SKRIPSI

PERANCANGAN DAN PEMBUATAN ALAT PENG-AKUISISI
DAN PEMROSESAN SINYAL ELEKTROKARDIOGRAFI
(EKG) DENGAN PERSONAL COMPUTER (PC) SEBAGAI
PENAMPIL

Disusun Oleh:

Alex Walesa Butarbutar =
0017135 =~ W

JURUSAN TEKNIK ELEKTRO S-1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
MARET 2008




LEMBAR PERSETUJUAN

FERENCANAAN DAN PEMBUATAN ALAT PENG-AKUISISI
DAN PEMROSESAN SINYAL ELEKTROKARDIOGRAFI (ECG)
DENGAN PERSONAL COMPUTER (PC) SEBAGAI PENAMPIL

SKRIPSI

Disusun dan diajukan sebagai salak satu syaraf untuk memperoieh gelor
Sarjana Teknik Elektronika Strata Satu (5-1)

Disusun Oleh »
ALEX WALESA BUTARBUTAR
00.17.135

Diperiksa dan disetujui,

JURUSAN TEKNIK ELEKTRO S-1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
2008




INSTITUT TEKNOLOGI NASIONAL
Jl. Bendungan Sigura-gura No. 2
MALANG

Hap an®

BERITA ACARA TJIAN SKRIFS]
FAKULTAS TEKNOLOCGI INDUSTRI

Mama » Alex Walesa Butarbutar
Nim Q0. 17135
Jurusan : Teknik Eleldtra S-1

Konscntrasi : Teknik Elektronika

Judul Skripsi . Perancangan dan Pembuatan Alat  Peng-Akuisisi  Dan
Pemrosesan Sinyal Elektrokardiografi (EKG) Dengan Personal
Computer (PC) Sebagai Penampil.

Dipertahankan Dihadapan Majelis Penguji Skripsi Jenjang Strata Satu (5-1) Pada:
Hari : Senin

Tanggal + 17 Maret 2008

Dengan Nilai  : 73,1 (B+) g:;(

itia Ujian Skripsi

ar Asroni. MSME Ir. F ¥udi Li no, MT
Ketua Selcretaris
2 Anggota Penguji
e
\ A s »
- . P L
{DR. Cahyo Crisdian, Msc.) {Ir. Y@ﬁ Dedy Irawan, MT.}
Penguji | /" / Penguji 11
£
/




ABSTRAKSI

(Alex Walesa Butarbutar, 00,17.135, Jurusan Teknik Elektronika 8-1)
(Dosen Pembimbing: Ir, F. Yudi Limpraptono,MT.,Sotyohadi, ST.)

Kata kunci : Sinyal, ECG, Filter, Amplifier, ADC, DB-25,

Skripsi ini bertujuan untuk merancang alat untuk meng-akuisisi dan
memproses sinyal ECG dan ditampilkan di Personal Computer (PC). Alat ini
terdiri dari instrumentasi amplifer dan filter-filter sebagal pemroses sinyal
jantung. Prinsip kerjanya dengan mengukur selisih tegangan antara dua sisi tubuh
yang yang dikirim oleh jantung manusia dan kemudian memproseésnya untuk bisa
ditampilkan ke Personal Computer (PC). Sinyal Elektrokardiogram (ECG) diukur
oleh sebush ECG amplifier, yaitu sebuah amplifier bicelectric yang biasanya
memiliki penguatan 1000 kali. Sebuah ECG amplifier terdiri dari sebuah
instrumentation amplifier (1A} diikuti bandpass filter (BPF), dan amplifier driver
kaki kanan (RL). Perancangan dan implementasi dari single-channel ECG cireuit
dengan bandwidth of 0.16-100Hz untuk keperluan monitoring pasien. Dengan
menggunakan ADC 0804 8bit. sinyal yang dihasilkan akan dikonversikan ke
besaran analog dan melalui port DB3-25 dikirimkan untuk ditampilkan di PC
dengan mengunakan Software hasil perancangan. Softwarc yang digunakan

adalah Visual Basic, dengan bahasa pemrograman menggunakan bahasa Paseal.
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BABI

PENDAHULUAN

L.1. Latar Belakang

Perkembangan teknologl sangatlah pesat di berbagai bidang, baik itu di
bidang industri, penelitian, kedokteran & kesehatan, militer hingga keperluan
rumah tangga Namun dengan adanya teknologi terbaru, harganya sangatlah
mahal. Sedangkan kita tahu bahwa teknologi dibuat diciptakan untuk membantu
pekerjaan manusia atau untuk menjadikan suatu pekerjaan lebih mudah dan
efisien sekaligus bernilai ekononus.

Tidak dapat dipungkiri bahwa saat ini masyarakat sangat berhati-hati
terhadap kondisi kesehatan mercka. Baik itu masyarakat di perkotaan maupun
yang berada di pedesaan. Kalau di perkotaan sudah terdapat fasilitas kds;ahatan
yang memihki peralatan lengkap untuk memeriksa kondisi dari pasien, s::ﬂangkan
di pedesaan hanya terdapat puskesmas dengan tasilitas penunjang yang terkadang
tidak lengkap.

Berangkat dari permasalahan diatas, maka tmbul gapasan untuk membuat
suslu perangkat yang dapat mengetahui sinyal jantung pada tubuh sesara digital
dengan sebuah penampil, yang bemilai ekonomis, schingga kondisi janiung dari
pasien tersebut dapat dipantau. Sehingga dapat dideteksi sejak dini kelainan
lantung apa yang didenta oleh si pasien, vang pada umumnya turut serta menekan

angka kematian masyarakat akibatl gangguan jantung.




1.2. Tujuan,

Tujuan dari penulisan sripsi ini adalah merancang dan membuat perangkat
vang dapat mengakuisisi dan memproses sinyal elektrokardiograii dua kanal
{channel) dengan menggunakan PC (Personal Computer) sebagai penampil sinyal

EKG tersebut. Sehingga kita dapat memonitor smyal jantung dari si pasien.

1.3. Rumusan Masalah.

Dalam perancangan dan pembuatan alat untuk mengakuisisi dan memproses
sinval elekirokardioprati ini dapat dirumuskan beberapa masalah yang akan dibahas
antara lain

| Bagaimana cara merancang dan membuat perangkat yang dapat membedakan
sinyal yang dihasilkan oleh jantung dengan sinval lainnya vang dihasilkan

oleh tubuh manusia.

[}

Bagaimana cara mengubah besaran dan sinyal jantung manusia menjadi
besaran digital.
3. Bagaimana cara menampilkan sinval jantung tersebut pada PFersonal

Computer (PC).

1.4. Batasan Masalah.

Sehubungan dengan permasalahan yang dibahas dalam skripsi ini, maka
penulis akan membatasi permasalahan tersebut dengan tujuan untuk mencegah
kemungkman terjadinya perluasan dan penyimpangan pembahasan dari fokus
permasalaban, mengingat akan keterbatasan waktu dan biaya.

Benkut ini penulis uraikan batasan masalahnya :




Berikut ini penulis uraikan batasan masalahnya

Sinyal yang ditampilkan adalah sinyal EKG dari jantung pasien saat

diadakan pengukuran,

e Alat ini tidak menentukan adanya suatu penyakit yang mungkin
diderita olch si pasicn.

s Tidak membahas cara kerja jantung.

* Tidak membahas tentang kesehatan dari si pasien.

« Tidak membahas catu daya

1.5. Metodologi Penclitian.

Pembuatan skripsi ini dilakukan dengan pendekatan pada studi lapangan
dan perangkat keras untuk mendapatkan hasil yang diinginkan,

Metodologi penelitian yang dipakai dalam pembuatan skrips: ini adalah :

1. Stuch hteratur yang mempelajan teori-teori yang berkaitan
mengenal cara kenga komponen-komponen vang  digunakan
dalam  Akuisist  Dan Pemrosesan Sinyal EKG
(Elektrokardiogram) Yang Ditampilkan Pada Personal Computer
[ 94

2. Perancangan alat dilakukan dengan mengacu pada beberapa
literatur yang menyertakan skematik rangkaian EKG. Dan juga
dilakukan dengan mempelajari semua perangkat yang diperlukan
dalam sistem beserta pengapiikasiannya selanjutnya menurut

kebutuhan,




Selinifitoya paids. peribistin Alat. dibaaiah: sebudh’ st vaiig
dapat mengakuisisi dan memproses sinyal elekitrokardiogram
schingga dapat ditampilkan pada Personal Computer (PC).
Kemudian dilakukan pengujian terhadap alat yang dirancang.
Pengujian ini dilakukan dengan mengkalibrasi alat tersebut
dengan alat yang sudah ada pada sebuah rumah sakit. Sehingga
didapat suatu alat vang kita inginkan (praktis dan ekonomus).

Dari tahap-tahap yang sudah dilakukan di atas, dapat sebuah
kesimpulan akhimya disusun laporan skripsi ini dimana di
dalamnya mencakup semua langkah dalam pembuatan alat

tersebut

1.6, Sistematika Penulisan.

Sistemn penuhisan yang akan digunakan untuk membahas masalah dalam

Tugas Akhir mi diperlukan gambaran susunan alat secara keseluruhan yang

selanjutnya  ditentukan  komponen-komponen utama dan pendukung yang

digunakan dan kemungkinan untuk disederhanakan bak untuk bentuk, biaya

pembuatanya agar didapatkan susunan vang seefisien dan seefekbf mungkin,

Sistematika penulisan Laporan Akhir imi adalah |

BARI

BAB II

Pendahuluan, yang memuat latar belakang, Rumusan Masalah,
Tujuan, Batasan Masalah, Metodologi serta Sistematika Penulisan.
Teori Dasar, bensi tentang teon penumjang yang berhubungan

dengan semua perangkat lunak dan nerangkat keras dalam sistem,




BAB III

BAB IV

BAB V

Perancangan dan Pembuatan Alat, membahas tentang
perencanaan dan pembuatan alat

Analisa dan Pengujian Alat, berisikan tentang pengujian alat
yang telah dibuat, pengoperasian dan spesifikasi alat.

Penutup, yvang benisi kesimpulan dan Saran.




2.1, Biopotensial

Biopotensial adalah sinyal-sinyal berupa potensial ionik yang dihasilkan
oleh aktivitas biokimia dan sel-sel tertentu dalam tubuh mahluk hidup. Sinyal-
sinval i dihasilkan kettka tubuh melakukan aktivitas. Dengan menggunakan
transducer yang sesuai, tegangan ionik ini dapat dikonversikan menjadi tegangan
histrik, selnngga dapat dianalisa lebih lanmjut dengan peralatan kedokteran,

Ada beberapa biopotensial yang dihasilkan oleh tubuh manusia bergantung

BABII

TEORI DASAR

dari organ tubuh yang menghasilkannya, antara lain:

- FECG (Electrocardiography) atau sinyal yang dihasilkan karena adanya

aktivitas jantung.

- EEG (lectroencephalography) atau smyal vang dihasilkan karena

adanya aktivitas otak.

- EMG (Electromyography) atau sinyal yang dihasilkan karena adanya

aktivitas otot.

- DIL
Signal | Frequency range | Anplitude Range
(Hz) (mV})
ECG B.1-3a0 0.05-3
EEG 0.1-100 0.001-1
EOG 0.1-10 0.o001-C.3
EHG 50-3000 0,001-100

Tabel 2.1. Frekuensi Einpmensial"-”




Pada kesempatan ini yang akan dibahas hanyalah sinval ECG
(Electrocardiography) atau sinyal yang dihasilkan karena adanya aktivitas pada

jantung.

2.2. Biopotensial pada jantung
Jantung manusia terdin dan 4 bagian utama, vaitu: 2 serambi/ventricle (
serambi kanan dan serambi kiri), dan 2 bilik/atrrem (bilik kanan dan bilik kin),

dan beberapa bagian lainnya seperti yang tampak pada gambar 2.1. di bawah ini.

Binpatrial Neds
R

Left Alriuen

HI% Hanfe

Right Atrium Lefi Bandie
: Branch (L RES
Advipventricelar Node B Lefi Fosteriar
LAY RS ; Fagciife 1LPS)

Faghl Bandle

Branch 1R R Lef Vondricie

iLell Anterior
- . Fascitle (LAF)
Right Veninicle |

Furhinge Fiber
EEL: N

Gambar 2.1. Pepampang Jantung Manusia"™’

2.2.1. Sinoatrial (SA) Node

Sinoatrial Node wang normal akan menentukan bagaimana jantung
berdetak, karena Sincatrial Mode berdetak dengan cepat dan memberikan
rangsangan pada jaringan yang lain sebelum mencapai keadaan istirahat schingga

dapat dikatakan bahwa Sinoatrial node adalah sebagai pemicu detak jantung.




Sinoatrial Node berdenyut dengan kecepatan dari 70 sampai 80 denyutan per-

menit (beat per-minute: bpm) pada saat kondisi jantung tenang atau istirahat'™.

2.2.2. Atrioventricular (AY) Node.

Antrioventricular (AV) Node berdenyut dengan kecepatan 40 s'd 60
denyutan per menit {beat per-minute: bpm). Depolanisation Sincatrial Node
menyebar ke seluruh serambi jantunp/atrium dan menjangkau Atrioventricular
dalam 40ms. Oleh karena rtendahnya kecepatan sifat konduksi dan
Atnoventnicular Node, memerlukan sekitar 110ms untuk depolanisasi untuk
menjangkau Bundle of HIS, yang dikenal sebagai sistem Purkimje. Bilik
Jantung/ventricle kemudian berkontraksi, venrricle kanan menekan darh masuk
ke para-pary, ventricle Kin vang menekan darah ke dalam aorta dan sesudah itu
mulewall sislem peredatant dataii Ronirakst Jantung ini discbut Svsode.

Kontraksi pada bilik jantungvesatricleé ini memerlukan 200 s/d 250ms,
Waktu yang relatif lama ini menyempatkan Atrioventricular untuk mengosongkan
jantung dan darah dan mengirimkan darah ke Pembuluh Arteri. Jantung
mengalami repolarisast selama waktu stirahat jantung ini, hal im disebut

diastole'™.

23, ECG (Electrocardiography)
Suatu elecirocardiography (ECG atau EKG) adalah sebuah grafik yang
menggambarkan aktivitas listrik jantung dar waktu ke waktu, ECG atau EKG ini

memegang peranan penfing dalam menganalisa jantung dan menjadi kunci dalam




diagnosa dan suatu penyakit yang mungkin diderita oleh si pasien, dimana
aktifitas listrik jantung ini didapat dengan suatu pengukuran potensial listrik
menggunakan sebuah framsducer (berupa elekirode) yang ditempelkan pada
permukaan tubuh di titik-titik tertentu. Arus yang mengalir, dalam bentuk ion,
merupakan signal listrik dari serabut otot jantung yang mengarah ke jantung pada
saat jJantung memompa darah. Karakteristik sinyal ECG dilambangkan oleh enam
puncak dan lembah ditandai dengan huruf yang berurutan vaitu P, Q, R, 8, T, dan

U. Seperti tampak pada gambar 2.2 di bawah i,

L

£ e sk ey 0V Sds = dhRala Al B o

Gambar 2.2. Bentuk Sinyal ECG/EKG Normal




Interval : ;

PR Beginning of P-Wave to beginning of ORS complex.
S5-I End of S-Wave io end of T-Wave.

Q- Beginning of O-Wave to end of T-Wave

Sepment ;

P-R  End af P-Wave 1o beginning of O-Wave.

S-T End of S-Wave io beginning of T-Wave.

Complex :
(RS Beginning of O-Wave to end of S-Wave,

Saal diastole, ketika jantung dalam kondisi istirahat, seluruh sel
lerpolarisasi sehingga menyebabkan potensial di dalam masing-masing sel bersifat
ncganf jika dibandingkan dengan vang di luar sel. Keadaan tidak seimbang im
mengakibatkan arus 1on, I, pada lengan kiri (LA) akan terukur positf
dibandinghan dengan lengan tangan kanan {(RA), seperti vang tampak pada

gambar 2.3, (a) Menghasitkan Gelombang-P,

5N
LA
e 1.4
i .:3“;'__*.”,.-"{ ! { i."
S 1:;1“"_“‘ !
Ui fand Tan 230 ima
A L

{zriosd 7 a 20 ma
Gambar 2.3. lon arus sebagai sumber Elektrokardiogram

Setelah sekitar 90 ms kemudian, atriwn dengan sepenuliiya terpolarisast,

dan arus ion yang iciukur oich Lead / berkurang hingga bernilai nol. Depolarisasi




kemudian melewati simpul atrieventricular, menyebabkan penundaan sekitar 110
ms. Depolarisasi kemudian melewat otot ventricyular kanan, men-depolanisasi-
kannya dan menyebabkan otot ventricular kanan ini bernilai negatif jika
dibandingkan dengan otot ventricular kiri yang inasth ler-polanisasi, seperii yang
lampuak pada gambar 2.3. (b). Arah arys menyebabkan legangan bermilai positif-
ke-negatf dari (lengan kiri) LA ke (lengan kanan) RA yvang discbut peloimnbang-
K.
Sinyal ECG mungkin akan terganggu oleh berbapai macam noise, Noise-

neise mi bersumber dari:

= Adanya Interferensi dan PLN: 50-60 Hz.

* Noise dan electrode: variabel antara electrode dan kulil,

* Kontraksi otot: masuknya sinyat Electromyvograin { EMG) dan mEiviiu

dengan sinyal ECG lersebul.

2.4, Traasducer.

Diperlukan sebuah transducer untuk menghuabuiigkan iubuh detizan atat
pengukw pada saal mclakukan pengukuian iegangan dan arus yatig difiasiihan
slen tubuh. Transduccr adalah scbuah alat yang bila diporakkan olch cnors di
UAlaT SENUAN SISICTL FANSINIS, Meivalurkan encig tersebut kedalar benuk Varng
saiiia alau dalan pontuk yang lai ke sisiei Wansons yang lali Transmisi Sl
it bnsa berupa cueigs listok, dickauik, ki, upiik tadiasy, aiau L bl PRt

Bordasarkan dongan jomitya ransduccr dapat dikclompokkan mcnjad

diia Macam sinara lain




2.4.1.

2

I Transducer Pasifi*,

Transducer ini ini tidak dapat menghasilkan tegangan sendiri tetapi
dapat menghasilkan perubahan nilai resistansi, kapasitansi, atau indukransi
apabila mengalami perubahan kondisi sekeliling

Tika transduser ini mengalami perubahan kondisi pada lingkungan
sekelilingnya maka nilm resistansinya akan berubah. Perubahan ini
selanjutnya menyebabkan perubahan besar tegangan atau kuat arus yang
dihasilkan trnsducer. Perubahan ini dapat bernilai positif (milai resistansi
bertambah) berarti tegangannya juga meningkat atau negatif (nilai
resistansi berkurang) berarti tegangannya berkurang, Perubahan tegangan

mlah yang dimanfaatkan untuk mengetahui keadaan vang ingin diukur.

2, Transducer Aktf.
Transducer ini ndak memerlukan catu daya eksternal. Transducer

ini malah dapat menghasilkan energi listrik.

Elektrode Untuk Mendapatkan Sinval Biopotensial.

Flektrode merupakan salah satu jenis transducer vang digunzkan untuk

mengukur biwpetensial pada wbuh (ECG, EEG, EOG, EMG. dll).

Pada wumumnya dikenal dengan clektrode Ag/AgCl  Electrode

mengkonversi arus ion yang diproduksi oleh tubuh ke dalam bentuk tegangan, dan

rangkaian mstrumentast memperkuat sinval voltase ini, karena potensial pada
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tubuh hariya berkisar antara 1)1V untuk tengkorak atas, 1mV untuk bagian lengan

dan 0.1V untuk bagian expesed viscera (viscera=jeroan).

2.4.2. Prinsip Kerja Elektroda.

Untuk dapat memahami prinsip kerja elektrode permukaan metal elektrolit
maka kita perhatikan Gambar 2.6. di bawsh ini. Potensial elektrode metal
dibentuk oleh elektron-elektron yang terkandung dalam cairan elektrolit dan
ditinggalkan oleh cairan elekrolit tersebut sechingga masuk ke plat metal,
peninggalan muatan elektron-elektron tersebut bervariasi seperti fungsi suatu
posisi. Distribusi muatan 1mi serupa pada distribusi muatan pada kapasitor yang

mana positif pada permukaan vang satu dan negatif pada permukaan yang lain.

....... o \
+ B 'l \
T '§1
4 _-'vhm‘ i
SN :;WE; :‘-,% g{_{ Posisition
e o .-; ‘ia__ ,;
Mt Eoe Th ’
o

Gambar 2.4, [Hstnbosi Muatan Pada Elektroda Permukasn

Oleh karema wu, rangkaian ekuivalen listrik untuk hubungan i
mengandung kapasitor, 4. Distribusi muatan elektron-elektron- imi  juga
menyebabkan  suatu potensial listrik yang disebul half-cell poential (E3),
Resistanst bocor R4 muncul di seberang ekwivalen kapasitansi. Sebuah resistansi

seri pada rangkalan ckuivalen Xs mengakibatkan alitan cairan elektrolit pada
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kemairribangan muatan. Rangkaian equivalen untuk elektroda permukaan

ditunjukkan gambar dibawah:

Ry

A
-+ o
o e —\ N ,—
Instrument R Body
Eye %

¥

i

C

Ehe < half-cel] potential

(W - electrode capacitance

Rd  -leskage resistance

s - Senes electrolyre and skin resistance

Gambar 2,5, Rangkaian Ekuivalen Elektroda Permukaan

Impedansi elektrode pada rangkaian ekuivalen diatas diberikan oleh rumus
untuk kombinasi impedans:, seperti berikut:

Rd
i2nflCd
N . G s b (1

L =Rs+
Rd +

Dari rumus di atas dapat disederhanakan, sehingga :

Rd

L = Rs + %
T T

PR )

Rumusan impedansi ini membenkan suatu uraian yang tepat tentang perilaku
listrik pada elektroda permukaan, Hal ini sangat penting untuk dicatat bahwa

suatu impedansi adalah fungsi dan frelowensi,
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2.43. Elektroda Disposabel.

Pgmakaian elektroda ada yang menembus kulit (invasive) seperti elekiroda
jarum dan ada elekiroda permukaan yang tidak menembus kulit (ron invasive).
Jenis elektroda yang terakhir ini sering dipakai dalam lingkungan klinis karena
memiliki resiko yang kecil seperti resiko infeksi penyakit maupun infeksi akibat
pemakaian elektroda itu sendiri, Permukaan elektroda ada yang terdiri dari plat
metal yang dilapisi oleh cairan elekirolit atan berupa suatu plat metal yang yang
terpisah dari permukaan tubuh oleh suatu insulator yang mana fungsinva
menyerupai sebuah pengkopel. Dalam perancangan akwisisi dan pemrosesan
sinyal elektrokardiograph ini menggunakan elektroda disposable, Pemakaian
elektroda 1m ada yang direkatkan atau ditempelkan pada permukaan tubuh sepert
stiker dan ada pula yang menggunakan penjepivklip. Biasanva elektroda
disposable yang direkatkan seperti stiker hanva dapat digunakan untuk sekali
pemakaian saja karena perckatnva tidak tahan lama. Seperti yang dijelaskan pada

Gambar 2.6, di bawah ini.

Pinngan logan: das eleftolit

prerimaiism bardalee

{Bawah) bazma vang berlaps pevebat

Buiza bavialan

Gambar 2.6. Elektroda Disposabel dengan bantalan busa,
biasa digunakan untuk ECG’
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2.5. Biopotensial Amplifier,
Elektrokardiograf terukur sebagai beda potensial antara dua anggota tubuh.

Jika digambarkan equivalennya, maka beda potensial ini seperti ada dua sumber

tegangan.

Gambar 2.7, Dua Potensial Berbeda Yang Terukus FCG
Sehingga dengan adanya dua sumber tegangan vang berbeda ini maka
diftirensial amplitiernva adalah yang ideal untuk mengukur beda potensial ini dan
sering kali dipakai untuk aplikasi instrumentasi medika.

Salah satn keunggulan yanmg ada pada differensial amplifier adalah
cenderung untuk menghilangkan interferensi commond mode voltaze (CMV).
Commond mode voltage adalah apapun yang memiliki nilai yang sama pada
semua input terminal differensial amplifier. Maksudnya adalah jika Vinl dan
Yin2 adalah common mode voliage (CMV), maka Vin[=Vin2, dan Vout —nva
adalah nol. Sehingga tegangan output cenderung mengarah atau menjadi nol

karena commaond mode interference.
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2.6. Pengunat Kerja {dp-Amp}

T e R
Gambar 2.8. Simbol Penguat Kerja (OP-Amp)®

Op-amp mempunyai beberapa karaktenstik yang paling diketahui oleh
seorang perancang, tetapi model op-amp vang ideal hanya mempunyai dua sifat
yang diperlukan dalam analisa rangkaian yaitu ;

- Arus yang masuk ke kedua kutub masukannya sama dengan 0.

- Tegangan diantara dua kutub masukannya sama dengan 0.
Berkut i akan dibahas bagaimana Differensial Amplifier vane ideal, penguat
pembahk, penguat tak-membalik, fungsi Op-amp sebagai penguat iastrumentasi,
dan pengikut tegangan. Op-Amp memiliki persamaan sebagai benku

T Y (o R

| E]
[
o

Dimana :
. Vinl dan Vin2 adalah tegangan input jika terukur terhadap ground.
2. Vout adalah tegangan output.

3. Ad adalah tegangan difterensial gain.




2.6.1. 1deal Differensial Amplificr

Differensial amplifier dapat diproduksi atau dibuat dalam bentuk
rangkaian /ntegrated Circuit (IC) dengan biaya yang sangat murah sehingga hal
ini memungkinkan untuk membuat suatu amplifier dengan input impedance yang
sangat tinggi sehingga memungkinkan juga untuk membuat gain amplifier yang
sangat tinggl pula. Semuanya ini dapat dibuat dengan dengan biava vang murah
jika kebutuhan untuk dava (power reguirement) rendah dan kisaran [rekwensi
(frequency range) berada pada kisaran yang diperlukan untuk biopotensial
amplifier sehingga menjadi ekenomis dan praktis untuk mendefinisikan suatu
differensial amplifier yang ideal sebagai suatn komponen untuk analisis

rangkaiannya.

Gambar 2.9. Simbol Differensial Amplifier Yang Semua Tepangannya Terukur Dengan
Keferensi Terhadap Common Ground

2.6.2. Penguat Pembalik (Inverting Amplifier).

seperti yang sudah dijelaskan di atas bahwa apabila pada suatu penguat
inversi diberikan sinyal masukan positif maka kelvarannya akan negatif karena
penguatan inversinya adalah penguatan pembalik vang keluarannya berbalik fasa

1807 dengan masukannya
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Ri
Wh o - — Vo
+

Gambar 2.10. Rangkaian Penguat Tnversi™

Keterangan gambar :
+ Ri: Resistor masukkan
s Rf: Resistor umpan balik
Pada rangkaian penguat inversi, masukkan positif dihubungkan dengan ground
atau common ground, sedangkan masukkan negatitnya digunakan sebagai
masukkan sinyval yang akan dikuatkan.

Dari gambar diatas didapatkan persamaan tegangan output (Vo):

Wo Vi Vo Rf
= - L= T e e 2.4
Ri Rf Wi Ri (&4)
Schingga ;
Rf
WAl =SSO W o iy s s s s A S 2.
o 2 i (2.5)

Sedangkan penguatannya ( gai ) :
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2.6.3. Penguat Tak Pembalik [Non‘-ir-wen‘ing.-!nqﬂfffer %

Prinsip rangkaian penguat non-inversi (tak membalik) merupakan
kebalikan dari penguat inversi schingga konstruksi rangkaiannya pun Juga
berbeda. Dari gambar di bawah dapat disimpulkan bahwa penguat non-inversi
menggunakan prinsip pembagi tegangan (voltage divider) sehingga dapat

dituliskan persamaan tegangan output (Vo):

Gambar 2,11, Rangkaian Penguat Non-Inversi (Tak Membalik)

e ———— (2.7)
R1 + Rf
L
Vi Ri
Sehingga |

Vo =1+ £Vi R R e G R AN SR s i N )
Ri

Sedangkan penguatannya { gain )

A= R 21D
Vi Ri1




2.6.4. Op-Amp Sebagai Penguat Iﬂﬁh’uI;lEl]tﬂﬂi-

Pengnat instrumentasi dibuat dari tiga op-amp dan tujuh hambatan, seperti
dalam Gambar 2.12. Penguat instrumentasi sesungguhnya dibuat dengan
menghubungkan penguat differcnsial dasar ke sebuah penguat penyangea
(Buffer).

Jika tegangan masukan dari sctiap op-amp besarnya 0 V, maka tegangan di
titik 1 dan fitik 2 sama dengan V, dan V.. Bila V, lebih besar dari V> maka besar
tegangan antara titik 1 dan 2 adalah V, - V3. Ams yang melalui 3ambatan aR

yaitu:

L= e sttt en et 2.11
= (2.11)
besar tegangan keluaran op-amp A; vaitu :
Vo=V, :
il - s S
a

St iR

Gambar 2.12. Penguat Instrumentasi




Besar tegangan keluaran op-amp A, adalah :

V-V
R A (2.13)

a

Besarnya tegangan keluaran op-amp Az vaitu ;
. 2
v, =(V, —w:{n;] N R P B (2.14)

Besar Penguatan dari rangkaian penguat imstrumentasi yaitu

Vo _[i.2

Dan persamaan (2.15) dapat diubah guna mendapatkan nilai a yaitu :

2

)

2.6.5. Pengikut Tegangan ( Voltage Foliower ).

e i (V6

22

Rangkaian pengikut tegangan kadang disebut juga sebagei rangkaian

penyangga (buffer amplifier) dan memiliki fungsi yang sama seperti pengiku

emiter {emither folflower) atau pengikut katoda (cathode folfower). Ciri-cin

rangkaian pengikut tegangan adalah
= Memiliki impedansi masukkan vang sangat tingg ; (lebih dari 100k(2).

=  Memiliki impedansi keluaran yang sangat rendah ; (kurang dari 750)).

B WS
kS

Gambar 2.13. Pengikut Tegangan
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Jika r.hbandmgkan dengan rangkaian penguat non im;::rsf (gambar 2.11) maka
rangkaian pengikut teganpgan adalah sama, dengan Ri = a0 dan Rf =0,

Dengan demikian penguatan tegangan selalu = 1. Sinval keluaran sama
persis (identik) dengan sinyal masukkan atau keluaran mengikuti masukkan,
schingga Vin= Vout. Fungsi utama dari rangkaian pengikut tepangan adalah

sebagal penyangga atau mengisolasi beban dar sumber.

2.6.6. Referensial Amplifier.

Seperti yang telah kita ketahui bahwa setiap Op-4mp yang digunakan
dalam rangkalan instrumentasi atau rangkaian vang lainnya dapat menggunakan
dua tipe catu daya, yaitu catu daya simetris dan catu dava tunggal. Namun dalam
beberapa kasus, jika menggunakan Op-4mp yang di catu daya simetris kadang-
kadang atau malah seringkali tegangan yang dikeluarkan catu dava tersebut tidak
seimbang (tegangan antara +, 0 dan -). Hal ini dapat mempengaruhi kinerja Op-
Amyp karena akan menghasilkan sinyal dengan amplitudo vang tidak sama dan
menyvebabkan Op-Amp tidak ideal. Pada Gambar 2,14 di bawah menunjukkan Op
Amp yang diben catu daya simeinis yang mana tlegangan antare positif dan
nezatifnya tidak sama dan kurva karakteristik vang menunjukkan akibat dan

selisih kedua tegangan tersebut.




By
+ &Y
Vini
Ymi
Vil e 7
E LY — 1Y

Gambar 2.14. Op-Amp yang menggunakan catu daya simetns

Dari contoh gambar diatas terlihat adanva beda tegangan sebesar 0.1V
schingga gans referensial untuk OV tidak berada tepat ditengah. Untuk mengatasi
hal tersebut alangkah baiknya jika menggunakan Op-Amp vang dicatu dava
tunggal schingga nantinya titik referensinya berada pada 2,5V, Gambar dibawah
menunjukkan contoh Op-Amp yang vang menggunakan catu cava tunggal

dengan tegangan 0V dan 5V.

EE-'W £ gy
|
/
Wind ;J
. DN o ot .
Sl /

| /
@w 0w

Gambar 2.15. Op-Amp yang menggunakan catu daya tunggal

Tapi perlu diketahui juga bahwa didalam menggunakan catu daya tunggal
khususnya dalam instrumentasi amphifier untuk £CG, sinyal £C( bisa dalam

kondisi positif maupun negatif yang artinya dalam kondis1 positil sinyal £0(r ada
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yang berada diatas pada daerah tegangan positif, ada pula sinyal ECG yang
berada dibawah pada dacrah tegangan negatif schingga karena catu dayanya
adalah tunggal maka sinyal EC’G yang berada dibawah akan hilang Untuk
mengatasi hal ini diperlukan suatu rangkaian yang dapat mengangkat sinyal FCG
tersebut agar berada pada kondisi antara 0V dan 5V, sehingga titik referensinya
berada pada 2,5V seperti yang terlihat pada Gambar 2.15. Scdangkan rangkaian
yang yang dapat mengangkat sinval ECG tersebut dikenal dengan sebutan

referensial amplifier. Adapun rangkaiannya ditunjukkan pada gambar dibawah :

{5
B - :
4 | :
o L :
~—i‘} P A
i Nl s .|H_;""- i‘
1% to |
%3; ey th | e !‘
= '“-'- 3 yrat

Gambar 2,16, Referensial Amplifier

Perlu sedikit dijelaskan bahwa cara kerja rangkaian referensial amplifier
berdasarkan pada prinsip pembagi tegangan ( voltage dvider ) yang dilakukan
oleh R1 dan R2, Kedua resistor tersebut bekerja pada dacrah tegangan antara 0V
dan 5V sehingga tegangan diantara R1 dan R2 (Vin) menjadi titik referensi 2.5V
karena harga Vin adalah setengah harga Ve, Titik inilah yang menjadi titik acuan

sinyal #7C'G nantinya. Sedangkan buffer amplifier digunakan untuk mendapatkan
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tegangan keluaran yang sama dengan tegangan masukkannva dengan impedansi

masukkan yang tinggi dan impedansi keluaran yang rendah.

2.7. Rangkaian Penapis {Filter)

Rangkaian penapis (fifter) adalah sebuah rangkaian vang dapat
melewatkan atau meloloskan sinval dan menahan sinval yang tidak diinginkan
pada frekwensi tertentu. Rangkaian penapis ada dua jenis, vaitu penapis analog
dan penapis digital, sedangkan penapis analog itu sendin ada dua macam tipe,
yaitu penapis aktif dan penapis pasif. Rangkaian penapis aktif maupun pasif
memmliki karakienstik sinyal yang sama hanya saja pada penapis aktif terdapat
penguatan passband-nya. Im dikarenakan penapis aktif menggunakan komponen
aktif sebaga1 pembangun dasarnya yang mana dalam hal ini komponen akuf
tersebut adalah 1C Op-Amp,

Penapis digital sangat berbeda dengan rangkatan elektromk digital atau
program komputer yang memroses sinyal untuk melaksanakan fungsi vang serupa
sepertt pada penapis analog, Tidak seperti penapis analog, penapis digital
beroperasi  berdasarkan jumlah nomor urutan yang lebih haik pada suatu
selombang kontinyu. Namun dalam penulisan sknipsi im tidak akan membahas

penapis digital karena pada perencanaan alatnya tidak menggunakan digited filter.

2.7.1. Tigh Pass Filter.
High Pass Filter adalah sebuah rangkaian yang memeperlemah semua

sinyal di bawah suatu prekuensi cwt - eff tertentu oc dan melewatkan semua sinyal
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yang frekuensi nya di atas frekuensi cutt off terscbut. Di bawah ini adalah

karakteristik dari figh Pass Filter.

¥o y
Vi Lk

[ STOP_ 41 PACSHAND—
BAHD

i —>
c frekusnsi

Gambar 2.17. Karakteristik High Pass Filter

High pass filter menggunakan persamaan ¢

fic: 1 2:17
Sedangkan penguatan passbund-nya adalah
1"'!
RS T S SRR R—— 1 |
1

Jika Vo = Vi, maka teqadi penguatan karena nilainya posinf.
hika Vo = Vi, maka terjadi pelemahan (cienast) karena rulainya

negatif

2.7.2. Band-pass Filter.

Band-pass filter adalah sebuah rangkaian yang dirancang banya untuk
melewatkan 1syarat dalam suatu pita frekuensi tertentu seraya menolak semua
isyarat diluar pita ini. Pada Gambar 2.18(a) Memperlihatkan tanggapan
frekuensi dari sebuah band-pass filter Jenmis filter 1in1 mempunval tesangan

keluaran maksimum V.., . a&tau gain tegangan maksimum A, , pada suatu
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frekuensi resonan @, , jika frekuensi divbah-ubah dan resonansinya, tegangan
keluarannya turun. Ada satu frekuensi diatas @ dan satu dibawah o, dimana gain
tegangannya adalah 0,707 A, Frekuensi imi diberi tanda dengan oy, , frekuensi
cirfoff atas dan m) , frekuensi cutoff bawah. Pita frekuensi antara ey, dan m; adalah

lcbar pita, B:

Filter-filter band-pass digolongkan sebagai pita-sempit atau pita-lebar
Prta-sempit adalah sebuah filter vang mempunyai lebarpita lebih kecil dan
sepersepuluh frekuensi resonannya (B < 0,1 ;). Jika lebarpitanya lebih besar
sepersepuluh frekusnst resonannya (B > 0,1 wy), filter tersebut merupakan sebuah
filter pita-lebar, Perbandingan frekuensi resonan terhafap lebar pita dikenal
sebagat faktor kualitas, Q. dan rangkaiannya, ) menunjukkan selekufitas
rangkaiannya, Makin tinggi harga (), makin selektif rangkarannya. Dalam bentuk

persamaan:

o 2O L =SOSR ..

ataw




BIOTALL

* - ()
e " O Ny

(a) Tanggapan frekuensi dari sebuah band-pass filter

2
Ei

s

—
-4 g

{b) Filter Band-pass

Gambar 2.18. Filter Band-pass dan Tanggapan Frckuensi

Untuk filter-filter pita-sempit, Q dan rangkaian lebih besar dari 10, dan
untul filter-filter pita-lebar, () lebih kecil dari 10.
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2.8. Band Reject Filter.

Band Reject Filter merupakan kebalikan dari band pass filter. Dari gambar
karakteristiknya terlihat bahwa filter ini akan menahan sinyal-sinyal dengan
frekwensi antara/median dan akan meneruskan sinyal-sinyal dengan frekwensi
dibawah dan diatas frekwensi antara. Definisi lebar pita (Band Widrh) sama
seperti pada band pass filter. Demikian juga dengan frekwens: atas (Fyp) dan
frekwensi bawah (Fy) sama dengan yang ada pada band pass filter. Banyak sckali
macam-macam  Band  Reject Filter yang digunakan dalam  perancangan
instrumentasi elektronika. Dalam perancangan instrumentasi bioclekirik Band
Reject Filter digunakan untuk menekan noise sinyal dengan frekwensi SUHz-60Hz

yang berasal dari jala-jala listnnk PLN.

Fr Fo  Ba

Gambar 2.19. Karakteristik Band Keject Filter,

2.9.  ADC (Analog to Digital Converter)®.

Agar tegangan vang dikeluarkan oleh rangkaian penguat instrumentasi dan
rangkaian filter dapat dibaca oleh (PC) Personal Computer, maka nilai tegangan
tersebut harus diuvbah menjadi bentuk data digital. Untuk itu digunzkan Konverter
Analog Ke Digital (ADC). ADC yang digonakan dalam perancangan in adalah

ADC 0804 (Produksi National Semiconductor Coorporation) vang merupakan




ADC dengan 2 masukan analog ]p:ang di multipleks menjadi data digital 8 bit.
ADC 0304 membutuhkan sampai dengan 100us untuk menkonversikan sebuah
tegangan masukan analog ke dalam kode keluaran digital. Dalam perancangan alat
im digunakan dua buah input analog yaitu Vm{+) dan Vi(-). Dikarenakan
tegangan vang terukur cukup kecil maka tingkat resolusi ADC 0804 vang
diharapkan cukup besar, sehingga pada ADC 0804 menggunakan V.. sebesar 5V

(jika Vietf2 tidak digunzkan), dimana tingkat resolusi ADC 0804 ini adalah:

N
Resolusi = 2550 e (222)

Jadi besarnya resolusi adalah sebesar

Resolusi = %] =0,0196V =196 mV

Sehingga dengan perubahan inputan analog 19,6 mV maka oulput dan ADC akan

mengalami perubahan | bt

Yo
CS—{1 20§=Vpr (OR VYopr)
RD—42 19 ClKR
Wi a3 185080 (LS8}
CLK =44 175 DB1
TR g 5 16§~ D82
V() =15 158083
Yl—) 47 14§-DB4
ACND—48 13085
Vaer/2 —49 12086
DeHD =410 11§ DB7 {M5B)

Gambar 2.20. Konfigurasi pin ADC 0804
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Penjelasan dari masing-masing pin adalah sebagai berikut:

Ve (OR Vrer)

D GND, A GND

Vin(t), Vin(-)

Port DB (DB0..DB7)

Yrer/2

CLKR

CLK IN

Power supply -+ 3VDC.

Ground.

Input besaran Analog vang ingin dikonversi ke dalam
besaran Digital. Maksimal 5V, dihubungkan dari
scbuah penguat operasional dalam dan masukkan-
masukkan difernsial.

Port DB (DB0..DB7) merupakan port Output 8-bit data
Ingital hasi] konversi dari data Analog.

Port Viee2 merupakan port masukan untuk tegangan
referensl, tidak digunakan apabila Vec (OR VREF)
digunakan

P o dihubungkan dengan Resistor vang disen
dengan Kapasitor. berfungsi sebagai Clock’Counter,
Berfungsi sebagai Input Clock/Coumer. Dihubungkan
dengan rtangkaian CLK R di antara Resistor dan

Kapasitor.

2.9.1. Sistem Kerja ADC 0804.

dihubungkan dengan Ground untuk mulai memulai proses pengkonversian. Ada

dua masukkan analog terhadap ADC 0804: Vmni-) dan Vm(+). Masukkan-
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masukkan im1 dihubungkan dengan penguat ulperasinnal (Op-Amp) dan masukkan-
masukkan diferensial. Masukkan-masukan  diferensial dijumlzhkan dengan
penguat operasional untuk menghasilkan sebuah sinyal untuk converter analog ke

digital.

2.9.2. Membangkitkan Sinyal Clock.

ADC (804 membutuhkan sebuah sumber clock untuk melakokan
operasinya. Clock imi dapat sebuah clock daci lvar (externa! clock) vang
diterapkan ke pin CLK IN atau clock yang dapat dibangkitkan dengan rangkaian
RC (Resisansi dan Capasttansi). Ketika hubungan ini digunakan, referensi clock

(clock reference) dihitung dengan persamaan:
.l"‘l__“: =—_ B e U U S P S t2.23}

Kelebihan dan ADC 0804

¢ Waktu konversi dan data input analog ke data output digital memerlukan
waktu 100ps

= Logika input dan output memenuhi syarat level tegangan untuk spesitikasi
MOS dan TTL.,

» Bekerja dengan tegangan referensi 2.5V,

¢ Pembangkit clock/counter terdapal pada chip,

e 0V s/d 5V mnput tegangan analog dengan catu daya tunggal 5V.

e Lebar chip 0.3 mehi dengan kemasan 20-pin DIP.
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' 2.10. DB 25 Connector.

Konektor DB-25 (dinamakan demikian karena seukuran huweuf "B", tetapi
berbentuk huruf "D" dan memiliki 25 pin) banyak digunakan pada industri
clcktronik. Konekor DB-25 digunakan untuk beberapa tujuan. Dua aplikasi yang
umum adalah koneksi RS-232/EIA-232 (serial), dan antarmuka printer parallel
pada PC (Personal Computer). Konektor DB-25 jupa digunakan pada SCSI
(Small Computer System Interface) koneksi, SCSI adalah scbuah standar ontuk
secara fisik menghubungkan dan mentransfer data antara komputer dan perangkat
antarmuka,

DB25 adaleh Connector scbuah perangkat antarmuka (smferface) dalam hal
ini rangkaian ECG dengan PC (Personal Computer). Memiliki 25 pin seperti yang
tampak pada Gambar 2.21. di bawah ini. DB-25 ini juga dapat digunakan untuk

menghubungkan printer dengan PC (Personal Computer).

I;-L‘ RS EE R RN r_l Vi |T| Il i
LFOOGEG0EITO0)
4 5

Gambar 2.21. Konfigurasi Pin Port DB-25




Tabel 2.2. Fungsi pin-pin pada DB-23.

Pin No {D- Pin No SPP Signal | Direction | Register| Hardware
Tvpe 25 | (Cemtramicon) In/ont Inverted

} | nStrobe In'Owt | Control Yes
2 2 Data O Oy Dam

3 3 Data | Crit Dt

4 F Dat 2 Chut Data

5 5 Datg 3 Chnt Data

[ [ Do 4 Ohnn Daw

7 . Do 5 Thn Data

b3 % Daz & O Data

o G Data 7 Chug Do

I 1o nAck In Sl

I ] Busy In Starus Yes
12 12 Paper-Ot In St

PaperEnd

13 11 Select In St

14 14 nAute-Livefeed | InOu | Conirnl Yes
] 32 nErrer © nFatlr In Stalus

| il nlotialize InDit | Control

L7 36 A ke t-Printer InOut | Conrol Yea

nSelect-In
I%- 25 [ 2-30 Cirournd G

15
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BAB I

PERANCANGAN DAN PEMBUATAN ALAT

Dalam bab ini akan dijelaskan mengenai perencanaan dan pembuatan alat
FECG Monmitoring Yang Ditampilkan Pada PC (Pervongd Computer). baik
perancangan hardware maupun perancangan saffware-nya.
3.1, Perancangan Hardware
Sccara diggram blok perencanaan perangkat keras alat ini ditunjukkan

dalam Gambar 3.1:

Anabieg to Igial
[T
i, S S S— P
B oLy
B Pass.  Band Pejoct
Filver Filter
Pou albed
Port | DB
pe
Fightt Leg Potwiipal
(o] 1] Comngaster

Gambar 3.1. Diagram Blok Pengakuisisi Sinyal ECG.

GAN:
¢+ Elektroda
Berfungsi sebagai sensor yang bekerja dengan cara merubah potensial ionik
akibat gerakan jantung melalui permukaan wbuh menjadi sinval listrik yang

berupa tegangan.
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s HPF (High Pass Filter)

HPF (High Pass Filter) adalah rangkaian yang berguna untuk meloloskan
frekuensi tinggi dimana dirancang dengan frekuensi cutoff 0,15Hz. HPF juga
berguna untuk memblok sinyal DC.

o (IA) Instrumentasi Amplifier

Rangkaian ini merupakan rangkaian uwiama yang terdiri dari rangkaian
Impedance Converter dan Differencial  Amplifier.  Impedance  converter
berfungsi seperti buffer amplifier dengan impedansi inpus yang sangat tinggi
sehingea dapat mengukur biopotensial jantung tanpa membebani lfegangan
vang diukur. Differensial amplifier berfungsi untuk mengambil sinyal EKG
dengan cara mengukur selisih tegangan antara dua sisi tubuh (dalam hal ini
kedua input-an Instrumentasi Amplifier) serta menghilanpkan interferensi
tegangan mode bersama (conmmon mode voltage). Instrumentasi Amplilier
diperlukan karena sinyal listrik yang diukur adalah sinyal listrik pada dua
permukaan tubuh, sehingga nantinya sinyal listrik vang terukur adalah sclisih
antara kedua sinyal listrik tersebut,

» BPF (Bard Pass Filter)

Rangkaian filter ini terdiri dari HPF (High Pass Filter) yang akan meloloskan
frekuensi di atas 0,15Hz dan LPF (Low [ffass Filter) yang akan meloloskan
frekuensi di bawah 100Hz. Schingga filter ini berfungsi uniuk membatasi
lebar frekuensi yang akan diloloskan, dengan frekuensi cwtoff 0,15-100Hz.

Karena Bandwidth untuk monitoring ECG adalah 0,15-100Hz.
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» (BRF) Band Refect Filter

Benid Reject filter berfungsi untuk menekan sinyal interferensi dan jala-jala
PLMN dengan frekoensi 50-60 Hz. Karena dengan adanya sinval interferensi
50-60Hz, akan mengganggu pengukuran sinyal ECG vang akan diukur
schingza perlu ditekan.

s  ADC {(dnalog to Digital Cornverter)

ADC berfungsi meng-konversi besaran analog kedalam besaran digital
schingga dapat diproses dan hasilnya dapat ditampilkan ke dalam PC
(Personal  Compuder). ladi, besaran analog dari sinyel ECG akan
dikonversikan oleh ADC ini kedalam besaran digital.

» Inverter

Jika kita menghubungkan input secara langsung dengan port {sebagai contoh
sebuah ADCOB04), akan terjadi pertentangan jika input dalam kondisi Aigh
sedangkan port sendiri mencoba menjadikannya low. Untuk mangatasi hal ini
kita menggunakan inverterl”,

» DB-25 Parallel Port

Berfungsi sebagai Interfice Port agar hasil kelvamn dapat diproses dan
ditampilkan di PC. Karena walaupun besaran analog sinyal ECG sudah
dikonversi ke besaran digital, tidak dapat diterima oleh PC kalau tidak melalui
Parallel Port sebagai alal komunikasi antara ECG Amplifier dan PC.

&  PC (Personal Computer)

Berfungsi scbagai display dan sinyal ECG yang telah didapat dari hasil

pengukuran.
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3.1.1. (HPF) HIGH PASS FILTER

[lal-hal yang mungkin perlu diperhatikan pada perancangan ini bahwa selain
masukkan sinval AC 1mV terdapar juga masukkan sinyal DC dari potensial offset
elektroda vang besarnya sekitar + 400mV dan noise elektroda yang menghasilkan
frekuensi rendah 0,151z, Oleh karena terdapat juga sinyal masukkan DC dari
potensial offset elekiroda vang lebih besar dari sinval bicelekrrik jantung yang
mungkin akan menyebabkan keluaran Op-Amp terjadi saturasi maka sinyal DC
tersebut harus diblok/dibuang dengan menggunakan rangkaian Migh Pass Filter
(HPF; dengan nilai R yang harus besar untuk menjaga arus DC kembali. Kita
dapat mengetahui suatu rangkaian adalah rangkaian High Pass Filter karena
terdapat sebuah Kapasitor di depan sebuah resistor yang terhubung ke ground.
Dimana kemampuan kapasitor untuk menyimpan muatan listrik adalah salah satu

karakteristik terpentingnyva sepetrti vang terlihat pada Gambar 3.2, di bawah,

1 i 1 L i [ i,
-

1] Bretike

Gambar 3.2. Karakteristik Kapasitor
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HPF dirancang dengan menggunakan Resistor dan Kapasitor seperti yvang terlihat
pada gambar di bawah ini.

1005

Elekiroda }—‘ H
1

4

10M ;Rl
E——

L — TGpa T

108 <R2
1000
| Eleletrada —”
22

Gambar 3.3. Rangkaian ffigh Pass Filter

Dengan menggunakan B=10ML}, maka nilai C dapat dicari dengan perhitungan:

fo

= L maka
24RC
1 |

G~
27Rf, 2x3,14x10x10° 50,15

B | _ 1
6.28x10x10°%0,15  942x10°

=1,06x107F = 106% 10°7°F
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= 10onF = 100nF.

Maka digunakanlah Capasitor dengan nilai 100nF.

|
|
/ [
i
|

0.15 H=

Gambar 3.3. Karakteristik HPF
dengan Frekuensi Cutoff 0,15Hz

3.1.2. (IA) Instrumentasi Amplifier

Digunakan IC AD620AN (Gambar 3.4.) sebagai Instrumentasi Amplifier
Disamping lebih prakiis, karena hanya menggunakan 1 IC  [nstrumentasi
Amplifier daripada menggunakan 3 IC Op-Amp untuk membuat rangkaian

Instrumentasi Amplifier,




CONNECTION DIAGRAM

§-Lead Plastic Mini-DIIP* (N}, Cerdip ()
and SOIC (R) Packages

R [ 8] Rs

=iN | 2 = — 3 Wy

[ >_|- 6] outeuT

vs [s] ApDe20  [5]rer
TOP VIEW

Gambar 3.4. Tampak Atas dari ADG20AN

¥

AD620DAN juga lebih presisi dengan penguatan yang dapat di-set dari penguatan

1% (satu kali) sampai penguatan 1000x (seribu kali) dengan menambahkan resistor

eksternal sebagai RG (Resivtor Gain) seperti yang tampak pada Tabel 3.1. di

bawah ini.
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Tabel 3.1, Nilai RG untuk masing-masing pengualar.
Required Values of Gain Resistors

1%: Std Table | Calculated 1.1% Std Table | Calculated

Value of Rg, {1 | Gain Value of Rg, £ | Gain
499 k 1.9%0 193 k 2,002
124k 4984 124k 4 084
549k 9 995 549k ¢ 948
2,601k 19.93 261k 19.93
1.0k 50,440 1.01 Kk 49.9]
499 100.0 199 100.0
249 199.4 249 193,.4
100 495.0 8.8 501.0
499 901.0 493 1,003

Seperti vang terlihat pada Gambar 3.5. di bawah, Oleh produsen ADG20AN, R1
dan R2 dirancang sedemikian rupa sehingga bemilai 24 TKL1, sehingga nilai 2R =
46 4K 0.

Schingga:

49.4KQ _ 494KQ _ 494K
(i =1 10001 999

Untuk G (Penguatan) 1000 kali, R, = = 49 440}

Cran,

494K0  494KQ0 _

Untuk G (Penguatan) | kali, R.= P T3

Maka untuk penguatan | kali digunakan R ; sebesar 50K{) sehingga:

494 K0 ipe 49 4 KL
R, S50KQ

=

+1 =0,988+] = 1,988 kali.




Jadi pada perancangan, penguatan ADG20AN di-set dengan penambahan Resistor

Variabel sebesar SOKL). Dengan demikian penguatan pada ADGZOAN dapat diset

dari 1-1000 kali.

GAIN
@ SENSE  SENSE

!

_U'S
Gambar 3.5. Skema Sederhana dari ADGZ0AN

3.1.3. (BPF)} Band Pass Filter

Untuk keperluan moniioring, sinyal ECG dibatasi dalam frekuensi 0,15-100Hz.
Dengan demikian maka dirancang sebuah filler band pass dengan frekuensi cumff
0,15 -100 Hz. Untuk merancang sebuah Band Pass Filter, sebugh rangkaian Low
Pass Filter dengan frekuensi cufoff 10011z dirangkaikan secara seri dengan sebuah
rengkaian figh Pass Fifrer dengan trekuensi curoff 0, 15Hz. Maka rangkaian Band
Pass Filter akan didapat dengan frekuensi cutoff sesuai dengan frekuensi cutoff

Low Pass Filter dan High Pass Fifter.




45

3.1.3.1. HPF (High Puxs Filter).
Digunakan sebuah High Pass Filter seperti yang terlihat pada Gambar 3.6. di
bawah ini dengan frekuensi curoff 0.15 Hz sebagai bagian dari Band Pass Filter

yang telah direncanakan di atas.

10uF

| Instrumentasi Amphfier ” + {_ Low Pass Filter |
Cap

>
Rest 100K

Gambar 3.6. Rangkaian High Pass Filter
dengan Cutaff 0,15 Hz

Dengan menggunakan R=100KL2. maka nilai C dapat dicari dengan perhitungan:

I
- ——, mak
fe 2mRC 8

€ = = -
2aRf- 2x3,14x100x10° x0,15

=10,6x10"F = I0uF.

Maka digunakanlah Capasitor dengan nilai 10uk.
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0.15 Ha

Gambar 3.7. Karakteristik HPF
dengan Cutoff 0,15Hz.

3.1.3.2. LPF (Low Pass Filter)

Seperti yang tclah dirancanakan, sebuah Low Pass Filter digunakan bersama High
Pass Filrer untuk membentuk sebuah Band Pass Fifter. Untuk merancang sebuah
Low Pass Filter (1ampak pada Gambar 3.8. di bawah ini) dengan trekuensi cutoff

100Hz, penulis menggunakan Resistor bernilai 4, 7KL

Resl
| High Pass Filter ~——y ——<_Buffer
4T

Cap—— J50nF

Gambar 3.8. Rangkaian Low Pass Filter
dengan Cutoff 100 Hz

Sehingga dengan perhitungan, akan didapat nilai Capasitor:

F{: = y
2aRC

maka
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| 1
2meRaf.  2x314x4,7x10° x100

&

=3,38x107F = 338x10°F
= 330x107 = 330nF.

Maka digunakanlah Capasitor dengan nilai 330nF.

Gambar 3.9, Karakreristik LPF

dengan Frekuensi cutoff 100 Hz.,
Maka rangkaian Band Pass Fifter (Seperti yang tampak pada Gambar 3.10. di
bawah ini} akan didapat dengan trekuensi cwfoff sesuai dengan frekuvensi cutorf

Low Pass Filter dan High Pass Fifter.
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T

1l s ] )
1E {32
Fal

i

oo

Gambar 3.10. Rangkaian BPF dengan Frekuensi cutoff 0.15-100Hz

———

i
| 1
/ \
1
] \
.I 1

0.15 100 Hir

Gambar 3.11. Karakteristik BPF
dengan Frekuensi 0, 15-100Hz

3.1.4. BRF (Band Reject Filter)

Sering kali pada saat menguji suatu alat elektronik muncul sinyal yang
tidak diinginkan yang berasal dari jala-jala listrik PLN denpan frelowensi 50Hz,
schingga sinyal yang akan diukur bercampur dengan sinyal 50Hz. Meskipun
sumber daya dari rangkaian elektronik vang digunakan menggunakan baterai
namun interferensi rekwensi 50Hz ada di mana-mang tanpa kita sadari, terutama
jika berdekatan dengan jala-jala listrik PLN., Ranpgkaian Band Reject Filter

berfungsi untuk menckan noise dari frekwensi 50Hz yvang berasal dari jala-jala
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PLN tersebut. Adapun rangkaian dari Band HReject Filter hasil perancangan

ditunjukkan pada gambar dibawah :
T
T
==
LERLER & i
: t_f“-» 2 o Tarl
i &
I 4o . Eal bl
1§ i [ L
uE N _I___ _I!l_|
i =1= g =
o E-'ﬁr: e
et ; : e £
Ll K —_ + 3
NE.  1xaF a1 I —
el | L * |
Tl Cagl LHRF Liend
Hi— -
fy = =
LR s -
S {'_' NE HBE
3 a5 1l pory L f
L
= | —
Tag —
Lpaul
W

Gambar 3.12. Rangkaian Band Reject Filter dengan Frekuensi exitoff S0Hz'!

Dengan perhitungan untuk frekuensi mulf-nya dapat dican menggunakan rumus;

Dimana ;
Bi= Ry C1=C Ba= 05 Ry
Untuk perhitunpan Frekuensi Null-nya:
Digunakan Ra=R4=9,65K(1, dan digunakan Ci—=C:=330nF.

Fr= L = 13 L
2nRC,  6,28x9,65x10°x330x10




30

= 50,0033Hz = 50Hz
Mika akan didapatkan frekuensi Nulf dari Band Refect Filter pada 50Hz.

dB

[ H:

Gambar 3.13, Karakteristik Band Reject Filter
dengan Frekuensi 50Hz.

3.1.5. ADC (Analog to Digital Converier)

Agar tegangan yang dikeluarkan oleh Rangkaian Band Refect Filter dapat dibaca
dan ditampilkan oleh PC (Personal Computer), tegangan terscbut harus dirsbah
menjadi bentuk data digital. Untuk imn digunakan sebush Anglog o Digital
Corverter (ADC). ADC yang digunakan dalam perancangan ini adalah ADCOR04
dari National SemiConductor (Gambar J3.14) vang merupakan ADC dengan 2
masukkan analog dan 8 hit keluaran digital. Dalam perancangan alat ini
digunakan hanya satu bush inputan analog vaitu Vin+, sedangkan input analog
V- tidak digunakan dan dihubungkan ke ground bersama pin lain yang tidak

diperlukan pada ADC0804 National Semiconductor.
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i -/
RD—{2 19)=CLK R
WR=13 18 p=DB0 (LSB)
CLKIN=—]4 17 p—DB1
INTR—|5 16 D82
Yi(+)—16 15}—DB3
ACGND—{8 13 |—DBS
Veer/2—19 12 p=DB6
DGND =10 11f—DB7 (MSB)

Gambar 3.14. Diagram Koneksi dari ADC 0804 National Semiconductor

Dikarenakan tegangan yang terukur cukup kecil maka tingkat resolusi ADC 0804
diharapkan cukup besar, jadi ADC 0804 National Semiconductor menggunakan
Vrer sebesar 5V, dimana tingkat resolusi ADC 0804 Mational Semiconductor ini

adalah;

i
Resolusi ADC = (2"2“"";"} . dimana n= banyaknya hit ADC.

Jadi, besarnya resolusi ADC 8 bit adalah sebesar:

Resolusi= =0,0198Y = 19,.6mV,

(2" -1

Sehingpa dengan perubahan inputan analog 19.6mV. maka output dari ADC akan
mengalami perubahan sebesar | bit. Apar ADCO0804 National Semiconductor
dapat beketja, maka perlu diberikan pembangkit pulsa. Rangkaian pembangkit

pulsa diberikan dengan menambahkan rangkaian R dan C pada pin 19 dan pin 4
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dari ADC. R vang digunakan bernilai 10K sedangkan C yang digunakan bernilai

150pF. Seperti yang tampak pada Gambar 3.1.5 dibawah ini.

Gambar 3.15. Rangkaian Pembangkit Pulsa ADC 0804.

Sehingga Frekuensi pulsa yang diberikan adalah:

1 1
LleReC 1, x10x10®x1 505107

= 606060,6061 Hz = 606,060KHz.

ADC 0804 National Semiconductor sendiri memiliki wakiu konversi 100us,

3.1.6. Inverter
Seperti vang telah dijelaskan pada keterangan blok diagram perancangan alat ini,
sehuah imverfer (tampak pada Gambar 3.16. di bawah ini) digunakan untuk

mencegah perientangan kondisi low dan high input-an pada part DB-25.




i

|| II [1 ll !1- 1!

L1l (4] &l L1 L] ¥ L]

Gambar 3.16. Konfigurasi pin pada fnverfer DM74L804

3.1.7. DB-25 Paralfel Port

Hasil pengukuran sinyal ECG akan ditampilkan pada PC (FPersonal Computer),
maka digunakan Port mferface DB-25 {Gambar 3.17. di bawah} sebagai
jembatan antara keluaran imverter dan PC, schingga data yang dikirimkan ke PC

akan diproses dan ditampilkan,

13 1 1 13
0000000000000 0000000000000
000000000000 000000000000
2% 14 1a =

fa) )

Gambar 3.17. Konfigutasi pin pada konekior DB-235.
{a} Female dan (b) Male

3.2. Perancangan Software.

Agar sistem dapal bekerja sesuai dengan apa yang diharapkan, maka
diperiukan suatu program yang akan mengolah data inputan schingga dapat
ditampilkan. Metode yang digunakan dalam pembuatan perangkat lunak ini
didasarkan pada studi literatur dari buku-buku dan literawr Visual Basic. Program

ditulis dengan menggunakan bahasa Pascal, untuk memudahkan perancangan
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program, Setelah penulisan secara efisien, selanjutnya dievaluasi dan akan didapat
tampilan seperti yang tampak pada Gambar 3.18. di bawah ini.

ALES WS isA L, ui] M8

AFIIST DAM PEMROSESAN SINYAL ELEETHODEARDIOGHAFI
DEHCARN DPERSOMAL EOMPUTER SEBACA] PEHAMPIL

'
1
'

i ' | i '
L 4 LR 4 : s '

§ B 1012 14 16 18 20 27 M 26 08 0 1 M 36 B 40 2 M 48 48 W D 5 BB @
‘i el

Gambar 3,18. Tampilan Perancangan Sofiware
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Talannya program alat ini dapat dilihat dalam fowchart yang terdapat dibawah

ini:

s Data ADC

Dikorvyers &  f—
Diksibram —> A

Ira mali ram Fichire
PORT

f LPTI

Immalizas Bedfonl
lrasializas Bratforid
lrasislizas Bufford

Imi sinhi o
P engambil e
Data Fada

Stark Covnraesi
Facda &DC =X

Gambar 3.19. Flowchart Sofiware.




56

BAB IV

HASIL PENGUJIAN DAN ANALISA ALAT

Bab ini akan memhbahas pengujian dan analisa alat beserta piranti
antarmuka yang telzh dibuat, Pengujian meliputi Pengujian perangkat keras yaitu
berupa blok-blok alat yang dibuat serta Pengujian perangkat lunak pendukungnya.
Hasil pengujian kemudian dibandingkan dengan hasil perencanaan. Hasil

perbandingan ini selanjutnya dianalisa.

4.1. Pengukuran Rangkaian Instrumentasi Amplifier

¢ Tujuan

Pengukuran ini bertujuan untuk mengetahui apakah rangkaian Instrumentasi
Amplifier yang telah dirancang ini dapat bekerja dengan baik atau sebaliknya.
Pengukuran penguat instrumentasi ini meliputi pengukuran diffrential mode (DM)
dan pengukuran common mode (CM) serta mengetahui besarya common mode

rejection ratio (CMRR) tegangan yang tertera pada multimeter.

s Peralatan yang digunakan:

[y

. Power supply,

2. Fungsi Generator,

Lk

Dsciloskop.

4. Alat ukur AV(Q) meter.
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Prosedur pengukuran

2,

Merangkai peralatan seperti Gambar 4.1.-Gambar 4.4,

Memberikan inputan dari Fungsi Generator

Menghubungkan cutput-an rangkaian Instrumentasi Amplifier dengan
osciloskop.

Mengamati secara bersamaan bentuk gelombang sinus pada input-an dan
aulpat-an,

Mengukur hasil  output-an  rangkaian  Instrumentasi  Amplifier
menggunakan alat ukur AVO meter, mengamati dan mencatat hasil

output-an rangkaian Instrumentasi Amplifier yang tertera pada alat ukur

AVO meter.
IM
_MI"I '
Re:l
injeldos Ry
w - __ es Al
SK r

Gambar 4.1. Rangkaian Pengukuran Differential Mode (DM) Penguat
Instrumentasi dengan masukkan (-) dihubungkan dengan ground.




Gambar 4.2. Rangkaian Pengukuran Differential Mode (DM) Penguat
Instrumentasi dengan masukkan (+) dihubungkan dengan ground.

Gambar 4.3. Rangkaian Pengukuran Common Mode Voltage (CMV)
Instrumentasi Amplifier
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Gambar 4.4. Rangkaian Pengukuran Common Mode (CM) Instrumentasi
Amplifier dengan 2 masukkan terground (0V)

Tabel 4.1. Hasil Pengukuran dan Pengujian Instrumentasi Amplifier

Vi() | v2(+) | GAN : Vout
mb/ my {kali) Perhitungan Pengukuran
(mV) {mv)
1 0 20 20 508
- 0 20 a0 408
3 0 20 60 0.3
4 0 20 8D 80,5
8 b 20 100 1004
0 1 20 20 199
0 | 2 20 40 39,9
. 3 2 60 60,2
i 4 20 80 79.7
0 5 20 | 100 998

Tanda min {-) berarti Inversi.

¢ Perhitungan tegangan keluaran differensial mode

Vout =( V2-V1)Gain




Schingga dari data pengukuran di atas dapat dihitung Vout-nya dengan
perhitungan berikut :

* Umtuk YVi= 1]]11"!"'. \F2=I}V

Vout = {0V - 1mV } x 20
—-20mV

* Untuk V, =2mV, V=0V

Fout =( 0V - 2mV ) x 20
=-40mY

* Uptuk ¥V, =3mV., V=0V

Vout =( OV - 4mV ) x 20
=-60mV

* Untuk V, =4mV, V. =0V

Four={0V-4mV ) x 20
=-80mY

*Unituk V| = 51\‘", 1|I.lllg ={m¥

Fout={ 0V -3mV ) x 20
=- | 00mV

s Perhitungan tegangan keluaran common mode
¥ Untak V, =0V, V. =0V

Vout = ( 0V -0V yx 20
=0V

e Pengukuran tegangan keluaran common mode
* Untuk ¥V, =0V, V=0V 2 Veu=000015V

=0,15mV
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Perhitungan prosentase error dalam pengujian dan pengukuran dihitung

dengan rumus :

Fout pengukuran- Vout perhitungan
Fout pengukuran

Y Error = x 100%

Sehingga dari data pengukuran di atas didapatkan besar error dengan

perhitungan berikut :

* Untuk -V = ImV, +V; =0V

20,6mV-20mV
20,6mV
=2.9%

b4 Error = x 100%

* Untuk -V, =2mV, +¥, =0V

40.8mV-40mV
40,3mV
=1.96%

%o Error = 100 %

* Untok -V = 3mV, +V; =0V

60.3mV-60mV
60,3mV
=0,49%

% Error = x 100%




® Untuk -V; =4mV, +V;=0

Yo Error =

v

RO 5mV-80mY
80.5mV

=0,62%

* Untuk =¥ = SmV, +V. =0V

100,4mV -100m

s Error =

100 4mV

=0.39%

* Tntuk -V, =0V, +¥o=1mV

% Error =

19,9mV - 20mV
19.9mV

=0,5%

¥ Untuk -V, =0V, +Va=2m

% Error =

V

39.9mV-40mV

X 100%

- x 100%

x 100%

x 100%

39.9mV

=0,25%

* Uniuk -v| =0V, ‘Mll'rg =imV

Yo Error =

60, 2mV-60mV

x 100%

60.2mV

=0.33%
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* Untuk -V =0V, +V; =4mV

5 o = VRS0V

79, TmV
=0.37%

* Untuk -V, =0V, -V, =5mV

Vi e 2IRINVIOMY, e

99.8mV
=0.2%

Perhitungan Common Mode Rejection Ratio (CMRE)
Pengukuran Common Mode Rejection Ratio (CMRR) bertujuan untuk
mengetahui seberapa baik penguat instrumentasi me-refect suaty common

muode sigmal. Perhitungan CMRR dapat dirumuskan dengan rumus berikut :

Ad

CMRR=20 L
L] Common Mode | Differentiol Mode

Sehingga dari data pengukuran diatas maka dapat dihitung besar CMRR

dengan perhitungan berikut :

& Uik -V = IlmV, +V: =0V

20

CMRR=20 Log ——— dB
L15/20.6

=068,77dB




* Untuk -V| =2mV, +V; =0V

CMRRE =20 Log -——2-'-[-}—
0.15/40.8
=T74.71dB
* Untk -V = 3mV. +¥V: =0V
20
CMRR=20 log ———
0.15/603
_78.1dB
* Untuk -V | =4mV. +V:=0V
CMRR=20 Log —
015/ B0LS
_80.61dB
* Uniuk -V, =5mV., +V. =0V
20
’ = L PR < b e
CMRR=20 Log o 1004
~82.53dB
¥ Untuk -V; =0V, 1V, = ImV
_ 20
CMRR=20 fog ——
% 015/199
~68.47dB
» Untuk -V, =0V, +Va = 2mV
CMRR=120 Lot — 3
mis5/39.9

=74,51dB
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* Untuk -V, =0V, +V;=3mV

CMRR=10 Log ——)
0.15/60.2
-78.09dB
* Untuk -V =0V, +¥2 = 4mV
20
CMRR =20 Log — 0
& 015/79.7
_80.52dB
* Untuk =V =0V, +V2=5mV
20
WMRR=20 Log 20
€ 2 015/998
_82.48dB

Untuk sclanjutnya, dari perhitungan diatas maka dapat dibuat tabel hasil

perhitingan seperti berikut :

 Tabel 4.2. Hasil Pengujian dan perhitungan

GAIN YRt Vout Frror | CMRR
{]:;‘r] (;:% (kali) P"?ﬂ;ﬁ““ Pen(gut:;ran (%) | (dB)
m
1 0 20 20 20,6 25 | 6877
2 1] 2 40 -40.8 1.96 7471
3 0 20 60 80,3 0.49 | 78.1
4 0 20 80 -80,5 0.62 | R0.6I
5 0 20 100 1004 | 0.39 | 8253
0 I 20 20 19,8 0.5 68,47
1] 2 20 40 399 0.25 74.51
0 3 20 60 60,2 0.33 | 78.09
0 4 20 80 79.7 0.37 8052
0 5 20 100 g9.8 0.2 82.48




it 1000 { 0.15 - -
Rata-rata 60 60.21 0.762 | 76.879
120 - -
100
—— Vout
ED Perhitungan
(mV)
R = Vou
Pengukuran
40 (mv)
20
0 .
1 23 4|59
——Vout 20 40 60 80 [100
Parhitu
ngan
(mV)
—= Vout |20.6 408 60.3 80.5/100
Penguk
uran
{mV) I

Grafik 4.1. Perbandingan Hasil Pengukuran dan Perhitungan Penguat
Instrumentasi Untok V1=V V=0




Perhitungan
(mV)

—=— Vout
Pengukuran

120 -
100 —7
80
z 60 o
40 - =t
20
O 12 B & | 5 |
—— Vout 20 | 40 | 60 | BD | 100
Perhitu
ngan
(mV) i .
19 |39.9/60.2/79.7/99.8
my

(mv)

Grafik 4.2. Perbandingan Hasil Pengukuran dan Perhitungan Penguat

Instrumentasi Untuk Vi=0. V=V

4.2. Pengujian Rangkaian Band Pass Filter

Tujuan

a7

Tujuan dari pengujian rangkaian Band-pass filicr adalah untuk mengetahui

hasil dari permguatan sinyal vang dihasilkan

Peralatan yang digunakan
. Power supply
2. Generator fungsi

3. Osciloscope.
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¢ Prosedur Pengujian
1. Rangkaian dibuat seperti pada Gambar 4.5.

2. Mengamati hasil keluaran pada band-pass filter

Crgciloskop

Fumgsi Generatar ig3s 1
= i |
93
| 1 il 104 _
L | _nvil\_.-' Ii

P — Nix

I
-1

Gambar 4.5. Rangkaian Pengujian Band Pass Filter

e Hasil Pengujian

Vinput

Vougnt

Gambar 4.6. Hasil Pengujian Rangkaian Band Pass Filter Pada Frekuensi (,2Hz
Dengan V/Div=2V dan T/Div=2s.
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g B — ; N -
Gambar 4.7. Hasil Pengujian Rangkaian Band Pass Filter Pada Frekuensi 30Hz
Dengan V/Div=500mY dan T/Div—=2ms.

Gambar 4.8. Hasil Pengujian Rangkaian Band Pass Filter Pada Frekuensi 100Hz
Dengan V/Div=30mV dan T/Div=2ms.




0

Voartpant

[
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Gambar 4.9. Hasil Pengujian Rangkaian Band Pass Filter Pada Frekuensi 150Hz
Dengan V/Div=300mV dan T/Div=2ms.

Gambar 4.10, Hasi] Pengujian Rangkaian Band Pass Filicr Pada Frekuensi
200Hz Dengan V/Div=500mV dan T/Div=1ms.

Dengan melakukan langkah-langkah pengukuran di atas, maka didapat hasil

pengujian pada Tabel 4.3. di bawah ini.
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Tabel 4.3, Hasil Pengujian Rangkaian Band Pass Filter
f(Hz) [ Vi{mV) | Vo{mV)

0.2 18.2 17.4
1 1100 1190
10 2000 1930
15 2000 1820

25 2000 1B90
&0 2000 1750
75 2000 1580
100 2000 1410
i10 2000 1140
125 2000 574
150 2000 381
175 2000 215
200 2000 | 188

ﬂ'llllll T T
I R

Frekuensi

—— Vo (mV)

Grafik 4.3, Hasil Pengujian Rangkaian Band Pass Filter

4.3, Pengujian Rangkaian Band Reject Filter
« Tujuan
Tujuan dari pengujian rangkaian Band reject filterr adalah mengetahui apakah
dapat menckan frekwensi 50Hz
s Peralatan yang digunakan
1. Power supply
2 Generator fungsi

3. (rsciloscope
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¢ Prosedur Pengujian
1. Rangkaian dibuat seperti pada Gambar 4-11.

2. Mengamati hasil keluaran pada band reject filter

Gambar 4-11. Rangkaian Pengujian Band Keject Filter

e Hasil pengujian

Gambar 4.12. Hasil Pengujian Rangkaian Band Reject Filter Pada Frekuensi
20Hz Dengan V/Div=200mY dan 1/Div=2ms.
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Voulpiit

Gambar 4.13. Hasil Pengujian Rangkaian Band Reject Filter Pada Frekuensi
40Hz Dengan V/Div=300mV dan T/Div=20ms.

A\ N _.h'u Iﬁ “H'. A

¥ i A i J
e e e v e i e e
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e ———

Gambar 4.14. Hasil Pengujian Rangkaian Band Reject Filter Pada Frekuensi
50Hz Dengan V/Div=5300mV dan T/Div=20ms.

T3




Gambar 4.15. Hasil Pengujian Rangkaian Band Reject Filter Pada Frekuensi
60Hz dengan V/Div=1v dan T/Div=2s.

Vinput

Voaspu

Gambar 4.16. Hasil Pengujian Rangkaian Band Reject Filter Pada Frekuensi

80Hz Dengan V/Div=200V dan T/Div=Ims.

Hasil pengujian rangkaian band reject fifter ditunjukkan tabel dibawah :

Tabel 4-4. Hasil Pengukuran Band Reject Filler
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Frekwensi Vin ! Vout ViDiv TDiv
{ Hz ) (V) V) (V) ( ms )

40 2 0.0982 | 5

42 2 0.0767 1 5

45 | 2 0.0581 1 5

46 2 0.0481 1 5

45 2 0.0363 1 5

50 2 0.0174 1 5

52 3. 0.000856 1 5
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BAB V

PENUTUP

5.1. Kesimpulan

I. Jika diuji per blok rangkaian, alat ini dapat bekerja dengan baik. Namun apabila
disatukan dan diberikan input dari elektroda, maka masih terdapat noise.

5.2, Kesulitan

1. Kesulitan pada perancangan alat ini adalah susahnya menekan interferensi 50
Hz dari jaringan PLN, dan adanya interferensi gelombang dari barang-barang
elekironik.

2. Pada inputan terdapat kelemahan yaitu sangat sensitif nya elektroda yang

digunakan.

5.3. Saran

1. Amplifier ini dapat dikembangkan menjadi ECG amplifier untuk pengukuran
multi-channel dengan system 12 lead.

2, Untuk hasil ECG yang paling akurat dan paling dapat diandalkan, pemihihan
hagian yang akan diukur dan persiapan dari bagian vang akan divkur haruslah
lebih baik. Di mana dan bagaimana elektroda dipasangkan memberikan

pengaruh sangat besar pada sensitifitas pengukuoran ECG,




Daltar Pustaka
. Lecture 6: Inteprated FElectronics Biopotensial Measurement, Kartik.

http://engineering.rowan.eduw/~polikar/ CLASSES/ECE404

. Princples of Biomedical Systems & Devices: Lab 1 electrocardiogram.
[enrigue.combos@analog.com] [eckart. hartmanni@analog .com

. Ashton, Richard, Principles of Biomedical Instrumentation and Measurement,
New York: Pennsylvania State University.

Sugiharto, Agus, 2002, Penerapan Dasar Tansducer dan Scnsor, Yogyakarta:
Penerbit Kamisius (Anggota IKAPI).

. Princple of Biomedical Systems & Devices: Lecture 6 Biopotensial Electrode.

http:/feneincering.rowan.edu'~polikar/CLASSES/ECE404

Robert F. Coughlin and Frederick F. Driscoll, 1983, Penguat Operasional dan
Rangkaian Terpacu linear,

Fko Putra, Aglianto, 2002, Penapis Aktfl Elekironika Teon dan Praktek,
Yogyakara, C.V. Gava Media.

. B. Brey, Barry, 2000, Mikroprosesor Intel BOBG/8088, BO156/80188, B0286,
80386, RBO4RO, Pentium, dan  Pentium-Pro:  Arsitektur, Pemrograman,
Antarmuka, Jakarta, Erlangga.

PC BASED ECG MONITORING SYSTEM uanwer@natriumtech.com,

tohefstarhub.net.sg

1 0. Interfacing the Standard Parallel Port hitp:/www.senet com.auw/~cpeacock.

| 1. Craig Peacock’s Interfacing the PC. hiip://www senel.com.aw/~cpeacock

12, AD620 Datasheet, www.dalashectcatalog.com




13.CA741, CA741C, CAI458, CAI:HS,LM?#L LM741C, LMI438 Datasheel.
www.intersil.com

14. 541L.S04/DM54L504/DM74L504 Hex  Inverting (Gates  Datasheet,
www.datasheeteatalog.com

15. ADCO0801/ADCORG2Z/ADCOR03/ADCOBO4/ADCOB0S 8-Bit pP Compatible

A/D Converters, www.national.com

16. Laboratory 1: Design of an EKG PREAmplifier University of Washinglon

Electrical Engineering







sy INSTITUT TEKNOT OG] NASHONAL
i NORAYAKARANGLO KM 2
—— WAL AN

FORMULIR BIMBINGAN SKRIPSI

Nama : Aldex Walesa B
NIM :00.17.135
Masa Bimbingan  : ()6 Szptember 07 s/d 06 Maret ()
Judul skripsi : Akuisisi Dan Pemrosesan Sinyal Elektrokardiografi
{ EKG ) Yang Ditampilkan Pada PC (Personal Coniputer)
No Tanggal Uraian Paraf
Pembimbing
ll. " g e b
(9-235-% 3 Fopsuiraws !l RAR [ A UL
| . , i .
| A 00T "‘% [# e i =i A MLAT
| -
3. -1 -ng P R e A T AR TR T : »
17 : I-|"l. Voo | |||'| 1] |50 1idy g " '.'pf'f'-"('/"
S I R | — z
| 4' : 5 . ' —,'_ . - T |J"r ’ .
i |'f""5'°£’ ,r"'lz'r_' AR .{_.;_!J-'L!J.L, § B ﬂ/‘fq
| & '
b.
7.
:
8. ’l
9‘
10.

Mulang,




INSTITUT TEKNOLOGI NASIONAL
FAKJLTAS TEKNCLOG! INDUSTRE
JURUSAN TEKNIK ELEKTRO

Formulir Perbaikan Ujian Skripsi

Dalam pv::lc.fa.;.naﬂn Ujian Skripsi Janjang Strata 1 .drusan Te<nik Elexlro Konsentasi T. Energl
Listrix 7 Elektronika, maka perlu adanya perbalkan skeipsi uniuk mehasiswa

) M Jeflr

Ferbaikan me.tpuh

10) bacts #imya B0t Tl

e %’F?@—“’_—,__
A e
@%‘_""‘ f‘? e f% ?’ﬂﬁ r’/mf ‘,'_'-‘(._f__ELm.h

@j‘"mm-—-fﬁ e
= u% MY@[ 331_*:?&\1._ @E(‘_Ltﬁf

ek — {

Malang, i




INSTITUT TEKNOLOGI NASIONAL,
J1. Bendungan Sigura-gura No. 2
MALANG

FORMULIR PERBAIKAN SKRIPSL
Nama : Alex Walesa Butarbutar
Nim . 0017135
Masa Bimbingan : 06 September 2007 s/d 06 Maret 2008
Judul Skripsi : Perancangan dan Pembuatan Alat Peng-Akuisisi dan

Pemrosesar  Sinyal Elektrokardiografi Denpgan  Personal
Computer (PC) Sebagai Penampil.

No Tanggal Uraian Paraf

Gambar diagram blok lebih jelas, lengkapi
l 17-03-2008 | dengan Tungsi dari masing-masing blok dan
whsin keoapa Jdiperukon, | L’ ¥

!:-J

17-03-2008

Untuk diagram Flgh Pass Filter hal. 39, { )‘l/\
bukiikan kalau itu adalah High Fass Filter. fu;’ :

Jelaskan fungsi dari masing-masing filter di
i H 17-03-2008 | rangkaian anda/di diagram blok, kenapa fb\
harus ada filter? | K

r’l
/ Drisetujuiz

Penguji 1




INSTITUT TEEKNOLOGI NASIONAL
Jl. Bendungan Sigura-gura No. 2
MALANG

MNama

Mum

Masa Bimbingan

Judul Skripsi

FORMULIR PERBATIKAN SKRIPSI

: Alex Walesa Butarbutar

: DOI7135

: 06 September 2007 s/d 06 Maret 2008

: Perancangan Dan, Pembuatan Alat Peng-Akuisisi Dan

Pemrosesan  Sinyal  Elektrokardiopgrali (EKG)  Dengan
Personal Computer (PC) Sebagai Penampil.

Mo Tanggal Uraian Paral
I. | 17-03-2008 | Fotn Pengujian-pengujian /” ;
o
Disetujui
Penguji 1T
Daosen Pembimbing T _‘n.l Dasen Pembimbing 11
Ll =
Ir. F i'Linepraptono, MT. uGhadi, 81

NIP.Y. 1039300274 NIP.




object fdata; Tfdata
Lelt =269
Top = 103
AutoSeroll = False
Borderlcons = []
Caption =">> [Jata Log'
ClientHeight = 363
Client Width = 303
Color = clBtmFace
Font Charset = DEFALLT CHARSET
Font.Color = clWindow Fext
Font.Height =-11
Font.Name = 'M$ Sans Serif
Font.Style =[]
OldCreateOrder = False
Position = poDesktopCenter
UnShow = FormShow
PixelsPerinch = 96
TextHeight = 13
object bthapus: TspSkinButton
Left=16
Top=320
Width = 75
Height = 25
TabOrder =10
DrawDefault = True
SkinData = Form1.spSkinDatal
SkinDataMame = 'bution’
AlphaBlend = False
AlphaBlendValue = 200
UseSkinCursor = False
DefaultFont.Charset = DEFAULT CHARSET
DefaultFont.Color = clWindowText
DefaultFoni.Height = 14
DefaultFoni. Name = "Arial’
DefaultFont. Style =]
UseSkinFont = True
DefaultWidth=10
Default! leight =0
RepeatMode = False
Repeatinterval = 100
AllowAllUp = False
TabStop = lrue
CanFocused = True
Down = Falsc
Grouplndex =4




Caption = '&Hapus'
Glvph,Data= {

4E010000424D4E0 10000000000007600000028000000 120000001 20000000 1 00
ﬂéﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ{][ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ.]ﬂﬂmuuﬂﬂﬁﬂﬂmﬂﬂﬂﬂﬂﬂﬂﬂ[}ﬂﬂﬂﬂﬂ

COO00GCO000000COCHNCCO000000CHDNCO00COCONM0OCOCHCO00BOE0E00000
00

FEOUOOFFO00D00FFFFOOFFO00000FFOOFFOOFFFFOD00FFFFFFO0TTTTTTTTFB
FB

FB7777000000777777777TBEBT77770000007777771TTTIBFTTTTT0000007777

777777BEBOT777000000777777777TEFBFBOT77000000777 777777 7BTB 70770
0

0000777777777ETTIT0TIT0000007 7777777177107 7710000007 77777770777
07777700000077777770C00077777 700000077777 70C0TTF777TTHO000007777
70C07777777777000000777T0C0OTT 7777777000000 770COT 777777777700

O000770COIT IR IIFITTT000000 T80T 1777777 7T 10000007 777773117177
7777770000007 77777777777777T77000000]
NumGlyphs =1
Spacing = 3
Enabled = False
OnClick = bthapusClick
end
object bttutup: TspSkinButton
Left =216
Top =320
Width=75
Height = 25
TabOrder = 1
DrawDefault = True
SkinData = Form | .spSkinDatal
SkinDataName = 'button’
AlphaBlend = False
AlphaBlendValue = 200
UseSkinCursor = False
DefaultFont.Charset = DEFAULT _CHARSET
DefaultFont.Color = clWindowText
DefaultFont.Height = 14




DefaultFont,Name = 'Arial’
DefaultFont.Style =[]
[1seSkinFont = True
DefaultWidth =0
DefaultHeight =0
BepeatMode = False
Repeatnterval = 100
AllowAllUp = False
TabStop = True
CanFocused = Truc
Down = False
Grouplndex =0
Caption = "&Tutup’
Ghyph.Dala={

4E010000424D4E01000000000000760000002 80000001 20000001200G00001 00
040000000000D20000000000000000000000 1 000000000G0C0C0O00000D00000

CO0000CEO00000COCO00TO00000HCO00CIHCHCOINGCHCHCO00B08ABROMN0
(0

FFOOOOFFOO0000E FF FOOFFOO0000FFOOFFOOFFFFO000FFFFFFOOTTTTTITTTIT
7

FATT00000077FTTTITTITTITTHTT0000007F77I77 T ITTIT T IT0000007777
788 77TTTITTTTTOO00C00777770087777777 7770000007 77770907 777178077700
Q000777770907 7777807 TTO000007 7770008777087 TTROOGOT7TTTTI008T7
9077770000007 7777 77890900F 77770000007 77777790907 777770000007 777
TROO90908777 770000C0TTTTTEI09090877 77700000077 779090879008 777700

Q000777777777 TTTO0R 7770000007 77777377 7TT700R8 700000077 77377 TTT
17770000007 77771773777 TTTTI000000}

NumGlyphs = |
Spacing = §
OnClick = brutupClick

end

object DBGrid1: TDBGrid
Lett=16
Top =24
Width =273
Height = 289




Color = ¢l3DDkShadow
DataSource — DawaSource |
FixedColor = clinactiveCaption
Font.Charset = DEFAULT _CHARSET
Font.Color = clYellow
Font.Height =-11
Font.Name = 'MS Sans Serif'
Font.Style =[]
Options = [dgTitles, dgindicator, dgColLines, dgRowLines, dgTabs,
dpConfirmDelete. dgCancelOnExit]
ParentFont = Falze
TabOrder =2
TitleFont Charset = DEFAULT CHARSET
TitleFont,Color = clWindowText
TideFont.Height =-11
TitleFont. Name = "MS Sans Serif
TitleFont.Style =[]
Columns = <
item

Expanded = lalse

FieldName = "tgl'

Title.Alignment = taCenter

Title.Caption = "Tanggal’

Width = T3
Visible = True
end
item

Expanded = False
FieldName = "waktu’
Title.Alignment = taCenter
Title.Caption = 'Jam’
Width = 70
Visible = True

end

item
Expanded = False
FieldName = "linggi’
Title. Alignment = taCenter
Title.Caption = 'Ketinggian (m)'

Width = 84
Visible = True
end>
end

object spDynamicSkinForm | : TspDynamicSkinForm
UseFormCursorlnNCArca = False
MaxMenultemslnWindow = ()

v




ClientWidth =10

ClientHeight = 0

HideCaptionBuitons = False
AlwaysShowlnTray = False
LogoBitMapTransparent = False
AlwaysMinimizeToTray = False
UseSkinFontindMenu = True

Showlcon — False

MaximizeOnFullScreen = False
ShowObjectHint = False
UseDefaultObjectHint = True
UseSkinCursors = False
DefCaptionFont.Charset = DEFAULT_CHARSET
DefCaptionFont.Color = clBmText
DefCaptionFont.Height = 14
DefCaptionFont.Name = "Arial’
DefUaptionFont Style = [fsBold]
DefInActiveCaptionFont.Charset = DEFAULT_CHARSET
DeflnActiveCaptionFont.Color = c|BtnShadow
DeflnActiveCaptionFont. Height = 14
DeflnActiveCaptionFont. Name = 'Arial'
NefinActiveCaptionFont. Style = [fsBold]
DefMenultemHeight =20
DefMenultembont.Charset = DEFAULT_CHARSET
DefMenultemFont.Color = clWindowText
DefMenultemFont. Height = 14
DefMenultemFont.Name = "Arial’
DefMenultemFont. 5tyle =[]
UseDefanltSysMenu = True
SupportNCArea = True
AlphaBlendAnimation = False
AlphaBlendValue = 200

AlphaBlend = False

MenusA IpbaBlend = False

MenusA |phaBlend Animation = False
MenusA lphaBlend Value = 200

SkinData = Form LspSkinbatal
MenusSkinData = Form | .spSkinDatal
MinHeight = 0

MinWidth = 0

MaxHeight=0

MaxWidth =0

Sizeable = False

DraggAble = True

Magnetic = False

MagneticSize = 10




Borderlcons = [biSystemMenu, biRollUp|
Left = 200
Top= 160

end

object DataSource]: TDataSource
DataSet = Form1.Tablel
Left=88
Top =280

end

end




ANALOG
DEVICES

Low Cost, Low Power
Instrumentation Amplifier

AD620

FEATURES
EASY TO USE
Gain Set with Ona External Resistor
[Gain Ranga 1 to 1000}
Wide Power Supply Range (2.3 ¥ to £18 V)
Higher Performance than Three Op Amp 1A Designs
Available in B-Lead DIP and 50IC Packaging
Low Power, 1.3 mA max Supply Current

EXCELLENT DC PERFORMAMNCE (B GRADE")

50 pV max, Input Ofset Valtage

0.6 pW/*C max, Input Offset Drift

1.0 nA max, Input Bias Current

100 dB min Common-Mode Rejection Retio |G = 10)

LOwW NESE
9 n¥/vHz, @ 1 kHz, Input Voltage Noise
0.28 pV p-p Noise {0.1 Hz to 10 Hz|

EXCELLENT AC SPECIFICATIONS
120 kHz Bandwidth {G = 100)
15 ps Settling Tima to 0.01%

APPLICATIONS

Weigh Scales

ECG and Medical Instrumantation
Transducer Interface

Diata Acquisition Systems

Industrial Process Controls

Battery Powered and Portable Equipment

FRODUCT DESCRIFTION
T'he ATG20 is a low cost, high accuracy inswumentation ampli-
der that requires ooly one external cesistor 1o ger gains of 1 1o

000
R T pRLAME T
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£ =T erey
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SUFPLY CURRENT—mA
Figure 1. Thres Op Amp IA Dasigns vs. ADSZ20
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nformation furnshed by Anslog Devices ie balieved to be acourate and
sellabie, However, o responsibility is assumed by Analog Devicaa for its
uae, nor for any infringements of paiems of other fghts of third parties
which may result from its use. Mo license s granted by implication or
atharwise under any patent or patent dghe of Analog Devices.

CONNECTION DIAGRAM

8-Lead Plastic Mini-DIP (N), Cerdip (Q)
and SOIC (R) Packages

ra [1] 1] r

— [4| aApsz0 [3]meF

TOE yEEWY

1000, Furthermore, the ADS20 fearures &-lead SOIC and DIP
packaging that i= smaller than discrete designs, and offers lower
power (only 1.3 mA max supply currend), making it a pood fic
for barrery powered, portable (or remote) spplications,

The ADM20, with its high aceurdey of 40 ppm maximum
nonlmearity, low offset voltage of 5S0pV max and offset drift of
0.6 WVAC man, 35 weal for use o precision data acqeisidon
systemes, such as wegh scales and transducer inrerfaces. Fur-
thermore, the low noise, low input bias current, and low power
of the AD62Z0 make it well suired for medical applications such
as BECG and nominvasive blood pressure monitors.

The low input bias curment of 1.0 0A max is made poszible with
the use of Superfeta processing in the input stage. The ADG20
works well a3 2 preamplifier due 1o its low mput voltage noise of
o nVvHz at 1 kHz, .25 0V pep in the 0.1 Heto 10 Hz hand,
.1 pANHz imput current noise, Also. the AD620 is well suited
for muldplexed applications with its settling timz of 15 s o
4.01% and it cost iz low edough to enable designs with one in-

amp peT channel.
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Figurs 2. Total Voltage Nolse vs. Sourge Resistance
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i20-SPECIFICATICNS (yplcal @ +25°C, ¥y = +15 ¥, and R = 2 KD, unless atharwiss zoted)

ADI0A ADSB ADTES"
Ui dnan M Typ M Min Typ Max [0 Typ Max Units
G=1+{#4Re) =]
Rangs 1 10,000 I 10,000 I 10,000
Ermur® Y =tI0¥
=1 LR ] 0l 00z 003 Q.10 k]
= 10 015 0.3 0I0 015 b.1%5 030 £
= 10¢ 013 03 0in 015 0,15 03¢ k]
= 1in) 040 070 0.35 0.50 040 070 k]
[inearity, Vour==10Vio+10 ¥,
= 1-1008 Ry = 100k w40 w40 LU 1 PR
= -0 Fao= 2kl 1 95 o 95 o 95 ppm
L 74, Temperatune
G=1 10 10 ] ppm*iC
Gk >1° -50 50 50 PRELTE
AGE OFFSET (Towal RTT Ervor = Vg + Vogn' G
o Offae, Vg Ve=48 Vo 15V 3 128 15 50 WIS Y
trer Tempetanise V=25 Viozls V¥ 1B3 85 215 Y
verage TC V=25V t15V 0.3 1a ol NG 03 ED [T 8
g Offeet, Voso Y¥y=115¥ 400 (0D 200 500 H LW pv
LMEEL A 1 S 730 b5 Y
regr Temperalure Yymt5Wro £15W 20048 1000 M) (I
werage TC Ve=+3VintliV N R e F0 15 i
vt Referred 1o the
Ipul vE.
upply (PSR} Ve=223Vie+1RV
G=1 il 100 BY 100 1] ] dH
G=10 95 120 L 130 o5 Lag dg
G = 100 110 ran 120 14 11 £ ] dB
G= 10 110 140 p2a 130 L1 L4 48
[ CURREST
ar Bias Currem 0.5 20 [ S ] o5 o2 nA
weer Temperanure 53 1.3 4 né
werage TOC in an B pitC
ar Offset Cusrent LR T B o3 05 0.3 1o A
ywer Temperarure 1.3 0,75 20 nA
yerage TC 1.5 15 24 PRSP
I
ul Impedance
Jifferendal 12 10§z 10jz Letvl P
Jommon-Alade Lk 10§2 0z GillpF
Wi ¥oli=ge Hange’ Vi=12Z3Viwsy “Ng+ 19 big—12 [ -Wy=10 e - 1.2 | My+ll - 12| ¥
Drver Temperamine =Ve+ 21 +¥g=13 | ¥y il g - 1.3 Yo+ 2.0 We—13 | ¥
ViS5 Voo IRY Vg4 10 +We-14 | <Wy=19 -4 | ¥e+1R +Vy=141 WV
Crver Temswerature A | +¥s—14 | We= 2l #¥s-ba | Ws+23 +Vy-1a]| W
miman Mode Bejectien
Barwe DS oo 640 Hir with |
[ k0 Sourve Imbabince | Vou =0 Vo210V
G=1 73 1] B ol Ti L] 4B
G=10 a1 R 100 110 93 up JB
O o= 00 110 130 120 13 e 130 di
0= 1000 110 130 123 13 jRtH 130 4B
PUT
utpan Swing Ry = 10 ki,
Ve=t2 3V ES Y Vg + 1.l #We—1.2 | Wyt 1.l +¥g- 1.2 | Wikl -2 W
[hver Temperarure N+ 14 =13 | AL - 13 | N+ 18 +Vi—13| W
Vi=z5Vwiigy “We+ 1.2 - L4 | <Wy+ 1.2 tWg-14 [ “Ve+ 12 Wy 14|V
Dwer Tempersturs “Yi+ 18 +W- L W+ 1 +¥e= 1.5 | Vgt 23 +¥e-131 ¥
aogr Currens Gt 13 *14 =B ma
e REWY. E




ADG20

ADGI0A ADGIE ADGIOS"
sl Conditions Mila Typ Mex Min Typ Max Min Trp Max Units
AMIC RESFONSE
Small Sigral -3 AR Bandwidth
G=1 1000 1000 100 kHz
G=10 L] el BOD kHz
o= 100 120 120 120 kHz
G = 10 13 13 1z kHz
Elew Rare 0TS 1.2 075 L2 0.ors 1:2 Wi
Sentling Time ro 001 % 10 ¥ Step
G =[-100 15 15 1% ]
G = 10 150 150 150 i
{OISE
B e ———
Voliage Moiue, 1 kiHz Toral RTT Woise m (a0 Vlng / (GP
Inpuot, Viloage Modse, 2, a9 13 9 13 B 13 oVivHz
Crarpuar ¥obage Mo, oy, 72 100 T3 100 12 100 aVhTz
ETL Q.F Hzto 10 He
G=1 3.0 XL X ] 0 &b ¥ p-p
=10 .37 0.55 0.8 .57 0.% WY pp
5 = 1001000 028 0. 04 LIE 0.4 [TV
Cuwrrent Noise F=1kHsz 10 100 100 A
0.1 Hz o 10 He 10 10 10 P 7=
EFERENMCE INPUT
Fpg 20 20 20 -1
Ir: Voo, Ve =0 50 +50 +30 +60 +30  +60 A
Yuliage Range M1k WWe— 16 | N+ 1.8 HWp-16 | Ve+1a V- 16 |¥
Gain to Oruipog 1% 0,004 1 % D.HKH 1+ 0,001
OWER SLUPPLY
Operantg Raage* +23 118 £2.3 +18 +2.3 £iB ¥
[mirscent Current Ve=tl3Votlavw 0y 1.3 ot 13 LU T mA
Onver Temperanare i1 1.8 1.1 1& 1.l L& mA
I'EMPERAT URE BANGE
Far Sip-acn-gd Performance -40 to +85 -4 to 485 -55 o #1235 "
FIES
See Analng Therices milicary dats sheet for BE3E woed specifications,
Dipes not include clfests of cxpernal sesascor By,
Une imput greunded. =1,
This i4 defired as the came tapply range whech 3 uwed 1 specify PSR,
ipecibicanions senpect To change without outice.
HEWV. E e 1




20

LUTE MAXIMUM RATINGS!

[ L T (T . . |4 ")
al Power Drissipat PSR UPSSR 1. | 1.}
Voltage (Common Mode) ... ... . .. .. .. ... +Vy
ential Input Woltege - . o oo oo e s 25V

1 Short Circuit Dumton . . .ovove o0 on0 o - Indlefinite
ze Temperarure Range (Q) ..........—65C 1w +150°C

28 Temperature Range (N, R) . ....... =65°C 1o #125°C
ifing Temperature Range

1620 (A, B) O TR TRRIRE Y 11 2] i i
G20 i ieiiaane . —9A"C 10 #125°C
Temperature Ranpe

Mdeting 10 seconds) ... iveeiverneiresi . HIM°C
g

= abuve thuer [aed wder Absdlure Mazimom Ranings may ciuse poroma-
lamnage to the dewice. This ix a eroess rsting onby; mctional cperstion of the
= gf these or any other cooditions abore thoee indicared in the operarional
nof this Fpecificatim is ot implied. Exposure to abiolune MAXmim rarng
tisgs for exended periods may afecy device r=linkility.

i = for device in fres gic

o Plastic Package: thy, = 95°CW

d Cerdip Peckage: 8 = |10

d SCHC Fackage: By = 1533°CW

DRDERING GLITDE
Model Temperature Ranges | Package Options*
ADGZ0AN =40°C o +85°C M-8
ADG2Z0BN —407C o +85°C M-8
ADGZ0AR =40°C to +85°C SO-8
ADGZ0AF=-REEL | -40°C 1o +85°C 13" REEL
ADGZOAR-REELT | —40°C 1o +35°C 7" REEL
ADG20BR —40°C 1o #B5°C 50-8
ADGS20BR-REEL | -40°C 1o +85°C 13" REEL
ADGZOBR-REELYT | -40°C to +85°C 7" REEL
ADGZOACHIFS -40°C o +835°C Dvic Form
ADS2050/8838 -55% 1o #1357 -8

"N = Flasoe DIF; Q = Cerdipy SO = Small Outlne,

METALIZATION PHOTOGRAPH
DHmmeons shown in inches and {mm),
Contact factony for lnest dimensions.

FORt CHIP APPLICATIONS: THE PADZ 1Ry AND BR, WUST BE COMHECTED 1N PARALLEL
TO THE EXTERNAL GAIN REGESTER Rg. DO HOT COMMECT THEM M SLRICS TO Ry FOR
UNITY GAIN APFLICATIONS WHERE Ry B NOT REQUIRED, THE PADS 1Hg MAY EIMPLY

BE BONDED TOMETHER, A8 WELL AS THE FADS BRg,

UTION

3 (electrostatic discharme] sensitive device, Elecrrosratic charges as high as 4000 V readily
umulate on the heman body and test equipment snd can discharge withowt detection.
hough the A0¥20 features propoictary ESD protection circunry, permanent damage may
ur oo devices subjected tu high energy electrostane dischanges, Therefore, proper ESD
=autions are recommended te avoid pecformance degmdation or loss of functionality.

WARNING!

ST A, —

ESD SEMSITIVE DEVICE

REV. E




AD620
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=% S [V ) T 5
— RAMPLE SIZE = §50
=
» i
15
2 g
: — 2
e o
=1 -
il E 1
2
:- :
i =
i o8
" B o
o
c [
—1200 —500 0 R 1 L] 1 z 3 4 3
HPUT BIAS CLIRRENT = pd WARMLP TIEE — Mirutes
Figura 4. Typical Distributien of Input Bias Curremt Figure 7. Change in Input Offset Voltage vs.
Warm-Up Time
il I I R e :
— SAMPLE 5IZE = 850 T — i
a T sAm =
g T T !
: 2 M VAN
S £ i : =
4 R {5 S ATk | Sk .
= o e U SR IITE I I
| E L= 1 !
E | s p— :, -:_-ulu-nl =='#
" (=] I.u ' M - x
*  —muam =100, 1,000 T TIiE T
BRI T GAIN = 1008 | T
! | W LRET | 1 K
5 1 L] o R |
~an0 -0 0 2 et 1 T 104 h e 100k
WMPUT OFFSET CURRENT - i FREDUENCY - Hz
Figurs 5. Typical Distribution of fnput Offset Current Figure 8. Voltage Noisa Spectral Density ve. Fraguency,
(G = 1=-1008)

REV. E 5




20-Typical Characteristics
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igure 20. Qulput Voltags Swing vs. Load Resistance Figura 23, Large Signal Response and Sattiing Time,

G = 10 (0.5 mV = 001%)
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ire 21. Large Signal Pulse Response and Sattling Time Figure 24. Small Signal Response, G =10, Ry = 2 k02,
1105 mV=0.01%) C, = 100 pF

Figura 22. Small Signal Response, G =1, B, = 2 K}, Figure 25, Large Signal Response and Settiing Times,
O = 100 pF G = 100{0.5 mV = 0.019)
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AD620
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Figure 28. Small Signal Pulse Response, G = 1000, Figura 31a. Gain Nonfinearity, G=1. R, = 10 k2
H‘,._:.?.laﬂ, G'La- fWFF HDuV:Tppmj

REV.E




igure 31b. Gain Nonlinesrity, G = 100, Ry = 10 42
1o0p v = 10 ppm}

P A i i
it

R e |
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Figura 32 Sattling Time Test Circuwit

Figura 33. &implifiad Schematic of ADG20

THEQRY OF OPERATION

The ADG20 is 8 monalithic instrumentation smplifier bazed on
a modification of the classic three op amp spproach. Absolute
value wrimming allows the user 1o program gain accurately (o
0.153% at G = 100) with only one eesistor. Monaolithic construc-
tion and laser wafer trimming allow the dght marching and
tracking of droult components, thus ensurng the high level of
performance inherent in this cirewir.

The inpur wansistors Q1 and Q2 provide a single differendal-
pair bipolar input for high precision (Figure 333, yet offer 1
lower Input Bias Current thanks to Supetflers processing. Feed-
back through the Q1-Al-El loop and the Q2-A2-KE2 loop main-
tains constant collector current of the input devices Q1, Q2
thersby impressing the inpot voltage scross the external gain
setting resistor Bg. This creates a differential gain from the
mputs o the AVAZ vutputs given by G = (K1 + B23)R; + 1.
The unity-gain subtracter A3 removes any common-mode sig-
nel, yielding a single-endad output referred ta the REF pin
potential,

The value of By also determines the transconductance of the
preamp stage. As Rg o8 reduced for larger gains, the rranscon-
ductance indremses asympiotcally we that of the input Tansismors,
This has threz important advantages: (a) Open-Joop gain is
boosred for increasing programmed gain, thus reducing gain-
related ermoms. (h) The gwin-bandwidth product (deermined by
1, C2 and the preamp transconductance) mcreases with pro-
grammed fain, thus ophimidang frequency response. {c} The
input voltage noise is reduced to a vahie of 9 nYAHE, deter
mined mamly by the collector current and base resistance of the
input devices.

The inpernal gain resistors, Bl and B2, are mimmed to an abso-
ure vahoe of 24.7 ki, allowing the gain to be programmed
accurarely with a single external resistor.

The gain equation is then

o= 44 kil 1
R
561 that
49,4 KL
G
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AD620

Make vy. Buy: A Typical Bridge Application Error Budget
The ADG20 offers improved performance over “homebrew™
thres op amp IA desipne, along with smaller size, fewer compo-
nents and 10x lower supply cutrent. In the typical application,
ghown i Figure 3, o gain of 100 s required 1o amplify a bridge
cutput of 20 mV full scale over the industrial temperpure range
of —40°C w0 +85°C. The error budget table below shows how to
calculate the effect vanous error sources have on cirouit acouracy.
Regardiess of the system in which it is being used, the ADBZ0
provides grearer accaracy, and at low power and price. In simple

systems, absolute sccuracy and drift crrors sre by far the most
sipnificant contributors to error. In more complex gvstems with
an intelligent processor, an autogain/subizene cycle will remove all ©
absclure accuracy and drift eivors leaving coly the respluton
errors of gain nonlineanty and noise, thus allowing full 14-bit
sCouracy.
Mote that for the homebrew civcuir, the OPDT specifications for
input voltage offset and noise have been multiphed by V2. This
is becanse a three op amp ype in-amp bas 050 op omps 4t is
mputs, both contmbuting (o the overall input emor.

1Bk k1
DPOTD Ay A
1+ —
gL T
Ra % ] Vv
o ADBZ0A o3 R
1= REFERENCE L1
oD
—tp 1o
ADEZ0A MONOLITHIC L ——
"ELRETE 1% RESITOR, T00MPARSC TR CIING
SUPPLY CURFEENT = 15mA
BUPPLY CURRENT = 4. 3mA WA
Figure 34. Make vs. Buy
Table 1. Make vs. Buy Error Budget
AD620 Circuit “Homebrew™ Circuit | Error, ppm of Full Scale
Error Source Calcalation Calcalation ADE20 Homebrew
ABSOLUTE ACCTITRACY ar T, = +25°
Inpur Orifser Voloage, v 125 pViz0 mV (150 PV = VEWZ0 m¥ 6,250 10,607
Crurpur Orifser Violage, gV 1000 W%/ 100720 mY ((150 1Y = 20100020 my 3 150
Inpur Crifser Curreny, nd 2 nAx 350 20 mV (6 nA =« 350 (V20 mY I8 53
CME. 48 110 dR-+3.16 ppem, = V20 mV | (0.02% Mach = § V20 mV100 To1 00
Total Absolute Error T,358 11,310
DRIFT T +85°C
Craim Crrift, promeC (50 ppm + 10 ppm) = 607 100 ppm®C Track « 80°FC 3,600 6,004
Topur Offset Volage Drife, givi=C 1 W0 = 60°C/20 mY {25 WV C % 42 » 60°0)20 mV 3,004} 10,607
Ourput Dffses Voliage Drife, pVioC 15 pV*C = 60°C 100/20 mV {2.5 pVird x 2 % BOPC)100V20 mW £50 150
Tatal Drift Error 1,050 16,757
RESOLUTION
Gain Funlinearity, ppm of Full Scale 40 ppm 20 ppm &0 40
Typ 0.1 Ha—10 Hz Voltage Noise, iV p-p | 0.28 j¥ p-p/20 mV (0,38 pV pop < Y2020 mV 14 27
Total Resolupnon Error 54 67
Grand Total Eqor 14,662 2813

G=1H, ¥a=ELE Y,
Al errors ase min'max sod referred o iopuc

REV. E
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Figure 35. A Prassure Monitor Circwit which Operates on a +5 V Single Supply
sure Measuréement Medical BECG
pugh neetul in many bodge applications such as weigh The Jow current noise of the ADE20 allows its use in ECG
5, the ATHG20 is especially suitable for higher resistance monitors (Figuere 36) where high source registances of 1 MO or
sure sensors powered at lower voliages where small size and higher are not uncommon, The ADGZ0%s low power, low supply
power become more sipnificant. voltage reguirements, and space-saving 3-lead mini-DIF and

re 35 shows a 3 KQ pressure transducer bridge powered SOIC package offenings make it #n excellent chodce for batwery

_+5 V. In such a cireuir, the bridge consumes only 1.7 ma.  Powered dats recorders.
ing the 2620 and 3 buffered voltage divider allows the Furthermeore, the low bias currents and low current noise
1l 10 be conditioned for only 3.8 mi of total supply current. coupled with the low volmage noise of the ADG20 mprove the

11 size and low cost make the AD620 especially arractive for dynamic range for beter performance.

I£E OUTpUC pressure ransdovers. Since it delivers low noise The value of capacitor 1 i5 chosen 1o maintain stabilicy of the

drift, it will also serve applicacions such as diagnostic non- right leg drive loop. Proper safesvards, such as isclation, must

sive blond pressure measurement. be added to this circuit to protect the patient from possible
harm.

PATIEMTCIRCLAT

PROTEC TIHIGOLATION
At
ﬂ;l AL} OLITPLIT
vt il
R4
1m0
ADTOS)
+

Figure 36. A Medical ECG Monitor Circuit
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AD620

eclslon V-1 Converter _

i ADB20, sleng with another op amp and two resistors, makes
wecision current source [Tigure 37). The op amp buffers the
ference terminel to maintain pood CMR. The output voltage
w of the ADG20 sppears acress K1, which convens it o a
wrrent, This current less only, the input biss current of the op
op, then Jows out to the load.

_ Yo _[¥iml- Y119
pa ]

Figura 37, Precision Voltage-to-Current Convertar
(Operates on 1.8 mA, 23 V}

AN SELECTION

The ADG20's gain is resistor programmed by B, ot more pre-
isely, by whatever impedance appears berween Pins 1 and 8,
hie AD620 15 designed to affer accurate gaing using 0.1%-1%
ssistors, Table 11 shows required values of Ry for various gains.
fote that for 3 = 1, the Bg pins are unconnected [Rg = =) For
ny arbimary gain R can be calealaved by wsing e formula:

494 R

Fe: =

"o miniinze gain error, avoid high parasitic resistance in series
vith Rys: to minimize gain drft, Ry should have o low TC—less
han 10 ppm/C—Fbor the best performance.

Table 11. Required Values of Gain Resistors

1% Sid Table | Calculated 0.1% Std Table | Calculated

Value of Rg, [3| Gain Value of R, [k | Gain
Ak 19590 493k 2.2
124k 4.983 124k 4,984
549k 8008 549k 0004
261k 19.93 2oLk 19.93
10Ok 50.40 101k 4091
400 1000 499 100.0
244 196.4 248 19494
1iH) 495.0 93 8 S01.0
40,9 291.0 49.3 1,003

REV.E

INFUT AND OUTPUT OFFSET YOLTAGE

The low crrors of the ADE20 are attribuicd to two sources,
mput and owtput errors. The output error is divided by G when
referred to the input. In pracuce, the nput ¢orors dominste ar
high gains and the ourput errors dominate at low gains. The
total ¥ie for @ given gain i3 calculated as:

Total Ermor RT] = input emor + {outpuat crron'G)
Total Error RTO = (input error « 3] + owtput error

REFERENCE TERMINAIL

The reference terminal potental defines the zero output voltage,
and 13 especially useful when the load does not share a precize
eround with the rest of the system. It provides a direct means of
injecting 3 precise offsct to the outpur, with an allowable range
af 2 ¥V within the supply voltages. Parasibe resistance should be
kept 1o a minimum for optimum CME.

INPUT PROTECTION

The ADG20 features 400 0 of series thin flm resistance at ity
inputs, and will safely withstand imput pverloads of up o 15 V
or £64 mA for several hours. This s true for all gems, and power
on and off, which iz pardcularly important sinee the signal
source and amplifier may be powered separately. For longer
ume periods, the curren: should not exceed & mA (I =
VoMW £2). For input overloads beyond the supphics, clamping
the mpurs o the supplies (using a Jow leakage diode soch ag an
FI3333) will reduce the required resistance, vislding lower
noise,

RF INTERFERENCE

Al insmrumentation amplifiers can rectify our of band signals,
and when amplifying small signals, these rectified voltages act ps
small de offser errors. The ADGZ0 allows direct accets o the
mput ransistor bases and cmitters cnabling the user o apply
some first order filtening 1o unwanted RF signals (Figure 38),
where RC = 1/[2 7} end where = the bandwidth of the
ADR0: C = 150 pF. Marching the extranenns capacitance at
Fins 1 and & and Pins 2 and 3 helps te maintain high CME.

b
L
1 }— 3—"
7]
]
<]
Figure 38. Circuit to Attenuate AF Interferance
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MON-MODE REJECTION

mentarion amplifiers like the ADG20 offer high CME,

| is a measure of the change in putput voltage when both

s arc changed by cqual amounts, These specifications arc
Iy given for = full range Input voltage change amd a spea-
wource mbalance,

aptimal CMR the reference terminal ehould be ded 1o a low
dance point, snd differences in capantance and resistance
1d be keprt 0 & minimum berween the owo inputs. In many
cations shielded cables are used to minimize noise, and for
CME over frequency the shisld should be properly driven.
res 39 and 4 show scove data guards that are configured
prove ac commuon-mude rejections by “bootstrappmg” the
ctances of input cable shields, thus minimizing the capaci-
> mismartch hetween the inputs,

Figure 40. Comman-Mode Shield Orivar

GROUNDING
Since the ADG20 output voluge is developed with respect to the
potential on the reference terminal, it can solve many grounding
problems by smply ying the REF pin to the appropnate “local
ground.™
In order to isolate low level analos signals rom a noisy digital
efviraament, many data-acquisition compenents have separate
analog and digiral ground pins (Figure 413 It wounld be conve-
nient o use a zingle ground line; however, current through
ground wires and I'C runs of the drovit card can cause hun-
dreds of millivelts of error. Therefore, separate ground returns
should be provided to minimize the current flow from the senei-
tive points to the system ground. These pround retums must be
ted together at some point, usually best at the ADC package as

showm.

Figure 41. Basic Grounding Practice

REV.E



ADS20

ROUND RETURNS FOR INPUT BIAS CURRENTS sources such ag ransformers, or ac-coupled sorees, there must

1put bias currents are those currents necessary to bias the input be a dc path from each input to ground as shown in Figure 42,

ansistors of an amplifier, Thers must be a direct retom path Refer to the fstnomentation Amplifier Applicenon Guide (free

st these currents; therefore, when amplifying “footing™ input from Analog Devices) for more informarion regarding in amp
applications.

i
=i L

O POWER 70 POWER

et ARGUND

Figure 422, Ground Returns for Bias Currents with Figurs 42b. Ground Returns for Bias Currents with
Tramsformer Coupled Inputs Thermocaupla Inpits

TO PCWER
BUPPLY
GROLUND

Figura 42¢. Ground Returns for Bias Currents with AC Coupled Inputs
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OUTLINE DIMENSIONS
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9MHz Single and Dual, High Gain
perational Amplifiers for Military,
dustrial and Commercial Applications

e CA458, CA1558 (dual lypes); CAT41C, CAT41 (single
»esy; high-gain operational amplifiers for use in military,
Justrial, and commercial applications.

rese manalithic silicon integrated circuit devices provids
tput short circuit protection and 1atch-free operation.
ese types also feature wide common mode and
Terential mode signal ranges and have low offset voltaga
illing capability when used wilh an appropriately valued
ientiometer. A 10k0 potentiometer is used for offset
illing types CATAIC, CAT4 (see Figure 1). Types
V1458, CAT558 have no specific taminals for offset
ling. Sach type consists of a differential input amplifier

CAT741, CA741C, CAi458, CA1558,

LM741, LM741C, LM1458

May 2001

File Ntrimber

Featuras
» Input Bias Current . ..... ... ...0. 00 .o 500nA (Max)
* Input Offsel Currenl . ..o vvea oo oe. o 20004 (Max)

Applications

- Comparator

» Multhvibrator

+ DC Amplifier

= Summing Amplifier

¢ Integrator or Diferantiator

» Marmw Band or Band Pass Filter

Part Number [nformation

at effectively I:Irwes.a gain and leval shifting stage having ™ PART TEMP. RANGE

complementary emitter follower output, NUMBER {°c) PACKAGE | PKG. NO

e manufacturing process make it possible to produce 1S CADTH1E 5510 125 |BLd PDIP E83

eralional amplifiers wilh low bursl "popcom” naise CADT4ICE Do 70 8 Ld POIP E&3

aractenshcs, CA1458E 0 lo 70 BLd PDIP ‘Es3

chnizal Dala on LM Branded types is identical io the CAS58E 55 o 125 8 Ld PO EB.3

rresponding G Branded types. CADTAT S5i0125 |8 Pin Melal Can | TA.C
CADT41CT D070 | 8PinMetalCan | T8.GC
CA1558T -5t 125 | 8Pin Metal Can | TRC
LMT41N 5510125 |BLdPDIP E83 |
LM741CN | 0w70 |8LdPDIP Esa

| LM1458N 070  [BLdPDIP 'EB.3
inouts
CAT41, CATAIC (CAN) CA1558 (METAL CAN)
TOR VIEW TOP VIEW
NG
CATH1, CATA1C, LMT41, LM741C (PDIF) CA145%, CA1558, LM 1458 (PDIP)
TOP VIEW TOR VIEW
L% ) L
orFseT nuLL [7] 3] ne MTW‘I‘NE —H] v+
v, INPUT [Z] 7] v Y. INPUT (A} [Z] 7] outeuT (8)
NON NV, INPUT [3] w: (7] ouTPuT MmNy, INPUT (A) [5] (8] INVINPUT (8)
v-[#] 7] OFFSET NULL v-[4] 5] MONNY, INPUT (B)
. | CAUTION. Thesa devices an saraithe io slocimostalic dischaegs; felow proper 1 Handing Procedurss,

P-BBEH N TERSGI ar 321-T24-7143 | Irterrmil and Designi is & Fademack of Imersl Americas Inc IQﬂp,r‘hju-almmﬂ Asmencas Ing, R0




CAT41, CAT41C, CA1458, CA1358, LM741, LM741C, LM1458

relute Maximum Ratings

2y VoRtage

LT41C, CAL458, LM741C, LM1458 (Nata 1) .. ... . __ ... sy
A744 CAISEE LM741 (Net 1) o ... .. ... 44V
wrental InputYolkage .. .o-on e aov
NS s T 2 MR SRR S e Mabepiy

sal Terminal to V- Terminal wmnu [mnm GA?41] . 0.5V

put Shaort Cireutt Duraion. i, e |ndorh'r|a
wrating Conditions
nperaiera Ranga
TATS1, CAISS8, LMT4 . ... e, -65%C to 125°0
IATAIC. CALSSH, LMTS1C, LM1458 (Nate 2) . 0°C to TORC

Thermal Infoermation

Tharmal Resistance (Typical, Mote 3) 848 (PCW) 8 (P00

PDIP Package . . e 130 Yy

Can Package . . e T T &7
Maximum Junchion Tampumh.ra :Gan Package). . ... ia0i 1759
Maximum Junction Temparsture (Plastie Packags). ... .. 1509
Maximum Storsge Temperaiue Range . .. ... ... -B5°C o 15090
Maswmum Lead Termperstune (Soldarng 10s) .. ... ..., a00Pc

LTION: Stresser sbove those sied in “Absolfe Madmum Ralings® sy calite parmansil damags bo e device. This i a sress only meiing and opsration of the
Jee at thege o any oiher conditions sbove thoes indicated i7 the opembona sectoms of s specification (5 nol impted,

ITES:
“aluas apply for each section of the dual amplifers.

All types inany package style can be oparaled over the emperature mnge of -55°C 1o 125°C, although the published imits for cenaln eleckical

gpecification apply only over the temperature range of 09C fo TOPC.

8 5 s measwrad with the component mounled on an svakluation PC Board in fres air,

petrical Specifications

Typizal Vatues Inlendad Only for Cesign Guidance, Vepppy = =15V

| TYPICAL VALUE
PARAMETER | symBOL TEST CONDITIONS | {ALL TYPES) UNITS
put Capacitance Cy | 14 pF
Hsel Vollage Adjustment Range ! +15 mv
Jput Resstance Ry ] o 5 a |
siput Short Sircui Gurrent I 25  maA
ansient Responan Unity Gain, ¥y = 20mV, R, = 2ki3, '
Risa Time % G| = 100pF 0.3 I
Overshoot 03, - 5.0 %
pu Rale {Clasad Loop) ER Ry > 2k4) 05 " Vs
4 Bandwidth Product GaWP  |R.=12xm  os Mz |
ectrical Specificatlons For Equipment Design, Vg pppy = =15V
B 7 ) (NOTE 4) !
(NOTE 4} CAT41C, GAT456, LMT41G, |
TEST TEmp | CATA1 CA1SSS,LMT4T | L1458
PARAMETER CONDITIONS ey | MW e MAX | MIN TYF MAK | LNITS
apid Offst Valtaga Rz < 10802 5 - 1 | & - 2 & my
Ful . 1 8 e . 75 | mv |
nput Common Mode Voltage Range 25 Z 3 =] a2 k| 3
Full +2 13 . - . ‘|
Zommen Moda Refection Ratio Rs < 10k 26 z = : 0 % | - 48
| Ful | 70 %0 - : . T
Sgwer Supply Rejaction Ratio Rg < 10k 25 = : : 3 % | 180 | puv
Ful 5 3y 150 - : - iy
Input Reskstance | 2 pa | 2 = | o3 | 2 - | e

2 intersil




CA741, CAT41C, CA1458, CA1558, LM741, LM741C, LM1458

ictrical Specifications  For Equipment Design. Veuppuy = £15V (Continued)
© (NOTE4) q- T
{NODTE 4) CAT#HIC, CATASE, LMTAIC,
o Temp | CATA1 GA1558, LUT41 LM1458
PARAMETER CONDITIONS “c) HiN TYP MAX MiH e MAX | UNITS
\put Bias Gument 25 : 80 500 - 80 500 | na
Full : 2 : - - 800 | nA
55 - 00 | 1500 $ = - nA
126 Z 30 500 - : = A
10Ut Offset Current 25 : 20 200 . 20 20 | naA
Full = - - - 3040 nf
55 : 85 500 = . < |
_ e - | 7 200 = : - [ |
e Signal Voilage Gam ‘RuzMLVe=ti0V | 25 | 50000 | Z00000 | - 20,000 | 200000 | - i
Ful | 25000 | - - | 18000 | - - Vv
Juiput Vollsge Swing 'Ry z 10k 25 . . . +12 +14 i W
. Ful | =12 14 : ) - - 3
'Ry 2 2k 25 5 : ; 10 +13 z v
Fisdl 14 41 - +i0 *13 - W
upply Curment 2 = 1.7 % | = 17 28 | mA |
55 - | 2 33 - . 3 = | ko
125 = 15 25 : i - —
evice Power Dissipation % | - | =0 a5 50 85 | mw
| 55 . B0 100 3 2 B i
425 - 45 75 - . a [ mwy
OTE: o i - I o
1. Values apply for each saclhon of the dual amplifiers.
‘est Circuits
IWE%TI;:IJFI' .
HON-INERTING .
INFUT
— Vour
TNy ¥
Vin

FIGURE 1. OFFSET VOLTAGE NULL CIRCUIT FOR CAT41C,
CAT4, LMTHIC, AND LM7T4

s

FIGURE 2. TRAMSIENT RESPONSE TEST CIRCUIT FOR ALL

TYPES




CAT41, CAT41C, CA1458, CA1558, LM741, LM741C, LM1458

shematic Diagram  (Notes 5, 6)
CATAIC, CATA1, LMT41C, LM741 AND FOR EACH AMFLIFIER OF THE CA1458, CA1558, AND LM 1458

v .
o
INVERTING /-
IMPUT
"mﬁ{,‘ﬁ o 2 m,:l:,:_
a3 3 ¥ a,
| o )
._ﬁ:n
Qe 3} K Oy Qs —t "
I:F:EH '-G-‘} =P _‘E Qa7
© { Yo
R’I": Ry < - g R‘-% R‘I;I_-u: qu-t
WE SRS K T EKT oK<
- & E)'.r-
NOTES:

5. Bee Pinputs for Terminal Mumbers of Respeciive Types.

G, All Resstanca Walues are in Ohms.

Nypical Performance Curves

T*IH‘C

Ty = 25°C
L Ry 2 Fa

sk
(4]

=
{17
] =
- P 3
o / = /
Fai
3 — a
. 7
4 / § 20
u i
i 2 15

g E
30 5
E ’/ 5 P

u D

[ 5 1w 15 o 5 0 15

BE SUPFLY {vr, W)

OE SUPPLY {¥+, Vs

FIGURE 4. OUTPUTVOLTAGE vs SUPPLY YOLTAGE FOR ALL
TYPES

FIGURE 3. COMMDMN MODE INPUT VOLTAGE RANGE va SLIP-
PLY VOLTAGE FOR ALL TYPES
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CA741, CAT41C, CA1458, CA1558, LMT41, LMT41C, LM1458

ypical Performance Curves (Continued)

g DC SUPPLY VOLTE [V = 15, V.= 15)
Ta = 25°C, Gy = 100pF
i
;. 0 IM.._-E'_
E son |
E i5 fi
= L
®
A
5 f
-’ 10%
8 f pseTME
L5 [ 4.5 10 15 .0 5 3.0
TIME {5}

FIGURE 5. TRANSIENT RESPONSE FOR CAT41C AND CAT41

Wetallization Mask Layout
CAT41CH

4 - B2
-1.578)

- B1-8B _..‘

= 4.10
""' |- (0402 - 0,254)
{1.548 . 1.753)

CAT456H

— | - -0
(0102 - 02540)
101 = 108
(2,565 ~ 2768}
MOTE: Dimensions in parenthazes are in millimaters and are derivad fram ihe hasic inch dimensions e8 indicated. Grid graduatons ars inmils (107

3inch)
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CAT741, CAT41C, CA1458, CA1558, LM741, LM741C, LM1458

All Intersil products sre manufactured, assembled and tested utilizing 1S09000 qualily systems.
Intearsil Cofparation's ::|u;1l|t1.-I cartifications can ba viewed at websile www.inlersil com/design/qualityfiso.asp,
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General Description

The ADCEENT, ADCO802, ADCOB03, ADCOB04 and
ADCOB05 are CMOS 8-bit successive Bpproamaton AT
comveriers  that wse a  differenlisl  potentiomedric
laddar — simitar to the 268 products. These convelans ame
cesigned o Bkow operaticn with the NSCA00 end INSA0804
derivetive controd bus wilh TRI-BTATE® outpud [atches di=
rectly drhving the dala bus. Thess A/Da appear ke memony
Iocations or WO ports (o the micoprocessor and no interfac-
ing lopic s neaded,

Ciffersniial anatog vollage Inputs allow incremsing e
coemrion-moda rejection snd offeetting the analog nero mput
woflage \walus. In addition, tha voltage referance inpul can be
adjuﬂ'd 1o allow eiioding sy smaker armiog vollage apan
bo 1he full B bite of resolution.

Features

= Compatible with 8080 uF dereptives—no inlerlacny
lngic needed - docess time - 135 ma

® Easy inlsrface 1o sl micmsprocessons, of oparabes “stand
alona”

&Nnriﬂnal Semiconduclor

ADC0801/ADC0802/ADCO803/ADC0804/ADC0805
8-Bit yP Compatible A/D Converters

Hovember 1EE0

8 Differsntial 2raleg woltsgs inpts

8 Logic inpubs and oulpuls nesed bolh MOS and TTL
voitege level specilicalions

® ‘Worica with 15V (LM336) voltege refarance

B Dn=chip click gemerator

® 0 by BV anaied Inpull voltspa range with single BV
supphy

B Ko zem adius] meuined

® .3 sandard width 20-pin DIF package

8 20-pin molded chip carties or snall adiing package

R Dpetges abometically of with § Vo, 2.5 Voo, o

refarence

anakeg span adiusted voltage
Key Specifications
B Resolytion B bits
B Total error *45 LSR, % L5B and £1 LB

® Comveersion tma 00 s

Connection Diagram

Ordering Information

AL D0
Dumldn-tine and Small Cwiting (30} Pachages

20§ (OR Wiy
RF| ST

il i)
k-

TEMP RANGE Uc 10 70C vCTOTC ~40°C TO +85°C
2% Al Mus‘lﬂd ADCDEITLCH
EFFROR =14 Bit Unadmisded ADCOBFEA CWR A0 T
214 Bit Adjusied ADCOBIELEN
+1B4 Lnadjusted ADCOBOALCWM |  ADCOBOSLON | ADGOBOSLGNIADCUBOMLE
PACKAGE OUTUNE MZ0B — Eereat HEDA _ Moidad DIP
Dutine
TR TAFE . @ f ik vk (o Maiorad i Conp
TADY i m sepmisrsd e of T o,
19 Hobonol Semkonducior Copors i DIEDNGATE wupanahonal.com

siapeAu0) Q/y siqpedwo) drl J1g-g S08020V/P08000VIC02000Y/Z08000Y/10800AY




ADCOB01/ADCOB0Z/ADCOE0NADCOEI/ADCDA0E

Typlcal Applications
w
R
] = I
L] »
L] i LD TRANSSCIN
¢ L] P ]
™ L1 1 P A e T
1] P
+ o "L ] E TadE AU
e e ®
N : e wild | S |
i [T] : el '—ﬂtﬂfl'r”- ; —
i" Wl i i 1%l
W
KR
BN
[}
om,
s,
(1]
Errar Spactication (Inchudes Full-Scale,
; Zorg Ermor, and Non-Linearity)
| Pari Full- Ve 222500 Vo | Vppe/2=No Conmecilon
i Humber Secale {Ne Adjustments} (Mo Ad|ustmants]
Acfusind
ADCOB0T | &V L5B
ADHCO002 14 LEB
ADCTE0T | +15LEB
ADCERDS 1158
ADCOA0S =1 LG8 |

ba




Absolute Maximum Ratings qvotes 1. ) infrared {15 seconds) pri o
pioase comtact te Naticnal Semiconouctor Sales Offics’ Package Dissipation at T,=25'C 875 mW
Distribartors for svaliablitty and specifications. EED Suscepiibility (Moo 10} BOOV
Ve el (TS *¥  Operating Ratings pews 1. 2
Logle Contred inputs 0w S Temperature Range Tuars= TasThuas
A Dther Inpel and Outouts =03V b0 (Voo 0.3V) ADCHHOELCS —AFCET A BE T
Lead Tamp. {Soldaring, 10 seconds) ADCOSNOZINDSLCN —4F ST, 54850
D id-ire e P o (plaathe) 0°C ADCOB04LCM =Tz 000
Duakin-Line Pachage (ceramic) HOC ADCTE0Z/04L CWM OCET s 'S
Surface Mounl Package Range of Viop .5 Voo o B Ve

Vapor Prase (60 seconds) 2EC

Electrical Characteristics

The folliowing spectications apeey for ¥ier™8 Yoo, TeunSTa= Tiay 80l 1z =640 kHE uniess otherwise specified.,

Farametsr Conditiona Min Typ Max Units

ADCOBDY: Tokal Adjusted Error (Mete 8] With Fui-Scala A 14 LEE
iSee Saction 2.5.2)

ADCOB0E Total Unadjusied Ermor {Mate ) Yresd =8 500 Vi 5] LS8

ADCOBDE: Tokal Adjusted Ermor {Mole 8] ‘With Full-Scale Adj. v L3B
{Sme Sartiwn 252

ADCDB0: Tatal Unadjusted Ermor (Nate 8) Vo 2P 20 Ve Fl L58

ADCOBOE Tatal Unadjusted Ermor (Nate 8) Ve E-M0 Connection 1 LB

Vg2 Input Resistanca (Pr 8] ADCOBDUDLOADE 25 a0 [
ADCOB04 (Nobe 9) .75 1.1 bl

Anales nput Voitage Ranga iMotE &) Wi+ or Wi Grd-0.05 Wi HILU Wi

O Cosnmon-hode Ermor Cniar Analog nput Voltage 116 1% LSH
Ranga

Fower Supply Seasiivity V™3 Vine £10% Owver +1M16 4 LEB
Alowed Vpgf#) 800 V(=) i
Veltage Rarge (Mote 4)

AC Electrical Characteristics

Tha following soacifications Bpo for Weae =5 Vpe and Tuap S Tas T, Unleas othendise speciiied.

Symbol Paramaiar Conditions | Min Typ Max Units
T Camvenion Time T =B KHZ (Mo &) 103 114 T3
¥a Coneralon Time {Mates 5. &) a8 - ) .
Falu Clock Fraquency Ve =5V (NotB 5) 100 | &40 | 1480 kHz

Clock Duly Cycla 40 & o
CR Coxivesrakon Fate in Free-Running THTR bed o W wilh ATTD 708 oW
Moda G890 Wy, fn e B0 kHE
Lircowna Wiadth of WR Input (Sarl Pulss Widih) | G5 =0 V., (Note 7) 100 s
[ Acoess Tene (Detay rom Falling =100 pF 135 | 200 s
Edge of RO to Ouwput Dats Valld)
|t TRISTATE Contral {Defay T.=10 pF, R, =10k w5 | 200 s
| from Rising Edge of BD to {See TRI-STATE Test
i HI-Z State) Circusts)
| e ey Delay from Faling Edga e | 450 n=
of WK o FD o Reset of INTR
G Input Capacitance of Logic 8 T35 pF
Gontrol Inputs ) '

wenw. rational.cam
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ADCO801/ADCOB0LADCIR0IADCOBOYADCDEDS

AC Electrical Characteristics (contired
The following specificaions 8pply fof Vee™5 Vg 80 TawSTasTru Unss oerwiss specified.

Symbel Faramater Conditions Min | Typ | Max | Units

B TREETATE Culput 5 75 BF
Capacliancs (Dats Buffers)

CONTROL INFUTS [Note: CLE, IN (Fin &) [ the input of 8 Schmiit tigper cineult and i thersfors specied saparataly]

Vg (10 Logical 1 Input Vicftage Von=5.25 Voo 2.0 15 o
{Esccapt Fin 4 CLI (M}

Vi [0) Logical “T" Input Violtsgs Vs .73 Voo o8 Voo
(Except Pin 4 CLK IN)

e i1 Logical *T Inpui Gurrant Vou=5 Vo A E e
(A1l Inputs)

Tieg (03 Logical *I° Input Gurrent W=l ¥po -1 [0 T
(Al Inpts)

CLOCHK IN AND CLOCK R

Vot CLK IN [Fin 4} Prsitive Going 27 | a1 | =5 Vg
Theeshols Yoitage

[ CLK IN (Fin 4) Magate 15 | 18 | 2. Voo
Going Thashold Voliaga

Vi CLK IN (FIn 4) Hysterens .6 13 20 T
iVl 2

Worr [0 Logical "0* CLK R Cutipud =380 pid 0.4 LU
Volage Ve TS Voo

Your (1) Logical “17 CLK R Cutput I =360 (24 z4q Ve
Voitage Woa=4T5 Voo

DATA OUTPUTS AND INTR 0l

Veur 108 | Logical 'T" Dutpul votage |
Diala Dulpuls I ™ 1.6 M, Ve =475 Yoo T Wi
THTR Cutput lomss 3 1.0 L Ve S475 V0 .4 L R

Vour (19| Logiesl *1° Dutpul Yeitage los==380 B Veo=4.75 Voo 24 Vic

Vour 1) | Lospcal -1° Cupul Votags lg™=10 W8, Vo ™78 V. | 45 Wha

T TRISTATE Disabied Output Vo™ Voo 3 oo
Larakags (Al Data Bufers) Vo5 Voo 3 7.

e Vowr Short bo God, Ta=25C | 45 6 Mg

[ oy Sharl o Vo, TR=25C | 80 % mie,

“POWER SUPPLY

Lo Supply Cuerent (Inciades Tore =640 kHz,
Laddar Cumand] Vaged=NG, To=28°C

and ©F =3V

ADCOBDVIZOLLEINSE 14 | 18 A
ADCOBMLCNLCIAM 19 | 28 mé

Heot 1: Scsobutn Manimum Biptings andicats bmets Beryond wiich chaniges 1o D dince mry eetur, D5 i A0 alierice gl de ool spply' whin opatg
o e berporidd it apacid Opanaling Conditions.

Mot 21 Ad woiages o mossurad i e i Gand, urkie ried. That A Gorvdl proinit shenald inys b s b thar O Givdl.

Wt 3: A zona diodu BahED, PRTEH, DM Yo to Gnd et hes i gl Drwshoomn wollege of Ve

ok & Fr W g P ol ) 170 i ol . i el B DN TS00NE W o bl ciociess. 2 et 1 mach anadng inirl jsam. ook ddaoram ) which wil forwaind concuc:
i smihieg el it 01 Bhode i EHow groand o e dice trop gremees fmn fhe Mo sl P oo hireg mesng w8 e Vo e 5V, e vigh
Hmm|wpmmm.mmnmﬁn—-ﬂn-huh&l-q-:h-_;n&:-mlu.—hghpuh:—'hl-buh.m’p-th
B0 e foera e 0l eidher dloce, Tl msens Tt s ke a e sedieg Wiy dod Aol axcmed e Supphy rollag by et Lhae 50 01, B culje Dode will Der oodvedl
T mchianew wn aimihain O Y b SV ol viteps rangs will thariom reglime 3 minkesd susply woRage oF 4,550 ¥os v 18D , indtml
L]

Woim 5 Acmrecy be puscsnssd of g = B kKHx Al Tighr Clocil Mequenches. srieacy Con delinde. For owsd Dock Poguenoas, the duty cycks Bmate can b ex:
il i o) e e bR Cooic Mg e imierval o enemies ooy ow Sme imersal i no: leee Bma 205 ne

Woiw B Wih sn seyecwinos ssa pubse . o o B chock Derkons My be Feguened berione e Tl Ciock Chases B pOp 0 gioe B conversion process, Tha
AT AL @ iaTaly Biched, Boe Figune @ and sechon 3.0

werre il coem a




AC Elsctrical Characteristics contwes;

Rota T Tre i3 inpull v sremad i ek £ §77 stmibs Ingas and thawiors Smieg 8 degancend on He TV pule: sidth Am acbitanly wide pulse srdth wil okl
b conTried i @ Eebel MO0 xS it of conwerson b initiatedt by ther ke i igh tansiion of She W puise (see Sming dagrama),
Motn B hoas of hanas AT requires § 1em eofiss ja seetee 7510 T obisln rare cods ol ofer snelog inpul vollsges see ssciion 2.5 and Egore 7

ot B The Wil it b the cowitse polnl of & beoeresirion divider' Coevsicied oM Yo o groond. in o versions of tha ADCDS01, ADCOROE, ADCOETE, and
ADCOHES, soud b b ADCOMMLE, pach resision s hecally 18 KO I all wereions of fe ADCOS0M saoopt She ADCOSCELC, nach resbsior b hypicaly 2.2 k)

ots 4l Homem body model. 100 pF dhohaged fwough = 1.8 ki meslsinr.

Typlcal Performance Characteristics
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ADCOBO/ADCOBOZ/ADCOE0ADCOI04/ADCOB0E

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams (s timing is measured from the 50% vorage points}
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Timing Diagrams (Al sming s messwed from the 5% vwitage points) (Continued)

Output Enable and Resst with INTR
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Typical Applications contines)

Directly Converting a Low-Level Signal
N
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ADCOBR1/ADCOBOUADCOBNY/ADCOB0MADCRA0S

Typical Appllcations (contrus)

Digltiring & Current Flow
L |
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Typical Applications (contnuea)

Self-Clocking in Free-Running Mods

AP e, 0 Iy groonding of dw TR inpo s nesdesd o
Cussanteg Copantion.
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ADCO0301/ADCOBOZADC OB/ ADCOB0ADCOE0S

Typical Applications (conimed)

Handiing £10¥ Anslog Inputs
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Typlcal Applications conue)

Handling 25V Anslog inputs
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ADCOB01/ADCOBOZADCOE0NADCOSOHADCOBDS

Typical Applications (continved)

Anslog Seil-Test for 3 System
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Typical Applications commues)

(1)

: o

DAL TH
= Ha

Jnem Chabryishies impldmaniation ior meeper - undy-geen, G e,
owepis T

Ading @ soparaty Rew for dach channal NCraasss. SYEem resposa bew
T 30 Fnaiog Mutiplee | o

Dartpart Buffors with AT Data Enabled

fi

]

T 1
"4 ouatpur] {108 b wpdanad | CLK parhodd proe i wemsion of ST

-J:: - {
i {
Wt i = 1
Bt T |
-In- |
|-|“_ L | i

Incraseing Bus Drive and/or Reducing Time on Bus

ﬂ..

*Alicers cudpul dala o s ol faling dge of 5
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ADCOE01ADCOR02ADCOE0NADCOBOLADCOEDS

Typlcal Applications (connuen

={if— i
el -——-] I:EC‘:::

FRFEETLTE

e 11 Crnmp whanrer possive jeoep f > =80 io el e Segsmey ding (alaing] and o sliow for the sk mepones of the S
Mioe 1 Corsidr (ha Rmpiitcde emom which o intoducsd within S gagbissd of S ke

TO% Power Savings by Clock Gating

Pomplete shuldeswn mhes = 30 $40004s. )

Power Savinga by AT and ¥Veee Shutdown

Ty o
: e | -
-

| &7 ears ayenr

= ﬁ..m sana

e ADCOBOT 02, O o JE5 ew Ml (A CONSUMBtON.
tot Logl inpuis ton be driven i Wz with AD el & 200 wils.
Busfier prewpna dets bus o gearditeing outpet off AT whem in sfwidoem mcda

Functional Description

1.0 UNDERSTANDMNG ASD ERROR SPECS

A perfect A/D randber craractetstic (soirass wnminerm) =
shown in Flgure 7. The horizontal scale is analog nput volt-
age ard the particular seénts labeted are n steps of 1 LB
{19,523 mi/ with 2.5V thad 0 the Viee2 pin). The igital cut-
pul codes hat corespond o these npuls ans shown as 01,
0, end £+1, For the parfect A/D, not only will comimralue

._“.‘i

L

e

(5 N R } analog inputs preduca tha oot out-
pun digital codes, but also ench riser (Re Eanaiions babween
actacent outxat codes) will be |ocated 2% LSH away from
mach cenber-eaiua. A5 shown, tha risers am idesl and ha
o width. Gorect digital output codes will ba provided for &
range of anakdg input viltspes hal extend 2 LSE from e
ldeal conber-vamsee. Each tread (tha mange of analog nput
voltage that provides e sarme dighal eoput code) i there-
fore 1 L58E wida.

wrmnw it eom 15
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Functional Description (conimued)

Figune Z SNows 8 Worst Case 8o Ricd for the ADCDE0T. Al
eantor-valuad inpuls A guaranissd o producse the comect
culput codes and the adiacant risers sre guararised i be
ey cicrser b D Canter-vaine points than % LSE. In offvr
weerchi, if wes apply B analog inpul squsl o e centarvaksa
+% L8B, we guararies that the AD wil procuce the cormect
digital code. The maxdmum rangs of tha position of the coda
ransition i ndicated by the horizontal armow 8nd it la guar-
anieed 10 ba ng morw than ¥ LSE

Tha smee curve of Figure 3 shews 3 warsl casa Brror potl for
or ADCOBDZ. Here wa guarantees that i we apphy an anslog
et equal to the LSS enalog voltage canter-vakes e AT
wit prociuce the corect digital eoda.

Transfer Funciion

FIGURE 1. Clarifying the Error Spaca of an A/D Comrertsr
Accurscy®i( L5B: A Parfact A

Transfer Funcilon

NI DETPUR SRR

FEGLIRE 2. Clarfying the Error Specs of an AJD Corverisr
Accurscy=1 ' LEB

HNeod b0 each trangisr function i shown the comesponcng
error plol. bany pacple mey be more famiilar with emor plols
than transter fnctions. The amalog nput vollege ko the AT
i providad by elther § linear mmp of by the discrets cotput
sepe of a high reechution DAL, Motice thal the error ls con-
Hnucysty displayed and indudes he quantization uncarksnty
of thea A/D. For example the seror 3t poind 1 of Figive T8+
LSE becauss the dgital code appearsd ¥ LS8 In advance
of tha center-vaiue of the read. The eror plots atways have
a consian negalive siope and the sbrupl upaide slaps are
alweays 1 LSB in magnitude,

M-

Al e i T gl

Ermror Plot

17

e [sinFrsl Gorn

50802dY/F08020V/ENE0DAVZ080D0VIEOE00TY




ADCO801/ADCOB02ADCOR0NADCOE04ADCOROS

Functional Description (contiwed)

RITEL GNEPRT (D
L ]
:
:
.
-
L

Ermor Pict

- L.

A-1 A A+
MR VT Ol

FIGURE 3, Clarflying tha Error Spacs of an AJD Comerter
Accuracy=11; LS8

2.0 FUNCTIONAL DESCRIPTION

The ADCOB01 sares coaine = circwsd equivalent of e
255 renwore Anghog Fwitches ate sequencad by Becoas-
Biva aoproximation ogic 1 match the analog différence input
volkage [V l=1 = Vd—) 1o 3 corespanidng tap ontha R nat-
work, The mosl significart bit bs tested first and after £ com-
parscns (Gd clodk cyoes) a dighal B-bdl binary cose (1111
1411 = full-scale) s Fanstarrad b0 an ouipud |etch and fhan
an mwrupt is asserted makes a high-lo-iow traml-
i) A COMAErEIon i process Gan be interrupted by issuing a
second sart comrmand. The devics may be oparated infha
frgperunnig mode by connecting INTH ko tha irput with
T5 =0 To ensura startup Under &l possmds condwons, an
exlamal WR puge B required during tha frst posser-up
Ly

O the high-te-low Vanstion of the WR inpdl the interral
SAR latvhes and the shil regsier stages ame resal. A8 ong
a¢ e T35 input aned W InpUt rerrain iow. (he AT wil ramain
i 3 resat state. Comersian Wil st from 1 in 8 cinel park-
o5 mfter af keast one of Mese inpuds maked & fow-to-high
[ramsshon.

A tunctional Eagram of the A0 sonverter 5 showm in Sgurs
4. All of the package pmouts are shown and 1he major logic
control paths are deman in Bacrvief wesght lines.

The comvartar 15 stared by having = and WR simulla-
necisdy o, Thit sels the star fip-flop (F/F) and the result-
Irg *1" lewal re=ets the B-bit shifl register, rescts the Inberrupl
[INTR} FiF and inputs a *1° to e D Tiop, FIF1, wiich i et e
Impest end of the &-bé shift register. IMemal dock signals then
tranefer this *1° 1o the QO owlput of FIF1, The AND gats, 51,
TS this 17 outpl with & clock signal Lo provide a reset
sigrial ko fha stei FIF. i the set sigral is no longer present
(aither WR or T8 is a "17) the stard FIF |8 resed and tha 3-bit
shift regisier men can have the "7 clocked in, which stans
e cormeersion procass. I the set sigrnal wem 1o §til e
presant, this mesel pulso would bave o efiec (both oulpuis
of this start FIF would momentarily be at a ~1° levad) and e
&-bit shift registar would conbrue o be heid in Ihe resel
rmode. This iogic therafors allows for wids ©F and WH sg-
nals ard the comvener will start after at least one of hess
signals relums high and the intermal cocks sgain provide 2
reset signal far the start FiF.

e, fnlienaleom
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FIGURE 4. Block Disgram

Aifter the: 1" & clocked Tvoug the S-bit shifl mgister (which
comghetes tha SAR search) | appears as ha mput [ the
D-iypa latch, LATCH 1. Az soon as this 17 is oulput inem tha
51 regisler, e AND gate, G2, causas tha new dgital word
to ransfar fo tha TRISSTATE output faiches, YWhan LATCH 1
is subsaquanily anabled, the O autsut mekes 3 high-o-low
transiion which cxses the INTR FF to sel. An averting
bufler then suppiss the INTR input ssgnal.

tols thal this BET comral of the INTR FIF semaing iow for 8
o the extemal clock panicds (Bs the intemal codks un at '
of the frequemcy of the stemal dock). I the dals oulput is
conlinuougly enabird (G5 and FD botty hsk iow), the INTER
custput will still sigral the and of corwersian (By & Nigh-o-ow
transition), becass the SET inpul can conrgl the O culput
of e INTR FIF sven though the RESET inpid & constanty
gt @ “1" levid in this operating moos, T INTR output wit
thareore atay iow for the duration of the SET signal, which s
8 peicds of the exdermak dock equency (assuring the AT
iz not started durng this menval)

Whan oparating Inihs free-running or confinuoun convarsion
mode (INTA pin ted 10 WH and TS wired iow— so0 sl
saction 2.8), tha START FIF & SET by the high-lo-iow iran-
sition of the TNTE algnat, This mesoks the SHIFT REGISTER

which causes the inpet to the D-type katch, LATCH 1, 1o go
low. A5 tha |atch anable mput i =il pressanl, We O outpul wil
g high, which hen aliows the TR FIF 10 be RESET. This
reduces the width of the resuiting INTR output puse t oaly
8 few propagation deliys (mesroaimalsly 300 ns).

Whesn dala s 4o be reed, the combination of both 0F and AD
being fow will cause the INTR FIF o ba resel ard the
TRLSTATE autput latches will ba epablad o provide the Bbit
digekal ouApLAs.

1.1 Digital Controd injiLits

The digital controd inpuls (G5, D, and Wit) meet standard
TAL kngic voltage levels. | hese sgnals have been renamed
whian coemepared 1o the standard A0 Staddt and Outout Enabie
labels. b addition, these Inpuls are sotive low fo allow an
easy Intarface 10 micopocessy conbiol busses, For
non-microprocessor hased applicytions, the OS5 ingut (piv 1)
o ber grounded and e standand AT Stadt funcion s ob-
tadned by BN ackiva kow pulsa applied 4 e TR input (pin 3
mmmm_.tmmmammwmmm
pulsa at tae RO Inped {pin 2}

wwnabonal com
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Functional Description (continued)

2.2 Amalog Differentla’ Yoitage inputs and
Common-Mods Rejection

This AD has additicnal applications dus i tha ana-
log differential vollage inpul, The V=) lput (pin T) can be
usad o automatically subtract a flued voliaga valus from the
Input rasding (tare comection). This is atso useful in 4 mA=20
mA CNTEt 0D conversion, I addion. common-mods
nolse can be neduced by usa of tne diffarentlal mout.

Tha time interval betwaen sampling Vi, (*} and V=) 8 &-15
dack pariada. Tha masdmum amor voltage dua fo this sight
time difference batween the inpul vollege samples la given
=

AVRIMAX) = [Vl (2l (&)

wiara:
AV, I3 the error voltaoe dua o sampling delay
W is the pesk valus of the common-moda voltaga
. B the commonarde Treduensy
Az an example, to keep his efor i ¥4 L3E (-5 mV) whan
opersting with a B0 Hi comman-rods fraquancy, .. ard
wing @ 530 KHz ASD clock, fry i, wosld allow a peak value of
the commar=mode Yol aos, Ve, which i given by

Vi — 18Yaatq touidl
{2l (45)

_lEx 10— (Bl = 107

Vo= e 001 4.8

which ghes

V=15
The aliewed range of analog input woltages usially places
more sevene restriclions. on input ecmmon-moda neisa lev-
s

An anaiog inpul volape with & redeced span and & relatvely
larpe zaro offset can be handied sasily by making usa of tha
differential input {ses saction 2.4 Ridismncs Volage).

i3 Analog Inputs
2.3 1 Inpurt Current

ormal Mode

Due 1o the intemal swilkching acbon, displacamant curmsnts
will low af the analeg inputs_ This is due Lo or-chip stray &a-
packancs to groand a6 shosm in Fionure 5

Topy OF EDY 1 et BV 2 S 5l
P tom Cavpas 3 5 befl ¥ 12 pF = 60

FIGURE 5. Analog Input impedance

Tha valtage on this capactance la switched and will result in
CUTENS orboring e Vi +) inpst pin and leaving the -
inpud which will Gepend on the ansiog dfenantial inpud volt=
e lavels. Thess cumend transiants ooor Bt the leading
odpe of the memal docks, They mpdy decay and do ol
CEUSE eI i Tl ON-Chip Comparator 5 sirid o the end
of Hhe ehoeek pariod.

Fault Modae

i e vollege source apped to the W d+h or V(-] pin -
ceads the allowed oparating angs of Vo5 mY, lage n-
puit currane ean fow hieugh & parastic decds 1o the Voo
pin, if these cuments can exceed the 1 mA max allmwved
spec, an axternal dode (1M314) should be added ko bypass
s current 1o tha Ve pin (with e currert pyrassed with
this diodae, the voltagn a the Wi+ pin can exceed the Yoo
vodtege by the forwand voiteos of Hés doda).

2,12 Input Bypass Capachors

Bypass capecions al the mputs wil averags thase chames
and causa @ DO cument b Bow through e outpud resis-
tamces of e analog shgnal sounces. This change purmgsng
action is worse for continuows comversions with tha Vgl +}in-
put voliage ab full-tcale. For conlilols comwensions widh @
B4l kHz dock requency with Be Vi, (+) iopul at 5V, this 00
aFrent is et 8 madmum of spormedmately 5 A Therefons,
pypess capacions should nof be vead &l the emafog inputs or
e Wi p/Z ot bor N resistanees sowromss (= 1 k). B inpad
[ypEEs capackons are necessary for noisa fittering and high
soUTe messtance & desiable b minimice capacior size, the
delrierital affects of the voltegs drop scress this inpuf ress-
tance, which i dus ko the aversge valus of e inpul cumant,
can be efiminated with 3 full-scale adustrment while e
glvesh Bowrcs resislor and npit ypass capacitor ame both in
mece. This s possie becawse the overage valle of he in-
put eurrenl is & preciza lirear urction of the differantial ipuit
vokage.

2,13 Inpart Source Resistancs

Lamge v of Sourte fesistance where an inpul byaass o
peaibor B ok wesed, Wil ROl e aTore BS the INpUT currants
wettia ol pricr bo the comparsoen . [ a low pass filtar is
requied o the syslam, use 3 low valued sedes resislor
{5 1 ki) bor a passhe RC secton of aod an op amp RC ae-
tve kow pass fiter, For tow source msistance applications,
51 b}, 8 0.1 WF e capacitor Al e nputs will prevent
noisa phokup due 1o senes lead induciBnoe of 8 kong wire. A




Functional Description (consnued)

100K seres msistor can be wead W folale (hi
caxachor— both tha R and G ane placed outside ha feed-
beck loop—from the culput of an op amp, W ussd.

134 Noles

Tih beecs 60 Ehe anElg inputs (pins 8 and T) shoud be kepd
a8 short s possitle o minkmize input nolse coupling. Both
noise and undosired dightal elock coupling o thess npuls
£an cHUse Syatam amors, The sounpe nesistancs ke theee In-
puts shoutd., In geneal, b kepd bedow 5 KOL Larger valves of
sourca rpsiElancs can cause wndesied systam nolsa
pickup. Input bypass capactons, paced fronn e ansog in-
puts o groanid, Wil aliminate system noise picklp DUt can
craate analog scale eroms a5 hesa capaciors Wil averags
the iramsient irgad switching currants of the AD (see secton
2.3.1.). This scala emror depends on both @ karge Bource ra-
sletance and thia usa of an Input bypass capaciion. This emmor
2 b eliminated by dolng a full-scale adiustment of the AT
{Bojust Vg2 for 8 proper Julk-schle reading— 6o GBCHN
2.5.2 on Ful-Beale Adjustment) with the. source. ressktanc
and ingpuk pypass capackor in place,

2.4 Referance Voitage

4.1 Span Adjust

For maskemum spplicaflons Raxdbility, thess A8 have baan
s kpned o accommodets 38 8 Ve, 2.5 Ve or an adjusied

voltaga referance. This has bean achieved in the desxn of
tha I as shown in Figere &,

Vi Magrt

LT 1=

T
T
i

P YT

‘:|:
-

FIGURE 6. The Varrmnewcr Design on the K

Hotics that the refarence voltage for the KC s elther 12 of the
voiage applied o the Vi supply pin, or i equal o the woll-
age that i axtemally forced 3l tha Vo2 pin. This aliows lor
& raflomelric woltags refarance uaing the WV supph. a 5
Wi medfarence voltege tan ba used for the Ve supply or 8
woltage heas than 2.5 V.. can be spplied io the Ve /2 nput
for nereased application flexdbility. The intemal gain o the
Wagel2 INPUL 18 2, making (e fiuil-scale difisnsntial inpt wolt-
age hwice the voltaga a1 pin 9.

An exEmpla of the use of an ad|ested reference voitage B 1o
accommodaie a reduced span -—of dnamic voltaga range
of the analog Inpul valtags. if the ansicg Inpul vollage wars
to renge from Q.5 Vi B0 3.5 Yoo, nsteed of W 0 § Ve, tha
span would be 3y as shown in Figure 7, With (L5 V- ap-
plad o the Vi [-} pin bo abeord the offset. the rafarence voll-
2ge can be mmsde el o ¥ ol the 3 spanor 1.5V, The
AT now will ancoda the '+ sigreal from 0.5Y 1o 3.5 ¥ with
the 0.5 inpuil comesponding to xem and the 3.5 Ve inpa
cormasponding o fuil-scala. The il 8 bis of resciulion are
themfore applied over this reduced analog inpul voltaga
Farge

242 Asference Accuracy Hequirements

The mnvafarl can ba operabed In 8 raliomelnc mods o an
Bbsoluts mada, In @liomelnc converter Bppcations, the
magnitucka. of the mdirence voltage is a facdor in both tha -
put ol the apurcs rensdusar and tha outpot of the AT oo
wearter and thergfors cancels oul in Me fingd Ggital oupul
ok Thee ADCOE0S is cpacified partictaky (o s in rtio.
rekic applications with no adjustrments required. in absoluls
Cconversion applications, balh the initial value and the tem-
partre skabillly of the telanamws walage am mpetin 5.
tera b ihe sccuracy of the AT converian For Wegetd voR-
eges ol &4 Voo noming valzs, inflial arcees of £70.m e will
ezwrke aomarslon emors of 11058 due to the gainef 2 of the
Vres2 Input. In reduced span applications. the initial «waiue
and the stabldty of the Vo2 Input woltage Decome even
rmaors imporian. For example, i the span is reduced 1o 2 5.
tra Bnalog input LEE volage vanse is comespondinghy e
ducad Trom 20 m (5% spam) 1o 10 MY ard 1 LSE at the
W2 InpuUt becomes 5 MY As can be seen, [his reduces
tha gllowed Initia? toherance: of the reference voliage and e
quires comespondingly less apschia change with tempera-
e variabans. bole thel spars smraller than 2.5V plece
Every thghier requerarmants on e inital eccurecy and stasilitg
of ha fefEmoce Soarce,

In gunenal. the magnitude of the reference woltage will re-
guire &n iniltsl adjustment. Emors dua to an improper value
of reference woltage appear as fullkscale eTors in B A
trnsfer funclion_ IC voltage regaators may be used Tor naf-
erances £ the ammxant iempesiune chages ae nol exors-
siva, The LMIJGB 2.5V IC reference diode (brom Natonai
Samiconduckiv) has 3 temperature stabiity of 1.8 mv bp
(& my max) over 0'CET =+ 700G, Other Izmpemiune ainge
parts o alsn ilabee,

WATALT BT DT
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Functional Descriptlon icontwes)

i

DT T

s) Annlog mput Shonal Exampls

A B Wag o2 £ 8 Voo with LUOSH b dreee 3 mA, o groaped

Accommodating an Analog nput trom
0.5V {Digital Out = 00,,..,) 18 3.5¢
[Digital Out=FF

FHGURE T. Adupting the ATD Aralog Input Volteges to Malch an Arbirary Input Signal Rangs

1.3 Errors and Referance Voltege Adjustments

.51 Zero Error

Tha oo of thw AD duss ot requine sdjustme . I he mind-
rmum Analog inpul vofape value, Yy 8 not gound, 3
2e0 offsat can be dome. The convertar can be mads ta oul-
purt Q000 000D digital cooe for this. mingmum inout vollage by
asing tha AT V(-] inpunt 3 NS Ve value | See Sppli-
cations gaction). This utitzes the differantial mode opetalion
ol |he ADL

Tha zero errot ol the AT corvertsr ralaies 1o e scation of
1t Mirsl s o e trans o funchion mnd o be mess used oy
grounding 1he Wy, (=] inpld and applyng & smal magnifude
positve vollaga Lo he W, [+) lpul. Tens armos i tha differ-
e betwaen the actual DO input voltags Mat 8 recrssny
oy st Cawisee A OUtpUt digtal coe ransitan fom 0000 0000
b (R0 2001 & the ideal 2 LSR wue [WLEE =08 mY
foot W @=L 500 Vi)

2.5.1 Full-Scala

T ful-scale adjsimend can be made by applying a differ-
antial imput vollape that is 194 LS8 less than the desiced ans-
log hill-scals voltage range and Ben adiustng the magnl-
Tt af i Va2 INput {pn @ or the Voo supp@y f pin 06
nol used) for B digital ougoet code that is just changing om
1117 4990 o 1111 1111,

1.5, Adjusiing for an Arbitrary Analog Inpul Voltage
Range

If ths analog zero vollage of 1he AR s shited away from
gresunad (lor exarmia, 1o 2acomimodate an ansiog npat sigasl
that digers el o ko ground) this new e raferencs should
be property adjusted firs?, A Ve*] woitaga Mat equals this
desired rero nferance mug e LSH (wham e LS8 i cale-
fabpd Fov the desined analog span, 1 LEE~analon span'256|

is appliad o pin B and the 2em refaence salsge 8 o0 T
shoukd ben be adiusted 1o ust oblaln the (0., o ey
ke tranaitn.

The fulscale adjustmant should than ba meda (with ha

propar W,,(~] wollage appied) by forceng @ voltage o He
W+ ) irpait wihich i gheen By

: Vuiay ~ '-’muJI
-+ - —1E|

Vig ) fad = Vi [ 56
whers;

Wuanx=Tha hagh and of tha analog input Fange
ana

V" low e (e offsat zero) of the analkeg rmnge.
(Both are ground nefemmnced. )
The Veea@ (or Vo) voltage is then adjusted i provds &
code chanca rom FE, g, 10 FFogy: 106 comphsbes the sod-
jusiment procedure.

2.6 Clocking Option

The cack for the AT can ba derived from the CPU chock o
an exiemal RGC can be soded o provide sef-dlocking, The
CLK IN (pin 4) makes wse of a Schmitt Irigoer as shown
Figuna &,

e, FEE L] £




Functional Description (contimed

=

=R
Fyse 10 K1
FIGURE B. Saif-Clocking the AD

Hemvy capaeitive or DG loading of e dock | pin ghaukd be
aveeded a5 thes will disturb pormal corvarber operstion,
Loads eaa than 50 pF. such B6 dming up o 7 AD converler
clock inputs from 2 single clock B pln of 1 converter, ame al-
lowed, For larger clock line ioading, 8 CMOS or low power
TTL buffier or PP inpu Kgic should beé used o minimize tha
nading on the chwk | pin (do mot use 8 standard TTL
Buifar).

17 Restart During 2 Conversion

If e AJD |5 restared (G5 and WH go low and raturm high)
during 8 cornearsicr. the corvertar ia rasat and a new con-
version & starled. Tha output data atch is nol updated i the
aieraion in process |5 mot allowed o be conmpleted, thene
fore the data of the pevious conversion remains in this latch.
Tha INTR output srmply ramalne at the *17 hawed,

LE Continuous Comerslons

For ogatation i the free-mnning mode an indialiong  pulse
should be vsed, folowing power-up, o ensure Grcut opaa-
o, In thiss applicaton. the 55 put is groundad 2 the WH
input 18 tied 1o the THTR cipu. This WR and INTR noce
shouid be momentarity forced o logie low fodowing a2
poraar-Up cyche o quarantea operation,

2.9 Driving the Data Bus

This MOS AT, ka MOS microprecessors and mamarkes,
will requre 8 bus drver when the total capacitance of e
data bus pats largs. Oter circuitny wisch b tled o the data
bus, wil add o the & caoeciive loading. even n
THRSTATE [hgh srmpedance modeh Backplane oussing
alsn greatly adis o e siray capacitance of the data bus,
Theds ame $ome altemathves avalable o the designer to
hanmdia thia probéam. Basically, the capacithve leadag of the
deta bus slows down e responsa time, aven though OC
spacificaions are st mel. For systems operalmg with a
refathvaly miow CPU dock Pequency, mara time & availabie
nwhich (o ostabligh propar logle levals on the bus and thare-
fone higher cagacitve \oads cat be driven {see byplcal char-
BCeAEtics cUrves],

Al igher GPLU cloc frequencies Bme can be extendad for
1D reasds (ardliar writes] by insarting wail stales (BOBI) o
g clock extending crouds (BE00Y.

Finaihy, If timié 18 ghorl and capacilive ioading is high, extarmai
et s musst be used. These can be TRI-STATE buffers

{low power Schotiicy much 36 the DMTALS240 serles i rec-
ommended) or specisl higher dritve curent products which
e designed a5 bus drivers. High curmant bipedar bus drivers
with FHF inoubs ane recommended,

Z.10 Power Suppiles

Mok skt on the Voo supply line can cause commrsion
eTons 2 Iha comparator will respond Ly his noisa, A low In-
duciancs Endalum ier capacion shouid be used close 1o
e carvirter Voo pin 8nd walues of 1 (IF of grealer are rec.
ommendad. f an uneguisied volage s avadable in the sys-
tem, & saparake LMISLAZLE.0, TO-02. IV voltage reguimor
for the cormartar (and ofser analog clreulny) will greaty re-
duce digital nose on the Ve, suppfy.

211 Wiring and Hook-Uip Precsidions

Suandard dgital wirs wiap SOockels am ol satlsRaciory for
brmadsaarding this AD awwerter. Socken on PC boards
can ba ussd and &N logle signal wires and leeds should ba
grouped and kegl as R dway 8 possitie fiom he anakog
signal leads. Exposed leads ko the analog inpUuls can cause
urtdesired digitel noisa and num pickup, thermione shiclded
wads may be NecEisary In meny applicatans.

A singhe point anaiog ground that & separale Fom the logic
ground polnts shoukd be used. The power supply bypass -
pacior and the self-Clocking capadtor (i used) showd both
ba retumed bo dighat ground. Ary Yo, (2 bypass capachors,
anaiog Inpud fiter capeciors, or mpA sgnal sHekling showkd
be metned fo e analog ground point. A test for prope
grounding i to measune the zere armor of the AT comvertas,
Zero amors In excesy of ¥ LS8 can ussslly be tnwed o im-
prepeer boand Bvoul and wiing |see sechion 2.5.1 for mes-
BUring e 2ans emork

3.0 TESTING THE A/D CONYERTER

Thera aré many degrees of complexity associabad with est-
iy an AD converter. One of he simplest teats & W appty 8
krverivr o) Inpet voltage bo bw corvertar and use LEDs ta
nis.pl.a}l'lh- resuting digital cutoul code as shown i Figue 2.
For aasa of testing, tha Vg2 {pin %) should ba supplied
with 2S00 Wi artd 8 Vo suppsy violtage of 512 V. shoakd
be ugad. Ths provides @n LS8 value of 20 my,

11 & by l-scale adiustmant i 10 ba meos, B analog input vol-
age of 5,080 Ve (5, 120-14 LSB; shoukd be applied 1o te
W) pin with the Vo t=} pin grounded. Tha value of tha
Wil IMput vofega smoukd then oo adjusted wntd the digital
ouipwt cote i just changing Tom 1111 1110 & 1 T
This waliia of Ve 2 showid then ba wsed for all the jests.

The digtal euiput LED dispiay can be dacoded by dhvding
Ine B inita into 2 hen chamactiers. the 4 mos: significant (MS)
and e 4 heast sigrificant (L) Table T showes e iroctional
birary equivaient of thess Two —0I groups. By asadng the
woltiges obtaned fom the “VMS and VLS columns in
Table 4, the nominal vake of the digital dispeay (when
Vepa2 = 2560%) can be determined. For example, for an
ottput LED display of 10711 0110 < BE {in hex), the valtaga
values from tha bable are 3.520 + 0130 or 3,640 V. These
wittage walues represenl the center-values of a perfed AD
convarter. The effects of queaniizalion efmor have I be ac-
caunted for in e ineprelaton of the el resuls.

wiaw.ra bonal.oom
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Functional Description (continued)
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FIGLRE 9. Baslc A'D Tester

For & higher spoad teal systen, of Lo ok plotted data, a
digiai-to-analog conedter i nesdged for e lesl set-up, An
acowale 10-0f DAC can serve a8 the precslon woltage
sourcs for tha AD, Errors of the AD undar test can be ex-

pressad 8 aither analog voltages or differences In 2 dipia|
wonds.

A baslc AD testar that uses a DAG and provides the emor a3
an analog output volispe & shown in Fgurs 8 The 2 op
amps can b aliminated i -a lab DVM with a numarical sub-
traction featurs & avadabie lo wad the difference woitage,
“A=C", direcily, The analog input voltage can be suppiid by
a low frequency ramp pendrator and an X-Y plotier can be
used to provide analog armol (Y axs) versus analog input (X
axish.

For aperation with 3 MICOPOCEEE0r OF 8 CoxTie -taesed
o= system, 0 15 more cormeniant fo present the ermmors dig-
Lally. This can ba done with e circult of Figtre 71, whara tha
culput eode trarmilions can be detected as the 10-0l DAC s
mcramanied. This provides 5 L3B s%eos Tor the B-bit AT un-
der legl, I the resulls of this test are automatically potted
with e anakeg inpul on the X axds and tha ermor {in LSES)
a5 [ Y &xis. 8 usaful trarater function of the AJD under tast
raguits. Far sceeplance testing, the phot s nol necessary and
Eu festing apeed can be increased by establishing Intermal
Hirmits on e asowed ermor for ech code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the intertace with BOEON and &800 microprocss.
BOME. @ MmO samole submuline struchem: is usad. Tha
milcopr eessor stars the AD, reeds and stores e results
of 16 successive conversions. than raturns 10 the user's peo-
gram, Tha 16 data bybes are sidred in 18 successbea
ey (pEling, Al Deta and Addressas will be given in
hexacecimal k. Softwane and hamdware datils are pre-
vided separately for each bype of microprocossor,

4.1 Inberfachng B8 Microprocessor Darfvalives (BRd48,
a0s8s)

Thes comwerer has been designed fo. dinedlly interface with
dnrvatives of the B0M) microprocessor. The AD can be
mapped Inla memory space (using Slardard memory sd-
dress decoding o TF and the MEMP and MEMW sirobes)
of it ¢an ba ronfmilad as an 1O device by wairg e O R
ard U3 W sirobes and decnding the address. Dits AG -+ AT
[0 acdrass biis Ad — A5 88 they wil contain the sarme 8-Dit
safriresm Inferrmtion) tn obigin e ©5 inpul Using the 110
spaca provaies 256 sddilional addresses and may allow 2
simpler 8-bil addriss decoder but the dala can onty ba inpul
W e aedirmulalar. To make 1se of the additional memany
referance Insructions, the AD should be mapped Into
Ty SEace. An example of an AT b 0 s is shown
in Figwne 12




Functional Description (contnued)

A B it
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FIGURE 10. A/D Tester with Analog Ermor Cutpud

parwm  WARALEE
“-w““@l >—-
3

AGURE 11. Bazic "Dighal™ AD Teakar
TABLE 1. DECODING THE DMGITAL OUTPUT LEDs

| DUTFUT VOLTAGE
FRACTIONAL BINARY VALUE FOR | CENTER WALUES
HEX, BINARY | WITH
Vo 2=2.550 Vo
M5 GROUP LS GROUP VM3 vis
GROUF GROUP
{Mate 15) (Mot 15)
F . L W A 1516 15256 4.800 [3H)
E 1 § a4 0 Tia 7123 4,480 0280
o L R T 1316 13258 4160 0.260
c 1 i b & a4 364 3840 0240
] ¥ | -1 1 1116 *1i256 3.520 T oo
A 1 @ 1 0 /5 125 3,200 g}
] i o o i LT b ] 78AD 0,380
8 1 0 o0 0| = 132 2.560 LB
7 1o 4 1 1 716 71256 2240 0 140
5 g 1 1 © e W1ZE . 420 0.120
& i} i b T | &Mé lvis] 1.800 0100
4 o1 a0 1 gL ] 1280 Q040
3 o oo 1 1 316 w256 0,460 0.080
z g o 1 0 18 17128 -840 (5% 11}
1 g o o 1 118 11256 0320 iltrii]
B (e o 0o ¢ B o
Helar 15 Dispioy Suipur ™V Geoop = VLS Group
25 ‘ARl Com
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ADCO801/ADCOB0ZTADCOBOMADCOE0HADCOEDS

Functional Description (cotoue)
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FIGURE 12. ADCORK_INSBIE0A CPU inrface

b, Mk . GO

26




Functional Description (coninued)

SAMPLE PROGRAM FOR Flawe 17 ADCOS01-INSS080A CPU INTERFACE

038 Caghod R3T 7 JWF LD DATA

L] L ] -

- L -
0100 21 00 02 STIARY: LEI ¥ 0204H (HLpalr will poink ta

tdeta storegs locations

0103 3L 00 0 RETURH @ LEI 5F CHOOR jindtinlise Stack pointer (Hote 1)
L0 m MOVA, L :Toad f af byted eolsrad
D1OT FROT CFIQFH tIX#=18. JMF T2
prOw CaAl3ol JLCONY I UERE pro Eran
o10e D3EQ Ut EOH 1 Gtart AT
D10¥ by L33 ‘Enshle Intarrapt
oiof a0 LO0P : HOF iDeapuntil end ol
oLld 230741 NP LO0OF reanvaraion
o113 L CONT s .

- - L] -

- - | UBer projgirss Lo -

= # procesy data) L]

- L - -

[] - L] -
0300 8 Ed LD CATAS INEOR i bead datn into mocumulater
a0z ™ WOV N, A ! Store data
0303 Z23 IBX H i Inorement Storags pointer
3304 30301 JWE RETURM

Motp 18; Tra Stank polvier mus be cmmrcme becmset @ RET T hatucon pushes e FC oo the st

Mot T AR pridimie s wBna JETELY CYOSR

The standard conirol bus sgnals of the 3080 CF, RO and
WH) can ba dirscty wrad 1o the digial eontral inputa of tha
A and e bus fiming reguirermants are mat 10 8llow both
starting [he comwertar and cutputing the data onlg e data
bus, A Bug deiver should Ta usad for larger inlcfoprocessor
sysiems where the data bus leaves e PO boat andior
must drive capciihyg nads (angar than 100 pF

411 Samphe BOB0A CPU Interfackng Circubtry and
Frogram

Tha following samphe progiam and sssociabed hamhware
shown in Figune 1.2 may be usad be inpud data from the -
verter o e INS30804 CPL chip sel (comprised of
INS80R0A, microprocessarn, e INS8228 systern controler
and thie INS3224 clock ganenator). For simphcily, be AT |8
renirelled ag an W davice, scactically an B-bel bi-crection:l
nort Tocsted at an arbitradly chosen pon address, EQ. The
TRI-STATE siout cacabliffy of the A0 eliminses e need
‘or @ paripheral Iverace device, however addrass dacoding
= il roquired o genarsis the apgropriate S for the oo
TR

it is impodatt to nole that in syslems whee e AD con-

werber is 1008 of 'ess /O mapped devices, no sddress de-
ceding chreuliry |8 recessary. Each of the 8 aidress bs (A0

o AT can be dineclly used e 05 inpuls —ome B asch 110
device,

4,12 MS504E Mterface

The INEBOME nterfaca technicoa with the ADHZOB0T saries
{sea Flgure 13) is smper than the BOEOA CPU interfacs.
Thare ane 24 10 lines and three best input ames in the BO4E,
\With aae extra I lines snailabie, are af he 11O lInes (oA
3 of port 1}isuwdzulh=dip5&lwabgwwﬁmﬁdﬂ.ﬂ1ua
aliminating e use of anextarnal adiress decoder. Bles con-
trad akgrats RO, WH and INT of the 8048 ara ted diractly o
thir AT, The 16 converted deta words am stored at en-chip
RAM locatons from 20 to 2F (Hex), Theﬁuanﬂﬁslgnaﬁ
ara genersted by mading from and writing mo & dumy sd-
dress, respectvely. A sarmpie interfeca program (5 Shown
ekow.
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ADCOB01/ADCOBOZADGOB0X/ADCOE04ADCOE0S

Functional Description (Contine)

L1y
53
|:’:
oK
t

H B E P

iTNEFNIE

04 1D Jur

JRE
o4 50 JuF

CRE
99 Fi ARL
Bl MOVI
88 01 START ORL
BE 20 DYV
B FF MDY
BA 10 Wov
Z3TF AGAIFT WOV
oE FE AHL
o1 HOTE
oe EN
95 21 LGP = IWL
EA LE oJHI
oo HOF
[a]h]} HO®

aRE
Bl IFDATA: NOVE
Ay v
i3 IRC
8801 OFL
27 CLR
93 RETR

4.2 interfacing the I-80

The Z-80 comrol bus 5 slightly diferent from et of the
040, Genarel RO and 'WR skobes ae prosaded and sepa-
rate memary requesl, MAED, and U0 request, TORG, sk
Aty are uBsd winch nave [ be combined with e ganoral-
zad stmpes o provide the equivalent 30B0 signals. An
advantzge of oparsting the A/D In VD space wih the Z-80 &
that the CPU will auomatically Inser one walt state (the RD
and WR strobas are edended one clock pekod) D aliow
more bme for the U0 devices to respond. Logks to map the
AL in N0 spece i ahown I Figure 4

|
TRE

FIGURE 1) INS3D4S Interiace

EAMPLE PROGRAM FOR Fgwe 17 INSBO4B INTERFACE

10d i Frogran Starts st addr 10

JH

SOH ; Ioterrupl Jump vector

Lo s MELE pTOETRE

L, $0FEH i Chip selest

A, BHL :Aead inthe 15t datn
:io raset the lotr

F1, #1 : 58t parTh pinhigh

Bo, €208 ;Data address

KL, {FFH ; Tummy sddress

R2. #1080 : Counter for 16 bytes

4, $0FFH + et ACC Tar totr loap

Fl, BOFER ;5end C5 (BlvDarFLl)

ERL, A 1 Bend WR eut

I 1Enabls toterrupt

Loor +Walt for intarrmupt

Bz, AGAIN IF LG Syies ars repd
LG Lo AT B proErER

S0H
i, gL s input deta, 05 still low
B, & P 51eTe ln BEBOTE
R :incremsnt storage counter
Pl cFesst DS Rignal
A s0lear ACC Lo gol st of
;Lha Antarrupt loop
= LEH
L)
am
FIGURE 14, Mapping the AfD a2 an 100 Devics
for Uss with the Z-80 CPU

Additonal 10 adeanisges exisl as software DA routines
are availabe and use can ba made of the owpul data trans-
feer whiicin @xltsts on the upper | addre s nes | AR be A715) dur-
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Functional Description (connue

g WO inpa instructions. For example, MUX chanal selec-
Bon for the AT ean be sccomplished with this operating
rrde.

4.3 intarfacing S200 Microprocsssnr Derivaiives

(650, etc.}

The control bus for the G200 microprocassor dervatives
doas ok use the RD and WH atrobe signals. Instead it am-
ploys.a shgle RV line and additional Uming, f needad, can
e derived fom the §2 cocke Al D devices are memory
mapped In the 8800 systam, and 8 specil signal, VLA, ind-
cates Mat the cumant address 18 valid, Figune 15 shows an
irterfacs seermatic whars the AT & memon mappead (n tha
BB00 aystsm, For simplicty, the T3 deceding is shown using
% (IMB0AZ, Note that in many 8800 systems, an already da-
cocded 45 ke la orought out to e cormon bus Bt pin 21,
Thia can ba lled diectly 1o the &5 pin of the AD, previded
that ng eiher devices are addressed al HX ADDRS 4200 or
00

The allowing subrouting performs essentlally tha sama fincs
tian a6 I the case of the 80804 inarfece 2 & can ba callad
from amywhers i1 the usar's program.

In Figure 16 the ADCOB01 sanes is interfaced 1o the MESDHT
microprocessar through {ihe arbitradly enasen} Port B of the
MCEE20 or MCGEZT Pueriphersd Interiace Adapler, (F1A).
Hers the CF pi of the AT is grounded since the PlA s al-

raady memony mapped in the MEAI0 system and no TF de-
coding b necessary. Also nolice thet the AD cutoul data
§nes are conneciad o the microprocesssor bus uncer
grarm control thiough the PUL and thersfons the ATH
can ba grounded.

A pamphs imberfaca prograrm equivalent b the revious one B
shown below Figue T6. Tha PlA Data end Control Registers
of Port B ane localed st HEX sddressos 8000 and 8007, 1e-
spactvely.

5.0 GEMERAL APPLICATIONS

The following appications show soma inferesting wses for
the A, The fact thal one particular micoprocessor s ussd
is not maant k0 b restricive. Each of thess sppicaton Gr-
cuitd wonld hava e coumtamart using ady milcIRAOoRSENT
that = desined.

P

5.1 Multiple ADCO801 Serles bo MCE300 CPU Inlerfaca
T ranafar enalog data from several chamnets o & sngle ne-
crprocassor Eysbem. 3 mullips comvertsr scheme presame
sovoral advanisges over e comventional mulbplexer
sirge-cormerter approach, With e ADCORBD Y seriesy, he dil-
ferantial inputs allow ndividual span scustment for each
channgl. Furthermors, all analeg Input channals s sensed
simuftanecusty, which essentally divides the miEoproces-
gar's tral system servicing ime by the number of channets.
sinca all comvergkons ocowr simuttanecusty This schame s
showm in Figura 17,

[+ =]

iip

Hole 20 Bombat i pareninesns. meter i WORROC CPYU s cut.

grmrie,

DOBRm L 38

i 2 hhorvber o s bt bravkets vt to wimnctmmi MBSO sirigm edireiion bd Dode
FIGLIRE 15. AL 0801 -MCEE00 CPU interface
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ADCOS01ADCOS02/ADCOBDNADCOE0HADCDEDS

Functlonal Description (contioes)

BANPLE PROGRAM FOR Fous 15 ADCOSOT-MCG800 CPU INTERFACE

Q0L or 38 DATAIR 51X TENTR ; Bava comtantd of K
HoLz CEOD2C L% #0020 : Upon TG Law OFU
frickE. ] FFFI TE 51X JFFFR 3 Jumps to 0020
Dole BT 30 00 STAA 10000 3 Btart ADCOBDL
falale | oE CLI
Qolc =5 CONVRT WAl sWeit far interrapt
ooln DE 34 Lk TEIFL
oolF BS 02 OF crl 30207 : I8 final date storad?
noze FaE EEQ ERNDF
Dr2d e 8000 STLA §5000 : Reatarts ADCOBOL
o0ET 08 18X
o028 oF M 5TX TEMF1
QoA =0T BRL COETRT
o020 nE 34 INTHFT LOX TEMF1
ooZE BE 50 00 LOAA 8000 :Fend data
Do3L A7 DO SThA k1 iStere it aL X
0a3x k. | RTI
Do sS4 LX) TENFL OB OO0 :5tarting address for
i date IteTRED
00 3a Ledelsli} TEMF2 OB $00:00
03B CED2 00 ENDr LoX Ajozon sHReinitialize TENFL
[ali bl OF 3 5IX TENF1
Qoan OB 36 LnX TEMF2
on3F k] RIS ;Betoro from subroutise
:To user's program
(=== L]
Mots EE I onckr or T miooy I Ao Al | thie Stack poRTir st be cimnnsknsd in the wme s prognan.
L] cm
& LI .
'FTL'!'_
—LG - 4 '\J Ver
o 7 ey
L1t [ s "
-——: CLEIN 12| 1]
.:| TRTR an L1 | -]
AnaLDg O Yimi} L L
WAUTS o L v osx L
- Ll nom aal P ki
[ 0 [V ans i alms
}-—Ji ..“ nax L] “:_ T
=

FHILRE 16. ADCORM —MCRA20 PLA Irrterines




Functional Description (conswsd)

SAMPLE PROGRAM FOR Fipure 18 ADCOSDH-MCSI20 PLA INTERFACE

ooLo CE 00 18 PUTATH biiis §
oLl FFTITE 5TX
aoLe Ba 80 08 LIAL
o1 Aar CLAA
GOLA B7 80 07 ETAR
00LD BT 80 08 STAR
ooz0 il ] CLI
po21 CE 34 LOAE
no2s 85 30 LORA
ogEn FTED 07 CONYRT STAB
02l BT BHO 07 STAR
0oEs IE WAl
Qnzd LE 40 LY
GHEE ECDZOY £P1
6031 27 0F BEG
H033 o] ML
DO34 DF 40 STI
0036 20 Eb BRU
0038 BE 40 INTRFT LDI
0034 B B 32 LOAL
0030 AT 00 STAA
oH3IF 1B RT1
Lk o2 0 TEMF1 yoR
DO&E CEQZ00 ENDF nx
oogs DY 40 STE
ooeT 39 RT3
PTLORE U
PLACRS BRl

Tre folkowing schermadic and sample subnoutme: [DATA )
may 4 usod ko interinca (up foj 8 ADCOB0Ys dirscty b tha
MCEI00 CPU This schemn can easily e extended (o akow
the intariace of mone conventars. In this configuration the
comverlors am (artdrmny) located &t HEX sddress 5000 in
he MCEE00 memory space, To sve componants, the dock
gignal & darived from juat ona RO cair on bhe fird corverer.
This cutpul ditvas the othear A/Ds

Al the corvertera are stEred smotaneoushy with 8 STORE
instructhon at HEY sddress SO0, Mote that any othar MEX
address of e korn SH008 will be decoded oy the dreult, pull-
ing all the T inpts low, This can easity be avolded oy using
a rmove dafiniive sddrass decodng schems. All the irtor-
rupts are OFed ogethar to insure that all Ak have com-
pleted thes conversion befons the mcroprmcassmr B nber-
righed,

Tha subroutie, DATA IN, may ba called from amywhere B
the user's program. Oncs called, this. reatine inibakzes tha

#30038 ¢ Upon THE Low CPU
7R i Joaps te O0EE
FIADER : Clpar poasible THY flags
FIACRE
FIADRE : Bet Fort B as input
34
#3130
PIACRE 7 Starts ADCOS0L
TIACHE
sWailt For interrapt
TENT1
fjoar +Ts finel datm 3t orad?
EHDF
TENFL
DOEVET
THEFL
FIAORE cHend dataln
K sStervitat K
200 ; Sterting addresa for
rdata 3torags
Fio200 sPRainitializs TENFL
TENF]
i Aetura Frem subreutine
JE00E 3 To user's progrem
$R00T

Dol -l

GPL, starts all the comveners simuftaneusly and walta for
i imtarrupt sigreal. Lipon recedhving tha interrupd, it =ads the
corvariars (from HEX addrosses 500 theough 5007 and
siores fhi data succesaively at (arbitranly chosan) HEX ad-
dremens. 0200 o 0207, belone redwming o (he user's pro-
gresm. Al CPU egistens: lhen recovar the orgine oats they
nad safore servicing DATA IN.

5.3 Auter-Zerced Differsntizl Trnmsducar Amplifier

and AD Commerter

Tha differanitial inputs of the ADCCBA0 senes sliminats ha
naed tp performt a diferential to single ended comeersion for
a diferantiad ransducer, Thus. o Op amp Gan b elimi-
mated since the differential by single endad conversion s pno-
vided by the Eferantal irput of the ADCTNN seres. n pen-
aral, & ransducar preamp & reduined o taks advantage of
the fulf A/D comertes iInput dynamiz mnoa.

A

WheNLrariOna. COm
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ADCOS01ADCOBIZ/ADCOB0ADCOR04/ADCOBOS

Functional Description cenned)
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Functional Description (contnued)

SAMPLE PROGRAM FOR Fours 17 NTERFACING MULTIPLE A/0Ya IN AN WCER00 SYSTEM

ADDRESS HEX CODE MMEMNIS COMMENTS

QOL0 IF &4 ATAIN 30 4 TENP sSave Contanza ol X
12 CE DG 24 InX #0028 : Upen TRE 10N 0P

oL FFEFFra 51X §FFFBR ; Jumps Lo DOZA

LR EY BO 00 STAA $000:0 sBLertaall A/D'8

OOLE CE TLI

DoLC k1 4 WAI iMait for dnterTupt
001D CE 50 00 IDXT RSO0

PERER T 40 EXX INDEXL ; Raset both THDEX

Julyr] CE 02 0 LOX #0200 :1land Z2to starting
ozh O &2 ERX IHDEX:A ;addrssses

0Q2T DE 44 LDX TEMP

s 1] i) FIE REeturn frap subrontins
DOZA IE &0 INTRPI LDX THDEXL ;INDEX]1 — X

fali T AB O LDAA X :Reed datain fromASOHAL X
QQ2E oe INX : Increment X by one
ao2¥ TF 40 51X INDEXL :X —* INDEXL

g3l DE 42 Lox [NDEX2 ;INDEXS2 — X

SAMPLE PROGRAM FOR Fipue 17 INTERFACING MULTIFLE A/D's 1N AN MCB300 3T3TEM

ADDRESS HEX CODE MHEMONHCS
ooss AT 0O STLA
ooas BC 0z OT CFX
0038 27 08 EEQ
D3N oE IHI
o038 DF 42 3 41
[+1sk ) 20 EB BRA
Goar 3B REIURA BTI
GO0 50 W INDEXL TR
ooez l-E ] INDEXZ op
o044 0 B TEMF FOB
Hote 3% 0 order b e ¥ i Sl Bk

Far amclification of DC inpul sigrais, a major system amor is
ther input cffeet voltage of the amplfiers used fior the prearms.
Figura 18 is a gain of 100 dfferential preamp wiose offset
voltage afrcrs will b8 cavceded by 8 Zeromg subroutine
which Is parkormed by the INSEOI0A micoprouessor sys-
tem, The botal aliowable inpul effast woitape amor for this
praamp is ordy 50 pY for 14 LSB amror. This would obwvigusly
requine very pracess amplifiers, The saprassion for e dffar-
antial oulpul voitage of the preamp is:

Vo= a1 0 [1+ 5] +
b

SIGNAL GAIN

2R2
Wm,—vm,—vm,mnﬂ(*l r-,;)
5 P

OC ERROA TERM GAIN

COMMENTS

X

i Etore data at I

#0E0T i Hpve all AfD"s been roadt
FETVRR i ¥e3 : braoch to RETUAN
tHo: loorsment K by ane
IHDEXZ I —+ [FDEXZ
TNTEPT : Branch to DOZA
15000 | Starting address for AJD
0200 ( Startling sddress For data storage
0000

(i Snd ATtemipls. e simch porstsr st B deerdondd in U usors program.

wharg L i the ciment Brough reaistor R Al of the ofaat
effof enms can be canceled oy making 2lgRe= Vogy +
Vs — Wims, This B The principhe of This auto-zercing
s,

Trie INGBOE0A, Enes the 3 110 ports of Bn INSESE2SS Frogram-
able Perpheral Intarfaca (PPI) tn contml the Ao reming
and input data fram he ADDOB01 as shown in Figuve 180
Tree PP I programemed fior bases 10 opergton {maode ) with
Prrt A& baineg an inpit par and Porte B and C being colpid
ports, Two bits of Port C ars wsed 1o alarmatety opan of closs
e 2 awiches at e inpul of he pream, Switch SW1 5
chosed to forca thie presamp’s differeniial inpa 1o be 2em dur-
ing the pencing sulvouting snd than opaned and W2 s then
cimsed for comverson of 1he sl dilferenis ingul signal,
Lising 2 swiiches i this manper efminates concam for the
OM resistsnce of the switches aa they must conduct onby the
Input biss erent of the inpul ampifers,
Clutput Port B is used as 3 successive approsirmaion fegis-
ber by the BOB0 and tha binery BCaked resIstors In sanes with
macht cupul bel create 8 DA comverter. During tha Deroing
subrouting, The vollage al ¥, ncrecses: or decraasat a5 re-
quifed 1o make the diferemial cutput voltege equal to 2erm.
Thitt Is accerpdahed by ensuing that the vollage o the out-
put of A1 s approdmabely 2.5V 5o that a legle =1" (SV) on

WAk CE TR T
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ADCOBI1/ADCOS02IADCOB0/ADCOB04ADCOE0S

Functional Description jcontiwed)

ary output of Fort B will sourcs curment inkd node ¥y s
ralsing the voitage st V. and making the outpdl diffsmntial
mone negathve, Comenely, & logic T {GV) will pull curnent
oul of node V.. and decrasss he voltage, CHUSNG e dffer-
enllal cutput fo becoens mana positive, For tha resksior val-
mmlv,mnmt12rwwmamﬁﬂﬂmw.
wehiicn will rull the oftsed aror e to Ve LSE of ful-scoie Tor

ha ADCOB01. & b important that the: woltage kevals Mat dive
the mds-rero reslsborn be constant. Mlso, for syrmelny, &
opic mwing of OV ko BY i commnie. To achieva this, a
CMOS bulfler is usad for the lopic outpad signals of Porl B
and Heie CMOS package s powarsd wilh 8 siable 5 source.
Bufler amplifier A1 is necessany 5o hal i Gan surce of sink
the DVA cutput cuement,

(1

K

Mols 3 AT S A8 A
Mote 37: Swiched ane LAWCTH RO CA0E anang swiches.
Mok BB Tha § mslains used in Ihe io-rico secien cam ba £5% okeance

FHGLERE 18, Gain of 100 Differential Trensducer Praamg

wrm, PTHAN D] DO




Functional Description (continued)
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FIGURE 18, Microprocessoer Interface Clreubtry for Differential Preamp .

A flow chart for e 2enalrg subrouting ia shown i Fipure 20
I must be noted that the ADCOBN series will pulput an all
Zaro £ooe when & converts 2 regative Input [V ed—) =%l
Alsa, a logic nvemnslon exlals a8 all of tha WO porls are bu-
ered with inveriing gates.
Basically, d tha data read is zem, the differeatisl atpul val-
98 i negative, 30 a bil in Port B la ceared to pul ¥y mone
megative ‘which will maxa tha oulpat more positive for the
rexd. convareson, Hf the dala read 18 ot 280, e outpl vall-
290 |z posithve w3 & bitin Pot B 8 sat to maka Yy, more posi-
il 3 e CUpUt Moee negatve. This continuas for B -
powmesons mnd  tha  diferenka  output  evantualhy
comeerges o witiin 5 My of 2emo.
The actual prograrm i& given in Flgive 21, All addressan usad
ara cHmpatbie with the BLC B0 micrecomplisr sysber.
in- particular:

Port A and e ADCOI0T ane & pord addresa E4

Port B = at por address ES

Fort G is &t port adkimsa E6

PP control word part bs at port address ET

Program Countar automatically goes o ADDR; 3C30 upon

ecknowiedgement of an iemugd lrem the ADCOE

£.3 Multiple AD Convartis 1n 3 Z-80 Irderrupl

Driven Modes

In data sequisibon systams whers mors than ona AD con-
weiter (or other paripheral dewce) will be nlemupting pre-
gram execulion of & mMicroprocesaor, e @ obviowsly A

e for the CPL Lo detarmine whhch devicsa requines gansc-
Img. Figure 22 and the accompanying softwans is a melhod
of determining which o ¥ ADCOS0T convertess has conm-
pleted a conversion {INTR aseeted) and is requasting an in-
termagt. This circuit akows starting the A0 converers in any
sequencs, bul will Input and store valkd dala om e con-
vefars with & priority seguence of AT | baing read first, AT
2 second, stc, through AD 7 which would have the lowest
pricrity for data being read. Unly e converters whosa 1IN 1B
aseartad will ba read

Ther keny bo dacoding circuitty & the DMT4LS303, B-bit D type
flipfiop. Whan tha 750 asknowiedoes e nbarrupl, B pr
gram is vectorsd 1o & dats Insut Z-30 subroutices. This sub-
outna wil read @ perpheral slatus word from the
DMTAL ST which cantaing the Iogee skabe nf e INTR out-
puts of a8 the conveners, Each converter which initiahas an
Iiemupt Wil place a loge 07 in 8 unique DY position in o
states werd and the subrowutine will determine the kentity of
1ha coweta and axecube 8 data read. An idantifisr word
{whech mdicaies which AL Me Eakh caree Tom) 1s stoned in
the next saquentsl memony locetion above the iocabion of
e dels 5o thi program con keep tock of the identity of the
datn enbered

e ol Ewnal o
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Functional Description (contnued)

(ime )
-l

WETIRLITE MR
T FIUMTER
NER B= ¥

-

I1NITiAkITE AR

DRFT T AL )
WIEHTTO MINT TS
MERT HT

}

"EACLIMIVI-OR™
REERWITHAKS C
TOST SEET UT

DUTFYT BFW AR
COmE TO FORTE

“OAT AEE BT
ALD € A ELEAR
T 1T B
WHER BEAMLIER

FIGLRE 2. Flow Chari for Aute-Zero Routing
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Functional Description (connved)

300  JES0 NVI B0
2 DIRT Dut Central Port : Program FF1
3 Ze0l NYIHOL dgto-Liarg Jabragilioe
i0d 70 HOWALH
angT DIEg aLrr @ 3 Qlosa 591 open SW2
ey 1 B ) NVI E B ;Ipfitialize SAR bit pointar
QB IETY NVIATF tIpitializs B4R aode
304D AR MOV .4 Haturn
JOE  DIBS UUT B +FPort B = SAR aode
3010 3LAAZD  LET 5P 3Dad Start : Dimsnalon atack pointer
3013 D3IE4 QuUT A : Btart AJD
drls B IE
3Dl 00 NOF Leop : Laap antil THT sspvriad
anlY  (FleXD  JMP Leop
JilA TR MOV & D Auto-Ioro
301E  Ce0o ADI DO
301D CAZDED  JEEet d i Teat /D sutpot date for sero
020 78 MOV A B Snift B
521 Fedo ORI Do s {learcarry
Ina3  AF HAR sShift *1l" inBright ons place
Sh24  TEDO CFI b0 ;15 BzeToT I you laat
3028 CAXTI  JiDonoe : approximat fon has Been sads
Inas i7 HOVE A
SDEA  C3FTH JIMF RewC
ipn 79 HOVA.C Set O
3D3E EO ORLE rEst bltilaCthat ks in sy
EF 4T MOV C,A ipod3iticnas Tl™inB
3030 C3203ID WP Ehift B
N33 AR XRAC Rew T i Gleprbit in Cthat ia 1o
3034 CIODAD  TMT Hetpra T Sams poitionas "1" inE
3037 4T HOTE.A Dons 1 then output bew SAR onde .
iy 7o HOv AL H : bpan 5W1, close SW2 then
30348 EE23 XRI 63 i procesd ¥ith program. Froaep
3038 D3Ee e 115 nowzaroed.
303D - Hormal

]

Program far procedding

propor data values
SCAD. DEE4 IRL Ropd A /T Subroutins :Hend A/Ddata
I03F EEFF IRT TR : Invert datm
3C41 a7 MOF DA
dcde TA oY 4B ;13BReg=07 I not stay
3IC4 ERTF ANI FF ;inmesuto sero saubreutine
048 C2LA3D NI jute-Zere
SC48 O3S0 JMF Hormal

Mot 5 AR rerrmdcsl vitues @i Fassiducnel iepranemliions.

FIGURE H. Software for Aunc-Zeroed Diffsrentlal ATD

5.1 Mullipls AT Commartars In 8 Z-50 Indermupt Drtven

Maode {Contnsed)

Tha foliowing roles apply:

= Itisasaumad that the CPL automatically parforms & RST
T Insiruction when & valll Inmamupt 13 acknowiedgid
|CPU I8 in insarrupt moda 1), Hence, the subroute sLan-
ing Bddress of X00048,

= The eddrass bus from the Z-80 and the dals bus to the
Z-B0 are assumed o be inveried by bus drivers,

*  A/D data and identifying words wil be sored in seguan-
il mamory beations stading ol the arbirarily chossn ad-
dresa X 3E0D.

The stack pointes must be dimensonad in the main gro-
gram as the RST T instrudion automadically mishas the
P ocnboe the skack and the subrodting Uses an addiional
i slack addresses.

The parpharals of concam are mapped nbe VO abEce
with tha foliowing [t asskonreems:

-

S0800Y/Y0R0AV/EVE0DOYZ0E0DOV/L0B0DQY




ADCO80YADCOBOZIADCIBDNADCOED4/ADCOBDS

FIGURE 22 Mubipls A/Ds with Z.80 Typs Microprocsssor

Functional Description (conmmueq) HEX PORT ADDRESS PERIFHERAL
1" AD 4
HEX PORT ADDRESS PERIFHERAL 05 AD S
oy MMTACITS 8-bit Bip-flop 06 AD B
ot AD A or ADT
az ADZ This pori address also serves as the AD identifying word in
3 AD 3 e progrem,
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Functional Description (contiued)

INTERRUFT SERVICMG SUBROUTINE

SOURCE
LO¢ DB CODE STATEMENT COMMENT
o038 ES FUSH HL ; Save contonis of all vregisters arfected by
oose  Ca FUSH BR ;this sobhrouting.
falihT T FUSH AF : Assumed INT mode 1 earlier sat.
00XE 2L 00 3K LD (EHL) ,X3E00 ;Initialise mewory pointer vhers datawill be stored.
OO3E QEQL LD C, XOL ;Croglater will be port ADDR of AFD converters.
ogdd D309 OUT E0D; & i Load paripheral Status vord Lota B=bit latch,
0042 TEOO INA. XOD :Load statas word into accumdlatar.
ood4d 4T LDE A : Save the status ward.
ooas 78 TEST LDA,C i Test toaes A the 3tatus of a1l A/D" 8 have
048 TEOB CP, 0B i tesn chegked. IT 30, #Fit Jubrsutine
048 ChBO 00 JPL. DIHE
B 78 LDA.B ;Test asingls Bit in status werd by looking for
o4O 1F A4 ;o *L* 1o be retated inte the CARAY (an INT
oDdD 47 LD B.A ijisleadedasa™1"). IT CARRY 15 501 then lond
ODdE DA SSD0 JPC, LoAD ;coptents of A/Dat port ADDR inC replster.
oos1 oe NEXT INCC 1 If CARRY 1z pot sat, iperement O repdatser to point
DoE2  C34B00 JP,TE5T :toonext ASD, then test pext bit 1o status word.
ooss  EDYVR LoAD  IHA, (C) ; Bead date frem interrupt ing A0 8508 1nvert
o087  EEFF XOR FF i the data.
onss 7T LD {HLY A i 5tars the data
D0aA = IHG L
ooas 7L LD {HL) ,C P Stere AJD identifier (ASD port ADDR) .
oo8e 26 INCL
onsp L3581 00 JP,HLLT :Tast navrt hit instatus verd.
oodd  FL DOHE  FOF AF i Fa-establish all reglsters aa they were
boElr €1 FDY EC ialore tha lotermapt.
ooz EL FOF KL
o3E3  C9 FET sRaturn to orlglog] program

0 v nationel.oom
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Physical Dimensions inches (milimeters) unkess cthenaiss noled
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMFOMENTS IM LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APFROVAL OF THE FRESIDENT AND GEMERAL
COUMSEL OF NATHONAL SEMICONDUCTOR CORPORATIOM. As usad hamain:

1, Lfa support deviges or systems are davices of 2. A crtical component s any componant of a life

systems which, (3] are intended Tor surgical implant
wmio e bocdy, of [b) support of suatain life. and
whose fallure to perfem when propary wsac in
accondance with instrucions far use provided in e

Support dovice oF System whose failume 1o perform
can be regsonably sxpacted to cavsa the fallere of
the Ife support device or system, or o affect its
sately or effectivensss,

siapeAuo) gfy slquedwog g 1ig-g S0800AV/IY0800AY/E08000AY/Z08000Y/L0800AY

Eabeling, can be recborably expectad 1o moult i a
signifcard |njury bo the uges.
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54L.S04/DM54LS04/DM74LS04 Hex Inverting Gates

General Description Features
This device containg sk indspendant gates sach of which B Altsmale MiFlary/Asroepaca devics (S4L504) i@ aveil-
parformne the logie INVEAT fundctinm. able. Comlact a Nabonal Semiconductor Sales Offices

Digdribulor bor spocificabons

Connection Diagram

Dunk-in-Linve Package
L] 4

T o e o fu | T

o
M M

T F Frri

L1 Y1 Al L a3 2 (1]

TLFEEY
Order Number 541 S040MOE, SALS04FMOE, S4LS04LMOE, DMSILS04), DMSILS04W, DMTALSMMM or DMT4LS0MN
Bee NG Pockage Humber E20A, J144, MT48, HT4A or W14B

Function Table

H = High Loge: Lewel
L - Low Logc Leve

T [T ——ey SRR W T P DA D P L B

sajen Bujueaul xaH voSTIYZNG/ YOSTPSWA/ FOSTINS




Absolute Maximum Ratings mote

It Miftary/ Aerospace specliisd devices sre reguined,
plesss contact the Nabionsl Semiconductor Sales

Cifloe/Dlstribubors for avallability and specifications.

Mok The “Absodis Moy Fabngs™ &re ose rales
beviond which the sefsly of the devics cannol be guaran-
oo The device should nei be ooeraied &l theee Bmite. The

Suppiy Vi oy i vanksas ot i1 ther “Ehecdicat gy
IFyp Woitaga v Labiy v ol gusranised i tha sbeolids ML ralings.
teat : ; The “Hecomrmanted Cnsnating Fondtions™ table will dedne
Opermling Frae Al Temperahus Rangs the cormdiions for aciual device Dperabion.

DMB4LS and 54LS —5FC o +125C
DM74LS Jigoa TR L
Suwaps Temperature Fangs —B5C o 15000
Recommended Operating Conditions
Pa DMGALS04 DT 4L 504 Uik
M MHom iy Mo ax
Voo Supply Voltage 45 5 5.5 475 5 5.25 ¥
Wiy High Level Inpurt Voltage 2 2 v
Wiy Low Level Input Vollage o7 Y]
Is  High Lawsl Quiput Curant —0.4 —04 mé
oL Low Leval Cutput Currant 4 B mh
Ta Frea & Operating Tempernhes —5E 125 0 o "0
Electrical Characlteristics ovor meommenged opetating free alr temparaturs range (Uness othenwsa notsd)
Symbeal Parameter Condions Min [“:Eﬂ Mexr | unams
W Inpul Clamp Voltage Weog = Min 0 — —t8mA —1E v
[ High Lewed Oulpad Wep = Minloy = Max, | DMS4 | 25 5.4 "
Vietegs Wi = M D74 a7 a4
Vi Low Level Cutput Voo = Min, g — Man, D5 025 04
Voitage Vin = Min T4 0.5 ns v
g, = Amh Ven = Min 74 025 0.4
k Invpeurt et 32 e Voo = Max, V) = 7V 0.1 mA
Iriprul Wodlsge
[ | High Lewvad Input Curmort Wi = Max V) = 27V 20 ey
by Lo Ll Ivpul Gurrant Won = Max, V) — 00 — .38 mi
s St Glreuit Wi = Max DG 20 1L [N
Dutpist Cumaent {hoie 2f T TA — a0 —100
e Buppty Currersd wilh Wi = hlax
Crulpuls High 1.2 24 ma
ke Supply Curment with Yoo = Max
Exapiste Low 38 BE mA
Switching Characteristics « vy - svand T, = 25C (Sac Section 1 tor Test Waveforms and Oulpt Load)
Ry = 2hil
Symibol Parameter Cy = 15pF Cy — 50pF Units
Mir Max Min Max
IbLH Fropagation Dalay Tma
L b High Leved Durtpu s o " 1 =
lpra Fropagation Dalay Tima i
High 1o Lew Lewal Oirput 3 W ’ % £
Wiba 1= Al hgscals oo @ Ve - 59, T = 250

Hichs I Fiot mors Fan ors suli should be shored ab & 9mes, el B dorsbcen shisdhl oo weisal s smorerd
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Physical DImensions incres mimates)
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Physical Dimensions inches imilimelers) (Contnued)
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54L.504/DM54LS04/DM74LS04 Hex Inverting Gates

Physical Dimensions nches (mismetsrs) {Continuedy

LIFE SUPPORT POLICY

il T HE A
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[Lal iR
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14:-Lexd Ceramic Fiat Fackage (W)
Order Mumiber SILS0MFMGE or DMSALSOLW
N5 Package Humber W148

MATHIMALS PROCUGCTS ARE MO AUTHCRIZED FOR USE AS CRITICAL COMPONENTS IM LIFE SUPSORT
CEVICES DR SYSTEMS WITHOUT THE EXPHESS WRITTEN APPROVAL OF THE PRESIDENT OF MATIGNAL
SEMICONOUCTOR GORPORMATION. As usad Faorein:

1. e suppawl cescas of  Eysiems  are Oswicas or 2 & orilical component s ary componient of a3 fie
syslome which, {a) s interded for surgical implund
o the bocly, or {b) support or sustain ke, and whoos
faiharex 1o partorm, when properly Used i accordanco
willh instructions foF wsa provaed in thie Eabaling, can
b masunatly expected to msul in & signifcant inury

b I ussr.

auppon davica or system whoas failre o pedom can
b roasanably expecled 1o causa the failse af tha lite
suppor devicg of sypem, or lo afect its safely o
eftactivenass.
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This datasheet has been download from:

www.datasheeicatalog.com

Datasheets for electronics components.
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Interfacing the Standard Parallel Port

Diselaimer : While svery effort his been made 10 malce sure the information in this document is correct, the suthor can not ba lisble
for any damages whatspever for loss riasting to this document. Use this information at vour own risk,

Table of Contents
Introduction to Parallel Ports Puge 1
Hardware Propertics Page 2
Cenromics? Pace 4
Port Addresses Page 4
Software Remisters - Standard Parallel Port (SPP) Page 6
Bi-diractional Ports Bapa B
Lisipg The Paralle]l Port to Ingut § Bies. Page 9
Mibble Mode Pape 11
Using the Paralle]l Port's 1RO Pape 12
Parallel Port Modes in BIOS Page 14
Parallel Port Modes and the ECPs Extended Contro] Register Puge 15

Introduction to Parallel Ports

The Parallel Port is the mvost conununly wsed port for mterfacing home made projects. This
port will allow the input of up 10 9 bits or the output of 12 bils al any one given time, thus requinng
minimal external circuilry to implement many simpler tasks, The port is composed of 4 control lines,
3 status lines and 8 dala lines, It's found commonly on the back of vour PC as a D-Tvpe 25 Pin female
conncctor. There may also be a D-Type 25 pin male connector. This will be a serial RS-232 port and
thus, 1s a totally incompatible pon,

Wewer Paralle! Port’s ane standardized under the |EEE 1284 standard first released in 1994,
This standard defines 3 modes of operation which are 25 follows,

1. Compatibility Mode.

2, Nibble Maode. (Protocol not Described in this Document)
3. Byte Mode. (Prefocol not Described in this Document)
4. EPP Mode (Enhanced Paralle! Porg),

5. BECP Mode (Exterded Capabilities Port),

The aim was to design new drivers and devices which were compatible with ezch other and
Interfacing the Standard Paraflel Port Page |
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also backwards compatible with the Standard Parallel Port (SPP). Compatibility, Nibble & Byte
modes use just the standard hardware available on the original Parallel Port cards while EPF & ECP
modes require additional hardware which can run at Taster speeds, while still being downwards
compatible with the Standard Parallel Port.

Compatibility mode or "Centronics Mode" as it is commonly knmown, can only send data in the
forward direction at a typical speed of 50 kbytes per second but can be as high as 150+ kbytes a
second. In order to receive data, you must change the mode to either Nibble or Byte mode. Nibble
mode can input 2 nibble (7 bits) in the reverse direction. E g from deviee 1o computer. Byte mode
uses the Parallel's bi-directional feature (found onfy on some cards) 1o input a byte (& bits) of data in
the reverse direction.

Extended and Enhanced Parallel Ports use additional hardware 1o penerate and manage
handshaking. To output a byte to a printer {or anything in that matter) using compatibility mode, the
software must,

L. Wite the bvie to the Dara Port,

2. Check fo xee iy the printer iy busy. if the printer (s busy, it will ot accept any data, thus any
data which ix written will be lost.

3. Take the Strobe (Pir 1) low. This tells the printer that there is the correct data on the data
lincs, (Pins 2-9)

4. Put the strobe high again after waiting approximately 3 microseconds gfter putting the strobe
fow, (5tep 3}

This limits the speed at which the port can run at. The EPP & ECP ports get around this by
letting the hardware check to see if the printer i< busy and generate a strobe and /or appropriate
handshaking, This means only one 10 instruction need to be performed, thus increasing the speed.
These ports can output at aroond 1-2 megabytes per second. The ECP port also has the advantape of
using DMA channels and FIFO buffers, thus data can be shifted around without using 10

instructions.

Hardware Properties

On the next page is a table of the "Pin Outs" of the D-Typc 25 Pin connector and the
Centronics 34 Pin connector, The D-Type 25 pin connector 1s the most common connector found on
the Parallel Port of the computer, while the Centronics Connector is commonly found on prinlers. The
IELELE 1284 standard however specifies 3 different connectors for use with the Parallel Port, The [irst
one, 1284 Type A is the D-Type 25 connector found on the back of most computers. The 20d is the
1284 Type B which is the 36 pin Centronics Connector found on most printers.

IEEE 1284 Type C however, is a 26 conductor connector like the Centronics, but smaller, Thus
connector is clammed to have a better elip Tarch, better electrical properties and is casier to assemble, It
also contains two more pins for signals which can be used to see whether the other device conneeted,

Interfacing the Standard Parallel Port Page 2
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has power. 1284 Type C connectors are recommended for new designs, so we can look forward on
seeing these new conneciors in the near future.

Pin No {D- Fin No SFF Signal | Direction | Register| Hardware
Type 25) | (Centromics) Infout Inverted
1 1 nStrobe In'Cut | Conirol Yes
2 2 Dhata 0 Out Dhata
3 3 Data 1 Out Drata
4 4 Data 2 Ot Drata
5 5 Data 3 Chut Data
6 6 Data 4 Out Data
¥ 7 Data 5 Chut Data
8 3 Dtata 6 Ot Drata
g 9 Data 7 {ut Data
10 10 nack In Statug
11 11 Bugy In Status Yes
12 12 Paper-Ot In Status
Pa]:_i_crEnd

_— 13 Select In Status
14 14 nAute-Linefeed | In/Chit | Coatral Yes
15 3z nError / nFanlt In Status
16 31 nlnitialize In'Ct | Comtrol
17 36 nSelect-Printer | In/Out | Control Yes

nSE]:qI_—In
18-25 19-30 Groumd Gnd

Table £. Pin Assignments of the D-Type 25 pin Paralle] Port Connectoy,

The above table uses "n" in front of the signal same o denote that the sipnal is active low. e.po.
nError. If the printer has occurred an error then this line is low. This line normally is high, should the
printer be functioning correetly, The "lardware Tnverted” means the signal is inverted by the Parallel
card's hardwarc. Such an example is the Busy linc, If +5v (Logic |) was applied to this pin and the
status register read, it would return back a 0 in Bit 7 of the Status Register.

The output vl the Parallel Port is normally TT1. logic fevels. The voltage levels are the casy
part. The current you can sink and source varies from port to port. Most Parallel Ports implernented in
ASIC, can sink and source around 12mA. However these are Just some of the figures taken from Data
sheets, Sink/Source 6mA, Source 1ZmA/Sink 20mA, Sink 16mA/Source dmA, Sink/Source 12mA,
As you can see they vary quite a bit. The best bet is to use a buffer, so the least current is drawn from
the Paralicl Port,
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Centronics?

Centronics is an early standard for ransferring data from a hest to the printer. The majority of
printers use this handshake. This handshake is normally implemented using a Standard Parallel Port
under software control. Below is a simplified diagram of the ‘Centronics” Protocol.

Centronics Handshake

nStmﬁT\__/
Busy / \

nAck \_/7
Data | X X

Dwata is first applied on the Parallel Port pins 2 to 7. The host then checks to see if the printer is
busy. .. the busy line should be low. The program then asserts Lhe strobe, waits a minimum of 115,
and then de-asserts the steobe. Data is normally read by the printer/peripheral on the osing cdge of the
strobe. The printer will indicate that it is busy processing data via the Busy ling, Ooee the printer has
accepied data, it will acknowliedpe the byte by a negative pulse about 5u5 on the nAck line.

Quite often the host will ignore the nAck line (o save time. Latter in the Extended Capabilitics
Port, you will see a Fast Centronics Mode, which lets the hardware do all the handshaking for vou. All
the programmer must do is write the byte of data to the 1O port. The hardware will check o see if the
printer is busy, generate the strobe. Note that this mode commonly doesn’t check the nAck either.

Port Addresses

The Parallel Port has three commonly used base addresses. These are Hsted in tahle 2, below.
The 3BCh buase address was ongmally mtroduced nsed for Parallel Ports on early Video Cards. This
address then disappeared for a while, when Parallel Ponis were later removed from Video Cards. They
has now reappeared as an option for Parallel Ports integraied onto motherboands, upon which their
configuration can be changed using BIOS.

LPT1 is normally assigned base address 378h, while LPT2 is assigned 278h. However this
miay niot always be the case as explained later. 178h & 278h have always been commaonly used for
Parallel Ports. The lower case h denotes that it is in hexadecimal. These addresses may change from
machine to machine,
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Address Notes:

3BCh- 3BFh Used for Paralle]l Ports which were mcorporated in to
Video Cards and now, commonly an option for Ports
controlled by BIOS. - Doesn't support ECP addresses.

378h - 37Fh | Usual Address For LPT 1

278h - 27Fh jUSual Address For LPT 2

Tahle 2 Port Addresses

When the compuier is first turned on, BIOS {Basic lnput/Output System) will determine the
number of ports you have and assign device labels LPT1, LPT2 & LPT3 to them. BIOS first looks at
address 3RCh. If a Parallel Port is found here, it is assigned as LPT], then it searches at location 378h.
If a Parallel card is found there, it is assigned the next free device label, This would be LPTI if 2 cand
wasn't found at 3BCh or LPT2 if a card was found at 3BCh. The last parr of call, is 278h and follows
the same procedure than the other two ports. Therefore it is possible to have a LPT2 which is at 375h
and not at the expected address 278h.

What can make this even confusing, is that some manufacturers of Parallel Port Cards, have
jumpers which allow you to set your Port to LPT1, LPT2, LPT3. Now what address is LPTI7 - On the
majority of cards LPT1 is 378h, and LPT2, 278h, but some will use 3BCh as LPT1L, 378h as LPT] and
278h as LPT2. Life wasn ' meant fo be easy:

The assigned devices LPTI, LPT2 & LFT3 should not be a wormy to people wishing to
interface devices to their PC's. Most of the tme the base address is used o interface the port ather
than LPT1 etc. However should you want to find the address of LPT1 or any of the Line PrinTer
Devices, vou can use a lookup table provided by BIOS. When BEOS assigns addresses to your printer
devices, it stores the address at specific locations in memory, so we can find them.

Kiart Address Fanction

OO0 LPT1's Base Address

D000 040 A LPT2's Bage Address

D000 -040:C LPT3's Base Address

DO00:D40E LPTA's Base Address (Note 1)

Table 3 - LPT Addicsses in the BIOS Data Area

Note 1 - Address 00000408 in the BIOS Daia Area may be used ar the Extended Bros Data Area in
P52 and newer Bioses, and thus this field may be invalid,
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The above table, table 3, slmr-w:i the address at which we can find the Printer Port's addresses in
the BIOS Data Area. Each adidness will take up 2 bytes. The following sample program in C, shows
how yeu can read these locations 1o obtain the addresses of your printer ports.

#include <stdioc.h>
#include <dog.n-

void main(vroid)

unaigned int far *ptraddr; f* Pointer te locaticn of Port Addresses &/
unsigmed int addrese; /¥ address of Port =/

int a;

ptraddr= juraigned ink far *)0x00000400;

for {a = O0; a = 3: a++}

addrege = *ptraddr:

L {address == 0}

printf {"Hao port found for TETHd Ao, a+1);
aelse

princf ("Address assigned tio TRTYd is 3XbA\n', as+1, address]
ptraddr++

Software Registers - Standard Parallel Port (SPP)

Ofiset Name Read/Write Bit o, Properties

Hase + 0 | Data Port | Write (Note-1)|  Bit 7 Data 7 {Pin 9)
Bitf Data ¢ (Fin §)

Bit 5 Crata § (Pin 7)

Bit 4 [ata 4 (Pin 6)

Bit 3 Data 3 (Pin 5)

Bit 2 Data 2 (Pin 4)

| Bit| Data 1 (Pin 3}

Bit o Data 0 (Pin 2)

Table 4 Data Port

Note | ; If the Pori is bi-directional thern Read and Write Operations can be performed on the Daia
Regivier,

The base address, usually called the Data Port or Dala Register is simply used for outputting
data on the Parallel Port's data lines {Pins 2-9), This register is normally a write only port. IF you read
from the port, you should get the last bytc sent. However if vour port 15 bi-directiomal, you can receive
data on this address. Sce Bi-directional Ports for more detail,
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Base + 1 | Status Port| Read Only Bit 7 Busy

Bit & Ack

Bil 5 Paper Out
Bit 4 SelectIn
Bit3 Ermor

Bit 2 IR0 (Mot}
Bitl Reserved
Bit 0 Reserved

Table 5 Stotus Peort

The Status Port (base address + 1) is a read only porl. Any data written to this port will be
ignorcd. Thes Status Porl 1s made up of ¥ input lines (Pins 10,11,12,13 & 15), a IRQ status register and
two teserved bits, Please note that Biv 7 (Busy) is a active low input. E.g. If bit 7 happens to show a
logne 0, this means that thers is +3v at pin 11. Likewise with Bit 2. (nTRQ) If this bit shows a '1' then
an mterrupt has not cccurred.

Base+2 | Control ReadWrite Bit7 Unused
Port Bit & Unused

Bit 5 Enable bi-directional Port
Bit4 Enable IR(Q Via Ack Line
Bit 3 Select Printer
Bit2 Initialize Printer (Reset)
Bitl Aute Linefeed
Bit{ Strobe

Table & Control Port

The Control Port (base address + 2) was mtended as a write only port. When a printer is
attached to the Parallel Port, four "controls” are used, These are Strobe, Auto Linefeed, Initialize and
Select Printer, all of which are inverted except lnitialize.

The prninter would not send a signal to initialize the computer, nor would it tell the computer to
use auto linefeed. However these four outputs can also be used for inputs. 1f the computer has placed a
pin high (e.g. +5v) and vour deviee wanted to take it low, you would effectively short out the port,
causing a conflict on that pin. Therefore these lines are "open collector” outputs {or open drain for
CMOS devices). This means that it has two states. A low state (Ov) and a high impedance state {open
circuit).

Normally the Printer Card will have internal pull-up resistors, but as vou would expect, not all
will. Some may just have open collector outputs, while others may even have normal totem pole
outputs. In order to make your device work correctly on as many Printer Parts as possible, you can use
an extemnal resistor as well, Should you already have an internal resistor, then it will act 1o Parallel
with it or if you have Totem pole cotputs, the resistor will act as a load.
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An external 4.7k resistor can be used to pull the pin high. I wouldn't use anything lower, just in
cage you do have an mternal pull up resistor, as the external resistor would act in parallel giving
effectively, a lower value pull up resistor, When in high impedance state the pin on the Parallel Port is
high (+5v). When in this state, your external device can pull the pin low and have the control port
change read a different value. This way the 4 ping of the Control Port can be used for bi-directienal
data transfer. However the Control Port must be set to xxooi100 to be able to read dats, that is a1l
ping to be +5v at the port so that you can pull it down to GND {logic ).

Bits 4 & 5 are internal controls. Bit four will enable the IRQ) (See Using the Parallel Ports
{R{J} and Bit 5 will enable the hi-directional port meaning that you can input 8 bits using (DATAO-7).
Thiz mode ig only possible if your cand supports it. Bits 6 & 7 are reserved. Any writes 1o these two
bits will be ipnozed.

Bi-directional Ports

The schematic diagrarn below, shows a simplified view of the Parallel Port's Data Register.
The criginal Parallel Port cand's implemented T4LS logie. These days all this is crammed into one
ASIC, but the theory of operation is still the same.

Standard Parafel Port Bi-Directional Operalion

JI:_: :-:I' ] 1= TR
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e 2 =1 legait
roed a1 i3 — it
T e i Ll ®
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[T
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The nen bi-directional ports were manufactured with the 74L8374's output cnable tied
permanent low, thus the data port is always output only. When you read the Paralle] Port's data
register, the data comes from the 7415374 which 1s also connected to the data pins, Now if vou can
overdrive the 374 you can effectively have a Bi-directional Port. (or w input anly port, c:rr-r:efyeu Dlerw
up the latcher outprr!)

What is very concerning is that people have actually done this. ['ve seen one eircuit, a scope
connecied 1o the Parallel Port distributed on the Intemet. The author uses an ADC of some type, but
finds the ADC requires transistors on each data line, to make it work! No wonder why. Others have
had similar trouble, the 6BHC | | cannot sink enough corrent (30 to 40mAY)
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Bi-directional ports use Control Bit 5 connected to the 374's OE so that it's cutput drivers can
be wirned off. This way you can read data present on the Parallel Port's Data Pins, without having bus
contlicts and excesgive current drains.

Bit 5 of the Control Port enables or disables the bi-directional function of the Parallz] Port.
This is only available on true bi-directional ports. When this bit is set 1o ¢ne, pms 2 to 9 go into high
impedance state. Omce in this state you can enter data on these lines and retrieve it from the Data Port
{base address). Any data which is wrotten to the data port will be stored but will not be available ai the
data pins. To turn off bi-directional modc, set bit 5 of the Control Port to 0.

However not all ports behave in the same way, Other ports may require setting bit 6 of the
Control Port to enable Bi-directional mode and setting of Bit 5 to dis-cnable Bi-directional mode,
Different manufacturers implement their bi-dircctional ports in differsnt ways. If you wish to use your
Bi-directional port to input data, test it with a logic probe or multimeter ficst to make sure it is in bi-
dircetional mode.

Using The Parallel Port to Input 8 Bits.

If your Parallel Port doesn't support bi-directional mode, don'l despair. You can input a
maximum of 9 bits at any one given time. To do this you can use the 3 input Tines of the Status Port
and the 4 inputs {open collector) lines of the Control Port,

11 Busy = + 7
10 Ack . D6
12 Faper Cut e +
13 Select = * 14
17 Select Prnter O.C. o] 03 g Inputs
16 Init » QL o] )
14 Ao Unefeed 0.C.o] -1
1 Siraha- L o] 00 .

J4L.505 Hex Inverer
Cpen Collectar

The inputs to the Parallel Port has be chosen as such, 1o make life easier for us, Busy jus
happens &0 be the M5B (Bit 7) of the Status Port, then in ascending order comes Ack, Paper Out and
Selecr, making up the most significant nibble of the Control Port. The Bars are used to represent
which inputs are Hardware inverted, i.e. +5v will read 0 from the register, while GND will read 1, The
Status Port only bas one inverted input,

The Control port is used to read the least significant nibble. As described before, the control
port has open collector outputs, i.e. two possible states, high impedance and GND. If we connect our
inputs directly to the port (For example un ADCOSDS with totem pole outputs) | a conflict will result if
the input is high and the port is trying to pull it down. Thercforc we use open collector inverters.

However this is not always cnlircly necessary. If we were connecting single pole switches ta
the port with a pull up resistor, then there is no need to bother with this protection. Also if your
software initializes the control port with xxxx0100 so that all the pins on the control port are high,
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then it may be unnecessary. I however yvou don't bother and vour device is conmected to the Parallel
Port before your software has a chance to inthalize then you may encounter probiems.

Another problem to be aware of is the pull up resistors on the control port. The average pull-
up resistor 15 4.7k In order to pull the line bow, your device will need to sink 1mA, which some low
powered devices may struggle to do. Now what happens if | suggest that some ports have 1K pull up
resistors? Yes, there are such cards, Your device now has to sink SmA. More reason to use the open
collector inveriers.

COpen collector inverters were chosen over apen collector buffers as they are more popular, and
thus easier to obtain. There 19 no reason, however why you can’t use them. Another possibility is ta
use ransistors.

The input, D3 is connected via the inverter 1o Select Printer. Select Printer just happens to be
bit 3 of the contral port. D2, D1 & DO are connected to Init, Auto linefeed and strobe, respectively to
make up the lower nibble. Now this is done, all we have to do is assembla the byte using software.
The first thing we must do is to write xxxx0100 to the Control Port. This places all the control part
lines high, so they can be pulled down 1o input data.

cutporch|CONTROL, inportb {CONTROL) & bxFO | dx0d);

Now that this is done, we can read the mest significant mbble. This just happens to be the
most significant nibble of the status port. As we are only interested in the MSnibble we will AND the
results with 0xFD, so that the LSnibble is clear. Busy is hardware inverted, but we won't worry about
it now. Once the two bytes are constructed, we can kil two birds with one stone by toggling Busy and
Init at the same Gimic,

a = [inparlb (STATUS) & CxFO); /* Read MSnibbie =/

We can now read the LSnibble. This just happens to be LSnibble of the contral port - How
convenient! This time we are not inerested with the MSnibble of the port, thus we AND the result
with 0x0F to clear the MSnibble. Once this is done, it is time to combine the twa bytes together, This
is done by OR"ing the two byles. This now leaves us with one hyte, however we are not fimished vel,
Bits 2 and 7 are inverted. This is evercome by XOR ' ing the byte with Ux84, which toggles the twa
hits.

a =.a |i{inporch (CONTROL) & OxCF): f+ Bead LSnibble =/

a = 2 " QaB4; /¢ Toggls Rlt 2 & 7 +/

Note:  Some control ports are not open collector, but have totem pole oulputs. This is
also the case with EPP and ECP Ports. Normally when you place a Parallel Port in ECP or EFP
mode, the control port becomes totem pole outputs only. Now what happens if vou connect your

device to the Parallel Port in this mode? Therefore, in the interest of porta bility I recoramend
using the next circuit, reading a nibble at a time,
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Nibble Made

Mibble mode is the preferred way of reading 8 bits of data withoul placing the port in reverse
mode and using the data lines. Nibble mode uses a Quad 2 line to | line multiplexer lo read a nibble
of data at a time. Then it “switches”™ to the other nibble and reads its. Software can then be used Lo
construct the two nibbles into a byte. The only disadvantape of this technique is that it 15 slower, It
now tequires 2 few 10 instructions to read the one byte, and it requires the use of an external 1C.

B Inputs using T4LS157 Mukiplexer

+HY
s
4 LS
11 Busy e 1Y 1B E—'*D'.r'
'1EI.N:H¢—E 2Y 2B TD—'—’[E
12 Paper EZIuH—12 J¥ 3B 13 D5
13 Selact+—=4Y 18 ?_"’131
7415157 2 [5 i e
A s— 2
IA H—*DT
£4, Do
1 mha-——-—1 AB
15l =
L

GND
I

The operation of the 7415157, Quad 2 hine to 1 line multiplexer is quite simple. 1t simply acts
as Tour switches, When the A/B input s low, the A inputs are selected. E.g. 1A passes through to 1Y,
2A passcs through to 2Y etc. When the A/B is high, the B inputs are selected. The Y outputs are

connccted up to the Parallel Port's status port, in such a manner that it represents the MSnibble of the
status rezister. While this is not nccessary, 1t makes the software easier.

Tor use this cirewit, first we must initialize the multiplexer to switch either inputs A or B, We
will read the LSnibble first, thus we must place A/B low. The strobe is hardware inverted, thus we
must set Bit O of the controd port to get a low on Pin 1

oetporth {CONTRGL. inoortbi{CONTROL) | Ox01); /* Select Low HNibble (A]%/

e the low nibhiz is selected, we can read the LSnibhle from the Status Port. Take note that
the Busy Line is inverted, however we won't tackle it just vet. We are only interested in the MSmbble
of the result, thus we AND the result with OxF0, to clear the L3nibble.

a = {inporth[STATUS} & CxFO)l; f* Head Low Mibbhle %/
Mow it's time to shifi the nibble we have just read to the LSnibble of variable a,
4 = & == 4: /+ Shifc Right 4 Bits +/

We are now half way there. It's ime to gt the MSnibble, thus we must switch the multiplexer
to select inputs B. Then we can read the MSnibble and put the two nibbles together to make a byte,
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outperthi{CONTROL, inportb (CONTRUL] & 0xFE}: /* Select High Nikble (B)*/
a = a |(inporth{STATUS} & OxFQ); /* Read High Nibble =/

-

byte = byte Dxad;

The last line toggles two inverted bits which were read in on the Busy Iine. It may be necessary to add
delays in the process, if the incorrect results are being returned.

Using the Parallel Port's IRQ

The Paratlel Port's interrupt request 1s nol used for printing under DOS or Windows. Early
versions of 05-2 used them, but don't anymore. Interrupts are good when interfacing monitoring
deviees zuch as high temp alarms cte, where you don't know when it is going to be activated, It's more
efficient to have an interrupt request rather than have the software pall the ports regularty to see if
something has changed. This is even more noticeable 11 you are using your computer for other tasks,
such as with a multitasking operating system.

The Parallel Port's interrupt request 1s normally [ROGS or IROT at may be something else if
these are in use. It may also be possible that the interrupts are totally disahled on the card, if the card
was only used for pnntmg. The Paralle] Port interrupt can be disahled and enabled neing hit 4 of the
contro) register, Enable RO Vig dek Line, Once enabled, an mterrupt will occur upon a low to high
transition (rising edge) of the nACK. However like always, some cards may trigger the mtermipt on
the high to low transition.

The following codc is an Interrupt Polanty Tester, which serves as two things, 1t will
detenmine which polanity your Parallel Port interrupt is, while also giving you an example for how to
use the Farallel Port's Interrupt. [t checks if vour inerrupt is generated on the rising or falling edge of
the nACK line. 1o use the program simply wire one of the Dala lines (Pins 2 to 9) 10 the Ack Pin {Pin
10). The casiest way to do this is to bndge some solder from DATAT (Pin 9} to ACK (Pin 10) on a
male DB25 connector,

fu Parallel Port Intmrrupk Bolarity TaEgbér )
/= 2nd TFepruary L95E *
Sv Copyright 1997 Craig Peacock -
FE - hrep: [ fwww  Banet , com, au; -ocpeacock ¥
F= Email - cpeacochdsenst , com, au ./

sinclude «doa.hs

adafine ORTADGRESS Cx17E [+ Enter ¥ouir Port Addrees Here
ZdmFine IRQ 7 fo IRG Hare =/

ddefine DATA PORTADDEESS+0
idefine STATUS 2ORTADDRESS+L
#define TQONTROL FORTRDDRESS+2

Hrleline PICT OXZO0
ddafine PICZ OxAD

int dnterflag; /* Intescupl Flag *¢
int picaddr: /7 Programmable Interzupt Conctroller IRTCE Base hddress o)

Interfacing the Standard Paralle]l Port Page 12




Interfacing the Standand Parallel Por http:/fwww sencl.comau~tpeacock

wold interrupt"[folﬂhandlerl{];

vold imcerrupc parisr() [+ Interrupt Service Foucine (ISR} */

interflag - 1,
outporth (picaddr, 0x20); f* End of Lnterrupt (BUL] =/

wold main fvoidl

i

int c;
int imtne: f* Tnterrapt Vecktor Humber #f
int picmamh; J* EIC's Maphk * )

fx Caleunlare Incerrupt Vector. BIC hddr & Mask, =/

if (1Pg »= 2 & IRD <= 7) {
intno = IXQ + Ox08;
picaddr = BICL;
plocmask = 1;
picmask = picmask =< IR

Hh

(IR == 4 && AEJ == L&) {
itkrAe = TAO « OxER:
plcarjd: - PIC2;
plemask = I1;
plemask = plomasik <« [IRQ-8);

if (IR <2 || -1RQ & IS)

FricLi(*TRQ Ous ol Hn:lgu".h":l.'
BXIT (T

!

cutporth (CONTRIL, itportbh {CONTROL) & OxDFE: /' Make sure port is in Forward Direnkion +/f
ziTporth (OATE, 0xFF

oldhandlier = getveot . lnomo); /% Save 21d Incerrupt Vector v/

gsetveck [intoo, pariarh: f* Sar Naw Interrupz Vedctor Enkry &f

cutporth(picaddr+d, inportbipicaddr+1) & (0xFF - plemaak)), /% Un-Mask Pig =/

CuTporth (CONTRDL, inporzh(UONT=OLY | 0xiy); /* Hrnable Parallel Port IRQ's #/

ciraor{|

printi|*Parallel Fort Intercupft Polarircy Testerhn)

prir:tf{'IRa %4 INTHO 393X . BPIC Addr Dx¥X : Mashk ﬂk‘.lDEJ{'-.:'.",Em,intnn,pimdﬂr,pimﬂashj|
tiierflag = 0 0 Eegeb Inteccsupt Flayg *f

dalays10i;

cuzportbk iDATA, Ox00] ; I High o Low Tracsiticn =/

delayilo) ¢ Wain ey
£ {incerflag == 1} princf ("Icterrupts Occur on High ko Low Transicion of ACE..\n*):
aige

outpoTeb ITATA, BxFF e J* Low bto High lransition =/

gelay [ 107 ; ."l' waib =§

if fipcerflag == 1} prinLl("Tnbtecvupss Ooour on Low te High Transdcior ot &CK. \n" |

elga princi{ 'Ne Interrupk Aecleity Occurred. S\nCheok TRO Kumber, Port Mddress ¥
*and Wiring.=};

I
cacporkn [CONTROL, Lnl.lr;l:l;h IOSHTROL) & OxEF); * Disable Parallel Porc IRQ'a
cusporkb ipicadds e 1, inportbip: caddr+1) | picmask); /* Mask Pic +}

getyeck |intne, oldhzndler); /* Restore sld Imtarrupt Veckor Hafore Exic +f
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At compile time, the above source may generate a few wamings, condition always frue,
condition always false, unreachable code ete. These are perfectly 0K They are penerated as some of
the condition structures test which TRC) you are using, and as the IR0 is defined ac a constant some
outcomeas will never change. While they would of been better implemented as a preprocessor
directive, I've done this 0 you can cut and paste the source code in your own programs which may
use cormmand ling arguments, user input etc instzad of a defined IRQ.

To understand how this example works, the reader must bave an assumed knowledge and
understanding of Interrupts and Interrapt Service Routines (ISR), If nol, sce Using fnterrupts' for a
guick miroduction,

The first part of the mainkne routine caleulates the Interrupt Vector, PIC Addr & Mask in
order to use the Parallel Port™s Interropt Facility, Atter the Interrupt Service Routing (ISR) has been
set up and the Programmable Interrupt Controller (PIC) set, we musi enable the mterrupt on the

Parallel Port. This is done by setting hit 4 of the Parallel Port's Control Regisier usmg
oUEporth | CONTROL, inportb(COoNTROL) | 0ulo);

Before enabling the interrupts, we wrote (xFF to the Paralle] Port 1o cniable the 8 data lines
mto a known state. At this point of the program, all the data lines should be hugh, The interrupt service
routing simply sets a flag (fnrerflag), thus we can determine when an IR0 occurs. We are now in a
position to write 0x00 1o the data port, which causes a high to low transition on the Parallel Port's
Acknowledge line as it's connected to one of the data lines.

If the interrupt occurs on the high to low transition, the interrupt flag (faterflag) should be set.
We now test this, and if this is so the program informs the user, However iFit 1s not sct, then an
mterrupt has not yet cccurred. We now write OxEF o the data port, which will cause a low to high
transition on the nAck line and check the interrupr flag again. If set, then the interrupt ocours on the
Low to high transition,

Howoever if the interrupt Nag s s6ll reset, then this would suggest that the mtermupts are not
working. Malce sure your IR0} and Base Address (s correct and also check the winng of the plug,

Paral]e:_ll Port Modes in BIOS

Today, most Parsllel Ports arc mulimode ports. They are normmally sofrware contigurable to
one of many modes from BIOS. The tymcal miodes are,

Printer Mode {Sometimes called Defundt or Normal Modes))
Standard & Bi-directional (5F°) Mode

EPP].7 and SPP Mode

EPFPI % and SPP Mode

ECP Mode

ECP and EPFPI 7 Mode

ECP and EPF1.9 Mode

Interfacing the Standard Parallel Port Page 14




Interfacing the Standard Parallel Port http://www.senet. com.au/~cpeacock

Printer Mode is the most basic mode. It is a Standard Parallel Port i forward mode only. It
has no bi-directional feature, thus Bit 5 of the Control Port will not respond, Srandard & Bi-
directional (8PP) Modz is the bi-directional mode, Using this mode, bit 5 of the Control Port will
reverse the direction of the port, s0 you can read back a value on the data lines.

EPPL.7 and SPP Mode is a combination of EPP 1.7 {Enhanced Parallel Port) and SPP Modes.
In this mode of operation you will have access o the SPP registers (Data, Status and Control) and
access to the EPP Registers. In this mode you should be able to reverse the direction of the port using
bit 5 of the control register. EPP 1.7 is the carlier version of EPP. This version, version 1.7, may not
have the time-out bit, See Mnterfacing the Enhanced Parallel Pore for more information.

EPP].9 and SPP Mode is just like the previous mode, only it uses EPP Version 1.9 this time.
As m the other mode, you will have access to the 3PP repisters, meluding Bit 5 of the control port.
However this differs from EPPL.T and 5PP Mode as you should have access to the EPP Timeout bit.

ECP Mode will give you an Lxiended Capabilities Port, The mode of this port can then be set
vsing the ECP's Extended Control Register (ECR). However in this mode from BIOS the EPP Mode
{ 100} will not be available. We will further discuss the ECP's Extended Control Register in this
document, but iisuu want further information on the ECT port, consull fnterfacing the Extended
Capahtlities Port,

ECP and FPPIT Mode & ECP and EPPI1 Y Mode will give vou an Fxtended Capabilities
Port, just like the previous mede. However the EPP Mode in the ECP's ECR will now be available.
Should you be m ECP and £EFPFP 1.7 Mode you will get an EPPLT Port, orif you are in FOF amd
£PPE 9 Mode, an EPPL9 Port will be at your disposal.

The above modas are configurable via BIOS. You can reconfigure them by using your own
software, but this is not recommended. These software registers, typically Found at Ux2FA, Dx3F0,
Ux3F1 cte arc only mitended to be accessed by BIOS, There is no s¢t standard for these configuration
registers, thus if you were to use these registers, your software would not be very portable. With
today’s multitasking operating systemis, its also not a gond idea to change them when it suits you.

A betier option is to select ECP and EPPL.T Mode or ECF and £PPI.9 Mode from BIOS and
then use the ECP’s Extended Control Register (o select your Parallel Port’s Mode. The EFP 1.7 mode
had a few problems in regards w the Data and Address Steobes being asserted o start a cycle
regardless of the wait state, thus this mode if not typicaliy nsed now. Best set your Parallel Port to
ECP and £PFP 19 Mode.

Parallel Port Modes and the ECP’s Extended Control Register

As we have just discussed, it s betier w set the Parallel Port o ECF and £FFP .9 Mode and
use the ECP’'s Extended Control Register to select different modes of operation. The ECF Registers
arc standardized under Microsoft’s Extended Capabilities Port Protocol and [SA Interface
Standard, thus we don't have that problem of every vendor having their own regisier set.

When set to ECP Mode, 4 new set of registers become available at Base + 0x400h, A
discussion of these registers are available in Interfacing the Extended Capabilities Porr'. Here we are
only interested in the Extended Control Register (ECR) which is mapped at Base + (hd(i2h. 1t should
be stated that the ECP"s registers are not available for port’s with a base address of (x3BCh.
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Bit Function
7:5 | Selects Current Mode of Operation
000 | Standard Mode

001 | Byte Mode

010 | Parallel Pord FIFD Mode
011 | ECP FIFO Mode

100 | EPP Mode

10! | Reserved

110 | FIFO Test Mode

111 | Configuration Mode

4 |ECP Interrupt Bit
3 | DMA Enable Bit
2 |ECP Service Bit
1 |FIFO Full

0 |FIFO Empty

Table 7 ECR - Extended Conteol Register

The tahle above is of the Extended Control Register. We are only interested in the three MSB
of the Extended Control Register which selects the mode of operation. There are 7 possible modes of
operation, but not all ports will support all modes. The EFF mode is one such example, not being
available on some pors.

Muodes of Operation

Standard mode Selecting this made will cause the ECP port te behave as a Standand Parallel Por,
without bi-lirectional functionaling,

Byte Mode / P52 Bz=haves as a SPP in bl-directional mode. Bit 5 will place the port in reverse mode.
e

Faraliel Port FIFO In this mode, poy data wrinen w the Daa FIFC will be sent 1o the peripheral using

miade the SPP Handshake. The hardware will gencrate the handshaking required. Useful
with non-ECT devices such as printers. You can have some of the featres of ECP
like FIFC) bulTers and hardware generation of handshaling but with the existing
SPP handshake {Centronics) instead of the ECP Handshake.

ECP FIFO mode Standard mode for ECP use. This mode uscs the ECP Handshake descrnbed i
Tterfacing the Extended Capahifitior Part

When in ECF Mode though BIOS, and the ECR regizier v ser ro ECP FIFOD Mode
{(0d1), the S0P registers mov disappear.

EPFPF modeReserved  This will enable EPP Mode, if available. Under BIOS, iof ECF mode 15 set then it's
more than likely, this mode 3z not an option, However if BIOS is set b0 BCP and
EPPIx Made, then EPP 1.x will be enabled.

Lendor Microsof s Ectended Capabilities Port Protocol aed ISA Intecface Standard thiy
mae iy Fendor Specified.
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Reaerved Currenily Reserved.

Under Microvofi s Extended Capabilities Port Protocel wnd ISA Interface Standard thiv
mode ix Vendor Specified,

FIFO Test Mode While in this mode, any data witten to the Test FIFQ Register will be placed into
the FIFD and any data read from the Test FIFO register will be read from the
FIFQ buffer, The FIFO Full/Empry Status Bis will reflect their true value, thus
FIFC depth, among other things can be determined in this mode.

Configuration Mode  In this mode, the two configuration registers, cnfgA & cnfgB become available at
their designated Register Addresses,

if you are in ECP Mode under B1OS, er if your card is jumpered to use ECP then it is a good
idea to initialize the mode of your ECP pott to a pre-defined state before use. If you are using SPP,
then set the port to Standard Mode as the first thing you do. Don't assume that the port will already be
m Stendard {SPF) maode.

Under some of the modes, the 8PP registers may disappear or not work correctly, If you

are using SPP. then set the ECE o Standard Mode. This is one of the most common mistakes that
people make.,

Nores

Note' Using Interrupts is available in PIF from
Aitp: Aawew geneities. comiSilicon Vallev/Bay 8302/ interupt pdf {6250

Note® Interfacing the Enkanced Parallel Port ix available in POF from
Aittp A geocitiescom/Sifivon Vallew By 830 25cpp pdf ¢33kh)

Mot Tnierfacing ihe Extended Copabilities Port is available in PDF from
Al fwen geocities. comdSilicon VallewBay 8 30X eep, pdf (3 34h)

Craig Poacock"s Interfacing the PC

hipePwwny_senct comeaw’ - cpoacock

hitp/fwww. geocities. comd SiliconValley Bay/8302/

Copyright February 1998 Crng Peacock.

Any crrors, ideas, criticisms or problems, pleasa contact the author at cpeacockiglsenet.con.au
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