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ABSTRAKSI

PERENCANAAN DAN PEMBUATAN TELETHERMAL DENGAN
MENGGUNAKAN INFRA RED
(Yudi Purnomo, 0017246, Jurusan Teknik Elektro S-1, Konsentrasi Teknik
Elektronika, 63 halaman)
(Dosen Pembimbing : Ir. Usman Djuandu, MM dan Ir. Mimien Mustikawati)
Kata kunci Infra red, Photodiode, Op Amp, Mikrokontroller,ADC,LCD
Kondisi teknologi dewasa ini telah mencapai tingkat perkembangan yang

sedemikian pesatnya. Apalagi sudah memasuki era millenium, banyak orang
berharap melakukan pekerjaan dapat dilakukan dengan sesingkat mungkin. Hal
ini dimaksudkan agar pekerjaan manusia bisa berjalan dengan cepat dan efisien.
Banyaknya penggunaan infra red dalam piranti teknologi masa kini, salah
satunya adalah pendeteksian suhu pada suatu benda dengan menggunakan sinar
infra red tanpa harus menyentuh ke obyek benda Misalkan saja untuk mengetahui
kondisi suhu tubuh manusia, terutama bayi yang masih kecil. Maka akan sangat
repot untuk mengetahui suhu tubuh seorang bayi apabila alat yang digunakan
ditempelkan pada bayi. Oleh karena itu dibutuhkan suatu alat yang dapat
mengetahui suhu suatu benda dengan jarak tertentu.

Pada tugas akhir ini, dibuat sebuah system untuk menangkap
perubahan suhu suatu benda pada jarak tertentu. Sistem kontrol yang digunakan
adalah dengan menggunakan Sinar Infra merah sebagai tolak ukur frekuensi
pantulan, sehingga didapatkan nilai tegangan kemudian di transmisikan pada
rangkaian Infra red receiver. Setelah itu inputtan tegangan akan dikuatkan lagi

sehingga bisa diolah oleh ADC dan mikro yang kemudian ditampilkan ke LCD
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Pendahuluan
Sl _ —

BABI

PENDAHULUAN

1.1 Latar belakang

Kondisi teknologi dewasa ini telah mencapai tingkat perkembangan yang
sedemikian pesainya. Apalagi sudah memasuki era millenium, banyak orang
berharap melakukan pekerjaan dapat dilakukan dengan sesingkat mungkin. Hal ini
dimaksudkan agar pekerjaan manusia bisa berjalan dengan cepat dan efisien.
Misalkan saja untuk mengetahui kondisi suhu tubuh manusia, terutama bayi yang
masih kecil. Maka akan sangat repot untuk mengetahui suhu tubuh seorang bayi
apabila alat yang digunakan ditempelkan pada bayi. Oleh karena itu dibutuhkan
suatu alat yang dapat mengetahui suhu tubuh manusia tanpa tersentuh oleh tubuh

dengan jarak tertentu.

Pada tugas akhir ini, saya mencoba merencanakan dan membuat alat yang
dapat mengukur dan mendeteksi radiasi suhu panas pada jarak tertentu dengan
menggunakan LED infra merah sebagai salah satu LED yang dapat menghasilkan
sinar infra merah. Jumlah radiasi infra merah yang dipancarkan pada suatu objek,
maka frekuensi pantulan dari infra merah ini akan berubah. Besar perubahan
frekuensi infra merah ini tergantung suhu dari benda / objek itu sendiri. Ini
merupakan dasar yang penting karena mengimplikasikan bahwa sinar infra merah
dapat dijadikan sebagai pendeteksi suhu. Sebagai detektor digunakan sensor

photodiode yang dapat menangkap perubahan frekuensi dan kemudian frekuensi

—_——
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Pendahuluan

ini akan diubah dalam bentuk tegangan. Kemudian tegangan outputan ini akan
dproses lagi sehingga bisa diubah kedalam bentuk digital yang bisa ditampilkan
ke LCD (liquid crystal display).sistem akan diharapakan bekerja dengan baik

sehingga alat bisa membaca dan memberikan outputan yang dibutuhkan.

1.2 Tujuan
dari permasalahan yang ada maka tujuan dari perencanaan dan pembuatan

alat ini adalah sebagai berikut :

l. merancang dan membuat alat untuk mendeteksi dan mengukur
suhu dengan menggunakan sensor infra merah.
2.  diharapkan dengan menggunakan sensor infra red alat ini dapat

membaca radiasi panas pada jarak tertentu.

1.3 Rumusan Masalah

dari latar belakang yang telah dikemukakan, maka rumusan masalah yang
dihadapi adalah :

1. Bagaimana merancang dan membuat telethermal dengan
menggunakan sensor infra merah.

2. Bagaima mengimplikasikan sensor infra merah sehingga dapat
digunakan sebagai pendeteksi suhu.

3. Bagaimana supaya system alat dapat bekerja schingga

menghasilkan outputtan yang diinginkan .

———————————— 71— ———
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Pendahuluan

1.4. Batasan Masalah
dari permasalah yang telah dijelaskan untuk lebih terarahnya pembahasan
skripsi ini maka ruang lingkup pembahasan masalah penyusun batasi pada hal-hal
berikut :
1. pada saat pengukuran tempat pengukuran dianggap memiliki suhu
dan pencahayaan yang sama
2. batas pengukuran suhu minimum dan maksimum adalah antaara
27°-80°
3. tidak membahas secara keseluruhan teori tentang infra merah
4. tidak membahas software
5. tidak membahas catu daya
1.S. Sistcmatika Penulisan

penulisan skripsi ini terbagi dalam lima bab dengan sistematika sebagai

berikut :

BAB 1 PENDAHULUAN
Berisi latar belakangtujuan, permasalahan, batasan masalah,
metodologiDan sistematika penulisan

BABII TEORI PENUNJANG

Membabhas teori teori dasar penunjang perancangan dan pembuatan
alat ini

BAB IlI PERANCANGAN DAN PEMBUATAN ALAT INI
Membahas tentang perancangan alat, baik perangkat keras dan |

cara kerja blok diagram.

e ——— ——————————————
Teknik Elektronika S-1 Institut Teknologi Nasional Malang 3



Pendahuluan

BAB IV PENGUJIAN ALAT
Mencakup pembahasan tentang proses pengujian alat yang
terdiri dari peralatan yang digunakan, langkah kerja dan analisa
hasil pengujian

BABV PENUTUP

Berisi kesimpulan dan saran
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BAB il

LANDASAN TEORI

2.1. LED (Light Emmiting Diode)

Light Emiting Diode ( LED ) adalah jenis semikonduktor p-n junction
yang bekerja pada kondisi forward bias, yang dapat memancarkan radiasi dalam
daerah ultra violet, visible ( sinar tampak ), dan infra merah pada spektrum
elektromagnetik. Radiasi cahaya yang dihasilkan LED Infra Red ini sebanding
dengan arus forward bias yang diberikan pada LED tersebut.

LED Infra Red merupakan LED biasa, hanya saja cahaya yang
dipancarkan adanya akibat arus forward bias tidak dapat dilihat oleh mata, karena
cahaya yang dipancarkan berada didaerah Infra Red.

Karakteristik dari LED Infra Red sama dengan LED pada umumnya. Saat
tegangan forward bias yang diberikan masih dibawah tegangan ambang dari LED
tersebut, maka arus belum dapat mengalir, tetapi setelah tegangan forward yang
dikenakan pada LED mencapai tegangan ambang, maka pertambahan arus akan

meningkat dengan cepat dan tegangan mendekati keadaan konstan.

7
i

Gambar 2-1

Simbol LED (Light Emmiting Diode)
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Cahaya infra merah merupakan cahaya yang tidak tampak. Jika dilihat
dengan dengan spektroskop cahaya maka radiasi cahaya infra merah akan nampak
pada spektrum elektromagnet dengan panjang gelombang di atas panjang
gelombang cahaya merah. Dengan panjang gelombang ini maka cahaya infra
merah ini akan tidak tampak oleh mata namun radiasi panas yang ditimbulkannya
masih terasa atau terdeteksi.

Cahaya infra merah, walaupun mempunyai panjang gelombang yang
sangat panjang tetap tidak dapat menembus bahan-bahan yang tidak dapat
melewatkan cahaya yang nampak sehingga cahaya infra merah tetap mempunyai
karakteristik seperti halnya cahaya yang nampak oleh mata. ratrle snake dan

beetle.

2.2.. Infra Red

Setiap benda yang memanncarkan radiasi infra merah dapat dijadikan
acuan bahwa setiap benda mempunyai temperatur. Hal ini dinamakan
karakteristik dari Radiasi. Sepektrum dari radiasi mempunyai panjang gelombang
dengan rauge berkisar antara 0.7 sampai 1000 mikro m. Radiasi ini tidak bisa

normal, bahkan selalu berubah — ubah

—————————————————— ——— ——————————
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Gambar 2-2
Spectrum Sinar Infra Red

Kalau kita lihat pada spektrum gelombang cahaya, infra merah (panjang
gelombang sekira 0,7 mikro m — 14 mikro m) terletak di antara cahaya tampak
dan microwave. Mata manusia yang terbatas pada daerah frekuensi cahaya tampak
(warna pelangi) tidak mampu melihat sinar infra merah ini. Hanya ada 2 spesies di
muka bumi yang diidentifikasikan mampu melihatnya yaitu rattle snake dan
beetle.

Tipikal radiasi setiap benda mempunyai perberbedaan besar kecilnya
temperatur. Sebagai indikasi temperatur yang memancarkan sedikit ukuran dari
radiasi tetap.intensitas radiasi menunjukkan bahwa pada panjang gelombang 0.2
mikro m lebih banyak dari pada temperatur mempunyai panjang gelombang 10

mikro m.
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Gambar 2-3
Karakteristik Radiasi Suatu Benda Hitam Dalam Hubungan Dengan
Temperaturnya,

2.3 Photodioda

Photodioda dapat digunakan untuk mendeteksi adanya sinar infra merah.
Selama dalam pendeteksian pada photodioda akan terdapat arus bocor sebesar 0.5
uA dan ini juga tergantung pada kekuatan sinar infra merah yang datang dan sudut
datangnya.

Kekuatan sinar dan sudut datang merupakan faktor penting dalam keberhasilan

transmisi data melalui infra merah selain filter dan penguatan pada bagian

receivernya.

‘{/

Gambar 2-4
Simbol Photo Dioda

%
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2.4. Potensiometer

potensiometer adalah sebuah tahanan dengan nilai hambatan yang
bisa diubah ubah. Konstruksi dari potensiometer erlihat pada gambar dibawah ini.
Pada kepingan keramik atau pertinax dipasang lapisan karbon sepanjang mana
melunsur sebuah penjalanya. Hambatan antara A dan B, B dan C tergantung dari
kedudukan penjalanya. Dalam tugas akhir ini, potensiometer akan dimanfaatkan

sebagai kalibrasi untuk pengukuran.

»F

Gambar 2-5

Simbol Potensiomter

2.3. Operational Amplifier '

Op amp adalah nama penguat operasional yang bekerja pada tegangan
yang lebih rendah (Op Amp rangkaian terpadu linier).Op Amp mempunyai lima
terminal dasar : dua untuk mensuplai daya, dua untuk isyarat masukan, dan satu
untuk keluaran. Bagian dalam Op Amp dapat diperlihatkan seperti skematik
dibawah ini :

_————
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Gambar 2-6
Skema Op Amp

2.3.1 Terminal Op Amp

Skema rangkaian untuk op amp merupakan ujung panah , seperti terlihat

dalam gambar 2- ujung panah tersebut melabangkan penguatan dan titik dari

masukan ke keluaran.
+V v
1 I
(L
TN ouT RL PRI T.
1 supbj-&';lya bcrsnma_L_:t
N T
I | \N—Y
RY kY
+V
1
S N our Y\o/v --
7 T

Gambar 2-7
Menghubungkan Daya Dan Beban Ke Scbuah Op Amp

_—e———————
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Gambar atas : Hubungan penghantar sebenarnya dari suplai daya ke op amp.
Gambar bawah :  Penggambaran skema pensuplaian daya ke sebuah op amp.

Terminal suplai daya bersama boleh atau tidak dihubungkan ke ground
tanah melalaui kawat ketiga dari kabelnya. Suplai daya pada gambar 2-6 disebut
bipolar atau suplai terpisah dan dan mempunyai harga khas sebesar + 15 V, + 12
V, dan % 6 V. Op amp kegunaan khusus mungkin memerlukan suplai tak simetris
seperti 12 V dan 6 V, atau bahkan suplai polaritas tunggal 30V dan ground. Arus
yang kembali dari op amp kesuplainya harus kembali melalui elemen-elemen
rangakain luar seperti misalnya tahanan beban RL. Tegangan suplai maksimum
yang dapat diterapkan antara +V dan —V biasanya 36V atau £18V,
2.3.2 Terminal Keluaran

Dalam gambar 2- terminal keluaran op ampnya dihubungkan kesalah satu
ujung tahanan RL. Ujung RL yang lain dikawatkan ke ground. Tegnagn keluaran
Vo diukur terhadap ground, karena dalam sebuah op amp hanya ada satu terminal
keluaran, keluaran ini disebut keluaran berujung tunggal. Batas arus yang
dialirkan dari terminal keluaran op amp, biasanya ad pada orde sebesar 5 sampai
10 mA. Ada juga batas pada taraf-taraf tegangan terminal keluaran, yaitu batas ini
ditentukan oleh tegangan suplai dan oleh transistor-transistor keluaran Q16 dab 11
dalam gambar 2-9. Berapa op amp , seperti misalnya 741 mempunyai rangakain
bagian dalam yang secara automatik membatasi arus yang dialirkan dari terminal
keluarannya. Bahkan dengan suatu hubung singkat untuk RL, arus keluaranya
terbatas sampai kira-kira 25 mA, seperti tercatat dalam apendik 1.

Keistimewaannya adalah mencegah kerusakan op amp bila terjadi hubung singkat.

%
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2.3.3. Terminal masukan

Dalam gambar 2-11 ada dua terminal masukan, bertanda — dan +.
Keduanya disebut terminal masukan karena tegangan keluaran Vo tergantung
pada perbedaan tegangan antara kedua terminal itu, Ed, dan gain dari penguatnya
AoL. Seperti terlihat dalam gambar 2-11 (a), terminal kelurannya positip +V
terhadap masuakan (-). Bila Ed dibalik dalam gambar 2-11(b) untuk membuat
masukan (+) menjadi negatif terhadap masukan (-) maka Vo menjadi negatif

terhadap ground.

(a) Vo menjadi positif bila masukan (+) nya positif terhadap masukan (-) nya.

S -
DN

\"T/

e
—
-

(b) Vo menjadi negatif bila masukan (+) nya negatif terhadap masukan (-) nya.

Gambar 2-8
Polaritas Vo tergantung pada polaritas tegangan masukan diferensial Ed.
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2.3.4 Penguat Inverting

1. Penguat operasional dengan tegangan positif dihubungkan pada input

pembalik.
Rf
___./\/\’/_..._._.._
Ri P
AN - > —
=y ] +/ OPAMP
— = g‘* Vo = - (Rf/Ri)Ei
Ei 1

—

Gambar 2-9.
Rangkaian Op Amp Inverting dengan Ei Positif dihubungkan pada

input Pembalik
Sumber : Penguat Operasional dan Rangkaian Terpadu Linier

Tegangan Ei positif dihubungkan melalui tahanan masukan Ri kemasukan
(-) dari Op-Amp. Umpan balik Negatif disusun oleh tahanan Rf. Tegangan
antara input (+) dengan input (-) pada dasarnya nol (virtual ground atau ground
semu). Karena ujung Ri yang satu berada pada Ground semu tersebut maka
penurunan tegangan melalui Ri adalah Ei.

- Arus yang mengalir melalui Ri adalah:

"y
Ri

- Untuk tegangan output Vo dapat dicari dengan rumus :

Vo=-Ein*

I
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- Untuk penguatan tegangan output Vo adalah :

AV=_V,E,=_~RI_*
Ei Ri

* BAB 3 “ Penguct Operasional dan Rangkaian Terpadu, Edisi kedua” Robert

F. Coughlin, Frederick F. Driscoll, Ir. Herman Widodo Soemitro, Penerbit

Erlangga.
2 Penguat operasional dengan tegangan negatif dihubungkan pada input
pembalik.
Rf
WS- Y - of -

Ri
e
——Ei [ 1> Toramp
— = Vo = - (Rf/Ri)Ei
R1
Gambar 2-10
Rangkaian Op Amp Inverting dengan Ei Negatif dihubungkan pada
input Pembalik

Sumber : Penguat Operasional dan Rangkaian Terpadu Linier

Rangkaian pada gambar 2-9 di atas pada prinsipnya mempunyai rumus yang
sama dengan rangkaian pada gambar 2-8. Perbedaannya hanya pada arah arusnya.
Dengan membalik polaritas tegangan inputnya maka akan membalik semua arah

dari arusnya. Sehingga keluaran dari penguat tersebut menjadi positif.

T
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2.3.5 Penguat Non Inverting

1. Penguat Operasional dengan tegangan positif dihubungkan pada input tak

membalik.
Rf
ANNA——
Ri \

_I ANAN /|>_

i toramp
A Vo =[I + RERI).Ei

— Rl
T Ei _
Gambar 2-11

Rangkaian Op Amp Non Inverting dengan Ei Positif

dihubungkan pada input Pembalik
Sumber : Penguat Operasioanl dan Rangkaian Terpadu Linier

Tegangan Vo memiliki Polaritas yang sama seperti masukan Ri. Tahanan
masukan dari penguat pembalik adalah Ri. Untuk tahanan masukan dari penguat
tak membalik nilainya sangat besar, biasanya melebihi 100MQ. Karena
tegangan antara inputan (+) dan inputan (-) itu secara praktis 0, maka kedua

inputan tersebut berada pada potensial Ei yang sama.

- Arus yang mengalir melalui Ri adalah:

*

"y
Ri

I

%
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!

- Untuk tegangan output Vo dapat dicari dengan rumus :
Vo=(1+ R—fr) Ei *
Ri

- Untuk penguatan Tegangan output Vo adalah:

Rf
Ay ———1+ *
Ei Ri

* BAB 3 “ Penguat Operasional dan Rangkaian Terpadu, Edisi kedua” Robe(t

F. Coughlin, Frederick F. Driscoll, Ir. Herman Widodo Soemitro, Penerbit

Erlangga.

2. Penguat Operasional dengan tegangan negatif dihubungkan pada input tak

membalik.
Rf

—AAAA

Nt 2% |
i t1opamp
Vo = [l + RORI).Ei
—FEi Rl
Gambar 2-12.

Rangkaian Op Amp Non Inverting dengan Ei Negatif
dihubungkan pada input Pembalik
Sumber : Penguat Operasioan! dan Rangkaian Terpadu Linier

Adapun rumus yang digunakan sama dengan rangkaian pada gambar

Perbedaannya terletak pada arah arusnya.

Teknik Elektronika S-1Institut Teknologi Nasional Malang 1
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2.5.1C 555

Ic 555 mempunyai dua cara kerja,sebagai multivibrator astabil
multivibrator monostabil.cara kerja astabil (bergerak bebas) dari Ic 555 adalah
sebagai berikut,tegangan keluaran beralih dari high ke low dan kembali lagi.
Waktu high atau low ditentukan oieh sebuah jaringan kapasitor dan resistor yang
dihubungkan pada kaki kaki luar Ic. Cara kerja monostabil(satu tembakan)
tegangan keluarannya low sampai sebuah pulsa pemicu negatif yang diberikan
pada pewaktu tersebut,kemudian keluarannya kembali high. Waktu high atau high
atau low ditentukan oleh sebuah jaringan kapsitor dan resistor yang dihubungkan

pada kaki luar Ic. Adapun konfigurasi blok diagram Ic 555 seperti gambar

dibawah ini :
BLOCK DIAGRAM
Yoo
Q 8
> R CONTROL
VOLTAGE
THRLSIL )
6 o--| CORPARATOR |~»

S
<
SR

us
CHARGE

o3 01

ouIPUl GHD

Gambar 2-13
Konfigurasi IC 555

=
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Ferkuensi dari Ic 555 ini dapat dihitung dengan menggunakan rumus
sebagai berikut :
T high =0,695(RA+RB)*C
T low = 0,695*RB*C
Jadi periode osilasi total adalah :
T = Thigh + T low
= 0,695 (RA+2RB)C

Frekuensi osilasi bergerak bebas f adalah :

o 3
/=7

_ 144
(RA+2RB)C

2.5. Dioda
Semua dioda prinsip kerjanya adalah sebagai penyearah. Tetapi karena

proses pembuatan , bahan dan penerapannya yang berbeda- beda , maka namanya
Jjuga berbeda serta memiliki karakteristik yang berbeda pula.
Macam — macan dioda diantaranya :

1) Dioda Penyerah

2) Dioda Zener

3) Dioda Varaktor

4) Dioda Photo

—_———
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24.1 Dioda Penyearah

Dioda penyearah sering kita jumpai pada rangkaian regulator yang
dipakai untuk penyerah dari gelombang bolak balik. Kebanyakan dibuat dari
silikon, mengingat kemampuan dan keandalannya yang cukup tinggi. Mampu

dilewati arus yang besar dan dapat bekerja pada suhu yang tinggi.

K

A

A

Gambar 2-14
Simbol Dioda
2.6. Kapasitor

Kapasitor adalah komponen elektronika yang terdiri dari plat konduktor
yang satu disekat terhadap yang lainnya dengan osilator dan berfungsi sebagai
pelawan untuk arus bolak-balik, filter , tuning, kopel antar rangakain, pembangkit
gelombang dan konduktor khusus.

Sebuah kapasitor dikatakan memepunyai kapasitas satu farad apabila
muatan sebesar satu columb membuat tegangan naik sebesar satu volt, karena
satuan farad terlampau besar maka dipakai satuan lebih rendah yaitu mikro farad
,nano farad dan piko farad.

Dalam kapasitor terdapat reaktansi, jika kapasitor tersebut diterapkan pada

arus bolak-balik sinus, tegangan akan tertinggal sejauh 90°.

————
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Untuk menentukan besarnya nilai reaktansi adalah :

1
Xc = 3.14.FC 2-1)

Dimana

Xc = Reaktansi kapasitor

F = Frekuensi dalam Q

C = Kapasitor dalam farad

Untuk menetukan banyaknya muatan listrik yang dapat disimpan oleh
kapasitor dapat dirumuskan sebagai berikut :

Q=CXV (2-2)

Dimana :

C

kapasitor dalam farad

Il

V = Tegangan yang ada keping-keping dalam volt

Q = Banyak muatan dalam columb

|
C

Gambar 2-15
Simbol Kapasitor
Cara kerja kapasitor adalah terjadinya perubahan pada kapasitor
menyebabkan perubahan tersebut berbanding lurus dengan perubahan tegangan,

energi akan timbul kembali pada saat tegangan berkurang menjadi nol.

_————
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2.7. Analog To Digital Converter (ADC) 0804

Untuk mengubah data analog dari keluaran sensor induksi menjadi data
digital agar dapat di olah oleh program mikrokontroller maka diperlukan
perangakat ADC. ADC yang dipergunakan adalah ADC0804 yang mempunyai
resolusi 8 bit dan mempunyai 8 jalur output satu jalur input serta mempunyai
clock internal dengan cara menghubungkan tahanan luar dan sebuah capasitor
pada clock out dan clock in dan ground.

Spesifikasi lain untuk adc adalah waktu konversi suatu adc adalah waktu
yang diperlukan ADC untuk menghasilkan kode biner yang valid (tepaf) untuk
tegangan masukan yang diberikan. Sebuah koverter disebut berkecepatan tinggi
jika memiliki waktu konversi yang pendek. Beberapa karakteristik dan fungsi
yang perlu diketahui adalah :

1. Dua input analog : Vin(+) dan Vin(-) yang merupakan input
differensial. Apabila digunakan untuk pengukuran tunggal, maka
digunakan untuk pengukuran tunggal, maka digunakan input Vin(+)
dan V(-) harus dihubungkan ke analog ground. Selama beropersi
normal, konverter ini menggunakan Vcc = +5 Volt sebagai tegangan
referensinya. Dan input analognya mempunyai variasi range antara 0
sampai 5 Volt.

2. Dapat mengkonversi tegangan input analog menjadi 8 bit output
digital. Output digital memiliki buffer tristate, sehingga dapat dengan
mudah dihubungkan dengan port dari sebuah mikrokontroller.

Dengan 8 bit, maka resolusinya adalah 5 Volt/19,6mVolt.
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3. mempunyai fasilitas internal clock dengan frekuensi f=1(1,1 RC)
dengan R dan C merupakan komponen luar yang harus ditambahkan.
Frekuensi clock typicalnya adalah 640 Khz yang merupakan
menggunakan komponen tambahan R = 10 K dan C = 150 pF. Dan

apabila menggunakan eksternal clock, maka pin CLK IN harus

digunakan.

Qutput Enable and Reset with INTR

Gambar 2-16

Diagram Waktu ADC
Sumber : Data Sheet ADC National Semikonduktor
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Perangkaian IC ini memudahkan berhubungan dengan port

Mikrokontroller. Dan fungsi-fungsi dari system I/O ini adalah :

1.

Cs (Chip Select)

Input ini mempunyai sifat aktif Low p@ saat input RD atau WR
digunakan.

E(Output)

Input ini digunakan untuk meng-enable buffer output ADC. Dengan
CS, RD Low, pin output ADC akan memiliki level logika akhir

konversi dari A/D.

WR (Start Conversi)
Digunakan untuk memulai konversi, yaitu dengan memberikan pulsa

rendah sesaat.

INTR

Sinyal Output sesaat akan menuju tinggi pada saat start konversi
dimulai dan akan kembali rendah setelah selesei konversi.

CLK-R

Sebuah resistor harus dihubungkan pada clock

CLK-IN

Digunakan untuk eksternal clock input dengan menghubungkan
kapasitor untuk penggunaan internal clock.

Vref/2

Ini adalah input yang akan digunakan untuk menghasilkan tegangan

referensi dan dapat mengubah range input analognya. Pada saat

%
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input belum disambungkan, input ini masih 2,5 Volt (Vcc/2) atau
selama Vcc digunakan sebagai tegangan referensinya. Dengan
menghubungkan tegangan luar pada pin, maka internal referensi akan
berubah yang membagi tegangan tersebut, demikian halnya range

input analognya

ADC080X
Dual-In-Line and Small Outline (80) Packages
— </ :
- 20—V e (OR Vge)
RO—42 19f=CLK R
wrR—{3 18}~C80 (LSB)
CLKIN—{4 17}—ce1
TR—5 16}—C62
RO 1 15}—Ca3
Vini=)}—47 14064
AGNG—{8 13j-oes
Nare/2=49 12}=~r86
coNo—{10 11}~067 (use)
DS 1-30
Gambar 2-17

Analog To Digital Converter
Sumber : Data Sheet ADC National Semicondultor

2.8 Mikrokontroller AT89S51
2.8.1 Arsitektur Perangkat Keras

Mikrokontroller AT89S51 adalah mikrokontroller ATMEL yang
kompatibel penuh dengan mikrokontroler keluarga MCS — 51, membutuhkan &ya
rendah, memiliki performance yang tinggi dan merupakan mikrokomputer 8 bit
yang dﬂengkapi 4Kbyte EEPROM (Electrical Erasable and Programmable Read
Only Memory) dan 128 Byte RAM internal. Program memori yang dapat
diprogram ulang dalam sistem atau menggunakan programmer Nonvolatile

Memory konvensional. Dalam sistem mikrokontroller terdapat dua hal yang

e ———————— — —  ——— ——
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mendasar, yaitu: perangkat lunak dan perangkat keras yang keduanya saling
terkait dan mendukung.
Secara umum Mikrokontroller AT89S51 memiliki :
e CPU 8 bit termasuk keluarga MCS-51
e 4 Kb Flash memory
e 128 byte Internal RAM
> 4 bank regester, masing — masing berisi 8 register.
» 16 byte yang dapat dialamati pada bit level.
> 80 byte general purpose memory data.
e 32 buah Port I/O, tersusun atas PO — P3,masing — masing 8 bit.
e 2 Timer/ counter 16 bit |
e 2 Serial Port Full Duplex
e Kecepatan pelaksanaan intruksi pér siklus 1 us pada frekuensi clock 12
Mhz
e 2 DPTR (Data Pointer)
e Watchdog Timer

¢ Fleksibel ISP Programming

—— . ————— ]
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Gambar 2-18

Konfigurasi Pin Mikrokontroler AT89S51
Sumber : Data sheet AT89S51

Berikut ini adalah penjelasan dari masing-masing pin mikrokontroler
AT89S51:

* Pin 1 sampai 8
Port 1 : Merupakan 8-bit saluran masukan atau' keluaran dua arah, setiap
saluran mampu melayani 4 masukan.

= Pin9
RST : Merupakan masukan reset. Logika high yang akan membuat
mikrokontroler AT89S51 menjalankan rutin reset.

® Pin 10 sampai 17
Port 3 : Port 3 terdiri dari 8 saluran masukan atau keluaran dua arah.
Setiap salurannya mampu melayani 4 masukan. Selain sebagai port
masukan atau keluaran, port 3 juga mempunyai fungsi-fungsi khusus yang

dimiliki oleh keluarga MCS-51.

%
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= Pin 18 dan 19
X1 (XTAL1) dan X2 (XTAL2) : Jika dikonfigurasikan bersama sebuah
kristal akan membentuk rangkaian osilator on-chip pada mikrokontroler.

» Pin 20 sampai 27
Port2 : Port 2 terdiri dari 8 saluran masukan dan keluaran dua arah.
Setiap salurannya mampu melayani 4 masukan. Port 2 mengeluarkan
alamat bagian high (A8-A15), selama pengambilan instruksi dari memori
program eksternal dan pengambilan data dari memori data eksternal yang
menggunakan mode pengalamatan 16-bit.

* Pin29
PSEN : Program Store Enable merupakan sinyal baca yang
mengeksekusi memori program eksternal.

* Pin30
ALE/PROG : Address Latch Enable merupakan pulsa yang berfungsi
menahan alamat rendah (A0-A7) pada port 0, selama dilakukan proses

baca dan tulis memori eksternal. Pin ini juga berfungsi sebagai masukan

pulsa program (PROG ), sclama dilakukan pemrograman pada EEPROM
eksternal. |

®= Pin 31
EA/NP : Eksternal Acces. EAdihubungkan dengan VSS untuk
memungkinkan pengambilan instruksi pada memori program eksternal
yang berlokasi 0000y sampai FFFFy. Jika diinginkan menggunakan

program internal, maka EA dihubungkan VCC.
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= Pin 32 sampai 39

Port 0 : Port 0 terdiri dari 8 saluran masukan dan keluaran dua arah.

Setiap saluran mampu melayani 8 masukan. Port 0 merupakan saluran

alamat bagian low (A0-A7), yang dimultipleks dengan saluran bus data

(D0-D7), yang digunakan pada saat mengakses memori data eksternal dan

memori program eksternal.

* Pin40
VCC : Merupakan masukan catu daya 5 volt, dengan toleransi kurang
lebih 10ps.
Tabel 2-1 . Keluarga MCS 51
Tipe Tipe tanpa Tipe ber Kapasitas Kapasitas | Port | Pewaktu
EPROM EPROM ROM RAM /O
8031 8031 - 4K 128 4 2
8051AH 8031AH 8751H 4K 128 4 2
8052AH 8032AH 8752BH 8K 256 < 3
80C52BH | 80C31BH 87C51 4K 128 4 2
80C52 80C32 - 8K 256 4 3
83C51FA | 80C51BH 87C51FA 8K 256 4 3
83C51FB | 80C51FB 87C51FB 16K 256 4 3
83C152 80C152 - 8K 256 5 3
89852 - 89552 8K 256 4 3

Sumber: Elex Media Komputindo. Bereksperimen dengan Mikrokontroler 8031

_—
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Keluarga MCS-51 yang diproduksi Intel mempunyai konfigurasi yang
berbeda-beda sesuai dengan jenisnya. Masing-masing jenis saling kompatibel
serta mempunyai kelebihan tersendiri. Misalnya mikrokontroler AT89S51
merupakan padanan dari mikrokontroler 8051. Tabel tersebut memperlihatkan
sebagian dari keluarga MCS-51.

2.8.2 Organisasi Memori

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

Program mikrokontroler disimpan dalam memori program berupa ROM.
Mikrokontroler AT89S51 dilengkapi dengan ROM internal namun untuk program
yang besar digunakan ROM eksternal yang terpisah dari mikrokontroler. Untuk
dapat menggunakan memori program eksternal ini penyemat / EA dihubungkan
dengan penyemat Vss (logika 0).

Memori program mikrokontroler menggunakan alamat 16 bit mulai
0000y-FFFFy, sehingga kapasitas penyimpanan program maksimal adalah 2'® byte
atau 64 Kb. Sinyal yang digunakan untuk membaca memori program eksternal
adalah sinyal /PSEN (Program Store Enable).

Selain memori program mikrokontroler AT89S51 juga memiliki memori

data internal berkapasitas 128 byfe dan mampu mengakses memori data eksternal

__-__'"—-—-——_——E——___—‘__
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sebesar 64 Kb. Semua memori data internal dapat dialamati dengan pengalamatan
langsung atau tidak langsung. Ciri dari pengalamatan langsung adalah operand
berisi alamat data yang diolah. Sedangkan ciri dari pengalamatan tidak langsung
adalah operand alamat register yang berisi alamat data yang akan diolah.
Sebagian memori tersebut dapat dialamati dengan pengalamatan register, dan

sebagian lagi dapat dialamati dengan memori satu bit. Untuk membaca data

digunakan sinyal /RD, sedangkan untuk menulis data digunakan sinyal / WR.
2.8.3 Register Fungsi Khusus

Register fungsi khusus (Special Function Register) terletak pada 64 byte
bagian atas memori data internal dan berisi register-register untuk pelayanan
latch port, timer, program status words, control peripheral dan sebagainya.
Alamat register fungsi khusus ditunjukkan pada tabel 2-.

Register-register ini hanya dapat diakses dengan pengalamatan langsung.
Enam belas alamat pada register fungsi khusus dapat dialamati per-bit maupun
per-byte dan terletak pada alamat 80,-FF}. Secara perangkat keras, register fungsi

khusus ini dibedakan dengan memori data internal.

%
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Tabel 2-2. Nama dan Alamat Register pada Register Fungsi Khusus

Simbol Nama Register Nilai pada saat reset Alamat
ACC Accumulator 0000y 0EOy
B Register B 00y 0F0y
PSW Program Status Word 00y 0D0y
SP Stack Pointer 07y 81y
DPTR Data Pointer 2 byte - -
DPL Low bytes 0000y 82y
DPH High bytes 0000y 83y
PO Port 0 FFy 80y
Pl Port 1 FFy 90y
P2 Port 2 FFy 0AO0y
P3 Port 3 FFy 0BOy
IP Interupt priority control XXX00000g 0B8y
IE Interupt enable control 0XX00000y4 0A8y
TMOD Timer/counter mode control | 00y 89y
TCON Timer/ counter control 004 88y
THO Timer/counter 0 high byte 00y 8Cy
TLO Timer counter 0 low byte 00y 8AY
TH1 Timer / counter | high byte | 00y 8Dy
TL1 Timer/ counter ! low byte 00y 8By
SCON Serial control 004 9By
SBUF Serial data buffer Independen 99y
PCON Power control HMOS 0XXXXXX Xy 87u
CHMOS 0XXX0000g

(Sumber: Elex Media Komputindo. Bereksperimen dengan Mikrokontroler 8031)

Beberapa macam register fungsi khusus yang sering digunakan, dijelaskan
sebagai berikut :

*  Accumulator (ACC) merupakan register untuk penambahan dan

akumulator

pengurangan. Perintah Mnemonic untuk mengakses

disederhanakan sebagai A.
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Register B merupakan register khusus yang berfungsi melayani operasi
perkalian dan pembagjan.

Program Status Word (PSW) terdiri dari beberapa bir status yang
menggambarkan kejadian di akumulator sebelumnya. Yaitu carry bit,
auxiliary carry, dua bit pemilih bank, bendera overflow, parity bit, dan dua
bendera yang dapat didefinisikan sendiri oleh pemakai.

Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan di
alamat manapun pada RAM internal. Isi register ini ditambah sebelum
data disimpan, selama instruksi PUSH dan CALL. Pada saat reset, register
SP diinisialisasikan pada alamat 07y , sehingga stack akan dimulai pada
lokasi 08};.

Data pointer (DPTR) terciri dari dua register, yaitu untuk byte tinggi
(Data pointer high, DPH) dan byte rendah (Data pointer Low, DPL) yang
berfungsi untuk mengunci alamat 1€ bit.

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

Serial data buffer (SBUF) merupakan dua register yang terpisah, register
buffer pengirim dan sebuah register buffer penerima. Meletakkan data
pada SBUF berarti meletakkan pada buffer pengirim yang akan
mengirimkan data melalui transmisi serial. Membaca data SBUF berarti

menerima data dari buffer penerima.
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= Control register terdiri dari register yang mempunyai fungsi kontrol.

Untuk mengontrol sistem interupsi, terdapat dua register khusus, yaitu

register IP (interrupt priority) dan register IE (interrupt enable). Untuk

mengontrol pelayanan timer counter terdapat register khusus, yaitu register

TCON (timer counter control) serta untuk pelayanan port serial

menggunakan register SCON (serial port control).
2.8.4. Port Masukan dan Keluaran

Mikrokontroler AT89S51 mempunyai 4 port dan masing-masing port
terdiri dari 8 saluran bir. Ke empat port ini bersifat bidirectional yaitu dapat
digunakan sebagai masukan atau keluaran.

Port 0 digunakan sebagai saluran data yang di multipleks dengan saluran
alamat rendah untuk mengakses memori eksternal, baik memori program maupun
memori data. Port 2 mengeluarkan bagian alamat high untuk mode pengalamatan
memori 16 bit. Port 1 dan 3 berfungsi sebagai saluran masukan dan keluaran multi
fungsi. Jika dibutuhkan port 3 mempunyai fungsi khusus seperti ditunjukkan pada
tabel berikut.

Tabel 2-3 .Fungsi Khusus Port 3

Nama Penyemat Fungsi Khusus
Port 3.0 RxD (port asukan serial)
Port 3.1 TxD (port keluaran serial)
Port 3.2 /INTO (masukan interupsi eksternal 0)
Port 3.3 /INT1 (masukan interupsi)
Port 3.4 TO (masukan pewaktu eksternal 0)
Port 3.5 T1 (masukan pewaktu eksternal 1)
Port 3.6 /WR (sinyal tulis memori data eksternal)
Port 3.7 /RD (sinyal baca memori data eksternal)

%
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2.8.5. Sistem Interupsi

Mikrokontroler AT89S51 mempunyai dua sumber interupsi eksternal dan

sumber interupsi internal yang dapat diprogram agar sensitive terhadap perubahan

level atau transisi. Interupsi timer aktif saat register timer yang bersangkutan

mengalami rollover. Interupsi serial akan aktif pada saat mikrokontroler

mengirim/menerima data. Setiap sumber interupsi dapat diaktifkan/dimatikan

melalui perangkat lunak.

Tabel 2- 4 Tingkatan Prioritas Interupsi

Prioritas Interupsi

Sumber Interupsi

Alamat Vektor

1
2
3
4
5

6

1EO (Interupsi eksternal 0)
TFO (timer overflow flag 0)
IE1 (interupsi eksternal 1)
TF1 (timer overflow flag 1)
R1dan TI

TF2 dan EXF2

0003y
000By
0013y
001By
0023y
002By,

(Sumber: Intel. 1994: 3-25)

Hirarki tingkatan prioritas interupsi dapat dilihat dalam tabel diatas.

Interupsi yang mempunyai tingkatan prioritas lebih tinggi tidak dapat diinterupsi

oleh yang lebih rendah. Meskipun demikian melalui perangkat lunak hirarki

tersebut dapat diubah, yaitu dalam register interrupt priority (IP).
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Block Diagram

<

GRD

PSEN <

ALEFRY, <

BV
RST

Blok Diagram Mokrokontroler AT89S51

(Sumber : ATMELDatasheet Book)
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2.9. LCD (Liquid Crystal Display)

LCD atau Liquid Crystal Display merupakan sarana tampilan yang terdiri
dari tumpukan tipis antar sel dari dua lembar kaca yang pinggirnya tertutup rapat.
Diantara kedua lapisan tersebut diberi kristal cair yang tembus cahaya. Permukaan
luar masing — masing keping kaca memiliki lapisan penghantar tembus cahaya.
Sel memiliki ketebalan kira — kira 1x10° m yang diisi dengan kristal cair. Pada
modul LCD TM162 keluaran Seiko Instrument, LCD memiliki 2 baris tampilan
dengan 16 karakter setiap barisnya.

Tabel 2-5 Nama dan Fungsi Penyemat Pensinyalan pada Modul LCD

Nama Fungsi
D0-D7 Saluran data yang berisi perintah dan data LCD
Enable Sinyal pengaktif komponen
‘1’ untuk mengaktifkan
‘0’ untuk tidak memilihnya
R/W Selektor baca tulis
‘1’ untuk membaca
‘0’ untuk menulis’
RS Pemilih register
‘0’ untuk register inisialisasi (hanya tulis / write only)
‘1’ untuk register data (baca dan tulis)
VLC Pengendali terang redupnya cahaya LCD
VCC Catu daya positif (5 V)
VSS Catu negatif ( ground )

(Sumber : Datasheet Seiko Instrument LCD, 1987)
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Konfigurasi kaki pada modul LCD dapat dijelaskan pada Gambar 2-4 di

bawah ini :

VOIS ULpUWN-

LCD

Gambar 2-20 Konfigurasi kaki LCD
(Sumber : Datasheet Seiko Instrument LCD, 1987)

Adapun karateristik dari LCD TM162 adalah sebagai berikut:
- 16x2 karakter dengan 5x7 dot matriks.
- ROM generator karakter dengan 192 tipe karakter
- RAM generator karakter dengan 8 tipe karakter (untuk program write).
- 80 x 8 bit RAM data display dengan 80 karakter maksimal
- Dapat diantarmukakan dengan MPU 4 atau 8 bit
- RAM data dan RAM generator karakter dapat dil')aca dari MPU
- Rangkain osilator terpadu
- Catu daya tunggal 5V

- Reset otomatis terpadu

- Temperatur antara 0 °’c sampai 50 °’c
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BAB III

PERENCANAAN DAN PEMBUATAN ALAT

3.1. Pendahuluan

Dalam bab ini akan dibahas mengenai perencanaan dan pembuatan alat
pendeteksi suhu yang menggunakan infra red, dimana LED infra red yang
merupakan led yang bisa menghasilkan sinar infra merah yang dimungkinkan
untuk mendeteksi radiasi panas pada benda. Perencanaan alat ini dibuat tahap

demi tahap sesuai dengan diagram blok dibawah ini :

Infra Red
Transmitter
.| Penguat R R
»> » ADC MC
1 AT 89551
Infra Red
Receiver
LCD
Gambar 3-1 Diagram Blok

_—
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3.2 Perancangan Hardware
3.2.1 Perancangan Infra Red Transmitter

rangkaian pemancar infra red difungsikan untuk menembakkan sinar infra
merah pada obyek pengukuran, dimana sinar infra merah tersebut akan membawa
sinyal clock sehingga perubahan radiasi panas pada obyek pengukuran dapat
terbaca oleh detector infra merah. Dimana rangkaian infra red transmitter ini
merupakan suatu modul pengirim data melalui gelombang infra red.
3.2.1.1. Perancangan Rangkaian Infra Red

Infra red difungsikan sebagai media pembawa data (transmisit data)
dimana sinar infra red akan ditembakkkan ke obyek sehingga radiasi panas bisa

dibaca oleh detector, adapun rangkaian infra red seperti dibawah ini:

L

T sv

f‘n
]
IRLED

%\Ilh

Gambar 3-2
Rangkaian Infra Red

e — ———— ——— ———— ——————
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Adapun perhitungan untuk mencari nilai Resistor yang dibutuhkan adalah sebagai
berikut :

Vee — Vied
ILed

Sv-17v
15mA

= 022kQ=220Q

R =

Untuk perhitungan arus Colector adalah :_

Yee
Re

Sv
220

1100 mA

Ic =

3.2.1.2. Rangkaian Clock
Rangkaian clock diperlukan untuk mengaktifkan sistem yang dirangkai.
Pembangkitan clock digunakan multivirator astabil menggunaan IC NE 555.

adapun perhitungan perencanaan perancangan adalah sebagai berikut :

T High = 0,695 (1k + 3,3k)(10pF) = 29.8 s

T Low = 0.695 (3.3k*10 pF) = 2.39 s

Jadi frekuensi osilasi f adalah :
Fo= 1.44
1k +2*3.3k *10vF
= 189.4 Hz

_—
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Dari perhitungan datas bisa didapatkan kecepatan frekuensi yang dibutuhkan

untuk melakukan transmit data yang berupa radiasi panas,dengan nilai frekuensi

189.4 Hz

~)

6 355 3

[ 3]

it
H
I._—“

Gambar 3-3 Rangkaian clock

3.2.2. Pérancangan Infra Red Receiver

pada saat rangkaian infra red receiver menerima inputtan berupa frekuensi

radiasi infra red maka tegangan output yang dihasilkan akan dikuatkan lagi

dikarenakan tegangan yang diterima masih kecil

o e R R R RS
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3.2.2.1 Rangkaian Sensor Infra Red
Untuk menangkap perubahan data sinyal clock yang dikirim melalui LED
infra red digunkaan photodiode sebagai detector. Adapun skema rangkaian

sensornya adalah seperti gambar dibawah ini :

-

AT

4

4]}

Gambar 3-4
Rangkaian Sensor Infra Red

Besarnya arus pada photodiode bergantung dari energi yang diterimanya
tidak bergantung pada Ei besarnya arus ini diubah menjadi tegangan oleh RI,
adapun perhitungannya adalah sebagai berikut :

Vo = RI.IL

Suatu misal arus yang yang diterima oleh photodiode adalah 0,5 mA dan R1 = 10
kQ maka :

Vo = 10kQ x 0.05 mA

0.5mV =0.0005V

%
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3.2.2.2. Rangkaian Penguat Inverting
Dikarenakan tegangan yang diterima oleh photodiode kecil sekali mak
diperlukan penguatan sechingga outputtan yang dibutuhkan bisa diinputkan ke

ADC, gambar rangkaian penguat inverting adalah sebagai berikut :

g"‘o"k" 100}
L 1t

v W

01nF "
N

PEOIODIODY
= -
Gambar 3-§

Rangkaian Penguat Inverting

infra red yang diterima oleh detector yaitu photodiode berupa frekuensi
radiasi panas. Dikarenakan tegangan yang diterima oleh photodiode lemah maka

diperlukan beberapa kali penguatan, adapun perhitungan penguatan adalah

sebagai berikut :

Jika tegangan masukan dari sensor sebesar 0.05 mV maka tegangan outputannya

Vo = -0.05mV M
104Q2

= 0.5mV
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Dengan Av (faktor penguatannya)

100£Q
Av = Tora
= 10 kali
Dimana :
Av = faktor penguatan yang dibutuhkan
Vout = tegangan keluaran dari penguat Op Amp

3.2.3. Perancangan Penyearah Gelombang Penuh

untuk penguatan akhir sinyal yang diterima dari infra red receiver
maka dibutuhkan rangkaian penyarah gelombang penub, penyarah gelombang
penuh berfungsi untuk pengubah tegangan AC ke DC karena sinyal outputtan
masih ada yang berupa tegangan AC sebab ADC tidak bisa membaca sinyal AC

untuk itulah dibutuhkan pengkondisi sinyal ini.

10
AAN

—— |
- ‘E{> —P- »

p - LA

10

$
| \
%‘Lﬂ[ ?

Gami)ar 3-6
Skema Rangkaian Penyearah Gelombang Penuh

P e e — 1 ——————————— ————————
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rangkaian penyarah gelombang penuh mengeluarka suatu keluaran yang
sebanding dengan masukan tetapi tidak sebanding dengan polaritas masukannya.
Misalnya keluarannya bisa menjadi positif pada 5V ,baik untuk masukan + 5V

maupun—35 V.

3.3. Perancangan ADC (Analog To Digital Converter)

Untuk mengkonversikan data analog dari tegangan outyput sensor pH
dipergunakan IC 0804. IC ini memiliki sebuah input dan memiliki 8 output
pararel. ADC memiliki c/ock generator internal.

Penjelasan rangkaian ADC :
e Untuk tegangan referensi ADC diperiksa tegangan sebesar 5 Volt.
e Input tegangan merupakan hasil dari tegngan output op Amp.
e Delapan output pararel akan dihubungkan ke port 2 MCU.

e Pin3 (WR) pada ADC dihubungkan ke port 6 pin 3.4 pada MCU.

e Pin5 (INTR) pada ADC dihubungkan ke PO. 7 pin 3.4 pada MCU.

Sehingga dapat digambarkan :

e e
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_P2MCU

| DBO vee
| DR2 Vin(+) ——————— OP-AMP

D34 QKR
e 0]

| DB6 T 15007
D87 CQLKIN —2 O
——0| C3 VREF2 |—2 =
T Vin() WR 0=t P34 MOU
—=— AGND 5
D GND INT |o——
= ADC0S0
Gambar 3-7
Rangkaian ADC 0804

Kerja ADC 0804 Optimum pada frekuensi clock sebesar 640 KHz
Dengan nilai R=10 kQ
Maka, Fclock=1(1.1RC)
C=142pF~150pF
F=1/(1.1RC)
=1/(1.1x10*150x10™'2)
=606KHz
Tclock=1,65us
Sehingga waktu konversi yang diperlukan adalah :
=8x Tclock

=13,2us

__——_—__—————'_————_——;——-_———-—_.__———__'_——"—__——___
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L A e A o

Pada adc diberikan teganagan referensi sebesar 3 Volt sehingga memiliki step
size :
Step size=Vr/(25-1)
=5/255

=19,6mV~20mV

3.4. Perencanaan MCU AT89S51
AT89S51 merupakan sebuah chip tunggal sebagai pengaturan keluar
masuknya data. Karena dalam sistem ini menggunakan komunikasi data serial,
sehingga harus ada suatu komponen yang dapat mengubah data serial menjadi
data pararel untuk diproses oleh mikrokontroller yang bekerja dalam data pararel.
Ada IC khusus yang dapat menangani hal tersebut yaitu IC UART (Universal
Asyncronous Receiver Transmitter). Dalam berbagai macam mikrokontroller ada
yang dilengkapi UART diantaranya yaitu AT89S51. Alasan menggunakan
produksi Atmel dengan tipe AT89S51 adalah karena mudah diperoleh dipasaran
dengan harga yang relatif murah, mudah dan praktis dalam pemrograman karena
mempunyai program memori tipe EEPROM. AT89S51 merupakan memori
dengan teknologi nonvolatile memori, artinya isi memori tersebut dapat diisi
ulang ataupun dihapus berulang kali. MCU ini merupakan rangkaian slave yang
berfungsi sebagai penerima perintah- perintah dari PC. |
Rangkaian sistem mikrokontroller AT89S51 sebagaimana diperlihatkan

dalam gambar dibawah ini.

_—
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| P00 voC
| P01
| P02 P2.0
P03 P21
| P04 P22
| P05 P23
| P0.6 P2.4
| p0.7 P2.5
P26
P2.7
:g | P32
=—1 P33 RST
{ WRADC - P34 3
EA —5
X2 ALE/P 20 10K

18
19 20
+—i IT X1 GND [—=
= Izgﬂz ATS89S51 —_
30pF | BOpF -
Gambar 3-8
Skema Rangkaian Koneksi AT 89S51

Port-port yang digunakan dalam system adalah :

e Port 2.0 — 2.7 (port2) difungsikan sebagai input dari ADC (Analog To

Digital Converter) ADC 0804

e Port 0.0-0.7 merupakan output ke LCD sehingga data bisa ditampilkan

e Port 3.4 digunakan untuk memberikan inputan balik ke ADC apakah data

sudah dibaca oleh micro
¢ Port 3.2 -3.3 juga merupakan outputan ke LCD

e Port 4.0 merupakan inputtan Vce

e —
e ——————eee et et et ey
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Sedangkan pada pin reset pada mikrokontroller ini dugunakan susunana RC

seperti berikut :

"I_IOuF

reset

10K

Gambar3-9
Rangkaian Reset Pada Mikrokontroller

3.5 Perancangan LCD (Liquid Crystal Display)
Pada perancangan ini digunakan LCD (Liquid Crystal Display) sebagai
tampilan. LCD yang digunakan adalah jenis M1632 yang merupakan LCD dua

baris dengan tiap barisnya terdiri dari 16 karakter.

voc
oo
IN4002
. 2 Voo
9
3 ]
VEE 3
10K 1 E g
VSsS RS
16| y. RW ﬁs_ P32&P33 ]
= LCD M1632 =
Gambar 3-10

Rangkaian LCD (Liquid Crystal Display)

e ———————
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Port port yang digunakan lcd yang meupakam tampilan data :
e Port DB0-DB7 1nerupkan output data dari microcontroller  yang
membawa data tampilan suhu dari pengolah ADC
e Port 3.2 dan port 3.3 yang terhubung ke port E dan RS yang merupakan
sinyal pengaktif komponen ‘1’ untuk mengaktifkan dan ‘0’ umtuk tidak
memilihnya dan juga port RS berfungsi sebagai pemilih register ‘0’ untuk
registrasi inisialisasi (hanya tulis / write only) dan ‘1’ untuk register data

(baca dan tulis)

3.6 Perancangan Perangkat Lunak

Sebelum  perangkat lunak diimplementasikan  kedalam  bahasa
pemograman,maka terlebih dahulu harus dibuat suatau flow chart alogaritma
yang akan mempresentasikan kerja suatu program. Flow chart ini nantinya
digunakan sebagai acuan dalam pembuatan program, namun demikian flow chart
ini hanya berisikan garis besar skema perlatan yang akan dibuat seperti terlihat
pada gambar dibawah ini

Software yang digunakan untuk AT89S51 disini menggunakan bahasa
assembler keluarga MCS-51:

Flow Chart Program Utama Untuk Proses Tampilan Ke LCD :

. ————— ————————————
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( START |

b

INISIALISASI AWAL

L

BACA ADC

h 4

PROSES INPUT DATA

\ 4

TAMPILKAN M LCD

h 4

i END |

Gambar 3-11
Diagram Alir Perancangan Perangkat Lunak

e ———————— e
_————
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BAB IV

PENGUJIAN ALAT

Pada bab ini dilakukan pengujian dan pengukuran dari system yang telah
dibuat. Dari pengujian dan pengukuran ini dapat diketahui apakah sistem yang
dibuat dapat bekerja dengan baik atau masih ada kekurangannya. Pengujian dan

pengukuran dilakukan tiap blok dari setiap fungsi kerja alat.

4.1. Pengujian Infra Red Transmitter
e Tujuan Pengujian
pengujian rangkaian infra red transmitter dilakukan bertujuan untuk
mengetahui apakah data tegangan outputtan yang dibutuhkan pada saat
pengiriman data data berupa frekuensi radiasi panas bisa dilakukan
peralatan pengujian
e catudaya 5 Volt
e multimeter digital
e frekuensi counter
e logic probe
e Prosedur Pengujian
e menyusun penguiian rangkaian transmitter seperti yang
ditunjukkan dalam gambar 4-1
e menghubungkan catu daya ke rangkaian pengujian

e mengukur tegangan keluaran pada outputtan
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Rangkaian Infra | Multimeter
Red Transmitter Digital
.|  Frekuensi
Counter
Gambar 4-1

Blok Diagram Pengujian Rangkaian Transmitter Infra Red

e Hasil Pengujian Pada Rangkaian Transmitter Infra Red

Tabel 4.1 Hasil Pengujian Rangkaian Transmitter Infra Red

Tegangan masukan Tegangan Frekuensi Frekuensi
(Vcee) Keluaran (mVolt) | Perhitungan (Hz) | Pengukuran (Hz)
5 50 189,4 122

e Analisa Hasil Pengujian
Dari tabel diatas bisa dilihat tegangan keluaran sangat kecil sekitar kisaran

0.05 mVolt. Adapun presentasi kesalahan hasil pengujian bisa dihitung dengan

presentase penyimpangan :
Presentase penyimpangan == Fperhitungan - Fpengukuran x100%
Fpengukuran
_ 189,4-122 «100%
122
= 0.55%
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4.2 Pengujian Infra Red Receiver
¢ Tujuan Pengujian
pengujian infra red receiver bertujuan untuk mengetahui apakah photodiode
dapat merdeteksi perubahan suhu pada obyek pengukuran dengan mengukur
tegangan keluaran yang dihasilkan oleh photodiode. Dimana tegangan keluaran
nanti akan liniear sehingga bisa diproses lebih lanjut.
e Peralatan Pengujian
o Elemen pemanas
o Thermometer
o Multimeter Digital
o Catudaya 5 Volt
e Prosedur Pengujian
© Menyusun rangkaian pengujian infra red receiver sesuai dengan
gambar 4-2
o Menghubungkan catu daya ke rangkaian pengujian .
o Mengaktifkan infra red transmitter guna memberikan data
inputtan dengan cara menembakkan pada elemen pemanas
o Menaikkan suhu dengan cara menyalakan elemen pemanas
o Mengukur tegangan keluaran dengan multimeter digital

o Jarak pengukuran pada elemen pemanas +25 mm

_—
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Termometer
Infra Red _ ﬂ
Transmitter \
Multimeter Infra Red U
Digital < Receiver
Elemen Pemanas
Gambar 4-2

Pengujian Pada Infra Red Receiver
e Hasil Pengujian

Hasil pengujian rangkaian Infra Red Receiver ditunjukkan pada tabel 4-2

Tabel 4-2
Hasil Pengukuran Tegangan Qutputtan Sensor Infra Red Receiver
Terhadap Panas
Suhu Pada Elemen Tegangan Output
Pemanas | (mVolt)
27 0.09
30 0.13
35 0.15
40 0.22
45 0.29
50 0.33

_————————

%
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e Analisis Hasil Pengujian
Dari tabel 4.2 bisa dilihat bahwa tegangan outputan pada sensor infra red
receiver juga ikut meningkat dengan kenaikan suhu benda dengan kenaikan panas

radiasi yang simultan.

4.3 Pengujian Penguatan
e Tujuan Pengujian
Tujuan pengujian rangkaian penguat adalah untuk membandingkan teganagn
keluaran hasil pengamatan dengan hasil perhitungan berdasarkan tegangan pada
masukkan pada tegangan outputtan pada infra receiver dengan perencanaan
penguatan 10 kali.
¢ Peralatan Pengujian
o Catudaya 5 volt
o Multimeter Digital
e Prosedur Pengujian
o Menyiapkan rangkaian penguat tegangan seperti ditunjukkan
dalam Gambar 4-3
o Memberikan tegangan variabel sebagai tegangan refrensi pada
masukkan pembalik
o Mengukur tegangan keluaran penguat dan memasukkan kedalam

tabel 4-3

e e ———————eeeeeeeee e ——————
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Output tegangan
Sensor
y
Penguatan E Multimeter
digital
Gambar 4-3

Diagram Blok Pengujian Penguat
e Hasil Pengujian

Tabel 4-3 Hasil pengujian pada penguatan

Tegangan Masukan | Penguatan | Perhitungan | Pengukuran
(mVolt) (kali) (mVolt) (mVolt)
0.09 10 90 110
0.13 10 130 155
0.15 10 150 180
0.22 10 220 225
0.29 10 290 310
0.33 10 330 355

e Analisis Hasil Pengujian

Penguat yang akan diuji adalah penguat pembalik (inverting) yang mempunyai
penguatan 10 kali. Dimana proses penguatannya terjadi 3 kali proses penguatan.
Dari tabel hasil pengujian bisa dilihat bahwa rangkaian tersebut mampu

menguatkan tegangan masukan menjadi tegangan keluaran yang direncanakan
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4.4 Pengujian ADC 0804
e Tujuan Pengujian
Tujuan pengujian rangkaian ADC (Analog To Digital Converter) ini
adalah untuk mengetahui level tegangan keluaran ADC dan Menguji serta
kelineran ADC dalam mengkonversi tegangan analog kedalam nilai digital
8 Bit yang ekivalen
e Peralatan Yang Digunakan
o Multimeter digital
o Catudaya S volt
o LED display
e Prosedur Pengujian
o Menghubungkan masukan rangkaian ADC secara bergantian
dari tegangan 0 — 5 Volt
o Menghubungkan keluaran ADC 8 Bit dengan LED peraga
untuk mengetahui keluaran nilai biner dalam mengkonversikan
masukan analog ke bentuk digital
o Mengamati dan mencatat hasil pengujian dengan
memperhatikan nyala masing masing LED peraga untuk tiap-

tiap masukan analog yang berbeda

__-__'-—"———_—_——_-—_——____—__
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i e T

Variable
Voltage

ADC 0804

Multimeter
Digital

Bar LED
8 Bit

Gambar 4-4
Diagram Blok Pengujian ADC 0804

e Hasil Pengujian
Hasil pengujian ADC ditunjukkan pada tabel 4.4

Tabel 4-4 Hasil Pengujian Output ADC 0804
Terhadap Variable Input

Vin ADC | Resolusi Output Output

(mVolt) (Volt) (Desimal) (Biner)
110 0.0196 5.61 00000101
155 0.0196 7.91 00000111
180 0.0196 9.18 00001001
225 0.0196 13.0 00001101
310 0.0196 15.81 00001111
355 0.0196 18.11 00010010

e Analisis Hasil Pengujian
Dari tabel hasil pengujian dapat diketahui bahwa ADC 0804 mampu
mengkonversi masukan analog 0 volt sampai 5 volt menjadi keluaran biner. Hasil

konversi tersebut mendekati ADC hasil perhitungan.

_‘__—_—__—=_'——___————__._m
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iengupandiat .

Nilai kesalahan menunjukkan nilai penyimpangan data digital keluaran ADC
dengan nilai sebenarnnya. Nilai kesalahan maksimum berdasarkan data yang
diberikan ke ADC adalah sebesar 1 LSB .

Bobot biner 1 LSB adalah untuk sistem ini adalah :

Vref

28-1

Resolusi =

= 0.0196
Besarnya kesalahan perubahan tiap bit dapat diperoleh dengan perhitungan

sebagai berikut :

Presentase penyimpangan perubahan bit = 0.01963-0.0196 x100%

0.0196

= 0.153%
Adanya kesalahan hasil konversi ADC dapat disebabkan oleh tingkat akurasi

komponen ADC 0804 sebesar 1 LSB dan kesalahan dalam pengukuran.

4.5 Pengujian LCD Sebagai Tampilan Pada Mikrokontroller
e Tujuan Pengujian
Dalam pengujian LCD (liquid crystal Display) sebagai tampilan pada
mikrokontroller untuk mengetahui LCD dapat bekelja dengan baik
sehingga proses data yang diterima ADC (Analog To Digital Converter)
yang kemudian diproses oleh mikrokontroller dapat ditampilkan oleh

LCD.

e —
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e Prosedur Pengujian
o Menyusun skema rangkaian pengujian sesuai dengan gambar 4-5
o Mengaktifkan alat penguji

o Mengamati apakah LCD bisa berfungsi

MCU J LCD
AT89S51

A

ADC

Gambar 4-5
Skema pengujian LCD sebagai tampilan pada mikrokontroller

e Hasil Pengujian

bl

Gambar 4-6 Tampilan LCD
e Analisis Hasil Pengujian
Dari pengujian skema diatas ternyata LCD dapat menampilkan data yang

dibutuhkan
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BABV
PENUTUP
5.1 Kesimpulan
Dari perencanaan dan pembuatan alat ini dapat ditarik beberapa kesimpulan antara
lain :

1. pada saat menembakkan sinar infra red pada infra red transmitter terjadi
perbedaan ferkuensi pada perhitungan dan pengukuran dengan selisih
presentase penyimpangan 0.55%

2. Tegangan keluaran yang dihasilkan oleh sensor Infra Red pada saat
menerima inputtan tegangannya lemah untuk itulah diperlukkan penguat
dengan faktor penguattan 10 kali

3. Tegangan keluaran sensor Infra Red terhadap perubahan suhu sebanding
dimana terjadi peningkattan tegangan disertai dengan peningkatan suhu

4. Untuk mendapatkan hasil konversi yang bagus pada rangkaian ADC 0804
hendaknya memperhatikan Vreferensinya karena Vreferensi berpengaruh
pada resolusi konversinya

5. Proses kalibrasi dilakkukan dengan pengamatan secara langsung , berapa

tegangan yang keluar pada saat pengamatan suhu berlangsung

. —————
R T —
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5.2 saran-saran
1. mengingat inputtan data sangat kecil maka perlu perhitungan rangkaian
pengkondisi sinyal yang mantap
2. agar didapat hasil pengukuran yang sesuai harapan,maka dalam
penggunaan komponen harus tepat terutama sensor infra red
3. jika melakukan pengembangan dalam alat ini,sebaiknya pada rangkaian
infra red receiver digunakan sensor yang benar-benar bisa tepat membaca

perubahan radiasi pada spektrum infra red
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MULALI

TULIS:

ORG 00H
JMP MULAI

MOV  A,#03FH
LCALL WRITE_INST
LCALL WRITE_INST
MOV  A,#ODH
LCALL WRITE_INST
MOV * A,#06H
LCALL WRITE_INST
MOV A#01H
LCALL WRITE_INST
MOV  A#0CH
LCALL WRITE_INST

MOV DPTR#PAYMO
LCALL BARISA
CLR P3.0
LCALL DELAY
SETB P3.0

AWALAN: MOV R7,Pl

TULISI:

TULIS2:

TULIS3:

TULIS4:

CINE R7#00H,TULISI
MOV DPTR#PAYMO?2
LCALL BARISB
LCALL LDELAY

CJNE R7#19H,TULIS2
MOV DPTR#PAYMO3
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

CINE R7#1AH,TULIS3
MOV DPTR#PAYMO4
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

CINE' R7#1BH,TULIS4
MOV DPTR#PAYMOS
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

CINE R7#1CH,TULISS
MOV DPTR#PAYMO6
LCALL BARISB
LCALL LDELAY
LIMP AWALAN



TULISS: CINE R7,#1DH,TULIS6
MOV DPTR#PAYMO7
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS6: CINE R7#1EH,TULIS7
MOV DPTR#PAYMOS
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS7: CINE R7#1FH,TULIS8
MOV DPTR#PAYMO9
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULISS: CINE R7#20H,TULIS9
MOV DPTR#PAYMOI10
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS9Y: CINE R7#21H,TULIS10
MOV DPTR#PAYMOI11
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULISI10: CINE R7#22H,TULISI11
MOV DPTR#PAYMOI2
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULISII: CINE R7#23H,TULIS12
MOV DPTR#PAYMOI13
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS12: CINE R7,#24H,TULIS13
MOV DPTR#PAYMOI14
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS13: CINE R7#25H,TULIS14
MOV DPTR#PAYMOI15
LCALL BARISB
LCALL LDELAY



LIMP AWALAN

TULIS14: CINE R7,#26H,TULISIS
MOV DPTR#PAYMOI16
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS1S: CINE R7#27H,TULIS16
MOV DPTR#PAYMO17
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULISI6: CINE R7#28H,TULIS17
MOV DPTR#PAYMOIS
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS17: CINE R7#29H,TULIS18
MOV DPTR#PAYMOI19
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULISI1S: CINE R7#2AH,TULIS19
MOV DPTR,#PAYMO20
LCALL BARISB
LCALL LDELAY
LJMP AWALAN

TULIS19: CINE R7#2BH,TULIS20
MOV DPTR,#PAYMO21
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS20: CINE R7#2CH,TULIS21
MOV DPTR,#PAYMO22
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS21: CINE R7#2DH,TULIS22
MOV DPTR,#PAYMO23
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS22: CINE R7#2EH,TULIS23
MOV DPTR,#PAYMO24
LCALL BARISB



LCALL LDELAY
LIMP AWALAN

TULIS23: CINE R7#2FH,TULIS24
MOV DPTR#PAYMO25
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS24: CJNE R7,#30H,TULIS25
MOV DPTR#PAYMO26
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS2S: CINE R7#31H,TULIS26
MOV DPTR#PAYMO27
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS26: CINE R7,#32H,TULIS27
MOV DPTR#PAYMO28
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS27: CINE R7,#33H,TULIS28
MOV DPTR#PAYMO29
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS28: CINE R7#34H,TULIS29

MOV  DPTR#PAYMO30
LCALL BARISB
LCALL LDELAY
LIMP AWALAN .
TULIS29: CINE R7#35H,TULIS30
MOV DPTR#PAYMO3I
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS30:  CINE R7#36H,TULIS31
MOV DPTR#PAYMO32
LCALL BARISB
LCALL LDELAY
LIMP AWALAN
TULIS31:  CJNE R7#37H,TULIS32
MOV  DPTR#PAYMO33



LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS32: CINE R7#38H,TULIS33
MOV DPTR#PAYMO34
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS33: CINE R7#39H,TULIS34
MOV DPTR,#PAYMO35
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS34: CINE R7#3AH,TULIS35
MOV DPTR#PAYMO36
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS35: CINE R7#3BH,TULIS36
MOV DPTR#PAYMO37
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS36: CINE R7#3CH,TULIS37
MOV DPTR,#PAYMO38
LCALL BARISB
LCALL LDELAY
LIMP AWALANMN

TULIS37: CINE R7#3DH,TULIS38
MOV DPTR#PAYMO39
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS38: CINE R7,#3EH,TULIS39
MOV DPTR#PAYMO40
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS39: CINE R7#3FH,TULIS40
MOV DPTR#PAYMO41
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS40: CINE R7#40H,TULIS41



MOV DPTR#PAYMO42
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS41: CINE R7#41H,TULIS42
MOV DPTR,#PAYMO43
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS42: CINE R7#42H,TULIS43
MOV DPTR,#PAYMO44
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULISA43: CINE R7#43H,TULIS44
MOV DPTR#PAYMO45
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS44: CINE R7,#44H,TULIS45
MOV DPTR#PAYMO46
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULISA45: CINE R7#45H,TULIS46
MOV DPTR#PAYMO47
LCALL BARISB
LCALL LDELAY
LIMP AWALAN

TULIS46: CINE R7#46H,BINGUNG
MOV DPTR,#PAYMOA48
LCALL BARISB
LCALL LDELAY

BINGUNG: LIMP AWALAN

WRITE_INST: CLR P27
WRITE: MOV PO,A
CLR P26
SETB P2.6
LCALL DELAY

RET

WRITE_DATA: SETB P27
LIMP WRITE



BARISA: MOV R3,#16

MOV  A,#80H
BB: LCALL WRITE_INST
TULISAN: CLR A
MOVC A,@A+DPTR
INC DPTR

LCALL WRITE_DATA
DINZ R3,TULISAN
RET

BARISB: MOV R3,#16
MOV  A#0COH

LJMP BB
DELAY: MOV RO#0
DELAY: MOV  RS5,#50H
DINZ RS,$
DINZ RO,DELAY1
RET
LDELAY: MOV R2,#04FH
LDI: LCALL DELAY
DINZ R2,LDI
RET

PAYMO: DB ' TELETHERMAL '

PAYMO?2: DB 'SUHU: 00
PAYMO3: DB 'SUHU:25

PAYMO4: DB 'SUHU:26
PAYMOS: DB 'SUHU :27
PAYMO®6: DB 'SUHU:28
PAYMO?7: DB 'SUHU:29
PAYMOS: DB 'SUHU:30
PAYMOY: DB 'SUHU:31

PAYMOI10: DB 'SUHU:32
PAYMOL11: DB 'SUHU:33
PAYMOI12: DB 'SUHU:34
PAYMOI13: DB 'SUHU: 35
PAYMO14: DB 'SUHU: 36
PAYMOL15S: DB 'SUHU:37
PAYMOI6: DB 'SUHU:38
PAYMOL17: DB 'SUHU:39
PAYMO18: DB 'SUHU:40

- - - - - - - - -



PAYMOI19:
PAYMO20:
PAYMO21:
PAYMO22:
PAYMO23:
PAYMO24:
PAYMO25S:
PAYMO?26:
PAYMO?27:
PAYMO28:
PAYMO29:
PAYMO?30:
PAYMO31:
PAYMO32:
PAYMO233:
PAYMO34:
PAYMO35:
PAYMO?36:
PAYMO?37:
PAYMO38:
PAYMO?39:
PAYMOA40:
PAYMO41:
PAYMO42:
PAYMOA43:
PAYMO44:
PAYMOA45:
PAYMO46:
PAYMOA47:
PAYMOA48:

END

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

'SUHU :
'SUHU :
143
'SUHU :
145

' SUHU

'SUHU

'SUHU :
147
148
149

' SUHU
' SUHU
'SUHU

'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
158

'SUHU

'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
'SUHU :
: 68
1 69

'SUHU
'SUHU

'SUHU :

41
42

44

46

50
51
52
53
54
55
56
57

59
60
61
62
63
64
65
66
67

70

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Clmtox

INFRARED EMITTER
OPERATING SPECIFICATIONS

TO-5 heusing. Chip mounted with PVB.
Normal temperature and pressure.
Duty ratio = 1/2. F=5 Hz.

Nominal parameters(750 °C})

For other frequencies, paramelers may vary.

INPUT SIGNAL WAVEFORM

Bi-polar drive voltage may be used. Batch 23-18

Window NA

- ) Reflector NA

3 a":‘a’m'e"!a' Atmosphere air

_g P (750 .‘Ce;s R (Ohm] in hot state 48
N Input power [mw] 1000

Varrgans [V] 7.0

fe—] largiesse [MA] Lio

002 0 sec Decay time (50% of peak) (ms] -
OPERATIONAL GUIDELINES

The source of the infrared radiation is a thin thermoresistive film of conducting amorphous carbon. The
infrared radiation is lhe resuit of heating by passing an eleclric current through the film. The current can
have any polarity. The maxmum temperature of the film should not exceed 750°C in continuous
operalion. A red luminescence of the film is observad during operation at temperatures near 750°C.
Short term heating (in air) up to 850°C is possible but will reduce device lifetime.

In the specifications the nulse parameters are indicated for an einitter operating withcut a radiator and at
ambient temperature and pressure. A rectangular voltage pulse at a frequency of 5 Hz and with a duty
ratio of 50% is used for heating.

The pulsed power indicated in the specifications cannot be exceeded for longer pulses. In diract current
(dc) mode, il is recommended to keep the power on
the emilter below 0.9x of the pulsed power indicated in

the specification. « o sasesss o s saeesess s 4 e emess
19 s s% el UV a fab b (LI
By reducing the length of the heating pulse, the B R TR 7 s
membrane will not have time to reach 750°C. The onem v N
pulsed power can therefore be increased to obtain & i AR T T AR R ERLYRY
maximum of 750°C for the membrane. The increase in=~ F1eh - v wcieinmn s = s o n v ool = ne v v arurd
power is dependent on the duty ratio and frequency. 1o] - o mraratasim e s oo v foanne o e s n oo
For a duty ratio of 50% the power can be increased by L T R )
a factor (power coefficient) given in the figure to the Z b R SR A St A A R S Seth
right £3 §43NE)
At very high frequencies, the temperature variation of e MRy
the membrane vanes insignificantlly during a pulse e v an. ey . pord
cycle and depends on the mean power during the ) I Yyrowovavenmnwovseien
cycle. approaching dc conditions. The mean power 1° 0 ] 0

should then be reduced to <0.9x of the pulsed power Frequarcy (Ha)
of the standard operating condition.

7080 N. Cathedral Rock P1, Tucson, AZ 85718 - 5§20.299.9533 - X 5§20.844.8255



Philips Semiconductors Linear Products Product spacification
Timer NE/SAJSE555/SE555C
DESCRIPTION PIN CONFIGURATIONS
The 555 monolithic iming cireuit is @ highly stable contreller cspable
of producing accurate time delays, or cscillation. In the time dalay D. N, FE Packages
mode of operation, the time is precisely controlled by one extemnal
resistor and capacitor. For a eteble operation as an cacillator, the cnp[ 1] 9] vee
free running frequency andthe duty cycle ere both accurately DISCHARGE
controllad with twe extemal resistors and one capacitor. The circuit TREGER 2 u
may be triggared and reset on falling waveforms, and the output ourpur | 3] 8] miresuoLo
shruclure can seurce or sink up o 200mA. Reser| 4] | 9| CONTROL VOLIAGE
FEATURES F Package
° .
Tum-off time lass than 2ue - E K Vec
® Max. opersling frequency greatsr than 500kHz Xe E 73] e
® Timing from micrseconds to hours TRicGer 7] 7] miscuarce
® Operatas in both astable and monoslable medas ouTRUT II 1] xe
)
® High output current NG E m THRESKALD
» Adiustablo duty cvcle reser [3] 9] xc
: o ne[7] 8] conrra vourace
® TTL compalible ‘
@ Temparature stability of 0.005% par°C TOP VIEW

APPLICATIONS
® Pracision iming

® Pulse generalion
@ Saquontialtiming

® Time delay generslion
® Pulse width modulation
ORDERING INFORMATION

DESCRIPTION TEWMPERATURE RANGE | ORDERCODE | DWG#
8-Pin Plastic Small Outine 1SO) Package Ot +70°C NE5550 0174C
8 Pin Plastic Dual InLine Package [DIF) 0o +70°C NEG55N 0i04B |
&Pin Plastic Dual In-Line Packaga (DIF) 30°C to +85°C SAS55N 04048
| &Pin Plastic Small Ouline (S0) Package ~-40°C to +85°C SAG550 0174C
8-Pin Harmatic Ceramt Dual In-Line Package (CERDIP) -55°C to +125°C SESS5CFE
&Pin Plaslic Dual In-Line Package (DIF) -55°C 1o +125°C SEB55CN 04048
14-Pin Piastic Dual tn-Line Package (DIP) -55°C to +125°C SE555N 04058
8-Pin Hermetic Cerdip -55°C tp +125°C SESSSFE
14-Pin Ceramic Dual In-Line Package (CERDIP) 0o +10°C NESS5F 05818
14-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SES55F 05618
14-Pin Ceramic Dual In-Line Packsga (CERDIP) 55°C to +125°C SES65CF 05818




Philips Semiconductors Linear Products

Product spacification

Timer NE/SA/SE555/SE555C
BLOCK DIAGRAM
Vee
[+ ]
SR CONTRQ.
YOUIAGE
THRESH. )
oL
6 u-H CONPARATOR
R
1 TRIGGER
CONMRATOR Ho 2
ZR
DIS. =
CHARGE
704 RESET
fLPFLOP g ¢
&3 a1
QUTPUT GKD

EQUIVALENT SCHEMATIC

FH
Q  CONFRQL VOLTAGE

0
TRIGGER

NOTE: Pin numbers ate for 8-Pin packacp

P
RESET

DISCHARGE gy
GND|




Philips Ssmiconductors Linaar Products Product pecification
Timer NE/SA/SES55/SE555C
ABSOLUTE MAXIMUNM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply vollage '
Ve SE555 +8 v
NE5&5, SE555C, SAB5S +6 v
Pp Maximum allowable power dissipation! 800 mw
Ta Operating ambint tempersture range
NE555 Oto +70 °C
SA555 40to +85 C
SEB55, SES55C 5510 +125 C
Tsig Sterage temperalure range 510 +150 °C
Tﬁﬁ 2 Lesd acldeﬁm temparslure { 10sec maxl +300 C
NOTES:

1. The junclion lempsrature must be kept below 125°C for the D package and below 150°C for the FE, N and F packages. At ambient tempers-

lures above 25°C, where this limil would be dersted by the following faclors:
D package 160CWY
FE package 150°C'W
N package 100°C/W
F package 105°C/W



Philips Semiconductors Linear Producls

Product spscification

Timer NE/SA/SES555/SE555C
DC AND AC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vg = +5V to +15 unless othenwise spacified.
SYMBOL PARAMETER TEST CONDITIONS = 85555 ﬁNES&?SESSSC UNIT
Min | Typ | Max | Nin | Typ | Max
Vee Supply voltage 4.5 18 4.5 16 v
loc Supply curent (low Voc=5v. RL=o 3 5 3 ® mA
state)! Veo=15V, Ry = 10 12 10 15 mA
Timing error {monostabla) Ra=2k0 to 100KQ2
ty Initial accuracy? C=0.1pF 0.5 20 1.0 3.0 %
AbAT Drift with tempersture 30 100 50 150 ppm°C
ApfAVs Dri with supply vollage 005 | 02 0.1 0.5 L4
T Timing error (astable) Re, Re=1k22 to 100K2
ta Initial accuracy? C=0.1pF 4 8 5 13 %
AtyaT Drift with tempersture Vees=15v 500 500 ppm°C
AlgfAVg Drift with supply voltage 0.15 0.6 0.3 1 WV
Ve Control voltage lavel Vee=15v 9.6 100 | 104 9.0 100 | 11.0 v
Veo=bv 29 133 38 26 333 | 40 v
Vecm 1SV 94 | 100 | 106 | 88 | 100 | 1.2 v
Vin Threshold voltage
Vo259V 27 3.33 4.0 24 333 | 42 v
Ity Threshold cument’ 0.1 025 0.1 0.25 A
VIR Trigger voltage Voca 15V 48 [ 50 | 52 | 45 | 50 | 56 v
Vo=V 145 | 1.67 19 \A 167 | 22 v
Irric Trigger cument ViRriG30V 0.5 09 0.5 20 HA
VRESET Reset voltage? Vec=15V, Vip =10.5v 0.3 1.0 03 10 v
|RESET Reset cument VResgr=0.4V 0.1 0.4 0.1 0.4 mA
Reset cument leﬂv 04 1.0 04 1.5 mA
Voc=15V
IsiNk=10mA 0.1 0.15 0.1 0.25 v
IsINK=50mA 04 0.5 o4 0.75 v
Voo Qutput voltage (low) Isik=100mA 20 22 20 2.5 v
IsiNk=200mA 2.5 2% v
Vee=5V
ISINK=SmA 01 0.25 0.3 04 v
Isink=5mA 0.05 0.2 025 | 0.35 v
Voo=15V
Isource=200mA 125 125 .V
Vou Output voliage (high) Isgurce=100mA 13.0 | 133 1275 | 13.3 v
VecshvV
Isource=100mA 3.0 33 2.78 3.3 v
toFE Tum-off tmeo> VR-ESEI‘VCC 0.5 20 0.5 29 ps
m Rise ime of oulpul - 100 | 200 100 | 300 )
|3 Fall time of output 100 200 100 300 ne
Disc harge leakaege current 2 100 20 100 A
NOTES:

1. Supply currentwhen output high typically 1mA less.
2. Teslad al Veo=5V and Vpo=15V.

3. This will detarmine the max valua of Ry +Rp. for 15V operation, the max total R=10M(2, and for 5V speration, the max. total R=3.4MSL
4. Specified with trigger input high.

5. Time measurad fro
tied to threshold.

m a positive going input pulse from 0 to 0.8xV ¢ into the thrashold to the drep from high to low of the output. Trigger is



Philips Semionductors Linear Products Product spacification
Timer NE/SA/SE555/SE555C
TYPICAL PERFORMANCE CHARACTERISTICS
Ainimum Pulse Wicith Supply Current Delay Timo
Regquired for Triggaring vs Supply Voitage ve Temperature
120 100 I | I 1013
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Philips Semiconductors Linear Products

Product specification

Timer NE/SA/SES55/SES55C
TYPICAL APPLICATIONS
935 OR 12536
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Philips Semiconductors Lineer Preducts

Product spacification

Timer

NE/SA/SE555/SES55C

TYPICAL APPLICATIONS

NOTE: Allresitor valus sre bl

Ve |
Yee Ve :
l |
10k I
13 Voo A
S0UF o
2 5%
= ovoLis
L— DURATION OF
mbcczn PULSEAS
HE TIHER
SWITCH GROUNBED
AT THIS POINT

Figure 1. AC Coupling of the Trigger Pulse

Trigger Pulse Width Requirements and Time
Delays

DBua tothe nature of the trigger circuilry, the limer will trigger on the
nagative going edge of tha input pulse. For the device to time out
properly, itis necessary thal the trigger voliage leve! be relumed to
some voltage greatar than one third of the supply osfore the time out
period. This ean be echisved by making either the trigger pulse
sufficiently short or by AC coupling inlotha trigger, By AC coupling
the trigger, soe Figure 1, a short nagative going pulsa is achieved
when tha trigger signal goes to ground. AC coupling is most
frequently used in conjunction with a ewailch or asignal that goes to
ground which initiates the timing cycla. Should the trigger bo held
low, without AC coupling, for a longar duration than the tming cycle
the output will remain in a high elats for the duration of the low
trigger signal, without regard to tha threshold comparater state. This
is due to the predeminance of Qs onthe base of Qqg, controlling
tho state of tha bi-stable fip-flop. When the trigger sigr.al then
retums to a high kevel, the cutpul will fall immediately. Thus, the
output signal will follow the trigger signsl in this case.

Another consideration is the ‘tum-cff ime". This is the measurement
of the amount of time required after the threshokd reaches 2/3 Vg
to tum the output low. To explain further, Q4 at the threshdd input
tums on after reaching 2/3 Voo, which then tums on Qg, which tums
on Qg. Current from Qg turns on Qg which tums Qq7 off. This
allows cument from Qyg to tum on Qxy and Q4 to given an output
low. These steps cause the 28 max. delay as stated inthe data
shest.

Also. a delay comparable to the tum-off time is the trigger rdlease
time. When the trigger ia low Qg 5 on and tums an Qg9 which tums
on Qqg. Qyp turns off Qg and allows Q47 to tum en. This tume off
current to Qo and Qyg, which results in output high. Whenthe
trigger is reloased, Qg and Qyq shut off, Q5 tums off, Qg tums on
and the circuit then follows the same path and me delay explainad
as 'turn off ime". This trigger release ime is very important in
designing the trigger pulse width so as nat tointerfere with the
output signal as explained previcusly.
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Photodiode Lincarity and Optical Filter ‘Transmission

INTRODPUCTION

The purpose of this experiment is to demonstrate the operating characteristies of
a photudivde deteetur and the properties of commonly-used optieal filters. A very usejul
property ol n deteetor is linearity. i.e. an outpnt signal that is proportional to the intensity
of light falling on the detector. Photodiodes are found to be linear over a wide range of
intensitios (abont 10%). Your tirst task in this experiment will be to verify the linearity
of the photodiode, althungl vver a smaller range of intensities. The second part of the
experiment s o meastirement the transmission properties of a set of optical filters, i.c. the
fraetion ol light that each filter lets throngh vs a function of wavelength. You will be using
standard U, B. V. R, and I filters which are widely used in optical photometry.

EXPERIMENTAL SETUP AND PROCEDURE

Photodiode Lincarity

. The deteetur is a PIN silicon photodiude (United Deteetor Technology Model 020A)
wonnted ina small reetangnlar box whicli is in turn mounted on a wetal plate for mechan-
feal stability. The divde mount resides inside a large, rectangular wooden Lox (5 x 17 x 17).
The box is painted blnek on the inside and has a lid so that it can isolate the apparatus
from stray light in the rouin. When the photodiode is ithuninated it produces a eurrent
which is mensured with o Keithley eleetrometer (a faney ammeter). The diode is connceted
tu the eleetrometer through a pair of bulkhead conneetors at the end of the box. At the
other end another set of bulkhead conneetors allow the quartz lnp to draw power from a
transformer that sits ontside the hox. The arrangement is shown sehieiatieally in Figure 1.

After nmmking cheeking that everything is conneeted properly, turn on the quartz lamp
with the switeh lueated on the transtorer ontside the box. Set the electrometer to read
current in the pA (107% A) range. Adjust the multiplier knob so that when the quartz
lamp is 1up elose to the photudiude, the electrometer reads close to the maxinuin value
that it can readd. In the conrse of making measurements do not change the Ampére range
switch to nA or anything else. This will change the input impedance of the clectrometer
and shift it to a diferent part of the current vs voltage curve. All measurements of
current should be made with the lid finly closed. The current may take a
fow scconds to reach its final value after the lid is closed; wait for it to settle
down before reading it off the meter.

To adjust the intensity of light illuminating the photodiode move the lamp back and
forth and measure its distance with the ruler. In addition te moving the lamp back and
forth you ean also insert neutral rensity filters in front of the lamp to reduce the intensity
even Jurther. There are three ditferent filters awilable which produce an attenuation of
10711072, amd 1071, Yon should verify the attenmation produced by cach filter exper-
imentally. to be on the sate side. By combining these two techniques you can illuminate
the photudiode with light spanning » fairly wide range of intensities.
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When making measurements you should take proper account of any back-
ground current. Background enrrent is current produced by the photodiede which does
not result from direet illumination by the lamp. It could result from thermal noise in
the material ol the photudiode or trom seattered light within the box. Any shiny, metal
objeets inside the bhox will seatter light and inerease the background, so you should not
keep any optical components in the box other than what you are using. To measure the
background current you can put something between the lamp and the photodiode to stop
direet light fromn reaching the photodiode. Then close the lid and read off any residual
current produced by the photodiode. This background measurement must be made every
time to change the contignmtion hy moving the lainp or adding a neutral density filter.

Muke 10 to 15 measnrements of the enrrent produced in the photodiode trying to
sample as wide o range of light intensities as possible. Make sure to measure the background
current eaeh time and subtraet it from the final curreut. Also, estimate the uncertainty in
the intensity amld in the current for each measurement, Of course, you cannot know the
absolute ntensity of the light falling on the photodiode but you should be able to determine
the welative intensity. In your report vou shoukl explain how you determined the relative
intensity (i.e.. what is it relative to?). Make a plot of the current vs the relative intensity
with arror bars and choek i you can tit a straight line throngh it by eye and measure its
slope.

You should also try a quantitative assessinent of the linearity of the photodiode using
the \2 test, To simplily this exercise, ignore the errors in the intensity and use only the
errors in the enrrent. 11 the relationship between the current, 7, and the illuminating flux,
F. s of the formn [ = aF + b, then the coefficients ean be determined by a least squared
method through the tormulae:

H(E7) E%7)-E3) E))
-s{(5%) &%) (£3) E%9)}
=52 (55) (55)

In the above formulae, » is the number data points and Fj, I; and o; denote the illuminating
flux, current, and error bar on the current in the i*" measurement. Once the coefficients
a and b have been determined, you can apply the x? tost to see if the best-fitting straight
line is irdeed consistent with the data. The definition of the reduced x? for this particular
straight-line fit is

a
I|

and

wheore
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where D is the mumber of degrees of freedom (number of data points minus the munber of
Iree parameters). How many e parameters are there in this case? What values of x? or
v2 would indieate to yon that a straight line is consistent with the data?

The above sums may be sumewhal tedious to perform with a ealeulator, so you may
have to resoit 1o a compnter. If you neet to use a eomputer in the department talk to
your instruetor or T A,

Optical Filter Transmission

Now that yon have veritiod that the photudiode responds linearly to the intensity of
illnminating light yon can nse it as a tool to measure the transmission through a set of filters
as a function of wavelength. The basie prineiple hehind this measurement is that when
a filter is inserted into the beam it attenuates the light that reaches the photodiode. By
measiring the intensity of the light with and withont the Hlter in the beam the transinission
properties of the lilter can be determined. The transmission as a [unetion of wavelength
can be stidied with the help of 2 monochromator, a deviee which uses a curved grating
to seleet vnly light of a specilic wavelength, which is allowed to exit the device. There is
a erank on the side of the monochromator box that is used to seleet the wavelength. The
seleeted wavelength is displayed on the top of the box in nanometers (1 mn = 10 A).

The same woodden box used in the provious part of the experiment is used in this
part tov. However the arrangenient of the apparatus inside the box is ditferent. The new
arrangement is shown in Fignre 2. Light from the quartz lamp is focused by a lens onto
the slit at the cutrance of the monochromator. The next lens takes the light from the exit
slit ol the monuchromator awd toeuses it onto the photodiode. An alwminum filter holder,
which also aets ax a colimator, is wonnted in front of the quartz kunp housing. The purpose
of the assembly of lenses is to direet all the light from the lamp to the monochromator
entrance apertire amd from the monochromator exit aperture to the photodiode.

You shonld take extro eare when setting up the apparatus. Make sure that the light
benu is well-aligned aml woll-luenssed ot the entianee aperture of the monochromator
and at the face of the phutodiode. You can use a picee of paper as a sereen to trace the
light path and verify the alignment. Whenever yon make any change to the setup (e.g.,
when you change lilters) there is a chance that the alignment is disturbed, so check it
ngain before making any measurements.  Since- the whole point of this experiment is to
measure the attemmation of light by the ilters, any loss of light for other reasons, such as
misaligninent or pour foens, will introduee an arror in the results.

Another putential souree of error is the background current in the photodiode. The
discussion of backgronnd current given in the photodiode linearity experiment applies here
as woll. Make snro to measure the background every time you change the filter (there is
no needl to re-measure the background if you are only adjusting the wavelength setting of
the monvchromntor).

The first set of measurements yon need to make are of the intensity of the unfiltered
light from the lamp as a function of wavelength. Make measurements every 30 nm, starting
at 300 nm and going up to 1020 nm. Follow all of the precautions mentioned above and
in the previous seetion {as well as any other preeautions that may seem reasonable) and
try to ostimate the typical uncertainty in your measuremnents.
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When you finish the lirst set of measurements insert a filter into the filter holder, check
the beam alignmment, measure the backgrounl and repeat the whole series of imeasuretnents
all over again af the eraet same waeelengths, Measure as many filters as time permits, in
the order 1. R, V, B, U. I von get as far as the B and U flters you shoulkl exerelse
oxira care with them beecause their transimission efficieney is low and so is the apparont
intensity of the nuliltered light at those waveleugths. As a result, good measurewents of
the background are vory important.

Construet tramsmission eurves for the filters that you measured by dividing the filtered
intensity by the nnfilteced intensity, wavelength by wavelength. Plot the transinission
curves and their ervor bars. From the plots determine the full width at half maximuin of
the filter passband. Use the measured transmission efficiencies to determine a transmission-
weighted mean wavelength for each tilter. The transmission-weighted mean wavelength is
the first moment of the transinission curve (reeall the definition of the tirst moment of a
property normalized distribution). Finally, contemplate the following questions and write
your thonghts in the repurt
(n) Do the transmission curves that vou deteimined depend in any way on the speetrum

of the quartz lamp or the deteetion ellicieney of the photadiode? Explain,

(b) Does the measured intensity of the untiltered light as a funetion of wavelength vepre-
sent the speetrum ol the quartz laap? Explain.

LAB REPORT

Your Iab report shoulhl contain a beief sumunary of the experimental setup and proece-
duire and a elonr presentation of the resnlts. Yon should answer all the little questions that
are seattered aronnd in the text uied earry out all the exereises associated with the analysis
of the data. The accuraey of the measureinents is o major issue in this experiment so you
shonld inelide a diseussion of the potential sourees of error, what you did to minimize
their impact. and an assessiment o the uneertainty in your results.
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Figure 1: Schematic arrangement ol the apparatus for the photodiode linearity ex-

periment. The quartz lamp and photodiode assembly reside inside the box. The neutral
density lilters are nsed for sume ol the measurciients.
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Figure 2:  Schomatic arrangeient of the apparatus for the filter transmission measure-
ment. This entire setnp resides inswle the wooden box with eonneetions to exterior devices
as shown in Fignre 1. Nuotice the Elter holdor monated i front of the lamp housing.



Photodiode-Based Detector
Operates at 60 Ghz

Careful design of device structure and drive circuitry yleld
high speed photodetector for optical detection

By: Andrew Davidson, Focused Research Inc. and Kathy LI Dessau, New Focus Inc.

With the recent advancement of gigabit fiber
communication and the photonic distripution of
microwave signals, there Is a growing need to
characterize the high-speed optical signals
found in such systems. This task is typically ac-
complished with a high-speed photodetector
followed by an instrument such as a sampling
oscilloscope. a radlo frequency (RF) spectrum
analyzer. or a vector network analyzer. For the
measurement to be a true representation of the
actual signal. the speed or bandwidth of the
combined measurement system should exceed
that of the signal under test. The high-speed
photodetector Is thus an essential part of the
system.

Designing a hish-speed detector

Two types of photodetectors commonly used
for high-speed applications are p-i-n and Schot-
tky photodiodes (see Figure 1). In both devices.
photon absorption In the depletion region of a
reverse-blased junction creates electron-hole
pairs. These carriers are swept out of the high-
fleld region to create a convent in ar external cir-
cult.

SEMITRANSPARENT AU
P CONTACT RING

; NCONTACT
P IYPE

INTRINSIC N+ TYPE
N ¢+ TYPE
SEMIINSULATING
N CONTACT

FIGURE 1: The high-fidd region is the lurinsic
layer in the p-i-n photodivde {left) and the n-
region in the Schouky photodiode {right).

The speed of these photodiodes s limlted
by depletion reglon transit time and ca-
pacltance. Transit time refers to the time re-
quired for the electrons and holes to drift
across the high-fleld depletion region. It is de-
termined by carrier velocity. which is constant
(~3x10° civ/s) and the depletion region thickness
t. which can vary. Depletion reglon thickness Is
thus the design parameter cantrolling transit
time, and should be made inversely proportional
to the desired bandwidth.

Capacitance slows the device via an RC
time constant where the resistance Is that of
the device load lmpedance. The capacitance is
proportional to the active area and inversely
proportional to depletion region thickness. For
high-speed operation. then. both the active area
and depletion region thickness should be min-
imized. A small active area, however, places de-
manding requirements on the focusing optics
for the detector, A thin depletion reglon means
only a fraction of the Incident photons will be
absorbed. To optimize speed while maintaining
performance, designers generally make the ac-
tive area and depletion region thickness just
small enough to satisfy the speed requirements:
transit time Is typically made comparable fo the
RC time constant. Using this stmple approach.
engineers at New Focus have designed high-
speed Schottky detectors that can achleve
bandwidths as high as 60 GHz.

The design team chose a Schottky configu-
ratlon because it is the faster of the two
designs — in the case of a p--n diode, If the top
p -layer Is absorbing, the carriers generated in
this undepleted. low-fleld reglon must diffuse
out at slow speeds, Schottky photedicdes also
offer lower parasitic resistance. The n -type
Schottky diode. for example. has only an »2-layer
and no p-layer. In a top-illuminated 1 -type diode,
the carriers are created near the top metal con-
tact; the holes, which are the slower carriers,



travel just a short distance to the metal.

The detectors have been designerl for both
back-side and front-side illumination For back-
side Hlumination, light is incident thwough the
transparent indium phosphide ([nP) substrate and
absorbed in the indium gallium arsenide InGaAs)
active region, permitting  detection of wave-
lengths from 950 nm to 1650 nm. The top Schot-
tky contact serves as a mirror, allowing a dou-
ble-pass through the absorbing laver to enhance
quantum efficiency.

The front-illuminated devices are fabricated
with both InGaAs and gallinm arsenlde (GaAs)
absorbing layers and have a thin, semi-transpar-
ent gold (Au) Schottky metal. The sheet resist-
ance of the gold is detrimental to the high-speed
performance. so a curent-collecting ring of
thick gold is added to the periphery of the active
area to minimize this resistance \see Flgure 2).
The devices are sensitive for wavelengths rang-
ing from 400 nm to 1650 nm.

FIGURE 2: SEM of a front-illuminated InGaAs
Schouky photwdiode. Phioto Courtesy of Neww Focus

Flat frequency response and ring-free impulse re-
sponse detectors

An intrinsic photodiode designed for high-speed
operation s necessary. but not sufficient, for
high-speed optical detection, The bilas circuitry
and the high-speed connection to the 50-olun
output transmission line must also be carefully
designed to produce the desired response. This
response is dictated by the application and is
generally either a flat frequency response. with
the responsivity varying only slightly across the
operating bandwlidth, or a fast. ring-free lmpulse
response, Fourier transform techniques show
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FIGURE 3: Detector designed for enhanced responsivi-
ty at high frequencies provides a nearly flat frequerr
cy response (iop, curve A), but suffers from ringing in
the temporal domain (middle). Detectar with a clean,
ring-free impulse response (n the temporal domain
{hottony experiences roll off in the frequency domain,
reducing the 3-dB frequency.

that the flat frequency response suffers from
controlled  ringing in the temporal domaln
(impulse response, see Figure 3). The ring-free
impulse response, on the other hand, corme-
sponds to a characteristic roll-off in the fre-
quency domain and a corresponding reduction in
the 3-dB frequency.

Recently developed time-domain optimized
detectors with a fast, minimal-ringlng nmpulse
response are especlally useful for digital com-
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FIGURE 4: Impulse response of the Model 1444 mieas-
ured with a 50-GHz scope and a 15065 full-width-at-
half-maximum Input pulse at 1.06 pm shows only
slight amuounts on ringing.

munications applications in which spurious ring.
ing can degrade an eye diagram and bit error
rate (BER). These detectors have been designed
with a resistive matching network that presents
the diodes with a constant 50.chm Impedance
to eliminate unwanted reflections. and also ter-
minates the cetector so that its impedance is 50
ohms. The internal 50-ohm termination makes
the detectors directly compatible with BER test.
Ing using switched digital hierarchy and SONET
filters. The detectors are also fabricated with
on-chip bias circuitry, such as integrated bypass
capacitors which provide near-ideal perfor-
mance to well beyond 60 GHz.

The impulse response of a detector with an
18-ps full-width-at-half-maximum shows only a
slight amount of ringing (see Figure d4). The
measurement has been made with a 50-GHz

sampling oscilloscope and short (less than 200
fs) pulses from a diode-pumped neodymium-
doped glass (Nd:glass) laser operating at 1.06
pm. Connecting the detector module directly to
the input of the oscilloscope eliminates RF ca-
bles. and the detector's fiber-optic input then re-
ceives signals from the system under test.

Detectors with a flat frequency response
can be implemented with some slight inductive
peaking to enhance the responsivity at higher
frequencles. Such detectors are useful for appli-
cations involving the optical transmission of mi-
crowave and millimeter wave RF signals, such as
wireless cellular networks or antenna remoting
in military or commercial communication satel-
lite systems.

High-speed detectors are an important com-
ponent in characterizing high-bandwidth optical
communications. By optimizing the photodiode
for high-speed operation, and by designing the
microwave circuitry to praduce elther a ring-free
impulse response or a flat frequency response,
a wide range of measurement needs can be ad-
dressed.

About the authors

Andrew Davidson is with New Focus subsidfary Foecused
Research Inc., 555 Sclence Dr., Madison, W 33711.
FPhone; 6082382435, Fax. 608-238 2656;

email: adavidson@newfocus.com.

Kathy 11 Dessau fs with New Focws, Inc, 2630 Walsh
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Transistors USHA
2SC9014 (INDIA) LTD

PRE-AMPLIFIER, LOW LEVEL & LOW NOISE

*High total power dissipation. {PT=450mW) TO-92
*High h= and good lineanty
* Complementary to S58015

ABSOLUTE MAXIMUM RATINGS (T.=25°C)

Characteristic Symbol | Rating Unit
Colleclor-Base Voltage Veao li 50 v
Collector-Emitter Voltage Veio t 45 v
Emitter-Base Vollage Viso i 5 v 1
Collector Current lg i 100 mA
Collector Dissipation Pc I 450 mw 2
Junction Temperature T L 180 °C 3
Storage Temperature Tsig i =55~150 °C

1 Emitter 2 Base 3 Colechr

ELECTRICAL CHARACTERISTICS (T,=25°C)

Characteristic Symbol Test Conditions Min Typ Max Unit
Collecior-Base Breakdown Voltage BVcso le=100uA, =0 50 v
Colector-Emitter Breakdown Voltage | BVceo le=1mA, ls=0 45 '
Emitter-Base Broakdown Voltage BVeso le=100uA, Ic=0 5 v
Colector Cutolf Current keso Vea=5CV, g=0 50 nA
Emitter Cutoff Current leso Ves=5Y, Ic=0 50 nA
DC Current Gain hee Ve =56V, le=1mA 60 280 1000
Cobector-Base Saturation Voitage Vee(sat) | Le=100mA lh=5mA 0.14 0.3 \
Base-Emitter Saturation Voltage Vpe{sal) | k= 100mA, lg=5mA 0.84 1.0 v
Base-Emitter On Vollage Vee{on) | Vee=5V, le=2mA 0.58 0.63 0.7 v
Qutput Capacitance Cob Veg= 10V, |,=0 2.2 3.5 pF

f=1MHz
Cumrent Gain-Bandwidth Product fr Vee=5V, le=10mA 150 270 MHz
Noise Figure NF Vee=8Y, k=0.2mA 0.9 10 dB
f=1KHz, Rs=2KQ

hre CLASSIFICATION

\500\ CE,qr“}
& y > %
Classification A B c D )
hee 60-150 100-300 200-600 400-1000 “ J
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61060 PHOTODIODE “PIGTAIL" M

omosl.ecmomc PRODUCTS
DIVISION
Features: Applications:
e Hemmetically sealad * [ncremental encoding
e High sensitivity ¢ Reflactive sensors
s Small package ¢ Pasition sensors
e  Suitable for high-density pc board mounting ¢ Level sensors
o  Spectrally matched to the 62017 series LED.

DESCRIPTION

The 67060 is a Silicon Photodiods in a package designed to be mounted in a single-clad printed circuit board. It is avallable
with a wide angle flat lens or namow angie domad tens for minlmum response to stray light. High sensitivity, low dark cumrent
leakage, and low saturation voltage make this device ideal for interfacing with TTL circuits. Also avallable with lead attached to

the case so that it may be connected without the use of a printed circuit board. Avallable in custom binned to customer
specifications or screened to MIL-PRF-19500.

ABSOLUTE MAXIMUM RATINGS

Storage Temperature. -85°C to +150°C

Operaling Temperature (See pant selection guide for actual operating bsmperatum) 55°Cto +125°C

REVEISB VOIBGE ........covevereeeer ettt et erats e srasesesessese e eessarenens 50V

Power Dissipation (Derate at the rate of 1 67 mW/'C above 25"0) 75w

Lead Soldering Temperature (3 minutes) ... v . 240°C
Package Dimensions Schematic Diagram
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Dz s 0018
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OIMENSIONS ARE IN INCHES
1 QS NTREMAMGE NNTEN a1 | NIMENSINNE NAMING!



61060 SILICON PHOTODIODE “PIGTALL”
ELECTRICAL CHARACTERISTICS
Ta= 26°C unless otherwise spedfied
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | TESTCONDITIONS | NOTE
Light Cument G1050-XXX I 50 15 pA | vassov,H s 20mwen’ [
Dark Current 61060-XXX lo MA Vs 10V,H=0 1
Reverse Breakdovn Yoltage 61080-XXX Vg 50 v las A Hs0
Rese Time 61650-XXX 1) 300 n8 VR 58V,
Angular Regponge 61050-X01 (] 3 dagrees 2
61060-X02 12
NOTES: )
1. imadance n mWiem' frema tungsten sourca at a color tamperature of 2870K.
2. The sngis between neidence for pesk response and ncidence for 50% of peak responsa.
RECOMMENDED OPERATING CONDITIONS:
PARAMETER SYMBOL MIN NAX UNITS
Reverse Voltags VR $ 10 v
imaciance (H) H 15 e’
SELECTION GUIDE
PART NUMBER PART DESCRIPTION I, Range
£1060-001 Photodiods in coax package, damed lans, commercal version +5pA
§1050-101 Photodiode in coar package, domed lens with 100% scresnng +50A
61050-002 Photodiods i cna packafie fat lens commerciel version 154
61060-102 Protadioda i coax package, fat lens wih 100% streening +80R




General Description

The LM158 series consists of two independent, high gain, in-
tarnally frequency compensalad operalional amplifiers which
were dosignad specifically lo oparate from a single power
supply over a wide range of voliages. Operation from spiit
power supplies is also possible and the low power supply
current drain Is indepandent of the magnilude of the power
supply voltage.

Application areas Include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which row
can be more easily implamentad in single power supply sys-
tems. For example, the LW158 series can be direcly oper-
ated off of the slandard +5V pover supply voltage which is
used in digital systems and will easily provide the required
interface eleclronics withoul requiring the additional £15v
power supplies.

Unique Characteristics

® In the linear mode the input common-mode voitage
range includes ground and the outpul voltage can also
swing o ground, even though operated from only a
single power supply vollaga.

® The unity gain cross frequency is temperature
compensatad.

w The inpul bias cument is also temperalure cornpensated.

NNationat Semiconducior

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

March 1898

Advantages

= Two Intemally compensated op amps in a single
packagoe

® Eliminates need for dual suppiles

® Allows directly sensing near GND and Vi, also goes
to GND

s Compatible vith all forms of logic

® Power drain suitable for battery cparation

® Pin-oul same as LM1559/LM1458 dual operational
amplifisr

Features
w Intemally frequency compensated for unity gain
® Large dc wollage gain: 100 d8
u Wide handwidth (unity gain): 1 MHz
(temperature compensated)
» Wide power supply range:
- Singlo supply: 3V to 32V
— or dual supplies: 1.5V o =16V
w Very low supply current drain (500 pA) — essentially
independant of supply voltage
= Low input offset voltage: 2 mV
® Input common-mode voltage range Includes ground
» Differential input voltage range equal to the power
supply voltage
® large oulput vollage swing: OV toV*- 1.5V

Connection Diagrams (top views)

Metal Can Package
vQ

NONINVERTIRG

INPUT A INUT S

DSOITHEI.Y
Order Number LM158AH, LM158AH/883
(Note 1), LM158H, LM158H/883 (Nole 1),
LM258H or LM358H
Soe NS Package Number H0SC

Note 1: LM1S8 b auntablo pel SLID 25062-8771001
LLIISBA Is avallaDio pey SMI) 85982-8771002

DIP/SO Package

QUTIUT A -l U L. v
2 }
(NVERTING (NPUT A asned autuTe
nowmveansa _ 3 S T [T Qs
WPUTA INVERTIND (KPUY B
L S NOWIWVERTIXS
GKD ST

oNoTter2

Ordor Number LM158J, LM153J/883
(Note 1), LM158AJ or
LM158AJ/883 (Note 1)

Soo NS Package Number JOSA

Order Number LM358M, LM358AM or LM2904M
Seo NS Package Number MOSA

Order Number LM358AN, LM358N or LM2904N
Soo NS Package Number NOSE
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Absolute Maximum Ratings note 10)

It Military/Aerospace specified devices are required. please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Vollage, V*
Difflerential Input Voltage
nput Vollage
Povser Dissipation (Note 2)
Molded DIP
hstal Can
Small OuMtine Package (W)
Output Shori-Circull to GND
(One Amplifier) (Nole 3)
V<15V and T, = 25°C
Input Cument (Vyy < -0.3V) {Note 4)
Operaling Temperature Range
LM358
Lh1258
Lh1158
Slorage Temperature Range
Lead Temparalure, DIP
(Soldering. 10 seconds)
Lead Temperature, ietal Can
(Soldering. 10 seconds)
Soldaring Informalion
DualIn-Line Package
Soldering (10 seconds)
Small Oulline Package
Vapor Phase (60 seconds)
Infrared (15 saconds)

LIV158:LM258/LM358

LM1S8A'LM2S6A/LM3S8A

v
32v
-03V o +32Vv

830 mw

530 mw
530 mw

Conlinuous
50 mA
0°C fo +70°C
~25'C to +85°C
-55'Clo +125'C
-65°C lo +150°C
260°'C

300°C

260°C

215°C
220°C

LM2804
26V
26V
-0.3V to +26V
830 mW
530 mwW
Conlinuous

50 mA

-40°C lo +85°C

-65'Cto +150°C

260°C

300°C

260°C

215°C
220°C

Sea AN-450 “Surface kounling I1elhods and Their Effect on Product Reliability” for other methods of soldering

surface mount devices.

ESD Tolerance (Nole 11) 250v 250V
Electrical Characteristics
V* = 45.0V, unless othervise staled .
Parameter Conditions LM158A LM358A LM1581.M258 | Units
IMin_Typ Max [Min Typ Max [Min Typ Max ,
Input Offset Vollage (Note 6). T, = 25°C 1 2 2 3 2 5 mv
Input Bias Current higg oy OF hgi-y Ta = 25°C, 20 50 45 100 45 150 nA
Ve = OV, (Note 7)
Input Offset Cumrent I.,.l-.-, = Iy Ve = 0V. T, = 25°C 2 10 5 330 3 30 nA
Input Common-Mode | V* = 30V, (Nols 8) 0 v-15f] 0 v'-15] 0 V'-1.5 v
Voltage Range (L2904, V* = 26V), T, =25'C
Supply Current Over Full Temperature Range
R, = - on All Op Amps
V* = 30V (L2804 V* = 26V) 1 2 1 2 1 2 mA
V*'= 5V 05 1.2 05 1.2 65 12 mA




Electrical Characteristics
V* = +50V, unless othenvise stated

Parameter Condlitions LM358 N LBJA_2904 Units
Min | Typ | Max | Min | Typ | Max
Input Offsel Voltage {Note ), T, =25C 7 2 7 mv
Input Bias Current Tingey OF hpggge Ta = B'C. 45 250 45 | 250 nA
Ve = OV, (Nole 7)
Input Offsst Current lpgey = lougey Vg 2 OV T4 2 25°C 50 5 50 nA
Input Common-hlode V* = 30V, (Note 8) 0 V'-15] O V*-1.5 v
Voltage Range (LW2904, V* = 26V), T, = 25°C
Supply Current Ovar Full Temperalure Range
Ry = - on All Op Amps
* = 30V (LM2004 V* = 26V) 2 1 2 mA
v =5V 05 1.2 05 1.2 mA
Electrical Characteristics
V* = 450V, (Note 5), uniass othenvise slated
Parameter Conditions LM1S8A LM3S8A LM158/LM258 | Units
Min Typ Max [Min Typ Max [Min Typ Max
Large Signal Voltage * =15V, T, = 25°C, .
Gain R, » 2ki, (For v, = 1V 50 100 25 100 50 100 Vimv
to 11V)
Common-Mode Ta = 25°C,
Rejeclion Ratio Ve & 0V o V=15V 0 8 6 & 0 8 @
Power Supply V* =5V to 30V
Rejeclion Ralio (L2804, V' = 5V 65 100 65 100 65 100 dB
lo26V). T, =25°C
Ampiifier-to-Amplifier f=1kHzto20kHz2, To = 25°C
Couping (inpul Reforred). (Neto 9) ~120 -120 ~120 &
Outpul Current | Source | V,,* = 1V,
Viu = OV. 20 40 20 40 20 40 mA
* =15V,
Vo= 2V.To=25°C
Sink § Vo™ = V. V' =0V
V' =15V, T, = 25°C, 10 20 10 20 10 20 mA
Vo= 2V
Vin = W,
V(N’ =0V
To = 25°C. Vo = 200 mV. 12 50 12 50 12 50 HA
V' =15V
Short Circuit to Ground \'I';? ; f;\:: (Note 3). 40 60 40 & 40 60 mA
Input Offsel Vollage {Nole 6) 4 5 7 | mv
Input Offsel Voltage Rg = 012 7 5 7 2 7 W
Drift \
Input Offsel Cuirant 'lw.) - lm(.) 30 75 100 nA
mﬂ Ofisel Current Ry = 042 10 200 10 300 10 PAV'C
Input Bias Curent Tinggs s OF ling-y 40 100 40 200 40 300 nA
Input Common-hlode V* = 30V, (Nole 8) . . .
Voltage Range {LM20D4, V* = 26V) 0 V21 0 V=21 0 V2| v




Electrical Characteristics (continusd)
V* = +5.0V, (Mole 5). unless olhanvise slaled

P . ! Conditlons LM158A LM3SBA LM158/LM258 | Units
arameter on n Min Typ Max [Min Typ Max |Min Typ Max
Large Signal Voltage V' = +15v
Gain (Vo = VI 11V) 25 15 25 VimVv
R, 22k L
Outpul Vou | V' = +30V R, =2k | 26 26 26 Vv
Voltage {LM2004,V* =26V) | R =10k2]| 27 28 _ 27 28 27 28 v
Sving Vo | VP25V R, = 10 k) 5 2 5 20 5 20 mV
Output Cument | Source | Vin' = +1V. Vi~ = OV,
mA
V' s ISV, Vg B 2V 10 20 10 20 10 20
Sink | Vi = +1V, V' = 0V,
V' 15V, Vg = 2V 10 15 5 8 5 2] mA
Electrical Characteristics
V* = +5,0V, (Note 5), unless othenvise slated
LM358 LM2904 Units
Parameter Condltions i Jﬁp i T n ‘-ryp Tax
Large Signal Voltage V' =15V, T, = 25°C,
Gain R, & 2K, (ForV, = 1V 25 100 25 100 Vimv
to 11V)
Common-hiode T, =25C,
Rejection Ratio Ve = Vo V'-1.5v 65 8 S0 70 a8
Power Supply V* =5V to 30V
Rejection Ratio (LM20D4, V* =5V 65 100 50 100 a8
lo 26V), T4 = 25°C
Amplifiar-to-Amplifier f=1kHzlo20kHz. T, =25°C
Coupling (Input Referred), (Nota 9) -120 120 @
Output Cument Source { Vid' = 1V,
Vi = OV, 20 40 20 40 mA
V* =15V,
Vo= 2V.To=25C
Sink | Vi~ =1V, V,° = 0V
V* =15V. T, = 25°C. 10 20 10 20 mA
V, =2V
Ve =1V,
Vin' =0V
12 50 12 50 A
Ta = 25°C. Vo = 200 mV, .
* =15V
Shori Circuil to Ground Ta = 25°C, (Note J), 40 60 40 60 mA
V* =15V
Input Offset Voltage (Note 6) 9 10 mv
Input Offset Vollage Rg = 002
Dt 7 7 pvre
|nplll Offsel Cumrent I_IN(') - In«-) 160 45 200 nA
Input Offset Cumrent Ry = 012 .
Dritt 10 10 pAS'C
Input Bias Current lw\ or Ly 40 500 40 500 nA
Inpul Common-hode V' =30V, {Nole 8) . .
Vollage Rarge (LM2004. V* = 26V) 0 vi-2 0 V-2 v




Electrical Characteristics (continued)
V* = +50V, (Nola 5), unless otherwise staied

Parameter Conditions LM358 LM2904 Units
Min Typ Max | Min Typ Max
Large Signal Vollage V' = +15V
Gain Ve = Wi 11V) 15 15 Vimv
R, =2k
OQutpul Vou jV* = 430V R, =2 kL 26 22 v
Vollage (L2804, V' = 26V) | R = 10 k2 27 28 23 24 \'
Sving Vo V' =5V.R =10k} 5 20 5 100 mVv
Outpul Current Sourca | Viy' = +1V, Vi~ = OV,
Vo= 15V, V= 2V 10 2 10 20 mA
Sink | Vi~ = #1V. V' = OV,
V= 15V, Vo = 2V 5 ® 5 8 mA

Hote 2: For operating al Nigh kemparalies, Ihe LMISBILMISBA, LLR29D4 mus) be desaled based on @ +125 C maximuin junciion lemperalure and a (ienmial rosts
tinceot 120 CAY 'anch applies 1ot I deatce soideled in a pintod crcull bratd, operaling th a siilat aublenl. The LA258/4258A and LM 1584141 58A can be do-
ialed basedon & +150 € madmum junclion lerperature. The dissipation Is ihe tolal of both ampliters — use external reststors, wiicta possble, to dlow the amplitier
b salirale of 1 10du0e (e poaet which Is dissipaizd N (he inkegrated ciroutl.

Hote 3. Short cticulls iom [he culpul o V* can cause acosche haaling and eveniug destruction. véien considesing shat cliucils (0 giownd, Lo maxsuum oulpul
curient s cppoXmMaASy 40 MA tndsperidznl of Ihe agnilude of V°. Alvales of supply vollago in excoss of + 18V, continucus short-clictits cad excoad the powes
disipalion ralngs and cause ewontinl desliuclion. Desluciiva dissipation can resull tom simullaneous shoils an all amplikes.

Hote 4: This tnpul cuiien) will only exsl ahen Iho voilage al any of lhe tnpul bads b diken negalive. Il Is due to e cdlectar-base junelicn ol the niput PNP tran-
sisiors becoming brasd biasodand thareby acting as tipul dioda clmps. In dkiition (o Ivs diode action, hate ks aksolatersl NPN parasilic ransislor actian on the
IC chp. Thus Lansitor action can cawse ha culpat vallagos of the op amps 1o go © thy V' vallage bvol (of to ground & & taigo evardive) for the line dusation (at
an inpul b dilven nagathve. This 1s nol deshincive and noimisl sulpul statos wil 1o-catabiish witen te Inpul volkige, which was nagatlive, agaln taluins o a value
gieealol than -0 3V {al 25 C).

Hote 5: ThesospactRealions are lod 10 - 55 C £ 1, < 1125 Clor e LM1581 MISHA. With tho LM258.LMSEA, 21 kmparahiso speciteniions ate kuvled 1o -26 C
S T 3085 C, o LMISBLMISEA lompeinline speciications are imiled (0 0 C - T4 < ¢ 70 C, and (he LM2004 specificalions e timitlod to -40C s Ta < 185°C.
Hote 6 Vo = 1.4V, Rg = 0L wilh V* bom SV (o J0V; and owor (e [l Input conumonimodd range (OV to V* -1.5V) al 25'C. For LM2804, V* rom SV b 26V,
Hote 7. Tho dieclon ol (o inpul casren) b oul of Iha IC dus: lo Ut PNP inpul slage. This cuirent is essentiatly consiani, indepondent o} tho skite of the outpul so
Ro loading chango exists on e Inpul tncs.

Note &: The Inpul cammion-mode VOilagd ol etihot Inpul signal Vollage should ot bo sitowed o go negalise by mere than 0.3V (at 26°C). The uppar end ol tho
common-mode voilaga 1ange Is V* -1.5V (a1 25 C). bul aither or both tnpuls can go b + 32V withoul damage (¢26V tor LM2804), Independant of e magnitudo of
v

liote 9: Due lo proximily of extoins) comp tnsure thal couptng i tol siiginaling via stray capadiianoe botacen these axtemal pails. This lyplcaly can be de
ecled as this ype o capadiance Inctoasas al highor toquencias.

tiote 10: Roter 1o RETS15BAX Iof LAISBA milliary speciicalions and to RETS1S8X kf LAH1S8 miliaty speciicalions.
Hote 11: Humsn body mod, 1.5 K62 N sevtes wiih 10€ pF.

Typical Performance Characteristics
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Typical Performance Characteristics (continued)

Voltage Gain

i TV
£ DD P
L4 B e P ~ e
At '/ P SN
3 . Sent
[ST] I . S
‘;,' . H
' i
o .

i " w 4 I.ll

ot S Ay BTNy,

SIS 3¢

Voltage Follower Pulse

Response
4p—rem '
o« ! IR FRYRS
IR et
a4 =
- /_
v v ‘_
0 s .
, [ s
o -
o~
b
Tyt :
3 = L
bl qul i .‘\ l" ’ [
1ML st
Q30TTER 4
Output Characteristics
Current Sourcing
q
. !
8 o~
EREA Y o .
,E_“.: s V.p:l
a I"
a5 U re
L 4 - T I
- RN || T ETT -
B INCLPERCENT D8 +°)
b
1

290t 0.0t o 1 N 00

1§ ¢ BUTELT SULACE CaRvINT (mey, *
DSL0ITBT4)

Open Loop Frequency
Resnonse

148

SSEBRT I, 01295,

13 °0 158 1.0¢ 10« 1004 1OV 1DV
Y. LIEIURNCY (k)

NIRRT}
Voltage Follower Pulse
Response (Small Signal)
200 I
sl SR
L, v, LR Y7
-: 10 g_-: t A
.._ [ X0
&
R 0}
1,7 02%C
i MR

[ I

LI T P
DSOLTIAr.aY

Output Characteristics
Current Sinking
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Typical Performance Characteristics (continued)

Input Current (LM2902 only}
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Application Hints

The LI1158 series are op amps which oparale with only a
single power supply voltaga. have lue-diferential inputs.
and remain in the linear mode with an input common-mode
voltage of O V... These amplifiers operate over a vide range
of power supply vollage with litlle change in parformance
characteristics. Al 25'C amplifier operation is possible down
to & minimurm supply vollage of 2.3 V.

Precautions should be taken lo insure thal the puwer supply
for the integraled circuil never bacomes reversed in polarily
or that the unil is not inadveriantly installed backwards in a
tesl socket as an unlimited cumrenl surgo through the resull-
ing forward diode within the IC could cause fusing of the in-
temal conductors and resull in a destroyed unil.

Lange differential inpul voltages can be easily accomodated
and. as input differential voltuge protaction diodes are nol
neadad. no large input currents result from large differential
input voltages. The differential input vollage may be larger
than V* without dameging the cavice. Protaction should be
providad to prevent the inpul vollages from going negative
more than -0.3 V¢ (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the povier supply cument drain, lhe amplifiers
have aclass Aoutpul stage for small signal levels which con-
verls to class B in a large signal mode. This allows the am-
plifiers to both source and sink large oulput curents. There-
fore both NPN and PNP axtarnal current boosl transistors
can be used to axtand the power capability of the basic am-
plifiers. The outpul voltage neads o raise approximately 1
diode drop above ground to bias the on-chip vertical PNP
transistor for output cumrent sinking applications.

For ac applications. where the toad is capacitively coupled to
the oulput of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias cumenl and prevent crossover distortion. Where the
load is direclly coupled, as in dc applications. there is no
crossover distortion.

Voltage Gain (LM2902 only)
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Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the warsl-case nondnverting
unily gain connaction. Large closed loop gains or resistve
isolation should be used if larger load capacitance must he
driven by the amplifier.

The bias network of the LIW158 establishes a drain current
which is independenl of the magnitude of the power supply
voltage over the range of 3V, to 30V,,..

Oulput short circuits either to ground cr to the pusitive power
supply should be of short time duraticn. Unils can be de-
slroyed. rot as a resull of the shorl circuit currenl causing
metal fusing. bul rather due lo the large increase in IC chip
dissipation which will cause eventual failure due to axces-
sive funclion temperatures. Pulling direct shori-circuits on
more than one amplifier al a time will increase the tolal IC
power dissipation lo destructive levels, if nol proporly pro-
tected with extemal dissipation limiting resistors In series
with the output leads of the amplifiers. The larger value of
cutput source current which is available at 25°C provides a
larger output current capablliity at elovaled temperatures
(sea typical performance characteristics) than a standard IC
op amp.

The circuits prasentad in the section an typical applications
emphasize oparation on only a single power supply vollage.
If complementary power supplies are available, all of the
standard op amp clrcuits can be used. In gensral, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow oporation above and below this value in single power
supply systems. Many application circuits are shown which
lake advantage of the wide inpul common-mode wollage
range which indudes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.




Typical Single-Supply Applications v = 5.0 vye) (Continued)

Squarewave Oscillator Pulse Generator
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Typical Single-Supply Applications v =50 vyc) (Continued)

High Compliance Current Sink
|
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Typical Single-Supply Applications - =50 vy (Continued)

AC Coupled Inverting Amplifier
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General Description

The ADCOBO1, ADCOBG2, ADCOB03, ADCOB04 and
ADCO0B35 are CMOS B-il successve approximalion A/D
convertars thal use a diferental polantometrc ludder—
similar 10 the 256R products. Those converders aie de-
sgned o dllow operabon with the NSCBOO and INSBOB0A
dernvalive control bus with TRESTATE® outpul latches di-
teclly duving the dala bus. Thesa A/Ds appear ke maemory
locations or VO ports o the mooprocassor and no inler-
facing logx is needed.

Differential analog vollage mputs alow increasing the com-
mon-mode rejection and ollselling the analoy zero input
voltage value. In addibon, the vollage reference mpul can
be adjusted to allow encoding any smaller analog vollage
span to the full 8 its of rasolubon.

Features

m Compatble wih 8080 wP durvalves—ao mlerfacing
fogic needed - access me - 135 ns

® Easy mlerface to all mcroprocessors, o oporales
“sland alone”

&National Semiconducltor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

Decomber 1084

8 Dillerential analog voltage nputs

® Loge inpuls and oulpuls meet both MOS and TTL voil-
age level spacifications

B Works with 2.5V (LM336) vollage referance

B On<hip clock generator

# OV lo 5V analog input vollege range with single 5V
supply

» No zero adjust required

® 03" siandard width 20-pin DIP package

N 20-pin mokied chip carier or small culline package

® Operales ratiomelncally or with 5 Vpc, 2.5 Vpe. of ane-
log span adjusled voltage reference

Key Specifications

® Resolution bds
& Tolal orror 1% LSB, t%4 LSBand 11LSB
u Conversion bme 100 ps

Typlcal Applications
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Absolute Maximum Ratings (vows122)

H Miitary/Asrospace specilied devices are required, Slorage Temperalure Range -65Clo +150C
piease contact the Nstional Semiconductor Sales Peckaye Dissipalion & Tp ~25°C 875 InW
Otfice/Diatributors for avallabliity and specitications. ESD Suscoptitrkty (Noto 10) 800V
Suppty Vollage (Vog) (Nota 3) 65V
Vollage
Logic Cantrol Inpuls 03V o +18V TOpel'amtll;g Ratings qotes 1 &:.’ Ta<T
AL Otior Input and Oulpuls 0.3V10 (Voo +0.3V) “ADCOBO1/C2L ), ADCOBOZLI/BES - S5Ce Ta< s 12056
Load Tamp. (Soldaring 10 saconds) c ADCO801/02/03/04LCJ ~40"CSTAS +85°C
g::::::t::: P:z::g: ::zx’n) :gc ADC0801/02/03/05LCN ~40"CsTp< +85°C
ADCOBOALON 0°C<TAS +70°C
Surface Mounl Packaga ADC0BA2/G3/0ALCV 0"C<TAL +70°C
Vapor Phasa (60 seconds) asc ADO0B02/ 03/ 04LOWM "CSTAS +70°C
Infrared (15 seconds) 220°C Range of Voo 45 Vo063V

Electrical Characteristics
The following specilicalions apply for Vog™ 5 Voo, Taan= Ta = Tyax and fouk — 640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 1Y% LS8
(See Seclion 2.5.2) 4
ADC0802: Total Unadjusted Error (Note 8) VRer/2 —2500 Vpo +% LSB
ADCO0803: Tolal Adjusted Error (Note 8) With Full-Scale Adj. Y LSB
(See Seclion 25.2) 2
ADCG0J04: Total Unadjustod Error (Note 8) Vrer/2 ~ 2500 Vpo 11 LSB
ADCO0805: Tolal Unadjusted Error (Nola 8) VRer /2-No Conneclion 11 LSB
VRer/2 lnput Ressslance (Pin 9) ADC0801/02/03/05 25 8.0 ki)
ADC0804 (Nole 8) 0.75 11 k{3
Analog Input Vollaye Rango (ldote 4) V(+ ) or V(- ) Gnd-0.05 Voc +0.05 Voc
DC Common-Mode Error Over Analog Input Vollage ' Ve % Lsa
Range
Powear Supoly Sensitivity Vo =5 Vpe L 10% Over t Y % LSa
Allowed Vin( +) and Vin(- )
Vollage Range (Nota 4)
AC Electrical Characteristics
The foliowing specificalions apply for Vo~ 5 Vpg and Ta —25'C unlass olherwise specdied.
Symbol Parameter Conditlons Min Typ Max Units
Te Convarsion Timo oL~ 640 kHz (Nole 6) 103 114 ]
Tc Convearsion Time (Note 5, 6) 66 73 1/l
[ Clock Frequancy Voi— 5V, (Note 5) 100 640 | 1460 kHz
Clock Duty Cycle (Nole 5) 40 60 %
CR Convarsion Rale in Freg-Running INTR tied to WR with 8770 9708 conv/s
Mode CS —0 Vpe. foik — 640 kHz
@ | With of WR Inpul (Start Puise Width) | TS5 -0 Vpc (Note7) 100 ns
tacc Accass Tima (Delay{.om Faling Cy —100 pF 135 200 ns
Edge of RD to Oulpul Dala Vaixi)
U lon TRI-STATE Convol (Datay CL—10 pF, Ry~ 10k 125 200 ns
from Rising Edge of RD lo (Sea TRESTATE Test
H+Z Slale) Circuits)
LY Dalay from Fathng Edge 300 450 ns
of WR or RD lo Resal of INTR
Cn Input Cupacitance of Logc ] 7.5 pF
Contlrol Inpuls
Cour TRI-STATE Oulpul 5 7.8 pF
Cepacitance (Dala Buflers)
CONTROL INPUTS [Nota: CLK IN (Pin 4) 18 the inpul of 8 Schmitl trigger crcuil and is therefore specihed s gralely)
Vin (1) Logical *'1" Inpul Vollaga Voc—5.25 Vpe 20 15 Voo
(Except Pin 4 CLK IN)




AC Electrical Characteristics continued)
The tdlowiny soeaficatens apply lor Voo — 5Vps and Ty = Ta = Tyax. unless othenwise specified.

Symbol | Paramater | Conditions [ an | 1yp | Max | unita

CONTROL INPUTS [Note: CLK IN (Pin 4) 13 the mipul ol a Schmtl ingger circuit and 18 thereforo spaciliod separately)

Vin (G} Logcal '0" Inpul Voltage Voo —4.75Vpo 0.8 Voo
(Excopt Pin4 CLK IN)

hn (1) Logpcal 1" Inpul Currenl ViN~5Vpo 0.005 1 #ApGC
(All Inpuls)

I (O} Logpcal *0" Input Current ViN—0Vpg -1 -0.005 #ADC
(All lnpuls)

CLOCK IN AND CLOCKR

v+ CLK IN (Pin 4} Positve Gong 2.7 31 a5 Voo
Threshold Vollage

Vr- CLK IN (Pin 4) Nagalve 1.5 18 21 Voo
Gowng Thrashok Vollago

VH CLK (N (Pin 4) Hyslerasis 0.6 13 20 Voe
Vyt+) (Vy )

Vour (0) Logical “0" CLK R Oulpul lo— 360 pA 04 Vo
Vollage Voc ~4.75Vpe

Vour (1) Logcal “1" CLK R Oulpul - . 360 pA 24 Voo
Vollage Voc~4.75Vpo

DATA OUTPUTS AND INTR

Vour ©) Logcal *0” Oulpul Voltage
Data Outpuls lour = 16 mA, Voo —4.75 Voo 04 Voc
TNTR Output lour — 10 mA, Voo —4.75 Vg 0.4 Voc

Vourt (1) Logical 1" Oulpul Vollage ~ - 360 pA, Voo~ 4.75 Vpo 2.4 Voo

Vour () Logcal *1" Oulput Vollage lo= - 10 pA, Vo —4.75 Vo 45 Vpo

lour TRI-STATE Disabled Oulpul Vour~0Vps -3 pADC
Leakage (All Data Bullers) Vour~5Vno 3 pApc

ISoURCE Vour Short to Gnd, Tp —25°C 45 6 mApG

Nk Vour Short o Voc, To~ 25°C 8.0 16 mApS

POWER SUPPLY

loc Supply Currant (Includes foLk — 640 kHz,
Ladder Currant) VRer/2 ~NC,To—25°C

andCS-5v

ADC0B01702/03/04LCY/05 11 1.8 mA
ADCOBO4LCN/LCV/LOWM 19 25 mA

Note t Atsauys Mxemun Ratngs indcke hmts tetyord wrichdanage ta the devioce may aocw. DC wd AC sieatresl spacdcations donot apply whan aparitng
tie device beyard ds fed ape 1

Note 2 A waitges sre maured wh et 9 G uiless speoted The separsia A Gnd punt shoud aiways ba wrad to e D Gnd.

Hote 3: A 2uner diada exsts. tmionaly. Fom Vor 1o Gnd and 'ias 3 pics bredkdawn voitsga of 7 Voo,

Nole &: For Vad ) Vad+) fie dgtal autaul aade wil be 0000 0000. Twa on dhip dedes sre ted 1 each ansiag input {s0a bock dagram) which will towaxd
cardhat for oy irput voltages ane dade drop hdow grund o ane dode drog graslar than e Voo umvy Be cyalil during lesing o law Ve lavets {45V),

a5 hgh vl mnzioy wgnds {5V) cancasse hie rput dode 19 condict-e s yal dod aros for dog npusnayr klbscsla The
pe dtiows SO mV oraard bas of ety dade  Ths moans hat asicng as tm anacgvudcu ot excuad the apply voltage by mara than 50 mV. the cuput

oode wll b corect 10 axtnene 3 sisdule 0 Voo B 5 Voo nput veltage mings will theradoms mquia 4 menmum spgy volage of 4.950 Ve over lamparslure
vanations intal Wderaoe and exing

Note 5: ooy s gaxmied R i ¢ — 840 kitz At higher dack ireguandes soursey can dogmids. For lawer dodk {rquandias, ha duly cyde bmits can ba
extendead %alomy a5 fie mnmer dodk high me nkenvd or minmun dodk low tme inkeval o na loss hin 276 ns

Note &:\Vith an ssynchiranaas st pulse, ) 1o 8 dadk penods may te requead balare tia intamd clock phusas 2 proper © s131 he convarsan process. The
start roguest s nkerrally lathed. sea Figere 2 and sacteon 20

Note 7: Tha TS irpnt is astumed ta hmowt fre W stabe gt and th Arung is deprendent on the W puiss width An artivacly wide puso wid® wit hotd
tie covunte 0 3 roset made nd (e st of caversan 1s mtakd by e ow K g vaneton of fio W ise {soo tmng disgaims)

HNote 8: Narxt af Urre A/Ds requres a 2om wljust bhea section 2 5.1). Ta abtin z2wva cada al oty andag input volages sae seation 25 and Figure &

Note & Tt Vagp/2 pa o hie conkrr pairk of 8 taa fuaskar dvidee omneciad trom Ve 10 grasnd. i Al versons ol the ADC0801, ADC08G2, ADCG80J. and
ADCOB0S. ard g1 tree ADCODIALL, exien rars sior 1o Hpnetly 18 Wit tn &) venscns af the ADCOI04 axcapt the ADOOBOILCY, exch resistor o typcally 22 kit
Note $0: 1uman hody madl. 100 gh disnayed (trawgh 3 1 SRt revstor




Typical Performance Characteristics

Logic Input Threshold Voltage
vs. Supply Voltage
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TRI-STATE Test Circults and Waveforms
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Typlcal Applications continued

6800 Interface Ratiometric with Full-Scale Adjust
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Typlcal Applications coninued)

Selt-Clocking Multiple A/Ds w External Cloeking
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Typlcal Applications contnued)

uP Compatibie Difterential-input Comparator with Pre-Set Vgg (with or without Hysteresis)
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Typlcal Applications continua)
Handiing 1 5V Analog Inputs
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Functional Description (contnued)

After the “1" is clocked through the B-bit shifl register
(which complelas the SAR saarch) il appears as the inputlo
the D-type laich, LATCH 1. As soon as ths 1 is output
from the shill regster, Lhw AND gale, G2, causus Lie new
digilal word lo transfer lo the TRI-STATE oulpul latches.
When LATCH 1 15 subsequenlly enabled, the Q oulput
makes a high-lo-low ransibon which causes the INTR F/F
to sel. An invarting bulfer then suppbaes the INTR inpul sig-
nal.

Note that this SET conlrol of the INTR F/F ramains low for
8 ol the external clock periods (os the internal clocks run at
%a of e frequency of the exlernal clock). If the data oulput
is_continuuusly enabled (€S and RD both hekl low), the
INTR oulput will stll signal the end of convarsion (by a high-
to-low lransition), because the SET input can cuntrol the O
oulput of the INTR F/F even though the RESET mpul is
conslantly at a *'1* level in lhis operaling mode. This INTR
oulpul will therefore slay low lor the duralion of the SET
signal, which is 8 periods of the external clock frequancy
(assuming the A/D is nol started during this interval).
When operaling in the Ires-running or conlinuous conver-
sion mode (INTR pin Led to WR and TS wired low—sea
atkso secbon 2.8), the START F/F s SET by the high-lo-low
transition of the INTR sgnal. This rasets the SHIFT REGIS-
TER which causus the nput lo Lle D-lype ialch, LATCH 1,
1o go low. As Lhe lalch enablo nput 1s sull prasent, tha T
output will go Ingh, winch then allows the INTR F/F lo be
RESET. This reduces the wdih of the rasulting INTR outpul
pulse to only a lew propagabon delays (approxmately 300
ns).

When data 8 10 bo read, he combmation of both TS and
RD being low will cause Lhe INTR F/F 1o be resel and the
TRISTATE output latches will be enabled to provide the B-
bit digla oulputs,

2.1 Digital Control Inputs

Tha digta control inputs (CS, RD, and WR) meol standard
T2L logc vollage leveis. These signals have benn renameJ
when comparad to lhe slandard A/D Star and Oulput En-
able labels. In aidition, these inpuls are aclve low lo allow
an easy inlerface lo microprocessor conlrol busses. For
non-microprocessor based appications, the TS mpul (pin 1)
can be grounded and the slandard A/D Start function is
oblained by an aclve low pulse appked al the WR input (pin
3) and the Outpul Enable lunction is caused by an aclve
low pulse al the RD mput (pin 2).

22 Analog Differential Voltage Inputs and
Common-Mode Rsjettion

This A/D has addilional appbcetions fexibdity due to the
analog differential vollage inpul. The Vif - ) mput (pin 7
can be used lo aulomabcally sublract a fixed voltage value
from the inpul reading (lare correchon). Tius s also useful in
4 mA-20 mA current loap conversion. In addition, common-
mode noisa can be reduced by use of the diffarential input.
The tme interval belween samplng Vin(+ ) and Vin(- ) 8 4-
1, clock penods. The maximum error voitage due to this

sbght tme differance between the input vollage samplas is
given by:

{ 4.5
AVGMAX) — (Vi) @5lem l\,"a )

where:

AV, is the error voltage due to sampling delay

Vp is the peak value of the common-mode vollage

fem is the common-mode frequency
As an example, lo keap this error o Y4 LSB (~5 mV) when
operalmg with a 80 Hz common-mode frequancy, fo, and
using a 640 kHz A/D dlock, feLk, would allow a peak value
of the common-mode vollage, Vp, which is given by:

Vp = [AVeimax) (forx))
@7iem) (4.5)
o' .
_ (5 * 10—9) (840~ 10%)
P (8.20) (80) (4.5)

which gives

Vp=>1.9V.
The allowed range of analog mput vollages usually places

mora sovery restnctions on npul common-mode noise lkav-
ols.

An analog inpul vollage with a reduced span and a relativoly
large zoro offset can be handled easiy by meking use of tho
differential inpul (see section 2.4 Reference Vollage).

23 Analog Inputs
23.11Input Current

Normal Mode

Due to the internal swilching action, displacement curronts
will fiow al the analog inpuls. This is due to onchip slray
capacitance to ground as shown in Aigure 3.
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Functional Description (contnueq

The vollage on this capaclance s swilchod and wdl resull i
currenls enlgrng the Viy(+) mpul pin and leaving the
Vin(- ) mput winch will depend on the analog difterental
mnpul vollage levals. Thuese currenl lransiants occur al the
leading edge of the inlernal ckicks. They rapdly decay and
c'o ol cause arrors as lhe on<chip comparator is strobed at
the end ol the clock period.

Fault Mode

If the voltage source appbed Lo the Vin(+) or Vin(-) pn
axceeds the allowed opsraling range of Vo +50 mV, large
npul currents can flow tivough a parasilic diode to the Voo
pin. Il these curranls can exceed the 1 mA max aliowed
spac, an exlernal diode (1ND14) should be added to bypass
lhis currenl to the Voo pin (with the current bypassed with
this dwde, the vollage al the Vin(+) pin can excead the
Vg voliage by the fonvard vollage of this diode).

2.12 Input Bypass Capatitors

Bypass capacitors al the inputs wil average these charges
and cause a DC current lo flow lhrough the oulpul resisl-
ancos of the analog signa) sources. This charge pumping
action 8 worse for conlinuous conversions with the Vin( +)
nput voltage al full-scate. For conlinuous conversions with
a 640 kHz dock frequency with the Viy(+ ) mput at 5V, this
DC cwrenl s al 8 maxmum ol approximately 5 pA. Thore-
fore, bypass capacitors shauld not de used at the analog
s or e Vree/2 pin lor high rasislance sources (> 1
ke2). # tnpul bypass capacitors are ngoussary for noise filter-
ng and high source resslance is desirable lo minmize ca-
pacitor sze, the delrimental effects ol the vollage drop
across this inpul resistance, wheh is due lo the average
vale of the inpul current, can be eiminaled with a full-scale
adjustmenl while the gven source rasislor and input bypass
capacior are bolh in placo. This is possiblo bocauso tho
average vakue ol the inpul currenl 18 a precise knear func-
bon of the dillerental inpul vollage.

2.13 Input Source Reslstance

Large valugs of sourou resistance whare an npdl bypass
capacilor is not used, wil not cause ermors as Lhe inpul cur-
renls settie out pror to the companson lmo. i a low pass
filter s requrred in tha system, use a low valued senes rasis-
tor (= 1 k$2) lor a passwve RC sectionor add an op emp RC
aclve low pass liter, For kw source rasistance applica-
tions, (= 1 kS2), a 0.1 uF bypass capacitor al the mputs will
prevent nose pickup due lo sanas lead induclancu ol a long
wirg. A 10042 serigs resislor can be used o isolale this ca-
pacilor—bolh lhe R and C e placed oulsde Lhe feedback
loop—(rom the oulpul ol an op amp, if used.

2.3.4 Nolse

The leads to the analog inpuls (pin 6 and 7; should be kept
as shorl as possible to mmmize inpuyl noise couplng. Both
nose and undesred digilal clock coupling to these inpuls
can cause sysiem arrors. The source rassstance for these
inputs should, in gonaral, be kepl below 5 k§). Larger values
of source resislanca can cause undesired system noise
pckup. Inpul bypass capacilors, placed from Lhe analog in-
puls to ground, will ebminale sysiem noise pickup but can
craale analog scale arrors as lhese capacitors will average
the Lransient inpul swiching currents of the A/D (see sec-
ton 2.3.1.). This scale gror degends on both a large source

resistance and the use of an input bypass capacdor. This
anor can be aeliminaled by doing a full-scate sdjusimant of
the A/D (adjust VRer/2 for a proper full-scale reading—seeo
saction 2.52 on FullScale Adjustment) with the source ro-
sistance and inpul bypass capecitor in place.

24 Reference Voitage

24.1Span Adjust

For maximum applicabons flexibidy, these A/Os have been
designed to accommodate a 5 Vpg, 2.5 Vg or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.
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FIGURE 4. The Vrererence Design on the IC

Notice thet the reference vollage for the IC is eiher % of
the voltage appbed to the Vog supply pin, or i equal to the
vollage that is externally forced at the Vger/2 pin. This al-
lows for a ratiomalric vollage reference using Lhe Vo sup-
ply, 8 5 Vpg refarence vollage can be used for the Voo
supply or a vollage less than 2.5 Vg can be applied to the
Vger/ 2 input for increased application flexdilly. The inter-
nal gain to the Vger/ 2 inputis 2, making the full-scale differ-
enlial inputl vollage twice the voltage at pin 0.
An axample of the use of an adjusted reference vollageisto
accommodale a reduced span—or dynamic vollage range
of the andlog inpul voltage. If the anelog input vollage were
lo range from 0.5 Vpg o 3.5 Vpg, instead of OV to 5 Vpe.
the span would be 3V as shown in Figwrs 5. With 0.5 Vo
applied tothe Viy( ~ ) pin toabsord the offset, the refurence
vollage can be made equal to 4 of the 3V span or 1.5 Vpg.
The A/D now will encode the V)( +) signal from 0.5V 10 3.5
V with the 05V input corespanding lo zes0 and the 3.5 Vpo
input corrasponding to full-scale. The full 8 bits of rasolution
are therelote appled over this reduced analog input vollage
range.
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2.5.3 Adjusting for an Arbitrary Analog Input Voitage
Range
It e analog zero vollage ol Lhe A/D s shifted away [rom
ground (for example, to sccommadale an analuy npul sig-
nal that doos not go o ground) ks now zoro raferanca
shoukd bo properly adjusted hrsl, A Vin( t) vollage that
equals Uus desirod zero relerence plus V3 LSB (where the
LSB s calculaled for Lhe desved analog span, 1LSB —ana-
log span/256) 1s appled lo pin 6 and lhe zerd referance
vollage al pin 7 shoukl then be adjustad lo just obtain Lhe
00z 10 014 code lransibon,
The tull-scale adjustment shioukl then be maue (wih the
propar Vin( - ) vollege eppkad) by lorcing a vollage to the
Vil +) inpul which is gvan by:
o Vamax - V)

Vin(+)Isadj— V 1.5
IN(+}Is adj = Vaax . 56

where:

Viax — The lngh end of the analoy inpul range
and

Vian — he low end (tho ofiscl zero) of the analeg range.
(Both are ground relerencod.)
The Vrer/ 2 (or Vo) vollage s then adjusted lo provido a
coda change from FEnex o FFrex. This complotes the ad-
Justmanl proceduwe.

2.6 Clocking Optlon

The clock lor the A7D can be denved from the CPU clock or
an external RC can be addud o provde sell-clocking. The
CLK IN (pin 4) makes use of a Schmilt tngger as shown in
Foure 6.

Ny
axn
0

1
1.1RC
LK IN P S R=>10 k2

l AD
1,805 17

FIGURE 6. Self-Clocking the A/D

Heavy capacilve or DC loading ol the clock R pin shoukd be
avoided as Lhis will distwb normal converder operation.
Loads less lhan 50 pF, such as draving up 10 7 A/D convert-
ar clock inpuls (rom a single clock R pin of 1 converter, are
allowed. For larger clock bne loading, 8 CMOS or low power
TTL buller or PNP inpul logc should be used lo minimze
the loading on the clock R pin (do not use a standard TTL
buller).

2.7 Restart During a Conversion
If the A/D s restarted (TS and WR go low and return high)

during a conversion, the conventer s resel and a new con-
version s starled. The oulpul dula latch is not updated f the

8 ok ™

¢

conversion in process is not allowed lo be compieled, Lhere-
fore the data of the previous conversion renmains in this
latch. The INTR oulput simply remains st the *1* leval.

2.8 Continuous Conversions
For operalion in the free-running mode an initalzing pulse
should be used, lollowing power-up, to ensure circuil opera-
tion. In this apphecation, the CS input is grounded and the
inpul is tied to the TNTR output. This WR and TNTR'
node should be momentariy forced to logic low following @
power-up cycle Lo guaranies operation.
2.9 Driving the Data Bus
This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the tolal capaciance cf the
data bus gets lazge. Other circuitry, which is tied to the data
bus, wdl add to Lhe lotal capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacilance of the data bus.
There are some allemalives evalable lo the designer to
handle lhis prablem. Basically, the capacitve loading of lhe
data bus slows down the response time, even though DC
specdications are stil mel. For systams operating with a
eletivaly siow CPU dock frequency, more time is avadable
n which to eslablish proper logic levels on the bus and
therelore highor cepacilive loads can be driven (see typical
characteristics curvas).
Al highar CPU clock frequoncios time can be extonded for
120 reads (and/or writes) by msarting wai states (8080) or
using clock extanding circuits (6800).
Fnally,  time is shod and capaciive lbading i high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Scholtky such as the DM74LS240 series
8 recommendad) or spacial higher drive current products
which are designad as bus drivers. High current bipolar bus
drvers with PNP inpuls are recommended.

2.10 Power Supplies

Noise spikas on the Voo supply line can cause conversion
errors as the comparator wil respond to this noise. A low
induclance lantalum filter capacilor should be used close to
the convertar Vo pin and values of 1 pF or greater are
recommended. if an unregulated vollage is avadable in the
system, a separale LM340LAZ-50, TO-02, SV vollage regu-
lator for the converter (and other analoy circudry) will greally
reduce digital notse on the Vog supply.

2.11 Wirlng and Hook-Up Precautions

Standard digile) wire wrap sockets are not satisfactory lor
breadboarding this A/D converter, Sockets un PC boards
can be used and all logic signal wires and leads shoukl be
grouped and kepl as far away as possible from the analog
signal leads. Exposed leads o the analog inpuls can cause
undesired digital nvise and hum pickup, therefore shielded
leads may be necessary in many applications.
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A single poinl analoy ground Lhal s separate from the logic
ground poinls shoulkd be usod. The power supply bypass
capacdor and e soll-clocking capacitor (if usud) shoukd
both be retwrned lo dyilal ground. Any Viegr/2 bypass ca-
pacilors, angoy inpul liler capacilors, o mput sgnal slueld-
wng shouk! be relurnad Lo hw angloy ground pomt. A test for
proper grounding s lo measure the zero error af the A/D
converter. Zaro errors i uxcuss of ¥4 LSB can usually be
lraced (o wmpropar bourd layoul and wuing (see seclion
2.5.1 lor measunny the 2010 @r-or).

3.0 TESTING THE A/D CONVERTER

There &re many degroes of complexily associated with lest-
ing an A’ D converler. One of the simplost lests s to epplya
known analey mpul vollage lo the converter and use LED:
lo display the resuling deyilal oulpul code as shown in Fig-
ure 7.

For ease of testng, the VRer/2 (pin 8) shoukl he suppbeo
wilh 2560 Vp; and a Voo supply vollage of 512 Vo
should bo used. This pronidus an LSB value of 20 mV.

I a lull-scale adjuslmount 8 lo be made, an analog inputl
vollage of 5.080 Ve (5.120-1Y%, LSB) should be appbed to
the Viy(+) pin with tha Vin{ - ) ptn grounded. The value of
the Vrer/ 2 inpul vollage slwuld then be edjustad untd the
digital oulput code is just changmng lrom 1111 1110 lo 1111
1111, This value of Vrer/2 shioukd then be used for all the
tesls.

The dygital oulpul LED display can be docoded by dwviding
the 8 bls inlo 2 hex characlers, tho 4 mos! signiicant (MS)
and the 4 leasl sgnificant (LS). Table | shows the fractional
dinary equvalont of these two 4-bil groups. By adding the
vollages oblamed lrom the “VMS™ and ""VLS" columns 0
Teable I, the nomina value of the dwyital display (when
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FIGURE 7. Basic A/D Tester
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VRe#/2 — 2.560V) can be determined. For axample, for an
output LED disptay of 1011 0110 or 88 (in hex), the voltage
vulues from lho labls are 3.520 + 0.120 or 3.640 Vpc.
Those vollage values represent L center-values of a per-
fect A7 D convarter. Tho effects of quantization orror have to
be accounted lor in the interpratation of the lest rasulls.

For a lugher speed test system, or to oblain piolted data, a
dgitak-to-analog converter is needed for the test sel-up. An
accurate 10-bd DAC can sewve as the precigion voltagoe
source for tha A/D. Errors of the A/D under test can be
expressad as aithar analog vollages or differencas in 2 digh-
lal words.

A basic A/D lester that uses a DAC and provides the error
as an analog output voitage i8 shown in Fgumw 8. The 2 op
amps can be etminated  a lab DVM wilh a numarical sub-
tracbion loature is available to reed the difference voltage,
"A-C", directly. The analog nput vollage can be supplied
by a low frequency ramp generalor and an X-Y plotter can
bo used (o provide analog error (Y axis) vorsus analog inpul
X axs).

For operaton with a microprocessor or a compuler-based
lest syslem, 4 is more convenient to prasent the errors digi-
lally. This can ba done with the circuit of Figura 9, where the
oulput code lransitions can be detected as the 10-bit DACis
ncremonted. This provikles % LSB sleps for the B-bit A/D
undur test. I the resulls of Lius test are automatically plolted
wilh lhe analog mput on the X axis and the arror (in LSB's)
as the Y axis, a useful transter function of the A/D under
les! results. For acceplance lesling, the plol is not neces-
sary and the lestng speed can be increased by eslablishing
nternd limits on the allowed error for vach coda

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
s0rs, a common sample subroutine structure is used. The
mxroprocessor starls the A/D, reads and stores the resulls
of 16 successive conversions, then retums o the user's
program. The 16 dala byles are stored n 16 succossive
memory locations. All Dala end Addresses will ba given in
hexadecimal form. Software and hardware delails are pro-
wided sepasalaly for each lype of microprocessor.

4.1 Interfacing 8080 Microprocessor Derlvatives (8048,
a08s)
Tius convorter has baen designed lo direclly interface with
derivatives of the B0OBO microprocessor. The A/D can be
mapged inlo memory space (usag standard memory ad-
dress decoding for CS and the MEMR and MEMW w%a
or it can be controlied as an IO device by using lhe
and (7O W strobas and decoding the address bits AD —
A7 (or address bils AB — A1S5 as they will contain the
same B-bil address informalion) to obtain the TS input. Us-
gy tho /O space providos 256 additional addresses end
may allow a simpler 8-bit addross denoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory relerence inslruclions, the A/D should be
mapped inlo memory space. An example of an A/D in 110
space is shown in Fgure 10.
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FIGURE 0. A/D Tester with Analog Error Output
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FIGURE 9.Basic "Digital” A/D Tester
TABLE |. GECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
CENTER VALUES
FRACTIONAL BINARY YALUE FOR
HEX BINARY ° WITH
VRes/2 = 2.560 Voo
MS GROUP LS GROUP VMS GROUP® | VLS GROUP*

F 1 1 1 1 15718 15/256 4.800 0.300
E 1 1 1 0 7/8 71128 4480 0.280
D 11 0 1 13718 13/258 4.160 0.280
C 1 1 0 0 /4 /64 3840 0.240
B 1 0 1 1 11718 11/2588 3520 0.220
A 10 1 O 5/8 5/128 3200 0.200
) i 0 0 1 9/16 9/256 2/880 0.180
8 1 0 0 0|12 1/32 2/580 0.160
7 o 1 1 1 7716 7/256 2240 0.140
& O 1 1 0 3/8 37128 1920 0.120
5 o 1 0 1 5716 27256 1600 0.100
4 ¢ 1. 0 0O 1/4 1/64 1/280 0.080
3 o 0 1 1 316 3/256 0.860 0.060
2 ¢ 0 1 0 178 17128 0.840 0.040
1 o 0 0 1 1716 1/256 0320 0.020
Q 0O 0 0 O 0 0
‘Degay Oupst~ VMS Group + VLS Graug

an




Features

» Compatible with MCS-51" Products

* 4K Bytes of In-System Programmable {ISP) Flash Memory
- Endurance: 1000 Write’Erase Cycles

+ 4.0V to 5.5V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz

+» Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

» 32 Programmable 'O Lines

» Two 16-bit Timer'Counters

«» Six Interrupt Sources

* Full Duplex UART Serial Channel

» Low-power ldle and Power-down Modes

* [nterrupt Recovery from Power.down Mode

» Watchdog Timer

+ Dual Data Pointer

+ Power-off Flag

* Fast Pregramming Time

* Flexible ISP Programming {Byte and Page Mode}

Description

The AT89S51 is a low-power, high-performance CMOS 8-bit nucrocontroller with 4K
bytes of in-system programmable Flash memory. The device 's manufactued using
Atmel's nigh-density nonvolatila memory technology and is compatible with the indus-
try-standard 80C51 instruction set and pinoul. The on-chip Flash allows the program
memory o ba reprogrammed in-system or by a conventional nonvolatile memoary pro-
grammer. By combining a versatile 8-bil CPU with in-system programmable Flash on a
monalitnic cnip, the Atmel AT89S51 is a poweriul micracontroller which provides a
highly-flexiv.@ and cost-effective solution to many embedded control applications.

The AT89551 provides Lhe foliowing standard features: 4K tytes of Flash, 128 bytas of
RAM, 32 I/0 lines, Watchdog limer, lwo data pointers, two 16-bit timer/counters, a five-
vector two-levet interrupt architecture, a fuli duplex serial port, on-chup oscillator, and
clock circuilry. In addition, the AT89S51 is designed with static logic for operation
down to zero fraquency and supporls two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system fo continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disashing all other chip functions until the next external
interrupt or hardware reset.

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51

Rav. 2487A-10:01
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AT89S551

Block Diagram
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Pin Description

vecC
GND

Port 0

Port 1

Port 2

Port 3

ATMEL

Supply voitage.

Ground.

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

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

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

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

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

Port Pin Alternate Functions

P1s MOSI (used for In-System Programming)
P16 MISO (used fur In-System Programming)
P17 SCK (used for In-System Programming)

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

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

Port 2 aiso rereives the high-order address hits and some control signais during Flash pro-
gramming and ver.fication.

Port 315 an 8-bit hudirechonal VO port with internal pull-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 15 are written to Port 3 pins, they are pulled high oy the
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1, ) because of the pull-ups.

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

Port 3 also serves the functions of various special teatures of the AT89S51, as shown in the
following table.

4 AT89S 51 meessasssse—————C—————
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AT89S51

RST

ALE/PROG

PSEN

EAVPP

XTALA1
XTAL2

2487A-100

Port Pin Alternate Functions

P3.0 RXD (senal input port)

P3.1 TXO (sena! oulput port)

13.2 TNTO (exiernal interrupt 0)

P3.3 INTT (extwrnal interrupt 1)

P34 TO {umer O exiernal inpul)

P3.5 T1 {umer 1 exlernal inpul)

P36 WR (extemal dala memory wrile slrobe)
P3.7 RD (exlernal dala memory read sirobe)

Resel inpul. A high on this pin for two machine cycles while the oscillator is running resets the
device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bil in SFR AUXR (address 8EH) can be used lo disable this teature. In the delault state
ot bil DISRTO, the RESET HIGH out feature is enabled.

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

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

It desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE is active only cunng a MOVX or MOVC mnstruction. Otherwiss, the pin is waakly pulled
high. Setting Ine ALE-disable bit has no effect if the microcontroller is in external execution
mode.

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

When the ATE9S51 is executing code from external program memory, PSEN Is activated
Iwice each machine cycle, except that two PSEN activations are skipped during each access
to external data memory.

Extemal Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal pragram memory locations starting at 0000H up to FFFFH. Note, however,
that it lock bit 1 is programmed, EA will be internally latched on resst.

EA should be strapped to Vee for ntemal program executions.

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash
programming.

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

Output from the inverting oscillator amphfier

AIMEL 5



Special
Function
Registers

Table 1, AT89S51 SFR Map and Reset Values

6

UF8H
CFoH
0EBH
OEOH
CosH
[Hs ]
CCBH
CCOH
oBsH
0BuUH
0ABH

0AUH

YOH

80H

ATMEL

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

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

OFFH
)
LOGCULOY CFIH
OEFH
ACC
COGOVOTY CEM
00FH
PSW
COGODULY 007H
O0CFH
0CTH
®
XXCUU000 0BFH
P3
111 087H
€
EXCLCC00 CAFH
P2 AUXR1 WDTRST oATH
111141 XXXXXXXO XXXXXXXX
SCON SBUF 9FH
COOOUOUE | XXXXXXXX
P1
11111111 97H
TCON THOD 1w T THY THI AUXR aH
vossoree | ooweosee | tocsouso | coooscco | cocuoooo | 00000000 | XXX00XXO
P P oBeL DPUH OPIL DP1H PCON | g,
i | ooooorn UOUGUBOO | o©CDULACO | GOCO0COO | ©LBGCOOD 0XXX0000

AT89S51 e ———————
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AT AT89S51

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

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities
can be set for each of tne fiva interrupt sources in the IP register.

Table 2. AUXR: Auxiliary Register

AUXR Address = 8EH Resel Value = XXX00XX08
Nol Bit
Addressable
- - - | WOIDLE | DISRTO ~ ~ DISALE
Bt I 16 |5 4 3 2 1 0

Reserved for fulure expansion
DISALE Oisabe/Enable ALE

DISALE
Operatng Mode
(] ALE is erulled at a constant rate of 1/6 the oscilalor frequency
1 ALE is aclive only dunng a MOVX or MOVC instruction
DISRTO Oisab'e/Enavple Resel oul
DISR1O
v Reset pinis dnven High after WDT times oul
1 Reset pin is inpul only
WDIDLE  Disab.e/Enadle WOT in IDLE mode
WOIDLE
0 WDT conlinues lo count in IDLE mode
1 WD1 halts counling in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory,
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1.
The user shouid always nitialize the DPS bit to the appropriate value before accessing the
respective Dala Pointer Register.

ATMEL ’
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Memory
Organization

Program Memory

Data Memory

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

Using the WDT

ATMEL

]
Power Off Flag: The Powe:i Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR.
POF is set to "1" duning power up. It can be set and rest under software control and is not
affected by resst.

Table 3. AUXR1: Auxihiary Register 1

AUXR1
Address = A2H
Reset Value = XXXXXXX0B
Not Bit
Addressable
- - -1 -1 -T1- OPS
o] 7 | 6 [ s 4 3 2 1 0

Reserved for future expansion
bPs Data Pouter Regster Select
DPrs
0 Selucts OPTR Registers DPOL, DPOH
1 Selects DPTR Regislers DP1L, DP1H

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

It the EA pin is connected to GND, ali program fetches are directed to external memory.

On the ATB9S51, it EA is connected to Ve, program fetches o addresses 000CH through
FFFH are directed to internal memory and fetches to addresses 1000H through FFFFH are
directed to external memory.

The AT89851 impiements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Slack operations are examples of indirect addressing, so the
128 byles of data RAM are available as stack space.

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

To enable the WDT, a user must write 01EH and 0E1H in sequence to the WOTRST register
{SFR location 0A6H). When the WOT is enabled, the user needs fo servics it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (IFFFH), and this will reset the device. When the WDT is enabled, it will increment
every machine cycle while the oscillator is running. This means the user must reset the WDT
at least every 16383 machine cycles. To reset the WOT the user must write 01EH and 0E1H
lo WDTRST. WDTRST s a write-only register. The WDT counter cannot be read or written.
When WDT overfiows, it will generate an output RESET pulse at the RST pin. The RESET

e duration is 98xTOSC, whare TOSC=1/FOSC. To make the best use of the WDT, it

8 ATSQSPS“‘? S
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should e serviced in those sections of code that will periodically be executed within the tine
required 1o prevent a WDT reset.

In Power-down mode the oscillator slops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WOT. There are two methods of exiting
Power-down mode" by 8 hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware roset,
servicing the \WDT should occur as it normaily does whenever the AT89S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscilator to stanilize. When the interrupt is brought high, the interrupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is hald low, the WDT is not
started until the interrupt is pulled high. It is suggested that the WDT ba raset during the inter-
rupt service for the interrupt used to exit Power-down mode.

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

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

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

The UART in the AT89S51 operatas the same way as the UART in the AT89CS1. For further
information on the UART operation, refer to the ATMEL Web site (hitp://www.atmel.com).
From the home page, select ‘Products’, then '8051-Architecture Flash Microcontroller’, then
‘Product Overview'.

Timer 0 and Timer 1 in the ATB9S51 operate the same way as Timer 0 and Timer 1 In the
ATBIC51. For further information on the timers' operation, refer to the ATMEL Web site
{nitp/www.atmel.com). From the home page, select ‘Products', then ‘8051-Architecture Flash
Microcontroller', then *Product Overview'.

The ATB9S51 has a total of five interrupt vectors: two external interrupts (INTO and INT1), two
timer interrupts (Timers 0 and 1), and the serial port Interrupt. These interrupts are &ll shown in
Figure 1.

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

Note that Table 4 shows that bit position IE.6 is unimplemented. In the AT89S51, bit position
IE.S is also unimplemented. User software should not write 1s to these bit positions, since they
may be used in future AT89 products.

The Timer O and T:mer 1 flags, TFO and TF1, are set at S5P2 of the cycle In which the hmers
overfiow. The values are then polled by the circuitry in the next cycle

——— A ;
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Table 4. Interrupt Enable (IE) Register
(MSB} {LsB)

[ ea [ - - [ es et |exs ETo exo |
Ensblu 84 =« 1 enables the interrupl.

Enntlo Bil = 0 digadlas thu mlerrupl.

Symbol Position Function

EA IE.7 Disables all interrupts. if EA = 0, no interrupl is
acknowledged. If EA = 1, each interrupt source Is
individually enabled or disabled by selting or clearing
its enatile bit.

- IE.6 Reservud

- IE.S Reserved

ES IE.4 Serial Port inlerrupt enable bit

ET1 IE.3 Timear 1 interrupt enable bit

EX1 k.2 External interrupt 1 enable bit

ETO IEA Tumer 0 interrupl enable bit

EX0 IE.0 External interrupt 0 enable bil

User software should never wrile 1s o reserved bils, because they may be used in future AT89

products.

Figure 1. Inlerrupl Sources
0
‘NTO —r*‘ L €0 |—o
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XTAL1 and XTALZ are the input and cutput, respectively, of an inverting amplitler that can be
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz crystal or
ceramic resonator may be vsed. To drive the device from an external clock source, XTAL2
should be feft unconnected while XTAL1 is driven, as shown in Figure 3. There are no require-
ments on the duty cycle ot the external clock signal, since the input to the internal clocking
circuitry is threugh a divide-by-two flip-flop, but minimum and maximum voitage high and low
lime specificalions must be observed.

Figure 2. Oscillator Connections

+—i ]

XTaLl

Note:  C1,C2 =30 pF £10 pF for Crystals = 40 pF +10 pF for Ceramic Resonalors

Figure 3. Externa; Clock Drive Configuration

NG ————{  XTAL2
EXTERNAL
DSCILLATOR XTALI
SIGNAL

=

In «dle mode, the CPU puts itself to sleep while all the on-chip penipherals remain active. The
mode is invoked by software. The content cf the on-chip RAM and all the special function
registers reman unchanged during this mode. The idle mode can be terminated by any
enabled interrupt or by a hardware reset.

Note that when «dle mode is terminated by a hardware reset, the device normally resumes pro-
gram exscution from where il left off, up to two machine cycles before the internal reset
algontnm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access to the port oins is not inhibited. To elminate the possibility of an unexpected write to a
port pin when idle mode is teiminated by a reset, the instruction following the ons that invokes
idie mode should not wrile to a port pin or to external memory.

In the Power-down mode, the oscillator is slopped, and the instruction that invokes Power-
down is the last instruction executed. The on-chip RAM and Special Function Registers retain
their values until the Power-down mode is terminated. Exit from Power-down mode can be ini-
liated either by a hardware reset or by activation of an enabled external interrupt into INTO or
INT1. Reset redefines the SFRs hut does not change the on-chip RAM. The reset should not
be activated before V. is restored to its normal operating level and must be held active long
enough to atlow the oscillator to restart and stabilize.

ATNEL "
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Table §. Status of Exiernal Pins During Idle and Power-down Modes

Mode ProgramMemory | ALE | PSEN | PORTO | PORTY1 | PORT2 | PORT3

ldle Internal Daia Data Data Dala

Idle External Float Data | Address | Data

1 1
1 1

Power-down | Internal ‘ 0 0 Data Dala Dala Dala
0 0

Power<town | Extsmal Float Dala Data Qata

The AT89S51 has tires tock bits thal can be lefl unprogrammed (U) or can be programmed
(P) o oblam tho addiional foalures listed in the toliowing table.

Toble 6. Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 | Protection Type

1 J u U No program lock fealtures

2 P u U MOVC msiructions execuled from external program
memory are disabled from fetching code bytes from internal
memory. EA 1s sampled and lalched on resel, and further
programming of the Flash memory 13 disabled

3 P P v} Same as mode 2, bul venfy 15 also disabled

4 P P P Same as mode 3, but external execulion is also disabled

When lock bit 1.5 programmed, the logic level at the EA pin is sampled and latched curing
reset. If the device is powered up withoul a reset, the latch initalizes to a random value and
holds that value unrtil reset 1s activated. The latched value of EA must agree with the current
fogic levet at that p.n in order for the davice to function properiy.

The ATB9S51 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interiace needs a high-voltage | 12-volt) program enable signal and is compati-
ble with conventional third-party Flash or EPROM programmers.

The ATB9S51 code memory array 1s programmed byle-by-byte.

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up aceording to tne Flash programming mode lable and Figures 13 and
14. To program the AT89S51, take the following steps:

1. Input the desired memory locat.on on the address lines.

Inpul the appropriate data byte on (ne data lines.

Activale the correct combination of control signals.

Raise EAVpp to 12V.

Puise ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is scl-tmed and typically takes no more than 50 ps. Repeat steps 1

through 5, changing ihe address and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89S51 features Dala Polling to indicate the end of a byte write cycle.
Duning a write cycle, an attempted read of the last byte written will result in the complement of
the written data on P0.7. Once the write cycle has been completed, true data is valid on all cut-
puls, and the next cycle may begin. Data Polling may begin any time after a wrile cycle has
been inil:ated.

o R wenN
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out-
pul signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0
is pulled hign again when programming s done to indicate READY.

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

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verihcation of iocations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled
1o a logic low. The values retumed are as follows.

(00OH) = 1EH indicates manufactured by Almel
(100H) = §1H indicates 89551
(200H) = 06H

Chip Erase: In tne parallel programming mede, a chip erase operabion is intiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 260 ns -
500 ns. .

In the ser:al programming mods, & chip erase operatien is initiated by issuing the Chip Erase
inslruction. In this mode, chip erase is self-tmed and takes about 500 ms,

Dunng chip erase, a senal read from any address location will return 0OH at the data output.

The Code memory array can be programmed using the serial ISP interface while RST Is
pulledto V... The serial intertace consists of pins SCK, MOSI input) and MISO (cutput). After
RST is set high, the Programming Enabla instruction needs to be executed first before other
operations can be executed. Belore a reprogramming sequence can occur, a Chip Erase

_operalion is required.

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

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

To program and venty the AT89S51 in the serial programming mode, the following sequence
is recommended:

1. Power-up sequence:
Apply power batween VCC and GND pins.
Set RST pinto “H".

It a crystal 1s not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz
clock to XTAL1 pin and wait for at least 10 milliseconds.

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

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

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at Lhe selecled address at serial output MISO/P1.6.

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

ATMEL 13



Serial

Programming

Instruction Set

Programming

Interface -

Parallel Mode

Table 7. Flash Programming Modes

ATEL

Power-oft sequance (it needed):
Set XTAL to L” (it a crystal is not used).
SetRSTto"L".
Turn Ve power off.
Data Polling: The Data Polling feature is also available in the serial mode. In this mode, dur-

ing a wrile cycle an attempled read of the last byte written will result in the complement of the
MSB of the serial output byte on MISO.

The Instruction Set for Serial Programming follows a 4-byte protoco! and is shown in Table 8
on page 18.

Every code byte in the Flash aay can be programmed by using the appropriate combination
of control signals. The write operation cycle is self-timed and once initiated, will automatically
lime itself lo completion.

All major programming vendors offer worldwide support for the Atmel microcentroller series.
Please conlact your local programmung vendor for the appropriate software revision.

Al | B porg | P20 | P70
Mode Voo | RST | PSEN | PROG | Vv, | P26 | P27 | P33 | P36 | P37 | Data Address
)
Wity Cuco Dula sV N L -~ 12v L H H H H Oy Al1-8 A70
Rouae Coxdi Data sV H L H H L L L H H Do Al1-8 A0
[R]]
Writa Locx Bit 1 sV H L -~ 12v H H H H H X X X
(2]}
s v '
Wrile Lock Bit 2 § H L ~ 12v H H H L L X X X
)
o
Wrils Lock Bit 3 5V H L -~ 12v H L H H L X X X
. P02,
:"':?’“" B | s | n L H H Wl w] ol w] oL P03, X X
.2, P04
m
Ctup Erase 5v H L -~ v H L H L L X X X
Reac Atirol 1D 5V H L H H L L L L L 1EH 0000 00H
Reac Davico ID &5V H L H H L L L L S1H 0001 ooH
Roao Duvico ID sy ] L H H L L L L 06H 0010 00H
Notes: 1. Each PROG pulse ts 200 ns - 500 ns for Chip Erase.

2. Each PROG pulse 1s 200 ns - 500 ns for Write Code Dala.
3. Each PROG pulse ts 200 ns - 500 ns for Write Lock Bits.
4. ROY/BSY signal 1s output on P3.0 during programming.

5. X =dont care.

14
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Figure 4. Programming the Flash Memory (Parallei Mode)
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Figure 5. Veritying the Flash Memary (Paralle! Mods)
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The Concise LCD Data Sheet.

bttp://www.senet.com.aw/~cpeacock

Instruction RSIRW|D7{D6[{D5{D4ID3|D2|D1|D0 Description Clocks
Nop 0]0j]0]o0ojojojo| o] o] o]|NoOpermtou 0
Clear Display 0jo0jojojojo]o]| 2] o] 1]|Clasdisplay & seis address counter to zero. 165
Cursor Home 010]0|0j010([0]| 0] I | O/[Setsaddresscounter to zero. retums shifted 3

display to original position.
DDRAM contents remains wnchanged.
Entry Mode Set 0]0|0[0f0]0| 0] ! |UD|S |Setscursor move direction, and specifies 3
automatic shift.
Display Control 010f0f0f0]|0]|1]D]C|B |Tunsdisplay (D). cursor on/off (C) or cursor 3
blinking(B).
Cwrsor/display shift| 0 | 0 [ 0| 0 [ 0 | 1 [S/C|R/L] 0 | 0 [Moves cursor and shift display. DDRAM contents 3
remains unchanged.
Function Set 0J0]0]0]|1[DL|N|M| G| 0|Setsinterface data width(DL), number of display 3
lines (N.M) and voltage generator control (G).
SetCGRAM Addr | 0 [ 0 | 0 | 1 | Character Generator RAM [ Sets CGRAM Address 3
SetDDRAMAddr [ 0 | 0 | 1 Display Data RAM Address | Sets DDRAM Address 3
BusyFlag& Addr | 0 | ) {BF Address Counter Reads Busy Flag & Address Counter 0
Read Data 10 Read Data Reads data from CGRAM or DDRAM 3
Write Data 111 Write Data Writes data from CGRAM or DDRAM 3
Write Cycle
RS §<
. i ............. — —
S pel " "'tah
RIW \
- f—
WAk _
Enable N
/] /]
B L st T R
Data Velid Data
te
Q)
Parameter Symbol | Min® | Typ® [ Max™® | Unit
Enable Cycle Time te 500 - - as
e e T T——T—1—1 |1 [0000000000000000| 0
(High) [ {0000000000000000/0
Enable Rise/Fall Time t.te - - 20 ns 0 ARARARAANAAAAR °
Address Setup Time ts 40 - - ns 14 1
Address Hold Time tan 10 - - ns PinNo | Name | VO | Description
Data Setup Time tas 0 - ns 1 Vss Power | GND
Data Hold T o 2 Vdd Power | +5v
ta Hold Time i - N ns 3 Vo Analog | Contrast Control
4 RS Input | Register Seleet
Note ! The above specifications are a indication only. Timsng will vary from manufacturer 5 R'W Input | Read/Write
to manufacturer. 6 E Input | Enable (Snobe)
7 DO 10 Data LSB
S 8 D1 1’0 Data
Note* A 2 line by 16 Character LCD Module is Pictured. Data will work on most 1 line x 9 D2 o Data
16 character, 1 line x 20 character, 2 line x 16 chavacter, 2 line x 20 character, 4 lines x 10 D3 1o Data
20 character, 2 lines x 40 character ere. modules comparible with the HD44780 LCD n D4 [0 Data
Module. 12 DS LO__ | Daw
13 D6 10 | Dam
14 D7 10 Data MSB




