 Yo, Rg 5 1004 50 Ve £ Viop £ 30 Ve, with the Inputs over [he ‘Ul comman made mnge

10 ¥de e Ve <15 Vdo).

E. The bias currend ficws out of the inpuls due to the PNP Input slage. This current is virlually corsiam, indesendant of the output stale.
B. Tha ratoorss fime apecified s for & 100 mV input step with 5.0 my everdriee: For lerger signals, 300 na s lypical,

MOTOROLA ANALOG IC DEVICE DATA




LM339, LM339A, LM239, LM239A, LM2901, M2301V, MC3302

Flgure 2. Inverting Comparator Figure 3. Moninverting Comparator
with Hystersis with Hysteresis
+ Voo e
R
10k Sk
Wi D C
=0 gy
+ 'l.l'mD—-"\p“
= ——
b PURT
e R - YecHi
Vred Rpgy + R Vg ® Mot '-:1
= +
R3 = R1// Ry ! R2 Fret
R2 = Ri } /R,
-.rH = M._ v} - .ﬁ.ITKLHTtﬂ'f:I o \
RV R+ 2 1 {0~ VOimInY .
R2 » Rref 1| R : W= g e Motmax) = Vomin
Typical Characteristics
(Voo =15 Vde, Ta = +25°C (each comparator) unless othenvise roted )
Figurs 4. Nomalized Input Offset Voltage Figure 5. Input Biag Current
140 44
g 2 -
-
g 120 _,,-—"'f z 36 Ty= 88T __..----""'""'"'_.
E ] é a0 B o FET T i By
E 1.00 g & = ___...-----"""_T'::nzﬁ
] 3 —]
5 ——_ 18
- E
0.80 12
- =
= B0
&0 [
—5i -25 a 5 &0 A [ . o 4.0 a0 12 18 2 M n xR
Ta, AMBIENT TEMPERATURE (°C) Vpg, POWER BLPPLY VOLTAGE (Wde)
Figure §. Output Sink Currant versus
Output Saturation Voltage
B3O
E T = 5 C
BT
6.4
pd Tp = +128C
= 47 /
E- 30 / /F
2 20 , [
/ P .
1.0 r
o Life! i
b i faH 300 4K 50

Wegl, DUTPUT SATURATION YOLTAGE (miv)
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Figure 7. Driving Lagic

Voo

Wiy e

Viet a—__l__)-f’
R1
Rig = Source Resstance

A = Rg
Voo
Logla Davics (1]

8|57

CMOS |10 MC14001|  +15
TTL |14 MCT400 | +5.0 1

Flgurs 8. Squarewave Oscillater

Vopzd4av

100 k % 12k
Rl

e LT L

Ti=T2=0A9 RZ
rﬂ'r‘:‘!‘
HusFy
R=Ri=R4
Ri = F2 Y RIN RS

APPLICATIONS INFORMATION

These guad comparators feature high gain, wide
bandwidth characterstics, This glves the devica oscillation
lendencies if the oulpuls are capacitively coupled o the
inputs via stray capacitance. Thiz osclilation manifasts itself
during output ransitions (VoL to Viod). To alleviate this
situation input resistors < 10 kil should be used. The addition

Flgurs 8. Zero Crossing Detactor
{Single Supply)

15

10k

Vo

04 prevents. ingud from going negative by mere than 06 Y,
Ri=RI=R}
Ris % fof S| ers in @ crosaing

of posilve feedback (< 10 mV) is also recommanded. |t is
good deslgn practice to ground all unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator's inputs. Voltages
more negative than =300 mY should not be used,

Figure 10. Zero Crossing Detector
(Split Supplias)

Wingman} = 0.4V paak o 1% phasy distorticn (s,

Yin Vin{rmjn)
¥ g
z 10K
oy
¥in 2 Veod— ¢
|
m : Yo 1 ]
EE 1
YEE _-' A R

MOTOROLA ANALOG IC DEVICE DATA




LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

OUTLINE DIMENSIONS

Pre
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-C Rwas s fa
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M, P SUFFIX
PLASTIC PACKAGE
CASE G46-06
ISSUE L
WOTES:
1. LEATH 'WITHIN 053 0 00) RAIHLE OF THLHE
POGITION AT SEATHAG PLANE AT WAKILIW
o [ ] f RUSTERMAL CONDITION.
[' & COMENSION L T CENTER OF LEADS WHEN
- 3 FORRMWED PARALLEL
o] l- 3 COWENEIDM B DOEE MUOTT IWCLUDE MOLD
1 T FLABH
LT T TR TR T 1. ROUMDED CORMERS CRTIONAL,
AT -
-—-IF-— L ! g
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L. i ’ K
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D SUFFIX
FLASTIC PACKAGE
CASE TH1A-03
[SO=14}
IBSUE F
MOTES:
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{=H=} W40, 102

FER $IDE.

5 DANEMSON [ DOES %07 MCLUDE DAMBAR
PROTRLERON. ALLOWABLE DOMEAR
PROTRLENON BHALL BE €.127 (0 005 TOTAL
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