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The SystemBus

This lecture describes system buses. These are buses used to interface the CPU with memory and peripherals on
separate PC cards. The |SA and PCI buses are used as examples.

| ntroduction

characteristics.
We will look briefly at two examplesof system

To increasetheir flexibility, most general-purposepuses. The ISA (Industrial StandardArchitecture)

microcomputerdnclude a systembus that allows
printedcircuit boards(PCBs)containingmemoryor
I/O devicesto beconnectedo the CPU.This allows
microcomputesystemgo be customizedor differ-
entapplications.The useof a standardous alsoal-
lows manuéacturersto produceperipheralghat will
work properly with other manufcturers’computer
systems.

The systembus consistsof a numberof parallel
conductorson a backplaneor motherboard. There
are a numberof connectorsor “slots” into which
otherPCBscontainingmemoryand|l/O devicescan
be pluggedin.

In mostcaseghe systembusis very similar to the
processobus. In fact,thesimplestsystenmbusessim-
ply consist®f aconnectothatallows accesso all of
thepinsonthe CPUchip. Liketheprocessobus,the
thesystenmbuscanbesubdvidedinto anaddressus,
databus, controlbus andpower supplyconnectors.

Somemicrocomputedesignsplacethe CPU and
some auxiliary circuits on a PCB (the “mother
board”) alongwith systembus connectors.Exam-
plesof this approachincludemostpopulariBM PC-
compatiblesystems. Other designsuse a simpler
passie “backplane”type of bus andplacethe CPU
on its own PCB. This approachis usedby most

VME-basedmicrocomputers. The latter approach

hasthe advantagehatthe CPUcardcanbereplaced
if required. Becauseahe bandwidthrequiredfor the
RAM interface is much higher than that for most
otherperipheralsmostmodernsystemsaiseasystem
busonly for I/O devicesandeitherusea proprietary
interfacefor RAM or simply placeall of the RAM

memoryonthesamePCBasthe CPU.

A bus can be describedby its mechanicaksize,
typesof connectorsgetc), electrical (voltage, clock
rates, etc), and protocol (read/write cycles, mas-
ter/slare operation jnterruptacknaviedgementgtc)
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busis commonlyusedin IBM-PC compatiblesand
is one of the mostwidely-usedsystembuses. The
PC-104bus (the oneusedin thelab computersuses
the samesignalsasthe ISA bus but hasa different
connectar The PCI (PeripheralComponentinter
connect)bus is a flexible high-performanceeriph-
eral bus that canefficiently interconnecperipherals
andprocessorsf widely differentspeeds.

M echanical Characteristics

Low-costconsumegradebusesusecard-edgecon-
nectorsto minimize the costof the peripheral. The
plug-in cardhascontactpadsalongthe edgesof the
PCB. The motherboardasconnector®n the moth-
erboardthat contactthesepads. Typical examples
includethelSA andPCl busses.

Somebusesuse connectorson both the mother
boardandthe card. This addsto the costof the card
(about$5-$10)but makesfor morereliablecontacts.
A typical exampleis the 3-row by 32-pin (96-pin)
“DIN" connectomusedby the VME bus.

Electrical Characteristics

Theelectricalcharacteristicencludethevoltageand
currentspecificationstypesof bi-directionalsignals
andimpedancenatching.

Bus Driversand Receivers

Bus signalssuchasclocksor datalines often drive
several chipson a peripheralcard. If the load pre-
sentedy thecardexceedghebusspecificationshen
buffer chips (“bus recevers”) mustbe used. Simi-
larly, if the outputdriving capacityof a chip on the



peripheralcardis not enoughto drive the load pre-
sentedby the bus, a “bus driver” must be usedto
buffer the signal.

Bidirectional Buses

Somebus signalscan be driven by multiple cards.
For example,the databus will be driven by all pe-
ripheraldevices aswell asthe CPU. Two common
methodsareopen-collectoandtri-stateoutputs.As
always, caremustbe takenin the designto prevent
multiple simultaneousutputson the samebus line
(busconflicts).

Open-Collector (OC) Logic

OC outputscanonly sink current,not sourceit. A

pull-up resistoris usedto pull thatparticularbusline

to V. Any device connectedo thatline canpull the
signallow. The choiceof pull-up resistancés alsoa

compromiséietweerrisetime andpower consump-
tion. Theresistancef the pull-up resistormustiow

enoughto obtaina sufficiently fastrisetime andyet

the resistancanustbe high enoughto limit the cur

rentthroughit to avaluethatwill notdamageheOC

outputs.

Tri-State Logic

Tri-statelogic outputscanbe setto a high output,a
low outputor ahigh-impedancenode.They areused
to drive bussignalsthatmightbedrivenby morethan
onedevice.

For example, on a systemthat has multiple bus
masterghe addresdatabus mustbe driven by tri-
stateoutputsandthe databus driven by tri-statebus
transceters.

Dynamic Contention

It should be remembered that buffers (re-

cewvers/drvers/transdeery take a finite time

to switchmodes. A detailedtiming analysisis nec-
essaryto ensurehattwo outputswill notbeenabled
simultaneouslyThis analysiswill needdo take into

accountthe CPU timing aswell propagatiordelays
for thecircuitsthatcontrolthe buffer directions.

I mpedance and Ter mination

To analyzethe performanceof the bus for the short
risetimesrequiredin high-speedusesthe bus must
betreatedasatransmissiotine.

The pulsegeneratedby a bus driver will propa-
gatedown the bus. If the busis not terminatedon
bothendsby the characteristiempedancef the bus
a portion of the signalwill bereflected.Thereflec-
tions will propagateébackalongthe bus andappear
asringing andnoise. In addition, therewill be re-
flectionsfrom eachtapwherea cardis connectedo
thebus.

For the above reasonst is importantthat high-
speed buses be terminatedin the characteristic
impedanceof the bus. The typical characteristic
impedances on the orderof 100to 1500hms.“Ac-
tive” terminationsconnecta resistorof aboutthis
value to a low-impedancevoltage sourceat about
half of V. to minimizethe currentdravn by theter
mination.

| SA Bus

The bus usedfor expansioncardshby the original

IBM PCwasdesignedo supporiexpansiormemaory
and peripheralssuchasvideo displaysand parallel
printer ports. It hadthe same8-bit databus and20-

bit addressspaceasthe Intel 8088 processoin the

PC.ThesubsequerfPC/AT (ISA) bususeda second
card-edgeonnectoto extendedheaddresspaceo

24 bits andthedatabusto 16 bits.

ThePCcardsareabout4 incheshighandupto 13
incheslong anduseone(PC)or two (AT) card-edge
connectors.

Intel chipshave a separatd/O addresspaceand
the ISA bus includesMEMR* (memoryread)and
MEMW?* (memorywrite) andIOR* (I/O read)and
IOW* (I/O write) strobes.

The ISA busis synchronous.The CPU performs
fixed-lengthreadandwrite cyclesalthougha WAIT
signalis availableonthebussothatslow peripherals
canrequestvait states.

ThePCbushas6 active-law interruptrequestines
(IRQ2* to IRQ7*). The PC motherboarchasa pro-
grammablénterruptcontrollerchip (intel 8259)that
arbitratesdifferent levels of interrupt requestsand



generateaninterruptnumbelin respons¢o the pro-
cessos interruptacknavledgecycle.
Thebusalsohas3 DMA reques{DRQ*) andac-
knowledge(DACK) linesthatcanbeusedby periph-
eralswith DMA capabilities.
ThePC/AT (ISA) bus (but notthe PC/XT bus) al-
lows for alimited form of externalbus mastering.

PCIl Bus

ThePClbusis ahigherperformanceeripheralsys-
tem)bus. The PClbusmaximizesCPU performance
by decouplingheCPUandperipherabusesasmuch
aspossible.This decouplingalsomakesthe busrel-
atively independentf the hostCPUarchitecture.

The PCI bus is connectedto the CPU bus by
meansof a bridge. This is aninterfacecircuit that
multiplexes addressand datasignalsfrom the CPU,
buffers (caches)datatransferredbetweenthe CPU
andthe cardson the PCI bus, and optimizesaccess
to sequentiamemorylocations.

ThePClbushasamultiplexed 32-bitdata/address
busandrunsat 33 MHz. A readcycle takes3 clock
cyclesanda write cycle takes 2 clock cycles. Thus
thebusbandwidthis 44 or 66 MB/s.

If consecutie memory locations are being ac-
cessedhe PCI bus allows sequentiakeador write
cyclesto proceedwithout explicitly putting the ad-
dressonthebus. In this caseone 32-bitword canbe
transferredn eachclock cycle for a bus bandwidth
of 132 MB/s.

The buffering provided by the PCI bridge allows
the CPUto write datato PCI peripheralsvithoutin-
curringwait states.The CPU cancontinueexecuting
atfull speedwhile the bridgetakescareof thehand-
shakingwith theperipheral. The PCl bridgecanalso
pre-fetchdatato improve performancenreads.

It is alsopossibleto usea secondbridgebetween
the PClbusandanothettype of bus,for example,an
ISA or VME bus. This allows slow peripheralgo be
efficiently interfacedto the CPUbecausehis second
bridgetakescareof the detailsof interfacingthe PCI
busandtheslower bus.

ThebasicPCl bussignalsinclude:

Signal Purpose

ADOto AD31 multiplexed addressanddata
FRAME* indicatesstartof transfer
C/BEOto C/BE3 | typeof cycle andbyteenables
IRDY*, TRDY* | ready(to generatavait states)
CLK clock

REQ*/GNT* busrequest/grant

Unlike the ISA bus, the PCI bus allows DMA by
allowing different cardsto acquirecontrol over the
bus. Eachcardhasbus REQuest*andbus GraNT*
signalsthat are usedto communicatewith a bus ar
bitrationcircuit.

Thereis alsoa 64-bitextensionto the PClbusthat
increaseghe maximumbus bandwidthto 33 x 8 =
266 MB/s.



