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ABSTRAKSI

PERENCANAAN DAN PEMBUATAN ALAT PENGUKUR ARUS
LISTRIK DENGAN SISTEM INDUKSI ( TANG AMPERE )

MENGGUNAKAN TEKNOLOGI VHDL

(Ali Muntaha, NIM : 0017271, Teknik Elektro/Elektronika S-1, 60 halaman)
(Dosen Pembimbing : Ir. Teguh Herbasuki, MT)
Kata Kunci : Pengukur arus listrik, Teknologi VHDL

Dalam skripsi ini dibahas suatu perencanaan dan pembuatan alat
pengukur arus listrik dengan sistem induksi (Tang Ampere) menggunakan
teknologi VHDL, Hal ini diharapkan dapat membuat suatu alat ukur yang tidak
perlu mengupas kabel terlebih dahulu,

Perencanaan blok diagram alat yang direncanakan ini meliputi sensor
induksi arus listrik, pengkondisi sinyal, pembanding 741585, GAL 22v10 dan
GAL 16V8, sevent segment, Sensor induksi untuk mengetahui adanya induksi
arus listrik pada suatu pengahantar, Pengkondisi sinyal digunakan untuk
mengkondisikan sinyal keluaran dari sensor agar dapat dibaca oleh ADC, ADC
digunakan untuk mengolag tegangan analog menjadi data biner agar dapat di olah
oleh IC GAIL, pembanding digunakn untuk mmbandingkan data dari ADC dengan
data keluaran dari GAL 22v10, multiplekser analog digunakan untuk memilih
range pengukuran, clock digunakan untuk mebangkitkan sinyal detak pada 1C
gal Gal 16v8 dan seven segment digunakan sebagal unit display untuk
menampilkan hasil pengukuran.
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BAB I

PENDAHULUAN

1.1. Latar Belakang.

Pada perkembangan teknologi pada masa sekarang ini, banyak digunakan
instrumentasi elektronika yang dapat memudahkan manusia dalam menjalankan
tugas kesehariannva. Elektronika otomatisasi dinilai dapat menggantikan tugas
para pekerja dengan efisien, praktis dan nyaman. Khususnya dibidang
instrumentasi juga diperlukan suatu penemuan alat maupun otomatisasi kontrol
yang dapat membantu mereka untuk mempermudah pekerjaan  guna
mempersingkat waktu dengan hasil yang memuaskan.

Dengan memperhatikan kesulitan dari para teknisi yang ternyata dalam
mengetahui berapa besar arus yang mengalir pada beban masih  banyak
mengalami kendala yaitu harus merangkai secara sen alat ukur arys {ampere
meter) dengan beban yang akan di ukur arusnya. Untuk mciakuilian pemasangan
seri antara alat ukur dengan beban, maka beban mau tidak mau harus dimatikan
dulu baru dapat dilakukan pemasangan ampere meter. Pemutusan arus listnik pada
heban terlebih dulu tidak akan begitu terasa akibatnya, kalau beban yang akan
diukur tidak begitu penting, lain halnva kalau pada suatu proses produksi yang
menuntut beban (mesin listrik) yang akan dimatikan harus secara kontinyu
bekerja. Maka pemutusan arus listrik pada beban tersebut akan fatal dampaknya,
bisa jadi mesin-mesin berikutnya tidak bekerja, dan berapa besar kerugian yang
akan ditanggung akibat dari pemutusan terssbut. Maka agar mudah untuk

mengetahui berapa besar arus listrik yang mengalir pada beban tanpa harus




memutus arus listrik yang mengalir pada beban, saya merencanakan suatu alat
Pengukur Arus Listrik Menggunakan Sistem Induksi (Ampere Meter)
Menggunakan Teknologi VHDL untuk menghindan terjadinya pemutusan
sementara pada beban vang akan diketahui berapa besar arus yang mengalir.
apakah masih sesuai dengan spesifikasi mesin listrik tersebut atau sudah over
load. Dengan sebuah alat pengukur arus secara induksi ini diharapkan baik para
teknisi maupun masvarakat bisa dengan mudah melakukan pengukuran arus

listrik.

1.2. Rumusan Masalah
Pada laporan skripsi imi di rumuskan beberapa permasalaban yang
nantinya akan di bahas dan dipecahkan pada perencanaan alat antara lain:
|. Bagaimana cara mengambil induksi arus hstnk pada penghantar yang
dilalui aoleh arus histrik.
2. Bagaimana cara kerja sensor untuk merubah induksi arus listrik menjadi

tegangan agar dapat di baca oleh Analog To Digital Converter

Lk

Bagaimana cara menentukan range selector
4, Bagaimana menampilkan perubahan tegangan vang terjadi memadi angka

pada Seven-segment.

1.3. Tujuan
Adapun tujuan dari penulisan skripsi adalah merancang dan membuat alat

Pengukur Arus Listrik Menggunakan Sistem Induksi (Ampere Meter)




Menggunakan Teknologi VHDL, sehingga dapat mempermudah para teknisi untuk

melakukan pengukuran arus tanpa mematikan beban terlebih dulu.

1.4. Batasan masalah
Dalam penyusunan skripsi ini diperlukan batasan masalah agar tidak
menyimpang dari ruang lingkup yang akan dibahas. Adapun batasan masalah adalah
sebagai berikur:
» Alat ini menggunakan IC PLD GAL16VE dan GAL 22v10 vang difungsikan
sebagai unit kontrol utama.
% Hanya membahas perangkat kerasnya, sedangkan perancangan perangkat
lunaknya dibahas secara garis besar
¥ Tidak membahas besarnya flux yang timbul akibat perubahan arus listrik.

¥ Tidak membahas catu daya

1.5, Metodologi
Metodologi yang digunakan untuk perencanaan dan pembuatan laporan skripsi
ini adalah:
|. Pengumpulan literatur
Mempelajari teori tentang VHDL yaitu cara pemrograman dan simulasmya
serta teori penunjang yang lain,
2. Perencanaan dan pembuatan
Setelah melakukan pengumpulan literatur maka dilakukan perencanaan dan

pembuatan perangkat keras dan perangkat lunak untuk membentuk suatu sistem.




3. Pengwjian alat
Setelah rangkaian selesal di takit maka di lakukan pengujian perangkat
keras dan lunak. Pengujian dilakukan pada setiap bagian setelah semuanya

siap.

1.6 . Sistematika
Ada pun sistematika dan penyusunan laporan tugas akhir im adalah

BAB | PENDAHULUAN
Berisi tentang latar belakang, rumusan masalah, tujuan, batasan
masalah, metodologi penulisan, dan sistematika penyusunan dan
pembuatan alat

BAB 11 DASAR TEORI
Berisi tentang teori dasar yang memiliki hubungan sebagal dasar
dari perencanaan dan pecmbuatan alat.

BAB TIT PERENCANAAN DAN PEMBUATAN
Berisi tentang perenicanaan hardware dan software.

BAB IV PENGUIIAN ALAT
Berisi tentang data hasil pengujian alal yang telah dibuat secara
kescluruhan .

BAB YV PENUTLP

Berisi Kesimpulan dari hasil pengujian alat dan saran.




BABII
DASAR TEORI

2.1. Yerry High Speed Integrated Circuit Hardware Discription Language
(VHDL)
2.1.1. Sejarah VHDL
DI Pertengahan tahun 1980, departemen pertahanan Amerika Serikat
(Departemet of Defense (DoD) dan IEEE menseponsori pengembangan bahasa
pemrograman tingkat tinggi Hardware Description Language yang kemudian di
sebut dengan VHDL. Sejak di perkenalkan VHDL memiliki beberapa kelebihan

antara lain:

Dapat dilakukan dengan desain terpisah secara hirarki,

- Setiap komponen yang di desain dapat saling di hubungkan secara

tepat menurut spesifikasi prilaku komponen yang di desain.

- Spesifikasi prilaku dari desain dapat di bentuk melalui algoritma atau

struktur hardware sesungguhnya.

- Persetujuan.pewaktuan dan clocking dapat dimode! dan VHDL dapat

pula menangani struktur scquential asinkronous dan sinkronous.

- Operasi logika dan pewaktuan pada desain dapat di simulasikan.
Dengan kelebihan yang di milikinya VHDL di luncurkan berupa dokumentasi dan
bahasa modeling dengan memperhitungkan desain digital untuk ketepatan/
keakuratannya serta dapat mensimulasikannya,

Sebagai bahasa modeling dan simulasi VHDL merupakan Inovasi yang sangat

penting. Alat-alat VHDL dan popularitasnya, membuat sebuah Quarnfum leap




dengan perkembangan perdagangan pada alat-alat p'erpaduan VHDL. Program ini
dapat membuat sirkuit logika langsung dan deskripsi behavioral dan dapat
mendesain, mensimulasi dan memadukan segala sesuatu dari sebuah sirkuit
kombinasi vang sederhana untuk melengkapi sebuah sistem mikroprosesor pada
sebuah chip (IC)

Scbhagai suatu bahasa pemrograman tingkat tinggi VHDL di gunakan
untuk memprogram suatu 1C digital PLD (Programmable Logic Device). Dimana
IC PLD terdin atas sejumlah gerbang-gerbang yang dapat diprogram dengan cara
memutuskan fuse vang terdapat pada IC tersebut. Seperti bahasa pemrograman
vang lain, -VHEI}L memiliki  aturan-aturan tersendiri seperti  sistematika
pemrograman sampai dengan syntax vang digunakan Teknologi VHDL ini
terbagi berdasarkan jumlah gate yang ada, vaitu

< 500 gerbang SPLD (Simple Programmable Logic Device)

500 sampair 5000 gerbang CPLD (Complex Programmable Logic Device)
5000 sampai 10.000 gerbang ~ FPGA (Fast Programmable Gate Array)
10,000 sampai > 20.000 gerbang ASIC fdplication Specific Intregrated

{ ‘wreanit)

2.1.2. Pemrograman YHDL

Pemrograman dengan mengpunakan bahasa VHDL harus memenuh
kaidah pemrograman vang telah ditetapkan oleh perusahaan yang mengeluarkan
Software yang bersangkutan, tctapi pada umumnya mengacu pada standart

internasional IEEE.




Dalam pembuatan desan VHDL, bergantung pada alat bantu (tools) yang
digunakan, anatar perusahaan satu dengan yang lain berbeda-beda, ada alat bantu
yang dapat menghasilkan kode VHDL dari skema rangkaian ada juga yang tidak.
Tetapi pada dasarnya, kode VHDL merupakan kode berbasis teks, yang bisa
dibuat dengan menggunakan berbagai macam program kata ( word processor )
seperti notepad, edit, ws, dan ms word,

Azas bangunan dari desain entity VHDL terdin dari 2 unsur, yaitu

/. Iintity declararion

2. Architecture body

Desain entity merupakan abstraksi dan suatu desain yang menggambarkan
suatu sistem sccara lengkap.

ENTITY

Entity declaration (extermal view)

|tarface Declaration

Architecture body (internal view)

Functional Definition

Gambar 2-1.

Hubungan Antar Desain Entity dan Architecture Body

Sumber ; John f. Wakerly, Digital Design Principles & Practice third edition update,
Prentice Hall, New Jersey 07458, hal 269

2.1.3. Entity Declaration
Entity declaration menggambarkan 1/O dar desain entify. Entity declaration

analog dengan skematik simbol vang menjelaskan hubungan komponen dalam

=]




suaty desain. Signal /O di Entity declaration didefinisikan sebagai port yang
analog dengan pin dari skematik simbol,

Struktur penulisan entity declaration harus mengandung unsur sname dan
port declaration, sedangkan port declaration menjelaskan nama-nama pin KO
rangkaian digital dari suatu desain. Direction (mode) menjelaskan kondisi I'O dan
data typc menjelaskan tipe data vang digunakan ( sesuai dengan standar IEEE
1076/1164).

Ada 4 macam direction (mode), yaitu ;

IN merupakan {/nidirection data input (Aliran data berasal dari luar
entify masuk kedalam entity).

(111 merupakan [nidirection data output (Aliran data berasal dan dalam
enrify keluar enifiy ).

BEEER merupakan data outptu dengan inrernal feedback. ( Digunakan
sebagai pors dan driver dengan architecture, serupa dengan mode
OUT tetapi juga berfungsi sebagai internal feedback bukan Bidirection
pert ).

INOUIT merupakan Bidirection signol. { Signal driver dapat berasal dari
dalam atau luar entity, menggunakan mode INOUT ini untuk signal
yang benar-benar Bidirectiona], kalau tidak akan mengurang
kemampuan membaca kode sehingga sulit menentukan sumber signal
)

Ada 2 macam Data type yang digunakan berdasarkan standar IEEE, yaitu

Berdasarkan standar 1EEE 1076/93, vaitu : Boolean, Bit, Bif_vector dan [nteger.




Berdasarkan standar IEEE 1164, vaitu Std [Mogic, std Logic dan sid logic
Vector.
Structure penulisan fnity D.eecrfamnun
Entity entity_name 13
Port {
[signal]{identifier{ identificr} :[mode] signal type
[signal]{identifier{ identifier} [mode] sipnal type}).

End [Entity][/int ity _nume];

Contoh ;
Entity acder is port (
ab  instd legic vector{d downto O,
cin cin std lomce,
sum : out sid logic vector(3 downto (),
cout  outstd logicy,
end adder:,

2.1.4. Architecture Body

Architeceure Body dalam sebuah entity berfungsi untuk mendeskripsikan
apa yang akan dilakukan atan proses apa yang akan dikerjakan oleh perangkat
keras vang didesain.

Architecture Body berhubungan erat dengan Fafify declavation didalam
desain entity VHDL. Architecture body menggambarkan fungsi dan enfity yang
sekaligus menjelaskan fungsi dari entity . Jika entity declaration ditampilkan

sebagai kotak hitam yang mana input dan output itu diketahui sedangkan apa yang




ada didalam kotak itu tidak diketahui, maka archifecture body 1tu adalah isi dari
kotak hitam tersebut.
Sedangkan didalam architectire hody ada beberapa jenis, anata lain :
1, Structural description
2. Data flow description
3. Behavioral description
Penjelasan dani masing-masing architecture body, yaitu
Structural description
Perencanaan didasarkan pada pemakaian komponen (logical gate) pada
library dan hubungan antar componen-componen tersebut (a set of
interconected component).
Data flow description
Perencanaan berdasarkan pada proscs data /ransfer ( dan signal atau dari
input ke output tanpa statement sequential ) yang merupakan sekumpulan
dari concurent assiemment stuternent, Perbedaan utama antara dara flow
dengan belravioral adalah yang satu menggunakan proses yang lain tidak,
Penulisan persamaan pada data flow lebih ringkas dan mudah vaitu
menggunakan conditional signal assignment (when-clse) statement. Data
flow menggunakan concurent assignment lebih disukai dar pada proses
dan sequential statement,
Behavioral description
Perencanaan didasarkan pada proses pengerjaan statement antar input dan
outpul secara sequential/berurutan/step by step dengan menggunakan

statement sequential (a sel of sequential statement). Keuntungan dar
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hehavioral description yang merupakan figh level description adalah kita
tidak perlu memfokuskan pada gaife fevel pada desain implementasi tetapi
kita fokuskan pada usaha mengakuratkan model fungsi. Proses statement
dimulai dengan sebuah label yang ditkuti dengan tanda *” kemudian kata
‘proses’ dan sensitivity list dan dibawahnya diikuti dengan seguerttial
statement, setelah bagian sequential statement selesal diakhin dengan
‘end process ' dan lubel process.
Yang termasuk sequentiudf staterment, anfara lain
a.  Process statement
b, ﬂLI?zen-ef.we statement
¢ Case-wihen statement
d For-loop statement
¢ While-foop statement
Struktur penulisan Architecture Body
Architecture architecture name of enfity name 1§

Type declaration

lsignal declaration

|constan_declaration

|alias declaration

|subprogram_declaration

begin
{process statement
|concurent signal asignmenl slatement

|component instantion_statement
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lzenerate statement)

End [architecture][architectire nume],

2.1.5, Declaration Component

Library adalah suatu tempat direciory yang dipanggl pada saat kita
mengkompile, biasanya menggunakan 2 [ibrary dalam mendesain vaitu

- IRV library

- Work library

JEEE Library tempat menvimpan desain unit IEEE standar sepert
package std 1164 dan numerie std. Dalam perintahnya menggunakan fihrary
clamse o library [EE: Work Ifbrary lempat menyimpan desain unit yang kita
rancang, setelah kita merancang desain unit dan desain tersebul ingin di gunakan
kembali maka kita dapat menempatkannya dalam {ifrary work, untuk keperfuan
desain yang lebih besar lag,

Packages adalah desain unit yang dapat digunakan untuk membuat fype,
companent, function dan declarasi lain untuk desaim umit lamn. Sebuah package
terdirt dari sebuah package declaration dan option package body. Penulisannva
adalah : Use library name. Package name.item;

Package declaration digunakan untuk mendeklarasikan item-item seperti
Signal, tvpe dan component.

Signal menyatakan wire-wire yang menghubungkan antar komponen.
rype mendefinisikan stare pada state muachine dan component digunakan untuk
memanggil Library component. Entity declaration, Architecture body dan package

declaration semuanya merupakan desain unit yang digabung dalam satu jfile.
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Karena Fnfuy declavation dan package declaration merupakan desain unit utama

maka dipisah dalam fibrary dan wse.

2.1.6. Concurrent Statement
Concurrent statement merupakan pernyataan yang selalu digunakan dalam
architecture dataflow, yang tidak mementingkan drutan pengerjaan. Semnua
penugasan dalam architecture ini dieksckusi sccara bersamaan. Dibawah m
merupakan beberapa perintah Jenis concurrent,
1. Boalean Equation
Deskripsi :
relation | and relation |
| relation | or rclation }
| refation | xor relation |
| relation | nand relation |
| relation { nor relation |
Contoh :
Architecture hoofe is
begin
v=={aandbandc)ord;
w =g orbore,
X <= 8 %07 bxOt C;
y <= a nand b nand c:
z<=anorb;

end boole,
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2. When-else conditional signal statement
Deskripsi :
{ expression when condition else | expression,
Contoh :
Architecture whenelse 1s
Begin
x <=°1"whenh=c¢ else 07
y <= j when state — idle else
k when state = first state else
| when state = second state elsc
m when others;

cnd wherelse;

2.1.7. Sequential Statement

Berbeda dengan perintah jenis concurrent, perintah jems ini dikerjakan
secara berurutan. Perintah ini selalu digunakan dalam architecture behavioral yang
mempunyai pengerjaan yang sama dengan pengerjaan bahasa pemrograman
tingkat tinggi, Suatu ciri khas yang dimihki deskripsi behavioral adalah process
statement, yang diikuti oleh sensitivity Iist. Sensitivity st mendefimsikan signal
mana yang akan menyebabkan proses dicksekusi, Dibawah ini merupakan
beberapa perintah sequential. Kemiripan deskripsi behaviora] dengan bahasa
pemrograman tingkat tinggl menycbabkan deskripsi behavioral relatif jauh lebih

mudah untuk dipaham,
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1. Process Statement
Deskripsi:
[process_label:]
process (sensitivity list)
{type_declaration
constant_declaration
| variable declaration
| alias declaration}
begin
[wail_statement
| signal assignment statement
| variable assignment statement
| 1" stalement
| case statemenl
| loop_statement

end process |process_label|;

Contoh:

New process:
process (rst,clk)

constant latch:std logic_vector (7 downto 0) ="000000007,

begin

Xl
Ll

wait until clk="1
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if {rst="17) then
q <= latch; .
elsif (en—"17) then
q <= data:
else
Q==
end if;
end new_process,
2. if-then-else Statcment
Deskripsi:
If condition then scquence_of statements
felsif condition then sequence of stetement;
[else sequence of statement]

end if;

Contoh:
If (count:="00"") then
a<=h,
elsif (count;="10"} then
a==g,
else
a<=4d;

end if;
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3. casc-when Statement
Deskripsi :
CASE EXPIEssIon is

(when identifier | expression | discrete_range | others=>

sequence of statement}

end case;

Contoh :

Case count is
when “007 ==
a<=h
when 107 =
i =—Ll
when others ==
a<=d:

cnd case;
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2.2 Tnduksi arus listrik dalam sepotong kawat

Apabila sepotong kawat yang ditempatkan (dp) bertemu dengan garis gaya
{(b) dari sebuah kutub utara - selatan. Berdasarkan penjelasan dengan melihat
(gambar 2-2) bahwa kuat arus I mengalir dan bawah ke atas dimana bagian kecil
dp (departiel | panjang) akan terdorong ke arah yang terbalik dar pada arah Va
{lihat gambar 2-1}.

Aksi gerakan kawal tersebutakan menimbulkan reaksi yang menentang

gerakan aksi itu,

(Garis gava T Kuat arus

s
/ va

Penghantar
dp

Gambar 2-2
Induksi arus listrik
Sumber ! aciaome G divid and | Fsiand, 3 Michael. Srtrogdieetior T meofeironics

e s renmet Sostem, o Chra FiLL Baew Yok, 2004

Reaksi atau gerakan kawat menurut anak panah Va ini akan berupa aliran
listrik (tegangan listrik ) yang mengalir dan hawah ke atas, Sebab aliran tersebut
akan menyebabkan dp bergerak menurut arah yang bertentangan dengan arah
panah Va dari gambar di atas.

Tegangan dan aliran vang dibangkitkan dengan gerakan Vadinamakan

dengan tegangan dan arus induksi.
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Untuk mengingat hubungan antrara arah Va (gerakan aksi) arah gaya (@)
dan arah aliran | dapat diingat dengan kawdah penetapan (ungan.

Kalau jari penunjuk jar tengan tengah dan ibu jari dan tangan kanan
ditempatkan siku (90") satu terhadap yang lainnya, jari penunjuk dharahkan
menurut arh fluks (©} ibu jari menurut arah gerakan kawat, maka jari tengah akan

menunjukan arah tegangan dan arus induksi,

2.3 . Operasional Amplifier (OP-Amp)
2.3.1. Sekilas Tentang Op-Amp

Operasional amplifier adalah penguat gain tinggi yang dmancang untuk
melaksanakan tugas-tugas matematis  seperli  penjumlahan, pengurangan
perkalian, dan pembagian. Pada saat ini Op-Amp rangkaian terpadu linier dapat
bekerja dengan tegangan vang rendah dan dengan hasil vang tidak kalah batknya
dengan pendahulunya, Dengan harga yang relatif murah dan mudah diganti-ganti
serta sifatnya yang dapat di andalkan, maka tidak heran kalau sebap tahunya
berjuta-juta Op-Amp di gunakan. Dari kelebihan yang dimiliki Op-Amp telah
memperluas penggunaan Op-amp | sampai jauh melampui kegunaannya saat
pertama dirancang,

Pada Op-amp mempunyai lima terminal dasar yang terbagr dalam: dua
untuk mensuplay daya, dua untuk isarat masukan, dan satu untuk keluarannva
Bagian dalam dari Op-amp itu sendini rumit, gambar sekematik dari Op-amp
dapat di lihat dalam pambar 2-1. untuk dapat menggunakan Op-amp tidak perlu

mengetahui hal apapun tentang cara kerja bagian dalam dari Op-amp, karena Op-
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amp telah dirancang sedemikian rupa sehingga komponen luarlah vang akan

menentukan keguanaan dari dan Op-amp.

Paket-paket Op-amp dalam bentuk single chip vang umum dun banyak

terdapat dipasaran dapat dilibat pada gambar 2-4.

=g
ot

Gambar 2-3
Skematik Op-Amp

Trask i L ke e 500 Packogs

Ciredir Mtarvbey' LTHLL (T4 580 |WTHCN
Mkt KT e e MRS L WE Pachre Hirrioor SR, OO, b HGRE
[ordier Bassbar | BICHPH | MrATEEEd] [hacd 0
LArd AHTEED v LMTRICK £  Flal
Lren WE P hngs Burmisr HORd i .

]
=

et LnEe
st E L]

i
MR — P v

rder P LITA TR
S B5 Patog N WA

Gambar 2-4
Diagram paket Op-Amp
SumMBEr © Naticnal Semiconductor, | AL T4 Opurational Amplifier.

Natenal 5amzonductie Corporator, 2000
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2.3.2. Op-amp schagai penguat differensial dasar
Dalam hal ini transduser merupakan alat yang merubah perubahan arus
listrik menjadi tegangan. Sifat penguat ini memungkinkan suatu sinyal kecil di
ambil dari sinval yang lebih besar dengan rangkaian vang di tunjukan pada
gambar 2.3. sinyal yang kecil merupakan masukan diferensial dan keluaranya
berupa tegangan masukan diferensial yang di perkuat
Al
———Al

|
|
fil -u'r""

Ny | H\-J.

Lif324

+ RZ o 5 ; ;
R
Gambar 2-5

Rangkaian Penguat Differensial Dasar

Vi W

Sumber: rebon 1o Coupllizg, Foderick 1. Dhisell, Hemman Widede Suinie,

Pengun Operasionol don Reagkann Terpadi Lanear edisi Z, Frlangga, hal 173173

2.4. Multiplekser
2.4.1. Multiplekser Analog

Multiplekser merupakan suatu saklar yang dapat digunakan untuk
memilih data masukan yang mana yang akan dikeluarkan, Pemilihan tersebut
dapat dilakukan dengan membenkan data biner pada pin control Pada
multiplekser type M 140528 terdapat dua macam mpul dan dua macam output
yaitu X dan Y. Input X terdiri dari X0-X3 dan output nya ¥. Input Y terdiri dari

Y0-Y3 dan output Y.
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ML AOSED
Dual a—Channel Analopg
MR e 2 e r D et inla®al

Gambar 2-6
Analog multiplekser MC 140528

Sumber 1 Mntoroln datasheot

Multiplekser dalam perencanaan dan pembuatan alat ini digunakan mults
plekser analog buatan Motorola semiconductor MC14052B. Multi plekser ini
membutuhkan tegangan supply antara 3 volt sampai dengan I8 volt. Tegangan
analog yang diberikan pada masukan maksimal adalah +0.5 voll dari tegangan

supply vang divkur dari VEE.

2.5. Pewaktn IC 555
2.5.1. Pewaktu IC S55 sebagai multivibrator Astabil

Pewaktu ic 555 mempunyai dua cara Kerja, sebagai multivibrator astabil
dan multivibrator monostabil. Cara kerja astabil (bergerak hebas) dam 1c 353
adalah sebagai berikut, tegangan keluaran beralih dari high ke low dan kembali
lagi. Walktu high atau low ditentukan oleh sebuah jaringan kapasitor dan resistor
yang dihubungkan pada kaki-kaki luar ic. Cara kerja monostabil {satu tembakan}
tegangan keluarannya low sampai sebuah pulsa pemicu yang negatif diberikan

pada pewaktu tersebut, kemudian keluarannya kembali high. Waktu high atau low
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ditentukan oleh sebuah jaringan kapasitor dan resistor yang dihubungkan pada

kaki-kaki luar ic.

oD YOT
R e =
TEIGGER 3 . HSCHARGE
ETPUT . THRESHOLD
— F
RESET COMTROL ¥
Gambar 2.7
Pewaktu Ic 555

Sumber : Couglin, F Robert and Driseoll, F Frederick, Penguc Operasional dar
Ranghkeion Terpodn finier, Erlangga, Jakarta, 1992

Frekuensi osilasi dari ic 555 ini dapat dihitung dengan mnggunakan rumus
sehagai benkut
T high=0.695 (RA-RBY*C
T low=0695% RB*C
Jadi perioda osilasi total T adalah .
T'=thigh+tlow
= {1 695RA 1 2RB)C
Frekuensi osilasi bergerak bebas fadalah:
F=U4E
=1.44/{RA-2RBIC

2.6. Analog to Digital converter
2.6.1 Prinsip dasar ADC

Analog-to-digital (A/D) converter merubah tegangan analog menjadi kod
biner (digital Output). Biasanya hubungan antara input analog dengan output
digital adalah linear. Afd Converter membag.i tegangan input menjadi s/ 1}

dimana N adalah banyaknya bit pada keluaran A/D converter. Beberapa AD
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converter memerlukan tegangan inpuian yang tetap sebelum melakukan proses
konversi, yang mana dilakukan dalam beberapa mikrodetik. Gambar berikut

menunjukan kurva respon A/D converter terhadap inputan analog untuk Ver—0 v

i (2,3
AD Wi1.2) 'Ir .
Digtal  >[yoy 4 J7—/I
Cuput. 21 il
A 4“ l = |Step Size|
' A L . T o
0 10 20 30 40

A/D Analog Input {mV)

Gambar 2-8
Respon Ideal A/D Converter terhadap
Variasi Tegangan Input Analog

untuk A/D converter yang ideal, digtal outpul n adalah fungsi linear dari analog
inputnya V diantara dua voltage refercnsi Vi dan V. Ring analog input dari
Veerdan Ve dibagi menjadi 2%.1 menvamai lebar AV yang mana

r+ s

av =l Ve
2% —1

Kurva tespon yang ideal adalah yang menyentuh bagian tengah dan seliap step
Karena keluaran yang sama di hasilkan dan ring analog input. Kurva respon yang
paling baik,teratur dari perubahan fegangan, yang mana keluarannya berubah per
bit. Bagian tengah dari sctiap stcp dapat diperhitungkan sebagi titik tengah antara
yang mendekati perubahan voltage. Pada kenatkan yang baik, perubahan tegangan
yang pertama V{(0,1) lerjadi pada 0,5 LSB,dan yang kedua V(1,2) terjadi pada 1.5

L.SB. Perubahan tegangan yang ke n adalah:
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Yin-1n)= Ko (= 05)* AV Sementara nilai n di samakan untuk Ting Tegangan

vang memiliki lebar AV perubahan tegangan antara n-1 dan n disamakan sehagai
milat V., Linieritas ditentukan oleh bagaimana perubahan tepangan pada suatu garts

lurus, deferensial linieritas ditentukan persamaan ukuran dari setiap kenaikan,

2.6,2 ADC 0804
ADC 0304 merupakan A/D Converter buatan National Semiconductor,

A/D converter ini memiliki inputan defferensial dan output 8 bit, A/D ind sering
sekall di gunakan pada instrumentasi yang membutuhkan data digital dan suatu
mputan analog. A/D converter ini memiliki beberapa kelebihan diantaranya
adalah”-

*  Mudah untuk menginterfucekan dengan mikroprosesor atau bekena

sendiri.

= Bekerja dengan 2.5V tepangan reverensi,

» Tegangan input analog 0 sampai 5 V dengan single tegangan

*  Dikemas dalam bentuk single chip DIP 20 pin schingga bentuknva kegil,
Pada dasamya Prinsip kerja dari A/D ini sama dengan A/D) converter tipe vang
lain yaitu mencacah mputan analog yang masuk menjadi outputan digital ADC
0804 memilki 8 bil. berarti A/D ini memiliki 2 kombinasi atau 2° = 256
kombinasi untuk mencari tegangan vang diwakili tiap bitnya adalah:

E e B R
Vy = cme —Viwnin _3=0_ 5 _ 41063195 2 0,000 ‘atau 20 mV, Gambar
% > 256

diagram blok dan ADC 0804 ini dapat dilihat pada gambar 2-9. Untuk dapat
menggunakan ADC 0804 tidak perlu mempelajari secara detail tentang fungsi dari

masing-masing blok.
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Gambar 2-9
Diagram Blok ADC 0804
SUMDEN . piongl semieonduc AL ORI LADCIRCATICORIR
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BAR II1
PERENCANAAN DAN PEMBUATAN ALAT

3.1, Pendahulvan

pada bab imi akan dibahas mengenai perancangan dan pembuatan alat
pengukur arus listrik menggunakan sitem induksi (tang ampere meter). Pada
perancangan dan pembuatan alat dibagt menjadi dua tahap yaitu perancangan
perangkat keras (hardwarc) dan perancangan perangkat lunak (software)
Perancangan perangkat keras meliputi pembuatan sensor dan koneksi pada pin-pin
IC PLD, untuk perancangan software adalah pembuatan tampilan angka dan

perubahan arus listrik ke seven-segment display.

Sen
l S0r
O . -
(804
& PLD
"I Kompa Dee [is
rator 4 » GAL — 7 ¥ play
Clk i ol bit 16WVE seg
PLID e e
- Gl e ——]
22v]
L | Mux N 0
anal *
il sele
ctor
Gambar 3-1

Diagram Blok Perencanaan Alat

Sumber : Perancangan

27




3.2.Perancangan Alat
Perancangan alat dibag menjadi dua thap perancangan vartu:

Perancangan perangkat keras dan Perancangan perangkat lunak,

3.2.1. Perancangan Perangkat Keras
3.2.1.1. Transducer Induksi Arus

Lintuk mengetahui adanva arus yang lewat pada suatu penghantar maka
di gunakan transducer mduktif yang berupa lilitan kawat pada sebuah infi besi.
Jika pada suatu gulungan kawat di lalui oleh arus listrik maka dalam kawat

tersebut akan timbul ggl sesuai dengan jumlah lilitannya.

nob

\Besi Lunak

Gambar 3-2.
Lilitan yang dilalui arus hstrik

Sumber : Perancangan

Tegangan yang timbul dar kawat inilah vang nantinya akan dibaca pada
ADC dan di konversikan ke bilangan biner. Tegangan yang keluar dan lilitan
tidak boleh melebihi § volt. karena tegangan 1ni yang nantinya menjadi batas

maksimal tegangan input untuki ADC.
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3.2.1.2. Rangkaian Penguat Differensial
Keluaran dari penguat buffer nilai tegangan minimumnya 0V dan niai
tegangan maksimumnya 5 ¥ maka diperlukan penguatan berbeda-beda tiap

rangenya agar nilai WV, — 5. Keluaran penguat tersebut kemudian dijadikan

sebagai inputan untuk ADC. Gambar rangkatan penguat non inverting adalah

sebagai benkut -

Rl
i —\AN
, i R _ W+
ki i ADE
L324 .
+
L Vi i 2 W= gﬁL
Sesor l
1 s o
Gambar 3-3

Rangkaian Penguat Differensial Dasar

Sumber : Perancangan

Keluaran penguat diffcrensial dasar tersebut kemudian dijadikan sebagpal
inputan untuk ADC. 'Tegangan keluaran Vo tergantung pada perbedaan wegangan
antara kedua terminal inverting dan non inverting,

Tegangan keluam dari sensor masih sangat lemah yaitu berkisar 10 myelt
pada arus listrik 0,13 amper. Maka tegangan keluaran ini harus di kuatkan.

Penguatan nya dapat dicari dengan rumus sebagal berikut :

YVout = Vd . Av
Vd=WVI-v2
AV=RF/RI




Dimana ;
Vout — Tegangan keluaran dan penguat difterensial
Vd = Perbedaan tegangan antara v2 dengan VI

AV =Faktor penguatan yang dibutuhkan

3.2.1.3, Rangkaian Multiplckser Analog

Ketelitian pengukuran dapat dilakukan dengan cara mengubah range
selector. Ranpe selector terdin dari keypad yang di inputkan ke IC PLD.
kemudian data inputan akan diolah dan dikeluarkan ke multiplekset analog untuk

memilih range pengukuran yang di mginkan,

tom CHT
—— i
1 I'— [MELEIT DI
F i
1 smrrugser Fr & 148 ——————
12 T AT
114
10 Armipurs o XL 13
o =k 1]
O 1] -
o— 1% et [l ey
o Vo 2
ey X2 M NER
v e
Gambar 3-4
Multiplekser Analog
Sumber :Poancangan
3.2.1.4. Rangkaian Clock

Rangkaian clock diperlukan untuk mengakiifian sistem vang dirangkai.
Pembangkitan clock digunakan mulvibrator astabil menggunakn IC NLE 555
Kecepatan clock yang digunakan dalam perancangan alat ini kecepatan frekuensi

vang digunakan adalah 1.075Khz,
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T high = 0.695{1k+4k)( 0. luF) =346.0us

T high — 0.695(4k*0. uF)=281_1us

Jadi frekuensi osilasi fadalah :

i = 1,44 1k +2740k*0. luF =1 593Khz

Hitungan diatas dapat dicck dengan menggunakan software 535 Timer

Pro, seperti terlihat pada gambar diwah .
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Gambar 3.5
Rangkaian Pewaktu 555

Sumber : Perancangai

Dari gambar diatas terlihat bahwa penghitungan menggunakan persamaan

hasilnya mendekati sama dengan hasil pengecekan dengan software 553 timer pro.

3.2.1.5. Rangkaian A/D Converter

Agar perubahan dar tegangan analog menjadi suatu angka biner maka
diperlukan suatu rangkaian pengubah vaitu rangkaian A/D Converter AD
Converter di sini akan mengubah tegangan analog menjadi angka biner delapan

bit
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Gambar 3-6

Rangkaian A/D Converter 0804
Sormber 1 Perancangan

A/D Conventer yang digunakan adalah ADC 0804 buatan national
semiconductor yang mana ADC inputan analog yang masuk di ubah menjad
outputan biner & bit. Rangkaian dari A/D converter seperti gambar 3-6 di atas,
Sebagai Vee adalah tegangan 5V stabil yang dihubungkan dengan pin 20 pada
chip. Pemasangan kapasitor pada pin 20 terhadap ground berfungsi sebapa filter
yang besammya sckitar 124+, Tegangan inputan untuk pin 9 pada chip besarmya
2 SOV atau Vier/ 2. Untuk mendapatkan clock maka pin 19 dan pin 4 dihubungkan
dengan resistor dan capasitor terhadap ground yang mana frekuensi clock dapat di

hitung dengan rurmus:

o =

11RC
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Pada rangkaian diatas R terpasang besarnya adalah 10K €) dan kapasitor
besarnya 150 pF. Vi ¢ dihubungkan ke ground Vry- sebagai inputan analog.
Untuk mendapatkan konversi yang terus menerus sesual perubahan input maka
pin 3 WR dan pin 3 INTR pada chip di hubungkan, pada pin | LS dan 1 RD

dihubungkan ke ground,

3.2.1.6. Komparator 4 bit 74 LS 85

Untuk menghentikan clock yang vang akan melewati gerbang AND, maka
diperlukan komparator 4 bit yang disusun secara cascade, dengan tujuan agar
dapat diperolch komparator 8 bit

Komparator ini yang nantinya akan membandingkan data biner keluaran
dati ADC dengan data biner keluaran dari 1T GAL 22v10, Jika data biner vang
berasal dari ADC lebih besar dari nilai biner yang berasal dari 1C GAL 22v10
maka. pada pin 3 vaitu a=b akan bernilai high (1), Jika nilai biner dari ADC dan

1C GAL 22v10 sudah sama maka pin 5 akan kembal kekondisi low ("07).

F R -
£ 1005 o ) -
a | T N
From ATIC LHLE - LS -2
Fromn Croembar
T4LENE

e gt B | | a———,
- L7
Fram © oo
SLEES

ArE To Hard Gute
Al -

Gambar 3-7
Rangkaian Komparator T4LSES

Sumber : Perancangan

Lak
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3.2.1.7. Perancangan Unit Display

Berikut ini adalah diagram blok dari rangkaian unit display

HHH

DECOLELT

| | | |

COITHTER

Gambar 3-8
Blok diagram unit display

Sumber : Perancangan
Dari digram blok diatas nampak bahwi penampil 7-scgment yang dipakai
adalah 4 buah atau sama dengan digit mulai dari 000 s/d 10.0. dimana setiap 7-
seement akan didnve oleh cebuah 1C GAL 16v8. Sinval reset dan clock akan
dihubungkan dengan rangkaian pemroses, Jika sinyal rest diaktifkan a4

maka akan tampil tulisan Hal ini menandakun bahwa alat ukur sudah siap dipakai,

3.2.1.7.1. Perancangan Rangkaian Display D1

Rancangan rangkaian ini memiliki dua kondisi yaitu kondisi untuk
membentuk huruf ‘R’ dan “0-9°. Sctiap output dan a — g dihubungkan ke 7
sepment agar dapat membentuk tampilan yang dinginkan. Rancangan ini hantinya
akan dimplementasikan pada 1C GAL16v® dengan menggunakn bahasa

penrograman VHDL dengan metode penulisan script menggunakan DL gditor.
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Gambar 3-Y
Rangkaian Unit Display D1
Sumber : Perancangan
Pada rangkaian diatas terlihat bahwa kondisi input diambil dani counter 4
bit. Clock diperoleh dari IC NE 355 vang difungsikan sebagai multivibrator
astabil. Kaki yang dipakai untuk counter 4 bit ini adalah pin 1 dipakai untuk
clock. pin 2 dipakai untuk reset. Untuk laki keluaran vang dipakai adalah pin 19,
pin 18 pin 17, pin 16, Kaki yang dipakai untuk input decoder adalah pin 2, pin 3,
pin 4, pin 5. Kaki yang dipakai untuk output adalah pin 19, pin 18, pin 17, pin 16.
pinls, pin 14, pin 13. hka data masukan selain vang ditentukan. maka akan
membentuk karakier ‘R° jadi pada saat pertama kali dinyalakan, pada pin data

diberikan data masukan selain data yang ditentukan yaitu [011-111

3,2.1,7.2.Perancangan rangkaian display D2

Rancangan rangkaian ini memiliki dua kondisi vaitu kondisi untuk
membentuk huruf ‘1 dan *0-9°. Setiap output dari a — 2 dihubungkan ke 7
segment agar dapat membentuk tampilan yang dinginkan. Rancangan ini nantinya
akan dimplementasikan pada IC GAL16v8 dengan menggunakn  hahasa

penrograman VHDL dengan metode penulisan seript menggunakan HDL editot,

35




== | x|

o~ oo I SU
1 20 ey e
— Ta — G
— CAL Diecoder || fﬁ‘:}‘n B
] 16¥VE f— B
= — e (K5
—] N R — — ¢
ent? —tal — E

0 11— E'— 1o 11

Rt ol

Gambar 3-10
Rangkaian Unit Display D2

Sumber : Perancangan

Pada rangkaian diatas terlihat bahwa kondisi input diambil dari counter 4
bit. Clock diperoleh dari IC NE 555 yang difungsikan sebagal multivibrator
astabil. Kaki vang dipakai untuk counter 4 bit ini adalah pin | dipakai untuk
clock, pin 2 dipakai untuk reset Untuk kaki keluaran yang dipakai adalah pin 19
pin 18, pin 17, pin 16, Kaki yang dipakai untuk input decoder adalah pin 2, pin 3,
pin 4, pin 5, Kaki yang dipakat untuk output adalah pin 19, pin 18, pin 17, pin 16,
pinl5, pin 14, pin 13, Jika data masukan sclain yang ditentukan, maka akan
membentuk karakier D7 jadi pada saat pertama kali dinyalakan, pada pin data

diberikan data masukan selain data yang ditentukan vaitu 1011-111,

3.2.1.7.3. Perancangan Rangkaian Display DJ
Rancangan rangkaian im memiliki dua kondis1 vaitu kondisi untuk
membentuk hurul *Y' dan *0-9°. Setiap output dari 4 — g dihubungkan ke 7

segment agar dapat membentuk tampilan yang dinginkan. Rancangan ini nantinya
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akan dimplementasikan pada IC GALI6vE dengan menggunakn Dbahasa

pemrograman VHDL dengan metode penulisan script mengeunakan HDL editor,
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Gambar 3-11

Rangkaian Unit Display D3

Sumber @ Perancangan

Pada rangkaian diatas terlihat bahwa kondisi input diambl dari countet 4
hit. Clock diperoleh dari IC NE 555 vang difungsikan sebagai multivibrator
astabil. Kaki yang dipakai untuk counter 4 bit ini adalah pin | dipakai untuk
clock, pin 2 dipakai untuk reset. Untuk kaki keluaran yang dipakai adalah pin 19,
pin |8, pin 17, pin 16, Kaki yang dipakar untuk inpul decoder adalah pin 2. pin 3.
pin 4, pin 3, Kak yang dipakai untuk output adalah pin 19, pin 18, pin 17, pin 16,
pinl5, pin 14, pin 13. Jika data masukan selain yang ditentukan, maka akan
membentuk karakter ‘R’ jadi pada saat pertama kali dinyalakan, pada pin data

diberikan data masukan selain data yang ditentukan yaitu 1011-111
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3.2.2 Perancangan Perangkat Lunak

Untuk perancangan perangkal lunak (software) menggunakan Warp 5.2
denpan bahasa pemrograman type behavioral dan arithmatic dimana upe ini lebib
efisien dalam mengoptimalkan fungsi dan sistem dengan mempclajari pengaruh

input terhadap output. Diangam alir dan sistem adalah sebagai benkut:

S

w

LERTEEE THE-22 Eo AP el

Gambar 3-12
Diagram Alir untuk Tampilan

Sumber ; Perancangan

Pada saat sistem dinyalakan sistem akan mendeteksi pada min mana
lerdapat inputan dari ADC, Kemudian sistem akan membaca inputan yang
diberikan oleh ADC dan memprosesnya untuk di tampilkan. Apabila data tidak
tersedia maka sistem akan membaca kembali inputan ADC. Proses ini akan
berlangsung terus menerus sehingga akan terjadi sebuah siklus. Setiap pcrubahan

output ADC akan di baca kemudian akan ditampilkan.




3.1.2.1. Perancangan Perangkat Lunak Untuk D1

Rancangan software ini memiliki dua kondisi yaitu kondisi untuk
membentuk huruf *R7 dan “0-9°, Setiap output dan a — g dihubungkan ke 7
segment agar dapat membentuk tampilan vang dinginkan. Rancangan ini nantinyza
akan dimplementasikan pada IC PALCE16v8 dengan menggunakn hahasa

perrograman VHDL dengan metode penulisan seript menggunakan HDL editor
sehagal berkut

hbrary 1cec;
use izeestd logic 1164.all:
entity decoder R is

port ( data: in std logic vector(3 downto 0);

display: out std_logic vecton 7 downto 0));

Attribute Part Name of DECODER R: Entity 15 " 16v8":
Attribute Pin_numbers of DECODER R: Entity 15
"datal 3):6 data(2):2 datal 13,2 data((y;7 "
&"display(7): 19 display(6): 18 display(5): 17 "
&"display(4): 16 display(3):15 display(2): 14 ™
& display( 1) 13 display(03:12",
chd DIPCONER R,

architeciure ril of DECODER R s

begin
encode: process (data) bemn
casc dala i1s
when "0000" ==display <= "01000000".
when "0001" ==display <="11100110";
when "0010" ==display <— " 10001000",
when "0011" ==display < "10000010",
when "0100" ==display <= "00100110";
when "0101" ==display <= "00010010";
when "0110" ==display <= "00010000";
when "0111" ==display <= "11000110";
when "1000" ==display <= "00000000",
when "1001" ==display <= "00000010",
when " 1010" —=display == "01000001",
when others =>digplay <= "01011101"=-R
end case;
end process;
znd rtl;

39




3.2.2.2. Perancangan Perangkat Lunak Untuk D2

Rancangan softwarc imi memiliki dua kondisi yaitu kondisi untuk
membentuk huraf ‘[’ dan *0-9°. Setiap output dari a — 2 dihubungkan ke 7
sepment agar dapat membentuk tampilan vang dinginkan. Rancangan ini nantinya
akan dimplementasikan pada IC PALCEl6v8 dengan menggunakan hahasa
penrograman VHIDL dengan metode penulisan seript menggunakan DL editor
sebagal berikut:

library iece;
use iees.std_logic_1164.all;
entity decoder_D is

port { data; in sid_logic_vector(3 downlo )

display: out std logic vector(7 downto 07

Altribute Part Name of decoder_ D Entity 1s " 16v8"
Attribute Pin_numbers of decoder_D: Entity 1s
"datal 3):6 data(2):2 data(1):3 data(0):7 "
&"display(T1 19 display(6): 18 display(3) 17"
& display(4): 16 display(3): 15 display(2)y:14"
&"display(1):13 display(0). 127
end decoder 17,

architecture il of decoder Das
begin
encode; process (dala) begin
case data 1s
when "0000" - > display <= "01000000";
when "0001" = display =="11100110™
when "0010" => display <= "10001000%;
when "0011" == display <= "10000010"
when "0100" == display == "00100110";
when "0101" == display <= "00010010";
when "0110" == display == "00010000",
when "0 11" == display <= "110001 10"
when "1000" == display <= "00000000";
when "1001" == display <= "00000010":
when "1010" == display <= "01000001";
when others == display <= "10100001"--D
gnd case;
end process;
end rtl;
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3.2.2.3. Perancangan Peranghkat Lunak Untuk D3

Rancangan softwar¢ ini memiliki dua kondisi yaitu kondisi untuk
membentuk huruf ‘Y’ dan ‘0-9°. Setiap output dari a — g dihubungkan ke 7
scgment agar dapat membentuk lampilan yang dinginkan, Ratcangan ini nantinyva
akan dimplementasikan pada IC PALCEL6vE dengan menggunakn bahasa

pemrograman VHIDL dengan metode penulisan script menggunakan HDL editor
sebagai berikut

library 1see;

use icee.std logic 1164.all;

entity decoder_y is
port (data; in std logic vector(3 downto (),

display. out std_logic vector(7 downio oy

Allribute Part Name of decoder y: Entity is "16vE",

Attribute Pin_numbers of decoder y: ntity is

"data( 3):6 data(2).2 data( | 1:3 datai0):7 "

& "display(7) 19 display(6):18 display(5). 17"

& "display(4) 16 display(3y 15 display(21:14

& dusplayt 1E L3 displind 09:127

cnd decoder v,

architecture il ol decoder_y 15

begin

encode; process {data) begin
case data is

when "0000" == display <= "01000000",
when "D001 " == display <= "11100110",
when "0010" —= display <= "10001000%,
when "0011" == display <= "10000010",
when "0100" => display <= "00100110%,
when "0101" —= chsplay <= "000 a0,
when "0110" == display == "00010000";
when "0111" == display == "11000110"
when "1000" == display <= "00000000";
when "1001" == display == "00000010%,
when "1010" ==display <= "01000001";
when others => display <= "00100011%,--Y
end case;
end process;

end rtl;
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BAB IV

PENGUJIAN ALAT

4.1. Pendahulvan
Setelah melakukan perancangan alat dan pembuatan berdasarkan blok-blok
dari sistem, maka dilakukan pengujian terhadap system tersebut apakah sitem

rangkaian yang sudah dirangkai sudah sesuai dengan rancangan atau belum

pengujian perangkat sensor

pengujian op-amp

- pengujian clock 555

- pengujian multiplekser

- pengujian ADC

- pengujian 1C GAL 16v8 dan GAL 22vID
- pengujian komparator 74585

Sedangkan alat-alat yang digunakan dalam pengujian ini adalah

Mullimeter analog dan digital
logic probe

- BarLed

- Binary { DIP) switch

- komputer
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4.2. Pengujian Perangkat Sensor

Pengujian perangkat sensor terdiri atas 2 bagian, vaitu pengujian rangkaian
sensor dan pengujian  op-amp.
menentukan jarak yang tepat antara sensor dengan kawat yang diukur arus Listrik nya.

Sedangkan pengujian op-amp bertujuan untuk melihat apakah rangkaian penguat

~ berfungsi dengan baik atau tidak.

4.2,1, Pengujian sensor

Pengujian rangkaian sensor dilakukan dengan mengubah-ubah arus yang

Pengujian rangkaian

mengalir pada kawat yang diukur dengan cara merubah dayanya.

Sensor

EEE]
"Dl

zambar 4-1

Digram blok pengujian sensor

Hasil pengukuran sensor diatas diperlihatkan pada table 4-1

Mo | Pbeban | Vbeban | [ beban [ Vout Sensor
{Watt) (Yol | (Amper) {mVoll)

1 25 220 011 49

2 | 40 220 | 0,18 9.1

3 &0 224 327 14.1
4 63 220 (.29 14.5
5 B3 220 0.38 19.2
& 100 220 0,45 24 .6
7 125 220 0.56 307

Tabel 4-1.

Pengukuran Tegangan Terhadap

Perubahan Arus Listrik
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Tabel 4-1 memperlihatkan bahwa besar tagangan keluaran sensor linier

terhadap perubahan beban listnk yang diukur arusnya.

Gambar 4.2

Photo hasil pengukuran sensor

Sumber | pengujian

4.2.2. Pengujian Penguat differensial

Peranan unit rangkaian penguat sangat penting untuk memperkuat sinyal

syarat yang kecil. Penguatan yang dibutuhkan adalah 39.6 kali.

Sensor Penguat
Induksi + dilerensial

[EEH

Gambar 4-3

Digram blok pengujian sensor

Hasil perhitungan diperlibatkan pada table dibawah int :

No Vout Semsor | Penguatan Voul opamp
(mt¥olt) {Av) {mvolt)
1 49 39.6 193.99
2 _ 83 39.6 350,27
4] 14.1 39.6 520,22
4 14.5 39.6 568.00
= 199 9.6 742 84
5] 24 6 396 970,92
T 307 396 1215.4

Tabel 4-2

Perhitungan Tegangan Terhadap
Perubahan Arus Listrik
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Dari table 4-2 diatas memperlihatkan bahwa keluaran tegangan dari sensor
dikvatkan sebesar 39.0 kali.

Hasil pengukuran diperlihatkan pada table dibawah ini :

[ Ne | WVout Sensor l Pengualan | Yout opamp
{mVYelt} (A {mvolt)
1 4.9 396 210
2 91 396 350
3 14.1 396 520
4 14.5 39.6 | 560
5 199 396 740
6 246 39.6 880
7 30.7 396 1060 |
Tabel 4-3

Pengukuran Tegangan Terhadap
Perubahan Arus Listrik
Dari hasil pengukuran terdapat perbedaan dengan hasil perhitungan, maka
prosentase kesalahan dapat dicari dengan rumus sebagai berikut:
Hasil Perhitungen — Hasil Pengukuran

% kesalahan = X 100%
Hasil Perhitungan

Dari hasil pengujian dan pengukuran di atas maka didapat prosentasc
kesalahan secbagai berkut :
4.56-4.52
o4 Kesalahan = — X 100%

4.56
= 0,90%
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Gambar 4.4

Photo hasil pengukuran sensor

Sumber : pengujian

4.3. Pengujian Clock 555
Pengeunaan clock sangat penting untuk mengeksekusi program yang ada
pada rangkaian kontrol utama, Clock di bentuk dari IC NES55 yang di fungsikan

sebagai multivibrator astabil dengan kecepatan clock 1.593k Khz.

Clock Komputer

v

oscilloscope

for win

Gambar 4-5
Digram blok pengujian clock

Hasil pengukuran diperlihatkan pada table dibawah ini :

No [ RA RE | CI F output |
{Crhim) {Ohny {(uFy {Hz)
;3 1k 50k 0.1 1421
2 1k 20k 0.1 349.9
3 1k 10k 0.1 6831 |
4 | 1k 4 | 01 1593k Khz |
Tabel 4-4

Pengukuran Frekuensi Clock

Terhadap Perubahan RB
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4.4. Pengujian Multiplekser

Penggunaan multiplekser analog diperlukan untuk merubah penguatan pada
op-amp. Karena jika penguatannya tidak dirubah maka keluaran dari penguat
diferensial akan menjadi dua kali 5 volt, Maka keluaran tegangan ini akan merusak
ADC.

Untuk melakukan pemilihan range, dapat dilakukan denpan memberikan data

biner ke input data select pada multiplekser.

amiable
Sonltaee
Dip switch » Mux
4 il . CD 14052
BAR LED BEHH | ‘

(D
s
Gambar 4-5
Digram Blok Pengujian Multiplekser Analog

Dalam diagram blok diatas terlihat bahwa multiplekser analog diberi masukan
tegangan yang dibuat variabel Tegangan variabel ini diberikan pada inputan X1, X2,
X3 dan binary switch dimasukan pada data select untuk memilih inputan mana yang
akan dikeluarkan pada pin Y dan diukur dengan menggunakan voltmeter digital

Hasil pengukuran diperlihatkan pada table dibawah ini -

No It Binary Output
(Volt) Swilch (Woloy
1t | GA 00 05
2 1.0 01 1.0
3 i 10 1.5
| 4 2.0 T 2.0
Tahel 4-5

Pengukuran Multiplekser Analog
Terhadap Variabel Input
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4.5, Pengujian ADC
Analog to Digital Converter digunakan untuk mengubah tegangan analog
menjadi data bincr, Dalam perancangan alat ini digunakan ADC 0804 yang

mempunyai data maksimal 8 bit

| Variable | anc _
‘ Voltage i 0804 2
E E BAR LED |
8 Bit
Gambar 4-6

Digram Blok Pengujian ADC 0804

Resolusi perubahan tiap bitnya ditentukan dengan memberikan fegangan
referensi pada pin 9 (Vrefi2). Tegangan referensi yang digunakan pada ADC ini
adalah 2.5 volt, Dengan teeangan referensi sebesar 2.5 volt, maka resolust
perpindahan tiap Isb nya dapat dicari dengan persamaan sebagai benkut |

ViefiZ =2.5 Volt
Vref =2%*2 5= 5volt
Resolusi — (Vreff2)/2"™-1
=5/256-1

=0.0196 volt
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Hasil pengukuran diperlihatkan pada table dibawah im !

Pengukuran output ADC 0304

No | Cutput TflT, Resulusi Cutpul Outpt
{(Volt) {Voll) {Desimal) (Biner)
| 210 (1.0196 11,0 Qooo1011
2 430 00196 178 0o010001 |
3 520 0.0186 26.5 00011010
= 560 0.019 285 | 00011100
5 740 0.0196 3 | 00100101
6 BRO 00196 44 8 GOL0O110]1
7 1060 00196 541 (0110110
Tabel 4-6

Terhadap Variabel Input

4.6. Pengujian IC GAL 16v8 dan GAL 22v10

Untuk memproses dan menampilkan data input yang diukur, maka diperlukan
IC GAL 22v10 dan GAL 16v8. Dalam penguwjian alat ini, 1C yang telah deprogram

akan diberikan data input biner dan clock dari 1C 555 seperti diagram blok dibawah

ini-

Clock
555

Dari diagram blok diatas dapat dilihat bahwa IC gal 22v1D digunakan untuk

counter 8 hit yang digunakan uniuk dibandingkan dengan keluaran ADC D804, Dan

GAL GAL Vi
16v8 L g 16wE &

GAL t ] BARLED

22v10 ] 8 Bit
Gambar 4-7

Digram Blok Pengujian
IC GAL 16v8 dan 22v10

IC gal 16v8 digunakan sebagai counter 4 bit desimal,
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Hasil dari pengujian IC GAL. ini dapat dilihat dari table dibawah ini.

Mo Clack Cutput Output | Output
[22v10) (16v8 | (Desimal)
1 0 00000000 0000 0
2 1 00000001 0001 1
7 2 000000710 0010 2
4 3 0000001 1 0011 3
5 4 00000100 0100 4
6 5 00000101 0101 5
7 6 00000110 0110 6
B 7 | 00000111 0111 T
9 g 00001000 1000 8
10 9 00001001 1001 9
Tabel 4-7

Pengujian IC Gal 22v10 dan IC Gal 16v8
Dari tabel diatas dapat dilihat bahwa keluaran dari LC GAL 22V10 adalah 8

Bit yang nantinya dapat digunakan uniuk membandingkan dengan keluaran ADC.

4.7. Pengujian komparator 7T4L585

Komparator (pembanding) yang digunakan dalam perencanaan dan pembuatan
alat ini adalah komparator 4 bit yang disusun secara cascade dengan tujuan untuk
membentuk kompoarator 8 bit.

Pengujian dari komparator ini dapat dillihat pada digram blok di bawah ini:

. , T4 L8 85 : z
BiE ™" & 2 Dip
switch * switch
8 bit ——p| TALSE 8 bit
A M H ™

T
( LED I LED 2 LED 3
Gambar 4-8
Digram Blok Pengujian
Komparator 74ls85
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Hasil dari pengujian multiplekser analog dapat dilihat pada tabel berikut:

No | Dip switch | Dip switch |  Output Output Output
& B (LED | A>B) | {LED 2 A<B) | (LED 3 A=B}

1 00000000 | 00000000 0 0 1

2| 00000001 | 00000010 0 1 0

3| 00000010 | 00000001 1 0 0

4 00000011 | 00000011 0 0 B!
500000100 | 00000101 0 | 0

Tabel 4-8

Dari tabel diatas terihat bahwa output dari komparotror 741585  yaitu led |

A>B, led2 A<B dan led3 A=B salah satu nya akan berkondisi high jika data yang

Pengujian komparator 7T4LS85

vang dimasukan A>B atau A<B dan A=B.

4.8. Pengkalibrasian Alat Dengan Tang Ampere Meter,

Alat yang telah dibuat harus dikalibrasi terlebih dulu agar dapat diketahui
keakuratan hasil pengukurannya. Pengkalibrasian alat ini menggunakan alat ukur

sistem clamp (dikalungkan) yaitu manggunakan alat Clamp meter atau biasa disebut

Tang ampere meter.

Hasil dari penkalibrasian dengan alat fang ampere nrefer scperti berikut |

No | Pheban | Vbeban | Ibeban | Hasil pada Hasil pada Selisih
{(Wall) (Wolt) | (Amper) | 1ang ampere alat pengukiran
1 | 25 220 | 0.1 010 0,11 0,01
2 40 220 | 018 0.15 0.17 (.02
3 60 220 | 0.27 0.25 0.26 0.00
4 65 | 220 | 029 0.28 0.30 0.02
5 85 220 | 038 0.34 0.36 0.02
6 | 100 220 | 045 0.46 0.45 0.01
7 125 220 0.56 0,56 0.55 0,01
Tabel 4-9

Hasil Pengkalibrasian Alat

Dengan Tang Ampere Meter




Dari hasil pengukuran terdapat perbedaan dengan hasil perhitungan, maka
prosentase kesalahan rata-rata dapat dicari dengan rumus sebaga berikut:

Hasil Perhitungan — Hasil Pengukuran

% kesalahan = X 100%%
Haxil Perfiiiungan

Dari hasil pengujian dan pengukuran di atas maka didapal prosentase

kesalahan sebagai berilut :

0.32-0.31

05 Kesalahan = — X 1D0%
0.32

= 3.1 %

Dari hasil pengkalibrasian di atas maka didapat prosentase kesalahan

sebagai bertkut

Hasil Tang ampere — Hasil pada alat

%% kesalahan = X 100%
Haxil Tang ampere

0.30-031
% Kesalahan = — X 100%
0340
= 3.39%




BAR WV

PENUTUP

5.1. Kesimpulan

Dari perencanaan dan pembuatan alat ini dapat ditarik beberapa kesimpulan

antara lain ;

l. Pengambilan induksi arus listrik pada kawat yvang dilalui oleh arus listrik
dilakukan dengan cara mengalungkan sensor pada kawat tersebut. Jadi tidak
perlu mengupas kawat yang akan di ukur.

2. Induksi arus listrik pada kawat penghantar dirubah menjadi tegangan terlebih
dahulu sebelum dibaca oleh ADC. Perubahan induksi arus listrik ini sesuai
dengan peraturan kaidah tangan kanan.

3. Cara menentukan range sclector yaitu dengan cara menentukan berapa nilai
maksimal arus vang akan diukur. Jika arus maksimal adalah 1 amper dan
output sensor adalh 100 mV, maka diperlukan penguatan sebesar 50 kali untuk
mendapatkan nilai 5000 mV { 5 volt-nilai maksimal pengukuran ADC)

4. Perubahan tegangan dari sensor akan dibaca oleh ADC untuk dijadikan data
biner terlebih dahulu kemudian diolah oleh IC GAL 22v10 dan GAL 16v8

kemudian ditampilkan dalam bentuk desimal.




£.2. Saran —saran

Perencanaan dan pembuatan alat ini masih jauh dari sempurna, maka dapat
diberikan beberapa saran, antara lain :
1. Hasil pengukuran sebaiknya dapat dikirimkan melalui media Tone H/L,
scbagal fungsi darl clock, schingga dapat dipantau secara wircless
dengan mudah .
2. Alat pengukur yang digunakan sebaiknya memiliki ukuran yang kecil

(HANDY), sehingga mudah dalam pembawaannya.
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- File: CHProgram Filesi Aldecicount_dit vhd
-- created; (07/26/05 05:03:39

- from: 'C:AProgram Files\Aldectcount_4bitasl
- by fsmZhdl - version: 2.0.1 .45

library 1EEE;
use IELE std loge 1164.all,

entity count_4bil is
port {cleck: in STD_LOGIC,
reset: in STD LOGIC,
output: out STD LOGIC_VECTOR (3 downto U)).
Aunbute Part Name of count_4bit : Entity 1s "22v10";
Attnibute Pin_nwmbers of count_4bit - Entity 1s
"clock; 1 resat:2 "
&"ourput(3):1F-output(2 )| 18 outpur(1y; lﬁﬂntpmm} fEr'
end;

architecture cowntt 4bit arch of count_4bit is

-- SYMBOLIC ENCODFED state machine: sinyal




type sinyal_type is (51, 82, 53, §4, 55, 56, 87, %8.89.510)
sipmal simval: smyal_tvpe;

hemn
--concurrent signal assigmments
—diagram ACTIONS,

sinyal machine: process (clock)
begin

if clock'event and clock = '1" then
if reset="(" then
sinval <= 81;
else
casc sinyal is
when 51 ==
ginyal <= 52
when 52 —=
sinval <= 83
when 53 ==
sinyal == 54;
when 54 —=
sinyal =i= 85:
when 85
sinyal = B
when S6 —-
ginyal == {7
when 57
sinval - 8K
wlicn 55
sinyal <. 89,
when 5% =
syal <= 510
when S10 ==

ginyal == 51,
when others ==
null;
end ¢ase;
end if;

end if:
end process;

-- signal assignivent statements for combinatorial outputs
output_assignment:
output <= "0001" when (sinyal —52) else

"O0 10" when (sinyal = 53) else

"0011" when {smyal = 54) else

"(100" when (sinyal = §5) elsc




"0101" when (sinyal = S6) else
"0110" when (sinyal — §7) else
"OLIT when {sinval = S8) ¢lse
"1000" when (sinval = $9) else
"1010" when (sinyal = S10) else
"0ooo™
cnd count_4bit_arch;
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library ieee;
use ieee.std_logic_1164.all;
entity decoder s is

port { data; in std logic vector(3 downto 0);

display: out std logic vector(7 downto 0));

Attribute Part Name of decoder_s ; Entity is "16v8";
Attribute Pin_numbers of decoder_s : Entity is
"data(3):4 data(2).2 data(1):3 data(0):5 "
&:"display(7):19 display(6):18 display(5):17 "
&"display(4):16 display(3):15 display(2):14 "
&"display(1):13 display(0):12";
end decoder_s;

architecture rtl of decoder_s is

begin
encode: process (data) begin
case data is

when "0000" ==

display <= "01000001";—0
when "0001" ==

display <= "11100111";~1
when "0010" ==

display <= "10001001";--2
when "001 1" =>

display <= "10000011";--3
when "0100" =

display <= "00100111";--4
when "0101" ==

display <= "0001001 ";—5
when "01 10" =>

display <= "00010001";--6
when "0LL1Y ==

display <="11000111";--7
when "1000" ==

display <= "0000000 1 ":—8
when "1001" =>

display <= "00000011";--9
when "1010" ==

display <= "01000000";--0
when others =>

display <= "00010011":--8
end case;
end process;

cnd rtl;




library icee;
use ieee.std logic | 164.all;
entity decoder_eis

port { data: in std_logic_vector(3 downto 0);

display: out std_logic_vector(7 downto 0});

Attribute Part Name of decoder_¢ : Entity is "16v8";
Attribute Pin_numbers of decoder_e : Entity is
“data(3):4 data(2):2 data(1):3 data0):5 "
&"display(7):19 display(6):18 display{5):17 "
&"display(4):16 display(3):15 display(2):14 "
& display(1):13 display(0):12";
end decoder_e¢;

architecture rtl of decoder_e is

begin
encode: process (data) begin
casc data is
when "0000" ==
display == "01000001";--0
when "0001" ==
display <= "11100111":-1
when "0010" ==
display <= "10001001";--2
when "0011" ==
display <= "10000011";--3
when "0100" ==
display <= "00100111";-+4
when "0101" ==
display <= "00010011";--5
when "0110" ==
display <= "00010001"~6
when "0111" =>
display =="11000111";--7
when "1000" ==
display == "00000001";—8
when "1001" =>
display <="00000011":--9
when "1010" ==
display <= "01000000";--0
when others =>
display <= "00011001";--E
end case;
end process;
end rtl;




library iese;
use ieee.std logic 1164.all;
entity decoder_y is

port { data: in std_logic vector(3 downto 0);

display; out std_lagic_vector(7 downto 0));

Attribute Part Name of decoder_y : Entity is "16v8";
Attribute Pin_numbers of decoder_y : Entity is
"data(3):4 data(2):2 data(1):3 data(0).5 "
&"display(7):19 display(6): 1 8 display(5):17 "
& "display(4):16 display(3): 15 display(2):14 "
& "display(1):13 displav(0):12";
end decoder ¥;

architecture rl of decoder y is

begin
encode: process (data) begin
case data is

when "0000" =>

display == "01000001":--0
when "0001" =>

display <="11100111";--1
when "0010" ==

display <= "10001001";--2
when "001 " ==

display <= "10000011";--3
when "0 100" ==

display <= "00100111";--4
when "0101" =

display <= "0001001 I",--5
when "01 10" ==

display <= "00010001";=6
when "0111" =>

display <= "11000111";--7
when "1000" =>

display <= "00000001";--8
when "1001" =>

display <= "00000411",-9
when "1010" =>

display <= "01000000";--0
when others ==

display <=="00100011";--¥
end case;
end process;

end rtl;
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-1 |- Warp VHDL Synthesis Compilec: Version . i € T

- | — Copyright (C) 1981, 1962, 1983,

| | 1954, 1995, 1996, 1897, 1998, 159Y Cypress
Aemiconducktox

=] == — 1 = = == EAiE i =% T oS

Complling: ocounter_Lléwd.whd

Dptions: —yu -ell -wl00 -2 =ygs —fF -v1D -dolévl ~-oPALCELEVH-
Z5PC/P1 -u Wangset.hie counter 16wE,wvhd
=r= = — = i oSSl E=T =T =smaliEEEs b = = =

yvhdlfe V5,2 IR 173 VHDL parser
Tue gl 26 D4:17:25 2005

Library "work' = directery "lclEvd®

Linking 'C:wwarzhiblnhstd.vhd'.

Linking 'C:‘warp\lib\commondoypress.vhd'.

Linking 10:\warph Lik\eommonwork\cypress. vif' .
Library 'iece' => gdirectory ‘Cahwarphlibhieesiwork’
Linking 'C:\werpilibileee\workistdlogic.vif®.
Linking ‘o \warph lib\comnontstdlogichlpmpkg. vif'.
Linking 'C:\warp\lib\cummunkstdiuqLc\rtkaq.vif'.
Linking 'C:\warph\libhcommon'stdloclcimed sl vil®.
Linking 'E:Hwarp\]Lb\:nmmunksLdlmgjc&wﬂd_mth.vLE'.
winking 'C:\warp\lib\ccmmnn\stdlogicxmcd_gen_uif‘,
counter 16vE.vwhd [line 23, eal 271: HNote: Substitutling mocule
tadd vi sa' feor "+7.

vadlfa: Ho erxdrs.

Eowlf W5.2 IR 17: HBigh-level synthesis
Tue Jul 26 04:17:20 2005

Linking 'C:h\warpibinistd.vhd’.

Linking "0 \warphlibhcommonhcysress.vhd' .

Linkinc 'C:\warp\lib\cqmmon\wark\cypress.UifT.
Linking 10:\warphilibtieas\workistdlogic . vil’.
Linking ‘C:kwarpx1ih\commmnﬁatdlogi:\lpmpkg-vir‘.
Linking rC: \warph L ibt commenistdlegichrtlpkg. wif'.,
Linking 'G:\warp\Lihxcommun\stdlagickmcd_cnst.Vif'_
Linking 'C:Hwafp\libRcommon\gtdlogickmod_nth.vif'.
Linking ‘C:\warp\1Lb&camman\stdlmgt:\mnd_qen.vif'.

tovif: HNo ercors.




topld ¥5.2 IR 17: BSynthesis and optimizatien
Tue Jul 26 G4:17:25 2005

Linking 'C:'\warpibinistd.vhd’.

Linking 'C:\warplib\commenh\cypress, vhd',

Linking "C:i\warp)\libhcommon\warkicypress vif’.
Linking 'C:\warphlibiieee’work\stdlogic.wirf!,
Linking 'Crhwarph libhcowmonhstdlogichlpmpkg . . vi€',
Idnking 'C:h\warphlibi\commonhstdlogichetlpkg.vif',
Linking 'Ctiwarphlib\commonhstdlogici\mod cnet. wif®.
Linking 'C:\warph\lib\commoniatdlogicimod mth._wit’.
Linking "C:'wwarphlib\commonistdloglei\mod gen.vif'.
Linking 'C:h\warpilibhlelevEhstdlogicheliévd.wif'.

e e o s e - - e b . i it o . L e, o - ot i

Fliased 0 eguaricns, B wires.

Circuit simplification results:
Expanded 1 =ignals.
Turned 0 =zignals into #aft nodes.

Maximum expansion cost was set ab LO,

S ————————— Y
S S S ———————— P e e e

Craated 31 PLD nodes.

topld: No errors.
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PLD Optimizer Software: DEGHOET .. EXE QAYAPRS1998  [wd.02 ]
5.2 IR 17

DESIGH HEADEE INFORMATLON (04:17:235)
Input Flle(s}: counter LévE.pla

Dewice r glevE
Package : PALCELBVB-230C/PL




Repor LELle { counter lévi.rpt

Frogram Controls=:
COMWMANT PROFERTY EUE HCLLD ENABLL

dignal Reguests:
CROUR FAST 2LEW ALL

Completed Successfully

PLD Cptimizer Software: DECGNOET. EXE 02/nPRA1899  [wd. 02
5.2 IR 17
CPTIMIZATION OPTLONS {04:17:25}

Messagea:

Information: Process wirtual “count 00" ... expanded.
Information: Process virtual ‘count_LD' ... expanded.
Tnformation: Process virtual 'count 20" ... expanced.
lnformation: Process virtuval ‘count 30" ... expanced.
Information: Frocesa virtuel 'eount D7 ... converbed Lo WODE.
Information: Proeess virtusl ‘oount 1 ... converted to NODE,
Information: Process virtusl 'eount_2' ... converted to NODE.

information: Process wirtual “count 3' ... converted to NODE.
Informationt Optimizing logic uslng best output polarlty For
algnals:
count 1.0 zount 2.0 ceurt 3.0

Intormation: Seleceed logle optimizacion OFF lor signals:
count outl{0) count cubl(l) count oulLl{2] count_sutl (3}
coankt 0.0
count 0.0 oant 100 count_#.0 aount 3.0

SUmATY !
Error Lount = O Warning Count = 0

Comnpleted Succasafully

e S S L e —pa—— ey R P Pt R R RsR R

— s ——

PLD Optimizer Software: MINOET.EXE 21/5682/1598 |w4.02 ]
B2 TR
LOGIC MINIMTARTION [
Messages.
SummATY:
Brrar Oount = D Warring Count = O

Completed Succasafully

R ——————EEEEP RS ettt

PLO Optimizer Beftware: OSGNOPT . EXFE CZ/BPR/19%9Y  |vd.DE
5.2 IR 17

OPTIMIZATION QPTIONS (04:17:25)




Messages:

Summary:
Error Count = € Warning Count =

Completed Succesafully

FLD Compiler Sofrware: FLEZJED.EXKE N2 fapms 3909 [v4,02 )
5.2 IR 17
DESTGH EQUATIONS (04:17:25)

count autl{d) =
count Q.0 * og

count cutl (1} =
covnt_ 1.0 % aa

count_ouil (2} -
count 2.0 * oa

count_outl (3) =
count 3.9 % oe

dount_0.0 =
dfoount G.Qo* frat

caount .0 =
ol

count 3.0 =

fosunt 3.0 ¢ counk 2.0 Y gount 1.0 * count 0.Q0% JSeat
+ count_g-ﬁ W fepuant 0.0 % Srat
+ geount: 320 % feonnk 159 % fest
+ count 3.0 4 focount 8.9 Y Srst

count 3.0 =
zlk

coant 2.0 =
Joount 2.0+ count_1.¢ * gount 0.9 * /Srst
+ cnunt_E.Q L J LY O o R 6
+ pount 2.9 * foount 1.9 4 frst

cnunt‘E.C =
clk

counk 1.0 =
count 1.9 * /feount_ 0.0 ¥ /frst
+ fepunt 1.0 * count 0.0 * fr

count. 1.C =
clk

Completed Successfully
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FLD Compiler Software: PLAZIED.EXE N2 /BEPRS180%  [wd, 02 ]
S FRALT

DESIGH BULE CHECH (Ga:17:25)
Mesaages:
Hone.
Summary:
Error Count = 0 Warning Count = (0

Completed Successfully

P1LD Compiler Saftware: PLAZIED. BXE 02/AFR,SL99S  [wd.02 7
S TR 1Y
PIMNOUT INFORMATION (041725
Messages:
Information: Checking for duoplicste NODE logic.
Wone .
Clevioc
ckk =| 1| o |20]* nob vwaed
rat =| 2| [1%]=
count_aull (3}
e =] 3| |1B]=
count_ocutl {2)
not used | 4] |17|=
counl ocubl (1)
not used *| 5| |38 1=
count outl (O}
T onob used *) OB |15 |=
[count )
rot wvsed *| T 14 |=
[count 1)
not usad | 8] |13]|=
[count_ £)
not vsed *| 2| |L21=
focount 3}
Tnet umed *110] |11 |* Reserved
Summary:
Errar Count = 0 Warning Count — 0

Canpleted Succesafully

e ot e i i e e e e . O S e e e e S PR o e o e e e L e e iR

PLD Compller Scftware: PLAZJED.EXE G2/APE/TO90 . [vw4.02 ]
- JPE i o s
RESOQURCE UTILIZATICN (0417 25)

Infermaklon: Macrocell Utilization.




Desnripticn Teed Mazx

| Dedicated Inputs { 2 | g8 |
| ClockfIngputs | 4. ] i |
| Fnable/Inputsa [ a | |
i dutprt Macrocells | g a8 |
o 11 /7 1B =61 &

Informatlion: Output Locic Product Term Utilizatiors.

Nodet Cutput Signal Hame Used Hax
| 12 | count 3 T4 183 |
13 | wount 2 = B | a
14 | eount 1 I L 8 |
15 | mount_O I 1 | 2 |
18 | coant_satl (o) | 1 | B:
I 17 | count_autlil) | 1 B |
| 18 | count gutl(Z) | 1 B
| 1% | count ousl(3) | 1 | B
14/ 64 =dl %
Completed Succesatully
PLD Compiler Sottware: PLRZIED. EXE D2/apRA1993% (w4 02 |
2 LROLT
JEDEC ASSEMEBLE (0257025
Measages:

Informaticon: dubtput tile 'counter |6vid. jed' creatad.

Summary:
Error Count = & Warning Count = 0

Completed Successivlly at 04:17;25
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-1 =

_I | =

== CYPRESS ke

.—| |_

- |-~  Warp VHDL Synthesis Cempiler: Version 6.3 1R 35
=| = Copyright [C1 19%1-2001 Cypress demicondustor

Compiling: count_dkit.vhd
Upkticns: -m -yu -ell -wl0D -o2 -ygs -fF —v1O ~de22v10 ~ppalceelivl0-

25pc/pi b count d4bit.vhd -u aze_dewn.nia

i - ——mo == - === —mEmee===

vhdlfe ¥&.3 IR 35: VHDL parser
Sat Jul 30 14:15:11 2005

Library ‘work' = direcLory "lcoZavll?

Linking 'C:\Program Files\Cypress\Warp\bin‘std.vhd'.

Linking 'C:\Program Files\CyprsssiWarphlib\common'\cypress.whd®.
Linking 'C:\Program Pilas\Cypreass\Warp\lib\common\workhoypress. vat ',
Library "ieee' => directory 'C:\Program
Files\OypressiNarpilibiieeework®

Linking 'Crh\Program Files\CypresshWarphlibhisee\workistdlagic. viZ',

vhdl fe: HWo ereoors.

tovif ¥6.3 IR 35: High-level synthesis
Sat Jul 30 14:15:11 2008

Linking "C:\Program Files\CypressiWarp'blotstd. vhd',

Zinking *C:hwFrogram Files\Cypressi\Warpilib\common'cypresas. vha'.
Linking 'C:M\Erogram Files\Cypress‘\Warphlibicommon\workicypress.vit!.
Linking 'C:\Frogram Files\CypressiWarp\lib\ieee‘\workiztdlogic. vif’.

tovif: HNo errcrs.

topld ¥6.3 IR 35: Synthesis and optimizazien
Sat Jul 30 14:15:12 2003

Linking '€:\Program Files\Cypress\Warp\kinistd.vhd®.
Linking "C:\Program iles\Cyprass\Narpilib\ocommonicypress.vha' .
Linking 'C:\Brogram Files\Cyprass\Warp\Lib\common\work\cypress,.vil’.
linking "Ci:ZProgram Files\Cypress\Warp\libilees'\workhstdlogic.vif'.
Sfate wariable 'sinyal' ls represented by a Bit vector g £a 33
Stzte encoding (seguential} for 'sinyal" ls:

51 = p"0000%;

82 := LGOOL";

53 i~ L"0OLO";

54 = bBTOOLL";




g& 2= -RKTOLOOY.:
26 = hB"OI0LT;
gf = BT01107;
3 = B"O111Y™;
58 1= b"10040";
510 1= 5 12

e e o i i e - N o L e S T

o T T L i i P - e i S e e e

i i e e e e e e . B e e e e e e e e S, S N e S S S

e i e e L B o e e e S e

Alizsed 0 equations, £ wires.

e e i L T e e i e e S e S
e e e e e ek e e i e e e e e S L g SRR W T

e A i e i e o e e 5 8 S . o

Cireuit simplification resalts:

Expanded 0 signals.
Turned [ signals into soft nodes,
Maximum defaull expansion cost was et st 10,

o i o L e s i e e o - - e S S 1 i e e T e e e e

reated 14 PLD nodes.

topld: HNo Brrors.

FLD Optimizer Software: [EGHORT. EXE ILA03S2000 (wd.0Z2 ] 8.3
IR 25

DESIGN HERDER INFOBMATION {14:15:130

Input File{s): count 4bit.pla
DeEvica 1 EZ2V10

Package : paleefivl0-25pc/pd
ReportfFile : count 4bit.rpt

Program Controls:
COMMAND LANGUAGE WVHDL
COMMAND PROPERTY BUS_HOLD ENABLE

Signal Requests:
GROUP USEFOL ALL
GROUP TAST SLEW ALL




Completed Successfully

S S —————————— e

PLD Dptimizer SofCware: DSGHCET . EXE 3170372000 Tv4. 02 ] 6.3

TR.\=33

OPTIMIZATION OFTIGNS (1415513}

Messages:
Information: Process virtual "sinyalSEV_3D'sinyalSBY_ 3D ... expandad.
Information: Process wirtual 'sinyalSBV ZD'sinyalsBy ZD ... expandsd.
Information: Frocess virtwal 'sinyalSBV 1D'sinyalSBV_1D ... expanded,

Information: Process virtual ‘sinyalSBV 0D'sinyal3BY 0D ... expanded.

Information: Prooess virbual 'sinyalSBY 3' ... convertsd to KODE,

Information: Process wvirtual 'sinyalSBV 2' ... converted to NODE.

Information: Optimizing legic using best cutput pelarity for signale:
outpat (1) ocutput (2).0 cutput (3) .0 sinyalSBV 2.0

Irifoarmation: Selected logic optimization OFF for signals:
putput () output (2) .0 cutput (3} .2 sinyal8BV_2.C sloyalSBY 3.0
sinyalSEV _3.C

Summarys
Errar Count = C Warning Count = 0

Completed Successfully

PLD Optimizer Software: MTIHOFET , EXE ClAROV/19%% [w4.02 ] 6.3
IR 35

LOGIC MINIMIZARTION L]

Meszages:

Sumnary:

Eryar Count — 0 Warning Sount = 0

Completed Successfully

L NS S U IS ———————— P e e e T

PLD Optimizer Software: OSGHOPT ., EXE FLAOFF2000  {vd.02 1 6.3
IE 35
OPETIMIZATION CQPETICHS (14:15:13)

Massagss:
Information: Optimizing Banked FPreset/Resst regulrements.

SumnBEey
Errar Count — 0 Warning Count = [




Completed Successfully

PLD Compiler Software: PLAEZJED.EXE 91/03/2000 [w1.02 ] 6.3
IR -35 -

ZCYPRESSTAG name=T"Eguations” iconh=FILE BPT EQUATION:>
DESTGN EQUATLONS (14:15:13)
< /CYPRESSTRG>

cutpub () =
doubpurc{3).Q % sinyalSEV 3.0

cutput{l] =
output {3) .¢ * =sinyalSBV_ 3.0
+ sinyalSeV 2.0

gatput (£).0 =
Joutput (2) .0 * reset * sinyalSBY 2.0 Y sinyalS3V 3.0
+ output (2) .0 * reset ¥ /sinyalSBV 2.0
+ output{2).Q * reset * /sinyalSBV 3.0

output (2] (AR
GRD

output (2} . 5F
GEHD

output (2] .C =
olock

output (3} .0 =
cutput (2} .2 * reset - sinyalSsV 2.0 * sinyalSBV 3.0
+ cutput (3).0Q * reset ¥ /sinyalS3V 3.0

cutput {3) AR -
GHD

cutput (3} .8P =
MDY
cutput {3} .C =

clock

sinyalSEY 2.0 =
Joutput [31.0 * reset * /sinyalSBV 2.0 * sinyalSEV_3.0Q
+ reset * sinyal3BV_2.0 * /sinyalSBV_3.0

sinyal3SBV _Z.AR
EMD

sinyalS8BV_2,5P
GHD

finyaliBV_2Z.0 =
clock




sinyalS5BV_3.0 =
reset * JsinyalsSBY 3.0

sinyalSBV 3.AR —
GHO

sinyalSBV 3.8P =
GND

sinyaliBV_3.C =
clock

Completed Successfully

e e o o o s o e e e e e e e e N o e S i e e e e e e

PLD Compiler Software: BLAZJED. EXE AL/ 0342000 [wd.02 T ©.3
IE 3h
DESIGH RULE CHECE g .
Messages:
Mane.
Summary:
Ereer Count — 0 Warning Zgpunt = ©

Completed Successfully

e o i e e e e SR A R e e e e e e N P e e

FLD Compiler Software: PLAZIED . EXE 31/03/2000  [w4.02 | &.3
IR 35

<CYPRESSTAG name="Pinout" ilcon=FILE REPT_ PINOUT>
FINQUT IHFCORMATIOHN f14:15:14)
< /Y PRESSTAG:
Mezsaqges:
Informaticon: Cheeking for duplicate WOCE logic.
hone .




C22v130

cloct =| 1] | €4 |* not used
resaz =| 2| [23 | = cutput (3]
net used *| 3| |22 |= gutput (2|
not usaed *| 4| [21 = output(l}
not used *| 3| [20|= putput(0)
not ussd *| /| [19 % not usad
not used *| 7| | 18 [* not used
not wsed *| & [171* not used
not used *| 3| [1%|* neot used
not uzed *| 10| |18 |-
{sinyalsev 3)
not gaed v | 11| | 14—
lsinyalSBV_2|
nat unsad *|12] [13]* not uaed
Summary :
Errgr Count = 0 Harning Count — 0O

Complated Successfully

. .

PLD Compiler Software: PLAZJEL.EXE FLSO3E20000 TIvd o021 6.3
IR 35

<CYPRESSTAG name="Utilization®™ icon=FILE RRPT UTILTZATION>
EESOURCE UTILIZATION (14:15:14)
< /CYPRESSTRG>

Information: Macrocell Utilization.

Descristion Osed Max
| Dedicatec Tnputs | 1. .1 H.oo
| Clock/Inputs | 1 | 1. 1
| I/0 Macrocells | a | i o |

Informabion: Output Legic Produch Term DEilization.




Hode# Output Signal Name Used  Max

| 14 [ =sinyal33V 2 | 2 | 5
| 15 | sinyal3BV 3 | 1 | 10 |
| 16 | TUnussd | o |1 12 |
| 17 | Dnussd [ a oy 14 |
| 18 | Unused | a | 1 |
| 19 | fnuased | e | 1&
| 20 | oubput(0) I T | 14 |
| 21 | oukputil} | 2 | 1z |
| 22 | outpuki2) | 3 10|
| 23 | output(d) | 2 | B
| 25 | Unused | a 1 |
11 /321 - & %
Completed Successfully
PLD Compiler Saftware: PLRZJED. EXE 3140372000 [w4.02 [ B.3
IR 35
JEDEC ASSEMBLE (14:315:14)
Mesaag=s:
Information: Cutput tile 'count 4pit.pin' created.
Information: Cutput file 'count dbit.jed' crealed.
Usercode:
Checksum: 4004
Summary:
Error Count = 0 Warning Counl = 0

Completed Successtully ab 14:15:14
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countar_#2v10 3hit_ediL, rpt

I |
_..__|
|

CYPRESS

|
- §
= | Warp vHDL Synthesis compdlers version 3.2 IR 17

| - Copyright (C) 1901, 1992, 1593,

| 1904, 1995, 19%G, 1997, 1949%, 1999 cvpress semicondactar

FTrrermt

compiling:  counter_ZZvi0 Bbit.whd = .
options: -r -yl —ell -wlD0 -0? -ygs TP -vl0 -yw -dcidvll -pEALCES2VL0-25PCSPT
wangsel hie counter_2dv1d 8k wnd

=== o s S - e L — = =

vhdl1fe v5.2 IR A7: wHOL parser
Tue dul 26-04:39:43 20035

Library 'work' == directory 'le2ivl0’

cinking 'cowarpbimstd.vhd'

Linking 'covwarph]ibheommenicypress.vhd' .

Linking 'crywarpsibhcammorwor ki cypress wit!

Library 'dees' =» directory '¢iwarpylibiiesehsork!

L1 nkrg ‘r:\warp\]1bkieee\w:rkéstd1n o vdif' .

Linking 'c:hwarptlibhcommonisteiogic Torpkg.wif .
Linking ‘Crovmarph ] ibhcommenh stdlogichrel pka.wif .,
Linkirg 'Civwarpy1ibycommanystdlogichmod_onst.vifl”.
Linkieg 'C:iwarpy]ibicommanstdTogicimad_mthowit’,

Linking ‘ciwar 14 By conmonsstd Togd chmed_gen. wif’ . .

counter.i2vll it,vhd Ciine 26, col 22): more: substituting moduie "add vi_ss’
+

vhd1fe: HNo errgrs.

tovif W5.2 IR 177 High-level synthesis
Tire Jul 26 O4:30:07 2005

Linking 'Coiwarpihinisid.vhd”,
Linking '€:warphlibhcommontoypress.vhd’ .

Linking 'c:\warp\1ib\cnmmun\wﬂrk\:#press.vif'_

Linking “Ciwwarphlivtieeelworkistdlogic.wif'.

Linking "c:iwarpy lidycommontstdlogich lompkg.vif’ -

Linking tervmarph bbb commont stdlogichrtIpkg it

Linking 'L:\ﬁarp\jihKLumwon\Etd1Dgi:\mdd_cn&t.viF'_

Linking 'c:vwarpy 1Hibycommontstdlogicimed muhowif’ .
L

Linking Swarpy 11bcomment std logicimed_gen wif,

towit: Mo errors.

topld vi.? IR L7: synthesis and optimization
Tue Jyl e $4:39:04 HOO5

Linking "€ hvwarpsbinsstd.vhd’ .

Linking Lo harpt T commont cypress  whel T

Lvinking 'civmarpilib\commantmorktcypress.wif’,
Linking ‘c:xnarp\Wﬁb\ie&ekwnrkés:d ogic.wif',
Limking "Crhwarpd lAbyeommoentstadlogic) I pmpkg . vift,
Linking Foshwarph Tibhcommont stdlagich rtipkg i T
Linking o vmarps 1 by cament s tdTag ioymid_cnst owit
Linking "c:iwarpy libscommontstdiogichmad_mth.vif .
Linking :C:\warnklibxcommun\std]bgﬁcxmnd,gan.uiF'_

Limking 'ciiwaret ik lo22vlistdlogiche2avll. vif' .

e ———— A SRR PR S R i

User mames
count_7
count_©
couft_5
count_ &
count_3
Count_ 2
count_1
count

Deieted 8 user equations/compunents.
peleted & synrhesized aguations/components.

Page 1
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counter_22v18_Bhit_edit. rpt

alias Detection

circuit s mpliTication resules:

Expandad O sigrals,
Turned 0 signals inta safr nades,
Maximum expansion €ost was =c¢C at 10.

created 39 PLD nodes.

topld: No errors,

PLD optimizer Softwarse! DSGNORT ., EXE 02/4FR/1099 [ve4.02 | 5.2 1w 17
DESTGN HEADEK INFORMATICHN (04 3%:04)

tnput File(s): counter_22vi0 8bit.pla
oevice p C22v1n

packane s PALCEZ 2V10-25PC/P1
feportiile : countar_ZFwlO_sbic. rpt

Program Controls:
COMMAND PROFPERTY AUS_HOLL EMARIF

Signal Requests:
CROUP SLOW_SLEW ALL

romp leted Successtolly

pLR OpLimizer software: OSGHNOPT  CXE 07 /aprs1999 [wa D2 L 5.2 IR 14
APTIMIZATION OFTIONS (042390407

Messages:
information: Selected logic optimization ofF for signals:
count_outl{0) count_outl{l} count_outl(?) count_outl{3l) count_outl4)
COUNL_GUTLES Y counl_outl(a] count outl{?}

Sl M FY %
Error Caipt = () warning oount = 0

complated Soccesstul ly

pLO oprimizer Software: WINPT . CRE JL/5EPS1998 [wa.02 ] 5.2 TR 17
LOGLE MINIMIZATION )
HRSSAQRS:
SLIMME Y § 4
Errar Count = & warnming Count = O

completed successtully

FLE Dﬁtimizer Software: DSGNOPT . EXE 02 aPRAA999  [vd.02 ] 5.2 IR LY
OPTIMIZATTON ORTICONS (Ld 3892040
MESSAGES:

Tnfarwacion: optimizing Sanked Preset/Resel requiraments,

SUmmAry
Errar Count = 0 warning Count = 0

completed Successfully

pLp compiler Softwara: PLAZIED.EXE 02 app1999  [wd.02 ] 9.2 IR AT

Page 2




counter_davil_dbit_edit.rpL
DESTGN EQUATTONS [04:39:04)

count outl{d) =
ac T cown ot 100}

Count_outl{l) =
o T eount_outl{l

count_outl(d) =
oet countoeutle2y

counT_outl(3} =
ae = count_outiild)

count_outlid) =
og *ocounrbt_tuti(4)

count_autl(s) =
oe ¥ count_outlis)

count_outl{s) =
e ® o ocount_aurti (8]

count_outl{7) =
pe * colnt_outl(?)

campleted successfully

i £ ; 02/4pR/1998  [v4.02 7 5.2 1R 17

PLD Compiler Software: PLAZ IEL, EXE
DESIGM RULE THECK (04439040
Messages
HONEe .
SuFENAry © ;
Error Count = 0 warning Count = 0

conpleted SuccessFully

pLD Compiler software: pLAZ JED.EXE 02 APRA1999 (w02 T 5.2 IR 17
PINOUT ItFORMATION {04:3%:04)

MEsSages: ; . i
Infarmation: &11 signals pre-placed in user design.

cr2vid
clk =} 1 [#41* wot used
5L =] [23 - count_puti(¥T)
o =| 3 |22 = count_putliad
nat used | 4 (ALl= count_outl(s)
not used *] 5 23|= cuuntunuT1EQ]
not used *| 6 13|= catnt_oarl{3}
ot used *| 7 18 |= count_outif{i}
not used *| Bl 17 = count_nutt (L)
rot used *| 9l (161 = count_outill)
not used F 10 (15" not used
not used *[11] [14]% not used
not used |12 |13]#* mot used
SUmmary :
Frror Count = 0 wapning count = (0
completed Suceesstully
Trformalion: Checking for duplicate NODE Togic,
oLD Compiler Software: PLAZIED._EXE U2 /aPR 1999 [wa.02 ] 8.2 IR AT

RESOURCE UTILIZATLON (:39:04)

Information: Macrocell Utilizatian.

pescription Used Max
| pedicated Inputs | 1 | (WA
i Clock/Inpuls H 1. |
| I/0 Macrocells g | 107 4

page 3




counter_22vif _Bbhit_edit.rpt
g 7/ 2 =40 %

tAfermation: output Logic Product Term UL 1ieation.

Moded  oculpul Signal name  Used  Max

|14 Unusad | n] g |
| 15 unused | G g
16 colht_outlid) | 1 | 12 |
| 17 court_outl{l} 1 | 14
18 CouMRT_oatTf2) 1 | 1
19 | cownt_ontlili) 1 | 1&
20 ¢ count_outlid) | 1 | 14 |
71 count_outlrs) | 1 12
| 22 coint_outl Eg | 1 | 10 |
| Bk count_autll? ! ] | g
25 unused { @ I 4
g /S 14 = b 3
completed successfully
Lo Compilor softwara: PLAZIED.EXE 07 /arRA1999 Dwd 02 1 5.2 IR 17

JEUES ASSEMBLT 4 29047
MESSaes

Information: outpet file 'counter PAwI0_Bbic. jed' created,

SUMNATY § .
Error Count = O warning Count = O

corpleced successfully at 04:35:04

Page 4




National Semiconductor

MNovemDe: 1993

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

General Description

[he ADCOS0T, ADCOB0Z, AOCOSC3, ADCOS04 And
ADCOBOE are OMOS 8-hil successive approximation &/D
carverters fhat  use A diferential  potentiomebic
tadder —simitar 1 the 256R producls, These convartars are
dasignad to allow aperation wilh the NSCH00 and INSS080A
derivatlve cantrol bus with TRE-STATE oulput latehes direclly
driving the data hus. These AR Apnear [ke memory laca-
lions or 70 pos 1o the microprocessar and no irtardacing
Iogic ia neadad.

Dilfarential analog vollage mpuls -aiow increasing the
cammon-meda rejection and offseting (he snalog zero inpul
yoltage value. In addition, the voltags referenca input can be
adjusled lo allow encading any smaller analog vallage span
lo the full & bds of resolution.

Features

8 Compatibla with A080 pP dervatves —on interfacing
Ingic needed - Aocess tme - 135 ns

® Easy nterface to all microprocessass, or operatas ‘sland
alane’

= Diffenanhial analag voliage nouls
» Logic inpuls and aulpits mast both MOS and TTL
voltaga level specihcalions
B Works with 2.5V (LM33E) voltage referance
Dn-chip clock generalor
O I 5% araksg inpul veilage rcge wills single 3V
supaly
Mo zuri adjust required
1.3" slandard width 20-pin DIP nackage
20-pin ralded chip cardar ar small outling package
Operates ratiometneally or with Ve 2.5 Woe, O
analog span adjusted voltzge refersnce

Key Specifications
B Resoholicn
® Iotal error
m Coaversion bme

& nts
114 L5E,
100 s

Connection Diagram

ADCUB0X
Dual-lnLine and Small Outline (50 Packsges
Bt
i | 20 f="p 1R Ygpe)
=2 CLE R
WA —2 8 }—nAN (e SE)
CLEm=f2 17f=LE"
mik=—i5 L] o v
Vylt1—6 IE}—Da3
O ]
AGHI—& 3—man
e 12f=LEs
eann—ie 1 1= DET (W)

Ordering Information

AM AL

See Ordering Infarmation

+4: 5B and £1 LSE

sIoPOAUCD Q)Y 2lqiedwo) g yg-g 508004VY/¥0800AY/€08000V/208000Y/L0B0DOAY

TEMP RANGE 0'c 10 T0°C FCTOTOG | ~40°C TO +85'C
= | +14 Bit Adpusted i I ADCLE" LCN
ERROR | . Bit Unadjuslad ADCOR0ZLCWM ADCOBIZLCN
1% Bil Adjusted ACIGOA03LEN
LB Unadjusled ADCOBOALCWM ADCIRNILCN ADCORVSLCNATGCOBLALE.
FACKAGE DUTLINE L MROE—Small N20A—Malded O
| Ciflines

PSR i 2 cegistere eRma of Jkg Cup.

g Mator Samiconiusion Lomparaimn DEO05ET

v nialioras oo




ADCOR01/ADCORDZ/ADCOB03ADCOB04ADCOE05

Typical Applications

£l
™ < T
i._._pb I Ver
—e | R : &)
HER]
___.b LT . 2 ‘B i TREAED JCER
P L £ Wi T RESHLUT N
1 i . avER ANY UESIRIE
1 ) AMa L] T
0 1 i wlE WOLTRGE MANOE
i & 1 an Ymit — SEE SHCENINEA.|
el 0 . [4— ush T ok NRUTS
1 ™ nan gyl ==
[E B
* o2 a0nD
- = ez BB 1
W VRERE D SEEMECTINNG — =
s an 741
n 1
-+ =111} (B8] ??

PEReT T

2080 Interface

& —

J Y

wECEH,
L R Wy
il AD
il
ol o TR

(R AR |

Error Specification {Includes Full-Ssale,
Zero Error, and Non-Linearity]

Part | Full- Voo /2=2.500 Vae | Vaeel2=No Connection
Mumbear Scale | {No Adjustments) {MNo Adjustments] |
Adjusted ~
ADCUBNT | £ LSH _ l
ADCOs02 | il L5H j
ADGOBOY | TALiSB |
ADCOHDOS L LEE |
LADCOBDS | I 11LER |

wearw. nintional. com e




Absolute Maximum Ratings (noes 1, 23 infeared (15 sacards! 220°C
I MilitarylAerospace specified devices are required, Slarage Temparalore Hangs —-B5"C dn = HRONC
pledse contact the National Semiconducter Sales Dffice/ Package Tissipabion al T,=25'C BT mw
Distributors for avallability and spacifications. ESD Suscentisility [tote 10 ooV I;
Supply Mallage (V) a g\ . :
:;I?:;ﬂ”m& Lol el Operating Ratings (Notes 1, 2)
|_oqgic Contral fnputs —[b 3 ey 418 Trmperalure Qange Taaa T
At Cthar Input and Quipuls =034 o Voat 003V ADCOBRALT 4G TsHES ':
Lead Temp, (Soldaring, 10 secands) ADCOAD K2I0H0SLEN 40 CaT=rR5'0
Dual-In-Line Package {plasti:) 26070 ADCIENLCH O GaTA=+70C
Dusal-ln-l imee Package {(ceramic) 00T ADCIAZI0AL G OCeT =47
Surface Mounl Fackage Range of Ve 4.5 Voo e 8.3 Vo
vaonor Phase (B aecands) 2180

Electrical Characteristics
Tha Tellawing specifcatibns apply or Ve =3 Voo, Tasz

T e Thann #itdl [ =B40 kHz unlgss atherwise :.-pcu:.'rﬁcd".

[

Faramgter ) Conditians Blire Typ Max Un?'.s
ADCORRT, Tatal Adjusted Ermor (Mole 8) Wk LUl Scate Adi At LEB
(See Seclion 25 2
ADCOA0Z: Tolal Unadusted Creor [Nnte B) Ve 2= 2,500 Ve G e LeR
ADCOANT: Trtal Adjustad Error (Mot A) With Full-Brale Ad; | ! L Lah |
i [Sae Section 2 5.2)
ADCOED4: Tatal Unadjusied Erar (Note B) | Vo /7=2.500 Yy, - . & ISR
| ADCOA0S, Total Unadiusted Erar {Mata 6) Wil 2R Connectian 11 LZB
Vimri2 Inpul Resistanas [Pin 9) ADCH0 005 FERT o
ATCORNA Ml O aTsE 14 ik
Analrg Inpul Voliage Range [Mote A e nr V- Cirwl—0 05 Veet0.05 | Wy
OC Camrmon-hade lé}rnr Ower Analag [pput Wollage 118 | -ti,.f., [ 5B
y Range
“Power Supply Sensitvity V=5 W 108 Cwer LG tw | LS8
Alicwesd Wi+ and Vgi-]
e ] . S 3| Wabage Renge (Note: &) i e g Bl
AC Electrical Characteristics b
The foliowirg specifications analy far ¥e-=5 V.. and T,_,_E,J“.T,,;-"rm,-,,x unkens othansisa saecified. %
Sumbio! Earameber | Conditians ! Plin Typ | 7T A ! Units
T, Carveraion Time [ p=hal kHz (Mots &) T T
T Comvarsan Time [ ioes 5 81 | e ! 73 | o |
T Cinrk Frequatcy Vo =m {Nal 5) i | Ban | taRn kHz
Cleaek Dty Cyche 41 |_ ik W
TR Conversion Rata in Fraa-Running TR tied 10 WR with RTTO [ o708 | convis
hiode G5 =0 Ven, Tope= 840 kHz I
Wi Width of WR |nput (Start Pulse Width) T8 =0 Vo (Note 7} e P
tic Access Time (Delay f-om Falling o, =100 pF REREE ns
Edge of RO to Dutpul Data Walid) _ '
opi T TR -STATE Cantral (Delay ' C,.=10 oF, B =10k 125 200 ns
fram Rising Edge of RD 1o [See TRI-STATE Tesl I
Hi-Z Stata) Circuits )
.t'.-m L Dalay from Faling Edge 300 450 s
ol WR or AD o Resel of iINTH
G Inpul Gapacitence of Lnail:: 5 [ p_F
Control [npats { | B
e

CA S R R sl T ]
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ADCO801/ADC0802/ADCOB03/ADC0B04/ADCOB05

AC Electrical Characteristics uninued)

1he following specifications apaly for ¥ee=5 Voo and Tran=T o Thas unlass othenssa specifiad

Symbol Paramater | Candltinns | Min | Typ | Max Units
G TRI-STA1 £ Outpul - 5 7.5 £F
Capacilance (Dala Bulfers) | | |
CONTROL INPUTS [Mate: CLEC 1M [Pin ) is Lhe input ol @ Schmitt nggs cireuit ard 16 Merafore specified saparately]

[ W 11) Logical 1" Inpul Vollage Voo =525 Vpg 20 15 | Mo
_[E:tr.‘epl Pire 4 LK IN] |
W 1O} Logical "0 inpn Volage Yee=470 Voo 0.4 | Voe
I

(Expopl Ain d CLIIN]

hag1) Logical "1" Inout Cusrent Wee=3 Voo ! AEs 1 (7
(Al Inguts) |

Tipg 1) Logical '3 Input Current V= Wae . ~0.005 | [ Fhae
(Al Tapuls) | | | |

GLOCK 1N AND CLOCH R

o CLIE 1 (Pir 4) Pasilive Gang ' b a7 [T #7 | w7 i
Threshold Yollago
Vo | cLr N (P 4) Negative ' 15 | 18 | 24 Fai,
Gaing Threshold Yoltago ) |
WL CLK [N {Pin A) Hyste-esis ' 0E 1 70 AP
[ g st
Vo 000 Logleal "0 GLE R Cutaut ==380 ph, .4 Yoo
wallage M ETRMGE '
Worry 111 Legical “1° GLK R Outpud [1,,=—380 uA 2 Wi
Vallage | Yoo =878 Vi .
‘DATA OUTPUTS AND INTR o
Vo T logeal 0" Outpul Velage | ' I
Dala Dutpuls bir=1.8 mA, V=78 Ve 0.4 Wi
|Nﬁﬂll|rﬂul leur=1 O, WL =4 TR [ a4 Vo=
Vo1 | Logial 1 Outpul Vahage T,,= 360 pA, Vea=1.75 Ve 24 ' Vi
Vo 1) | Logical 11 Qulput Vallags =10 (i, V=75 Vi a5 | T
i TRISTATE Disatnd Dulpul Vo ™0 Vo -1 e
Leakage (Al Data Bullers) o =0 Ve 5 [
H— . Vouo Shor L6 Gnd, T,=25'C | 45 | B mAe
Lo Vs 5Hot 1o Vop, T4=25'C | 80 16 T
POWER SUPPLY .
i Supply Currant {includes frp =840 kHz, ]
Laddes Cumaniy Vppet2=hG, T,=25 0 |
ad C5 =8¢ f
ADCOBI10203H4LE TS (E: 18 M
| ADCOBDALCNILCWM ‘s | 25 | mA

Mote 1: Absalite Masimur Feings ndicala imits bepurd hick damage o sl daina miy soir D and A gchival spacificeivng do 1o apply whan opesaling
fhin Ao Bayomd 8 spaciied poamgting condtions

Male 2 Al woltages are meaasuest Wi maspec w0 0a8, niess atherwise spectad, The sapermte A Grd-paind showd ghwrys b wired in Tie O Grd

Hata 3: A zener diods sxists inkernaly, fram Yoo I Sl Bnd haga ypical braskdown volage of £ Mog

Mots 42 Sar Wiyl— e iyl ) tha digital outpo code will b GO0 SRR, T On-chi centes s hed o sach anclag ripul isan block diagrarr ) which will forwad Sondic
Far arziog mpuk wellagen o Folta drop bake croumd of e dinde drop greer heo e W supnty B2 ceran, dorhy fasting = Loy Wy bespmte [ 5V, @ high
lewel analeg mpugs (5] can ces s npul dicds o sonduct-aspecaly at akwaled trpanlures. BN cAuge annrs ol ek s neR full wseld, e spec
llows S0k 0 Survaid Feas of adnar docs . [NiE srewad IREE A% kg 85 N angsy Wy o o awcead vy supaly vallage Ry e LA &7 m, he culput coda Wil
ba porrect. To nchimve B0 chsolts W 10 5 Wiy npul wORBGE RRIdE wil there'oma require 8 FiniFan gl woltmge of 4050 Vep aver lampa e waraliors,
iritial toamnoe and keding.

otz &, Accumay ba guarantbaed it fag g = Bl kHr A Righar cloich - fraqURBNES ACCURALY GaN degradt. For lowar cock fraquorios, e duty cyce imils s 28
wxtendad s long a5 the minimm cuch figh time irtarenl ar ynipuim chod b YT Tibarval is oo l&ss than 275 05,

Mot 8: Wilh mn msynenronous slan pulse, ug 1o A cinck panogs My be rauired DEtDrE U IEmal chas, phises ans sriparin sierl he convergion prosass The
start pequaal 15 Infrorilly fatchod, sad Fypars d paid sackiar 20

wiees nllaral oem 4




AC Electrical Characteristics (Continued)

Mot 7= Tna ©55 irput |5 assumed ta brackest tha W sirse miput nd therelon b {5 dapmer on The BTL putse widlh, A0 art tmady wile pulse witt wil hod
e convedar 0 0 iesel mode ad esan ol cneesen i5 imtizatsd by -re ke [0 Rig frangitian of 2 ¥ pulss 1508 2y diggrama].

Pt B Moea of thens 200, re e B2 Bdjim] G sect o 2 #E AL T otan et coda al ulliger prnteg itk yoltages aam saulion 7 R Al Figiee T

Moba9: The Vi 2 pn 5 Lhn casar pronl of 8 twi res Sine clividen -cnnnected fiom Yoo b ground, Ine s sarslons of llse ALXZORNT, ADCIMUIEE, ADCORDA,
AOEOHES, md n e ADCGHBALE, sach rasiEine s Ipamndy Y KLL e all versions ul e ALAOEM e epl e ADCOEL O el pesse i fupally T2 aLl
reoim 100 Furein Bady ritadel 100 pF oisctieged heaxgh 3 05 kg deaksior

Typical Performance Characteristics

Logle Input Thresheld Viltags Delay From Falling Edge of CLK IN Schmitl Trip Levels
ve. Supply Vollaga 20 to Dutput Data Valid
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ADCO0801/ADCOB02Z/ADGO803/ADCOB04/ADCDE0S5
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Timing Diagrams (Al timing 15 measured fom lha 50% voltage poainls) (Conbrusd)
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Typical Applications (Tsntued)

Abealute with 3 2,500V Referance
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Typical Applications (coninuse)
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ADCO801/ADC0802/ADC0303/ADCOB04/ADCOB0S

Typical Applications (coatinucd)

Digltizing a Current Flow
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Typical Applications (Continusd)

Self-Clocking in Free-Running Mode
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ADCOB01ADCOBUZ/ADCORIMADCOEDHADCDE0S

Typical Applications (coninusd)
Handling £10¥ Analog Inputs Low-Cost, uP Interfaced, Temperature-to-Digital
> Wz Converter
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Typical Applications (contnuedt

Handling £5V Analog Inputs

Read=Only Interface
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ADCO801/ADC0B02/ADCO803/ADCOB04ADCOBOS

LAY trarsisions
A B S, D= LMOZEA qusd Dp mmg

Typical Applications (cantnues)
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Typi::al Appli cations |Confinusd)
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T}"]}iﬂa‘ hpplic ations (continued)

Sarmpling an AC input Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

& parfact A/D Lrarsior charsciansic (staircase wavefam] is
anown ir Figure 1 Tha honzontal scala o analog irpul
valtaga and the particutar points labeled are in steps af 1
LSE {19.53 mv with 2 5V tied Lo the Yeep/2 pin). The digial
autput codas thal corraspanc to these inpuls are shown a5

e
Liniec L:j&

1=

LS ST

D-1, D, ard D+1. Fur Ine parfect AT, ol renly will
cenlar-valua [A=1, A A+, . . . | andiog Inpis produca
the rorecl cutput digital codes, Dot abse cach dszr the
transions betwaen adjacent outpul codas) will be located
+ 14 LSA Aaway from each center-value. Az shown, (e fisers
ara itgal and hava Ao wdth, Semect digamal aulpul codes will
he provided f2< @ range el analng input vallages that exient
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Functional Description icontiaued)

474 LSB trom the ideal cenler-values, Fach tread (the rarge
of analog inpul vallage thal provides (e saTs digital output
code) is lhevefzre 1 LS8 wide.

Figure 2 shows a worst case aror piot far e apCooot . Al
nenfar-valued inpuls are guarantced lo producs the oorran
culput codes and the adjacent risers ane cuAranlead o be
o closer 1o ha cenlervaug points than £ L5B. In alhe
werds, s anply an analeg input sgual to the cenler-valus
+14 | 5B, we guaranies that he AD will produce {he corfec
dagilal code The maximum range of the posilan af thiz code
transdon is Adicaled by tha honzontal arrow and if s Quar-
artead Lo be np mora Lkan W LSO

Tha arrar curve ol Figlre 2 shows 3 worsl cose armoralol for
e ADCDEOZ. Here we guaranies that if we apply an ansliog
input equal 1o the LSB analog wwllage cantar-value the AL
will praduce e correct diglal code.

Transfer Function

-]
g
FRLAA =i
£ |
=
B o i
= - ——
g E
) '
Sp-| —_——
] T |
| 1 !
L i i
a=-1 B [ |
FoR 11 T
DBMERT

mexl Ly gack transter lunclion is shown e canespanding
grmr pinl. bany pacple ray be mons Fa rmiliar wilh srror plabs
tham tansfer funcions The analog input voliage (o 1he A0
15 provided by either a linear ramp or by he discrate autput
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FIGURE 1. Clarifying the Ermor Specs of an AID Converter
Accuracy=%10 LEB; A Perfect AID
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FIGURE 2. Clarfying the Error Specs of an A'D Gonverer
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ADCO0801/ADCOB0Z/ADCOB03/ADCOB04ADCOBOS

Functional Description (cantinues;

Transfar Function
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FIGURE 3. Clarifying the Ermar Specs of an A/D Convertar
Accuracym iz LSB

2.0 FUMCTIONAL DESCRIPTION

The ADCOHA0T senes cont@ins @ circult equivalent of the
256 network, Analog swicnes are sequanced by sUCCeE-
i apoeme mation logic fo maten (he anatog diference inpul
voltage Wl - Vil—)] o & corespanding tap an tha B
Aatwatk, The most significant bil iz tested first and afier 8
comparisans (B4 chack cycles) A digital Habit ninary codo
(1141 141 = Full-ecale) iz frangferred 1080 calpul laicn and
then an inlesupt is assedad (INTR makes a high-io-dow
fransitian). A conversien in process can be intermupled by
ieaing a seoond start command. The davice may be oper
ated in the free-supning mods by sonnecling INTR tn the WR
inpul with % =0. To snsura stad-up under all possible
candibans; an exdtamal WH aulse s reguined duding the first
power-up cyche,

i T highdo-low bransition o Ee WR ingul [ha inlamal
SAR latches and tha shill rarislar 2iAges are mesel 4% lang
as e T input and WR inpul remain fow, the A(0 will remsin
iioaresel glate Conversien will star fromme T to 8 clock
periads after Al easl one of lese npuls ondfies 2 fow b huigh
Iransiion

Afurctional diagram of the A'D canverlar is shown in Figlre
4. Al of the package pinouls ane shown and the mayor iogic
canlro) paths a8 drawn [n heaviar wa'ght tines

The comverder is sladted by having T8 and WR simuita-
naougly low This sels the start fip-Nep (F/Fiand tha resual-
ing "1 tevel nesats the -bit shilt ragistar, resats e |nlernipt
{I8TR) F/F and inputs a 1" fodhe D liop, FFE1 which is at he
input end of the 8.0t shift register. Internal clack signas then
transfas this *1" to the O output of FIF1. Tha AND gafe. G55,
carmaines this 17 nutput with a dlock Sgnal fo provide a rassl
signal to the stan FAF, IF the set signal = no longar presant
{aithes TR or T8 is g “17) the stat FIF s reset and the 8-bil
shilt register lher can have the *1° slocked in, which slails
ihe convarsion process (I the set signal were 1 stll be
prasanl, s resel pulse would have no elbecl (Loth cutputs
of e atart FIF wauld mamantarily bo al a "4 lzval) and the
B-bit shifl =eypster would cantinea (o be held N e ressl
made This lege herefore aliows for wids CE and WR
ragrrals and the momeeler will stad allar al least one ol nese
signats tetums high and 172 inlerra) cocks again provide 2
resel aignal for the siart BT,
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Functional Description (contirued)
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FIGURE 4. Block Diagram

After tha =1 is clocked Iiolgh the St shift register (which
~nmpletes the S&K search} it appears as |he npul 1o iha
D-lype latch, LATCH 1. As soon as this™1" 15 autput from e
shift reqister, the AND gala. G2, causas [ne new digilal word
1o transfer 1o the TRI-STATE outpet fatches Whon LATCH 9
is subsequently anabied, the O cstput makes 3 high-lo-low
transition which causes he INTR FIF 1o set. Ao inwerting
bufer then supplias the TFTE noul signal

Mote thal Lhis SET canldl ol the INTR FIF ramaing low for 5
ol Ihe external clock periods (as the intemal clecks mn al Y.
of the Frequency of the extemnal glocs). If the daia AL IS
conbuously enabled (G5 and RD both held low), the iMTR
caulplel will sUll sigral the and of sorvaersion il @ b el
brancion ), necause the SFT inpubcan conliol the G nulisl
af 1he INTR F/F even though the RESET Input is canstantly
at & “1" level in this aperating moda This INTR output el
lnerefore slay ow for he dasalicn of e BET signal. which s
B parinds of the extermal clonk fegquency iassuming he A
i not starterd during this inlarval),

Whan operating in the frea-running 07 SaniiNUOUS Gonwesen
mode (NTR pin Gied to WR and G5 wirad low—see altd
saction 2.8), tha START FIF is SET by the nigh-to-law fran-
sitian af the TR signal. This resets the SHIFT REGISTER

which cruses e inmul 5o he D-lype lateh, LATCH 1 %o ga
1w, A The Tatch ensble iepul is st present; tha O ot put wil
oo high, which then allows the INTRE FIF [0 be RESET. This
reduces tha widia of 1he sesulting INTR culput pulsa 1o anly
A few propagation delays (aporeximately 300 ns)

Whar data is tn he read, the combination of bt 55 and BD
baing low wil cause lhe INTR FIF lo be reset and lhe
TRI-STATE nulput istchas will a2 enabled 1o provide 1he 8-t
digilai oulpuls.

2.1 Digital Gontrol Inputs

The digital contrsl inputs (C3, RO, and W) mesl stardard
1L logic vallage leveis. Thesa sigials have Deen renamedd
whan compared to the standard AD Slait and Dutout Enabile
tales 'noaddilion, these inpuls arg goiive low Lo allow a0
aasy inlarface lo mictoprocessar contiol busses Frar
ron-icrapresessor based applicaions, the TS nputipin 1)
enn he crovnded and tha slandard A'D Start functian o5
ohtained oy an active 1ow pulse aoplied ai the WHR inpul {pin
3jand the Outpul Enable functian ig caused by an active low
puise &; e HD nput {pin 2]

[ R T B e




ADCOB01/ADC0802/ADCOB03/ADCOBO4/ADCOB0S

Functional Description (Contirued)

2.2 Analog Differentlal Voltage Inputs and
Common-Moda Rejection

Thiz &0 has addilionai apphcalons fasiiily dug 16 1ha
analoeg differential wallage mput The W=} input (pin 7) can
ba used ta autdratically subtraet a fiked voltage vaha from
the inpul reading {tare curedlion), This is alss useful in 4
mA—20  nh currant  Beop conversicn.  in addidian
comman-made aoea can baraducad by usa of thedifaren-
el inpul,

The time intaral batwesn sampling W (+) and V(=) isd-1%
clook periods. The maximurn arror voltage due o his signi
lime differenos Lelween tha inpul vellage semplas o given
h"l"

4.5
AVGMAK) = (Vo) (2 (— )
fox

where;
W, 15 the ermr vollage dus to samplng delay
Ve s the peak value of the common-mode vallage
Iy I8 lne common-risde freguency

Ag an exaniple, o weep his aror o W LSB (25 m\V) wien
aparaling with a 60 Hz commnn-misde fraquency. [, and
using & 640 KHz AD clack, (o . would allow a peak value of
the eormmon-made vallaga, We, which i given by

Vo = YaiAx) ffowd!
P T ) (4.5)

ar

(5 % 10-3) (540 > 109)

e (5,28} (0] [4.5)

which gives

Vp“ 1Y
The alivwed range of analsg inpul volteges usually places
Tore severe seskiclions on inpul commar-mode noise fgy-
als,
A analog npal yollage stk a redussd swar and A relatively
large zero offset can be handied eas:dy by making use of e
differantial input (see section 2.4 Haference Yollage).

2.3 Analog Inputs
2.3 1 Input Current

Mormal Made

Due o e intemal switshing action, displacement cuments
will low 3t the analog Inputs. This is dus 0 on-chip stray
capacitense o ground as shawn In Figure &,

r'__"-""___._._‘_ B RS |
Ii = e te et I
| E |
I E 1:| |
| [ 5 (. S |
| 1] i
I T i
|

L

B R e S

i

Top ol S0 1 and BWE - B Ry
t=rom Cemgay = & Kow 12 pf = 80 0s

FIGURE &, &nalog Inpul Iimpedance

The voltage an Ihis capachance is swilched ard will result in
currents entaring the Vid+ ) inpul pin and leaving tne V(-
inpul whick will depend or: he gialog diferential inpot volt-
age levals. These current transients octur af the taadifig
edge of the intemal locks. They rapidly dacay and dg ol
cause ermos as Lhe ureeip camparator is stesbed st the and
af lhe clocs perod.

Fault Mode

if lhe voltage saurce appled to the Vo i+ or Vil«) pin
exceeds: [ne allowed aperating renyge of Veot+50 MY, largs
irput currarts con Aow through a parssitc disds lo the Vo
pin. Il these currents can axcead the 1 mA max allowed
spas, an extenal dioda {1914} should ba added Lo Dyosss
s current b Lha Voo in {with the curranl bypassad w h

vollage by Lhe forward voltaoe of this dinds=)

2.3.2 Input Bypass Capacitors

Bypass capasitors al he inpuls wdl @verage [nese charges
and caves a CC curmant o fBaw throggh the aukpalf resis-
lances of he anaieg signal sources. This charge pumping
acton & worse for conlinuols conveTsiors wilt the W,
il waliage gl ful-scals, Fo conliusus conversions with a
FAD -z choek Traguianey with The W0+ inoot st S This D0
curenl 158l a maximum of approximately & pA, Thaelore,
Bypass capeeiiors should not be used at the analog Mputs or
fier Vier'? pin for high esistance sounces (= 1 /L] 1T inpu
by pass cHpaciters are necessary for raise fittering and hign
snuree tesistancn s desirable o misirni7e manacilon siza; he
datrimental effects ol lha voltage drap actss is inpul
resalance, whoh s due o ke average value of e npol
morrenl. can bo elininated wilh a llacale adjusimant wiils
the given source rasistor and inpul bypeass capanitor ae
noth in place This is pnssibie bacausa e averags value of
L gl clirtenl s & previze linedr funslion of e difersntiai
inmul vollage

2.3.3 Input Source Resistanca

Larga valuas of sauroe resislance whera an rpdl DYpass
capacitor is nol used, Wil fo couse wres as the inpul
currerts sellle oul priar 1o Lha comparisen time 11 a Iow Dass
fillar s required in Lha systern, use & ow valued serisgs
rosistar { 71 ko) ter & passive HO soc0n of ado an o amgd
A ootive bow nass fiter For low sourcg esistance apploa-
tons, {1 k7Y @ 0.1 WF bypass capacitor at tha inoats wl
pravant polise pickup due 1o seies lead nduclance of 3 inng

W, inaLCom
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National Semiconductor

L M158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers

General Description

The LM 156 sernes consists of two indepandant; high gain, in-
ternally freguency sompensated oparational anplifiers which
ware designed specificaly 1o cperala Trom 8 5ingGle poves!
supply avar & wide range of voltages. Operatian. fezm snlit
power supplies is also possibla and the low power supply
| cumant drain s independent ol the megnituds of ne power
suppy voltage,

Application aress include larsdurer amahfism, doogan
blocks and @l the conventional op dmg cirouils which row
can be mara aasily implamanlad 0 5ngke oower supply 5Y5
tems Far axampla, tha L1508 saries can be diradlly opsr-
ated off of the standard -5 pewer supply vatiags which s
usad in digita) systeme and will sasily provide tha reguired
interface electonics withoul reqairing Lha additional =15
powar sunplies

The LWMiSE i alto available inoa chip sized package
(-Bumn micra S0 ising Nationals micre S0 mackages
techralogy.

Unigue Characteristics

® in (he jrearmade the inpul comman-nade volage
sarge Includes groand and the sutpa volinge. can alse
swing bo ground, aven howgh aperated frvm oniy a
gmgla power supply voltage,

® The unily gain cross fraquancy s lemparaluie
Ccompensaied.

| m The wnput bias current is slso lemperatura gompensated

Advantages

® Twoirtemally compensated op amps

m Elimnales need for dual supplies

B Aflows direst senseg near GHD and ¥y o alse gees 1o
LMD

= Comrpatble with all farms of 1ogic

® Power drain suitabla Tor balery operation

® Pin-cut same as Lh°S53LMY458 dual op amp

Features

= Availanle in 3-Duma micrn SO chio sized packegs,
(5ae AN-TT1Z}

® |nfermally frequency compensated [or unity gain

® Largs deouoltags gaire 100 d3

B Wide bandwidih (unity gan): 1 MHe
Stomperature componsaied;

B Wida powear supply range
— Single supoly: 3 o 32
— ar dual supplies:  £1.5V 10 18V

® Wary low supply cument diain (500 a4 —essontialy
rdenendant of supely voliage

® Law inaul offset vollage. 2 v

m rpul common-node vallage mngs includes grouwrd

® [nffarenbal inpol volage range equal 10 [Pe power
LU puly vailage

Large oulpul voltags swing, W 1o el AT

Connection Diagrams
g-Bump micre SMD
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=
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LM1SB/LMZ58/LM358/LM2504

Connection Diagrams (Continued)

Matal Can Packags

1
Al | AET A ——

¥
IRVERTENG IRPIT A, o

DIM=0 Packags
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Top View
Ordering Information
= i)
Temperalure Range ' i
E = T - NSC O i
b | -E8'C 1o 125°C [ -25°ClaB8'C | D'Clo70C | -40°C to BB e Lt
508 ’ LM3SBAM I 128048
| LvaseM | i
B-Fin holded LM35EAN | MZE04N
il LM2EEN NCSE
B-Pin Cerarnic | LM1S3ANGO03|Nale 1)
Dip L1532 MBE3 I Nata 1) |
Lid 1550 i JoRs
LI BRAL LML Mot 2
LA 158AICMLY Nate 29
TO-5, 8-Pin LMASBAH/SE3Nota 1) LM3saH
Matal Can L MASBHEE I Nala 1)
LM 15
HOAD
LM 158H
LM BAAHLGMLIMNa 2
LM1SBAHLOMI ViNate 2 |
| 8-Burp micm ! LMASAEP e
MO | LM3SBBPK SN




Absolute Maximum Ratings ivce 11

If MilitarytAerospace specified devices are required, please contact the Mational Samiconductor Sales Office!
Distributers For avaitability and specifications.

$OGZIN/ESEWT/BSZW /e LN

LM1SSLM256/LM2ES L2604
L 158A/LM2EBALMISEA
Supply virtlaga, Y AL REAT
Ciifferential inpul Voltages and RN
It Waltage =03 I #32Y —3V to HZEY
Powat Diasipation (Mote 3
Maldad DIP B miy B30 MW
Matal Can 250 miW
small Qulling Hackage (ki 30 MW 530 my
rmizro SMD A35mW
Owtput Shor-Chrouit o GRD
(O Bemplifiert (Mole 4)
vh = 58 and T, = 25°C Conl nuaus Conlnuous
Input Curranl (W, < —0.3W) [Mota 5] 50 mA 50 mb,
Operating Temperaiura Range
| MEER 0°C po  FOC —40°C o +85°C
L 258 —OE° o +BE'C |
L1348 -55°C la +125°C
Slorage Tempemature Rangs -GG #1600 -65°C tp +1B0TC
tead Tempareture, DIP
iSoldarirg, 10 seconds) 2600 2RO
Land Tarmparature, Malal Can |
(Saoldering, 10 seconds) 300°C AC
Scidenng Infosmatlon
Dual-In-Ling Pac<age
Soldarirg (140 seconds) 260 ZB0°G
Simall Oulling Packags
vapor Phase (S0 ssconds) 215G 2150
Infrared (15 saconds) 220°G Pl

Saa AN-150 “Surface Maunting Methods and Thalr Efect an Product Refiability for other methods of soldering
surface maunt devices,

ESD Toleranca {Mota 12) 250V ROV

Electrical Characteristics

W= 450, unless olharwise slatad

Parameter Conditions " LM15BA LM36BA | LMISBILM256 | Units
Min Typ Max [Min Typ Max Min Typ Max
Iput Offset Voltege (Mote 7y, T, = 25°C 1 iz 2 3 2 B i
Inpul Bias Current Incoe OF lngroys Fa = 29, 20 =0 a5 oo 25 150 | n&
Wiy = O, (Nate 8}

(ot Offset Currenl | D gy = Doy Yo = OY, T, = 25°C 2 10 | 5 30 a 33 | DA
Triaut Common-hads - = a0V, (Nole 9) - o W1k 0 V15| D WAk | v |
Yoltags Hange {LM2004, W* = Z6W), T, = 25°C [

'i-‘.u,-:-p'.y Curren| Craer Full Tﬂmperqalura Range [

| Ry = = on All Op ATps i {

VT = 30V (LM2804 V- = 26V) | vz 1 3 rit

| VT Y | A5 12 0.5 1.2 05 1.2 il ‘

3 WA MELCR L




LM15B/LM25B/LM3SE/LM2904

Electrical Characteristics

W5 = 45 0V, unless othamwise staled

Parameter | Conditions LM358 ! LM2904 Unitz
Min | T}'F!'_l Max Min | Tym M
Input Diisel voliage Mae Ty, T, ™25'C = ¥ 2 7 prid
inpul Bias Cureran hikega1 00 g T = 25°C5, 45 | 2m 45 ann i
Ve T OV, (Mole B} |
-EEL.IZ Offsat Current Here = Vawzs Wan EI0N, Ta = B0k 5 R 5o A
Iput Commes-ade | W= A0V, (Mote 9 o { W=t 5 o V=15 0y
Yaltoge Range N MZA0s, W =3BV, T, 7250 |
Supply Cuirent | Cwer Full Tempersture Range | ! '
A, === on Al QOp Amps |
W= A0 (LAM2E04 W T 26V 1 2 i 2 bt 1= I
W =R 0 [ 1 nh | 'I?_ A,
Electrical Characteristics
Y= L5.0%, (Mole §), unless ofhenaises staled
N LM1i58A  LM3IS8A Lw15B/LMZEE | Units
Paramelar Conditions = ; . ;
Min Typ Max |Min Typ Max | Min Typ  Max |
Large Signal Vollaga Vhm 4Gy T, =050
Gan Rz 2R (Tor v, = 1 5o 402 25 10 a0 A0d W
b 14} .
St i 70 AS 85 85 7085 | e
Felzction Ratio Wy = O0ObE W1, 5N |
Poswer Supply o= Oy to A0V )
Rajaclion Rato {LM2904, yh="ny 65 100 RS 400 B85 109 d8
ln 26\, 1, = 25°C _ l
n-mpln.mr-m-p.n‘m figr [=1kHz o 20 5Hz, T, = 250 <3 420 s -
Coupling tInput Rededrad) (Mo 10} { e
"Dt Current | Saurce | V' = 1V, :
iy T 20 40 WA [ 20 40 A
VRS ,
V=g, Ty = 25°C _
Sink | Vi = 1V, W S Oy
W =agY, T, =280, 10 20 I L1 S 1o 20 | oma
Vo =20 '
Wi SN,
Vi = OV 12 50 2 8D 17 &0 o
[ Ta = 25°C, W, =230 mv, |
W =ahY |
Sharl Circuit o Groane. | Ta =25°C (Rharle ), W% B 2 80 ok
W=qEY | |
Inpul Oifset Voltage (Hote 7) 4 5 7| omv |
Input Offsat Vollage R = 00l + 15 " - |I - | e
Dirirt
Input Gsat Cumen ling+1 = linae=y an 75 o na
Inputl Oifsat Sument Re = 0Lk 10 200 s 00 10 AT
Drft
Input Bias Current | Finpay B Tingey 40 100 ] 40 200 & a0 | rA |
Irpul Somman-ada | W7 = 30Y, (Nole %) [p e s | weea v
Yeltage Hange [LM2304, V™ = 28Y, | [ | _
L
wanw Talkanal.cam 4




Electrical Characteristics contnued)
W= = 5.0V, (Male 8), unless otherwiss staled

i [ LM1584 LM358A LM1SBILM25E | Units
FRIAMSEY | Gacritions Min Typ Max [Min Typ Max [Min Typ Max
Large Sigral Vallage V= ey
Gain (Vo = BWla 11V 25 15 s iy
1 Hy 2 2 k4l l
Cutput Vo | V7= +30V (R =2 |26 | 28 26 v
Voltage Mg, v =eev) R = w | 2r w21 28 27 I8 i
Swing Voo | W7 = 8W R S 10 kil 5 20 3 £l 5 21 i
Cutput Curranl | Saurce 'JLE\* = W, Wiy = 0w 10 20 0 20 o i,
WE 15".-'..‘::” = 2V
Sk | Wy = 41V, ' = O, W 18 5 8 5 8 A
V=BV VL TV
Electrical Characteristics
V= 450V, (Note 8), unlass olhewss slaled
" LMASE LM2904 Units
Paramatar Conditions i Tvp e “Hl'rl Typ i -
Large Eig-ﬁa! Vallage W=RY T, =287, o
Sain He oz 2 ki, [Faor Vg =1V 25 00 28 00 Wi
la 1)
C&mmun-r.-'lot.!e Ti= EEI.C' ) - 85 50 70 -
Rejectian Rala Wisg =0V o VT -1.8W
Pawer Supply W= B o 30V
Rejzulan Ralio (LMZ504, V" = 5Y | it 11 Al 144 JB
Lo 26_"..-'{, Ta = 25T |.
amatifiar-1e-Smplilier =4 ke o 20 kH=s, T, = 275 i | i i
Coupling rpul Refered), (Mate 10) :
Catpu) Current Source | Mt = 1V
W = O, e
b e 20 40 2C 41 ma,
Vo =N Ta = mC |
Snk | Ve = 1M, Vo = OV
W= 98y o= 250 y 70 o 20 i
W =2V
r Wi =1L
Vang =S 0Y 12 ait 12 50l A
Te= 256, o= 20 mY,
vt 15"u’. . L
Shoel Circull to- Ground | 7a= ZHC. [Mala 4], = = i b i
I. W =Ry -
Ir:pu'l Offset Valtage | (Mo T i - 5 - _‘.D _n_N -
Irpul Offsat Voltage R, =00 7 2 Lo
Drift - |
irput Offsat Curtant Neaies = Vi ) 150 | a5 oo Y
irput Offaat Currant a Fs =00 10 : 10 e
Bl
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Electrical Characteristics contruad)

YT = 450V, {Mate §), unless othemwise stated

Lm3se | LM2904 Units
Parameter Conditions e
N - Mirn Typ ax Min Tvp Mlax
Large Signal WValtage W T HRY
|I GZair | Vo = 1 e 1Y) | 1% 15 Wimy
[ B =2 kil ! i
Cutpul Von | V= 430V B, = 2 had 26 | [
Yolage (LMZo04, - =28 | A =10k [ 2F 28 | 23 24 [L %
Swing Ve | W= 5V, R = 10 kil B 20 5 Wa | e
Culpul Sorrenl Source | Mt = 21V ¥y TV 10 20 it 20 -
WSO, W, = 2
Sink | VT = IV, Wiy TV, & & & 5 _
W' =15V Vg = 2V B
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Typical Performance Characteristics

Input Valtage Range Input Gurrent Supply Gurrent
s — L - iy o T
41 e B oL T3 ke
¥ T SO Y- T
2 PV R #
il z e 1 et ki s . | o
Hedn 1L IH: il T —t—— = R 'f |
| N N W 5 e | & A = ]
| ratriek 5 I I = = |
i c 1 : = |
Y -.*;ETU_T'T_:| Y _r"ﬂ"r_r_:;":'-'".-
[ — ]
| 10 . | I | f—1 ) —'——,__r—:':"-'l::.;—l
. oLl ik 1
b 3 ] 5 sm-an-th B JEOAT BS AT (TN d 15 k2] ¥
¢! O ¥ PONIRSUFPLY wLIAIGL I'g'.-';:: 1, * TWAraaTdRE for W = SLEPLTWOLTACE
pearArad SRR YT Y

W natonal e b




Typical Performance

Voltage Gain
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Typical Performance Characteristics :continued)

Input Currant (LM2902 only)
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Application Hints

Tha LMI5S8 sen=s gre op amps which cpamlae wiin only 2
single power supaly vallage, have frue-differential inpuls,
and famain in the near moda with an nput comman-made
vultags of 0 Wy Thesa amplifiers operale ave® a wide @0ge
of mower supply vallage with Litlle change in perormancs
charactenstics. Al 25°C amplifier operalion s possible down
I a minimum supply vallage of 2.3 Voo

Pracaulions shodld be taken ko insura thal Lha powar sippHy
for the nlegratad sircuit Aaver becomes reversed In aalasily
or that tha winil s onl inadeerdentty inrtallad backeards ina
Iest socket a5 an undimilad curmanl surge inrougn 1ne resikt-
ing forward diode wilh'n the [T could cause lusing ol Lhe in-
Irrnal cordualors ard resull 0 & desinoyad unit

Larga differantial mou vo'tages can be easly accormadaloc
and, as Input differential vollage pralecton dicdes are nol
needed, na larga inpul currents ~asull rom large d ferantial
Input velages, The difarenlial npul vallage may o l@rge”
Ihan W' without damagieg the deves Prolection should he
prowided Lo prevent the inpul veltages from going negalive
mare than —0.3 V- {al 25'C) An inpul clamp disde witk a
resistor [ tha 10 input barminal &an be used.

To raduce the power supply cufrenl dian, tne amplifiers
have 8 class A oulpol slage oy small signal levels which con-
verts lo clags B in a large ssgnal mode, This allows the am-
alfigrs o bath source and sink large autpul curems. Theng-
lora both NRN and PHP axlanal curnest bosst transisfors
man ba usad io axtand the power zapahility af the basic am-
plifiers. The outp! veltage neads 1o taise agprosmately |
dinde drop abode ground 10 hias the on-chip eerlical PMP
trarsslor lor owtpul currenl sinking apalcaLioms,

Far ac applicatizns, wlang 178 0ad 5 capacitively coupled Lo
the cxitant of thee amplifiar, & esistae ehould be usen frnm
tha output of the ampifia® (o ground o Increase Ihe olass &
higs current and prevent crossover distorion, Whara the
load is dirgstly coupled, as in do applications thene is no
ciogsover distortion

Voltage Gain (LM2202 only}
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Capacitiva loads which are apphied directly to the cutput of
Ihe amplifier reduce the Inop stabiity margin, Veluas of 50
iF can be accomodated usig e wasstcase aon-ineart by
unilly gain correction. Large closed lopp gains or Tesisive
isnlation should be used if large- 1oad capacilatcd musl He
drivan by he amphibser.

The mias retwork af ine LM158 establishes a dramn comént
which is indapendont of e magritede of the powier supply
voltage over the range of 3 V- to 30 V-

Cugtpid shorl cirsuils ailber o ground af 1o e positve powe”
supply should be of short time duraticn Units can ba da-
slhowed, nal as & m@sull ol the shocl crcuil cament caus g
mietal fusang, bul ratner due to the lage increese in |C ohip
dizsipation which will causa aventual fatune dus o exces-
siwe function temperatures. Pulting direct shod-cirodts an
mora lhan ona amphla- al &8 bima will increase tha tatal 10
powel disspatan o destructive levels, i ool preperly nro-
lected with external dissipalicn limiting resistars in serias
wilh 1ha outpul leads of tha amplifiere. The anger va ues of
Lulpui source currenl whon & available at 25°C provides a
laeger oulaut eurrant capability -at elevaied temparatures
(see typical pardarmanca characladslics) than a standard 1€
Op armp.

[he circuils preseated in the sectan on typical apalcations
amphasize operation on cnly 2 single pawsar supply voilags,
If comalementary power supphies are avaiabla, all of the
standard op amp cleealls can be used, In genesal introdoc-
ing a peeudo-ground (A nias voitage refarencs of VOE) wil
allow operation abova and balow e vdive i smgle power
suUpply systars. Many applicatinn circuils are showeowdrch
taxe advantege of the wide inpul common-mode voliage
range which includes ground. in masl cases, mput biagsng &
ril required and inpul voltages which raage Le groucd cay
easily be accammodatad
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Typical Single-Supply Applications ' = s50v,.)
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Typical Singie-Supply Applications ' = 5.0 v, (Cantinued)
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_ﬁrpical Single-Supply Applications (' = 50V (Corlinued)
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Typical Single-Suppily Applications v = 50 Voo (Codtinuec

Squarewave Dscillator Puise Generator
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T}fpil:ﬂl SiHQIE'Supply Applications o= 00 Ve (Conlinued;

High Compliance Currant Sink Comparator with Hysteresis
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Typical Single-Supply Applications v = 5.0 vu-) iConlinusd,

AC Coupled Inverting Amplifier

1
Wi Vo 1
nl
— : rf.
ST E

_ﬁ,.‘-—% | A5 showm, fug = 10}

Ground Referencing s Differential Input Signal

ni

[EAH ) ekl

waww et cral.coen 4




Typical Single-Supply Applications ' = 50 v iCaniirued)

AC Coupled Non-lnverting Amplifier
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Typical Single-Supply Applications (v = 5o v, iContnuad)

Bandpass Active Filter
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Typical Single-Supply Applications v' = 50 v.o (Coninued;

Phots Voltaie-Coll Amplitiar Bridge Current Amplifier
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Typical Single-Supply Applications (- - 5.0 vo) iContinusd)

Using Symmatrical Amplificrs to
Reduce Input Current |{General Concept}
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Physical Dimensions inchas milimeters) unless afnervise nolsd
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4-BIT MAGNITUDE
COMPARATOR

The SH54/ T4LSAS is a 4-Bit Magnituds Camparator which comperas two
A-bitwords{A, B}, sach word having four Parallal Inputs (An - Az, Bo-Ba) A
B3 being tha most significant inputs. Operation is not resiricled to binary
codes, the devica will work with any monctonic code. Threa Cutputs ara
provided: “A greater than B” (Op,> pl, “A lass than B" (Op g}, “Aequal o B
{Oa = p). Threa Expanderinputs. La >, 14 <B. lA= B, allow cascading without
external gates. For proper compare cperation, the Expandar [nputs to the
leas! slgniﬁc:-ﬂntpmitlmmus{bacunnadadasrnlluwm Ip<p=ia=p=L la=p
= H. For seral {ripple) expansion, tha Oa~B, OA<B and Op = p Culpuls are
connected raspectively 1o the |p > B, 1a<B, and la=p Inputs of the next mast
significant comparator, as shown in Figure 1. Rafar to Applications saction of
data sheet for high speed methed of compering large waords.

The Truth Table on the following page describes the operation of the
5N54/74LS85 under all possible logic conditions, The Lpper 11 lines describe
ihe normal operation under all conditions that will oocur in 2 single dewvice or
in a serles axpansion schems. The lower five lines describe the operation
undar abnormal conditions on the cascading inputs. These conditions Gotur
when the paraliel expansion technigue Is uzed,

e Easily Expandable
# Binary or BCD Comparlson
* 04>p, Qa<p, and Op=p Cutputs Ayailabla

CONMECTION DHAGIAM DIP (TOF VIEW)

MOTE:
Thea FEatpak varsion has the
sarm pnouls (Conrection
Diagrarn) &a the Dual In-Line
Fackago,
W EEE
By lnit WeB 1B Opop Op=p QneB GHD
PiN MAMES LOADIMNG (Mote a)
HIGH LOW
Ag—-#An, Bp~By  Paraliel Inputs 1501 0.7sUL.
In=8 A= B Expandaer [npuis 1.5 UL O0.TSU.L
Ia<g la=6 A < B, A> B, Expander Inputs 4.6uUL. 025 LU.L.
QxR A Greater Then B Cutput (Mota b} 1WUL | SEHHUL
Op=p B Grasater Than A& Cutput {Mote B) 10Ul | s{2sul
Oa=B A Equal 1o B Output (Mole b) 10Ul | S(25UL,
NOTES:

)1 TTL Unit Lo (U.L.] =40 u8 HIGH!.E ma LCAY,
b} The Cutpul LOW drive fector B a8 UL for Mikery (54) and 5 UL for Commarcial {4}
Tamparaturs Ranges

SN54/74L.585

4-BIT MAGNITUDE
COMPARATOR

LOW POWER SCHOTTRY

J BUFFIX
CERAMIC
CASE B20-09

N SUFFIX
PLASTIC
48 CASE B48-08

¢ D SUFFAIX
o 50IC

. CASE 7518-03

ORDERING INFORMATION

SNE4LSXE) Canarmhe
SNTALSXXN  Plestic
SNT4ALSKHD  SOIC

LOGIC SYMBOL

A0 A Ao Ay BBy E%ﬂa
4 — lnsp LEE:] b
T =t lacp Oa<pl—7
3 —| =8 Oa=pr—8
Yo = PIN 6
GHD=PINE

FAST AND LS TTL DATA

51




SN54/74L.S85

LOGIC AGRAM 1
A31S |
o b
| ®)
, Opsp
(13) |
gor -1 ﬂ
(14) 1
A=B i2) 0]
e
JES=-=
PRisc: e | -
B1 RN L H :
: Opep
1
]
(10
WTD = D—
(&
_
TRUTH TABLE
CASCADING
COMPARING INPUTS NELUTS QUTPUTS
A3B3  ApBy AqBy AgBg |la>B la<e a=B | OA>B Oa<B Oa=8
A7B3 X X X X X % H L L
Ay<By X X K X X X I H L
Ag=H3z Ag>Bor X X A x X H L L
Ag=Bg Ag=lz X » x x x L H L
Bg=Hy  Ap=Bz A4*By X X X x H L L
Aa=Ba Ap=Bz A¢=By X * X ® L H L
Ag=By Ag=Bz A=B1 ApvBg | X ¥ X H L L
Az=B3 As=Ba  A4=By  ApcBp x X X L H L
A=B3 Ap=Bz A1=By Ag=Bp | H L L H L L
Ax=Bz  Apx=Bz AMq=By  ApeBp L H L L H L
-'1‘13=E'3 Ap=Ba Aq=By Ag=Bg X X H L L H = HIGH L
Ag=Ba AgBz A=By Ag=Bg | W H L e " L | oW ien
AeBd JocBa Ayl asEG ) E - L " H L] %= IMMATERIAL
GUARANTEED OPERATING RANGES
Symbaol Parameter in Tvp Max Unit
Vo Supply Village 54 45 5.0 55 v
74 475 an 823
A Oiperating Ambient Temperahure Range 54 55 25 125 °G
T4 o 25 Tl
oM Owutput Gl — High G, 74 ~Q.4 A,
ko Chuilpul Clament — Low B4 4.0 ma,
74 8.0

- FAST AMND LS TTL DATA
5-2




SN54/74LS85

E

— Ay
_-'r—'ﬁﬂ

Mg Mk hy By By By By B S S
PLLEidld 8 0 O
P M A Ay By By B By Ay by Hp BBy fy

-1 D e b+ B

Lo lanp [ TS
L—=Algeg  SHSUTELERS Spspf— ==~ -~ —{feB  SNS4TALEAE On-p[— A<B

T ] I | Y Upa B — A =8

T Ay

He—la-n

L=LOW LEVEL
H = HIGH LEVEL

Flgure 1. Comparing Two n-Bit Words

APPLICATIONS

shows a high speed method of comparing two 24-bit words with only two levels of davics delay, With the technique

Figure 2
of devics délay result wien comparing two 24-bll words. Tha paralled technique can be expandad

shown in Flgure 1, six levéls
to any number of bits, sea Tabla 1,

Table 1
WORD LENGTH | NUMBER OF PKGS. NOTE:
1—4 Bhs 1 Tha SHEATALSEE can ba used 88 8 5-5b8 cormparalor
i & ity wisen the outputs are Used 1 drive the A=~ ard
3=l i BBy Inputs of anciher ENSAIT4LSAS 55 shown in
25-120 Bits a-3 Figwe 2 in poattions #4, 2,3, and 4.
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Figure 2. Comparison of Two 24-Bit Words
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SN54/74LS85

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {unless ctherwisa spacifiad)

Limits
Symbal Parameter Min | Typ | Max | Unit Teat Conditions
Guamanteed input HIGH Voltage for
Viy Input HIGH Voltsgs 20 Vo | Alinputs
54 oy Guaranised Input LOW Voltape for
W LOW Vol
IL Iput lage = o Vo | Al inputs
VK Input Clamp Diods Voltage 066 | -1.5 V| Voo=MIN, iy =—18ma
54 2.5 a5 v Wor = MIN, lgH = MAX, Vig=Viy
¥oH Outpit HIGH Voltaga 74 27 aE v | ©f Vi per Tngh Table
54 T4 0.25 04 v InL=4.0ma, | Yoo =Voo MIN,
W, Crutpul LOWY Yollege Wiy = VL or VW
oL 74 035 | 05 V | igL=80mA | perTruth Table
Input HIGH Current
A<B A=H &0 A Voo =MAK, Wiy = 2TV
I Other Inputs 80
A<B A>R 0.1 5
Other Inputs 04 mA | Voo = MAX, V= 7.0V
It OV Currant
I A=<B,A=H -4 mA | Voo=MaR Vg =04V
Othvar Inpurts -12
log Output Short Circult Current (Note 1) | =20 160 | ma | viog=MAX
I Powar Supply Currenl 20 mi Voo = MAX
Hota 4; Mok mors Fian one cofpul showld be shorted at & fme, nor tor more than 1 secord,
AC CHARACTERISTICS (Ta = 25°C, Voo =50V)
Limits
Symbaol Farameter Min e Max Unilt Taat Conditions
tpLH AnyAorBloA<B A»B 24 36 ne
tFHL 20 30
teLH Ay AorBioA=B a7 45 s
tAHL 23 45
tPLH A<BorA=BiIoA>B 14 s ne Vop =50Y
1pHL # 17 CL=15pF
PLH A=BioA=B 13 20 ns
PHL 13 268
tpLH A=BorAsBInA<B 14 2 ns
tPHL 1 17
AC WAVEFORMS

Vin 13V 13V Vil 13V 13V
L—.I-. tPHL L_T— BLH L—-‘f L L__,'7 triH
vadt 13V A Vour —w

Figure 3 Figure 4
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Phillps Semiconductors Linear Products

Timer

Product specification

NE/SAISE555/SE555C

#

DESCRIPTION

The 555 menoithic iming GroLt s a highly skable sontrodler capaile
of producing oourae e delays, or sssllation, In the fme deiy
mace of operation, tha time is pracisaly conmded by ona eemal
reststar and capacitor, For 2 stable operation as an oscillator, the

jrize running [requency and the duty cycle ara both accuratedy
conrollad with Tan esemal Tesisiors and One capaciicrn, The chol® »
may be tggered and resetan falling wavetomne. and the oot
SIICEIre CAn SOAUMCe OF Sink Up o 200ms.

PIN CONFIGURATIONS

O, M. FE Packages

o] wee
.T] DIBCHEAGE

5 cOMTROL VOLTAGE

FEATURES F Package
& Tum-off ime |le=s than Jus
GHE | Ve
® tfax operating frequency greatsr thar SH0LHE e e |
& Tamlog rom mecroseconds 1o hours TRIGHLA BISCHARGE
& (perates in beth astable and monostable modes PATTLT. e
« High oulput cument = i mouitian |
RESET | * HE
o pdj :
Mwiﬂm d"w r!yl:lE- NG| CONTROL YOLTALE
® TTL compatlble
® Temparatua stanilite of 00059, per 5 :
i |
APPLICATIONS
& Pracisicn timing
® pylse ganaralion
# Sequedtial fming
& lwre delay ganaeralion
& Pulsa wicth modulstcn
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWE #
A-Pin Plastic Small Cutline (S0 Fackege i ba +70"0 MESSSD0 o174c
B-Ein Plastic Dual in-Line Padkaos (P} 0 te+70°C MERSSH 4048
H-Fin Plastic Dual In-Lina Package (DIF) 0L Lo HEel BALLON Uald B
B-Fin Hiastc Small Crutling {S0) Packagd UG o HB5-T 345550 IEELE
Fin lermelic Cemmic Jual [n-Lime Pachage (CLROIF 550 e H125°C SESSSCFE
#-Pin Plastic Dual m-Line Package (DI} LSBT e 25T SERLEDN G404 B
14-Pin Pla=ic Dwal InLine Package (DIF) LEEAC o 41 IO CERSEM n4N55
S-Pin Harmetic Cerdlp _BRAC toy 4 IR SERRGFE
14-Fin Gerarmlc Dual In-Line Package (CERDIP) 0700 MWESSHF 0818
1&n Ceramic Dual In-Line Packags {CERDIP) SO0 12570 SEBSEF R
14-Pin Cersmic Dual InLina Package {CERDIF) -557C o +125°0 SES3OCF 0518

Auigust 39, 1994
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Prilipe Semiconductons Linesr Producta

rProduct specificatan

Timer

NE/SA/SESS5/SES55C

BLOCHK DIAGRAM

CHARGE
7o — | | messr
. &
o

| & e
i GUTPUT GHD
EGUIVALENT SCHE MATI'IE
'i'l::: Ri %
47K
sk
=
ch
THRESHOLD I- i
Y
g
| ‘ 1%
| K
o ‘ﬁ*
REGET
D‘EcHﬂé%E UEE:+" |
GRL _J_ =
WOTE:  Pin numbars ara for 0 packegs

auTPUT

August 39, 1004




Philips Sermiconaustors Linesr Producs Product spacification

Timer NE/SA/SESS5/SESS5C
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supy waltage
Yo SES55 +18 v
NES55. SES55C, 58535 +185 W
Po Mavimm afiowable powear dissipation’ zit] iy
Ta Ciparating amblant temperallng range
HESS5 Oto+70 “C
FAGSS =40 1o +dY =
SESSS5, SE9SC -RE 10 +125 W0
Ters Storage temperatuTe rangs -B5 ta +1580 =
Teoup Lead soldaring terrperaturs {10580 max) +300 i
NOTES:
4. The junchon Termpersturs mUs b Wapl bedow 1257 C 1o tng L) package anc Detow B0 L jor e FE, M and T packagas. AL ambient \empera-

tures shove Z5°0, whene ks Ilmitwoeld be dersted by the following factore

O parckage 1600
FE package 150PCAN
N package 100G
F package 1062CAN

August 31, 1954 4]




Prilips Semicondustons Linear Products

DyediLot spachizaton

Timer NE/SA/SES55/SES56C
DC AND AC ELECTRICAL CHARACTERISTICS
1a= 2570, Vg = +BY to +15 urlese olnaraise spacifien
SYMBOL PARAMETER TEST CONDITIONS beit et UINIT
Min Typ Minx Min Typ Max
Ve Supply woftage 4.5 14 4.5 1E W
o Supply cuament (how Wen=0, Rp=e 3 3 1 i M
state) Vpe=154, Ry =~ 10 12 10 15 M
Tiring arx {monastatle) Re=Zhidto 0O0KL
h Iritial acourac? C=0.4F 0.5 za 1o 39 %
Ayl AT Direft withy tsmperature an 100 57 {50 ppen e
Atyalalie Drtft wirh sunply voltane oos | o2 R ns Tl
Timing emor {(astabla ) Fip, Ro=T1kEE o 100k2
15 Indtial pocuracy® G=0.1F 4 & & 13 %
AlefAT Dirift with tfemperature Voo=18W &30 00 pprrEs
Atatig Drift with supply valkags o1s | ae k| 1 Yoryf
Ve Control yoltage lavel Wep=18Y a.8 100 04 210] 14.0 114 v
Voo =aW 25 .33 3R 2.8 333 a0 W
WeE=15Y 5.4 (LR 1348 [ .8 6. 11.2 v
Ve Thireshold voltages
=S 2T .33 3.0 2.4 333 | 42 W
IH Threshold cument 0 | 025 o1 | o2s ud
[V — Triggar witags : Wam=15Y 41 6.0 52 a5 | 59 56 Y
Vier=aY 145 167 1.9 11 1.67 22 W
HriG Trigger currant Vrpin=0V 0.3 0.4 13 20 Lt
VRESET Feset vollage? Wees T, Wy =105Y 0.3 1.0 03 1.0 i
IrEsET Fresat ourrant Yresg1 04V 0.1 04 i1 0.4 i
Resat oument Vrpser=ay G4 1.0 0.4 15 mh
Voo=13V
Iy =130 a1 0.15 0.2 LL25 i
legr= S0, (.4 0E 04 | 075 W
VoL Ouzput voltage (o) I =1 10T 24 22 20 25 %)
I rgp=200m A 25 25 W
VeothY
L= Rmi 0.4 02s 0 ! i
Leimpe=Bma ans | oz [.25 | 035 A}
Ye=15Y f
lgew ne=20K0nA 125 125 W
You Dutput waltage {high) teoumee=100mA 3.0 | 133 1275 | 123 Y
V=05
lzmupee=100mA 3.0 3.3 2.75 33 W
tore Tume-aff fime? YRESET=Y oD 0.5 2o 05 20 s
by Rize lime of output 100 200 oo 300 ns
tr Eall time of output 1o b |1 104 3Ca s
¥ szhange leakage Culrent 20 130 20 100 rids
NOTES:
1, Supply eurrent wher autpit high typically 1ma isss.
2 Tasted 8t Voo=5Y and V=15V
3. Tniz wili detarmine the rax value of Re+Fg, fon 13V operaton, the max otal R=10ML, and for 84 speratian, the max. taral R=3.4amil
4. Specified with Wggerinput hlgh
5. Time measured from a pasitive going input pulse from 0 @ 0.8V into the theaatiodd to the drop from high to e of the output. Triggar 5

thed to theeshold.

Augqust 31, 1924 ]




Fhiips Semicondurtars Linesar Froduds

Producl spachicatan

Timer

NE/SA/SES55/SESS5C

TYPICAL PERFORMANCE CHARACTERISTICS

r Minimum Pulsa Wicth
Required for Triggering
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Philips Serrisonductors Linear Produsts

Frochict aperfinrtion

Timer NE/SA/SE555/SES55C
TYPIGCAL APPLICATIONS
- vee
[+
I'
A ] 555 OR 112 ¥56
e e e
DISCHARSE o——v—- _": S
éna [ R :l i
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August 31, 1534
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Philips Serniconducions Linesr Products

Preduct speeficsion

Thee! NE/SA/SES55/SES55C
TYPICAL APPLICATIONS | |
Voo |
hi=H vge |
. |
T T |
11k l
aatuf vee - |
‘1 2 EER .
- TYOLTS
o —
OURATICN OF
f R e
SWITCH GROUNDED
HWOTE: AR rupsios wAas ane il AT THIS *NHT

| Figure 1. AC Coupling of the Trigger Pulse

S

Trigger Pulse Width Requirements and Time
Delays

Due to the nature of the trigger clrcultny, the timer will frigoer on the
negative going edge of the input pulse. Forthe davics Lo me cul
proparty. Tt = necassany et the hgoer valtage level b e mad 1
some woliage greater than ene third of the supply betare 19 fire e cut
periad. This can be achieved by making either tha wigger pulse
sufficiently short o¢ by AC couplng into the mgger, By AC couping
tha trigiger, ses Flguis %, & snort rs{jatve cong pulse 18 achievad
when the tlgger signal goes 1o grownd. AC couping 1= mast
fraquenily used In corjunction with & switch or 3 signs hat gaes o
qmund which intiates the tming cycle. Sheould the trioges Le held
o, wilhout &G coupling, for a longer duration than i lermimg cyels
thi output will rammain in a high state for the dusation af the low
wigger signal, without regard to the lhreshald comparatar state. [ Fiiss
ia dus o the predominance of Oy o the base of Cyg, conmoling
thie state of this bl-atabie Alp-lop, When the tigger signal than
retums to @ high hewsl, the output will falf smmediately. Thus. the
ouput sianal will follow the Thgoer slgrel in Wis case.

August 3t 1884
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Anathar considerstion is tha ‘tum-oF time”, TRIS |5 the measuramesl
ul the meunt &f lime required after the threehold eaches 213 Vee
ta turn the outpot low, To explain turther, Oy at the threshold Input
umis on atker reaching 213 Vo, whieh than tums on Og, which tme
an Qg Currens from g tams on Oqg which fums Oy r off. This
alcws curmest Irom Qe 101Um on Qg @N0 Spg 10 given ar owiput
I, Theso steps cause the Zus max. delay ae 21ated in the data
sheE,

#len, 8 dalay momparahle 1o the turn-off 1me is the lgger releass
fime, Wher) e triggeris low, Qypis on and s on Q) whish, (s
an Dy Oy turns off Oqp, ano aliows G4y 12 tum on. This tams of
cument [ Gip &N Gy, which results in outpat high, When the
lrigger |s released. Oqg and Sy shut off, (4 tuma off, T4 Wms an
and Ihe circust then oflows e sAme path ang tme celay axplained
as Hurn oft time’, This trigger release time is very important in
dasigning the figger pulse width 30 as not 1o eders with he
uulput signal as explained previcasly.




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Ordar this documank
by 4M35D

anEg /0o e®

{ wOE W o '| SEN| | GRhMC 'IDE'\\KUINI:MKIJ a3

GlnhabDplodsalatar™

6-Pin DIP Optoisolators
Transistor Output

The 435, 4M3E and £MAT devices consist of a gallium arsanide imfrared
gmitling diods aptically coupled ta & man alithie silicon phatatransister detactar,

= Current Transfer Ratio — 1005 Miniorurm & Specified Conditions

v Guarantesd Swiching Speeds

« Meels or Excesds all JEDEC Registered Specificatians

« To ordar devices that are fested and marked per ¥DE 0884 requirements, the
sUffix V' must be included at end of part number, VDE D24 j5 3 test oplion.

Applications

« Genermal Pumose Switching Circuits

irnterfacing and coupling systems of aiffiarent potentials and MpedanTes

= Regulation Faedback Tircuits
= Moniter & Detecton Cancuils
= Solid State Relays

MAXIMUM RATINGS (Tg = 25'C unless ctherwise notac)

4N3S5*
4N36
4N37

[CTR = 1007 Min]

"Moiorcds Preferred Device

STYLE 1 PLASTIC |
|

4

ETANDARD THRLU HOLE
CASE TI0A-04

SCHEMATIC

ha —
-
o can

AN 1 LEDANGEE
LED CATHUILE
M.C.

EMITTER
COLLETTOR
HA3E

N

B

Rating | symbol | value | unit |
[NPUT LED
Reverss WVollage Vi L] Widts
Forward Cument — Conlinuous IE 3 mh
LEN Power DHssipation @@ Ty = 25°0 Po 120 Frie
with Megligible Power in Oulput Detactod
Cergie abave 2570 141 mie L
CUTPUT TRANSISTOR
Collectov—migter Vollage VoED a0 Wiils
Ermitter—Basa Valtage YEHD T Wolts
Colector-Base Wolage Vieao 70 wolts
Callecior Current — Cortinuous = 150 i,
Cietector Power Dissipation @@ Ta = 25°C Fo 130 L)
with teqligibhe Fower in Input LED
‘ Darate above 2590 1,78 mieC
TOTAL DEVICE
|salation Soure volage: 1h Vg | 7SO0 Waripk)
{Peak ac olmge, 60 Hz, 1 sac Duration]
Tatal Daevice Power Dissipation f Ta = 25°0 Pp 250 iy
[Derats above 25°C 254 e
Ambient Operating Tamperature Range!2! Ta —55 o +104 o
Storege Temperatura Hang&[m Tty —B5 o 150 G
Saldering Temperatura [10 s8<, 1167 from Casg ) TL 261 i

1, Isclation surga voltage i an intamal devics diekentric breakdown rating.
For this tast, Pins 1 and 2 are cammon, and Pins 4, 5 ard & are common.
2. Refer to Quality and Rellabiiity Section in Opto Data Boak for informaticn on test conditions.
Prafarred dovices are Motoroa recommended choloes for fulure uss and besl ovarall walua.
Gioba Cptoieoiatr 15 8 waderrers of Wotorsia, \ne

REW Z

B Matesola, Inc 1885

@ MOTOROLA




4N35 4N36 4N37
ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess olherwlse notedfl)

[ Characteristlc | symbol Mn | el Max | Un g
INPUT LED
Forward voltage (g = 10 ma) Ta =250 E 0.8 1.15 1.5 W !|
Ta=-85°0 .y 13 17
T — 10080 07 105 1.4
Revasa Ceakage Cunent (v =6 Y] I = = 11 P&
Capaciianca (v = 0V 7= 1Nk I Gy =: I = pF
OUTPUT TRANSISTOR
Collector-Emiter Dak Curent (Veg = 10V, Ta = 28°C) ICED — 1 &0 nA
{MgE = 30V Ta = 100°C) — - 56 A
Callectnr-Basa Dark Gumrent (Vo = 10 V) Tp = 29°C CED - 0.2 20 na
Ta = 10040 100 =
Cofector-Emitter Breaktown voliage (I = 1 méA} V{BRICED 23 45 —
Eoliestar-Aaze Braakdown Voltage (o = 100 LA] MiBRICBO 7a 100 -
Emitter—Base Breakdown Voltage (g = 100 wa) ViBRIERO I 7.8 3 W
OC Current Galn: (Io= 2 m, Vg = 5 V) hre - ana - —_
Collectr—Enitter Capacitance {f = 1 MHz, ¥oE = 0 CoE i pF
Coliector—Rase Capactance [ = 1 MHz, Voa=0) Cca = 19 = pF
fl Ermitter— 3aze Capactance (f = 1 MHz, vez =0) | CER - k| | — nF
COUPLED
Ciutput Coltector Cusen T4 = 25 I ioTREZE ) 40 (0my | 30{300) = A
[l = 10 mA, Vop =10V Tp = —B5C 4 140 —
Ta = 160°C 4409 | = =
Collectar- Emittar Saturatlon Valtage {in = 0.5 ma. |g = 10ma) VreEisat — 014 0.4 v
Tum—Cm Tirme an -- 75 10 i |
Tum—ff Time {lc=2mA Voo =10, i -- 8.7 1
Fige Tima R = 100 2243 I ~ Az
Fall Time I = 47 S
alation Vollags {f = 60 Hz, =1 see) Wimn 7500 = = arink)
isphation Cument (W g = 3550 ok} 4M35 e — 3 100 pd
|y = 2500 Vpk) MG 22 = 100
(Vo = 1500 Vipk ANaT - i 100
laclation Resistance {V = 500 V)18 Reso 101 = = 0
isolation Capasitance (¥ = 0¥, f= 1 MHz{4) Ciso 5 0z P s

1, Always daslgn to the specifed mirimumfmasimnum elecirical fmits (ahene applicatla).
2, Current Tranefar Ratic (CTRY = Io/p & 100%.

A, For test cirouit setup and waveforms, reter b Figure 11,

4, For this test, Pina { and 2 are comman, and Plas 4, & 2nd § are comman

2 MWatorala Optosiectronics Davice Data




Vi FORWARD VOLTAGE (VO.TS)

TYPICAL CHARACTERISTICS
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| e || SE OfeLY [ :I / F_
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l L et fa
Ty =~55°C T =i
1.2 25ec (] I
| et el
100°C_ LT | !
1 P a . L
1 il 19a 1000

I, LED FORWARD CUBRENT (mi}

Figure 1. LED Forward Voltage versus Forward Current

I, COLLECTOR CURRENT {ma

b
[ L —1T"
24 = =10 mh —
= 2
" - |
n + '
18
B A |
12 P I
Pl
R e S |
fAVa
A 2mh __|
'[ 'i' — 1 mi —
|:| ; 1 1 1
1 Z & 4 a & ¢ 8§ ¥ T
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Figure 3. Collactor Current versus
Collactor-Emitter Voltage
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Figure 5. Dark Gurrent versus Amblant Temperature
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BCD to 7-Segment Decoder/Driver with
Open-Collector Outputs

General Description Features

The ORMTALS4/! sccopls Tour tnes of BCD (13421) npal B Ope-cokeclon outpuls

ditla, ganerales ar complmesls leroally and Jecetdes @ Dree ndicator segmenls divectly
ther clata with seven ANDICH pates havirg open-cobacior
oulpuls io drive indicator segmenta divectly. Each seginent !
oulput 15 guarmreed lo sink 24 mA in the O (LOW) statz B Lemp tesl it
and wilrslard 15¥ In the OFF {HISH]} stale with & mad-

mum leakage cumenl of 255 LA Aosiliary inpubs prowided

trankong, lamn best and cescadable tera-gupprazsion func

B Capcsdsble zerc-supbiession capahilily

sinding Joyae|oa-uado yiim Jealsgisaposeq] Juawbag-L 93 00d LPSTrLWA

liara.
Ordering Code:
Orclur Masnber | Package Nurmber Package Desoription
Lo HALSAT I T 1658 TELead Small T e Iniegratod Cireuil (S0IL T, JECES Me-012, 0150 Namow
CMrAL54TH HIEE 1 T6-Laad Paszlic Cualln-Line Peckago (roi*), JEDEC MS-001, 0300 Wide
Vv dia aealiALb i I Tepa niel Seel, S0y by nppecding e suft £ Bt A Gt e Dide
Logic Symbol Connection Diagram
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Pin Descriptions
Pl Namas | Desaripibon
] INC0 pute
REI | Rippin Planking Input (Active LOW)
T Lmnp Tesl Inpul (Aelive LOW)
EIRBD Blatking mout (Active LOW) o
Rippte Biankdig Cuopil JAclve LI
B-g Saqment Dulpuls {Ackve LI Nole 1)
MOoTa 1 GO e Golelo”
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Functional Description

Trie: OMFALSST d=codes the inpul data in (Me paibem ind-
culed T Truth Table and 1he segoent iderifcslion

inlermadiata decoder from an OR gabe wiose inpuls are
BUAEE of the nect Righeat and sewrsl orier demdens, B

Muslration. 1 e nput data b decanal zam, & LOW signal
appad 10 the FER blarks lhe display amd Sesas ariuiti-
digh display. For erample, by gmundieg lhe_F(.Ei ol the
higheat ordar decodar and conmecting ils BIRBE o FEl of
e naxl ewaat order dacodar, e, lBarling 2encs will be
supprasset Simiary, by woundirg RO ol the lowssl omdar
dacnder ad comnecling s BYRED to KBl o ne sl ligh-
sl oroer docoder, gebc, Irefing =erae will to wIpIresEE
Leading and Jrafiig zeros can be suppreesed sirmfa-
neoush by ualng exlerme gates, (& By divoy 381 of a

B0 ako sewves as an ancondifona blanking inpul. Tre
intermal NANLT gate il genareles Ihe RBD sigral lee 8
regietivi sultop, as oppaged ko A Lotem poke, and inuE (el
AB0 can be lorcad LOWY by eiamad rmedrs: using wised-
cofecior iogic. A LOW slgreal Hus appiod b BUFRED oms
i gl segrrient ouipuls. This blarking feeiure can te e
10 contrel display intensily by varying the duly cycse ol lhe
blariing Sigral & LOW slignal epplies fo LT lums 50 all
=g oulpuls, provided that B/AED is not foroet LOW,

. Teirchikkseri.com




Logic Diagram I|

WP LR

W ALEKIKE WRUT 0 L
L P FEST APPLI-TLAHHE
PRI ILTAIT

wann

Numerical Designations—Resultant Displays

d ] F 3 & H 1z 11 i 50 ]

EREE N e

i wiarws Fairchrldesmm com

IFSTIPLNG




DM74LS47

Absolute Maximum Ratingsitces;

Supply Vollage iy
inprut Mehaoe ™
Oparaling Free Air Tarvpedaturs Range 0 TORD
Sinrage Temperaturs Rangn —RA'C o 1P

Fsze B Tha “hbacits Masmun Aasngs™ am Thors wwie Suydid which
o salsy of fie ey e Calnol 30 g.arniees §ha devor shoad oo be
coemisd & thust imis. The pammerg mbies cefined In e ciscinal
Searachaceies taklas ain nol guaratoesd & Tha dciulo maKim.m ratinga
The "Prenrsasdod Cparaling Cordim! wble will define e cond i s
S sciud! dewlze ooarating

Recommended Oparating Conditions
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DM74L847 BCD to 7-Segment DecoderiDriver with Open-Collector Outputs
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Analog
Multiplexers/Demultiplexers

The MC14051B, MC140528, and MC140538 analog mulliplexers are
digitally—controlled analog switches, The MC140518 effectivaly implements
an SPBET solid stale switch, the MC140528 a DP4T, and he MC140538 a
Triple SPOT. All three devices feature low ON impedance and very low OFF
leakage currenl. Contro! of analog signals up to the complete supply voltage
range can be achieved.

« Triple Diede Protectian on Control Inputs

+ Switch Function is Break Before Make

s Supply Vottage Range = 3.0 Vdc to 18 Wdo

» Analog Voltage Range {Vpp — VEE) = 3.0te 18V

Maote: VEE must be = Vgg

Lineanzed Transfer Charactaristics

Low-—naiea — 12 nWH/Cycle, f = 1.0 kHz Typical

Pin_for-Pin Replacement for CO4051, CD4052, and CO40:33

For 4PDT Switch, Sea MC145518

For Lower Rop, Use the HG4051, HC4052, or HC4053 High—Speed

CMOE Devices o

MAXIMUM RATINGS®

Symhbnl
Voo [ Supply Voltage (Referenced to VEE,

Vg5 = VEE)

Yir, ¥aur | INpUL or Cutput Violtage {DC or Transiant)
iRafaraticed 10 Vigg for Conlral Inputs and
WeE for Switch 110

Tin Input Curent (DG or Transianty,

* & & &

Paramater Value Uikt

—051i0 +18.0 W

—05tYVpg = 05| V

par Control Pn 110 A,
[ Switch Thrmugh Currant 25 o
Fo Power Dissipation. per Fackaget 500 vy
Tetg Storage Temoeratine — B9 W 150 ‘C
TL Leaad Tampersiure (B-Second Soldering) 260 "G

* Meximurs Ratings are thesa values bayand which damags to the gevice may ooour.
tTemparature Derating, “P and OMDW" Packages: - 7.0 W C From 85%C To 125"C
Caramic 'L" Packagas: — 1 2.mW™C From 100°C To 125°0C

MC140518 MC140528
B-Channel Analog Dual é-Channel Analog
ﬂulttphmﬂﬂnmuluplnmr MultiplexeriDemultiplexer
[ [TE T
Wmﬁ{ ma— 4
o=t Ll el
12e—{ ¥
ko S Pl L
15 g K2 e
_D;!;M = SWITEHES | 11 o—]xs o
BTN DT | o=—tq ¥l
seyy Yfod
o Y7
da— Y3
Wop = PRE ¥pp =PIMAE
Vans PN Yzg B FIN G
Vep = PHT Vg =PINT

MC14051B
MC14052B
MC14053B

L SUFFIX
CERAMIC
CASE 620

F SUFFIX
PLASTIC
CASE B4B

b

D SUFFIX
SO
CASE751B

CORDERING INFORMATION

MC 14X XNBCP Plastic
MCA4XXNBECL Ceramic
M4BT 50I1C

Ta=-55"1a 125°C for 8l peckagos.

MC140538
Triple 2-Channel Analog
MultiplexariDamultiplexer

1 ¥ p—a il
CONTROLE 1
]
12 = 15 GOMNONS
{2 QUTIM
EWITCHES 2
BUOLT

o4

Vg =PIN R
Wag =PIN @
Wegg=PINT

Mata: Cantral Inute rafrrenced 1o Voo, Analno Inowts and Duinuts referencd 1o Wee. Voe musl be = Voo,

REY 3
1 )
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ELECTRICAL CHARACTERISTICS

- 85°C 25 125°C
Characteristie Symbol | Vpo Test Conditiona Min l Max | Min | Typ# 1 Max | min | Max | Unit
SUPPLY REQUIREMENTS (Vollages Referenced o VEE)
Power Supply Valtage Yoo — |¥op—-30zV¥egeEvee| 30 18 | 30 == ia | a0 18 W
Range
Quisssant Currert Per oo 5.0 | Contal Inputs: — 5.0 — 0.005 50 - 150 | ph
Fackags 10 Yin = Vgs o Voo, — 10 - 0.010 10 — 300
15 | Swilth VOIVEE = ¥y | — 20 — 0.015 20 - 600
= Vpp, and
AV epteh = 500 my™
Tatel Supply Current lpgayy | S0 | Ta=25"C only (The (0,07 WAKHZ) T+ Ipp pA
{Cynamic Plus 10 channal component Tylcal {020 AKHE) T+ Ipp
QiHescent, Per Package 15 in— VoutRon = :
it irvcluiden.) o )
GCONTROL INPUTS — INHIBIT, A, B, € (vallages Referenced to Vgg)
Low—Level [nout Voitage YiL 50 |Rgn= perspec — 1.5 = 225 16 - 1.5 W
10 | lgff= per spac — 3o - 4,40 3.0 - in
15 - 40 — 5,75 4.0 B 4.0
High—Lewal Input Yoltags WVH 80 | Rpn= perspes, 25 - 33 275 - s = v
10 | laff = per spac 7.0 — 7.0 550 - 7.0 —
15 : 1 — 11 825 - 11 -
input Leakage Curmrant liny 15 |Vin=0u0r¥on — | x0d — | =0.00001 | £01 | — 1.0 Ly
Input Capacitance Ciy - = - = 8.0 8 | — - nF
SWITCHES IN/OUT AND COMMONS OUTIN — X, ¥, Z (\Valtages Referancad 1o VEE)
Recommended Lils] — | Chanral Onor O i} Yoo o ~ Voo a Vop | VPP
Peak—io—Paak Valtage
Into or Out of tha Switch
Recommendad Statoor [ AVauien | — | Channel Or o &00 ] —_ &0 ] aos | mv
Dynamic Valtage: Across
e Switeh™ {Figure 5}
Quiput Oset Yollage Yoo — | ¥in =0V Mo Load —_ - - 10 - - - u
OM Resistance Ra B0 | AVauiteh = S0OmV™, | — | 800 | — 250 w60 | — 200 o
10 Wi = VL om ViH — 400 - 120 500 — 520
15 | [Confrol}, and Vi = — | 220 | — an o | — | 300
0 to Vpp (Swilch)
AOM Rasistonce Betwesn | ARy | 54 - | m | — 25 ™| — |13 | o
Ay Two Channels In the 10 — 50 - 10 60 - o5
Bame Package 15 — 45 - 10 45 — i |
OR-GChannel Laakage bt 15 | vin=wiLorviy — |+4100 | — =006 (+100 | — |=1000| Am
Currant {Figure 109 {Contral] Channel io
Channal or Any One
Channel
Capacitance, Switch 40 | Cyp | — | Inhibit=Vpp 1=1-1- 10 = | = [= |4
Capacitance, Common O | Cop = | Inhibit = Vo pF
{MCL4054E) R = = an T B e
(MC14052E) - — — az2 — — -
(MC14052E) - == || = 17 S == b
Capacitance, Feesdthroagh Cio — | Fins Mot Adjacent == — - 015 — -_— - pF
{Channal O — | Pine Adjacent - — == 047 e — —_

#Data labaled “Typ" is not to be used for deslgn purpeses, but i intended as an indication of the IC's potential parformance,

*For valiega drops across (e switch (AVgwich) > 600 my { = 300 v at high ‘emperature), axcassive Vop currenl may be drawn, 1.2, the
current oul of the switch may contain bath Voo &nd switch Irput components, The reliability of the device will be unaffectad unless the Maxirmum
Ratings are excesded. [See first page of thie dala sheal.)

MC140518 MC14052B MC140538 MOTOROLA CMOS LOGIC DATA
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ELECTRICAL CHARACTERISTICS* (C = 50 pF, Ta = 25"C) (VpE = Vg unless otherwise indicated)

Voo —VEE Typ #
Characteristic Symbol Vdo All Types Max Unit
Propagation Delay Times (Figure 8) IELH. IPHL e
Switch Input to Switch Qutplt (R = 19 kL)
MC 4051
tPLH, TPHL= (04T nsipF) G + 26,5 ns 80 kE o0
tpLH, tpHL = {0.08 ne/oF) C + 11 ns 0 158 40
IpLH. Pyl = [0U06 ns/oF} T + 80 ns 16 f2 k|
MC14052 ns
e H EHL = (01T nalpF) G » 21.5 s 50 a0 T5
tpLH, (PHL = (008 neipFy O + 8.0 ns 10 12 20
tpLH. tPHL = (0.06 nalpF) C_+ 7.0 15 10 25
MG 14053 B ns
fpLH IeHL = (217 neipF) G + 165ns 50 25 E5
tpLy \PHL = [0.08 nsipF) C + 4.0 ns 10 8.0 20
tPLH IPHL = {0.06 nsipFy C+ 30 s 15 5.0 15
Indhitile to Cutput (R = 10 kL, VEE = Vss) ez tpLz. g
Outpit ¥4 or 0" 1o High lmpedance, or tpTH, IP7L
High Impedance to 1" or "0" Level
MC 140518 5.0 50 OO
10 170 340
5 140 280
MC140528 5.0 300 &00 ns |
10 155 310
15 125 250
MC140538 a0 275 L) ns
10 140 ZR0
15 110 220
Contral Input to Culput (R =10 ki VEg = Vas) e W TPHL ns
MC140518 5.0 =1 s H 720
10 160 320
15 120 0
MC140528 haO 3z5 G50 ne
10 130 260
16 ag 180
MC1 40538 &0 30 B0 ns
10 120 2400
15 BO 160
Secand Harmonlc Distoriian - 10 a.07 - b
(R = 10KELY = 1 kHZ) Vin =5 VPP
Bancwidth (Figure 7] B 0 iy — MEz
(Ry = 1w Vi = 1/2 (Mpp—VEE! PP, C|, = 50pF
| 20Llog VoutVin} = - 3 dB}
O Channel Feadthrough Attenuation (Figure £ = 10 -6 - 48
RL = 1HL, ¥ip = V2 (VoD - VEE) PP
fin= 4.5 MHz — MC140518
lin = 30 MHz — MC* 40528
fin = 55 MHz — MC71 40538
Channel Separation [Figune ) - 10 — &0 — dB8
{AL = 1 KL Vin = 112 (VDO-VEE} P—F.
fin = 3.0 MHz
Crosataik, Confrol Input to Comman S (Figune 9} — 10 Th — my
{Rq=1kik Rl =10k
Control frp g = frHL = 20 ns, Inhibll= Vg

* Thia formules given are for the typical cheractaristies only at 257 C.
#i[ata [aballad “Typ" is not lo be wsed Tor deslgn purpeses out in intended

a5 an Indication of the 103 potential performance.

elreuit. For proper aperation, Vin and- Vi sholl

st ba left apan.

7, Thils deviea coralne protection sirclitry to guard ngal
precautionsmust ba taken ie avold applications of any vo

nat darmage due s high statlevaitages or lettric flalds. However,

Kage higher than maximumrated voltegas tothls high-impedence
Id be constrained to the range Vg5 < Vi or Vout) £ Voo.

Unussd inputs must always ba tiad to an appropriate lagic voltaga lavel {e.q., eitherVas, VEE, ar Von). Unused sutoils

MOTOROLA CMOS LOGIC DATA
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L v Voo vpp L
IHIOUT | ) 17 DUTN
L '-T =" ]
J_ = VEE
1
=
LEVEL
—
CONVERTED —+ ¥ INIGUT OUTAN
CONTROL :ﬁ_
CONTROL
= VEE
Figure 1. Switch Circuit Schematic
TRUTH TABLE 16 ? Yoo
I:nntrnllnput!_ NH 6 e M BIMARY TO 1-0F-8
Salect OMN Switches S ‘1||;I g_-'" CGNLEUIHEEQI'-[ER | CECODER WITH
nhibit | ©© B A |MC14051E | MC140528 | MC140538 g H INHIENT
14 a o o X0 Yo ¥0 (20 YO X0 s__IELHH
0 a o 1 X1 Y1 X1 |20 YO X3 s i“_ﬂi’"fas TOVEg
0 o1 0 uz Yz Wz |20 Y1 Xo S L
0 R T w3 wa w3 |70 ¥1 M = "]
0 |1 o o *4 21 Y0 X0 E:Z“ B s
a |1 o 1 X5 i Yo X1 i BT
a 1 1 0 i Y1 X0 Moo ]
a £ 4 4 W7 21 ¥ ¥ i Go o
1 " Mars Mare Mang 2o 5
* Not applicable for MC 14052 i 4o -
%= Dentin Figure 2. MG14051B Functional Diagram
15? Voo
g Voo
I Go— LpveL || BINARYTO1-OF-4 $+1
= WITH iMH B ] &
A 100 cowmRrER o i ava] mm [ SHARYICEEES
B oo - B 1 o—| CONVERTER |- i
I t_I £ 90— =
BoVggy TOVEE
K 2o ﬂ'L“ES e h'
X1 14 Ol I =
o | PF ke | f-ouX |
%2 |50 1 | ¥ 12— B Bsus
X e —*— 1 130— ﬁ
gy | T Zo- "‘!"
¥ e i | il oty
¥ fo 3 g § Y11 B
Y2 20— EB— o 5o ﬁﬁ_—’—“ ,
TS 4@ ﬁ— 7 1o
Figura 3. MC14052B Functional Dlagram Figure 4. MC14053B Functional Diagram
MC14051B MC14052B MC14053B MOTOROLA CMOS LOGIC DATA
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Figure 5. AV Across Switch

A, B, and © Inputs used o wm ONor OFF

thie switch Wrder tast,

oA
o—I1H
o—C
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Wain - YeE P
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e

Flgure 7. Bandwidth and Off-Channel
Feedihwough Attenuation

11

|

Vaul

AL Gy = 5097
i 11

Figure 9. Crosstalk, Control Input to
Common Cil

MOTE: Sea alen Figutes 7 and 8 on Paga =91,

TEST CIRCUITS

PULEE
GENERATOR

5

Vop VEe Vez Voo

Figura 6. Propagation Delay Times,
Control and Inhibi to Ouwlput

4
s |ow 1
Ol =
A Vs
= Re I ) - 50 pF
5 o

"_m.;.‘ﬂ i Qb_ Yn
Figure §. Channel Separation
(Adjacent Channels Used For Setup)

OFF CHANKEL LNDER TEST

Yoo

NTRO 9 VEE
< GIHER I

STCTION
oF It a cunies) | Vee
L

| @voD
I

COMMON Vee

ﬁ"-'m

Figure 10. Off Channel Leakage
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Voo KEITHLEY 161

DIGITAL
MULTIMETER
10k e i
TR
'"'unn—l prcn RANGE wy
| PLOTTE
VEE = V55 - i
s
Figure 11. Channeal Resistance (Rop) Test Clreuit
TYPICAL RESISTANGCE CHARACTERISTICS
50 i 350 | |
- | |
. ao0]- 300
g 2
I
o 250 = 250
L L
(%] 3
Z 20 % 2 —
|
g 150 150 ! P Ty = i
: T g i
——
100 o0 = P 350 —
g ——— [ aEa = 1 2|5 C
& g — - . — s & g . — ‘Tm
o 0 | |
—10 -80 -&0 -40 =20 0 D 40 &0 BD 10 -1 80 -60 -40 -20 0 02 40 &0 B3 10
Wi, INEUT YOLTAGE (WOLTE) Wiy, INPUT VOLTAGS [(VOLTS)
Flgure 12.Vpp =T.5V, VEE=- 1.5V Figure 13. Vpp = 5.0 V, VEp =-5.0 V¥
T e e = = i —1 T B i ) T
e | —— 'l"a' =259 |
— B0 o 900 ! Fi -
2 ! 2 l |
% 506 |——1. | & mp N Vg - 26V 2
2 g A L
400 o = 20|
& N [ U = /
i i [ b
B wo A NN 8w n —
: Ta= 1250 = S0y
200 | = . I 108 — -
5 N e z e [ — — 75V
° 1o . € 5
| =
i} | ] !
-0 —B0 —-BO —£0 -20 0 02 40 B0 &0 10 -10 -8 -60 =40 =20 0 02 40 GO 8D 0
Yiry INFUT VELTAGE [WOLTS} Wir INEUT VOLTAGE (VOLTS)
Flgure 14. Vo =25V VEg=-2.5V Figure 15. Comparison &t 25°C, Vpp = =YEE
PiN ASSIGMENT
MC140518 MC140528 MC 140538
X e 16 [1 Voo Yo 1e 16 {1 Voo LRI 18 [ Vpp
XE[] 2 18 [ X2 Yi[) 2 15 |] X2 Yo 2 B[]y
x(Q 3 14 [1 %1 ¥ a 14 [] ®4 2 s Hx
s 12 % T304 131" Zfa RRIES
%[ 5 12 13 Y1l 4 12 [] %0 Inf s 12 0¥
INH [} & 1m A WM & 1 [1%3 INH[ & 1A
Vel 7 [l veel 7 WA VEe [ 7 npe
Ves (8 sflc veg [ 8 a[l\ Ves [ B aflc
MC140518 MC140528 MC14053B MOTOROLA CMOS LOGIC DATA




APPLICATIONS INFORMATION

Figura A lustrates use of the on—chip level convedter de-
tailed in Flgures 2, 3, and 4. The D-to—5 V Digital Control sig-
nal is used bo directly control a 8 Vp_p analog signal.

The digital contral lagic levels are determined by VDD and
Vg TheVp voltage s the logic high vollage, the Vg5 wolt-
ags [ logic low. For the example, Vpp =+ 5 Y = logle high at
the cantrol inputs; Y5 = GND = 0 W = logie low.

The maximum anabog cignal level |s detarmined by Yoo
and Vgg. The Vpp voltage delermines the maximum recom-
mended peak above V55 The VEE voltage delermines the
maxmum swing below Vg 5. For the example, VDD - V55 =
5 W maxlmum swing above Vg, Vg - VEE =5 maxdmum
swing below Vg5, The example showsa + 4.5V signalwhich
allaws 3 1/2 volt margin al each peak. If voltage transiants

above Vo andfor below VEE are anlicipated on the analog
channels, extomnal diodes (Dx) are recommanded 25 shown
in Figure B. These diodes should ba small signal types able
1o absorb the maximum anticipated current surges during
elipping.

The absalda maximum potential ditterence between VoD
and VEE is 18.0 V. Most parameters are specified upto 15V
which is the recommended maximum difference batwesn
Vpp and VEE.

Balanced supplies are not required, Howevar, V55 must
be greater than or equal to VgE. Fer example, Vpp =+ 10V,
Vgg =+ 5V and VEg — 3 V is acceptable. Sea the Table
balow,

—

o .

Voo VEE
+4.5Y
BYpp SWITCH
=
ANALDG SIGNAL e COMMON 9Vpp = -
LBV mcuose ANALTIG SIGMAL
MGC14052B
WC14052E —
E";E’;"'L 0-TC5 ¥ HGITAL INHIBIT,
B.C
OHGITAL CONTROL $IGNALS i,
CIRCUITRY

Flgure A. Application Example

Voo Voo
Oy, Oy
ANALDS COMMON
1o Ll =
DOy oy
VEE VEE

Figure B. External Germanium or Schottky Clipping Diodes

POSSIBLE SUPPLY CONNECTIONS

Control Inputs

Yoo Vg YEE Loglc HighfLogic Low | Maximum Analog Signal Range

In Wolts In Yoits In Volts In Volis In Volts
+8B 0 -8 + 80 +3o—B=16Vpp
+5 0 -12 + 5 #5t0—12=17Vp p
+5 L] | + &M +H00=5Vep
+5 a -8 + 50 +E!n—5=1ﬂ\l"p_p
+ 10 +5 -5 +100 45 +10t0-5=15Vpp

MOTOROLA CMOS LOGIC DATA MC14051B MC14052B MC140538
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GAL22LV10

Low Voltage E*CMOS PLD
Generic Array Logic™

- HIGH PERFORMANCE E'CMOS® TECHNOLOGY
— 4 s Maximum Propagation Delay
— Frmax = 250 MHz
— 7 ns Maximum from Clock Input to Data Output
— UltraM0OS* Advanced GMOS Technology

- 9,3V LOW VOLTAGE 22¥10 ARCHITECTURE
— JEDEC-Compatible 3.3V Interface Standard
— BY Compatible Inputs
— 110 Interfacas with Standard 5¥ TTL Davices

(GALZ2LVA0C)

« ACTIVE PULL-UPS ON ALL PINS (GAL22LV10D)

« E* CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested100% Yields
— High Spesd Electrical Erasura (=100m=)
— 20 Year Data Retention

« TEN OUTPUT LOGIC MACROCELLS
— MWaximum Flexibillty for Complex Lagic Designs
— Programmable Qutput Polarity

+ PRELOAD AND POWER-ON RESET OF ALL REGISTERS

| O——

1—=

L=

| O—iE

10— b=

PROGRAMMABLE

(132X44)

AND-ARRAY

— 100% Functional Teatability

« APPLICATIONS INCLUDE:
— Glue Loglc for 3.3V Systems B
— DMA Contrel I L=
— Stata Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

« ELECTRONIC SIGNATURE FOR IDENTIFICATION

The CALZ2LYVA0D, &t 4 ne maximum propagation delay time, pro-
vides the highest speed perfomance available in the PLD market.
The GAL22LVA0C can interface with both 3.3V and 5V signal levels,
Tha GALZZLV10 is manufactured using Lattice Bemiconductor's
advanced 3.3V EZCMOS process, which combines CMOS with

| ==

Pin Configuration
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REBET

]

T |

il
Y J
S l'ﬂ'l-lﬂ 3—3—1 | Qg

=7

-DI.IL'.—:_w— S R [ialir]
—= il ¥

[ |

{ o [ —] | IO

e

e G e WAL

g 1 2

tﬂ_"'-"'-:—L-L =—_| o3
Z o ]
oot A

v
A

PLCC

g §

Elactricaly Erasabla (E2) foating gale technology. High spoed erass ifgs
times {<100ms} allow the devices to ba reprogrameed quick'y and
afficiently.

The generic architecture provides maxdimum design flexibity by
allowing the Output Logic Macrocell {OLMC) to b2 configured by NG
{ha user. iga

Unigrise teet cirewiing and reprogrammahbie cells allow complets AC, 1
[3C, and functional testing during manufacture. As a reuilt, Lattice ¥
Semicanducior delivers 100% field programmability and function-

I

GAL2ZLVIO0
Top View
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e
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ality of all GAL products. In addition, 100 erasefwrite cycles and —

data retention in excess of 20 years are specified.
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s LQ,!!,!,,EE Specifications GAL22LV10

s Corporation

GAL22LV10 Ordering Information

Commercial Grade Specifications

Tpd (ns) | Tsu (ns) | Tco (ns) | lec (mA) Ordering # Package
4 3 3 130 |GAL2ZLWV10D-4L. 28-Lead PLCC ]
5 35 35 130 |GAL22LVI0D-5L. 28-Lead PLCC
7.5 6.5 & 5 GAL2LV10C-7L a-Lead PLCC
W | 75 6.5 75 |EALZZLVI0G-10LJ Z8-Lead PLCC
15 10 10 75 |GALZZLVA0C-15L) 26-Lead PLGC

Part Number Description

WOOOOKE - XX X X X

GAL22LV10D Device Name ‘ ‘

GaLzZLVI0C
Speed (Rg) ————— L Grade Blank = Commaercial

L= Low Power Power Package J=PLCC
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Specifications GAL22LV10

Output Logic Macrocell (OLMC)

The GAL22LV10 has a variable number of product terms per
OLMC. Ofthe len available OLMCS, two OLMCs have avcass o
sight product terms (pins 17 and 27), two hava ten product terms
{pins 18 and 26), two have twelve product terms {pins 18 and 25),
two have fourtesn product terms (pins 20 and 24), and two OLMCS
have sixteen product terms (pins 21 and 23). In addition to the
product terms available for logie, sach OLMC has an additional
product-term dedicatad to output enable control,

The output potarity of each OLMC canba individually programmed
to be trua or inverting, in aither combinatorial or ragistarad mode.
This allows each output to be individually configured as eithar active
high or active low,

The GALZZLv10 has a product term for Asynchronous Reset [AR)
and a produst term for Synchronous Presel {EP), These twa prad-
et tarme ara common ta sl registarad OLMCs. The Asynchronous
Reset sets all registers 1o Zaro any tme this dedicaled product berm
is asserted. The Synchronous Praset sets all registers to a logic
one on tha rsing adge of the next clock pulze after this product term
is asseriad.

NOTE: The AR and SP product terms will force the O output of the
flip-flop into the same state regardiess of Ihe polarty of the output,
Theretore, a reset operation, which sets the register oulput to a zero,
miay resull in either a high or low at the autpul pin, depending on
tha pin poladty chosen.

4 TO 1

M LEX

3P

<1 = ===
S 2o |

MUX

GALZZLYVY0 OUTPUT LOGIC MACROCELL [OLMC)

Output Logic Macrocell Configurations

Each of the Macracells of the GALZ2LVAD has two pimary func-
tional medas: registerad, and combinatonial 170, The modas and
the output polarty are st by two bits (S0 and 51, which ars nor-
mally controlied by the logic compller. Each of these two pnmary
medes, and the bit settings required to enable them, are described
helow and on the fallowing page.

REGISTERED

In ragistered mode the ouUtput pin associated with an mndividual
CLMC is driven by the 0 cutput of that OLMC's D-type fiip-flop.
Logic polarity of the sutput signal at tha pin may be salected by
specifying that the output buffer drive either true {active high) or
inverted {active knw). Cutput tri-state control is available as an in-
dividual product-term for each OLMG, and can therefore be deflned
by & logic equation, The D flip-flop's /Q output is fad back irto the
AND array, with both the true and complement of tha feedback
available as inputs to the AND amay,

NOTE: In registered moda, the feedback is from the /G output of
the register, and not from the pin; therefore, a pin defined as reg-
istered & an output only, and cannal he used for dynarmic

|3, as can tha combinataral pins.

COMBINATORIAL VO

In combinatorial mode the pln associated with an individual OLMC
i driven by the cutput of the sum tarm gata. Lagic polarity of the
outpLit signal st the pin may be selacted by specifying that the oulput
buffer drive either trus (active high) ar inverted (active law), Dut-
put tri-state contral s svailable as an individual product-term for
aach output, and may be individually set by the compiler a5 githar
“on’ (dedicated output), “off” (dedicated input), or "praduct-term
driven” {dynamic 10}, Feedback into the AND aray s from the pin
side of the output enahle buffer. Both polarties {true and inverted)
of the pin are fad back inte the AND aray.




Lgmtta!dcmeu Specifications GAL22LV10

un Corporation

Registered Mode

ACTIVE HIGH

|

e | =




Lsawttm!dce“ Specifications GAL22LV10
Corporati

GAL22LV10 Logic Diagram/JEDEC Fuse Map
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EmE Gnrpurnﬂﬂn
Absolute Maximum Ratingsit : Recammended Operating Conditicns

Supply voltage V. o rrmmnimnnnnn: 0.5 10 4.8V Commarcial Devices:
Input voltage appligd ..civriirninian -0.5t0 +5.8v  Ambient Temperature (T ) ... 010 75°0C
1D voltage applied ... cemeeeeniesesenrnreee <0.510 +4.8Y Supply voitage (V__)
Oiff-stale output voltage applied ....cooeie. -0.5to +4.6Y with Respect to Ground ..o +3.010 +3.6V
Storage TemMpPerature ... cooeiimmem e -65 tp 150°C
Amblent Temperature with

Power Appled e -B5to 125°C

1. Slrasses above those listed under the “Absolute Maximum
Ratinge” may cause parmanent damage to the device. These
are stress only ratings and functional operation ofthe deviza al
these or at any other carditions above those indicated in the
operational sections of this specificalion is not mplied {while
programming, follow the programiming specifications).

DC Eleetrical Characteristics

Over Recommended Operating Conditions (Unless Otherwise Spacified)

| SYMBOL| PARAMETER J CONDITION MIN. | TYR? | MAX. |UNITS
ViL Input Low Voltage Wss-03( — 0.8
ViH InpLt High Voltage 2.0 - 525 i
1o High Voltags 2.0 — [veoros|
i Input or 0 Low Leakage Currant O = Vin = Vil (MAX.) = it ~100 jh,
IH Input or O High Leakage Current (Voe-0.2)V = Vins= Ve = - 10 uh
Input High Laakage Current Ve < Vins 525V — — 10 pA i
D High Leskage Cument Voo = Vins 469 — — 20 | ma
VoL Output Low Yoltage low= MAX. ¥in="WiLor Vu — == 0.4 Y
I = 5004 Vin = Vo or Wiy — —_ 0.2 W
VoH Output High Voltage lon = MAX. Vin=Vr or Vi 2.4 - — Y;
lor = -100pA Vin= ¥V ar '-'Ilu; Voo-0.2Y1 — —_ W
loL Low Leval Output Current - — B mA
foH High Lewal Du!put. Currant = = -8 mA
lost | Output Short Gircuit Current Vo33V Var=0avT 26C | 45 | — | w0 | ma
COMMERCIAL
_iCL'.: Operating Power | ViL=0vV W¥iH=3.0V Unused Inputs atWa | - a0 130 T,
Supphy Current | fuoggle = TMH2 Qutputs Open | ]

1) Tha leakage currant is dus to the intermal pull-up resistor on all pins. See Input Buffer section for more Information,

2} One output at a ime for a maximum duration of one second, Woul= 0.5V was selected to avold test problems caused by lester
ground degradation. Characterized but not 100% tosted.

3) Typical values are at Ve = 3.3V and Ta=20°C
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AC Switching Characteristics

Over Recommended Opera-'linglﬂnndf'ﬂans

com | coM |
PARAMETER| o1 | DESCRIPTION i 2 UNITS
COND". | MM [MAK.| MIN. [MAX.|
tpd® A Input ar 110 to Combinational Output 1 4 1 5 ns
A | Clockto Output Detay 113 |1 |25 ns
tor — | Clock to Fesdback Delay — 25| — | 8 | ne
fsu — Setup Tima, Input or Fesdback before Clockt 3| — |35 | — | n=
th | Hold Time, Input or Feadback after Clock? a [=1 ot —| ns
A Maximum Claock Frequency wilh 167 | — | 143 | — | MHz
| Externa! Feedbacsk, 1/(tsu +too)
frmaxt [ Maximum Clochk Frequency with qg2 | — | 1540 — | WH=
Intarnal Feadhﬂrkm-}ulsu + tef)
A Maximum Glock Frequency with 250 — | 208 | — | MHz
Mo Feedback
twht - Clock Pulze Duration, High 2 |— |28 | — | ns
|i ot — | Clock Pulse Duration, Low 2 |[— 25| — | ns
| fen B | Inputor /0 to Output Enabled 1 (s |18 ns
tdis o Input or If0 1o Gulput. DHsahtad - : 1 B ns
 tar A lnput or 110 to Asynchronaus Resat of Register 1 |45 [ 1 (55 -ns_
tarw - ﬁsynchmnu:rus:a Reset Pulse Duration 45 | — [585 | = | ns
. tar - Asynchronous Reset to Clock} Recovery Time 35 | — 4 | — |
| tepr — Synchranous Preset to Cleckt Recovery Time A5 — [ 4 [ — | ms

1) Refer to Switching Test Conditions seclion,

2} Minimum values for tpd and tco are not 100% tested but established by characterization.
3} Caleulated from fmax with intemnal feedback, Refer to fmax Descriptions section
4} Rafer lo fmax Descriptions secllon. Gharacterized but natl 100% tested.

Capacitance (T, =25"C, = 1.0 MHz)

[ symBoL PARAMETER TYPICAL UNITS TEST CONDITIONS |
c, Input Capacitance 5 pF Vo = 3.3, V, = 0V
B IO Capacitance 5 pF Ve =33V Vo= v
i
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Absolute Maximum Ratings!" Recommended Operating Conditions

SUpply voltage ¥ . ..o 05w +56Y  Commercial Devices:
INDUt VOHAGE BPPHEH 1rvverrerersrere s iesernens -0.5 0 45,8y AMDIENE Temperature (T,) ..o 0 1O 477G
Off-state culput voltage applied ..o 05t +66y  Supply voltage Wm?
Storage TemPerature ... -65 to 150°C with Respect 10 Ground ... +3.01t0 +3.6V
Amblent Temperature wilh

POWEE ADDIOU ..covvvvvovesvsesvsrissasisassanss 55to125°c  Industrial Devices: :
1, Blresses sbove those listad under the “Absolute Maximum Ambient Temperatura (T} ... -4 10 +85°C

Ratings” may cause permanent damage to the device. These  Supply voltage (V)

are stress anly ratings and functional operation of the deavice with Respectto Ground ... +3.0 1o +3.6V

at thesa or al any other eondiions above thosa indicated in
the operational sections of this specificathon Is not implied
{whila programming, follow the programming specifications).

DC Electrical Characteristics

Owvar Recommandad Operating Condllions (Unless Otherwlse Spacifiad]

SYMBOL | PARAMETER CONDITION MIN. | TYP? ] MAX, | UNITS
Vi Input Low Voltage ) Ves-05| — | 08 | V
Vi Input High Voltage - 20 — 525 v

liL Input ar 110 Low Laakage Current O = Wing = Wi (MAS) — — =10 Tras
liH [mput or /3 High Leakage Currant (Ve - .23 = Wino s Voo — -— 10 i
Wiz = Win < 5,25V =l = an ma
Voo Cutput Low Yoltage low= BmA Vin=Vior Vi - — 0.4 W
It = 16 mA Vin =V or Vin I -_ — 0.5 ¥
. lou= 0.5 mA VII“I=“‘;|"ILWVH _ — - 0.2 v
VoH | Output High Voltage lor = MAX. Win = Ve or Yin 24 - - W
lew =-05mA Vin = Ve or Vm Veo 045 — - || ¥
Tan = -100 A Vin=Vie or Vs Veo 2 | — — ')
oo Luw_l_m Oulput Current Vo =04y — — g ma
Yoo = 0.5V — — 16 ma,
loH High Leve! Qutput Current — — -4 mA
los Output Short Clreult Cument | Vee=3.3V Vour = 0.5V Ta = 26°C =15 =L B0 | mA

COMMERCIAL

lcc Cperating Power | Vo= 0.0V Vw =30V =2 45 75 ma,
Supply Curent Fiogei= = 1MHZz Chtputs Open .

INDUSTRIAL

lcc Operating Powar | ViL= 0.0V Vin = 3.0V -15 - 65 85 ma,
Supphy Currant fioggts = 1M Hz Dutputs Open

1) One output at a time for a maximum duration of one second. Voul = 0.5 was selected to avoid test problems by lester ground

degradation. Characterized bul not 100% tesled.
2} Typical values are at Vee = 3.3V and Ta = 25°C
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AC Switching Characteristics

Cnwver Recommended Operating Conditions

com COM coM
PARAM | o7 || DESCRIPTION 7 = Ax UNITS |
] MIN. [MAX. MIN. |MAX.|MIN. [MAX,
tpa? A |Input or 10 to Combinatorial Output 2 |75 2 |w)| 2 [15 | ns
tcot | A |Clock to Qutput Delay B 1 5 1 {85 1 [10 ] s
tcP | — |Clock toFeedback Delay —lal—]s5|={5]ns f
ksu —  |Setup Time, Input or Fdbk before Chct 6 | — | 75| — |10 —| ms |
th —  |Hold Time, Input or Fdbk after Clikt 0 [—| 0 |—=|0|—]|ns
A 1rl.n'lisnﬂrl'lurr"l Clock Freguency with o - | 71 — | g0 | — | MHz
Extarnial Feadback, 1/{tsu + too)
fraxt | A [Maximum Clock Frequency wilh M| — |80 | — | BB | — | MHz
Intarnal Faadback, 1/{tgu +tef) |
A |Maxirmurm Clock Frequency wilh 125 | = MM | — [ B3 | — - MHz |
Mo Feedoack
twh —  |Clock Pulse Duration, High 30 =] & =] & = ! ns
tw | — |Clock Pulse Duration, Low 35| —| 4 | —| 81— 'J n=
:_ ten B |input or U0 to Oulput Enabled |2 10| 2|12 |15 e |
tdis G |input or /O to Output Disabled 2 |2 [#2]2 |15 me: 4
tar | A |Inputor O to Asynch. Resetof Reg. 2 [mlz2]1|z |20 |
tarw —  |Asynch, Resel Pulse Duration 6 | — |8 | — |10l —1| ns
tamr —  |Asynch. Reset to Clk{ Recovery Time B g -8 | — |10 | — | n=
| tspr — |Synch, Preset to Clk} Racovery Time ll & 8 [— | 10 — | s

1% Refer to Switching Test Conditions secilon.
2} Minlmum values for tpd and teo are not 100% tested but established by characterization.
3) Calculated from frmax with Internal feedback. Refer 1o fmax Description section.

41 Refer to fmax Descripthen section,

Capacitance (T, = 25C, f= 1.0 MHz)

SYMBOL PARAMETER TYPICAL [ UNITS TEST CONDITIONS
c input Capecitance B | oF Vo =33V, V=0V
G I'C Capacitance a pF W = 33V N, = OV
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Switching Waveforms ) )
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fmax Descriptions

- Tsy ———pi———— fco——
fmax with External Feadback 1/{tsu+teo)

Hote: fnan with sxtemal feedback is caloulated from measured
t=u and too.

REGISTER

Trmax with No Feedback

Mote: frmax, with no feedback may be less than 1/{twh + tal). This
I to allow for & clack duty cycla of ather than 50%.

frmax with Internal Faedback 1/(tsu+ich)

Note: tef is & calculaled value, dervad by subtracting tsu from
the perlod of fmeax winternal feedback (tof = 1 #mas - tsu). The
value of tof is used primarily whan calculating tha delay from
clacking 2 regictar to a combinatorial output {through registarad
feadback), as shown abave. For example, the timing from clock
o a combinatoral output is eqgual W e + tpd,

1M
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GAL22LV10D: Switching Test Conditions
| Input Pulse Levels GHND to 3.0
Input Rise and Fall Timas 1.5 10% — 90%
Input Timing Refarence Levels 1.5V
Output Timing Referance Levels 1.5V *‘_AEE‘*
Dulput Load Sea Figure
TEST QMOINT

Fa

Output Load Conditiens (see figura) EEROM CUTBUT (00
: Zi = F0@, G = 350F°

Test Condition Ri CuL AR, TEX
A 500 35pF *G, includes tes! fixture and probe capacitance,
B | High 2 lo Active High at 1.5/ 5002 AspF

High Z to Active Low 2t 1 .0V i AhmE
C | Active High to High Z at 1.9V 0L 35pF

Active Low to High £ at 1.00 504 35pF |

"GAL2ZEVI0G Switching Test Conditions

| Input Pulse Level: i GNDIo 3.0V 133y
Input Risa and Fall Timas 20ms 10% DO ?
input Timing Refarence _avels 1.5V :~ R
Cutput Timing Reference Levels 1.5v P
Cutput Load S Saa Figure
................. FROM GUTRUT (2 TEST BCINT
F-state levels are measured 0.5 from steady-siate active UNCER TES
laval,
Ra \/:- = v
Output Load Conditions (ses figurs) (\? T
Test Condltion Ra Rz Cu B
A 3180 34802 35pF 1
B | Active High gl =10 34802 35pF =
~ Arctive Low 1602 ASRLY 35pF *C | PMICLUDES TEST FIXTURE AMD PROBE CAPACITANCE
T | Achwa High 0§ [T L e opF
Active Low K [79] kL v] bpr

12
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Low Voltage E2CMOS PLD
Generic Array Loglc™

| HIGH PERFORMANCE ECMOS® TECHNOLOGY
— 3.5 n= Maximum Propagation Delay

JioLy —t— ——
— Fmax =250 MHz !

— 2.5 ns Maximum from Clock Input to Data Qutput ! é -
— UltraM03* Advanced CMOS Technology il sl

3.1V LOW VOLTAGE 16V8 ARCHITECTURE I=—p=

— JEDEG-Compatibla 3.3V Interface Standard

— 5V Compatible Inpuls

— 110 Interfaces wilh Standard 5V TTL Devices | —=]
(GAL16LVEC)

- ACTIVE PULL-UPS ON ALL PINS |GAL15LVED Only)

 E* CELL TECHNOLOGY b
— Reconfigurabls Logic
-— Reprogrammable Cells
— 100% Tested/100% Yialds | —
— High Speed Electrical Erasure (<100mz)
— 20 Year Data Retention

' EIGHT OUTBUT LOGIC MACROCELLS | —b]
— Maximum Flaxibility for Complex Logic Deslgns H
— Programmable Output Polarity

. PRELOAD AND POWER-DN RESET OF ALL REGISTERS | — i
— 100% Functional Testabillty

APPLICATIONS INCLUDE: 8 | e 1
— Glus Logle for 3.3V Systems = '
— DMA Control
— State Machine Conirol | ErY - — i
— High Speed Graphics Processing
— | — ] :

Standard Loglc Speed Upgrade e

. ELECTRONIC SIGNATURE FOR IDENTIFICATION

([ 8]

e

WG

AND-ARRAY
(64 X 32)

PROGRAMMABLE

[LaT{R

B e R

The SALTELVED, at 3.5 ns maximurn propagation delay ime, PLCC
provides the highest spead performance avallahle in the PLD
markel. The GALTALVBC can Interface with both 3.3Y and 3V
signal levels, The GALIELVE is manufactured vsing Lattice r
Semiconductnrs advanced 3.3% E*CMOS process, wiich Som- £ 2 n
nines CHWOS with Eleclrically Erssable (E7) floating gate techrology T 18] wora
High speed arase times (<100ms) allow the devices o be repro-
grammed quivkly and sfficienthy. al

GAL16LYE

Tha 3.3\ GALTELYS uses the same induslry standard 16V archi- ;W i
{acture as its 5V counterpart ard supports all architzetural faatures Y Top View
elich a5 combinatonal or registered macrocel operations, f [

Urigue test circuitry and reprogrammabla cells allow complet= AL,
DC, and functional testing during manufacture, As aresull, Laftice i 8 18] o
Semiconductar delivers 100% field programmability snd function- L9 " 13
ality of all GAL products. 1 addition, 100 erasefwdita cycles and — I =t T
data retertion in excess of 20 years are specifled. I GND II0E Gl 1o
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—1 == i~ 1 | s | — N

A o
S
=]

[
]
o

Camyight 1397 Latice Serriranductor Gorm, Al Bran ur preduct names s Iiademasks.or g ate el e AP ol thelr rus e heiters. The RIAEtCalions 2 Imarmala MATaE e sutje:
8 chania whnout naliss

LATTICE SEMICONDUCTOR CORP, 5555 Norineast Moore C1, Hillsbore, Oregon 57124, U.S.A. December 1997
Tt (503) 26A-BO00; 1-800-LATTICE; FAX (S0°) ZE8-8558; hitp franaie I lices e, cam

16heE_04 1




Specifications GAL 16LV8

- ~ -gs
= Lt s o e e Ay B
FRETESE R e TR D e ..}.rw.-vln--\-ruul Fada

Tpd (ns) | Tsu sy | Too (ng) i 1£5 (mA) | Ordoring i Package ,
3.8 T ] 2a W IGALKL WHD- |70 Lead PLOL |
TE A 3770 70 |BALIGLVEDSLS 20 Lead PLSC _il
7.5 5 65 |GALIBLVBC-7L  120-Lead PLEC :
0 7 B85 |GAL16LVAC-AOL] 20-Lead PLOC o
% | 12 | 1 65 | GALTELVEC-5L) 20-Lead PLCC T

Part:Nurber Description:

o

SRR XX X X X

| i |
: |
GAL1BLYED Device Name ——
GAL1BLYVEC
Speed (ns) Grade Blank = Commercial
L = Low Power Power : Package J=FLCC
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Phesre are hiee ciopel QLG conngerabon modes oossiig;

simple, l:l:rlrl.plax and registered. Celails of sach ol hase modes
are ilustrated in the fallewing pages. Twe global bits, SYM and
ACN. ranirol tha mode contiguration for a3l macrooalls. The KOR
Bt of gach maciocedl contro's he polarity of the ouwlputin any of the
{hree modes, whils the AT Bl of each of the macroeells conlrols
the inputicutput configuration, These fwe giokal and 16 individ-
ugt architacture s define all possible configurations in a
GAL1BLVE, The informatior given on these architecture bits is only
i cfiver a batter snderstznding of the device, Compilar softeaee wil
fransparently el these architeeture Bits from the pin definitions, so
the user should rob need to direcly Manipulate fhese architectuns
bits.

The folowing is a Bst of the PAL architactisras that the GAL1GLVE
can emulate; It also =shows the OLMC mode under wiich tha
GALTBLVE amukales the PAL architeciure,

BAlL Aeehlesiree AT A ED D

- a i PR N b = Lo | =R :
i CAlRH AL L LY WAL TR LR AL Nl el b T WML i

| ieil Megratorod !
| Tehb HEfstened i
| 16RA Registared ,
16RPE Registered I
16RFPE Regiatered
1ERP4 Registersd
16LE Camplex
16H4 Complex
16PE Complex
T0LE i Simple
1206 | Simple
f4L4 - Simple
1602 Simple
. 10H3 Shmple
| 12HG | Shngle
| 1444 | Simple
16H2 Simple
| 10Pa Smmple
12P6 Shmple
[ 1474 Simple
| 16P2 Simpls |
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gavice type, generally based an the registar usage and cutpat
snabie (OB uenge, Wegietar Lsage onthe doase toreas el
wears b rhnnse e renisiean evda. Al combirabnral oofrees wein
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wia the aelipaeenk nirks, rlrjiqg w2y, TR hag inner Beest s | pres
1ham: 167 wil- not have ne feedback cotion a5 these pins are
JAWEYE ConTodad an dethealed waihtnwional wuipul.
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; = BYN=0.
i - ACO=1.
- ¥OR=0 dafinas Activa Low Cutput,
: = XOR=1 defines Active High Output,
LI et = E:E - A1 =0 dafines this outpul configuration.
S i - Pin 1 confrols cormmen CLE for tha ragisterad outputs.

| - Pin 41 controle common OF for the registered outputs,
- Fin 1 & Pin 11 are permanenily confligured as CLE &

OF for registered outpul configuration,

Registered Configuration for Regisiered Mode
|
i
I
|
!
|
i
f

Combinstorial Configuration for Reglstered Mode

| - A&C0=1
- AOR=0 dafinas Active Low Cutput.
[o——K 3 - XOR-=1 defines Active High Output
- AC1=1 defines this output configuration.
-Pin 1 & Pin 11 are permanantly configured as CLE &

OE for registered outpul canfiguratian,

: - BYN=0. ‘

Mota: Tha developrent software configures all of the architecture control bits and checks for proper pin usage automatically.
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