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Electronics
Electronics refers to the flow of charge
(moving electrons) through nonmetal
conductors
(mainly
semiconductors),
whereas electrical refers to the flow of
charge through metal conductors. For
example, flow of charge through silicon,
which is not a metal, would come under
electronics; whereas flow of charge
through copper, which is a metal, would
come under electrical. This distinction
started around 1906 with the invention by
Lee De Forest of the triode. Until 1950 this
field was called "Radio techniques" because
its principal application was the design and
theory of radio transmitters, receivers and
vacuum tubes.

Surface mount electronic components

The study of semiconductor devices and
related technology is considered a branch
of physics whereas the design and
construction of electronic circuits to solve
practical problems comes under electronics
engineering. This article focuses on
engineering aspects of electronics.

Electronic devices and
components

A breadboard with a completed electronic circuit

An electronic component is any physical
entity in an electronic system whose intention is to affect the electrons or their associated
fields in a desired manner consistent with the intended function of the electronic system.
Components are generally intended to be in mutual electromechanical contact, usually by
being soldered to a printed circuit board (PCB), to create an electronic circuit with a
particular function (for example an amplifier, radio receiver, or oscillator). Components
may be packaged singly or in more complex groups as integrated circuits. Some common
electronic components are capacitors, resistors, diodes, transistors, etc.
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Types of circuits
Analog circuits
Most analog electronic appliances, such as
radio receivers, are constructed from
combinations of a few types of basic
circuits. Analog circuits use a continuous
range of voltage as opposed to discrete
levels as in digital circuits.
The number of different analog circuits so
far devised is huge, especially because a
'circuit' can be defined as anything from a
single component, to systems containing
thousands of components.
Analog circuits are sometimes called linear
circuits although many non-linear effects
are used in analog circuits such as mixers,
modulators, etc. Good examples of analog
circuits include vacuum tube and transistor
amplifiers, operational amplifiers and
oscillators.

Hitachi J100 adjustable frequency drive chassis.

Some analog circuitry these days may use
digital or even microprocessor techniques to improve upon the basic performance of the
circuit. This type of circuit is usually called "mixed signal."
Sometimes it may be difficult to differentiate between analog and digital circuits as they
have elements of both linear and non-linear operation. An example is the comparator which
takes in a continuous range of voltage but puts out only one of two levels as in a digital
circuit. Similarly, an overdriven transistor amplifier can take on the characteristics of a
controlled switch having essentially two levels of output.

Digital circuits
Digital circuits are electric circuits based on a number of discrete voltage levels. Digital
circuits are the most common physical representation of Boolean algebra and are the basis
of all digital computers. To most engineers, the terms "digital circuit", "digital system" and
"logic" are interchangeable in the context of digital circuits. Most digital circuits use two
voltage levels labeled "Low"(0) and "High"(1). Often "Low" will be near zero volts and
"High" will be at a higher level depending on the supply voltage in use. Ternary (with three
states) logic has been studied, and some prototype computers made.
Computers, electronic clocks, and programmable logic controllers (used to control
industrial processes) are constructed of digital circuits. Digital Signal Processors are
another example.
Building-blocks:
• Logic gates
• Adders
• Binary Multipliers
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•
•
•
•
•

Flip-Flops
Counters
Registers
Multiplexers
Schmitt triggers

Highly integrated devices:
•
•
•
•
•

Microprocessors
Microcontrollers
Application-specific integrated circuit (ASIC)
Digital signal processor (DSP)
Field-programmable gate array (FPGA)

Heat dissipation and thermal management
Heat generated by electronic circuitry must be dissipated to prevent immediate failure and
improve long term reliability. Techniques for heat dissipation can include heatsinks and
fans for air cooling, and other forms of computer cooling such as water cooling. These
techniques use convection, conduction, & radiation of heat energy.

Noise
Noise is associated with all electronic circuits. Noise is defined[1] as unwanted disturbances
superposed on a useful signal that tend to obscure its information content. Noise is not the
same as signal distortion caused by a circuit.

Electronics theory
Mathematical methods are integral to the study of electronics. To become proficient in
electronics it is also necessary to become proficient in the mathematics of circuit analysis.
Circuit analysis is the study of methods of solving generally linear systems for unknown
variables such as the voltage at a certain node or the current though a certain branch of a
network. A common analytical tool for this is the SPICE circuit simulator.
Also important to electronics is the study and understanding of electromagnetic field
theory.

Computer aided design (CAD)
Today's electronics engineers have the ability to design circuits using premanufactured
building blocks such as power supplies, semiconductors (such as transistors), and
integrated circuits. Electronic design automation software programs include schematic
capture programs and printed circuit board design programs. Popular names in the EDA
software world are NI Multisim, Cadence (ORCAD), Ea"gle PCB and Schematic, Mentor
(PADS PCB and LOGIC Schematic), Altium (Protel), LabCentre Electronics (Proteus) and
many others."
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Construction methods
Many different methods of connecting components have been used over the years. For
instance, early electronics often used point to point wiring with components attached to
wooden breadboards to construct circuits. Cordwood construction and wire wraps were
other methods used. Most modern day electronics now use printed circuit boards (made of
FR4), and highly integrated circuits. Health and environmental concerns associated with
electronics assembly have gained increased attention in recent years, especially for
products destined to the European Union, with its Restriction of Hazardous Substances
Directive (RoHS) and Waste Electrical and Electronic Equipment Directive (WEEE), which
went into force in July 2006.

Electronics industry
• Semiconductor sales leaders by year

Branch pages
• Analog electronics
•
•
•
•
•
•
•
•

Circuit Design
Digital electronics
Fuzzy electronics
Integrated circuit
Microelectronics
Optoelectronics
Semiconductor
Semiconductor device

See also
• Analog signal processing
• Cable
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Circuit diagram
Computer engineering
Datasheet
Digital signal processing
E-waste
Electrical engineering
Electronic circuit
Electronic tuner
Electronic Waste Recycling Fee
IEEE - the Institute of Electrical and Electronics Engineers
Large area electronics
List of 4000 series integrated circuits
List of 7400 series integrated circuits
Mechatronics
Signal theory

• Transducer
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External links
•
•
•
•
•
•

Good electronics projects and tutorials [2]
Capacitor Types and Tutorial [3]
Audio Circuits [4]
Amateur Electronic circuit designs [5]
Free Electronic Circuits [6]
Electronics tutorials, projects and software

[7]

• Navy 1998 Navy Electricity and Electronics Training Series (NEETS)
• DOE 1998 Electrical Science, Fundamentals Handbook, 4 vols.

[8]

• Vol. 1, Basic Electrical Theory, Basic DC Theory [9]
• Vol. 2, DC Circuits, Batteries, Generators, Motors [10]
• Vol. 3, Basic AC Theory, Basic AC Reactive Components, Basic AC Power, Basic AC
Generators [11]
• Vol. 4, AC Motors, Transformers, Test Instruments & Measuring Devices, Electrical
Distribution Systems [12]
• Electronics Tutorials [13] at the Open Directory Project
•
•
•
•
•

Electronics Schematics [14] at the Open Directory Project
DIY Audio Projects [15] at the Open Directory Project
DIY Radio Projects [16] at the Open Directory Project
Some example electronics circuits and detailed descriptions of how they work
Sources of Electronic Components [18] at the Open Directory Project

• Lessons in Electric Circuits
and electronics.

[19]

[17]

- A free series of textbooks on the subjects of electricity

Chose
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License
Version 1.2, November 2002
Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA Everyone is permitted to copy
and distribute verbatim copies of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License
preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.
This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the
GNU General Public License, which is a copyleft license designed for free software.
We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should
come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any
textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose
is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under
the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated
herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work in a way requiring permission under copyright law.
A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or
translated into another language.
A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.
The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the
Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.
The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document
is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.
A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats
suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to
thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of
text. A copy that is not "Transparent" is called "Opaque".
Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using
a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image
formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML
or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some
word processors for output purposes only.
The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License
requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent
appearance of the work's title, preceding the beginning of the body of the text.
A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications",
"Endorsements", or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ"
according to this definition.
The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices,
and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to
those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in
section 3.
You may also lend copies, under the same conditions stated above, and you may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's
license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the
front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying
with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in
other respects.
If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover,
and continue the rest onto adjacent pages.
If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy
along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has
access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or
retailers) of that edition to the public.
It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a
chance to provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:
A.
B.
C.
D.
E.
F.
G.
H.
I.

Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there
were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version
gives permission.
List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together
with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this
requirement.
State on the Title page the name of the publisher of the Modified Version, as the publisher.
Preserve all the copyright notices of the Document.
Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this
License, in the form shown in the Addendum below.
Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.
Include an unaltered copy of this License.
Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the
Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and
publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.
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J.

Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network
location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives
permission.
K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and
tone of each of the contributor acknowledgements and/or dedications given therein.
L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered
part of the section titles.
M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.
N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.
O. Preserve any Warranty Disclaimers.
If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the
Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other section titles.
You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties--for example,
statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.
You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover
Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by)
any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity
you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the
old one.
The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply
endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant
Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.
The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in
parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section
titles in the list of Invariant Sections in the license notice of the combined work.
In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements."

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim
copying of each of the documents in all other respects.
You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond
what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which
are not themselves derivative works of the Document.
If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire
aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers
if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and
disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will
prevail.
If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE
The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be
similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http:/ / www. gnu. org/ copyleft/ .
Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or
any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any
version ever published (not as a draft) by the Free Software Foundation.

How to use this License for your documents
To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices
just after the title page:
Copyright (c) YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.2 or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts,
and no Back-Cover Texts. A copy of the license is included in the section entitled "GNU Free Documentation License".
If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with...Texts." line with this:
with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.
If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.
If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software
license, such as the GNU General Public License, to permit their use in free software.
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