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A power supply is an electronic device that supplies electric
energy to an electrical load. The primary function of a power
supply is to convert one form of electrical energy to another and,
as a result, power supplies are sometimes referred to as electric
power converters. Some power supplies are discrete, stand-alone
devices, whereas others are built into larger devices along with
their loads. Examples of the latter include power supplies found
in desktop computers and consumer electronics devices.

Every power supply must obtain the energy it supplies to its
load, as well as any energy it consumes while performing that
task, from an energy source. Depending on its design, a power
supply may obtain energy from various types of energy sources,
including electrical energy transmission systems, energy storage
devices such as a batteries and fuel cells, electromechanical
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A simple desktop power supply with
power output connector seen at
lower-left and power input connector
(not shown) located at the rear

systems such as generators and alternators, solar power converters, or another power supply.

All power supplies have a power input, which receives energy from the energy source, and a power
output that delivers energy to the load. In most power supplies the power input and output consist of
electrical connectors or hardwired circuit connections, though some power supplies employ wireless
energy transfer in lieu of galvanic connections for the power input or output. Some power supplies have
other types of inputs and outputs as well, for functions such as external monitoring and control.
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General classification

Functional

Power supplies are categorized in various ways, including by

functional features. For example, a regulated power supply is

one that maintains constant output voltage or current despite

variations in load current or input voltage. Conversely, the output

of an unregulated power supply can change significantly when

its input voltage or load current changes. Adjustable power

supplies allow the output voltage or current to be programmed A rackmount, adjustable regulated
by mechanical controls (e.g., knobs on the power supply front DC power supply

panel), or by means of a control input, or both. An adjustable

regulated power supply is one that is both adjustable and regulated. An isolated power supply has a
power output that is electrically independent of its power input; this is in contrast to other power
supplies that share a common connection between power input and output.

Mechanical

Power supplies are packaged in different ways and classified accordingly. A bench power supply is a
stand-alone desktop unit used in applications such as circuit test and development. Open frame power
supplies have only a partial mechanical enclosure, sometimes consisting of only a mounting base; these
are typically built into machinery or other equipment. Rack mount power supplies are designed to be
secured into standard electronic equipment racks. An integrated power supply is one that shares a
common printed circuit board with its load.

Power conversion method

Power supplies can be broadly divided into /inear and switching types. Linear power converters process
the input power directly, with all active power conversion components operating in their linear operating
regions. In switching power converters, the input power is converted to AC or to DC pulses before
processing, by components that operate predominantly in non-linear modes (e.g., transistors that spend
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most of their time in cutoff or saturation). Power is "lost" (converted to heat) when components operate
in their linear regions and, consequently, switching converters are usually more efficient than linear
converters because their components spend less time in linear operating regions.

Types

DC power supply

A DC power supply is one that supplies a constant DC voltage to its load. Depending on its design, a DC
power supply may be powered from a DC source or from an AC source such as the power mains.

AC-to-DC supply

Some DC power supplies use AC mains electricity as an

energy source. Such power supplies will sometimes employ _ c]; ﬁ /i}\‘\ )
a transformer to convert the input voltage to a higher or e
lower AC voltage. A rectifier is used to convert the ] — T 3% ¢
transformer output voltage to a varying DC voltage, which l + I -

in turn is passed through an electronic filter to convert it to
an unregulated DC voltage.

Schematic of basic AC-to-DC power
supply, showing (from L-R) transformer,

full- brid tifier, filt it
The filter removes most, but not all of the AC voltage Himwave DICEE TECHIICT, HIer capactior

variations; the remaining AC voltage is known as ripple.

The electric load's tolerance of ripple dictates the minimum

amount of filtering that must be provided by a power supply. In some applications, high ripple is
tolerated and therefore no filtering is required. For example, in some battery charging applications it is
possible to implement a mains-powered DC power supply with nothing more than a transformer and a
single rectifier diode, with a resistor in series with the output to limit charging current.

and resistor load

Linear regulator

The function of a linear voltage regulator is to convert a varying DC voltage to a constant, often
specific, lower DC voltage. In addition, they often provide a current limiting function to protect the
power supply and load from overcurrent (excessive, potentially destructive current).

A constant output voltage is required in many power supply applications, but the voltage provided by
many energy sources will vary with changes in load impedance. Furthermore, when an unregulated DC
power supply is the energy source, its output voltage will also vary with changing input voltage. To
circumvent this, some power supplies use a linear voltage regulator to maintain the output voltage at a
steady value, independent of fluctuations in input voltage and load impedance. Linear regulators can
also reduce the magnitude of ripple and noise present appearing on the output voltage.

AC power supplies

An AC power supply typically takes the voltage from a wall outlet (mains supply) and lowers it to the
desired voltage. Some filtering may take place as well.
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In modern use, AC power supplies can be divided into single phase and three phase systems. "The

primary difference between single phase and three phase AC power is the constancy of delivery." ' AC
power Supplies can also be used to change the frequency as well as the voltage, they are often used by
manufacturers to check the suitability of their products for use in other countries. 230V 50 Hz or 115

60 Hz or even 400 Hz for avionics testing.

Switched-mode power supply

In a switched-mode power supply (SMPS), the AC mains input is directly rectified and then filtered to
obtain a DC voltage. The resulting DC voltage is then switched on and off at a high frequency by
electronic switching circuitry, thus producing an AC current that will pass through a high-frequency
transformer or inductor. Switching occurs at a very high frequency (typically 10 kHz — 1 MHz),
thereby enabling the use of transformers and filter capacitors that are much smaller, lighter, and less
expensive than those found in linear power supplies operating at mains frequency. After the inductor or
transformer secondary, the high frequency AC is rectified and filtered to produce the DC output voltage.
If the SMPS uses an adequately insulated high-frequency transformer, the output will be electrically
isolated from the mains; this feature is often essential for safety.

Switched-mode power supplies are usually regulated, and to keep the output voltage constant, the power
supply employs a feedback controller that monitors current drawn by the load. The switching duty cycle
increases as power output requirements increase.

SMPSs often include safety features such as current limiting or a crowbar circuit to help protect the

device and the user from harm.™ In the event that an abnormal high-current power draw is detected, the
switched-mode supply can assume this is a direct short and will shut itself down before damage is done.
PC power supplies often provide a power good signal to the motherboard; the absence of this signal
prevents operation when abnormal supply voltages are present.

Some SMPSs have an absolute limit on their minimum current output.”! They are only able to output
above a certain power level and cannot function below that point. In a no-load condition the frequency
of the power slicing circuit increases to great speed, causing the isolated transformer to act as a Tesla
coil, causing damage due to the resulting very high voltage power spikes. Switched-mode supplies with
protection circuits may briefly turn on but then shut down when no load has been detected. A very small
low-power dummy load such as a ceramic power resistor or 10-watt light bulb can be attached to the
supply to allow it to run with no primary load attached.

The switch-mode power supplies used in computers have historically had low power factors and have
also been significant sources of line interference (due to induced power line harmonics and transients).
In simple switch-mode power supplies, the input stage may distort the line voltage waveform, which can
adversely affect other loads (and result in poor power quality for other utility customers), and cause
unnecessary heating in wires and distribution equipment. Furthermore, customers incur higher electric
bills when operating lower power factor loads. To circumvent these problems, some computer switch-
mode power supplies perform power factor correction, and may employ input filters or additional
switching stages to reduce line interference.

Programmable power supply
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A programmable power supply is one that allows remote
control of its operation through an analog input or digital
interface such as RS232 or GPIB. Controlled properties may
include voltage, current, and in the case of AC output power
supplies, frequency. They are used in a wide variety of
applications, including automated equipment testing, crystal
growth monitoring, semiconductor fabrication, and x-ray
generators.

Programmable power supplies typically employ an integral

microcomputer to control and monitor power supply operation.

Power supplies equipped with a computer interface may use

proprietary communication protocols or standard protocols and Programmable power supplies
device control languages such as SCPI.

Uninterruptible power supply

An uninterruptible power supply (UPS) takes its power from two or more sources simultaneously. It is
usually powered directly from the AC mains, while simultaneously charging a storage battery. Should
there be a dropout or failure of the mains, the battery instantly takes over so that the load never
experiences an interruption. In a computer installation, this gives the operators time to shut down the
system in an orderly way. Other UPS schemes may use an internal combustion engine or turbine to
continuously supply power to a system in parallel with power coming from the AC. The engine-driven
generators would normally be idling, but could come to full power in a matter of a few seconds in order
to keep vital equipment running without interruption. Such a scheme might be found in hospitals or
telephone central offices.

High voltage power supply

A high voltage power supply is one that outputs hundreds or
thousands of volts. A special output connector is used that
prevents arcing, insulation breakdown and accidental human
contact. Federal Standard connectors are typically used for
applications above 20 kV, though other types of connectors (e.g.,
SHV connector) may be used at lower voltages. Some high
voltage power supplies provide an analog input that can be used
to control the output voltage. High voltage power supplies are
commonly used to accelerate and manipulate electron and ion

beams in equipment such as x-ray generators, electron A 30 kV high voltage power supply
microscopes, and focused ion beam columns, and in a variety of with Federal Standard connector,
other applications, including electrophoresis and electrostatics. used in electron microscopes

High voltage power supplies typically apply the bulk of their

input energy to a power inverter, which in turn drives a voltage multiplier or a high turns ratio, high
voltage transformer, or both (usually a transformer followed by a multiplier) to produce high voltage.
The high voltage is passed out of the power supply through the special connector, and is also applied to
a voltage divider that converts it to a low voltage metering signal compatible with low voltage circuitry.
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The metering signal is used by a closed-loop controller that regulates the high voltage by controlling
inverter input power, and it may also be conveyed out of the power supply to allow external circuitry to
monitor the high voltage output.

Specification

The suitability of a particular power supply for an application is determined by various attributes of the
power supply, which are typically listed in the power supply's specification. Commonly specified
attributes for a power supply include:

= Input voltage type (AC or DC) and range

= Efficiency of power conversion

= The amount of voltage and current it can supply to its load

= How stable its output voltage or current is under varying line and load conditions

= How long it can supply energy without refueling or recharging (applies to power supplies that
employ portable energy sources)

= QOperating and storage temperature ranges

Power supply applications

Power supplies are a fundamental component of many electronic devices and therefore used in a diverse
range of applications. This list is a small sample of the many applications of power supplies.

Computer power supply

A modern computer power supply is a switch-mode power supply that converts AC power from the
mains supply, to several DC voltages. Switch-mode supplies replaced linear supplies due to cost, weight,
and size improvement. The diverse collection of output voltages also have widely varying current draw
requirements.

Electric Vehicle power supply

Electric vehicles are those which rely on energy created through electricity generation. A power supply

unit is part of the necessary design to convert high voltage vehicle battery power.[¥

Welding power supply

Arc welding uses electricity to melt the surfaces of the metals in order to join them together through
coalescence. The electricity is provided by a welding power supply, and can either be AC or DC. Arc
welding typically requires high currents typically between 100 and 350 amperes. Some types of welding
can use as few as 10 amperes, while some applications of spot welding employ currents as high as
60,000 amperes for an extremely short time. Older welding power supplies consisted of transformers or
engines driving generators. More recent supplies use semiconductors and microprocessors reducing their
size and weight.
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Aircraft power supply

Both commercial and military avionic systems require either a DC-DC or AC/DC power supply to
convert energy into usable voltage.

AC adapter

An AC adapter is a power supply built into an AC mains power
plug. AC adapters are also known by various other names such
as "plug pack" or "plug-in adapter”, or by slang terms such as
"wall wart". AC adapters typically have a single AC or DC
output that is conveyed over a hardwired cable to a connector,
but some adapters have multiple outputs that may be conveyed
over one or more cables. "Universal" AC adapters have
interchangeable input connectors to accommodate different AC
mains voltages.

Adapters with AC outputs may consist only of a passive Switch-mode mobile phone charger

transformer (plus a few diodes in DC-output adapters), or they

may employ switch-mode circuitry. AC adapters consume power (and produce electric and magnetic
fields) even when not connected to a load; for this reason they are sometimes known as "electricity
vampires", and may be plugged into power strips to allow them to be conveniently turned on and off.

Overload protection

Power supplies often have protection from short circuit or overload that could damage the supply or
cause a fire. Fuses and circuit breakers are two commonly used mechanisms for overload protection. [’
A fuse contains a short piece of wire which melts if too much current flows. This effectively disconnects
the power supply from its load, and the equipment stops working until the problem that caused the
overload is identified and the fuse is replaced. Some power supplies use a very thin wire link soldered in
place as a fuse. Fuses in power supply units may be replaceable by the end user, but fuses in consumer
equipment may require tools to access and change.

A circuit breaker contains an element that heats, bends and triggers a spring which shuts the circuit
down. Once the element cools, and the problem is identified the breaker can be reset and the power
restored.

Some PSUs use a thermal cutout buried in the transformer rather than a fuse. The advantage is it allows
greater current to be drawn for limited time than the unit can supply continuously. Some such cutouts
are self resetting, some are single use only.

Current limiting
Some supplies use current limiting instead of cutting off power if overloaded. The two types of current

limiting used are electronic limiting and impedance limiting. The former is common on lab bench PSUs,
the latter is common on supplies of less than 3 watts output.
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A foldback current limiter reduces the output current to much less than the maximum non-fault current.

Terminology

= SCP - Short circuit protection

= OPP - Overpower (overload) protection

= OCP - Overcurrent protection

= OTP - Overtemperature protection

= OVP - Overvoltage protection

= UVP - Undervoltage protection

= UPS - Uninterruptable Power Supply

= PSU - Power Supply Unit

= SMPSU - Switch-Mode Power Supply Unit

See also

= AC adapter

= (Capacitive power supply

= Electricity generation

= High voltage

= Mains electricity by country
= Motor—generator

= Power cord

= Sense (electronics)

= Voltage regulator
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