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The80386SXProcessoBus

Thislecture describeghe signalsand opeiation of the Intel 80386 SXprocessotbus.

Afterthislecture youshouldbeableto draw diagramsfor the processoibussignalsdescribedn thislecture andstate
the valuesthat would appearon the data and addressbusesduring memoryand I/O read and write cyclesand for
interruptacknowled@ cycles.

History
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Intel’s first 16-bit CPU wasthe 8086. A versionof
the 8086that usedan 8-bit databus, the 8088,was
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Intel’s first 32-bit CPU was the 80386. It was ¥
designedo be backvwards-compatiblevith thelarge ¥
amounbf softwarewhichwasavailablefor the8086. ?ﬁ
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The 80386 extendedthe dataand addresgegisters s § E;a
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catedmemorymanagemerdrchitecturghatallowed ‘sxe

virtual memoryandmemoryprotectionto beimple-

mented.This samebasic80386architecturds used

in the latestgenerationof Pentiumand compatible
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This lecturedescribeshe processobus of the In-

tel 386SX,a versionof the 386 with a 16-bit proces-

sorbus. The 386EX,the chip thatwe will usein the .

lab, is similarto the386SXbut alsointegratesseveral  Utility Bus

commonly-usegeripheralsn thesamechip. Theutility busincludesthe pinsthatarerequiredfor

the processoto operateproperly but which are not

Processof Register | DataBus involved in datatransfers.This includesthe power,
Model Width Width ground,andclock pins.
8086 16 16 Thetwo mostimportantpinsonthe CPUchip are
8088 16 8 for power supplyandground.Theprocessowill op-
i386 32 32 erateerratically(or not at all) unlessthe power sup-
i386SX 32 16 ply is heldatthe propervoltage.
I386EX 32 16 The next most important signal is the clock,
Pentium 32 64 CLK2. Outputsignaltransitionshappenon the ris-
ing edgeof CLK2 andinputsarealsosamplednthe
risingedgeof CLK2.
'386SX CPU Signals Figurel shavs examplesof datatransfersoverthe

processobus. Eachtransfer(reador write) is called
The 386SXis packagedn a 100-pinpackagelt has a bus cycle Eachbus cycle requirestwo or more
a24-bitaddresdusanda 16-bitdatabus. Thenames processorcycles(oneT1 cycle plusoneor moreT2
of the signalsareshavn below: cycles). Eachof theseprocessocyclesrequireswo
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CLK2 periods.Figure1! shavs how two CLK2 cy-
clesmale up a processocycle andhow two proces-
sorcycles(T1 andT2) make up abuscycles.

Cycle Requires
buscycle >=2 | processocycles
processocycle 2 | CLK2 cycles

Exercise: A 386SX CPU is operating with a 25 MHz CLK2
signal. What is the CLK2 period? How long does a processor

cycle take? How long does a bus cycle take?

Address and Data Busses

The 80386SXhasa 16-bit databus anda 24-bit ad-
dressbus. ThesesignalsarelabelledD15 to Dy and
the A3 to A1 (not Ag) respeciiely. To allow for ei-
ther8-bit or 16-bittransferghe chipusesBHE* and
BLE* (high-andlow-byteenablesignalsndicateto
memoryand|l/O deviceswhich byte(s)beingtrans-
ferred. TheBHE* indicatesatransferover D15 to Dg
andBLE* indicatesatransferover D7 to Dg. BHE*
and BLE* alsoindicatethe memoryaddresseing
accessedBLE* andBHE* indicateaddressewith
Ao = 0andAgy = 1respectiely.

Unlike the Motorola 68000, the intel chipsallow
16-bit valuesto be written to odd addresseand 32-
bit valuesto bewrittento addressethatarenot mul-
tiples of 4 (i.e. memoryoperationsdo not have be
word-aligned. Thusthe value transferedover the
high-ordebyteof thedatabusmayor maynotcorre-
spondto the high-orderbyte of the valuebeingwrit-
ten.

ThusBHE* andBLE* indicatetheaddress(ed)e-
ing read or written — not the high- or low-order
bytesof aword.

Exercise: What signals does the Motorola 68000 use for this
purpose? How are they different?

Endianness

Intel processorgjnlike Motorolaprocessorgjseso-
called“little-endian” byteorder This meanghat16-
or 32-bit wordsare storedwith the least-significan
byte at the lowest-numberedddress. This can be
confusing. We normally write memorycontentsin

1Fromintel i386SXdatasheet.

increasingaddressorderfrom left to right; in little-
endianstorageorder the bytesin multi-byte words
appeaiin reverseorder

Exercise: The 16-bit word 1234H is to be written to address
1FFH. What value will be stored at memory location 1FFH? At
which address will the other byte be stored? Write your answer
in the form of a table showing the final memory contents:

Address | Data

Which byte enable(s) will need to be asserted to store these
values? How many bus cycles will be required? Write out your
answers in the form of a table showing the values of the address
bus in binary, the values on the data bus in hex, and the values
of BHE* and BLE* (H or L) for each bus cycle.

Address
0001 1111 111x
0010 0000 000x

Data Bus | BHE* | BLE*

What if the value 12345678H was to be stored at the same ad-
dress? What if the 16- and 32-bit values were written to address
100H?

Processorsvith wider addressbhusessuchat the
'386 or Pentiumrequire more bus enablesignals
(BEO*—BE3* or BEO*—BET*).

Memory and |/O Address Spaces

The Motorola 68000 processorause cornventional
memoryreadandwrite (MOVE) operationgo doin-
put and output. Peripheralinterfacesappearto the
processoasif they werememorylocations.

The 80x86 processorgan also use this type of
“memory-mapped’l/O but they alsohave available
speciainstructiongIN andOUT) for I/O operations.
A bus signal (M/IO*) indicateswhethera bus cycle
is dueto amemoryor anl/O instruction. Thesespe-
cial I/O instructionsallow moreflexibility in the de-
signof interfaces(e.g. extendedcyclesfor I/O oper
ations).1/O operationsanonly be doneon the first
64kB of thel/O addresspace.

Bus Control

¢ In orderto accommodatslov memoryandl/O de-

vicestheintel 80x86processobusesusea READY*
input. If theREADY* inputis notasserte@ttheend
of a T2 processocycle the 80386SXwill generate
additionalT2 cycle(s)(seebelow).



IDLE CYCLE 1 CYCLE 2 CYCLE & IDLE CYCLE 4 IDLE
HON=PIPELINED | NON=PIPELINED | NGH-~PIPELINED NON=PIPELINED
(WRITE) {READ) (WRITE) (READ)
M 12 T 2 [ T2 w T 12 T
pRocessor auk [ N/ \_/"|
BHES BLES, i ;
A1~ A28, VALID 1 VALID 2 VALID § VALID 4
WA § DSC
wyra [
ADS § [ \ \_{ Y/
NAE [
READY [
END CYCLE 1 END CYCLE 2 | END CYCLE 3 END CYCLE 4
wooxs [ XOOCOMK_ A 1 VALID 2 VAL 3 VALID 4
N—DIE[ -----A--l-ﬁ{_ ouT ).{---{ IN }- ouT -)--- -----}--1 i }A-q-«]

Figurel: Examplesf 80386SXBusCycles

Exercise: What signal does the Motorola 68000 use to extend
processor cycles?

The W/R* (write/read),D/C* (data/control)and
M/IO* (memory/l/O)signalsindicatethetypeof bus
cycle beingexecutedread,interruptacknaviedgeor
write). Thetablebelonv shavs the possiblebus cy-
cles:

D/C* | M/IO* | W/R* | BusCycle
H H L memoryread
H H H memorywrite
H L L I/O read
H L H I/O write
L H L instructionfetch
L L L interruptacknavledge
L H H halt

Another processorbus signal, ADS*, indicates
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thatthe contentof theaddresbusandthethreesig-
nalsabove arevalid.

Exercise: What are the equivalent signals on the Motorola

68000 processor bus?

Reset and Interrupts

As you might suspectthe RESETinput resetsthe
processor The CPU register contentsare resetand
theprogramcounteris setsothatthe CPUwill fetch
the next instructionfrom memorylocation FFFFFO.
The memoryat this location mustthereforecontain
instructiongo restartthe system.

The NMI and INTR inputs are usedto generate
non-maskablandmaskablénterruptsrespectiely.

Assertingthe NMI input causeghe processoto
executethe interrupthandlerpointedto by aninter
ruptvectorstoredin memory



If interrupts are enabledthen assertingINTR
causeghe CPU to carry out an interruptacknavl-
edgebus cycle which readsa 1-byteinterruptnum-
ber from the bus (typically from an interrupt con-
trol chip). Thecorrespondingnterruptvectoris then
fetchedandthe correspondingnterrupthandlerexe-
cutedaswith NMI.

In eithercasethe currentinstructionis completed
beforetheinterruptis recognizedWe will coverthe
detailsof the processos interrupthandlingin detail
in alaterlecture.

Other Signals

The’386SX hasanumberof othersignalswhichwe
will not cover at this time. For completenesgshese
are: HOLD andHOLDA (usedby otherdevicesto

requestthat the CPU to give up control of the pro-
cessorbus by disablingall of its outputs),LOCK*

(usedto prevent other devices from requestinguse
of the processobus), NA* (“next address’usedto

“pipeline” processorkycles),and PEREQ,BUSY*,

and ERROR* (usedto interfaceto a floating point
CO-processor).

80386SX Bus Cycles

Executionof each80386SXinstructionrequiresone
or more bus cycles. Typically, this involves read-
ing an instructionfrom memory possiblyfollowed
by transfersof databetweenthe CPU andmemory
or I/O devices.

Exercise: What factors may affect the number of bus cycles
required to complete an instruction?

In additionto the readandwrite bus cyclesfrom
memoryandl/O addresspacehe CPUcanalsoex-
ecuteaninterruptacknavledgebuscycle andcanbe
in anidle or haltedmode.

Read and Write Bus Cycles

The addressand bus control signalsgo active at the
startof the T1 processocycle. During awrite cycle
the databus is driven with the valueto be written
duringthesecondhalf of T1. Duringareadcyclethe
processoloadsthevaluefrom thedatabusattheend
of thelastT2 cycle.

Input and Output Cycles

I/O read/write cycles are the same as memory
read/writecyclesexceptthatthe M/I0* signalis low.

Interrupt Acknowledge Cycle

An interrupt acknavledge cycle (performedin re-
sponseo INTR) is the sameasa readcycle except
thatthe bus control signalsaresetto indicateanin-
terruptacknavledgecycle. Thevaluereadduringthe
interruptacknavledgecycle is thenmultiplied by 4
andusedto loadaninterruptvectorfrom thisaddress
in memory

Wait States

At the end of eachT2 cycle the processorchecks
the READY* input. If it is active, the bus cycle

is terminated,otherwiseand additional T2 cycle is

run. Theseadditionalwait statesareusedto accom-
modateslow memoryby increasingthe time avail-

able betweenwhen the addressis output and the
time whenthe datais required. If the memorybe-
ing designednto a systemwill requirewait statesa
wait stategeneratorcircuit mustbe designedso that
READY* is asserte@ftertwo or moreT2 statehave

elapsedollowing the startof thebuscycle.



