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Seriallnterfaces

Serial interfaces are typically used to connect computer systems and low-speed external peripherals such as modems
and printers. Serial interfacesreduce the cost of i nterconnecting devices because the bitsin a byte are time-multiplexed

onto a single wire and connector.

After this lecture you should be able to describe the operation and format of data and handshaking signals on an

RS-232 interface.
RS-232 Interface

The most widely used peripheralinterface is the
“RS-232"serialinterface. Thisinterfaceis available
on mostgeneral-purposmicrocomputers.

DTE and DCE

The serialinterfacewasoriginally designedo con-
nect modems(Data Communication€Equipment-
DCE) to computerterminals(Data Terminal Equip-
ment- DTE). In its simplestform the interfacehas
two signal lines, TransmitData (TxD or TD) and

Receve Data(RxD or RD), anda groundreference.

The TxD signalis anoutputona DTE device andan
inputon a DCE device. Similarly, RxD is anoutput
onaDCEdevice andinputonaDTE device.

DTE DCE
TxD TxD
RxD RxD
("terminal) (modem)

Exercise: Is the “Transmit Data” (TxD) signal an input or an
output? How about “Receive Data” (RxD)? Is a computer a ‘mo-
dem’ or a ‘terminal’?

ThestandardrS-232connectois a25-pinD-style
connector(a “DB-25"). Pin2is TxD, pin 3 is RxD
and pin 7 is signalground. Two serialdevicesare
connectegin-to-pin (RxD is connectedo RxD and
TxD is connectedio TxD). This meansthat RxD
must be an input on one device and an output on
the otherdevice. Thusthe termsRxD and TxD do
not say whethera pin is aninput or outputbut are
insteadnamesfor pins on the connectar Typically
DTE connectorsaare male and DCE connectorsare
female.
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In additionto thetwo datalines,mostRS-232de-
vices implementadditional handshakingpins. Of
these,the mostuseful are called RTS (RequestTo
Send)andCTS (ClearTo Send). The CTSpin is a
DCE outputandis usedby the DCE to indicatethat
it canacceptataontheTxD line. TheRTSlineisan
outputona DTE andis usedto indicatethatthe DTE
wantsto send(RTS was originally usedto control
half-duplexc modems- thesearerarely seentoday).

Sincethesesignalsareusedto controltheflow of
datafrom the DTE (and optionally from the DCE)
thesepins are called [hardware] “flow control” sig-
nals.
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The secondsetof control signalsare DTR (Data
TerminalReady)andDSR (DataSetReady).These
signalsindicatethat the DTE and DCE devicesre-
spectvely are connectecand operational(typically,
simply thatthe power is turnedon). Somemodems
canuseDTR to forcearesetandDSR asareplace-
mentfor CD (seebelaw).

In the original RS-232specificatiortherewasno
provision for hardwareflow control of datafrom the
DCE to the DTE. However mary modemschange
thesemantic®f RTS sothatit is usedto flow control
datafrom the modemto theterminal (“bidirectional
RTS/CTSflow control”) .

Exercise: Which data line (TxD or RxD) would RTS flow con-
trol in this case?

A numberof otherhandshakingignalsare avail-
ablebut arelesswidely used. Carrier Detect(CD)



is assertedby modem-typeD CEswhena carriersig-
nalis presentThis signalis typically usedby system
softwareto indicatethe startandendof adial-upses-
sion. This signalis seldomused. The RS-232spec-
ification definesa numberof othersignals(e.g. a
secondangerialinterface)but they arealmostnever
used.

In addition to the standardDB-25 serial con-
nector there are a numberof smaller connectors
that are widely used. Theseconnectorsare physi-
cally smallerandcarry a subsebf the RS-232pins.
The mostcommonare the DB-9 connectorgopu-
laronIBM PC-AT clonestheroundDIN connectors
(popularon Apple computers)andthe inexpensie
telephone-styléRJ-11" (6-pin) and“RJ-45" (8-pin)
connectorgpopularon deviceswith mary serialin-
terfaces).

Adaptersare often usednot only to corvert be-
tweendifferentstylesof connectorsut alsoto con-
vertbetweermaleandfemaleconnectorga “gender
adapter"which allows two malesor two femalesto
be connectedogether)andto switch betweenDCE
andDTE pinouts(a “null modem”which allows two
DCEsor two DTEsto be connectedogether).

Interface Voltages

The serial interface voltagelevels are bipolar with

respecto ground. The tablebelov summarizeshe
relationshipbetweenvoltagelevel, logical meaning
on handshakindines and databit value (valueson

TxD andRxD lines).

Signal | Line For For

Level | State || Handshaking Data
negative | mark false 1
positve | space true 0

Thereceved signalmustbe greaterthan+3 volts
to be consideredoositive andlessthan -3 volts for
negative. Intermediatevaluesareconsiderednvalid.
This allows disconnecteginsto bedetected.

Note: The data lines (TxD and RxD) are asserted
when negative. The contral lines (eg. CTS) are as-
serted when positive.

Character Format

Datais transferredver the serialinterfaceonebit at
atime. A positive (zero)bit (the “start bit”) is sent
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to indicatethe startof the charactebeingsent. This
is followed by the bits in the characterfrom LS to
MS bit. After sendingthe 7 (for plain ASCII) or 8
(for arbitrarybytes)bits, anoptionalparity bit (even
or odd)canbesent,followedby aone“stop” bit.

Exercise: Draw the waveform used to send the ASCII char-
acter 'e’ (hex 65) at 9600 bps with no parity.

The startbit allows a recever to re-synchronize
itself at the start of eachcharacter This allows
for smallvariationsbetweertransmitterandrecever
timing.

Exercise: What happens if the receiver’s clock is running
faster than the transmitter clock?

The stop bit guaranteeshattherewill be a tran-
sition at the startof eachcharacter It also allows
arecever to re-synchroniz¢o a characteboundary
in the middle of a continuousdatastream.If there-
ceiverdoesnotseea’one’ stopbit (calleda“framing
error”) it knows it is unsynchronize@ndtreatsthat
bit asa startbit. Eventuallythe recever will syn-
chronizeto anactualstartbit.

Exercise: What would happen if the receiver was expecting 8-
bit characters and the transmitter was sending 7-bit characters?
What about the reverse case?

Therearea numberof standardit rates typically
powersof two times1200bps(1200,2400,4800bps
etc). The RS-232standardspecifiesmaximumbit
rates,distancesetc but theseare usuallyignoredin
practicalapplications.For shortdistancest’s possi-
bleto sendin excessof 100kbps.

The RS-422serial interface specificationusesa
similar signalingschemebut usedifferentialsignals
(oppositevoltageson two signal lines) to increase
immunity to noiseandincreasamaximumtransmis-
siondistance Dataratesupto 1 Mbpsarecommon.

Serial Interface Chips (UARTYS)

Exceptat the lowest speedst is not possiblefor a
microcomputeto generateheserialbit streamusing
software.A peripherathip calleda UniversalAsyn-
chronousRecever Transmitter(UART) is usedto



do the conversionfrom bytesto serialbits andvice-

versa.UARTs designecasmicrocomputeperipher

als have control registersthat are usedto configure
the chip for variousbaudrates,word lengths,num-
ber of stop bits, FIFO sizes,and interrupt options.
UARTs alsohave statusregistersthatcanbe usedto

indicatewhetheracharactehasbeernrecevedor not,

whetherthe previous transmittedcharacteihasbeen
sent,andary errorconditions.

Sincethe CPU may not be ableto retrieve a re-
ceived charactermssoonasit is read,mostUARTS
have FIFO (first in first out) buffers to storeoneor
morereceved charactersvhile othercharacterare
beingreceved.

Speciakhipsareusedo corvertthelogic voltages
usedby theUARTsto/fromtheRS-232signallevels.

Thereare also chips (USARTS) that performthe
samefunctionsas UARTSs but canalso handlesyn-
chronouddatastreamsncludingthe HDLC framing,
bit stuffing anderrorchecking.

Synchronous I nter faces

Oneproblemwith asynchronousterfacesis the 2-
bit penaltyimposedby the startand stop bits. In
a synchronousnterface the data sourcesuppliesa
clock signaloutputalongwith the data. Thetiming
accurag requirementgor synchronousievices are
muchstricter

Synchronouserialinterfacesareoftenembedded
in links betweenperipheraldevices ratherthan be-
tweenthe computerandan externaldevice. For ex-
ampleall modernmodemsusesynchronousignal-
ing betweerthemseles.

A problem with synchronousinterfacesis that
somemeansmust be provided to find the start of
the desireddatawithin a continuouit stream.The
HDLC (High-level DataLink Control) protocol,of-
tenusedover synchronousit streamchannelsyses
a procedurecalled bit stufing. HDLC uses“flag”
sequencesf a zero, 6 consecutie '1’ bits andan-
otherzeroat the startand end of eachframeto di-
vide the datastreaminto frames.In orderto prevent
sequencesf 6’1’ bits in the datafrom being mis-
interpretedasterminatinga frame, a zerobit is in-
sertedmmediatelyafterinto ary datasequencef 5
"1’ bits. At therecever a’0’ receved after5 '1’s
is removed. TheHDLC frameincludesone-bytead-

dressandcontrolfieldsatthestartof theframeanda
16-bitcheck-sum(a CRC,actually)attheend.

Exercise: What is the probability of finding 6 consecutive "1’

bits in a random data stream?

Serial Peripheral Interfaces

Anothertype of serialinterface is usedto connect
peripherakhipssuchasA/D corverters,serialEEP-
ROMs, FPGAsor othermicroprocessorg a micro-
processor The purposeof theseserial interfacesis
to reducethe pin count. Theseinterfacesare often
foundon microcontrollersandDSPmicroprocessors
andinclude both a dataline anda clock line. The
clock can be driven by the processof(the CPU is
calledthe“master”) or by the sourceof the data(the
CPUis the“slave”).

Exercise: What type of sequential logic device(s) would be

used to implement this type of serial interface?



