
Electrical connector

Back of an audio power amplifier features a variety of electrical
connectors

Electronic symbols for male-ended and female-ended connectors

An electrical connector is an electro-mechanical device
for joining electrical circuits as an interface using a me-
chanical assembly. Connectors consist of plugs (male-
ended) and jacks (female-ended). The connection may
be temporary, as for portable equipment, require a tool
for assembly and removal, or serve as a permanent elec-
trical joint between two wires or devices.[1] An adapter
can be used to effectively bring together dissimilar con-
nectors.
There are hundreds of types of electrical connectors.
Connectors may join two lengths of flexible copper wire
or cable, or connect a wire or cable to an electrical
terminal.
In computing, an electrical connector can also be known
as a physical interface (compare physical layer in OSI
model of networking). Cable glands, known as cable
connectors in the US, connect wires to devices mechani-
cally rather than electrically and are distinct from quick-
disconnects performing the latter.

1 Properties of electrical connec-
tors

Electrical connectors are characterised by their pinout
and physical construction, size, contact resistance, insula-
tion between pins, ruggedness and resistance to vibration,
resistance to entry of water or other contaminants, resis-
tance to pressure, reliability, lifetime (number of con-
nect/disconnect operations before failure), and ease of
connecting and disconnecting.
They may be keyed to prevent insertion in the wrong ori-
entation, connecting the wrong pins to each other, and
have locking mechanisms to ensure that they are fully
inserted and cannot work loose or fall out. Some con-
nectors are designed such that certain pins make contact
before others when inserted, and break first on discon-
nection; this protects circuits typically in connectors that
apply power, e.g. connecting safety ground first, and se-
quencing connections properly in hot swapping applica-
tions.
It is usually desirable for a connector to be easy to identify
visually, rapid to assemble, require only simple tooling,
and be inexpensive. In some cases an equipment manu-
facturer might choose a connector specifically because it
is not compatible with those from other sources, allowing
control of what may be connected. No single connector
has all the ideal properties; the proliferation of types is a
reflection of differing requirements.
Fretting is a common failure mode in electrical connec-
tors that have not been specifically designed to prevent
it.[2]

1.1 Keying

Many connectors are keyed, with some mechanical com-
ponent which prevents mating except with a correctly ori-
ented matching connector. This can be used to prevent
incorrect or damaging interconnections, either prevent-
ing pins from being damaged by being jammed in at the
wrong angle or fitting into imperfectly fitting plugs, or to
prevent damaging connections, such as plugging an au-
dio cable into a power outlet. For instance, XLR con-
nectors have a notch to ensure proper orientation, while
Mini-DIN plugs have a plastic projection, which fits into
a corresponding hole in the socket and prevent different
connectors from being pushed together (they also have a
notched metal skirt to provide secondary keying).
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1.2 Locking mechanisms

Some connector housings are designed with locking
mechanisms to prevent inadvertent disconnection or poor
environmental sealing. Locking mechanism designs in-
clude locking levers of various sorts, screw locking, and
toggle or bayonet locking. Depending on application re-
quirements, housings with locking mechanisms may be
tested under various environmental simulations that in-
clude physical shock and vibration, water spray, dust, etc.
to ensure the integrity of the electrical connection and
housing seals.

2 Types of electrical connectors

A terminal is a simple type of electrical connector that
connects two or more wires to a single connection point.
Wire nuts are another type of single point connector.

2.1 Terminal blocks

Terminal blocks of various types.

Terminal blocks (also called terminal boards or strips)
provide a convenient means of connecting individual
electrical wires without a splice or physically joining the
ends. They are usually used to connect wiring among var-
ious items of equipment within an enclosure or to make

connections among individually enclosed items. Since
terminal blocks are readily available for a wide range of
wire sizes and terminal quantity, they are one of the most
flexible types of electrical connector available. Some dis-
advantages are that connecting wires is more difficult than
simply plugging in a cable and the terminals are generally
not very well protected from contact with persons or for-
eign conducting materials.
One type of terminal block accepts wires that are pre-
pared only by removing (stripping) a short length of
insulation from the end. Another type accepts wires that
have ring or spade terminal lugs crimped onto the wires.
Printed circuit board (PCB) mounted terminal blocks al-
low individual wires to be connected to the circuit board.
PCB mounted terminal blocks are soldered to the board,
but they are available in a pull-apart version that allows
the wire-connecting half of the block to be unplugged
from the part that is soldered to the PCB.

2.2 Posts

Main article: Binding post
A general type of connector that simply screws or clamps

A binding post (red and black) adaptor.

bare wire to a post; such connectors are frequently used
in electronic test equipment and audio. Many, but not all
binding posts will also accept a banana connector plug.

2.3 Crimp-on connectors

Main article: Crimp connection

A type of solderless connection.

2.4 Insulation displacement connectors

Main article: Insulation-displacement connector
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Since stripping the insulation from wires is time-
consuming, many connectors intended for rapid assem-
bly use insulation-displacement connectors so that insu-
lation need not be removed from the wire. These gener-
ally take the form of a fork-shaped opening in the termi-
nal, into which the insulated wire is pressed and which cut
through the insulation to contact the conductor within. To
make these connections reliably on a production line, spe-
cial tools are used which accurately control the forces ap-
plied during assembly. If properly assembled, the result-
ing terminations are gas-tight and will last the life of the
product. A common example is the multi-conductor flat
ribbon cable used in computer disk drives; to terminate
each of the many (approximately 40) wires individually
would be slow and error-prone, but an insulation displace-
ment connector can terminate all the wires in (literally)
one stroke. Another very common use is so-called punch-
down blocks used for terminating telephone wiring.
Insulation displacement connectors are usually used with
small conductors for signal purposes and at low voltage.
Power conductors carrying more than a few amperes are
more reliably terminated with other means, though “hot
tap” press-on connectors find some use in automotive ap-
plications for additions to existing wiring.

2.5 Plug and socket connectors

See also: Gender of connectors and fasteners and Pinout

Plug and socket connectors are usually made up of a male
plug (typically pin contacts) and a female receptacle (typ-
ically socket contacts), although hermaphroditic connec-
tors exist, such as the original IBM token ring LAN con-
nector. Plugs generally have one or more pins or prongs
that are inserted into openings in the mating socket. The
connection between the mating metal parts must be suf-
ficiently tight to make a good electrical connection and
complete the circuit. When working with multi-pin con-
nectors, it is helpful to have a pinout diagram to identify
the wire or circuit node connected to each pin.
Jack commonly refers to a connector often with the fe-
male electrical contact or socket, and is the “more fixed”
connector of a connector pair. Plug commonly refers to a
movable connector, often (but not always) with the male
electrical contact or pin, and is the movable (less fixed)
connector of a connector pair.
Some connector styles[3] may contain both pin and socket
connection types.
A jack is properly described as a connector that is de-
signed to be fixed on the surface of a bulkhead or enclo-
sure; “The stationary (more fixed) connector of a mat-
ing pair shall be designated J or X”[4] where J means
jack.[5] Its counterpart, the “plug,” is designed to attach
to a wire, cable or removable electrical assembly; “The
movable (less fixed) connector of a mating pair shall be

designated P” [6] where P means plug. This convention
is currently defined in ASME Y14.44-2008 which is the
current actively maintained follow on to the withdrawn
IEEE 200-1975; IEEE 200-1975 was derived from the
long withdrawn MIL-STD-16 which dates back at least
to the 1950s which highlights the heritage of this connec-
tor naming convention. IEEE 315-1975 works alongside
ASME Y14.44-2008 to define J, P and X references.
A plug is properly described as a connector that is de-
signed to be attached to a wire, cable or removable elec-
trical assembly: “The movable (less fixed) connector of
a mating pair shall be designated P”[6] where P means
plug.[5]

The term jack occurs in several related terms:

• The "registered jack" in RJ11, RJ45 and similar
connectors, and includes the modular jacks used in
modern telephone systems and computer network
interfaces (for example, "Ethernet jack”).

• The telephone jack of manual telephone switch-
boards, which is the socket fitting the original 1/4”
telephone plug. This open-frame, open-circuit ac-
cepts 1/4” mono phone plugs.

• The 1/4” phone jack common tomany electronic ap-
plications, either in a 2-conductor tip-sleeve (TS) or
3-conductor tip-ring-sleeve (TRS) configuration.

• The RCA jack, also known as a “phono jack”, com-
mon to consumer electronics.

• The EIAJ jack designed for consumer appliances re-
quiring less than an 18.0 volt power supply.

When the description includes a diameter, the term refers
to the jack that matches the corresponding diameter of
plug. For example:

• 6.35 mm or 1/4” jack

• 3.5 mm (1/8”) miniature jack

• 2.5 mm (3/32”) subminiature

A headphone (or earphone) jack is commonly one of
the three standard sizes of 3-conductor TRS headphone
jacks, but the term could refer to any socket used for this
purpose.

2.6 Component and device connectors

Electrical and electronic components and devices some-
times have plug and socket connectors or terminal blocks,
but individual screw terminals and fast-on or quick-
disconnect terminals are more common. Small compo-
nents have bare lead wires for soldering. They are manu-
factured using casting.
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High-power transistor switch module with large screw connectors
and small crimped-on “Fast-on” connectors

2.7 Blade connector

Blade connectors (lower half of photo). Ring and spade ter-
minals (upper half). Bullet terminals, male and female (right-
center, with blue wires)

A blade connector is a type of single wire connection us-
ing a flat conductive blade which is inserted into a blade
receptacle. Usually both blade connector and blade re-
ceptacle have wires attached to them either through of
the wire to the blade or crimping of the blade to the wire.
In some cases the blade is an integral manufactured part
of a component (such as a switch or a speaker unit), and
a blade receptacle is pushed onto the blade to form a con-
nection.
A common type of blade connector is the "Faston ter-
minal". While Faston is a trademark of TE Connectivity
(formerly Tyco Electronics), it has come into common us-
age. Faston connectors come in male and female types.
They have been commonly used since the 1970s.

Ring style wire end blade connectors are normally sold in lots.

2.8 Ring and spade terminals

The connectors in the top row of the image are known as
ring terminals and spade terminals (sometimes called
fork or split ring terminals). Electrical contact is made
by the flat surface of the ring or spade, while mechani-
cally they are attached by passing a screw or bolt through
them. The spade terminal form factor facilitates connec-
tions since the screw or bolt can be left partially screwed
in as the spade terminal is removed or attached. Their
sizes can be determined by the size of the conducting wire
AWG and the screw/bolt diameter size designation.

3 Commonly used connectors

3.1 8P8C connector

Main article: 8P8C
8P8C is short for “eight positions, eight conductors”, and

8P8C Connector crimped to cable

so an 8P8Cmodular connector (plug or jack) is a modular
connector with eight positions, all containing conductors.
The connector is probably most famous for its use in
Ethernet and widely used on CAT5 cables.
The 8P8C modular plugs and jacks look very similar to
the plugs and jacks used for FCC’s registered jack RJ45
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variants, although the specified RJ45 socket is not com-
patible with 8P8C modular plug connectors. It neither
uses all eight conductors (but only two of them for wires
plus two for connecting a programming resistor) nor does
it fit into 8P8C because the true RJ45 is “keyed”.

3.2 D-subminiature connectors

Main article: D-subminiature
The D-subminiature electrical connector is commonly

A male DE-9 plug.

used for the RS-232 serial port onmodems and IBMcom-
patible computers. TheD-subminiature connector is used
in many different applications, for computers, telecom-
munications, and test and measurement instruments. A
few examples are monitors (MGA, CGA, EGA), the
Commodore 64, MSX, Apple II, Amiga, and Atari joy-
sticks and mice, and game consoles such as Atari and
Sega.
Another variants of D-subminiature are the Positronic
D-subminiature connector which have PosiBand closed
entry contact option, solid machined contacts, thermo-
couple contact options, crimp and PCB mount.;[7] and
the Positronic Combo D-subminiature which have Large
Surface Area (LSA) contact system that is for low con-
tact resistance and saves energy, and sequential mating
options.[8]

3.3 USB connectors

Main article: USB
The Universal Serial Bus is a serial bus standard to in-
terface devices, founded in 1996. It is currently widely
used among PCs, Apple Macintosh and many other de-
vices. There are several types of USB connectors, and
some have been added as the specification has progressed.
The most commonly used is the (male) series “A” plug on
peripherals, when the cable is fixed to the peripheral. If
there is no cable fixed to the peripheral, the peripheral al-
ways needs to have a USB “B” socket. In this case a USB
“A” plug to a USB “B” plug cable would be needed. USB

A male USB series A plug

“A” sockets are always used on the host PC and the USB
“B” sockets on the peripherals. It is a 4-pin connector,
surrounded by a shield. There are several other connec-
tors in use, the mini-A, mini- B and mini-AB plug and
socket (added in the On-The-Go Supplement to the USB
2.0 Specification).

3.4 Power connectors

See also: AC power plugs and sockets, DC connector,
NEMA connectors, and Industrial and multiphase power
plugs and sockets
Power connectors must protect people from accidental

A panel-mounted IEC 60320 C14 male connector designed to
accept AC line power

contact with energized conductors. Power connectors
often include a safety ground connection as well as the
power conductors. In larger sizes, these connectors must
also safely contain any arc produced when an energized
circuit is disconnected or may require interlocking to pre-
vent opening a live circuit.
Socket, is the general term, in British English, but there
are numerous common alternatives for household con-
nectors, including power point,[9] plug socket,[10] wall
socket,[11] and wall plug.[12]

Receptacle and outlet are common in American English,
for household connectors, sometimes with qualifiers such

https://en.wikipedia.org/wiki/D-subminiature
https://en.wikipedia.org/wiki/D-subminiature
https://en.wikipedia.org/wiki/D-subminiature
https://en.wikipedia.org/wiki/RS-232
https://en.wikipedia.org/wiki/Serial_port
https://en.wikipedia.org/wiki/Modem
https://en.wikipedia.org/wiki/IBM_compatible
https://en.wikipedia.org/wiki/IBM_compatible
https://en.wikipedia.org/wiki/Monochrome_Graphics_Adapter
https://en.wikipedia.org/wiki/Color_Graphics_Adapter
https://en.wikipedia.org/wiki/Enhanced_Graphics_Adapter
https://en.wikipedia.org/wiki/Commodore_64
https://en.wikipedia.org/wiki/MSX
https://en.wikipedia.org/wiki/Apple_II
https://en.wikipedia.org/wiki/Amiga
https://en.wikipedia.org/wiki/Atari
https://en.wikipedia.org/wiki/Sega
https://en.wikipedia.org/wiki/Positronic_(company)
https://en.wikipedia.org/wiki/USB
https://en.wikipedia.org/wiki/Personal_computer
https://en.wikipedia.org/wiki/Apple_Macintosh
https://en.wikipedia.org/wiki/Peripheral
https://en.wikipedia.org/wiki/USB
https://en.wikipedia.org/wiki/AC_power_plugs_and_sockets
https://en.wikipedia.org/wiki/DC_connector
https://en.wikipedia.org/wiki/NEMA_connectors
https://en.wikipedia.org/wiki/Industrial_and_multiphase_power_plugs_and_sockets
https://en.wikipedia.org/wiki/Industrial_and_multiphase_power_plugs_and_sockets
https://en.wikipedia.org/wiki/AC_power_plugs_and_sockets
https://en.wikipedia.org/wiki/IEC_60320_C14
https://en.wikipedia.org/wiki/Ground_(electricity)
https://en.wikipedia.org/wiki/Electric_arc


6 3 COMMONLY USED CONNECTORS

as wall outlet, electrical outlet and electrical receptacle.[13]

3.5 Radio frequency connectors

Main article: RF connector
For more details on this topic, see Impedance matching
and Signal reflection.
Connectors used at radio frequencies must not change

A male 50 ohm BNC connector

the impedance of the transmission line of which they are
part, otherwise signal reflection and losses will result. A
radio-frequency connector must not allow external signals
into the circuit, and must prevent leakage of energy out
of the circuit. At lower radio frequencies simple connec-
tors can be used with success, but as the radio frequency
increases, transmission line effects become more impor-
tant, with small impedance variations from connectors
causing the signal to reflect from the connector, rather
than to pass through. At UHF and above, silver-plating of
connectors is common to reduce losses. Common types
of RF connectors are used for television receivers, two-
way radio, certain Wi-Fi devices with removable anten-
nas, and industrial or scientific measuring instruments us-
ing radio frequencies.

3.6 DC connectors

Main article: DC connector
See also: Coaxial power connector

A DC connector is an electrical connector for supplying
direct current (DC) power. For portable consumer elec-
tronic devices, the coaxial power connector is frequently
used, but many other types of connectors also exist.

3.7 Hybrid connectors

Hybrid connectors have housings with inserts that allow
the intermixing of many connector types, such as those

mentioned above. These housings may also allow inter-
mixing of electrical and non-electrical interfaces, exam-
ples of the latter being pneumatic line connectors, and
optical fiber connectors. Because hybrid connectors are
modular in nature, they tend to simplify assembly, repair,
and future modifications. They also allow the creation
of composite cable assemblies that can reduce equipment
installation time by reducing the number of individual ca-
ble and connector assemblies.

3.8 Banana

Banana connectors are used to connect single wires to
electrical equipment. They are often used with testing
equipment.

3.9 Barrier Strip/Spade Lug

A connector that locks a metal spade to a terminal by
screwing them together.

3.10 Crimp

Crimp connectors can be used for fast and friction-type
connections in DC applications where connections are
broken repeatedly.

3.11 Alligator/Crocodile clip

Alligator connectors are often used as temporary test
leads.

3.12 Screw terminal

A screw terminal is a type of electrical connector where
a wire is held by the tightening of a screw.

3.13 Phone

Phone connectors can be used as connectors in micro-
phone cables and for low-voltage, low-current applica-
tions.

3.14 Tee

A Tee connector is an electrical connector that connects
three cables together.

3.15 Audio and video

Main article: Audio and video connector
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RCA connectors can be used in audio connections.
A DIN connector is suitable with multiple conductor
wires for interconnecting audio and computer acces-
sories.

3.16 Computer

Main article: Computer port (hardware)

3.17 Automotive

On-board diagnostics ports are standardized in many ju-
risdictions.

4 Electrical cables

See also: Power cable and Wire

4.1 Termination and gender

Main article: Gender of connectors and fasteners

When used to terminate cables, in some applications both
ends of the cable are terminated using identical connec-
tors (generally male), as in registered jack telephone ca-
bles or Ethernet over twisted pair network cables, while
in other applications the two ends are terminated differ-
ently, either with male and female of the same connector
(as in an extension cord), which ends can be connected to
each other in a loop, or with incompatible connectors, in
an adapter cable.

4.2 Wiring and pinouts

For more details on this topic, see Pinout.
See also: Crossover cable
When a cable is terminated by a connector, the vari-
ous wires in the cable are connected to contacts (pins)
in the connector. The most common methods of con-
necting pins to individual wires are soldering, insulation
displacement, insulation piercing, screw clamping, ax-
ial screw termination, cage clamping, crimping, press-in
termination, and wire wrapping. Some of these wiring
methods can be accomplished without specialized tools.
Other methods, while requiring a special tool, can assem-
ble connectors to a cable much faster and more reliably,
and make repairs easier.
If one has specified wires within a cable (for instance, the
colored Ethernet cable wires in TIA/EIA-568-B), then
the order in which different color wires are attached to

Ethernet crossover cable, showing wiring at each end

different connector pins defines the wiring scheme. Dif-
ferent ways of wiring numbered connector pins at the
two ends of a cable creates different assemblies, which
may appear identical but behave differently. The cross-
reference between the contacts, or pins, of an electrical
connector, and their functions is called pinout. There are
many different pinouts for various connectors exists.[14]

If both ends of a cable have the same connector, or male
and female versions of a connector, or even similar con-
nectors (such as RJ11 and BS 6312, both of which often
have 6P4C (6 positions and 4 contacts)), there is a notion
of straight through cable and crossover cable:

• In a straight through cable, pins on one end corre-
spond exactly to the corresponding pins on the other
end (pin 1 to pin 1, pin 2 to pin 2, etc.).

Using the same wiring (a given color
wire connects to a given number pin, the
same at both ends) at each end yields a
straight through cable.

• In a crossover cable, pins do not so correspond; most
often in crossover cables some cables are swapped,
meaning that if pin 1 on one end goes to pin 2 on the
other end, then pin 2 on the first end goes to pin 1
on the second end, and not to pin 3 or some other:
such crossover cables are symmetric, meaning that
they work identically regardless of which way you
plug them in (if you turn the cable around, it still
connects the same pins as before).

Using different wiring (a given color wire
connects to one number pin at one end,
and a different number pin at the other)
at each end yields a crossover cable.

A well-known crossover cable is the Ethernet crossover
cable, which converts between T568A and T568B termi-
nation.
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What matters specifically is not “which contact corre-
sponds to which wire”, but rather “which contact on
one connector corresponds to which contact on the other
connector": to illustrate the distinction, T568A straight
through cables and T568B straight through cables are
electrically identical: pin 1 on one end corresponds to pin
1 on the other end, though in the T568A it is a green/white
striped wire that connects them, while in T568B it is an
orange/white striped wire that connects them. However,
a cable wired with T568A at one end and T568B at the
other is a crossover cable.
The name “straight through” is suggestive but slightlymis-
leading: if one has a ribbon cable, such that all wires are
in fact straight and in a line, the pinouts at the two ends
are the mirror of each other: the left-most wire on one
end is the right-most wire on the other.

5 See also

• Adapter

• Audio and video connector

• Electrical network

• Electrical termination

• Gender of connectors and fasteners

• Optical fiber connector

• Tube socket

• Wire nut

5.1 Connectors

• Banana connector

• Battery holder

• Battery terminals

• Edge connector

• Pin header

• RJ-XX connector

• Dock connector

• JST connector

• Crocodile clip
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