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Serial communication
In telecommunication and computer science, serial communication is the process of sending data one bit at a time,
sequentially, over a communication channel or computer bus. This is in contrast to parallel communication, where
several bits are sent as a whole, on a link with several parallel channels.
Serial communication is used for all long-haul communication and most computer networks, where the cost of cable
and synchronization difficulties make parallel communication impractical. Serial computer buses are becoming more
common even at shorter distances, as improved signal integrity and transmission speeds in newer serial technologies
have begun to outweigh the parallel bus's advantage of simplicity (no need for serializer and deserializer, or SerDes)
and to outstrip its disadvantages (clock skew, interconnect density). The migration from PCI to PCI Express is an
example.

Cables that carry serial data
Main article: data cable
Many serial communication systems were originally designed to transfer data over relatively large distances through
some sort of data cable.
The term "serial" most often refers to the RS232 port on the back of the original IBM PC, often called "the" serial
port, and "the" serial cable designed to plug into it, and the many devices designed to be compatible with it.
Practically all long-distance communication transmits data one bit at a time, rather than in parallel, because it
reduces the cost of the cable. The cables that carry this data (other than "the" serial cable) and the computer ports
they plug into are usually referred to with a more specific name, to reduce confusion.
Keyboard and mouse cables and ports are almost invariably serial -- such as PS/2 port and Apple Desktop Bus and
USB.
The cables that carry digital video are almost invariably serial -- such as coax cable plugged into a HD-SDI port, a
webcam plugged into a USB port or Firewire port, Ethernet cable connecting an IP camera to a Power over Ethernet
port, FPD-Link, etc.
Other such cables and ports, transmitting data one bit at a time, include Serial ATA, Serial SCSI, Ethernet cable
plugged into Ethernet ports, the Display Data Channel using previously reserved pins of the VGA connector or the
DVI port or the HDMI port.

Serial buses
Many communication systems were generally originally designed to connect two integrated circuits on the same
printed circuit board, connected by signal traces on that board (rather than external cables).
Integrated circuits are more expensive when they have more pins. To reduce the number of pins in a package, many
ICs use a serial bus to transfer data when speed is not important. Some examples of such low-cost serial buses
include SPI, I²C, UNI/O, and 1-Wire.
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Serial versus parallel
The communication links across which computers—or parts of computers—talk to one another may be either serial
or parallel. A parallel link transmits several streams of data simultaneously along multiple channels (e.g., wires,
printed circuit tracks, or optical fibres); a serial link transmits a single stream of data.
Although a serial link may seem inferior to a parallel one, since it can transmit less data per clock cycle, it is often
the case that serial links can be clocked considerably faster than parallel links in order to achieve a higher data rate.
A number of factors allow serial to be clocked at a higher rate:
• Clock skew between different channels is not an issue (for unclocked asynchronous serial communication links).
•• A serial connection requires fewer interconnecting cables (e.g., wires/fibres) and hence occupies less space. The

extra space allows for better isolation of the channel from its surroundings.
• Crosstalk is less of an issue, because there are fewer conductors in proximity.
In many cases, serial is a better option because it is cheaper to implement. Many ICs have serial interfaces, as
opposed to parallel ones, so that they have fewer pins and are therefore less expensive.

Examples of serial communication architectures
• Morse code telegraphy
• RS-232 (low-speed, implemented by serial ports)
•• RS-422
•• RS-423
•• RS-485
•• I²C
•• SPI
• ARINC 818 Avionics Digital Video Bus
• Atari SIO (Joe Decuir credits his work on Atari SIO as the basis of USB)
• Universal Serial Bus (moderate-speed, for connecting peripherals to computers)
•• FireWire
•• Ethernet
• Fibre Channel (high-speed, for connecting computers to mass storage devices)
• InfiniBand (very high speed, broadly comparable in scope to PCI)
• MIDI control of electronic musical instruments
• DMX512 control of theatrical lighting
• SDI-12 industrial sensor protocol
• CoaXPress industrial camera protocol over Coax
•• Serial Attached SCSI
•• Serial ATA
• SpaceWire Spacecraft communication network
•• HyperTransport
•• PCI Express
• SONET and SDH (high speed telecommunication over optical fibers)
• T-1, E-1 and variants (high speed telecommunication over copper pairs)
•• MIL-STD-1553A/B
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External links
• Serial Interface Tutorial for Robotics [1] (contains many practical examples)
• Serial interfaces listing (with pinouts) [2]

• Wiki: Serial Ports [3]

• Visual studio 2008 coding for Serial communication [4]

• Introduction to I²C and SPI protocols [5]

• Serial communication introduction [6]

References
[1] http:/ / www. societyofrobots. com/ microcontroller_uart. shtml
[2] http:/ / pinouts. ru/ pin_SerialPorts. shtml
[3] http:/ / c2. com/ cgi/ wiki?SerialPorts
[4] http:/ / www. thaiio. com/ prog-cgi/ VBnetSerialPort. htm
[5] http:/ / www. byteparadigm. com/ kb/ article/ AA-00255
[6] https:/ / learn. sparkfun. com/ tutorials/ serial-communication/ all

RS-232
This article is about the RS-232 standard. For RS-232 variants, see serial port.
"V.24" redirects here. For other uses, see V24 (disambiguation).

A DB-25 connector as described in the RS-232
standard

In telecommunications, RS-232 is a standard for serial communication
transmission of data. It formally defines the signals connecting
between a DTE (data terminal equipment) such as a computer terminal,
and a DCE (data circuit-terminating equipment, originally defined as
data communication equipment), such as a modem. The RS-232
standard is commonly used in computer serial ports. The standard
defines the electrical characteristics and timing of signals, the meaning of signals, and the physical size and pinout of
connectors. The current version of the standard is TIA-232-F Interface Between Data Terminal Equipment and Data
Circuit-Terminating Equipment Employing Serial Binary Data Interchange, issued in 1997.

An RS-232 serial port was once a standard feature of a personal computer, used for connections to modems,
printers, mice, data storage, uninterruptible power supplies, and other peripheral devices. However, RS-232 is
hampered by low transmission speed, large voltage swing, and large standard connectors. In modern personal
computers, USB has displaced RS-232 from most of its peripheral interface roles. Many computers do not come
equipped with RS-232 ports and must use either an external USB-to-RS-232 converter or an internal expansion card
with one or more serial ports to connect to RS-232 peripherals. RS-232 devices are still found, especially in
industrial machines, networking equipment, and scientific instruments.
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Scope of the standard
The Electronic Industries Association (EIA) standard RS-232-C as of 1969 defines:
• Electrical signal characteristics such as voltage levels, signaling rate, timing and slew-rate of signals, voltage

withstand level, short-circuit behavior, and maximum load capacitance.
•• Interface mechanical characteristics, pluggable connectors and pin identification.
•• Functions of each circuit in the interface connector.
•• Standard subsets of interface circuits for selected telecom applications.
The standard does not define such elements as the character encoding or the framing of characters, or error detection
protocols. The character format and transmission bit rate are set by the serial port hardware which may also contain
circuits to convert the internal logic levels to RS-232 compatible signal levels. The standard does not define bit rates
for transmission, except that it says it is intended for bit rates lower than 20,000 bits per second.

History
RS-232 was first introduced in 1962 by the Radio Sector of the EIA.[1] The original DTEs were electromechanical
teletypewriters, and the original DCEs were (usually) modems. When electronic terminals (smart and dumb) began
to be used, they were often designed to be interchangeable with teletypewriters, and so supported RS-232. The C
revision of the standard was issued in 1969 in part to accommodate the electrical characteristics of these
devices.Wikipedia:Citation needed
Since the requirements of devices such as computers, printers, test instruments, POS terminals and so on were not
foreseen by the standard, designers implementing an RS-232 compatible interface on their equipment often
interpreted the standard idiosyncratically. The resulting common problems were non-standard pin assignment of
circuits on connectors, and incorrect or missing control signals. The lack of adherence to the standards produced a
thriving industry of breakout boxes, patch boxes, test equipment, books, and other aids for the connection of
disparate equipment. A common deviation from the standard was to drive the signals at a reduced voltage. Some
manufacturers therefore built transmitters that supplied +5 V and -5 V and labeled them as "RS-232
compatible".Wikipedia:Citation needed
Later personal computers (and other devices) started to make use of the standard so that they could connect to
existing equipment. For many years, an RS-232-compatible port was a standard feature for serial communications,
such as modem connections, on many computers. It remained in widespread use into the late 1990s. In personal
computer peripherals, it has largely been supplanted by other interface standards, such as USB. RS-232 is still used
to connect older designs of peripherals, industrial equipment (such as PLCs), console ports and special purpose
equipment.
The standard has been renamed several times during its history as the sponsoring organization changed its name, and
has been variously known as EIA RS-232, EIA 232, and most recently as TIA 232. The standard continued to be
revised and updated by the Electronic Industries Alliance and since 1988 by the Telecommunications Industry
Association (TIA). Revision C was issued in a document dated August 1969. Revision D was issued in 1986. The
current revision is TIA-232-F Interface Between Data Terminal Equipment and Data Circuit-Terminating Equipment
Employing Serial Binary Data Interchange, issued in 1997. Changes since Revision C have been in timing and
details intended to improve harmonization with the CCITT standard V.24, but equipment built to the current
standard will interoperate with older versions.Wikipedia:Citation needed
Related ITU-T standards include V.24 (circuit identification) and V.28 (signal voltage and timing
characteristics).Wikipedia:Citation needed
In revision D of EIA-232, the D-subminiature connector was formally included as part of the standard (it was only 
referenced in the appendix of RS 232 C). The voltage range was extended to +/- 25 volts, and the circuit capacitance 
limit was expressly stated as 2500 pF. Revision E of EIA 232 introduced a new, smaller, standard D-shell 26-pin



RS-232 5

"Alt A" connector, and made other changes to improve compatibility with CCITT standards V.24, V.28 and ISO
2110.[2]

Limitations of the standard
Because RS-232 is used beyond the original purpose of interconnecting a terminal with a modem, successor
standards have been developed to address the limitations. Issues with the RS-232 standard include:
•• The large voltage swings and requirement for positive and negative supplies increases power consumption of the

interface and complicates power supply design. The voltage swing requirement also limits the upper speed of a
compatible interface.

•• Single-ended signaling referred to a common signal ground limits the noise immunity and transmission distance.
•• Multi-drop connection among more than two devices is not defined. While multi-drop "work-arounds" have been

devised, they have limitations in speed and compatibility.
•• Asymmetrical definitions of the two ends of the link make the assignment of the role of a newly developed device

problematic; the designer must decide on either a DTE-like or DCE-like interface and which connector pin
assignments to use.

• The handshaking and control lines of the interface are intended for the setup and takedown of a dial-up
communication circuit; in particular, the use of handshake lines for flow control is not reliably implemented in
many devices.

• No method is specified for sending power to a device. While a small amount of current can be extracted from the
DTR and RTS lines, this is only suitable for low power devices such as mice.

•• The 25-way connector recommended in the standard is large compared to current practice.

Role in modern personal computers

PCI Express x1 card with one RS-232 port

Main article: Serial port
In the book PC 97 Hardware Design Guide, Microsoft deprecated support
for the RS-232 compatible serial port of the original IBM PC design.
Today, RS-232 has mostly been replaced in personal computers by USB for
local communications. Compared with RS-232, USB is faster, uses lower
voltages, and has connectors that are simpler to connect and use. However,
USB is limited by standard to no more than 5 meters of cable, thus favoring
RS-232 when longer distances are needed. Both standards have software
support in popular operating systems.

USB is designed to make it easy for device drivers to communicate with
hardware. USB is more complex than the RS-232 standard because it
includes a protocol for transferring data to devices. This requires more software to support the protocol used. There
is no direct analog to the terminal programs used to let users communicate directly with serial ports.

Serial ports of personal computers are also sometimes used to directly control various hardware devices, such as
relays or lamps, since the control lines of the interface can be easily manipulated by software. Personal computers
may use a serial port to interface to devices such as uninterruptible power supplies. In some cases, serial data is not
exchanged, but the control lines are used to signal conditions such as loss of power or low battery alarms. A USB
interface requires a device that can decode the serial data.
Devices that convert between USB and RS-232 do not work with all software or on all personal computers.
In fields such as laboratory automation or surveying, RS 232 devices may continue to be used. PLCs, VFDs, servo 
drives, and CNC equipment are programmable via RS-232. Some manufacturers have responded to this demand:
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Toshiba re-introduced the DE-9M connector on the Tecra laptop.
Serial ports with RS-232 are also commonly used to communicate to headless systems such as servers, where no
monitor or keyboard is installed, during boot when operating system is not running yet and therefore no network
connection is possible. An RS-232 serial port can communicate to some embedded systems such as routers as an
alternative to network mode of monitoring.

Standard details
In RS-232, user data is sent as a time-series of bits. Both synchronous and asynchronous transmissions are supported
by the standard. In addition to the data circuits, the standard defines a number of control circuits used to manage the
connection between the DTE and DCE. Each data or control circuit only operates in one direction, that is, signaling
from a DTE to the attached DCE or the reverse. Since transmit data and receive data are separate circuits, the
interface can operate in a full duplex manner, supporting concurrent data flow in both directions. The standard does
not define character framing within the data stream, or character encoding.

Voltage levels

Diagrammatic oscilloscope trace of voltage
levels for an ASCII "K" character (0x4B)

with 1 start bit, 8 data bits, 1 stop bit. This is
typical for start-stop communications, but
the standard does not dictate a character

format or bit order.

RS-232 data line on the terminals of the receiver
side (RxD) probed by an oscilloscope (for an
ASCII "K" character (0x4B) with 1 start bit, 8

data bits, 1 stop bit and no parity bits).

The RS-232 standard defines the voltage levels that correspond to
logical one and logical zero levels for the data transmission and the
control signal lines. Valid signals are either in the range of +3 to +15
volts or the range −3 to −15 volts with respect to the ground/common
pin; consequently, the range between −3 to +3 volts is not a valid
RS-232 level. For data transmission lines (TxD, RxD and their
secondary channel equivalents) logic one is defined as a negative
voltage, the signal condition is called "mark". Logic zero is positive
and the signal condition is termed "space". Control signals have the
opposite polarity: the asserted or active state is positive voltage and the
deasserted or inactive state is negative voltage. Examples of control
lines include request to send (RTS), clear to send (CTS), data terminal
ready (DTR), and data set ready (DSR).

The standard specifies a maximum open-circuit voltage of 25 volts:
signal levels of ±5 V, ±10 V, ±12 V, and ±15 V are all commonly seen
depending on the voltages available to the line driver circuit. Some
RS-232 driver chips have inbuilt circuitry to produce the required
voltages from a 3 or 5 volt supply. RS-232 drivers and receivers must
be able to withstand indefinite short circuit to ground or to any voltage
level up to ±25 volts. The slew rate, or how fast the signal changes
between levels, is also controlled.

Because the voltage levels are higher than logic levels typically used
by integrated circuits, special intervening driver circuits are required to
translate logic levels. These also protect the device's internal circuitry
from short circuits or transients that may appear on the RS-232
interface, and provide sufficient current to comply with the slew rate
requirements for data transmission.
Because both ends of the RS-232 circuit depend on the ground pin being zero volts, problems will occur when 
connecting machinery and computers where the voltage between the ground pin on one end, and the ground pin on 
the other is not zero. This may also cause a hazardous ground loop. Use of a common ground limits RS-232 to
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applications with relatively short cables. If the two devices are far enough apart or on separate power systems, the
local ground connections at either end of the cable will have differing voltages; this difference will reduce the noise
margin of the signals. Balanced, differential, serial connections such as USB, RS-422 and RS-485 can tolerate larger
ground voltage differences because of the differential signaling.
Unused interface signals terminated to ground will have an undefined logic state. Where it is necessary to
permanently set a control signal to a defined state, it must be connected to a voltage source that asserts the logic 1 or
logic 0 level, for example with a pullup resistor. Some devices provide test voltages on their interface connectors for
this purpose.

Connectors
RS-232 devices may be classified as Data Terminal Equipment (DTE) or Data Communication Equipment (DCE);
this defines at each device which wires will be sending and receiving each signal. The standard recommended but
did not make mandatory the D-subminiature 25-pin connector. According to the standard, male connectors have
DTE pin functions, and female connectors have DCE pin functions. Other devices may have any combination of
connector gender and pin definitions. Many terminals were manufactured with female connectors but were sold with
a cable with male connectors at each end; the terminal with its cable satisfied the recommendations in the standard.
The standard specifies 20 different signal connections. Since most devices use only a few signals, smaller connectors
can often be used.
Personal computer manufacturers replaced the DB-25M connector by the smaller DE-9M connector. Different pin
numbers were used for the signals (for this see serial port). This connector, with varying pinouts, became common
for personal computers and related devices.
Presence of a 25-pin D-sub connector does not necessarily indicate an RS-232-C compliant interface. For example,
on the original IBM PC, a male D-sub was an RS-232-C DTE port (with a non-standard current loop interface on
reserved pins), but the female D-sub connector on the same PC model was used for the parallel Centronics printer
port. Some personal computers put non-standard voltages or signals on some pins of their serial ports.

Signals
The following table lists commonly used RS-232 signals and pin assignments. See serial port (pinouts) for
non-standard variations including the popular DE-9 connector.

Signal Origin DB-25 pin

Name Typical purpose Abbreviation DTE DCE

Data Terminal Ready Indicates presence of DTE to DCE. DTR ● 20

Data Carrier Detect DCE is connected to the telephone line. DCD ● 8

Data Set Ready DCE is ready to receive commands or data. DSR ● 6

Ring Indicator DCE has detected an incoming ring signal on the telephone line. RI ● 22

Request To Send DTE requests the DCE prepare to receive data. RTS ● 4

Clear To Send Indicates DCE is ready to accept data. CTS ● 5

Transmitted Data Carries data from DTE to DCE. TxD ● 2

Received Data Carries data from DCE to DTE. RxD ● 3

Common Ground GND common 7

Protective Ground PG common 1

The signals are named from the standpoint of the DTE. The ground signal is a common return for the other
connections. The DB-25 connector includes a second "protective ground" on pin 1.
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Data can be sent over a secondary channel (when implemented by the DTE and DCE devices), which is equivalent to
the primary channel. Pin assignments are described in following table:

Signal Pin

Common Ground 7 (same as primary)

Secondary Transmitted Data (STD) 14

Secondary Received Data (SRD) 16

Secondary Request To Send (SRTS) 19

Secondary Clear To Send (SCTS) 13

Secondary Carrier Detect (SDCD) 12

Ring Indicator' (RI), is a signal sent from the modem to the terminal device. It indicates to the terminal device that
the phone line is ringing. In many computer serial ports, a hardware interrupt is generated when the RI signal
changes state. Having support for this hardware interrupt means that a program or operating system can be informed
of a change in state of the RI pin, without requiring the software to constantly "poll" the state of the pin. RI is a
one-way signal from the modem to the terminal (or more generally, the DCE to the DTE) that does not correspond to
another signal that carries similar information the opposite way.
On an external modem the status of the Ring Indicator pin is often coupled to the "AA" (auto answer) light, which
flashes if the RI signal has detected a ring. The asserted RI signal follows the ringing pattern closely, which can
permit software to detect distinctive ring patterns.
The Ring Indicator signal is used by some older uninterruptible power supplies (UPS's) to signal a power failure
state to the computer.
Certain personal computers can be configured for wake-on-ring, allowing a computer that is suspended to answer a
phone call.

Cables
Main article: Serial cable
The standard does not define a maximum cable length but instead defines the maximum capacitance that a compliant
drive circuit must tolerate. A widely used rule of thumb indicates that cables more than 50 feet (15 m) long will have
too much capacitance, unless special cables are used. By using low-capacitance cables, full speed communication
can be maintained over larger distances up to about 1,000 feet (300 m). For longer distances, other signal standards
are better suited to maintain high speed.
Since the standard definitions are not always correctly applied, it is often necessary to consult documentation, test
connections with a breakout box, or use trial and error to find a cable that works when interconnecting two devices.
Connecting a fully standard-compliant DCE device and DTE device would use a cable that connects identical pin
numbers in each connector (a so-called "straight cable"). "Gender changers" are available to solve gender
mismatches between cables and connectors. Connecting devices with different types of connectors requires a cable
that connects the corresponding pins according to the table above. Cables with 9 pins on one end and 25 on the other
are common. Manufacturers of equipment with 8P8C connectors usually provide a cable with either a DB-25 or
DE-9 connector (or sometimes interchangeable connectors so they can work with multiple devices). Poor-quality
cables can cause false signals by crosstalk between data and control lines (such as Ring Indicator). If a given cable
will not allow a data connection, especially if a Gender changer is in use, a Null modem may be necessary.
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Conventions
For functional communication through a serial port interface, conventions of bit rate, character framing,
communications protocol, character encoding, data compression, and error detection, not defined in RS 232, must be
agreed to by both sending and receiving equipment. For example, consider the serial ports of the original IBM PC.
This implementation used an 8250 UART using asynchronous start-stop character formatting with 7 or 8 data bits
per frame, usually ASCII character coding, and data rates programmable between 75 bits per second and 115,200
bits per second. Data rates above 20,000 bits per second are out of the scope of the standard, although higher data
rates are sometimes used by commercially manufactured equipment. Since most RS-232 devices do not have
automatic baud rate detection, users must manually set the baud rate (and all other parameters) at both ends of the
RS-232 connection.
In the particular case of the 8250 UART used by the IBM PC and others, baud rates were programmable by writing
integer values to a divider register and by selecting one of several clock prescalers for the divider. This allowed a PC
to be connected to devices using rates other than those standardized for modems. Not all baud rates can be
programmed, due to the clock frequency of the 8250 UART in the PC, and the granularity of the baud rate setting.
This includes the baud rate of MIDI, 31,250 bits per second, which is not achievable by a standard IBM PC serial
port.[3] MIDI-to-RS-232 interfaces designed for the IBM PC include baud rate translation hardware to adjust the
baud rate of the MIDI data to something that the IBM PC can support, for example 19,200 or 38,400 bits per second.

RTS/CTS handshaking
Further information: Flow control (data)
In older versions of the specification, RS-232's use of the RTS and CTS lines is asymmetric: The DTE asserts RTS
to indicate a desire to transmit to the DCE, and the DCE asserts CTS in response to grant permission. This allows for
half-duplex modems that disable their transmitters when not required, and must transmit a synchronization preamble
to the receiver when they are re-enabled. This scheme is also employed on present-day RS-232 to RS-485
converters, where the RS-232's RTS signal is used to ask the converter to take control of the RS-485 bus—a concept
that does not otherwise exist in RS-232. There is no way for the DTE to indicate that it is unable to accept data from
the DCE.
A non-standard symmetric alternative, commonly called "RTS/CTS handshaking," was developed by various
equipment manufacturers. In this scheme, CTS is no longer a response to RTS; instead, CTS indicates permission
from the DCE for the DTE to send data to the DCE, and RTS indicates permission from the DTE for the DCE to
send data to the DTE. RTS and CTS are controlled by the DTE and DCE respectively, each independent of the other.
This was eventually codified in version RS-232-E (actually TIA-232-E by that time) by defining a new signal, "RTR
(Ready to Receive)," which is CCITT V.24 circuit 133. TIA-232-E and the corresponding international standards
were updated to show that circuit 133, when implemented, shares the same pin as RTS (Request to Send), and that
when 133 is in use, RTS is assumed by the DCE to be ON at all times.
Thus, with this alternative usage, one can think of RTS asserted (positive voltage, logic 0) meaning that the DTE is
indicating it is "ready to receive" from the DCE, rather than requesting permission from the DCE to send characters
to the DCE.
Note that equipment using this protocol must be prepared to buffer some extra data, since a transmission may have
begun just before the control line state change.
RTS/CTS handshaking is an example of hardware flow control. However, "hardware flow control" in the description
of the options available on an RS-232-equipped device does not always mean RTS/CTS handshaking.
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3-wire and 5-wire RS-232
A minimal "3-wire" RS-232 connection consisting only of transmit data, receive data, and ground, is commonly used
when the full facilities of RS-232 are not required. Even a two-wire connection (data and ground) can be used if the
data flow is one way (for example, a digital postal scale that periodically sends a weight reading, or a GPS receiver
that periodically sends position, if no configuration via RS-232 is necessary). When only hardware flow control is
required in addition to two-way data, the RTS and CTS lines are added in a 5-wire version.

Seldom used features
The EIA-232 standard specifies connections for several features that are not used in most implementations. Their use
requires 25-pin connectors and cables.

Signal rate selection
The DTE or DCE can specify use of a "high" or "low" signaling rate. The rates as well as which device will select
the rate must be configured in both the DTE and DCE. The prearranged device selects the high rate by setting pin 23
to ON.

Loopback testing
Many DCE devices have a loopback capability used for testing. When enabled, signals are echoed back to the sender
rather than being sent on to the receiver. If supported, the DTE can signal the local DCE (the one it is connected to)
to enter loopback mode by setting pin 18 to ON, or the remote DCE (the one the local DCE is connected to) to enter
loopback mode by setting pin 21 to ON. The latter tests the communications link as well as both DCE's. When the
DCE is in test mode it signals the DTE by setting pin 25 to ON.
A commonly used version of loopback testing does not involve any special capability of either end. A hardware
loopback is simply a wire connecting complementary pins together in the same connector (see loopback).
Loopback testing is often performed with a specialized DTE called a bit error rate tester (or BERT).

Timing signals
Some synchronous devices provide a clock signal to synchronize data transmission, especially at higher data rates.
Two timing signals are provided by the DCE on pins 15 and 17. Pin 15 is the transmitter clock, or send timing (ST);
the DTE puts the next bit on the data line (pin 2) when this clock transitions from OFF to ON (so it is stable during
the ON to OFF transition when the DCE registers the bit). Pin 17 is the receiver clock, or receive timing (RT); the
DTE reads the next bit from the data line (pin 3) when this clock transitions from ON to OFF.
Alternatively, the DTE can provide a clock signal, called transmitter timing (TT), on pin 24 for transmitted data.
Data is changed when the clock transitions from OFF to ON and read during the ON to OFF transition. TT can be
used to overcome the issue where ST must traverse a cable of unknown length and delay, clock a bit out of the DTE
after another unknown delay, and return it to the DCE over the same unknown cable delay. Since the relation
between the transmitted bit and TT can be fixed in the DTE design, and since both signals traverse the same cable
length, using TT eliminates the issue. TT may be generated by looping ST back with an appropriate phase change to
align it with the transmitted data. ST loop back to TT lets the DTE use the DCE as the frequency reference, and
correct the clock to data timing.
Synchronous clocking is required for such protocols as SDLC, HDLC, and X.25.
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Secondary channel
There is a secondary data channel, identical in capability to the first. Five signals (plus the common ground of the
primary channel) comprise the secondary channel: Secondary Transmitted Data (STD), Secondary Received Data
(SRD), Secondary Request To Send (SRTS), Secondary Clear To Send (SCTS), and Secondary Carrier Detect
(SDCD).

Related standards
Other serial signaling standards may not interoperate with standard-compliant RS-232 ports. For example, using the
TTL levels of near +5 and 0 V puts the mark level in the undefined area of the standard. Such levels are sometimes
used with NMEA 0183-compliant GPS receivers and depth finders.
A 20 mA current loop uses the absence of 20 mA current for high, and the presence of current in the loop for low;
this signaling method is often used for long-distance and optically isolated links. Connection of a current-loop device
to a compliant RS-232 port requires a level translator. Current-loop devices can supply voltages in excess of the
withstand voltage limits of a compliant device. The original IBM PC serial port card implemented a 20 mA
current-loop interface, which was never emulated by other suppliers of plug-compatible equipment.
Other serial interfaces similar to RS-232:
• RS-422 (a high-speed system similar to RS-232 but with differential signaling)
• RS-423 (a high-speed system similar to RS-422 but with unbalanced signaling)
• RS-449 (a functional and mechanical interface that used RS-422 and RS-423 signals - it never caught on like

RS-232 and was withdrawn by the EIA)
• RS-485 (a descendant of RS-422 that can be used as a bus in multidrop configurations)
• MIL-STD-188 (a system like RS-232 but with better impedance and rise time control)
• EIA-530 (a high-speed system using RS-422 or RS-423 electrical properties in an EIA-232 pinout configuration,

thus combining the best of both; supersedes RS-449)
• EIA/TIA-561 8 Position Non-Synchronous Interface Between Data Terminal Equipment and Data Circuit

Terminating Equipment Employing Serial Binary Data Interchange
• EIA/TIA-562 Electrical Characteristics for an Unbalanced Digital Interface (low-voltage version of

EIA/TIA-232)
•• TIA-574 (standardizes the 9-pin D-subminiature connector pinout for use with EIA-232 electrical signalling, as

originated on the IBM PC/AT)

Development tools
When developing or troubleshooting systems using RS-232, close examination of hardware signals can be important
to find problems. A serial line analyzer is a device similar to a logic analyzer but specialized for RS-232's voltage
levels, connectors, and, where used, clock signals. The serial line analyzer can collect, store, and display the data and
control signals, allowing developers to view them in detail. Some simply display the signals as waveforms; more
elaborate versions include the ability to decode characters in ASCII or other common codes and to interpret common
protocols used over RS-232 such as SDLC, HDLC, DDCMP, and X.25. Serial line analyzers are available as
standalone units, as software and interface cables for general-purpose logic analyzers and oscilloscopes, and as
programs that run on common personal computers.
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Serial port

A male DE-9 connector used for a serial port on an IBM PC
compatible computer along with the serial port symbol. (Pinout)

In computing, a serial port is a serial communication
physical interface through which information transfers
in or out one bit at a time (in contrast to a parallel port).
Throughout most of the history of personal computers,
data was transferred through serial ports to devices
such as modems, terminals and various peripherals.

Pair of female Mini DIN-8
connectors used for RS-422 serial
ports on a Macintosh LC computer

While such interfaces as Ethernet, FireWire, and USB all send data as a serial
stream, the term "serial port" usually identifies hardware more or less compliant
to the RS-232 standard, intended to interface with a modem or with a similar
communication device.

Modern computers without serial ports may require serial-to-USB converters to
allow compatibility with RS 232 serial devices. Serial ports are still used in
applications such as industrial automation systems, scientific instruments, shop
till systems and some industrial and consumer products. Server computers may
use a serial port as a control console for diagnostics. Network equipment (such as
routers and switches) often use serial console for configuration. Serial ports are
still used in these areas as they are simple, cheap and their console functions are
highly standardized and widespread. A serial port requires very little supporting
software from the host system.
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Hardware

PCI Express card with one serial port

Some computers, such as the IBM PC, used an integrated
circuit called a UART, that converted characters to (and
from) asynchronous serial form, and automatically looked
after the timing and framing of data. Very low-cost systems,
such as some early home computers, would instead use the
CPU to send the data through an output pin, using the
bit-banging technique. Before large-scale integration (LSI)
UART integrated circuits were common, a minicomputer or
microcomputer would have a serial port made of multiple
small-scale integrated circuits to implement shift registers,
logic gates, counters, and all the other logic for a serial port.

Early home computers often had proprietary serial ports with
pinouts and voltage levels incompatible with RS-232.
Inter-operation with RS-232 devices may be impossible as
the serial port cannot withstand the voltage levels produced
and may have other differences that "lock in" the user to products of a particular manufacturer.

Low-cost processors now allow higher-speed, but more complex, serial communication standards such as USB and
FireWire to replace RS-232. These make it possible to connect devices that would not have operated feasibly over
slower serial connections, such as mass storage, sound, and video devices.
Many personal computer motherboards still have at least one serial port, even if accessible only through a pin
header. Small-form-factor systems and laptops may omit RS-232 connector ports to conserve space, but the
electronics are still there. RS-232 has been standard for so long that the circuits needed to control a serial port
became very cheap and often exist on a single chip, sometimes also with circuitry for a parallel port.

DTE and DCE
The individual signals on a serial port are unidirectional and when connecting two devices the outputs of one device
must be connected to the inputs of the other. Devices are divided into two categories "data terminal equipment"
(DTE) and "data circuit-terminating equipment" (DCE). A line that is an output on a DTE device is an input on a
DCE device and vice-versa so a DCE device can be connected to a DTE device with a straight wired cable.
Conventionally, computers and terminals are DTE while modems and peripherals are DCE.
If it is necessary to connect two DTE devices (or two DCE devices but that is more unusual) a cross-over null
modem, in the form of either an adapter or a cable, must be used.

Connectors
While the RS-232 standard originally specified a 25-pin D-type connector, many designers of personal computers
chose to implement only a subset of the full standard: they traded off compatibility with the standard against the use
of less costly and more compact connectors (in particular the DE-9 version used by the original IBM PC-AT). The
desire to supply serial interface cards with two ports required that IBM reduce the size of the connector to fit onto a
single card back panel. A DE-9 connector also fits onto a card with a second DB-25 connector that was similarly
changed from the original Centronics-style connector. Starting around the time of the introduction of the IBM
PC-AT, serial ports were commonly built with a 9-pin connector to save cost and space. However, presence of a
9-pin D-subminiature connector is not sufficient to indicate the connection is in fact a serial port, since this connector
was also used for video, joysticks, and other purposes.
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Some miniaturized electronics, particularly graphing calculators and hand-held amateur and two-way radio
equipment, have serial ports using a phone connector, usually the smaller 2.5 or 3.5 mm connectors and use the most
basic 3-wire interface.
Many models of Macintosh favored the related RS-422 standard, mostly using German Mini-DIN connectors, except
in the earliest models. The Macintosh included a standard set of two ports for connection to a printer and a modem,
but some PowerBook laptops had only one combined port to save space.
The standard specifies 20 different signal connections. Since most devices use only a few signals, smaller connectors
can often be used. For example, the 9-pin DE-9 connector was used by most IBM-compatible PCs since the IBM PC
AT, and has been standardized as TIA-574. More recently, modular connectors have been used. Most common are
8P8C connectors. Standard EIA/TIA 561 specifies a pin assignment, but the "Yost Serial Device Wiring Standard"[1]

invented by Dave Yost (and popularized by the Unix System Administration Handbook) is common on Unix
computers and newer devices from Cisco Systems. Many devices don't use either of these standards. 10P10C
connectors can be found on some devices as well. Digital Equipment Corporation defined their own DECconnect
connection system which was based on the Modified Modular Jack (MMJ) connector. This is a 6-pin modular jack
where the key is offset from the center position. As with the Yost standard, DECconnect uses a symmetrical pin
layout which enables the direct connection between two DTEs. Another common connector is the DH10 header
connector common on motherboards and add-in cards which is usually converted via a cable to the more standard
9-pin DE-9 connector (and frequently mounted on a free slot plate or other part of the housing).

Pinouts
The following table lists commonly used RS-232 signals and pin assignments.

Signal Origin DB-25 DE-9
(TIA-574)

MMJ 8P8C ("RJ45") 10P10C ("RJ50")

Name Abbreviation DTE DCE EIA/TIA-561 Yost
(DTE)

Yost
(DCE)

Cyclades
[2] Digi

(ALTPIN
option)

National
Instruments

[3]
Cyclades Digi

Transmitted
Data

TxD ● 2 3 2 6 6 3 3 4 8 4 5

Received
Data

RxD ● 3 2 5 5 3 6 6 5 9 7 6

Data
Terminal

Ready

DTR ● 20 4 1 3 7 2 2 8 7 3 9

Data
Carrier
Detect

DCD ● 8 1
N/A

2 2 7 7 1 10 8 10

Data Set
Ready

DSR ● 6 6 6 1 8
N/A

5 9 2

Ring
Indicator

RI ● 22 9
N/A N/A N/A N/A N/A

2 10 1

Request To
Send

RTS ● 4 7
N/A

8 8 1 1 2 4 2 3

Clear To
Send

CTS ● 5 8
N/A

7 1 8 5 7 3 6 8

Signal
Ground

G common 7 5 3,4 4 4,5 4,5 4 6 6 5 7

Protective
Ground

PG common 1
N/A N/A N/A N/A N/A N/A

3
N/A

1 4
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The signals are named from the standpoint of the DTE, for example, an IBM-PC compatible serial port. The ground
signal is a common return for the other connections; it appears on two pins in the Yost standard but is the same
signal. The DB-25 connector includes a second "protective ground" on pin 1. Connecting this to pin 7 (signal
reference ground) is a common practice but not essential.
Note that EIA/TIA 561 combines DSR and RI,[4][5] and the Yost standard combines DSR and DCD.

A converter from USB to an RS-232 compatible serial port; more
than a physical transition, it requires a driver in the host system

software and a built-in processor to emulate the functions of the IBM
XT compatible serial port hardware.

Hardware abstraction

Operating systems usually use a symbolic name to refer
to the serial ports of a computer. Unix-like operating
systems usually label the serial port devices
/dev/tty* (TTY is a common trademark-free
abbreviation for teletype) where * represents a string
identifying the terminal device; the syntax of that string
depends on the operating system and the device. On
Linux, 8250/16550 UART hardware serial ports are
named /dev/ttyS*, USB adapters appear as
/dev/ttyUSB* and various types of virtual serial
ports do not necessarily have names starting with tty.

The Microsoft MS-DOS and Windows environments
refer to serial ports as COM ports: COM1, COM2,..etc.
Ports numbered greater than COM9 should be referred
to using the \\.\COM10 syntax.

Common applications for serial ports

The RS-232 standard is used by many specialized and custom-built devices. This list includes some of the more
common devices that are connected to the serial port on a PC. Some of these such as modems and serial mice are
falling into disuse while others are readily available.
Serial ports are very common on most types of microcontroller, where they can be used to communicate with a PC or
other serial devices.
• Dial-up modems
• Configuration and management of networking equipment such as routers, switches, firewalls, load balancers
• GPS receivers (typically NMEA 0183 at 4,800 bit/s)
• Bar code scanners and other point of sale devices
• LED and LCD text displays
• Satellite phones, low-speed satellite modems and other satellite based transceiver devices
•• Flat-screen (LCD and Plasma) monitors to control screen functions by external computer, other AV components

or remotes
• Test and measuring equipment such as digital multimeters and weighing systems
• Updating Firmware on various consumer devices.
• Some CNC controllers
•• Uninterruptible power supply
• Stenography or Stenotype machines.
•• Software debuggers that run on a second computer.
•• Industrial field buses
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•• Printers
• Computer terminal, teletype
• Older digital cameras
• Networking (Macintosh AppleTalk using RS-422 at 230.4 kbit/s)
•• Serial mouse
• Older GSM mobile phones
• Some Telescopes
• IDE hard drive repair
Since the control signals for a serial port can be easily turned on and off by a switch, some applications used the
control lines of a serial port to monitor external devices, without exchanging serial data. A common commercial
application of this principle was for some models of uninterruptible power supply which used the control lines to
signal "loss of power", "battery low alarm" and other status information. At least some Morse code training software
used a code key connected to the serial port, to simulate actual code use. The status bits of the serial port could be
sampled very rapidly and at predictable times, making it possible for the software to decipher Morse code.

Settings
Many settings are required for serial connections used for asynchronous start-stop communication, to select speed,
number of data bits per character, parity, and number of stop bits per character. In modern serial ports using a UART
integrated circuit, all settings are usually software-controlled; hardware from the 1980s and earlier may require
setting switches or jumpers on a circuit board. One of the simplifications made in such serial bus standards as
Ethernet, FireWire, and USB is that many of those parameters have fixed values so that users can not and need not
change the configuration; the speed is either fixed or automatically negotiated. Often if the settings are entered
incorrectly the connection will not be dropped; however, any data sent will be received on the other end as nonsense.

Speed
Serial ports use two-level (binary) signaling, so the data rate in bits per second is equal to the symbol rate in bauds.
A standard series of rates is based on multiples of the rates for electromechanical teleprinters; some serial ports allow
many arbitrary rates to be selected. The port speed and device speed must match. The capability to set a bit rate does
not imply that a working connection will result. Not all bit rates are possible with all serial ports. Some
special-purpose protocols such as MIDI for musical instrument control, use serial data rates other than the teleprinter
series. Some serial port systems can automatically detect the bit rate.
The speed includes bits for framing (stop bits, parity, etc.) and so the effective data rate is lower than the bit
transmission rate. For example with 8-N-1 character framing only 80% of the bits are available for data (for every
eight bits of data, two more framing bits are sent).
Bit rates commonly supported include 75, 110, 300, 1200, 2400, 4800, 9600, 19200, 38400, 57600 and 115200 bit/s.
Crystal oscillators with a frequency of 1.843200 MHz are sold specifically for this purpose. This is 16 times the
fastest bit rate and the serial port circuit can easily divide this down to lower frequencies as required.
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Data bits
The number of data bits in each character can be 5 (for Baudot code), 6 (rarely used), 7 (for true ASCII), 8 (for most
kinds of data, as this size matches the size of a byte), or 9 (rarely used). 8 data bits are almost universally used in
newer applications. 5 or 7 bits generally only make sense with older equipment such as teleprinters.
Most serial communications designs send the data bits within each byte LSB (Least significant bit) first. This
standard is also referred to as "little endian." Also possible, but rarely used, is "big endian" or MSB (Most
Significant Bit) first serial communications; this was used, for example, by the IBM 2741 printing terminal. (See Bit
numbering for more about bit ordering.) The order of bits is not usually configurable within the serial port interface.
To communicate with systems that require a different bit ordering than the local default, local software can re-order
the bits within each byte just before sending and just after receiving.

Parity
Main article: Parity bit
Parity is a method of detecting errors in transmission. When parity is used with a serial port, an extra data bit is sent
with each data character, arranged so that the number of 1 bits in each character, including the parity bit, is always
odd or always even. If a byte is received with the wrong number of 1s, then it must have been corrupted. However,
an even number of errors can pass the parity check.
Electromechanical teleprinters were arranged to print a special character when received data contained a parity error,
to allow detection of messages damaged by line noise. A single parity bit does not allow implementation of error
correction on each character, and communication protocols working over serial data links will have higher-level
mechanisms to ensure data validity and request retransmission of data that has been incorrectly received.
The parity bit in each character can be set to none (N), odd (O), even (E), mark (M), or space (S). None means that
no parity bit is sent at all. Mark parity means that the parity bit is always set to the mark signal condition (logical 1)
and likewise space parity always sends the parity bit in the space signal condition. Aside from uncommon
applications that use the 9th (parity) bit for some form of addressing or special signalling, mark or space parity is
uncommon, as it adds no error detection information. Odd parity is more useful than even, since it ensures that at
least one state transition occurs in each character, which makes it more reliable. The most common parity setting,
however, is "none", with error detection handled by a communication protocol.

Stop bits
Stop bits sent at the end of every character allow the receiving signal hardware to detect the end of a character and to
resynchronise with the character stream. Electronic devices usually use one stop bit. If slow electromechanical
teleprinters are used, one-and-one half or two stop bits are required.

Conventional notation
The D/P/S (Data/Parity/Stop) conventional notation specifies the framing of a serial connection. The most common
usage on microcomputers is 8/N/1 (8N1). This specifies 8 data bits, no parity, 1 stop bit. In this notation, the parity
bit is not included in the data bits. 7/E/1 (7E1) means that an even parity bit is added to the seven data bits for a total
of eight bits between the start and stop bits. If a receiver of a 7/E/1 stream is expecting an 8/N/1 stream, half the
possible bytes will be interpreted as having the high bit set.
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Flow control
Main article: Flow control (data)
A serial port may use signals in the interface to pause and resume the transmission of data. For example, a slow
printer might need to handshake with the serial port to indicate that data should be paused while the mechanism
advances a line.
Common hardware handshake signals (hardware flow control) use the RS-232 RTS/CTS or DTR/DSR signal
circuits. Generally, the RTS and CTS are turned off and on from alternate ends to control data flow, for instance
when a buffer is almost full. DTR and DSR are usually on all the time and, per the RS-232 standard and its
successors, are used to signal from each end that the other equipment is actually present and powered-up. However,
manufacturers have over the years built many devices that implemented non-standard variations on the standard, for
example, printers that use DTR as flow control.
Another method of flow control (software flow control) uses special characters such as XON/XOFF to control the
flow of data. The XON/XOFF characters are sent by the receiver to the sender to control when the sender will send
data, that is, these characters go in the opposite direction to the data being sent. The circuit starts in the "sending
allowed" state. When the receiver's buffers approach capacity, the receiver sends the XOFF character to tell the
sender to stop sending data. Later, after the receiver has emptied its buffers, it sends an XON character to tell the
sender to resume transmission. These are non-printing characters and are interpreted as handshake signals by
printers, terminals, and computer systems.
XON/XOFF flow control is an example of in-band signaling, in which control information is sent over the same
channel used for the data. XON/XOFF handshaking presents difficulties as XON and XOFF characters might appear
in the data being sent and receivers may interpret them as flow control. Such characters sent as part of the data
stream must be encoded in an escape sequence to prevent this, and the receiving and sending software must generate
and interpret these escape sequences. On the other hand, since no extra signal circuits are required, XON/XOFF flow
control can be done on a 3 wire interface.

"Virtual" serial ports
Main article: COM port redirector
A virtual serial port is an emulation of the standard serial port. This port is created by software which enable extra
serial ports in an operating system without additional hardware installation (such as expansion cards, etc.). It is
possible to create a large number of virtual serial ports in a PC. The only limitation is the amount of resources, such
as operating memory and computing power, needed to emulate many serial ports at the same time.
Virtual serial ports emulate all hardware serial port functionality, including Baud rate, Data bits, Parity bits, Stop
bits, etc. Additionally they allow controlling the data flow, emulating all signal lines (DTR/DSR/CTS/RTS/DCD/RI)
and customizing pinout. Virtual serial ports are common with Bluetooth and are the standard way of receiving data
from Bluetooth-equipped GPS modules.
Virtual serial port emulation can be useful in case there is a lack of available physical serial ports or they do not meet
the current requirements. For instance, virtual serial ports can share data between several applications from one GPS
device connected to a serial port. Another option is to communicate with any other serial devices via internet or LAN
as if they are locally connected to computer (Serial over LAN/Serial-over-Ethernet technology). Two computers or
applications can communicate through an emulated serial port link. Virtual serial port emulators are available for
many operating systems including MacOS, Linux, and various mobile and desktop versions of Microsoft Windows.
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Universal asynchronous receiver/transmitter
A universal asynchronous receiver/transmitter, abbreviated UART /ˈjuːɑrt/, is a piece of computer hardware that
translates data between parallel and serial forms. UARTs are commonly used in conjunction with communication
standards such as EIA, RS-232, RS-422 or RS-485. The universal designation indicates that the data format and
transmission speeds are configurable. The electric signaling levels and methods (such as differential signaling etc.)
are handled by a driver circuit external to the UART.
A UART is usually an individual (or part of an) integrated circuit used for serial communications over a computer or
peripheral device serial port. UARTs are now commonly included in microcontrollers. A dual UART, or DUART,
combines two UARTs into a single chip. An octal UART or OCTART combines eight UARTs into one package, an
example being the NXP SCC2698. Many modern ICs now come with a UART that can also communicate
synchronously; these devices are called USARTs (universal synchronous/asynchronous receiver/transmitter).

Transmitting and receiving serial data
See also: Asynchronous serial communication
The Universal Asynchronous Receiver/Transmitter (UART) takes bytes of data and transmits the individual bits in a
sequential fashion.[1] At the destination, a second UART re-assembles the bits into complete bytes. Each UART
contains a shift register, which is the fundamental method of conversion between serial and parallel forms. Serial
transmission of digital information (bits) through a single wire or other medium is less costly than parallel
transmission through multiple wires.
The UART usually does not directly generate or receive the external signals used between different items of
equipment. Separate interface devices are used to convert the logic level signals of the UART to and from the
external signalling levels. External signals may be of many different forms. Examples of standards for voltage
signaling are RS-232, RS-422 and RS-485 from the EIA. Historically, current (in current loops) was used in
telegraph circuits. Some signaling schemes do not use electrical wires. Examples of such are optical fiber, IrDA
(infrared), and (wireless) Bluetooth in its Serial Port Profile (SPP). Some signaling schemes use modulation of a
carrier signal (with or without wires). Examples are modulation of audio signals with phone line modems, RF
modulation with data radios, and the DC-LIN [2] for power line communication.
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Communication may be simplex (in one direction only, with no provision for the receiving device to send
information back to the transmitting device), full duplex (both devices send and receive at the same time) or half
duplex (devices take turns transmitting and receiving).

Character framing

The right-most (least significant) data bit is always transmitted first. If parity is present, the
parity bit comes after the data bits but before the stop bit(s).

Bit number 1 2 3 4 5 6 7 8 9 10 11

Start bit 5–8 data bits Stop bit(s)

Start Data 0 Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Stop

The idle, no data state is high-voltage, or powered. This is a historic legacy from telegraphy, in which the line is held
high to show that the line and transmitter are not damaged. Each character is sent as a logic low start bit, a
configurable number of data bits (usually 8, but users can choose 5 to 8 or 9 bits depending on which UART is in
use), an optional parity bit if the number of bits per character chosen is not 9 bits, and one or more logic high stop
bits.
The start bit signals the receiver that a new character is coming. The next five to nine bits, depending on the code set
employed, represent the character. If a parity bit is used, it would be placed after all of the data bits. The next one or
two bits are always in the mark (logic high, i.e., '1') condition and called the stop bit(s). They signal the receiver that
the character is completed. Since the start bit is logic low (0) and the stop bit is logic high (1) there are always at
least two guaranteed signal changes between characters.
If the line is held in the logic low condition for longer than a character time, this is a break condition that can be
detected by the UART.

Receiver
All operations of the UART hardware are controlled by a clock signal which runs at a multiple of the data rate,
typically 8 times the bit rate. The receiver tests the state of the incoming signal on each clock pulse, looking for the
beginning of the start bit. If the apparent start bit lasts at least one-half of the bit time, it is valid and signals the start
of a new character. If not, it is considered a spurious pulse and is ignored. After waiting a further bit time, the state of
the line is again sampled and the resulting level clocked into a shift register. After the required number of bit periods
for the character length (5 to 8 bits, typically) have elapsed, the contents of the shift register are made available (in
parallel fashion) to the receiving system. The UART will set a flag indicating new data is available, and may also
generate a processor interrupt to request that the host processor transfers the received data.
Communicating UARTs usually have no shared timing system apart from the communication signal. Typically,
UARTs resynchronize their internal clocks on each change of the data line that is not considered a spurious pulse.
Obtaining timing information in this manner, they reliably receive when the transmitter is sending at a slightly
different speed than it should. Simplistic UARTs do not do this, instead they resynchronize on the falling edge of the
start bit only, and then read the center of each expected data bit, and this system works if the broadcast data rate is
accurate enough to allow the stop bits to be sampled reliably.
It is a standard feature for a UART to store the most recent character while receiving the next. This "double
buffering" gives a receiving computer an entire character transmission time to fetch a received character. Many
UARTs have a small first-in, first-out FIFO buffer memory between the receiver shift register and the host system
interface. This allows the host processor even more time to handle an interrupt from the UART and prevents loss of
received data at high rates.
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Transmitter
Transmission operation is simpler since it is under the control of the transmitting system. As soon as data is
deposited in the shift register after completion of the previous character, the UART hardware generates a start bit,
shifts the required number of data bits out to the line, generates and appends the parity bit (if used), and appends the
stop bits. Since transmission of a single character may take a long time relative to CPU speeds, the UART will
maintain a flag showing busy status so that the host system does not deposit a new character for transmission until
the previous one has been completed; this may also be done with an interrupt. Since full-duplex operation requires
characters to be sent and received at the same time, UARTs use two different shift registers for transmitted and
received characters.

Application
Transmitting and receiving UARTs must be set for the same bit speed, character length, parity, and stop bits for
proper operation. The receiving UART may detect some mismatched settings and set a "framing error" flag bit for
the host system; in exceptional cases the receiving UART will produce an erratic stream of mutilated characters and
transfer them to the host system.
Typical serial ports used with personal computers connected to modems use eight data bits, no parity, and one stop
bit; for this configuration the number of ASCII characters per second equals the bit rate divided by 10.
Some very low-cost home computers or embedded systems dispense with a UART and use the CPU to sample the
state of an input port or directly manipulate an output port for data transmission. While very CPU-intensive (since
the CPU timing is critical), the UART chip can thus be omitted, saving money and space. The technique is known as
bit-banging.

Synchronous transmission
USART chips have both synchronous and asynchronous modes. In synchronous transmission, the clock data is
recovered separately from the data stream and no start/stop bits are used. This improves the efficiency of
transmission on suitable channels since more of the bits sent are usable data and not character framing. An
asynchronous transmission sends no characters over the interconnection when the transmitting device has nothing to
send; but a synchronous interface must send "pad" characters to maintain synchronization between the receiver and
transmitter. The usual filler is the ASCII "SYN" character. This may be done automatically by the transmitting
device.

History
Some early telegraph schemes used variable-length pulses (as in Morse code) and rotating clockwork mechanisms [3]

to transmit alphabetic characters. The first UART-like devices (with fixed-length pulses) were rotating mechanical
switches (commutators). Various character codes using 5, 6, 7, or 8 data bits became common in teleprinters and
later as computer peripherals. Gordon Bell designed the UART for the PDP series of computers. The teletypewriter
made an excellent general-purpose I/O device for a small computer. To reduce costs, including wiring and
back-plane costs, these computers also pioneered flow control using XON and XOFF characters rather than hardware
wires.
Western Digital made the first single-chip UART WD1402A around 1971; this was an early example of a medium
scale integrated circuit. Another popular chip was a SCN2651 from the Signetics 2650 family.
An example of an early 1980s UART was the National Semiconductor 8250. In the 1990s, newer UARTs were
developed with on-chip buffers. This allowed higher transmission speed without data loss and without requiring such
frequent attention from the computer. For example, the popular National Semiconductor 16550 has a 16 byte FIFO,
and spawned many variants, including the 16C550, 16C650, 16C750, and 16C850.
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Depending on the manufacturer, different terms are used to identify devices that perform the UART functions. Intel
called their 8251 device a "Programmable Communication Interface". MOS Technology 6551 was known under the
name "Asynchronous Communications Interface Adapter" (ACIA). The term "Serial Communications Interface"
(SCI) was first used at Motorola around 1975 to refer to their start-stop asynchronous serial interface device, which
others were calling a UART. Zilog manufactured a number of Serial Communication Controllers or SCCs.

Structure
A UART usually contains the following components:
•• a clock generator, usually a multiple of the bit rate to allow sampling in the middle of a bit period.
•• input and output shift registers
•• transmit/receive control
•• read/write control logic
•• transmit/receive buffers (optional)
•• parallel data bus buffer (optional)
• First-in, first-out (FIFO) buffer memory (optional)

Special receiver conditions

Overrun error
An "overrun error" occurs when the receiver cannot process the character that just came in before the next one
arrives. Various devices have different amounts of buffer space to hold received characters. The CPU must service
the UART in order to remove characters from the input buffer. If the CPU does not service the UART quickly
enough and the buffer becomes full, an Overrun Error will occur, and incoming characters will be lost.

Underrun error
An "underrun error" occurs when the UART transmitter has completed sending a character and the transmit buffer is
empty. In asynchronous modes this is treated as an indication that no data remains to be transmitted, rather than an
error, since additional stop bits can be appended. This error indication is commonly found in USARTs, since an
underrun is more serious in synchronous systems.

Framing error
A "framing error" occurs when the designated "start" and "stop" bits are not found. As the "start" bit is used to
identify the beginning of an incoming character, it acts as a reference for the remaining bits. If the data line is not in
the expected state (hi/lo) when the "stop" bit is expected, a Framing Error will occur.

Parity error
A Parity Error occurs when the parity of the number of 1 bits disagrees with that specified by the parity bit. Use of a
parity bit is optional, so this error will only occur if parity-checking has been enabled.

Break condition
A "break condition" occurs when the receiver input is at the "space" level for longer than some duration of time,
typically, for more than a character time. This is not necessarily an error, but appears to the receiver as a character of
all zero bits with a framing error. The term "break" derives from current loop signaling, which was the traditional
signaling used for teletypewriters. The "spacing" condition of a current loop line is indicated by no current flowing,
and a very long period of no current flowing is often caused by a break or other fault in the line.
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Some equipment will deliberately transmit the "space" level for longer than a character as an attention signal. When
signaling rates are mismatched, no meaningful characters can be sent, but a long "break" signal can be a useful way
to get the attention of a mismatched receiver to do something (such as resetting itself). Unix-like systems can use the
long "break" level as a request to change the signaling rate, to support dial-in access at multiple signaling rates.

UART models

Model Description

EXAR
XR21V1410

Intersil 6402

CDP 1854
(RCA, now
Intersil)

Zilog Z8440 2000 kbit/s. Async, Bisync, SDLC, HDLC, X.25. CRC. 4-byte RX buffer. 2-byte TX buffer. DMA.[4]

8250 Obsolete with 1-byte buffers. These UARTs' maximum standard serial port speed is 9600 bits per second if the operating system
has a 1 millisecond interrupt latency.

8251

Z8530/85C30

Motorola 6850

6551

Rockwell
65C52

16450

16550 This UART's FIFO was broken, so it cannot safely run any faster than the 16450 UART. The 16550A and later versions fix this
bug.

16550A This UART has 16-byte FIFO buffers. Its receive interrupt trigger levels can be set to 1, 4, 8, or 14 characters. Its maximum
standard serial port speed if the operating system has a 1 milisecond interrupt latency is 115.2 kbit/s. Operating systems with lower
interrupt latencies could handle higher baud rates like 230.4 kbit/s or 460.8 kbit/s. This chip can provide signals to facilitate a third
party DMA controller perform DMA transfers to and from the UART. This was known as DMA mode because it was meant to be
coupled with a DMA controller in this mode to perform the transfers on behalf of the CPU.[5] It was introduced by National
Semiconductor, which has been sold to Texas Instruments. National Semiconductor claimed that this UART could physically run
at up to 1.5 Mbit/s.

16C552

16650 This UART was introduced by Startech Semiconductor which is now owned by Exar Corporation and is not related to
Startech.com. Early versions had a broken FIFO buffer and therefore cannot safely run any faster than the 16450 UART. Versions
of this UART that were not broken had 32-character FIFO buffers and could function at standard serial port speeds up to
230.4 kbit/s if the operating system has a 1 millisecond interrupt latency. Current versions of this UART by Exar claim to be able
to physically handle up to 1.5 Mbit/s. This UART introduces the Auto-RTS and Auto-CTS features in which the RTS# signal is
controlled by the UART to signal the external device to stop transmitting when the UART's buffer is full to or beyond a user-set
trigger point and to stop transmitting to the device when the device drives the CTS# signal high (logic 0).

16750 64-byte buffers. This UART can handle a maximum standard serial port speed of 460.8 kbit/s if the maximum interrupt latency is
1 millisecond. This UART was introduced by Texas Instruments. TI claims that early models can run up to 1 Mbit/s physically,
and later models can run up to 5 Mbit/s physically.

16850 128-byte buffers. This UART can handle a maximum standard serial port speed of 921.6 kbit/s if the maximum interrupt latency is
1 millisecond. This UART was introduced by Exar Corporation. Exar claims that early models can run up to 1.5 Mbit/s physically,
and later models can run up to 6.25 Mbit/s physically.16C850
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16950 128-byte buffers. This UART can handle a maximum standard serial port speed of 921.6 kbit/s if the maximum interrupt latency is
1 millisecond and if the UART is not connected to a DMA engine or is connected to a DMA engine that is not enabled. This
UART supports 9-bit characters in addition to the 5-8 bit characters other UARTs support. This was introduced by Oxford
Semiconductor, which is now owned by PLX Technology. Oxford/PLX claims that this UART can run up to 15 Mbit/s physically.
PCI Express variants by Oxford/PLX can safely run much faster than other variants because they are integrated with a first party
bus mastering PCIe DMA engine. This DMA engine is controlled by the UART's DMA mode signals that were defined for the
16550. The DMA engine will prevent buffer overruns by moving data in the receive buffer to the host computer's memory via
PCIe, and can speed up transmission by moving data to be sent in the host computer's memory to the transmit buffer if it is not full.
Both of these operations do require some setup by the CPU, but are automated by the UART and the DMA engine after setup is
complete.

16C950

16954 Quad port version of the 16950/16C950. 128-byte buffers per port. This UART can handle a maximum standard serial port speed
of 921.6 kbit/s if the maximum interrupt latency is 1 millisecond and if the UART is not connected to a DMA engine or is
connected to a DMA engine that is not enabled. This UART supports 9-bit characters in addition to the 5-8 bit characters other
UARTs support. This was introduced by Oxford Semiconductor, which is now owned by PLX Technology. Oxford/PLX claims
that this UART can run up to 15 Mbit/s physically. PCI Express variants by Oxford/PLX can safely run much faster than other
variants because they are integrated with a first party bus mastering PCIe DMA engine. This DMA engine is controlled by the
UART's DMA mode signals that were defined for the 16550. The DMA engine will prevent buffer overruns by moving data in the
receive buffer to the host computer's memory via PCIe, and can speed up transmission by moving data to be sent in the host
computer's memory to the transmit buffer if it is not full. Both of these operations do require some setup by the CPU, but are
automated by the UART and the DMA engine after setup is complete.

16C954

SCC2691 Currently produced by NXP, the 2691 is a single channel UART that also includes a programmable counter/timer. The 2691 has a
single byte transmitter holding register and a 4-byte receive FIFO. Maximum standard speed of the 2692 is 115.2 kbit/s.
Non-standard speeds are supported.

SCC2692 Currently produced by NXP, these dual UARTs (DUART) are essentially a pair of SCC2691 UARTs in a single package, but with
a common counter/timer. Each channel is independently programmable and supports independent transmit and receive data rates.
Like the 2691, the 2692 has a single byte transmitter holding register and a 4-byte receive FIFO per channel. Maximum standard
speed of both of the 2692's channels is 115.2 kbit/s.

The 26C92 is an upwardly compatible version of the dual channel 2692, with 8-byte transmit and receive FIFOs for improved
performance during continuous bi-directional asynchronous transmission (CBAT) on both channels at the maximum standard
speed of 230.4 kbit/s.

Both the 2692 and 26C92 may also be operated in RS-422 and RS-485 modes, and can also be programmed to support
non-standard data rates. The devices are produced in PDIP-40, PLCC-44 and 44 pin QFP packages, and are readily adaptable to
both Motorola and Intel buses. They have also been successfully adapted to the 65C02 and 65C816 buses.

SC26C92

SCC2698B Currently produced by NXP, the 2698 octal UART (OCTART) is essentially four SCC2692 DUARTs in a single package.
Specifications are the same as the SCC2692 (not the SCC26C92). The device is produced in PDIP-64 and PLCC-84 packages, and
is readily adaptable to both Motorola and Intel buses. The 2698 has also been successfully adapted to the 65C02 and 65C816
buses.

SCC28C94 Currently produced by NXP, the 28C94 quadruple UART (QUART) is functionally similar to a pair of SCC26C92 DUARTs
mounted in a common package. Some additional signals are present for interrupt management and the auxiliary input/output pins
are arranged differently than those of the 26C92. Otherwise, the programming model for the 28C94 is very similar to that of the
26C92, requiring only minor code changes. The 28C94 supports a maximum standard speed of 230.4 kbit/s, is available in a
PLCC-52 package, and is readily adaptable to both Motorola and Intel buses.

SCC28L198 Currently produced by NXP, the 28L198 octal UART (OCTART) is essentially an upscaled enhancement of the SCC28C94
QUART (described above), with eight independent communications channels, as well as an arbitrated interrupt system for efficient
processing during periods of intense channel activity. The 28L198 supports a maximum standard speed of 460.8 kbit/s, is available
in PLCC-84 and LQFP-100 packages, and is readily adaptable to both Motorola and Intel buses. The 28L198 will operate on 3.3 or
5 volts.

Z85230 Synchronous/Asynchronous modes, 2 ports, DMA. 4-byte buffer to send, 8-byte buffer to receive per channel. SDLC/HDLC
modes. 5 Mbit/s in synchronous mode.

Hayes ESP 1 kB buffers, 921.6 kbit/s, 8-ports.[6]
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UART in modems
Modems for personal computers that plug into a motherboard slot must also include the UART function on the card.
The original 8250 UART chip shipped with the IBM personal computer had a one character buffer for the receiver
and the transmitter each, which meant that communications software performed poorly at speeds above 9600
bits/second, especially if operating under a multitasking system or if handling interrupts from disk controllers.
High-speed modems used UARTs that were compatible with the original chip but which included additional FIFO
buffers, giving software additional time to respond to incoming data.
A look at the performance requirements at high bit rates shows why the 16, 32, 64 or 128 byte FIFO is a necessity.
The Microsoft specification for a DOS system requires that interrupts not be disabled for more than 1 millisecond at
a time. Some hard disk drives and video controllers violate this specification. 9600 bit/s will deliver a character
approximately every millisecond, so a 1 byte FIFO should be sufficient at this rate on a DOS system which meets the
maximum interrupt disable timing. Rates above this may receive a new character before the old one has been
fetched, and thus the old character will be lost. This is referred to as an overrun error and results in one or more lost
characters.
A 16 byte FIFO allows up to 16 characters to be received before the computer has to service the interrupt. This
increases the maximum bit rate the computer can process reliably from 9600 to 153,000 bit/s if it has a 1 millisecond
interrupt dead time. A 32 byte FIFO increases the maximum rate to over 300,000 bit/s. A second benefit to having a
FIFO is that the computer only has to service about 8 to 12% as many interrupts, allowing more CPU time for
updating the screen, or doing other chores. Thus the computer's responses will improve as well.

References
[1] Adam Osborne, An Introduction to Microcomputers Volume 1: Basic Concepts, Osborne-McGraw Hill Berkeley California USA, 1980 ISBN

0-931988-34-9 pp. 116-126
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[5][5] 090529 cs.utk.edu
[6] bill.herrin.us - Hayes ESP 8-port Enhanced Serial Port Manual (http:/ / bill. herrin. us/ freebies/ hayes-esp8/ ), 2004-03-02

External links
• A tutorial on the RS-232 standard (http:/ / www. camiresearch. com/ Data_Com_Basics/ RS232_standard.

html#anchor1155404), describing the definition of mark, space and their relationship with negative and positive
voltages

• Freebsd Tutorials (http:/ / www. freebsd. org/ doc/ en_US. ISO8859-1/ articles/ serial-uart/ ), includes standard
signal definitions, history of UART ICs, and pinout for commonly used DB25 connector.

• UART Tutorial for Robotics (http:/ / www. societyofrobots. com/ microcontroller_uart. shtml), contains many
practical examples.

• UART transceiver over powerline (http:/ / www. yamar. com/ sig60. php/ ), allows multiplex UART networking
over the powerline.

• CladLabs: UART (http:/ / cladlab. com/ electronics/ circuit-design/ communication-protocols/ uart-protocol), a
tutorial on the UART protocol explaining flow control, transmission speed, radiation hardening, powerline
transceivers and reviewing terminal programs.
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USB
For other uses, see USB (disambiguation).

Universal Serial Bus (USB)

Certified USB logo

Type Bus

Production history

Designer Compaq, Digital Equipment Corporation, IBM, Intel, Microsoft, NEC and Nortel

Designed 1996

Manufacturer Intel, Compaq, Microsoft, NEC, Digital Equipment Corporation, IBM, Nortel

Produced 1997–present

Superseded Serial port, parallel port, game port, Apple Desktop Bus, PS/2 connector

General specifications

Length 2–5 m (6 ft 7 in–16 ft 5 in) (by category)

Width 12 mm (A-plug), 8.45 mm (B-plug); 7 mm (Mini / Micro-USB)

Height 4.5 mm (A-plug), 7.78 mm (B-plug, pre-v3.0); 1.5–3 mm (Mini/Micro-USB)

Hot pluggable Yes

External Yes

Cable 4 wires plus shield (pre-3.0); 9 wires plus shield (USB 3.0)

Pins 4: 1 supply, 2 data, 1 ground (pre-3.0); 9 (USB 3.0); 11 (powered USB 3.0); 5 (pre-3.0 Micro-USB)

Connector Unique

Electrical

Signal 5 volt DC

Max. voltage 5.00±0.25 V (pre-3.0); 5.00+0.25-0.55 V (USB 3.0)

Max. current 0.5–0.9 A (general);
5 A (charging devices)

Data

Data signal Packet data, defined by specifications

Width 1 bit

Bitrate 1.5/12/480/5,000/10,000 Mbit/s (depending on mode)

Max. devices 127

Protocol Serial

Pin out
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The standard USB A plug (left) and B plug (right)

Pin 1 VCC (+5 V, red wire)

Pin 2 Data− (white wire)

Pin 3 Data+ (green wire)

Pin 4 Ground (black wire)

Universal Serial Bus (USB) is an industry standard developed in the mid-1990s that defines the cables, connectors
and communications protocols used in a bus for connection, communication, and power supply between computers
and electronic devices.
USB was designed to standardize the connection of computer peripherals (including keyboards, pointing devices,
digital cameras, printers, portable media players, disk drives and network adapters) to personal computers, both to
communicate and to supply electric power. It has become commonplace on other devices, such as smartphones,
PDAs and video game consoles. USB has effectively replaced a variety of earlier interfaces, such as serial and
parallel ports, as well as separate power chargers for portable devices.

Overview
In general, there are four basic kinds or sizes related to the USB connectors and types of established connection:
• the older "standard" size, in its USB 1.1/2.0 and USB 3.0 variants (for example, on USB flash drives)
•• the "mini" size (primarily for the B connector end, such as on many cameras)
•• the "micro" size, in its USB 1.1/2.0 and USB 3.0 variants (for example, on most modern cellphones)
• the versatile "USB On-The-Go" scheme, in both mini and micro sizes.
Unlike other data cables (Ethernet, HDMI etc.), each end of a USB cable uses a different kind of connector; an
A-type or a B-type. This kind of design was chosen to prevent electrical overloads and damaged equipment, as only
the A-type socket provides power. There are cables with A-type connectors on both ends, but they should be used
carefully. Therefore in general, each of the different "sizes" requires four different connectors; USB cables have the
A-type and B-type connectors, and the corresponding sockets are on the computer or electronic device. In common
practice, the A-type connector is usually the full size, and the B-type side can vary as needed.
Counter-intuitively, the "micro" size is the most durable from the point of designed insertion lifetime, as the result of
latching mechanism (parts providing gripping force) being moved into plugs on the cable side.
USB connections also come in four data transfer speeds: Low Speed, Full Speed, High Speed and SuperSpeed. High
Speed is only supported by specifically designed USB 2.0 High Speed interfaces (that is, USB 2.0 controllers
without the High Speed designation do not support it), as well as by USB 3.0 interfaces. SuperSpeed is supported
only by USB 3.0 interfaces.
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History

The basic USB trident logo[1]

USB sign is on the head of a USB Cable

A group of seven companies began the development of USB in 1994:
Compaq, DEC, IBM, Intel, Microsoft, NEC, and Nortel. The goal was
to make it fundamentally easier to connect external devices to PCs by
replacing the multitude of connectors at the back of PCs, addressing
the usability issues of existing interfaces, and simplifying software
configuration of all devices connected to USB, as well as permitting
greater data rates for external devices. A team including Ajay Bhatt
worked on the standard at Intel; the first integrated circuits supporting
USB were produced by Intel in 1995.

The original USB 1.0 specification, which was introduced in January
1996, defined data transfer rates of 1.5 Mbit/s "Low Speed" and
12 Mbit/s "Full Speed". The first widely used version of USB was 1.1,
which was released in September 1998. The 12 Mbit/s data rate was
intended for higher-speed devices such as disk drives, and the lower
1.5 Mbit/s rate for low data rate devices such as joysticks.

A USB Standard Type A plug, the most common
USB plug

The USB 2.0 specification was released in April 2000 and was ratified
by the USB Implementers Forum (USB-IF) at the end of 2001.
Hewlett-Packard, Intel, Lucent Technologies (now Alcatel-Lucent),
NEC and Philips jointly led the initiative to develop a higher data
transfer rate, with the resulting specification achieving 480 Mbit/s, a
40-times increase over the original USB 1.1 specification.

The USB 3.0 specification was published on 12 November 2008. Its
main goals were to increase the data transfer rate (up to 5 Gbit/s),
decrease power consumption, increase power output, and be
backwards-compatible with USB 2.0.[2] USB 3.0 includes a new,
higher speed bus called SuperSpeed in parallel with the USB 2.0 bus.
For this reason, the new version is also called SuperSpeed. The first USB 3.0 equipped devices were presented in
January 2010.

As of 2008[3], approximately six billion USB ports and interfaces were in the global marketplace, and about two
billion were being sold each year.

Version history

A PCI USB 2.0 card for a computer motherboard

Prereleases

The USB standard evolved through several versions before its official
release in 1996:
• USB 0.7 – released in November 1994
• USB 0.8 – released in December 1994
• USB 0.9 – released in April 1995
• USB 0.99 – released in August 1995
• USB 1.0 Release Candidate – released in November 1995
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USB 1.x

Released in January 1996, USB 1.0 specified data rates of 1.5 Mbit/s (Low-Bandwidth) and 12 Mbit/s
(Full-Bandwidth). It did not allow for extension cables or pass-through monitors, due to timing and power
limitations. Few USB devices made it to the market until USB 1.1 was released in August 1998, fixing problems
identified in 1.0, mostly related to using hubs. USB 1.1 was the earliest revision that was widely adopted.

USB 2.0

The Hi-Speed USB Logo

USB 2.0 was released in April 2000 (now called "Hi-Speed"), adding
higher maximum signaling rate of 480 Mbit/s (due to bus access
constraints the effective throughput is limited to 35 MB/s or
280 Mbit/s), in addition to the "USB 1.x Full Speed" signaling rate of
12 Mbit/s.

Further modifications to the USB specification have been done via
Engineering Change Notices (ECN). The most important of these
ECNs are included into the USB 2.0 specification package available from USB.org:

• Mini-A and Mini-B Connector ECN: Released in October 2000.
Specifications for Mini-A and B plug and receptacle. Also receptacle that accepts both plugs for On-The-Go.
These should not be confused with Micro-B plug and receptacle.

• Errata as of December 2000: Released in December 2000
• Pull-up/Pull-down Resistors ECN: Released in May 2002
• Errata as of May 2002: Released in May 2002
• Interface Associations ECN: Released in May 2003.

New standard descriptor was added that allows associating multiple interfaces with a single device function.
• Rounded Chamfer ECN: Released in October 2003.

A recommended, compatible change to Mini-B plugs that results in longer lasting connectors.
• Unicode ECN: Released in February 2005.

This ECN specifies that strings are encoded using UTF-16LE. USB 2.0 specified Unicode, but did not specify the
encoding.

• Inter-Chip USB Supplement: Released in March 2006
• On-The-Go Supplement 1.3: Released in December 2006.

USB On-The-Go makes it possible for two USB devices to communicate with each other without requiring a
separate USB host. In practice, one of the USB devices acts as a host for the other device.

• Battery Charging Specification 1.1: Released in March 2007 (Updated 15 Apr 2009).
Adds support for dedicated chargers (power supplies with USB connectors), host chargers (USB hosts that can act
as chargers) and the No Dead Battery provision, which allows devices to temporarily draw 100 mA current after
they have been attached. If a USB device is connected to dedicated charger, maximum current drawn by the
device may be as high as 1.8 A. (Note that this document is not distributed with USB 2.0 specification package
only USB 3.0 and USB On-The-Go.)

• Micro-USB Cables and Connectors Specification 1.01: Released in April 2007.
• Link Power Management Addendum ECN: Released in July 2007.

This adds "sleep", a new power state between enabled and suspended states. Device in this state is not required to
reduce its power consumption. However, switching between enabled and sleep states is much faster than
switching between enabled and suspended states, which allows devices to sleep while idle.

• Battery Charging Specification 1.2: Released in December 2010.
Several changes and increasing limits including allowing 1.5 A on charging ports for unconfigured devices,
allowing High Speed communication while having a current up to 1.5 A and allowing a maximum current of 5 A.
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USB 3.0

Main article: USB 3.0

The SuperSpeed USB Logo

USB 3.0 was released in November 2008. The standard defines a new
SuperSpeed mode with a signaling speed of 5 Gbit/s and, due to
encoding overhead, usable data rate of up to 4 Gbit/s (500 MB/s). A
USB 3.0 port is usually colored blue, and is backwards compatible
with USB 2.0.

The USB 3.0 Promoter Group announced on 17 November 2008 that
the specification of version 3.0 had been completed and had made the
transition to the USB Implementers Forum (USB-IF), the managing
body of USB specifications. This move effectively opened the specification to hardware developers for
implementation in products.
The new SuperSpeed bus provides a fourth transfer mode at 5.0 Gbit/s (raw data rate), in addition to the modes
supported by earlier versions. The payload throughput is 4 Gbit/s (using 8b/10b encoding), and the specification
considers it reasonable to achieve around 3.2 Gbit/s (0.4 GB/s or 400 MB/s), which should increase with future
hardware advances. Communication is full-duplex in SuperSpeed transfer mode; in the modes supported previously,
by 1.x and 2.0, communication is half-duplex, with direction controlled by the host.
As with previous USB versions, USB 3.0 ports come in low-power and high-power variants, providing 150 mA and
900 mA respectively while simultaneously transmitting data at SuperSpeed rates. Additionally, there is a Battery
Charging Specification (Version 1.2 – December 2010), which increases the power handling capability to 1.5 A but
does not allow concurrent data transmission. The Battery Charging Specification requires that the physical ports
themselves be capable of handling 5 A of currentWikipedia:Citation needed but the specification limits the
maximum current drawn to 1.5 A.

USB 3.1

A January 2013 press release from the USB group revealed plans to update USB 3.0 to 10 Gbit/s, effectively putting
it on par with Thunderbolt by mid-2013. The USB 3.1 specification was released on 31 July 2013,[4] introducing a
faster transfer mode called "SuperSpeed USB 10 Gbps"; its logo features a Superspeed+ (stylized as
SUPERSPEED+) caption. The USB 3.1 standard increases the signalling rate to 10 Gbit/s, double that of USB 3.0,
and reduces line encoding overhead to just 3% by changing the encoding scheme to 128b/132b. Though, some initial
tests demonstrated usable transfer speeds of only 7.2 Gbit/s, suggesting a 30% overall overhead.
The USB 3.1 standard is backward compatible with USB 3.0 and USB 2.0. Using three power profiles of those
defined in the USB Power Delivery Specification, it lets devices with larger energy demands request higher currents
and supply voltages from compliant hosts – up to 2 A at 5 V (for a power consumption of up to 10 W), and
optionally up to 5 A at either 12 V (60 W) or 20 V (100 W).

System design
The design architecture of USB is asymmetrical in its topology, consisting of a host, a multitude of downstream USB
ports, and multiple peripheral devices connected in a tiered-star topology. Additional USB hubs may be included in
the tiers, allowing branching into a tree structure with up to five tier levels. A USB host may implement multiple
host controllers and each host controller may provide one or more USB ports. Up to 127 devices, including hub
devices if present, may be connected to a single host controller.[5] USB devices are linked in series through hubs.
One hub—built into the host controller—is the root hub.
A physical USB device may consist of several logical sub-devices that are referred to as device functions. A single 
device may provide several functions, for example, a webcam (video device function) with a built-in microphone
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(audio device function). This kind of device is called a composite device. An alternative to this is compound device,
in which the host assigns each logical device a distinctive address and all logical devices connect to a built-in hub
that connects to the physical USB cable.

USB endpoints actually reside on the connected
device: the channels to the host are referred to as

pipes

USB device communication is based on pipes (logical channels). A
pipe is a connection from the host controller to a logical entity, found
on a device, and named an endpoint. Because pipes correspond 1-to-1
to endpoints, the terms are sometimes used interchangeably. A USB
device could have up to 32 endpoints (16 IN, 16 OUT), though it's rare
to have so many. An endpoint is defined and numbered by the device
during initialization (the period after physical connection called
"enumeration") and so is relatively permanent, whereas a pipe may be
opened and closed.

There are two types of pipe: stream and message. A message pipe is
bi-directional and is used for control transfers. Message pipes are
typically used for short, simple commands to the device, and a status
response, used, for example, by the bus control pipe number 0. A
stream pipe is a uni-directional pipe connected to a uni-directional endpoint that transfers data using an isochronous,
interrupt, or bulk transfer:

• isochronous transfers: at some guaranteed data rate (often, but not necessarily, as fast as possible) but with
possible data loss (e.g., realtime audio or video).

• interrupt transfers: devices that need guaranteed quick responses (bounded latency) (e.g., pointing devices and
keyboards).

• bulk transfers: large sporadic transfers using all remaining available bandwidth, but with no guarantees on
bandwidth or latency (e.g., file transfers).

An endpoint of a pipe is addressable with a tuple (device_address, endpoint_number) as specified in a TOKEN
packet that the host sends when it wants to start a data transfer session. If the direction of the data transfer is from the
host to the endpoint, an OUT packet (a specialization of a TOKEN packet) having the desired device address and
endpoint number is sent by the host. If the direction of the data transfer is from the device to the host, the host sends
an IN packet instead. If the destination endpoint is a uni-directional endpoint whose manufacturer's designated
direction does not match the TOKEN packet (e.g., the manufacturer's designated direction is IN while the TOKEN
packet is an OUT packet), the TOKEN packet is ignored. Otherwise, it is accepted and the data transaction can start.
A bi-directional endpoint, on the other hand, accepts both IN and OUT packets.

Two USB 3.0 standard-A sockets (left) and two
USB 2.0 sockets (right) on a computer's front

panel

Endpoints are grouped into interfaces and each interface is associated
with a single device function. An exception to this is endpoint zero,
which is used for device configuration and is not associated with any
interface. A single device function composed of independently
controlled interfaces is called a composite device. A composite device
only has a single device address because the host only assigns a device
address to a function.

When a USB device is first connected to a USB host, the USB device
enumeration process is started. The enumeration starts by sending a
reset signal to the USB device. The data rate of the USB device is determined during the reset signaling. After reset,
the USB device's information is read by the host and the device is assigned a unique 7-bit address. If the device is
supported by the host, the device drivers needed for communicating with the device are loaded and the device is set
to a configured state. If the USB host is restarted, the enumeration process is repeated for all connected devices.
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The host controller directs traffic flow to devices, so no USB device can transfer any data on the bus without an
explicit request from the host controller. In USB 2.0, the host controller polls the bus for traffic, usually in a
round-robin fashion. The throughput of each USB port is determined by the slower speed of either the USB port or
the USB device connected to the port.
High-speed USB 2.0 hubs contain devices called transaction translators that convert between high-speed USB 2.0
buses and full and low speed buses. When a high-speed USB 2.0 hub is plugged into a high-speed USB host or hub,
it operates in high-speed mode. The USB hub then uses either one transaction translator per hub to create a
full/low-speed bus routed to all full and low speed devices on the hub, or uses one transaction translator per port to
create an isolated full/low-speed bus per port on the hub.
Because there are two separate controllers in each USB 3.0 host, USB 3.0 devices transmit and receive at USB 3.0
data rates regardless of USB 2.0 or earlier devices connected to that host. Operating data rates for earlier devices are
set in the legacy manner.

Device classes
The functionality of USB devices is defined by class codes, communicated to the USB host to affect the loading of
suitable software driver modules for each connected device. This provides for adaptability and device independence
of the host to support new devices from different manufacturers.
Device classes include:

Class Usage Description Examples, or exception

00h Device Unspecified[6] Device class is unspecified, interface descriptors are used to determine needed drivers

01h Interface Audio Speaker, microphone, sound card, MIDI

02h Both Communications and CDC Control Modem, Ethernet adapter, Wi-Fi adapter

03h Interface Human interface device (HID) Keyboard, mouse, joystick

05h Interface Physical Interface Device (PID) Force feedback joystick

06h Interface Image Webcam, scanner

07h Interface Printer Laser printer, inkjet printer, CNC machine

08h Interface Mass storage (MSC or UMS) USB flash drive, memory card reader, digital audio player, digital camera, external drive

09h Device USB hub Full bandwidth hub

0Ah Interface CDC-Data Used together with class 02h: communications and CDC control

0Bh Interface Smart Card USB smart card reader

0Dh Interface Content security Fingerprint reader

0Eh Interface Video Webcam

0Fh Interface Personal Healthcare Pulse monitor (watch)

10h Interface Audio/Video (AV) Webcam, TV

DCh Both Diagnostic Device USB compliance testing device

E0h Interface Wireless Controller Bluetooth adapter, Microsoft RNDIS

EFh Both Miscellaneous ActiveSync device

FEh Interface Application-specific IrDA Bridge, Test & Measurement Class (USBTMC), USB DFU (Direct Firmware Update)

FFh Both Vendor-specific Indicates that a device needs vendor-specific drivers
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USB mass storage / USB drive

A flash drive, a typical USB mass-storage device

Circuit board from a USB 3.0 external 2.5-inch
SATA HDD enclosure

See also: USB mass storage device class, Disk enclosure and External
hard disk drive

USB implements connections to storage devices using a set of
standards called the USB mass storage device class (MSC or UMS).
This was at first intended for traditional magnetic and optical drives
and has been extended to support flash drives. It has also been
extended to support a wide variety of novel devices as many systems
can be controlled with the familiar metaphor of file manipulation
within directories. The process of making a novel device look like a
familiar device is also known as extension.Wikipedia:Citation needed
The ability to boot a write-locked SD card with a USB adapter is
particularly advantageous for maintaining the integrity and
non-corruptible, pristine state of the booting medium.

Though most post-Summer 2004 computers can boot from USB mass
storage devices, USB is not intended as a primary bus for a computer's
internal storage. Buses such as Parallel ATA (PATA or IDE), Serial
ATA (SATA), or SCSI fulfill that role in PC class computers.
However, USB has one important advantage, in that it is possible to
install and remove devices without rebooting the computer
(hot-swapping), making it useful for mobile peripherals, including
drives of various kinds.

Firstly conceived and still used today for optical storage devices (CD-RW drives, DVD drives, etc.), several
manufacturers offer external portable USB hard disk drives, or empty enclosures for disk drives. These offer
performance comparable to internal drives, limited by the current number and types of attached USB devices, and by
the upper limit of the USB interface (in practice about 30 MB/s for USB 2.0 and potentially 400 MB/s or more[7] for
USB 3.0). These external drives typically include a "translating device" that bridges between a drive's interface to a
USB interface port. Functionally, the drive appears to the user much like an internal drive. Other competing
standards for external drive connectivity include eSATA, ExpressCard (now at version 2.0), FireWire (IEEE 1394),
and most recently Thunderbolt.

Another use for USB mass storage devices is the portable execution of software applications (such as web browsers
and VoIP clients) with no need to install them on the host computer.

Media Transfer Protocol
Media Transfer Protocol (MTP) was designed by Microsoft to give higher-level access to a device's filesystem than
USB mass storage, at the level of files rather than disk blocks. It also has optional DRM features. MTP was designed
for use with portable media players, but it has since been adopted as the primary storage access protocol of the
Android operating system from the version 4.1 Jelly Bean as well as Windows Phone 8 (Windows Phone 7 devices
had used the Zune protocol which was an evolution of MTP). The primary reason for this is that MTP does not
require exclusive access to the storage device the way UMS does, alleviating potential problems should an Android
program request the storage while it is attached to a computer. The main drawback is that MTP is not as well
supported outside of Windows operating systems.
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Human interface devices
Main article: USB human interface device class
Joysticks, keypads, tablets and other human-interface devices (HIDs) are also progressively migrating from MIDI,
and PC game port connectors to USB.Wikipedia:Citation needed
USB mice and keyboards can usually be used with older computers that have PS/2 connectors with the aid of a small
USB-to-PS/2 adapter. For mice and keyboards with dual-protocol support, an adaptor that contains no logic circuitry
may be used: the hardware in the USB keyboard or mouse is designed to detect whether it is connected to a USB or
PS/2 port, and communicate using the appropriate protocol. Converters also exist that connect PS/2 keyboards and
mice (usually one of each) to a USB port. These devices present two HID endpoints to the system and use a
microcontroller to perform bidirectional data translation between the two standards.

Connectors and plugs

Connectors properties

Standard type A plug and receptacle

The connectors the USB committee specifies support a number of
USB's underlying goals, and reflect lessons learned from the many
connectors the computer industry has used. The connector mounted on
the host or device is called the receptacle, and the connector attached
to the cable is called the plug. The standard purposely defines this to
prevent the use of extension cables.Wikipedia:Citation needed The
official USB specification documents also periodically define the term
male to represent the plug, and female to represent the
receptacle.Wikipedia:Citation needed

Usability and orientation

USB extension cord

By design, it is difficult to insert a USB plug into its receptacle
incorrectly. The USB specification states that the required USB icon
must be embossed on the "topside" of the USB plug, which "...provides
easy user recognition and facilitates alignment during the mating
process." The specification also shows that the "recommended"
"Manufacturer's logo" ("engraved" on the diagram but not specified in
the text) is on the opposite side of the USB icon. The specification
further states, "The USB Icon is also located adjacent to each
receptacle. Receptacles should be oriented to allow the icon on the
plug to be visible during the mating process." However, the
specification does not consider the height of the device compared to
the eye level height of the user, so the side of the cable that is "visible"
when mated to a computer on a desk can depend on whether the user is
standing or kneeling.
While it would have been better for usability if the cable could be plugged in with either side up, the original design
left this out to make manufacturing as inexpensive as possible. Ajay Bhatt, who was involved in the original USB

design team, is working on a new design to make the cable insertable either side up. The new reversible plug is also 
much smaller than the current USB 3.0 Micro-B connector. It is called Type-C, and should be introduced as an
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addition to the existing USB 3.1 specification.
Only moderate force is needed to insert or remove a USB cable. USB cables and small USB devices are held in place
by the gripping force from the receptacle (without need of the screws, clips, or thumb-turns other connectors have
required).

Power-use topology

The standard connectors were deliberately intended to enforce the directed topology of a USB network: type A
connectors on host devices that supply power and type B connectors on target devices that draw power. This is
intended to prevent users from accidentally connecting two USB power supplies to each other, which could lead to
short circuits and dangerously high currents, circuit failures, or even fire. USB does not support cyclic networks and
the standard connectors from incompatible USB devices are themselves incompatible.
However, some of this directed topology is lost with the advent of multi-purpose USB connections (such as USB
On-The-Go in smartphones, and USB-powered Wi-Fi routers), which require A-to-A, B-to-B, and sometimes
Y/splitter cables. See the USB On-The-Go connectors section below, for a more detailed summary description.

Durability

The standard connectors were designed to be robust. Because USB is hot-pluggable, the connectors would be used
more frequently, and perhaps with less care, than other connectors. Many previous connector designs were fragile,
specifying embedded component pins or other delicate parts that were vulnerable to bending or breaking. The
electrical contacts in a USB connector are protected by an adjacent plastic tongue, and the entire connecting
assembly is usually protected by an enclosing metal sheath.
The connector construction always ensures that the external sheath on the plug makes contact with its counterpart in
the receptacle before any of the four connectors within make electrical contact. The external metallic sheath is
typically connected to system ground, thus dissipating damaging static charges. This enclosure design also provides
a degree of protection from electromagnetic interference to the USB signal while it travels through the mated
connector pair (the only location when the otherwise twisted data pair travels in parallel). In addition, because of the
required sizes of the power and common connections, they are made after the system ground but before the data
connections. This type of staged make-break timing allows for electrically safe hot-swapping.
The newer Micro-USB receptacles are designed for up to 10,000 cycles of insertion and removal between the
receptacle and plug, compared to 1,500 for the standard USB and 5,000 for the Mini-USB receptacle. This is
accomplished by adding a locking device and by moving the leaf-spring connector from the jack to the plug, so that
the most-stressed part is on the cable side of the connection. This change was made so that the connector on the less
expensive cable would bear the most wear instead of the more expensive micro-USB device.

Compatibility

The USB standard specifies relatively loose tolerances for compliant USB connectors to minimize physical
incompatibilities in connectors from different vendors. To address a weakness present in some other connector
standards, the USB specification also defines limits to the size of a connecting device in the area around its plug.
This was done to prevent a device from blocking adjacent ports due to the size of the cable strain relief mechanism
(usually molding integral with the cable outer insulation) at the connector. Compliant devices must either fit within
the size restrictions or support a compliant extension cable that does.
In general, cables have only plugs, and hosts and devices have only receptacles. Hosts almost universally have 
type-A receptacles, and devices one or another type-B variety. Type-A plugs mate only with type-A receptacles, and 
type-B with type-B; they are deliberately physically incompatible. However, an extension to USB standard 
specification called USB On-The-Go allows a single port to act as either a host or a device—chosen by which end of 
the cable plugs into the receptacle on the unit. Even after the cable is hooked up and the units are communicating, the
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two units may "swap" ends under program control. This capability is meant for units such as PDAs in which the
USB link might connect to a PC's host port as a device in one instance, yet connect as a host itself to a keyboard and
mouse device in another instance.

USB 3.0 connectors

Main article: USB 3.0 backward compatibility
Type A plugs and receptacles from both USB 3.0 and USB 2.0 are designed to interoperate. Type B plugs and
receptacles in USB 3.0 are somewhat larger than those in USB 2.0; thus, USB 2.0 Type B plugs can fit into USB 3.0
Type B receptacles, while the opposite is not possible.

Connector types

Types of USB connector left to right (ruler in centimeters): Micro-B plug, UC-E6
proprietary (non-USB) plug, Mini-B plug, Standard-A receptacle (upside down),

Standard-A plug, Standard-B plug

There are several types of USB
connector, including some that have
been added while the specification
progressed. The original USB
specification detailed Standard-A and
Standard-B plugs and receptacles; the
B connector was necessary so that
cabling could be plug ended at both
ends and still prevent users from
connecting one computer receptacle to
another. The first engineering change notice to the USB 2.0 specification added Mini-B plugs and receptacles.
The data connectors in the Standard-A plug are actually recessed in the plug as compared to the outside power
connectors. This permits the power to connect first, which prevents data errors by allowing the device to power up
first and then transfer the data. Some devices operate in different modes depending on whether the data connection is
made. This difference in connection can be exploited by inserting the connector only partially. For example, some
battery-powered MP3 players switch into file transfer mode and cannot play MP3 files while a USB plug is fully
inserted, but can be operated in MP3 playback mode using USB power by inserting the plug only part way so that
the power slots make contact while the data slots do not. This enables those devices to be operated in MP3 playback
mode while getting power from the cable.Wikipedia:No original research
To reliably enable a charge-only feature, modern USB accessory peripherals now include charging cables that
provide power connections to the host port but no data connections, and both home and vehicle charging docks are
available that supply power from a converter device and do not include a host device and data pins, allowing any
capable USB device to charge or operate from a standard USB cable.

Standard connectors
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Pin configuration of the USB connectors
Standard A/B, viewed looking into face/end of

plug

The USB 2.0 Standard-A type of USB plug is a flattened rectangle that
inserts into a "downstream-port" receptacle on the USB host, or a hub,
and carries both power and data. This plug is frequently seen on cables
that are permanently attached to a device, such as one connecting a
keyboard or mouse to the computer via USB connection.
USB connections eventually wear out as the connection loosens
through repeated plugging and unplugging. The lifetime of a USB-A
male connector is approximately 1,500 connect/disconnect cycles.
A Standard-B plug—which has a square shape with beveled exterior
corners—typically plugs into an "upstream receptacle" on a device that
uses a removable cable, e.g., a printer. On some devices, the Type B receptacle has no data connections, being used
solely for accepting power from the upstream device. This two-connector-type scheme (A/B) prevents a user from
accidentally creating an electrical loop.

Mini and Micro connectors

Micro A USB

Micro B USB

Various connectors have been used for smaller devices such as digital
cameras, smartphones, and tablet computers. These include the
now-deprecated (i.e. de-certified but standardized) Mini-A and
Mini-AB connectors (Mini-B connectors are still supported but not
OTG (On The Go, i.e. mobile) compliant). The Mini-B USB connector
was standard for transferring data to and from the early data phones
and PDAs, such as Blackberry models.

The Mini-A and Mini-B plugs are approximately 3 by 7 mm. The
micro-USB plugs have a similar width and approximately half the
thickness, enabling their integration into thinner portable devices. The
micro-A connector is 6.85 by 1.8 mm with a maximum overmold size
of 11.7 by 8.5 mm. The micro-B connector is 6.85 by 1.8 mm with a
maximum overmold size of 10.6 by 8.5 mm.

The Micro-USB connector was announced by the USB-IF on 4 January
2007. The Micro B USB connector has a maximum current rating of
either 1 A per pin, or 1.8 A for pins 1 and 5, and 0.5 A for pins 2, 3,
and 4.[8] The Mini-A connector and the Mini-AB receptacle connector
were deprecated on 23 May 2007. While many currently available
devices and cables still use Mini plugs, the newer Micro connectors are
being widely adopted and as of December 2010, they are the most
widely used.Wikipedia:Citation needed The thinner micro connectors
are intended to replace the Mini plugs in new devices including
smartphones, personal digital assistants, and cameras.[9] The Micro
plug design is rated for at least 10,000 connect–disconnect cycles—
significantly more than the Mini plug design. It is also designed to reduce the mechanical wear on the device; instead
the easier-to-replace cable is designed to bear the mechanical wear of connection and disconnection. The Universal
Serial Bus Micro-USB Cables and Connectors Specification details the mechanical characteristics of
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USB Mini A (left) and USB Mini B (right) plugs

Micro-A plugs, Micro-AB receptacles (which accept both Micro-A and
Micro-B plugs), and Micro-B plugs and receptacles, along with a
Standard-A receptacle to Micro-A plug adapter.

The cellular phone carrier group, Open Mobile Terminal Platform
(OMTP) in 2007 endorsed Micro-USB as the standard connector for
data and power on mobile devices In addition, on 22 October 2009 the
International Telecommunication Union (ITU) has also announced that
it had embraced micro-USB as the Universal Charging Solution its
"energy-efficient one-charger-fits-all new mobile phone solution", and
added: "Based on the Micro-USB interface, UCS chargers also include
a 4-star or higher efficiency rating— up to three times more energy-efficient than an unrated charger."

The European Standardisation Bodies CEN, CENELEC and ETSI (independent of the OMTP/GSMA proposal)
defined a common External Power Supply (EPS) for use with smartphones sold in the EU based on micro-USB. 14
of the world's largest mobile phone manufacturers signed the EU's common EPS Memorandum of Understanding
(MoU). Apple Inc., one of the original MoU signers, makes micro-USB adapters available – as permitted in the
Common EPS MoU – for its iPhones equipped with Apple's proprietary 30 pin dock connector or (later) "Lightning"
connector.

USB On-The-Go connectors

Main article: USB On-The-Go
All current USB On-The-Go (OTG) devices are required to have one, and only one, USB connector – a Micro-AB
receptacle. Non-OTG compliant devices are not allowed to use the micro-AB receptacle, due to power supply
shorting hazards on the VBUS line. The micro-AB receptacle is capable of accepting both Micro-A and Micro-B
plugs, attached to any of the legal cables and adapters as defined in revision 1.01 of the Micro-USB specification.
Prior to the development of Micro-USB, USB On-The-Go devices were required to use Mini-AB receptacles to
perform the equivalent job.
The OTG device with the A-plug inserted is called the A-device and is responsible for powering the USB interface
when required and by default assumes the role of host. The OTG device with the B-plug inserted is called the
B-device and by default assumes the role of peripheral. An OTG device with no plug inserted defaults to acting as a
B-device. If an application on the B-device requires the role of host, then the Host Negotiation Protocol (HNP) is
used to temporarily transfer the host role to the B-device.
OTG devices attached either to a peripheral-only B-device or a standard/embedded host have their role fixed by the
cable, since in these scenarios it is only possible to attach the cable one way.Wikipedia:Citation needed

Host and Device interface receptacles

Connectors (receptacles and plugs) mating matrix is displayed below, with the following notes:
• All pin numbers, as depicted below, are individually numbered for each connector. In other words, the same pin

numbers can have differently assigned functions (VCC, D+, D−, GND or ID) between different connectors. For
example, pin numbered below as "4" on the Mini-B receptacle is used for On-The-Go host/client identification,
while pin numbered below as "4" on the Type-A plug is connected to GND.

•• Type-A and Type-B receptacles are depicted below as viewed from their back sides (opposite from their mating
surfaces), causing the pin numbers to be switched around (mirrored) when compared to the usual "top view"
numbering scheme. Here, "top view" refers to viewing the connector from its mating surface.
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Receptacle
(images not to scale)

Plug (images not to scale)

Mini-A

Yes No No No No No

No Yes No No No No

Mini-A No No Deprecated No No No

Mini-AB No No Deprecated Deprecated No No

No No No Yes No No

No No No No Yes Yes

No No No No No Yes

Cable plugs (USB 1.x/2.0)

USB cables exist with various combinations of plugs on each end of the cable, as displayed below. Notes listed in
the section above apply here as well.

Plug
(images not to scale)

Plug (images not to scale)

Mini-A

Non-standard Yes Non-standard Yes Non-standard Yes

Yes No Deprecated No Non-standard No

Mini-A Non-standard Deprecated No Deprecated No Non-standard

Yes No Deprecated No Non-standard No

Non-standard Non-standard No Non-standard No Yes

Yes No Non-standard No Yes No

Non-standard
Existing for specific proprietary purposes, and in most cases not inter-operable with USB-IF compliant equipment.
However, there do exist compliant A-to-A cables with a circuit in the middle that behaves as a pair of devices, such
as the Easy Transfer Cable.
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In addition to the above cable assemblies comprising two plugs, an "adapter" cable with a Micro-A plug and a
Standard-A receptacle is compliant with USB specifications. Other combinations of connectors are not compliant.
Deprecated
Some older devices and cables with Mini-A connectors have been certified by USB-IF. The Mini-A connector is
obsolete: no new Mini-A connectors and neither Mini-A nor Mini-AB receptacles will be certified.

Cable plugs (USB 3.0)

USB 3.0 Micro-B plug

See also: USB 3.0 Connectors
USB 3.0 introduced a new Micro-B cable plug, see photo on the right.
It consists of a standard USB 1.x/2.0 Micro-B cable plug, with
additional 5-pin plug "stacked" on side of it. That way, USB 3.0
Micro-A host connector preserved its backwards compatibility with the
USB 1.x/2.0 Micro-B cable plugs.

Pinouts

See also: USB 3.0 Pinouts
USB is a serial bus, using four shielded wires for the USB 2.0 variant:
two for power (VBUS and GND), and two for differential data signals
(labelled as D+ and D- in pinouts). Non-Return-to-Zero Inverted
(NRZI) encoding scheme is used for transferring data, with a sync field to synchronise the host and receiver clocks.
D+ and D- signals are transmitted on a twisted pair, providing half-duplex data transfers for USB 2.0.

There are additional wires present in the USB 3.0 variant, consisting of two twisted pairs and providing various
improvements, including full-duplex data transfers at increased speed.

Standard, Mini, and Micro USB plugs (not to
scale). The white areas in these drawings

represent hollow spaces. As the plugs are shown
here, the USB logo (with optional letter A or B)

is on the top of the overmold in all cases. Pin
numbering looking into receptacles is mirrored
from plugs, such that pin 1 on plug connects to

pin 1 on the receptacle.

Micro-B USB 3.0 plugPower (VBUS)USB 2.0
differential signalingdifferential pair (D−)USB

2.0 differential pair (D+)USB OTG ID for
identifying linesGNDUSB 3.0 signal

transmission line (−)USB 3.0 signal transmission
line (+)GNDUSB 3.0 signal receiving line

(−)USB 3.0 signal receiving line (+)
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USB 1.x/2.0 standard pinout

Pin Name Cable color Description

1 VBUS Red (or Orange) +5 V

2 D− White (or Gold) Data −

3 D+ Green Data +

4 GND Black (or Blue) Ground

USB 1.x/2.0 Mini/Micro pinout

Pin Name Cable color Description

1 VBUS Red +5 V

2 D− White Data −

3 D+ Green Data +

4 ID

N/A

Permits distinction of a host connection from device
connection:
• host: connected to the signal ground
• device: not connected

5 GND Black Signal ground

Proprietary connectors and formats

Manufacturers of personal electronic devices might not include a USB standard connector on their product for
technical or marketing reasons. Some manufacturers provide proprietary cables that permit their devices to
physically connect to a USB standard port. Full functionality of proprietary ports and cables with USB standard ports
is not assured; for example, some devices only use the USB connection for battery charging and do not implement
any data transfer functions.

HTC ExtMicro USB port and
connector

Nokia Pop-Port connector
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Colors

Color Description

Black or white USB 1.x or USB 2.0

Blue USB 3.0

Yellow or red
(ports only)

High current and/or sleep-and-charge

USB ports and connectors are often color-coded to distinguish their different functions and USB versions. These
colors are not part of the USB specification and can vary between manufacturers;Wikipedia:Citation needed for
example, USB 3.0 specification mandates appropriate color-coding while it only recommends blue inserts for
Standard-A USB 3.0 connectors and plugs.

Cabling

A USB twisted pair, where the "Data +" and
"Data −" conductors are twisted together in a

double helix. The wires are enclosed in a further
layer of shielding.

The data cables for USB 1.x and USB 2.x use a twisted pair to reduce
noise and crosstalk. USB 3.0 cables contain twice as many wires as
USB 2.x to support SuperSpeed data transmission, and are thus larger
in diameter.

The USB 1.1 Standard specifies that a standard cable can have a
maximum length of 5 meters with devices operating at Full Speed
(12 Mbit/s), and a maximum length of 3 meters with devices operating at Low Speed (1.5 Mbit/s).
USB 2.0 provides for a maximum cable length of 5 meters for devices running at Hi Speed (480 Mbit/s). The
primary reason for this limit is the maximum allowed round-trip delay of about 1.5 μs. If USB host commands are
unanswered by the USB device within the allowed time, the host considers the command lost. When adding USB
device response time, delays from the maximum number of hubs added to the delays from connecting cables, the
maximum acceptable delay per cable amounts to 26 ns. The USB 2.0 specification requires that cable delay be less
than 5.2 ns per meter (192 000 km/s, which is close to the maximum achievable transmission speed for standard
copper wire).
The USB 3.0 standard does not directly specify a maximum cable length, requiring only that all cables meet an
electrical specification: for copper cabling with AWG 26 wires the maximum practical length is 3 meters (9.8 ft).

Power

USB Power standards

Specification Current Voltage Power

USB 1.0
USB 2.0

150 mA 5 V 0.75 W

500 mA[a] 5 V 2.5 W

USB 3.0 900 mA[b] 5 V 4.5 W

USB 3.1 2 A 5 V 10 W

5 A 12 V 60 W

5 A 20 V 100 W

USB Battery Charging 0.5–1.5 A 5 V 2.5–7.5 W
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USB Power Delivery 2 A 5 V 10 W

3 A 12 V 36 W

3 A 20 V 60 W

5 A 20 V 100 W

a.a. Up to five unit loads; in USB 2.0, unit load is 100 mA.
b.b. Up to six unit loads; in USB 3.0, unit load is 150 mA.

Y-shaped USB 3.0 cable; with such a cable, a
device can draw power from two USB ports

simultaneously

The USB 1.x and 2.0 specifications provide a 5 V supply on a single
wire to power connected USB devices. The specification provides for
no more than 5.25 V and no less than 4.75 V (5 V ± 5%) between the
positive and negative bus power lines (VBUS voltage). For USB 3.0,
the voltage supplied by low-powered hub ports is 4.45–5.25 V.

A unit load is defined as 100 mA in USB 2.0, and 150 mA in USB 3.0.
A device may draw a maximum of five unit loads (500 mA) from a
port in USB 2.0, or six unit loads (900 mA) in USB 3.0. There are two
types of device: low-power and high-power. A low-power device (such
as a USB HID) draws at most one-unit load, with minimum operating
voltage of 4.4 V in USB 2.0, and 4 V in USB 3.0. A high-power device
draws, at most, the maximum number of unit loads the standard
permits. Every device functions initially as low-power (including high-power functions during their low-power
enumeration phases), but may request high-power, and get it if available on the providing bus.

Some devices, such as high-speed external disk drives, require more than 500 mA of current and therefore may have
power issues if powered from just one USB 2.0 port: erratic function, failure to function, or overloading/damaging
the port. Such devices may come with an external power source or a Y-shaped cable that has two USB connectors
(one for power and data, the other for power only) to plug into a computer. With such a cable, a device can draw
power from two USB ports simultaneously. However, USB compliance specification states that "use of a 'Y' cable (a
cable with two A-plugs) is prohibited on any USB peripheral", meaning that "if a USB peripheral requires more
power than allowed by the USB specification to which it is designed, then it must be self-powered."
A bus-powered hub initializes itself at one-unit load and transitions to maximum unit loads after it completes hub
configuration. Any device connected to the hub draws one-unit load regardless of the current draw of devices
connected to other ports of the hub (i.e., one device connected on a four-port hub draws only one-unit load despite
the fact that more unit loads are being supplied to the hub).Wikipedia:Citing sources#What information to include
A self-powered hub supplies maximum supported unit loads to any device connected to it. In addition, the VBUS
presents one-unit load upstream for communication if parts of the Hub are powered down.Wikipedia:Please
clarifyWikipedia:Citing sources#What information to include
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Charging ports

Small gadget providing voltage and current
readouts for devices charged over USB.

The USB Battery Charging Specification Revision 1.1 (released in
2007) defines a new type of USB port, called the charging port.
Contrary to the standard downstream port, for which current draw by a
connected portable device can exceed 100 mA only after digital
negotiation with the host or hub, a charging port can supply currents
between 500 mA and 1.5 A without the digital negotiation. A charging
port supplies up to 500 mA at 5 V, up to the rated current at 3.6 V or
more, and drop its output voltage if the portable device attempts to
draw more than the rated current. The charger port may shut down if
the load is too high.

Two types of charging port exist: the charging downstream port
(CDP), supporting data transfers as well, and the dedicated charging port (DCP), without data support. A portable
device can recognize the type of USB port; on a dedicated charging port, the D+ and D− pins are shorted with a
resistance not exceeding 200 ohms, while charging downstream ports provide additional detection logic so their
presence can be determined by attached devices.

With charging downstream ports, current passing through the thin ground wire may interfere with high-speed data
signals; therefore, current draw may not exceed 900 mA during high-speed data transfer. A dedicated charge port
may have a rated current between 500 and 1,500 mA. For all charging ports, there is maximum current of 5 A, as
long as the connector can handle the current (standard USB 2.0 A-connectors are rated at 1.5 A).
Before the battery charging specification was defined, there was no standardized way for the portable device to
inquire how much current was available. For example, Apple's iPod and iPhone chargers indicate the available
current by voltages on the D− and D+ lines. When D+ = D− = 2.0 V, the device may pull up to 500 mA. When D+ =
2.0 V and D− = 2.8 V, the device may pull up to 1 A of current. When D+ = 2.8 V and D− = 2.0 V, the device may
pull up to 2 A of current.
Dedicated charging ports can be found on USB power adapters that convert utility power or another power source
(e.g., a car's electrical system) to run attached devices and battery packs. On a host (such as a laptop computer) with
both standard and charging USB ports, the charging ports should be labeled as such.
To support simultaneous charge and data communication, even if the communication port does not support charging
a demanding device, so-called accessory charging adapters (ACA) are introduced. By using an accessory charging
adapter, a device providing a single USB port can be attached to both a charger, and another USB device at the same
time.
The USB Battery Charging Specification Revision 1.2 (released in 2010) makes clear that there are safety limits to
the rated current at 5 A coming from USB 2.0. On the other hand, several changes are made and limits are increasing
including allowing 1.5 A on charging downstream ports for unconfigured devices, allowing high speed
communication while having a current up to 1.5 A, and allowing a maximum current of 5 A. Also, revision 1.2
removes support for USB ports type detection via resistive detection mechanisms.
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Sleep-and-charge ports

A yellow USB port denoting sleep-and-charge

Sleep-and-charge USB ports can be used to charge electronic devices
even when the computer is switched off. Normally, when a computer is
powered off, the USB ports are powered down. This prevents phones
and other devices from being able to charge unless the computer is
powered on. Sleep-and-charge USB ports remain powered even when
the computer is off. On laptops, charging devices from the USB port
when it is not being powered from AC drains the laptop battery faster; most laptops have a facility to stop charging if
their own battery charge level gets too low. Desktop machines need to remain plugged into AC power for
Sleep-and-charge to work.
These ports are found colored differently (mostly red or yellow). On Dell laptops, the port is marked with the
standard USB symbol with an added lightning bolt icon on the right side. Dell calls this feature "PowerShare."
On Acer Inc. and Packard Bell laptops, sleep-and-charge USB ports are marked with a non-standard symbol (the
letters "USB" over a drawing of a battery); the feature is simply called "Power-off USB".

Mobile device charger standards

In China

The Micro-USB interface is commonly found on
chargers for mobile phones

As of 14 June 2007[3], all new mobile phones applying for a license in
China are required to use a USB port as a power port for battery
charging.[10] This was the first standard to use the convention of
shorting D+ and D-.

OMTP/GSMA Universal Charging Solution

In September 2007, the Open Mobile Terminal Platform group (a
forum of mobile network operators and manufacturers such as Nokia,
Samsung, Motorola, Sony Ericsson and LG) announced that its
members had agreed on micro-USB as the future common connector
for mobile devices.

The GSM Association (GSMA) followed suit on 17 February 2009,
and on 22 April 2009, this was further endorsed by the CTIA – The Wireless Association, with the International
Telecommunication Union (ITU) announcing on 22 October 2009 that it had also embraced the Universal Charging
Solution as its "energy-efficient one-charger-fits-all new mobile phone solution", and added: "Based on the
Micro-USB interface, UCS chargers will also include a 4-star or higher efficiency rating—up to three times more
energy-efficient than an unrated charger."

EU Smartphone Power Supply Standard

Main article: Common External Power Supply
In June 2009, many of the world's largest mobile phone manufacturers signed an EC-sponsored Memorandum of
Understanding (MoU), agreeing to make most data-enabled mobile phones marketed in the European Union
compatible with a common External Power Supply (EPS). The EU's common EPS specification (EN 62684:2010)
references the USB Battery Charging standard and is similar to the GSMA/OMTP and Chinese charging solutions.
In January 2011, the International Electrotechnical Commission (IEC) released its version of the (EU's) common
EPS standard as IEC 62684:2011.
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Non-standard devices

USB-powered mini fans

USB vacuum cleaner novelty device

Some USB devices require more power than is permitted by the
specifications for a single port. This is common for external hard and
optical disc drives, and generally for devices with motors or lamps.
Such devices can use an external power supply, which is allowed by
the standard, or use a dual-input USB cable, one input of which is used
for power and data transfer, the other solely for power, which makes
the device a non-standard USB device. Some USB ports and external
hubs can, in practice, supply more power to USB devices than required
by the specification but a standard-compliant device may not depend
on this.

In addition to limiting the total average power used by the device, the
USB specification limits the inrush current (i.e., that used to charge
decoupling and filter capacitors) when the device is first connected.
Otherwise, connecting a device could cause problems with the host's
internal power. USB devices are also required to automatically enter
ultra low-power suspend mode when the USB host is suspended.
Nevertheless, many USB host interfaces do not cut off the power
supply to USB devices when they are suspended.Wikipedia:Citation
needed

Some non-standard USB devices use the 5 V power supply without
participating in a proper USB network, which negotiates power draw
with the host interface. These are usually called USB decorations.Wikipedia:Citation needed Examples include
USB-powered keyboard lights, fans, mug coolers and heaters, battery chargers, miniature vacuum cleaners, and even
miniature lava lamps. In most cases, these items contain no digital circuitry, and thus are not standard compliant
USB devices. This may cause problems with some computers, such as drawing too much current and damaging
circuitry. Prior to the Battery Charging Specification, the USB specification required that devices connect in a
low-power mode (100 mA maximum) and communicate their current requirements to the host, which then permits
the device to switch into high-power mode.

Some devices, when plugged into charging ports, draw even more power (10 watts or 2.1 Amps) than the Battery
Charging Specification allows. The iPad and MiFi 2200 are two such devices. Barnes & Noble NOOK Color devices
also require a special charger that runs at 1.9 Amps.

USB Power Delivery
In July 2012 the USB Promoters Group announced the finalization of the USB Power Delivery ("PD") specification,
an extension that specifies using certified "PD aware" USB cables with standard USB type A/B connectors to deliver
up to 100 W of power at 20 V. For PD-aware cables with USB-micro B/AB connectors the maximum power
supported is up to 60 W at 20 V, 36 W at 12 V and 10 W at 5 V. In all cases, either host-to-device or device-to-host
configurations are supported.
The intent is to permit uniformly charging laptops, tablets, USB-powered disks and similarly higher power consumer
electronics, as a natural extension of existing European and Chinese mobile telephone charging standards. This may
also affect the way electric power used for small devices is transmitted and used in both residential and public
buildings.
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PoweredUSB
Main article: PoweredUSB
PoweredUSB is a proprietary extension that adds four additional pins supplying up to 6 A at either 5 V, 12 V, or
24 V. It is commonly used in point of sale systems to power peripherals such as barcode readers, credit card
terminals, and printers.

Signaling
USB allows the following signaling rates (the terms speed and bandwidth are used interchangeably, while "high-" is
alternatively written as "hi-"):
• A low-speed (USB 1.0) rate of 1.5 Mbit/s is defined by USB 1.0. It is very similar to full-bandwidth operation

except each bit takes 8 times as long to transmit. It is intended primarily to save cost in low-bandwidth human
interface devices (HID) such as keyboards, mice, and joysticks.

• The full-speed (USB 1.1) rate of 12 Mbit/s is the basic USB data rate defined by USB 1.0. All USB hubs can
operate at this speed.

• A high-speed (USB 2.0) rate of 480 Mbit/s was introduced in 2001. All hi-speed devices are capable of falling
back to full-bandwidth operation if necessary; i.e., they are backward compatible with USB 1.1. Connectors are
identical for USB 2.0 and USB 1.x.

• A SuperSpeed (USB 3.0) rate of 5.0 Gbit/s. The written USB 3.0 specification was released by Intel and its
partners in August 2008. The first USB 3.0 controller chips were sampled by NEC in May 2009, and the first
products using the USB 3.0 specification arrived in January 2010. USB 3.0 connectors are generally backwards
compatible, but include new wiring and full duplex operation.

USB signals are transmitted on a twisted-pair data cable with 90Ω ±15% characteristic impedance, labeled D+ and
D−. Prior to USB 3.0, these collectively use half-duplex differential signaling to reduce the effects of
electromagnetic noise on longer lines. Transmitted signal levels are 0.0 to 0.3 volts for low and 2.8 to 3.6 volts for
high in full-bandwidth and low-bandwidth modes, and −10 to 10 mV for low and 360 to 440 mV for high in
hi-bandwidth mode. In FS mode, the cable wires are not terminated, but the HS mode has termination of 45 Ω to
ground, or 90 Ω differential to match the data cable impedance, reducing interference due to signal reflections. USB
3.0 introduces two additional pairs of shielded twisted wire and new, mostly interoperable contacts in USB 3.0
cables, for them. They permit the higher data rate, and full duplex operation.
A USB connection is always between a host or hub at the "A" connector end, and a device or hub's "upstream" port
at the other end. Originally, this was a "B" connector, preventing erroneous loop connections, but additional
upstream connectors were specified, and some cable vendors designed and sold cables that permitted erroneous
connections (and potential damage to circuitry). USB interconnections are not as fool-proof or as simple as originally
intended.
The host includes 15 kΩ pull-down resistors on each data line. When no device is connected, this pulls both data
lines low into the so-called "single-ended zero" state (SE0 in the USB documentation), and indicates a reset or
disconnected connection.
A USB device pulls one of the data lines high with a 1.5 kΩ resistor. This overpowers one of the pull-down resistors
in the host and leaves the data lines in an idle state called "J". For USB 1.x, the choice of data line indicates of what
signal rates the device is capable; full-bandwidth devices pull D+ high, while low-bandwidth devices pull D− high.
The "k" state is just the opposite polarity to the "j" state.
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Example of a Negative Acknowledge packet
transmitted by USB 1.1 Full-speed device when
there is no more data to read. It consists of the

following fields: clock synchronization byte, type
of packet and end of packet. Data packets would

have more information between the type of
packet and end of packet.

USB data is transmitted by toggling the data lines between the J state and the opposite K state. USB encodes data
using the NRZI line coding; a 0 bit is transmitted by toggling the data lines from J to K or vice-versa, while a 1 bit is
transmitted by leaving the data lines as-is. To ensure a minimum density of signal transitions remains in the
bitstream, USB uses bit stuffing; an extra 0 bit is inserted into the data stream after any appearance of six
consecutive 1 bits. Seven consecutive received 1 bits is always an error. USB 3.0 has introduced additional data
transmission encodings.
A USB packet begins with an 8-bit synchronization sequence '00000001'. That is, after the initial idle state J, the data
lines toggle KJKJKJKK. The final 1 bit (repeated K state) marks the end of the sync pattern and the beginning of the
USB frame. For high bandwidth USB, the packet begins with a 32-bit synchronization sequence.
A USB packet's end, called EOP (end-of-packet), is indicated by the transmitter driving 2 bit times of SE0 (D+ and
D− both below max) and 1 bit time of J state. After this, the transmitter ceases to drive the D+/D− lines and the
aforementioned pull up resistors hold it in the J (idle) state. Sometimes skew due to hubs can add as much as one bit
time before the SE0 of the end of packet. This extra bit can also result in a "bit stuff violation" if the six bits before it
in the CRC are '1's. This bit should be ignored by receiver.
A USB bus is reset using a prolonged (10 to 20 milliseconds) SE0 signal.
USB 2.0 devices use a special protocol during reset, called "chirping", to negotiate the high bandwidth mode with
the host/hub. A device that is HS capable first connects as an FS device (D+ pulled high), but upon receiving a USB
RESET (both D+ and D− driven LOW by host for 10 to 20 ms) it pulls the D− line high, known as chirp K. This
indicates to the host that the device is high bandwidth. If the host/hub is also HS capable, it chirps (returns
alternating J and K states on D− and D+ lines) letting the device know that the hub operates at high bandwidth. The
device has to receive at least three sets of KJ chirps before it changes to high bandwidth terminations and begins
high bandwidth signaling. Because USB 3.0 uses wiring separate and additional to that used by USB 2.0 and USB
1.x, such bandwidth negotiation is not required.
Clock tolerance is 480.00 Mbit/s ±500 ppm, 12.000 Mbit/s ±2500 ppm, 1.50 Mbit/s ±15000 ppm.
Though high bandwidth devices are commonly referred to as "USB 2.0" and advertised as "up to 480 Mbit/s", not all
USB 2.0 devices are high bandwidth. The USB-IF certifies devices and provides licenses to use special marketing
logos for either "basic bandwidth" (low and full) or high bandwidth after passing a compliance test and paying a
licensing fee. All devices are tested according to the latest specification, so recently compliant low bandwidth
devices are also 2.0 devices.
USB 3 uses tinned copper stranded AWG-28 cables with 90±7 Ω impedance for its high-speed differential pairs and
linear feedback shift register and 8b/10b encoding sent with a voltage of 1 V nominal with a 100 mV receiver
threshold; the receiver uses equalization.[11] SSC clock and 300 ppm precision is used. Packet headers are protected
with CRC-16, while data payload is protected with CRC-32.[12] Power up to 3.6 W may be used. One unit load in
superspeed mode is equal to 150 mA.
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Transmission rates
The theoretical maximum data rate in USB 2.0 is 480 Mbit/s (60 MB/s) per controller and is shared amongst all
attached devices. Some chipset manufacturers overcome this bottleneck by providing multiple USB 2.0 controllers
within the southbridge.
Typical hi-speed USB hard drives can be written to at rates around 25–30 MB/s, and read from at rates of
30–42 MB/s, according to routine testing done by CNet. This is 70% of the total bandwidth available. Mask Tests,
also known as Eye Diagram Tests, are used to determine the quality of a signal in the time domain. They are defined
in the referenced document as part of the electrical test description for the high-speed (HS) mode at 480 Mbit/s.
According to a USB-IF chairman, "at least 10 to 15 percent of the stated peak 60 MB/s (480 Mbit/s) of Hi-Speed
USB goes to overhead—the communication protocol between the card and the peripheral. Overhead is a component
of all connectivity standards". Tables illustrating the transfer limits are shown in Chapter 5 of the USB spec.
For isochronous devices like audio streams, the bandwidth is constant, and reserved exclusively for a given device.
The bus bandwidth therefore only has an effect on the number of channels that can be sent at a time, not the "speed"
or latency of the transmission.

Latency
For USB1 low-speed (1.5 Mbit/s) and full-speed (12 Mbit/s) devices the shortest time for a transaction in one
direction is 1 ms. USB2 high-speed (480 Mbit/s) uses transactions within each micro frame (125 µs) where using
1-byte interrupt packet results in a minimal response time of 940 ns. 4-byte interrupt packet results in 984 ns.

Communication
During USB communication data is transmitted as packets. Initially, all packets are sent from the host, via the root
hub and possibly more hubs, to devices. Some of those packets direct a device to send some packets in reply.
After the sync field, all packets are made of 8-bit bytes, transmitted least-significant bit first. The first byte is a
packet identifier (PID) byte. The PID is actually 4 bits; the byte consists of the 4-bit PID followed by its bitwise
complement. This redundancy helps detect errors. (Note also that a PID byte contains at most four consecutive 1 bits,
and thus never needs bit-stuffing, even when combined with the final 1 bit in the sync byte. However, trailing 1 bits
in the PID may require bit-stuffing within the first few bits of the payload.)

USB PID bytes

Type PID value
(msb-first)

Transmitted
byte

(lsb-first)

Name Description

Reserved 0000 0000 1111

Token 1000 0001 1110 SPLIT High-bandwidth (USB 2.0) split transaction

0100 0010 1101 PING Check if endpoint can accept data (USB 2.0)

Special 1100 0011 1100 PRE Low-bandwidth USB preamble

Handshake ERR Split transaction error (USB 2.0)

0010 0100 1011 ACK Data packet accepted

1010 0101 1010 NAK Data packet not accepted; please retransmit

0110 0110 1001 NYET Data not ready yet (USB 2.0)

1110 0111 1000 STALL Transfer impossible; do error recovery
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Token 0001 1000 0111 OUT Address for host-to-device transfer

1001 1001 0110 IN Address for device-to-host transfer

0101 1010 0101 SOF Start of frame marker (sent each ms)

1101 1011 0100 SETUP Address for host-to-device control transfer

Data 0011 1100 0011 DATA0 Even-numbered data packet

1011 1101 0010 DATA1 Odd-numbered data packet

0111 1110 0001 DATA2 Data packet for high-bandwidth isochronous transfer (USB 2.0)

1111 1111 0000 MDATA Data packet for high-bandwidth isochronous transfer (USB 2.0)

Packets come in three basic types, each with a different format and CRC (cyclic redundancy check):

Handshake packets
Handshake packets consist of a PID byte, and are generally sent in response to data packets. The three basic types are
ACK, indicating that data was successfully received, NAK, indicating that the data cannot be received and should be
retried, and STALL, indicating that the device has an error condition and cannot transfer data until some corrective
action (such as device initialization) occurs.
USB 2.0 added two additional handshake packets: NYET and ERR. NYET indicates that a split transaction is not yet
complete. A NYET packet also tells the host that the receiver has accepted a data packet, but cannot accept any more
due to full buffers. The host then sends PING packets and continues with data packets once the device ACK's the
PING. The ERR handshake indicates that a split transaction failed.
The only handshake packet the USB host may generate is ACK. If it is not ready to receive data, it should not
instruct a device to send.

Token packets
Token packets consist of a PID byte followed by two payload bytes: 11 bits of address and a 5-bit CRC. Tokens are
only sent by the host, never a device.
IN and OUT tokens contain a 7-bit device number and 4-bit function number (for multifunction devices) and
command the device to transmit DATAx packets, or receive the following DATAx packets, respectively.
An IN token expects a response from a device. The response may be a NAK or STALL response, or a DATAx
frame. In the latter case, the host issues an ACK handshake if appropriate.
An OUT token is followed immediately by a DATAx frame. The device responds with ACK, NAK, NYET, or
STALL, as appropriate.
SETUP operates much like an OUT token, but is used for initial device setup. It is followed by an 8-byte DATA0
frame with a standardized format.
Every millisecond (12000 full-bandwidth bit times), the USB host transmits a special SOF (start of frame) token,
containing an 11-bit incrementing frame number in place of a device address. This is used to synchronize
isochronous and interrupt data transfers. High-bandwidth USB 2.0 devices receive 7 additional SOF tokens per
frame, each introducing a 125 µs "microframe" (60000 high-bandwidth bit times each).
USB 2.0 added a PING token, which asks a device if it is ready to receive an OUT/DATA packet pair. The device
responds with ACK, NAK, or STALL, as appropriate. This avoids the need to send the DATA packet if the device
knows that it will just respond with NAK.
USB 2.0 also added a larger 3-byte SPLIT token with a 7-bit hub number, 12 bits of control flags, and a 5-bit CRC. 
This is used to perform split transactions. Rather than tie up the high-bandwidth USB bus sending data to a slower 
USB device, the nearest high-bandwidth capable hub receives a SPLIT token followed by one or two USB packets at
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high bandwidth, performs the data transfer at full or low bandwidth, and provides the response at high bandwidth
when prompted by a second SPLIT token.

Data packets
A data packet consists of the PID followed by 0–1,023 bits of data payload (up to 1,024 in high bandwidth, at most 8
at low bandwidth), and a 16-bit CRC.
There are two basic forms of data packet, DATA0 and DATA1. A data packet must always be preceded by an address
token, and is usually followed by a handshake token from the receiver back to the transmitter. The two packet types
provide the 1-bit sequence number required by Stop-and-wait ARQ. If a USB host does not receive a response (such
as an ACK) for data it has transmitted, it does not know if the data was received or not; the data might have been lost
in transit, or it might have been received but the handshake response was lost.
To solve this problem, the device keeps track of the type of DATAx packet it last accepted. If it receives another
DATAx packet of the same type, it is acknowledged but ignored as a duplicate. Only a DATAx packet of the
opposite type is actually received.
If the data is corrupted while transmitted or received, the CRC check fails. When this happens, the receiver does not
generate an ACK, which makes the sender resend the packet.
When a device is reset with a SETUP packet, it expects an 8-byte DATA0 packet next.
USB 2.0 added DATA2 and MDATA packet types as well. They are used only by high-bandwidth devices doing
high-bandwidth isochronous transfers that must transfer more than 1024 bits per 125 µs microframe (8,192 kB/s).

PRE packet
Low-bandwidth devices are supported with a special PID value, PRE. This marks the beginning of a low-bandwidth
packet, and is used by hubs that normally do not send full-bandwidth packets to low-bandwidth devices. Since all
PID bytes include four 0 bits, they leave the bus in the full-bandwidth K state, which is the same as the
low-bandwidth J state. It is followed by a brief pause, during which hubs enable their low-bandwidth outputs,
already idling in the J state. Then a low-bandwidth packet follows, beginning with a sync sequence and PID byte,
and ending with a brief period of SE0. Full-bandwidth devices other than hubs can simply ignore the PRE packet and
its low-bandwidth contents, until the final SE0 indicates that a new packet follows.

Comparisons with other connection methods

A variety of USB cables for sale in Hong Kong

FireWire

At first, USB was considered a complement to IEEE 1394
(FireWire) technology, which was designed as a high-bandwidth
serial bus that efficiently interconnects peripherals such as disk
drives, audio interfaces, and video equipment. In the initial design,
USB operated at a far lower data rate and used less sophisticated
hardware. It was suitable for small peripherals such as keyboards
and pointing devices.

The most significant technical differences between FireWire and
USB include:

• USB networks use a tiered-starWikipedia:Please clarify topology, while IEEE 1394 networks use a tree topology.
•• USB 1.0, 1.1 and 2.0 use a "speak-when-spoken-to" protocol; peripherals cannot communicate with the host

unless the host specifically requests communication. USB 3.0 allows for device-initiated communications towards



USB 52

the host. A FireWire device can communicate with any other node at any time, subject to network conditions.
•• A USB network relies on a single host at the top of the tree to control the network. In a FireWire network, any

capable node can control the network.
• USB runs with a 5 V power line, while FireWire in current implementations supplies 12 V and theoretically can

supply up to 30 V.
•• Standard USB hub ports can provide from the typical 500 mA/2.5 W of current, only 100 mA from non-hub ports.

USB 3.0 and USB On-The-Go supply 1.8 A/9.0 W (for dedicated battery charging, 1.5 A/7.5 W Full bandwidth
or 900 mA/4.5 W High Bandwidth), while FireWire can in theory supply up to 60 watts of power, although 10 to
20 watts is more typical.

These and other differences reflect the differing design goals of the two buses: USB was designed for simplicity and
low cost, while FireWire was designed for high performance, particularly in time-sensitive applications such as
audio and video. Although similar in theoretical maximum transfer rate, FireWire 400 is faster than USB 2.0
Hi-Bandwidth in real-use, especially in high-bandwidth use such as external hard-drives. The newer FireWire 800
standard is twice as fast as FireWire 400 and faster than USB 2.0 Hi-Bandwidth both theoretically and practically.
The chipset and drivers used to implement USB and FireWire have a crucial impact on how much of the bandwidth
prescribed by the specification is achieved in the real world, along with compatibility with peripherals.

Ethernet
The IEEE 802.3af Power over Ethernet (PoE) standard specifies a more elaborate power negotiation scheme than
powered USB. It operates at 48 V DC and can supply more power (up to 12.95 W, PoE+ 25.5 W) over a cable up to
100 meters compared to USB 2.0, which provides 2.5 W with a maximum cable length of 5 meters. This has made
PoE popular for VoIP telephones, security cameras, wireless access points and other networked devices within
buildings. However, USB is cheaper than PoE provided that the distance is short, and power demand is low.
Ethernet standards require electrical isolation between the networked device (computer, phone, etc.) and the network
cable up to 1500 V AC or 2250 V DC for 60 seconds. USB has no such requirement as it was designed for
peripherals closely associated with a host computer, and in fact it connects the peripheral and host grounds. This
gives Ethernet a significant safety advantage over USB with peripherals such as cable and DSL modems connected
to external wiring that can assume hazardous voltages under certain fault conditions.

MIDI
Digital musical instruments are another example where USB is competitive in low-cost devices. However Power
over Ethernet and the MIDI plug standard have an advantage in high-end devices that may have long cables. USB
can cause ground loop problems between equipment, because it connects ground references on both transceivers. By
contrast, the MIDI plug standard and Ethernet have built-in isolation to 500V or more.

eSATA/eSATAp
The eSATA connector is a more robust SATA connector, intended for connection to external hard drives and SSDs.
eSATA's transfer rate (up to 6 Gbit/s) is similar to that of USB 3.0 (up to 5 Gbit/s on current devices; 10 Gbit/s
speeds via USB 3.1, announced on July 31, 2013). A device connected by eSATA appears as an ordinary SATA
device, giving both full performance and full compatibility associated with internal drives.
eSATA does not supply power to external devices. This is an increasing disadvantage compared to USB. Even 
though USB 3.0's 4.5 W is sometimes insufficient to power external hard drives, technology is advancing and 
external drives gradually need less power, diminishing the eSATA advantage. eSATAp (power over eSATA; aka 
ESATA/USB) is a connector introduced in 2009 that supplies power to attached devices using a new, 
backwards-compatible, connector. On a notebook eSATAp usually supplies only 5 V to power a 2.5-inch HDD/SSD; 
on a desktop workstation it can additionally supply 12 V to power larger devices including 3.5-inch HDD/SSD and
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5.25-inch optical drives.
eSATAp support can be added to a desktop machine in the form of a bracket connecting to motherboard SATA,
power, and USB resources.
eSATA, like USB, supports hot plugging, although this might be limited by OS drivers and device firmware.

Thunderbolt
Thunderbolt combines PCI Express and Mini DisplayPort into a new serial data interface. Current Thunderbolt
implementations have two channels, each with a transfer speed of 10 Gbit/s, resulting in an aggregate unidirectional
bandwidth of 20 Gbit/s.

Interoperability
Main article: USB adapter
Various protocol converters that convert USB data signals to and from other communications standards.

Related standards
The USB Implementers Forum is working on a wireless networking standard based on the USB protocol. Wireless
USB is intended as a cable-replacement technology, and uses ultra-wideband wireless technology for data rates of up
to 480 Mbit/s.
USB 2.0 High Speed Inter Chip (HSIC) is a chip-to-chip variant of USB 2.0 that eliminates the conventional analog
transceivers found in normal USB. It was adopted as a standard by the USB Implementers Forum in 2007. The HSIC
physical layer uses about 50% less power and 75% less board area compared to traditional USB 2.0. HSIC uses two
signals at 1.2 V and has a throughput of 480 Mbit/s using 240 MHz DDRWikipedia:Citation needed signaling.
Maximum PCB trace length for HSIC is 10 cm. It does not have low enough latency to support RAM memory
sharing between two chips.
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