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Features

* Low-power[@perationdhcluding$pecial3TOPMode
* Frequency:(16.78MHz@tBVEI0%Supply@nd20.97MHzEALBVEBY%, Softwared
Programmable
* Technology:[ApuMigh-density[Complementary Metal-Oxide[$emiconductor[(HCMOS),O
StaticDesign
* Package:[132-pin[Ceramiclleaded[ChipCarrierICERQUAD)@ndA32-pin[CeramicPinO
Grid[Array[(PGA)
* ModularfArchitecturehlaS$inglelChip
e CPU:[32-bitB800Family(Upward@bject-codelCompatibleWithThe68010)
* Newl(hstructionsForControllerfApplications
* Intelligent6-bitTimer
— 160hdependent,[Programmable[Channels
— Any[ChannellCanPerformAnyTimeFunction{forlExampledhputCapture,@utput
Compare,[PulseWidthModulation,@étc.)
— TwolimerCountRegistersiwith2-bitfProgrammablePrescalers
— SelectablelChannelPriorityllevels
— Reduced[CPUlntervention
— RISClike[CPUWithinTheTPU
e TwolSerialllO[Subsystems
— Enhanced®B8HC11-typelSerial[lCommunicationsnterfacel{SCl)Wniversalll
Asynchronous[ReceiverTransmitter[(UART)With[Parity
— Enhanced®8HC11-typelSerialPeripheralnhterfaceWith MOMRAMQueuelQSPI)
* On-chipMemory:2-KbytesStandbyRAM
* On-chip,[Programmable,[Chip-selectlogic
— Upfo2S$ignalsforMemory@ndPeripheralnhterfaceWithl/O$elect
e System[Failure[Protection
— 68HC11-typelComputer@OperatingProperly (COP)WatchdogTimerd
— 68HC11-typelPeriodiclnterruptTimer
— 68000FamilySpurious(nterrupt,Malt,[AandBusTime-outMonitors
* Up{io[d8[Discreted/OMPins

Description

ThelTS68332[k[a32-bitlMmicrocontroller,[@ombininghigh-performanceldatalmanipula-
tion[¢apabilitiesivith(powerfullperipheralSubsystems.[The[TS68332[is[fhedirst
member[oflthe®8300Familyofinodularlémbeddedl¢ontrollersfeaturingfullyStatic,
high-speedl¢omplementaryietal-oxidelSemiconductorfechnology.Based[on(the
powerful[TS68020,fhe[CPU32lihstructionlprocessingodulelprovidesiénhancedSys-
temperformancel@andtilizesfhel@xtensiveSoftwarebase [0flthe[68000Family.
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Screening/Quality

ATMEL

This[productlisimanufacturedlihfullldompliance With:

e MIL-STD-883[(classB)
« DSCCMB962-91501

*  Orlaccordingib[Atmel-Grenoblelstandard

R suffix A suffix
PGA 132 CERQUAD 132
Ceramic Pin Grid Array Ceramic Leaded Chip Carrier

Introduction

Figure[islablockldiagram[ofihe[TS68332[3howingfhelinajorlcomponents.[Thelpin
descriptions[@relprovidedlih[Table1.[TheTS68332[¢ontains(ihtelligentperipheralimod-
ulesiBuchl@shelTime[ProcessorWnit[{[TPU),Wwhichprovides16iicrocoded[¢hannels
for(performingdime-related(activities@rom3implelihputl¢apturelorioutputléomparedo
complicatedmotor[dontrol0r[pulseWidthhodulation.[High-speed(Seriall@ommunications
are[providedbyheQueuedlSeriallModule{QSM)With[S8ynchronousfandlasynchronous
protocolsfavailable.2-Kbytes[offully[Static[Standby[RAM[@Allowfastiwo-cyclelaccess(for
systemland(datalStackslandNariable[StorageWwith(provisionfbrBatteryBack-up.Therelis
alBystemlntegration®odule{SIM)vhichlihcludesiwelvelg¢hipSelectsolénhancelSys-
temlihtegration(forfastéxternallinemoryloriperipherallaccess.[Thepowerful (32-bitlCPU
(CPURB2)lisMased@nihelihdustry-standardTS68020.[Theselodules[areldonnectedldn
chiplVialfhehtermodule Bus[{IMB)[and[providefeducedSystem[partidount,Size,[Cost[of
implementationlandlihcreasedfeliability.
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Figure.[BlockDiagram[0f(TS68332
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SignalDescription Figure[lllustratesfhedunctionalSignalgroups@ndTableistsfheSignals@ndtheir

function.
Table.[Bignaldhdex
Signalame MnemonicO Function
AddressBus A23[EA0 24-bitldddressbus
DataBus D15[EMD0 16-bitl[dataBuslusedibiransferbytedriworddatalperDusidycle
DataBus[Function[Codes FC2EEFCO Identifyfhelprocessor(StatelandfheladdressSpacedfitheldurrentBusidycle
Boot(ChipSelect CSBOOT I[C):rk(l)ig;;':‘;:;lect[EbootBtatmlp[E?OMIZtontainingmser’smesetljlector@nd[[hitializationl]
Chip[Selects CS10ECSO Enables[peripherals[atiprogrammed[@addresses
Bus[Request BR Indicatesfhat[@n(eéxternalldevicefequiresBusiastership
Bus[Grant BG Lnud;cates[fhatlﬁurrentmus@ycleﬁsmompletemnd[theEr568332[hasmelinquished[ﬂ1eD
Bus[GrantfAcknowledge BGACK Indicateshatl@néxternalldevicebas@ssumedDusastership
isli?]?vr\lllcje[ggeﬁent %‘D Provides@synchronousldatafransfersf@andldynamicBus(sizing
Autovector AVEC Requestslan@utomaticilectorduringl@anlihterruptlacknowledgeldycle
Read-Modify-Write[Cycle RMC IdentifiesltheDus(dyclelaspartléflaniinhdivisiblefead-modify-writeGycle
Address[3trobe AS Indicatesfhatl@aalidi@ddresslisOniheAaddressbus
DataStrobe DS During Bmeadlﬁygle,[[DS@dicates[ﬂwat@n@xternalmlevic.eBhouldmlacemalid [datalonO
theldataBus.During@Mrite@ycle,DS[ihdicatesfhatNalid[datalisionfhedatabus.
Size SIZ1[E51Z20 Indicatesthe@umberlofbytesibemainingobe fransferredforthisicycle
Read/Write RIW Indicates(theldirection(dfldatafransferionhebus
InterruptRequestlevel IRQ7EIRQO Provides@nlihterruptpriorityTevelbihe[CPU
Reset RESET Systemfeset
Halt HALT Suspend@xternalBus[Activity
Bus[Error BERR Indicates(that@nlérroneousbusloperationlisbeing@attempted
System[Clockout CLKOUT InternalSystem[clock
Crystall@scillator )E(?I'(,ZﬁLD Connectionffbrlaneéxternalldrystalibfhelinternalldscillatorl@ircuit
External(Filter[Capacitor XFC Connection[pinforaneéxternalldapacitorib{ilterfhedircuitldfithe(phase-lockedIbop
ClockMMode[Select MODCK Selects(thelSourceldflfhelihternalSystemiclock
InstructionEetch IFETCH ilrr:(sjtiﬁ::ctg(s;%Ezfgg%;%ﬁesgtgfuosrgggEa\nl]hstructionmvordmre-fetch @ndwhenithel
InstructionPipe IPIPE Used(ib{rackimovementldfilordsthroughihelihstruction[pipeline
Breakpoint BKPT Signals@hardwareBreakpointbfheCPU
Freeze FREEZE Indicatesthatfhe[CPUhaslacknowledged@breakpoint
Quotient[@ut QuUOT SeriallfOanddlockforBackgroundidebugnode
TestMode[Enable TSTME Hardware[@nableforfestode
Three-State[Control TSC Places(allldutputldriversiihf@bigh-impedance[State
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Table.®ignaldhdex{Continued)

Signalame MnemonicO Function

Development[Seriallh,[©ut,[0| DSI,DSO,O .

Clock DSCLK SeriallfO@and[glockforbackgrounddebuginode

TPUI[Channels TP15ETPO TPUGhannellihput/outputSeriallfOAndGlockForBackgroundidebugimode

TPU[CTlockh T2CLK Externall@lockSourcefofhe[TPU

SCIReceiveData RXD Seriallihputfbfhe[SCI

SClOransmitData TXD Seriall@utputfromihel$CI

PeripherallChip[$elect PCS3HPCSO0 | QSPIperipherallchiplSelects

Slave[S$elect SS Places[the[@QSPIh(Slaveimhode

QSPISeriallClock SCK Furnishesheldlockfromihe[@SPIlihhasterihodeldroihe[@SPIlihiSlavehode

Master-intSlave-out MISO FurnishesSeriallihputfbfhe@QSPIllihThasterifhode,@ndSerialldutputfromihe@SPIGhO
slavelihode

Master-outiSlave-in MOSI Furnishes[Serialldutputfromihe@SPIihhasteriode,[@ndSeriallihputfbfhe@SPIGhO
slavelmode

StandbyRAM Vsrey PowerSupplyforlRAM

Synchronizer[Power Vopsyn PowerSupplyfoYCO

g)éitj??@owerBupplandD Voo, Vss Power[Supply@nd@eturnibfheMCU

AIMEL 5
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Figure2.MPGATerminalDesignation
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Figurel3.ICERQUAD(TerminalDesignation
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Scope

Applicable
Documents

MIL-STD-883

Requirements

General

Design[And[Construction

TerminallConnections

LeadMateriall@ndFinish

Package

Electrical[Characteristics

ATMEL

Thisldrawing[describes[ihelsSpecificldequirementsforhelinicrocontroller[68332[@t[16.78
MHz[and[20.97MHz,lih[dompliance(@itherlithIWIL-STD-883¢lass[BorlAtmel-Grenoble
standard.

1. MIL-STD-883:[estihethods@ndproceduresforiélectronics.
2. MIL-I-38535:[generallSpecificationsoriicrocircuits.
3. DSCCDrawing:[5962-91501.

Thelmicrocircuitsarelin[accordancelwithfhe@pplicableldocumentlandlas$pecified
herein.

Dependingdnihelpackage,fheferminalldonnectionsishallbeasShownlih[Figure2@nd
Figure3.

Leadhateriall@andinishShalllbel@ny0ption[0fMIL-STD-853.

Thelinacrocircuits(arepackagedinhermeticallysealed[@éeramiclpackagesiihichldon-
formlbdaseldutlinesofMIL-M-38510@ppendix[C{when(defined):

e 132-PIN[3Q.PGAUPPAE[Gutline
e 132-PIN[Ceramic[CERQUAD

ThelfollowingMatingsldefinehel¢onditionsinderihichheldeviceldperatesivithout
damage.[$ectionsloflfheldeviceaymotldperatemormallyivhilebeingéxposediodhe
electricalléxtremeslandldontainseircuitryfolprotectlagainstidamagefromhighsStatic
voltages(orlélectricalfields.tlis[@dvised,[however,fhathormalprecautionsbefaken(fo
avoid@pplicationlof@nyVoltageshigherfhaniaximum-ratedWoltagesodhishigh-
impedancelgircuit.[Reliabilityofldperationlis(énhancedifllinusedlhputsarefiedfo@n
appropriatebgicoltagel{i.e.,[@itherVs50rVpp).

8 T S 6.8 .33 — e —
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Table2.MAbsoluteMaximumRatings

Symbol Parameter Test[Conditions Min Max Unit
Vopp SupplyVoltage -0.3 +7.0 \%
Vv, InputiVoltage -0.3 +7.0 \%
Low[Power[@peration 600 mwW
Pbmax MaxPowerDissipation
StandByMode 500 mw
MSuffix -55 +125 °C
Tease OperatingTemperature
VISuffix -40 +85 °C
Tsig Storage[Temperature -55 +150 °C
Tieads LeadTemperature MaxB$ec.[Soldering #270 °C
Tablel3.0ThermallCharacteristics[{at(25°C)
Packagel Symbol Parameter Value Unit
6 ThermalResistance[CeramiclJunction-to-ambient TBD °C/IW
PGAO32 ) : :
0;.c ThermalResistance[CeramiclJunction-to-case 10 °C/IW
0;a ThermalResistance[CeramiclJunction-to-ambient TBD °C/IW
CERQUAD132
0;c ThermalResistance[CeramiclJunction-to-case 10 °C/IW

Power[Considerations

2118A-HIREL-03/02

Thelaveragelghip-junctionlfemperature,[T ;,ih(OC[Ganbedbtainedfrom:
Ty O3 PpB,,)0 1)

T EFAmbientTemperature,[C
0,,EF[PackageThermalResistance,Junction-to-Ambient, BC/WO
PoFPintF Py

PintEDecdV oo, WattsHChipOhternalPower

P o7 PowerDissipation@nhputl@and@utputPinsEWserDetermined
ForostlapplicationsP,,; & [P,y r@nddanbeheglected.
Anlapproximatefelationshipbetween[P,@nd T, {if P, isMeglected)is:

PoEEKET,F273)0 2)
Solvingléquations[{1)@nd[{2)forKI[gives:
KEPp (TAFR273)F0,,IP,°0 (3)

whereKk[@lconstantpertainingfoheparticularpartiKcanbeldeterminedfromleéqua-
tion({3)yineasuring Py {atlequilibrium)Foraknown(T 5. [WsingdhisWaluedf K, Ehe
values[ofP,[and[T ; canbelobtainedbySolving[@quations[(1)[And{2)[terativelyforlany
valuelof(T,.

AIMEL 0
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Mechanicall@andO
Environment

Marking

ATMEL

Theliotallthermalldesistancelof(alpackagel(B,,)danbelSeparatedlihtofwoldomponents,
0,c[andB,, Mepresentinghe Barrieribheatflowfrom(ihelSemiconductorjunctionibihe
packagel(case),[Surfacel(8,c,[and{rom(thel¢asefolihedutsidelambient(Bc,).[These
terms(arefelateddyfheléquation:

0;0F0;c+Bca (4)

6,cl5Mdeviceltelatedand@annotbelihfluencedyiheluser.[However, B i5Miserldepen-
dent@ndlcanbeminimizedbySuchihermallinanagementliechniques@sheatlsinks,
ambientlir[@éoolinglanddhermalldéonvection.[Thus,[goodhermalinanagementlonihe
partoffhelser@aniSignificantlyldeduce@.,[Solihat 8,,approximately@quals 8,..[Substi-
tution[of 8, for[®;,[Infeéquation{1)willMesultinladower3emiconductorfunction
temperature.

ThelinicrocircuitsShalllimeet@llTnechanicall@nvironmental dequirementsofl@itherMIL-
STD-883[forl¢lassBldeviceslorl$creenedlaccording@olAtmel-Grenoble$tandards
devices.

Theldocumentiwhere@reldefinedihelharkinglarelidentifiedihfhe(felatedfeferenceldoc-
uments.Eachmicrocircuitlarelegibleandpermanentlymarkedwvithheollowing
information@sinimum:

¢ Atmelllbgo

e Manufacturer's[partibumber
* ClassBldentification

« Date-codedflihspection(lbt
« ESDUdentifier(iflavailable

¢ Countryldfimanufacturing

Quality[Conformancellhspection

DESC/MIL-STD-883

Electrical
Characteristics

General[Requirements

IsfinfaccordancewithMIL-M-38535[andrnethod 5005 bfMIL-STD-883.[Group[Aland B
inspectionsl@relperformedldonléachproductionlot.[GrouplCAndDlihspection@relper-
formeddn@lperiodicalbasis.

AllStaticl@andldynamiclélectricalld¢haracteristicsSpecified[andihefelevantineasurement
conditions(arelgivenbelow.[Forlihspection(purpose, feferiblfelevant3pecification:

+ DSCC

(lastlissuel@dnfequestibldurnarketing3ervices)
Table[4:[Staticleélectricalldcharacteristics[for(allélectricalWariants.
Table[®:[Dynamiclélectricall@haracteristicsfor6832-16[(16.78MHz).

Forstatic[¢characteristics,estinethodsiefer@oIEC[T48-2nethodhumber,ivhere
existing.

Forldynamicltharacteristics,estlinethodsieferoltlauseb.4hereafter[oflihis
specification.

10 TS 083 S ———
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Static[Characteristics

Tabled.IDC[Characteristics. Wpp@AndVppgynF5.0Vp 2 10%(Ebr6.78MHz@EN5.0V 2 5%{or[20.97MHz; Vg F OV ;
TcFE55°Clib+125°Clor-40°Clib[+85°C

2118A-HIREL-03/02

I )

16.78MHz 20.97MHz
Numberd| Symbol | Parameter Min Max Min Max Unit
1 Viy Input@ighVoltage 0.7MVpp) | Vppt0.3 | 0.7(Vpp) | Vppt0.3 \Y
2 Vv, InputlowVoltage V0.3 | 0.2(Vpp) | VssED0.3 | 0.2(Vpp) |V
3 Viys | Inputysteresis® 0.5 - 0.5 - v
4 I Inputleakage[Current®
VNENVpporVggO Input-onlypins -2.5 25 -2.5 25 HA
5 loz HighOimpedance[{off-state)
Leakage[Current(t?
VinTFYoporVssn Allihput/output -2.5 25 -2.5 25 HA
andoutputpins
6 Vou CMOSOutput®ighVoltage®®
loyZE10.0[UAD Group,2,@ | VppE0.2 - VppE0.2 - Y
input/output@nd
allldutputlpinsand
allldutputpins
7 VoL CMOS[OutputighVoltage®
lonFE10.0[UAD Group(l,2,@ - 0.2 - 0.2 Y
input/output@nd
allButputlpins
8 Vou OutputHighVoltage®®
loyEE0.8AD Group[,2,@ | V0.8 - Vpp 0.8 - Y
input/output@nd
allldutputlpins
9 VoL OutputTLowVoltage®
lo 70.6IA GroupOIOlpins - 0.4 - 0.4 \Y
CLKOUT,
FREEZE/QUOT,
IPIPE
lo  EB.3MA Group2,[401O - 0.4 - 0.4 \%
pins,[CSBOOT,
BG/CS
lo EFA2MA Group(3 - 0.4 - 0.4 \Y,
10 Viurse | ThreelState[ControlhputHighVoltage 1.6(Vpp) 9.1 1.6(Vpp) 9.1 Y,
11 Iusp DataBusModelSelectPull-upd
Current®
VinEV o DATAIL5:0] - -120 - -120 HA
VWEV, DATAIL5:0] -15 - -5 - HA
12 Vppsupply@urrent®
Iop RUN® - 124 - 140 mA
oo RUN,TPU@mulationiihode - 134 - 150 mA
Siop LPSTOP,[32.768[RHz[Grystal, WCOBf[(STSIMEFD0) - 350 - 350 HA
Siob LPSTOP{externalldlocklihputfrequencyZhaximumO - 5 - 5 mA
fsys)
AIMEL 1
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Tabled.IDC[Characteristics. WppAndVppgynF5.0Vp 2 10%Ebr6.78MHz@ENd5.0V 2 5%{or[20.97MHz; Vg F OV ;
T 7EB5°ClibF125°Clor240°Clib#85°Cl{Continued)

16.78MHz 20.97MHz
Numberd| Symbol | Parameter Min Max Min Max Unit
13 Vpopsyn | ClockSynthesizer@peratingloltage 4.5 55 4.75 5.25 \%
14 VppsynSupplyBurrent®
Ippsyn | 32.768[KHzldrystal,[VCO[ON, [haximuml, - 1 - 2 mA
Ippsyn | Externalldlock,aximuml, - 50 - 6 mA
Sippsyn | LPSTOP,[32.768[RHz[Grystal, VCOB(STSIMED) - 150 - 150 HA
Iopsyn | 32.768KHz[drystal, [V, [powereddown - 100 - 100 HA
15 Vsg RAM Standbyoltage”
SpecifiedVpp@pplied 0.0 5.5 0.0 5.25 \%
Voo Vss 3.0 5.5 3.0 5.25 v
16 lsg RAMIStandby@urrent[P®
NormalRAM[Operation VppBWVepq0.5V - 10 - 10 HA
Transient@ondition V0.5V 2 - 3 - 3 mA
Vgs#0.5V
Standby@peration VooV sg 0.5V - 60 - 50 HA
17 Pp Power(dissipation® - 690 - 766 mw
18 Ci, Input@apacitance®?9
Alllihput-only[pins - 10 - 10 pF
Alllihput/outputpins - 20 - 20 pF
19 C, Load[@apacitance®
GroupQIORPIns[CLKOUT,[FREEZE/QUOT,IPIPE - 90 - 90 pF
Group2I¥OPins@AndCSBOOT, BG/CS - 100 - 100 pF
GroupBIOpins - 130 - 130 pF
GroupdI/Opins - 200 - 200 pF
Notes: 1. Appliesiib:

P

Port[E([7:4]E51Z[1:0],AS, IDS.

PortF[[7:0]HIRQM7:1],MODCLK.

Port@SI([7:0]ETXD,PCSIB:1], PCS0/SS,[$CK,MOSI,MISO.
TRUCHI15:0],02CLK.

BKPT/DSCLK,IFETCH,[RESET,[RXD,0SSTME/TSC.
EXTALwhen[PLL[&nabled).
Input-Bnlypins:EXTAL,TSTME/TSC,BKPTO2CLK,RXD.
Output-only[pins:[CSBOOT,BG/CS,[CLKOUT,[FREEZE/QUOT,IIPIPE.
Input/outputlpins:

Group:DATAL5:0],IFETCH,TPUCHI[15:01].
Group2:[Port[C6:0]Z/ADDRI[R2:19]/CS[[®:6],[FC[2:0)/CS[b:3].
Port(E:[[7:0]ES1Z[1:0],[AS, DS, [AVEC, [RMC,[DSACK[1:0]0
Port[F[&:0]FIRQ7:1], MODCLK.

Port[@SI7:3]ETXD,PCSIB:1],[PCS0/SS.
ADDR23/CS10/ECLK,[ADDR18:0], [R/W, BERR, BR/CSO, BGACK/CS2.
Groupl3:[HALT,[RESET.

Group[4:MISO,MOSI,BCK.

Doeshot@pplydoHALTRANAIRESET becauselfhey@redpenldrainipins.Doeshot@pplyToPort[@QS7:0],[{TXD,PCSIB:1],
PCS0/SS,[3CK,[MOSI,MISO)ihWired-ORMhode.
Useloflan@ctivepull-downldevicelisllecommended.
Totalloperatingle¢urrentlisthesumloflthelappropriatelyp dppsyn.[@nddsg Values. Dy Walues. [y Walueslincludesupplycur-
rentsfforldevicehodules[poweredByVppe@ndVpp, [pins
Currentfheasuredith8ystem(dlockfrequency[6f[16.78MHz,@AllIModules[active.

12 TS 083 S ———
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7.

8.

The[RAMhoduleWillotSwitchlihtolStandbyodel@slbnglasV 4z gloeshot@xceedVy, by horefhan©.5-volt.O
The[RAM@rrayldannotbelaccessedWhilefhelhoduleisihStandbyhode.
WhenlYppsransitioninglduringpower-uploripower-downisequence,[andV qgis@pplied, Gurrent@lowsbetweendhe Vgrgy
andlVppins,Which@auses(Standby@urrentiblincreasefowardfhe haximumiransient@onditionSpecification.[3ystemDoise
onfhelVpp@ndY gy Pinsiéaniéontributebihisdondition.
Powerldissipationineasuredat$pecifiedsystemldlockdrequency, @llnodulesactive. Powerldissipation¢anbel¢alculated
usingfthel@éxpression:O

PpEMaximumVpp ot Thpsyn [ Hse)
IpplhcludesSupplyBurrentsiorallidevicehodulespoweredByVypeBNd Yy, [Pins.

10. This[parameterlis[periodically[Sampledfatherfhan100%[{ested.

Dynamic[{Switching)U

TheINTERVALDMumberslheferfohefimingldiagram.

Characteristics

Table5.ITlockControl@iming. WV pp@And V5 p gy EFB.0V Z[10%Hor[16.78[MHz@ENd 5.0V 52 B%Hor[20.97MHz; 0
Vs TOWV ;T FE55°Clib+125°Clor-40°Clib[+85°C

16.78 20.97
Number | Symbol Parameter Min Max Min Max Unit
1 fref PLLIeferencelfrequencylange 25 50 25 50 kHz
2 foys Systemfrequency® dc 16.78 dc 20.97 MHz
On-chipPLL[8ystem[frequency 0.131 16.78 0.131 20.97 MHz
Externall@lockl@peration dc 16.78 dc 20.97 MHz
3 o PLLIockfime@®®©) - 20 - 20 ms
4 freo VCOlfrequency® - 2({f s [ax) - 2({f,,ax) MHz
5 fump Limphodeldlockdrequency
SYNCRIXDBit=0 - fsyslhax/2 - foys[Max/2 MHz
SYNCRIXbit=01 - foyshax - foyshax MHz
6 Cean | CLKOUTIStability@®@™
Shortferm[{5[islihterval) -05 05 -05 05 %
Longferm((500slinterval) -0.05 0.05 -0.05 0.05 %
Notes: 1. Alllihternallfegistersiretainldata@t@mz.

n

2118A-HIREL-03/02

Thislparameterls[periodically[S8ampledatherfhan[100%{ested.
Assumes(ihatlalow-leakage@xternalfilteribetwork(siseddo[éondition[élockS8ynthesizerlinputVoltage.[Totall@éxternalldesis-
tancedromXFC[pinfdue@oléxternallleakagelimustlbelgreaterThan[15MQdo[guaranteethis[$pecification. (Filterfhetwork
geometryldanilaryldependingliponi@peratinglénvironment.
ProperayoutproceduresiustbelbllowedfblachieveSpecifications.
Assumes(thatStableVppsynI5@pplied,@ndihatiheldrystal@scillatorisStable. Mock@imelis heasuredfromihefime ¥V [E@nd
Vppsyn@revalidintiilRESET s Meleased. [ThisSpecificationfalso@ppliesfothelperiodequiredforPLL Docklafter[thanging
the[WandLY frequencyldontrolbitsfinthelSynthesizer[¢ontrolMegister[{SYNCR)Wwhilefhe[PLLOsHunning,@ndfofheperiod
required{or(theldlockbbckafterllPSTOP.

InternalVCOrequency({fy o) isdeterminedby$YNCRIW@ENLY bitivalues.[The[$YNCRXDit[dontrols@divide-by-twolgir-
cuitlthatlis[notlin[thelsynthesizerleedbackloop.(WhenXZD0, Eheldividerlislénabled,[and [  [F, co: (4. (When[X (1, [the
divider(is(disabled,@ndl &M, co: 2. Xhustléqualldnewhen(operating(atihaximum(specified .
Stability[is[the[averageldeviationfromltheprogrammedrequencylineasuredloverthelspecifiedlintervallatiaximumU.
Measurements(areinadeWith{fhe[device[poweredbyilteredSupplies[and¢lockedbylalstableléxternall¢lockSignal.Noise
injectedihtofhe[PLLGircuitry¥ialVppgyy@ndV ¢s@ndvariationih@rystalloscillatorfrequencylincreaselihe[Cstab[percentage
forfalgiven(ihterval.[When[¢lock[Stabilitylis[@ldritical[donstraintlon[dontrolSystemoperation, Ehis[parametershouldbemea-
suredlduringfunctionalfestingofthe(finalSystem.

AIMEL 13
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Table®.MACLTiming.[Vpp@ndVppgynE 5.0V 2 [10%For16.78MHz@NB.0V 5% For20.97MHZ; Vg 70V
T FE55°Clio#125°Cor40°Clib#85°C W

16.78MHz 20.97MHz

Number Symbol | Parameter Min Max Min Max Unit

F1 f Frequency@f@peration(32.768kHz[Grystal)® 0.13 16.78 0.13 20.97 MHz
1 teve Clockperiod 59.6 - 47.7 - ns
1A teeo | ECLKDeriod 476 - 381 - ns
1B tieye External@locklihputperiod® 59.6 - 47.7 - ns
2,3 tew Clock[pulseidth 24 - 18.8 - ns
2A,3A teew ECLK[pulseidth 236 - 183 - ns
2B,3B (v External@locklihputlhigh/lowdime® 29.8 - 23.8 - ns
4,5 tor Clockiseandfallfime - 5 - 5 ns
4A,3A t Rise@ndiallfimeZAl ButputséxceptlCLKOUT - 8 - 8 ns
4B,BB Tyer External@lockFise@ndfallfime® - 5 - 5 ns
6 tenay Clockhighfbaddress,FC,[$IZE,[RMCWalid 0 29 0 23 ns
; e %c;zlﬂingcr;[tblﬁddress,mata,EC,SIZE,M[&IighD 0 59 0 47 s
8 tehazn Clockbighlib@ddress,FC,S$IZE,[RMClihvalid 0 - 0 - ns
9 teisa ClockTow[fo[AS, DS, (TS, @sserted 2 25 0 23 ns
9A tsrsa [AS[oDS[Or(TS, @sserted{read)® -15 15 -10 10 ns
9C teuia Clocklbw{oIFETCH,IPIPE@sserted 2 22 2 22 ns
11 taven ,ﬁeic;r)egz,stgrct:ééﬁlza[RMCNahd[be\S,E(IZS[(]and[[DSD 15 ) 10 ) ns
12 teisn Clocklbw(io[AS,DS,[CShegated 2 29 2 23 ns
12A teun ClockTow[foFETCH,IPIPEMegated 2 22 2 22 ns
13 - gaﬁgﬁaigatedﬁbmddress,[E:C,[$IZE[[hvaIidD 15 ) 10 ) s
14 towa AS,[CS[{andDSTead)Width@asserted 100 - 80 - ns
14A tswaw | DS,[TCS,MWidth@sserted{write) 45 - 36 - ns
14B oo gséltea?[ﬂand IDSHead)Width@sserted [(fastWrite] 40 ) 3 ) ns
15 toy AS,DS,[CSWidthmegated® 40 - 32 - ns
16 tensy ClockhighblAS, DS, R/Whighlimpedance - 59 - 47 ns
17 tsneny | AS,[DS,[CSMegatedfoR/Whegated 15 - 10 - ns
18 teHrH ClockhighfoR/Whigh 0 29 0 23 ns
200 terrL ClockhighfbR/Wilbw 0 29 0 23 ns
21 trana R/W@ssertedo[AS, [CS@sserted 15 - 10 - ns
22 trasa R/WbwfoDS, [CS@sserted{write) 70 - 54 - ns
23 tehpo Clockbighlibdataoutalid - 29 - 23 ns

14 TS 10833 s
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Table6.IACTiImMIing.WppAandVppgynF5.0V 2 10%([or16.78 MHzANd 3.0V 5 X [(5%{0r(20.97 MHz; Vo F OV b
T FE55°Clio#125°Cor40°Cio#F85°C{Continued)™®

2118A-HIREL-03/02

I )

16.78[MHz 20.97MHz
Number Symbol Parameter Min Max Min Max Unit
” ouaen \I,Dvﬁ::g;gl}é?lid[fblﬂegating [edgedfAS,CS{fastD] 15 ) 10 ) ns
25 tsnoor | DS.[CShegatediibdatadutihvalid{datauthold) 15 - 10 - ns
26 tovsa DataldutNalidfoDS,[CS@sserted{write) 15 - 10 - ns
27 toicL Datalinvalidb(dlocklow{datalSetup) 5 - 5 - ns
27A t LateBERR, HALT 20 - 15 - ns
BELCL | assertedoldlockIbw{setupfime)
o8 tenon %%ﬁgggfetzd[fbDDSACK[ﬂl:O],[BERR,[H-IALT,[I 0 80 0 60 ns
29 tsnoi DS, [CShegatedbdatalihlihvalid{datalihhold)™ 0 - 0 ns
29A tsupi DS, [CShegatedfodatelihhighlimpedance®) - 55 - 48 ns
30 telp) CLKOUT lIbw(ib[datalihlihvalid[{fast@yclehold)" 15 - 10 - ns
30A teLon CLKOUTbw(fbdatalinfhighlimpedance(” - 90 - 72 ns
31 toani DSACKI[LL:0]@ssertedfoldatalihivalid® - 50 - 46 ns
33 teLsaN ClockTbw(foBGasserted/negated - 29 - 23 ns
35 tsraca | BRI@ssertedfbBGlasserted (RMChot@asserted)?) 1 - 1 - teve
37 teacn | BGACKI@sserted foBGhegated 1 2 1 2 teve
39 te BGWidthhegated 2 - 2 - teve
39A ten BGWidth@sserted 1 - 1 - teve
46 trwa R/Wwidth@sserted[{write[orFead) 150 - 115 - ns
46A trwas R/Wwidth[@sserted({fastivrite[drfeadGycle) 90 - 70 - ns
e
47B tamT Asynchronouslhputholdime 15 - 12 - ns
48 toasa | DSACKIL:0],[@ssertedfoBERR, HALT@sserted*? - 30 - 30 ns
53 thocH Dataloutolddrom[dlockigh 0 - 0 - ns
54 tcHDH Clockbighlibldatalouthighlimpedance - 28 - 23 ns
55 traDC R/WAssertedfoldatabuslimpedancedhange 40 - 32 - ns
56 tirew | RESETpulselidthi{resetlihstruction) 512 - 512 - teve
57 tsnuy | BERRMegated@oHALTMegated{rerun) 0 - 0 - ns
70 tscLop ClockIbw(ibldatabBusdriven{show) 0 29 0 23 ns
71 tscips DatalSetuplime(ibdlockIbwl{show) 15 - 10 - ns
720 tscion Datalholdfrom[dlockIbw({show) 10 - 10 - ns
73 teksT BKPTIlhputSetupfime 15 - 10 - ns
74 taxyr | BKPTlhputholddime 10 - 10 - ns
75 tyuss Mode(SelectSetuplfime 20 - 20 - teve
AIMEL 15
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Table6.IACOIMing. VpplAandVppgynEF5.0V 2 [10%Hor16.78 MHzAnd 5.0V 5 2 (5%[0r(20.97 MHz; Vg T OV p¢;
T FE55°Clio#125°Cor40°Cio#F85°C{Continued)™®

16.78[MHz 20.97MHz
Number Symbol Parameter Min Max Min Max Unit
76 tmsh Mode[Selectholddime 0 - 0 - ns
77 trsTa RESET@ssertionfime? 4 - 4 - teve
78 trsTr RESETmisefime®3(4) - 10 - 10 teve
Notes: 1. All[ACHminglisShownivithespectfo20%VynandZ0%V,levelsiinlessotherwiseMoted.
2. MinimumiSystem[dlockirequencylisfourfimesliheldrystalfrequency,SubjectibSpecifieddimits.
3.

16

©

WhenlanlexternalldlockisWsed, hinimumthighlandbwiimes(arebased@n(a50%[dutyldycle.Thehinimumllowablelty,,
periodiseducedWhenlheldutydycleloffhe[@xternalllockSignaliraries.The[felationshipBetween[@xternall@lockihputduty
cyclel@andminimumt,  [isexpressed:

Minimum(E, . [period Fminimum, ., /(50%[-[externalihputldutydyclelfolerance)
Parametersfior@niéxternalldlockiSignal@ppliediwhilefhelihternalPLLIs[disabled (IMODCLKpinHelddIbwlduringfeset).Does
notlpertaino@n[éxternallVCOeferencel@ppliedivhile fhe[PLLIk[e&nabled IMODCLKIpinheldhighlduringeset).Whenlihe
PLLGOsC&nabled,Ihel¢lockSynthesizerldetectsisuccessivedransitionsloffhelfeferencel$ignal. dfEransitionsoccurivithinihe
correctl@locklperiod,fise/fallfimesfandlduty(dycle@re@atldritical.
Specification@Alis[fheWorst-case SkewbetweenAS@And DS BrCS. The@mountbfSkewdependsonthefelativelbading 6f
theseBignals.IWhenbadsAreReptivithinBSpecified Dimits, Bkew il hiotBauseASRAnd DS HofallButside fhelimits8hownlh
specification[.

IftmultipleCehipCSelectslare [Lised, [CSvidthhegated{specification[15)appliesoihedimedromihehegationbfalheavily
loaded[@hip8electibthe@ssertionofalightlylbaded@hipSelect.[The[CSMidthMegatedSpecificationbetweenMultiple Ehip
selectsldoesmot@pplyiochipSelectsbeingusedfori8ynchronousECLKIgycles.

Holdfimes[@reSpecified WithfespectfoIDSBrCSOn@Asynchronousfeads@ndithfespectf[CLKOUTOnfastdyclefeads.
TheluserlisfreebMsel@itherholdfime.

Maximumaluelisleéqualo({t,,/2)+25[0s.
Ifthe@synchronousiSetupfimel{specificationd7A)requirementslareSatisfied, the[DSACKIL: 0] Ibw(ibldataSetupime(spec-
ification(31)@ndIDSACKIL:0]IbwoBERRIbwSetupimel{specification[48)(danbelignored.TheldatalnustionlySatisfyfhe
data-infoldlockIbw(Setupimel{specification27)forfhe followingldlockldycle. BERRMust$Satisfylonlyfhelate[BERRIbwio
clockbw(Setupdimel{specification27A)forfhe{ollowing[dlockdycle.

10. Tol@nsure@oherencyduring@very©peranddransfer, BGwillotbe [Assertedih BesponsefoBRMintil@fter Al @yclesofthe

currentloperandiransferf@reldompletelandRMClishegated.

11. Infhe@bsencedBfIDSACKIL:0], BERRIs@ANn@synchronouslihputisingfhe@synchronousiSetupime{specification[d7A).
12. Afterlexternal(RESEThegationlis(detected,[al$hortliransitionCperiod[{approximately 21 ) [elapses,thenthe (BIMldrives

RESET low(for(312(f, .

13. Externallassertion[offhe[RESETlinput[¢anldverlaplinternally-generatediesets. T olinsurelfhat[an&xternal (fesetlis[tecog-

nizedlih(allldases,[RESET hustDe[@ssertedforatleastB90[CLKOUTGycles.

14. ExternallbgicustpullRESET highduringfhis[periodihlérderformormalMCUGperationioBegin.
15. Address(accessllimeF(2.53 WS) T, Hiy a0, Hih c [ChiplSelectlaccessfimeZF(REFNWS)E,  Hip o5t e, -0

Where:WSEZMumberofilvaitStates.Whenfasterminationlisused(2[dlockbus) WSEHEA.

T S 6.8 .33 — e —
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Test[Conditions$pecificO
tofhelDevice

TimelDefinitions Thelimes[SpecifiedlihnTable®asdynamiclécharacteristics@reldefinedlihFiguredibFig-

ured5below,Bylareference@umberigiveniheBolumnNUM”6ffhefablesibgetherivith
thelfelevantfiguremumber.

Figured.ITlkout@utputTimingDiagram

- |
CLKOUT ‘

Note:  TimingShownithespectib20%[Aand70%V p.

O

Figure®.[ExternalIhputTimingDiagram

(18) >

@ | @@

EXTAL &*—/ﬁ\_
1 | L(— | |

Note:  TimingShownithfespectb20%@ndZ 0%V . PulseWidthShownMithfespectioB0%0
VDD.

Figure6.MIECLKOutputTimingDiagram

@> < Bt
| |

Note:  TimingShownWithRespectTo20%ANdI %V p.

AIMEL 1
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Figurel7.MRead[CycleTimingDiagram
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Figure8.MNrite[CycleTimingDiagram
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Figure@.[FastTerminationRead[CycleTimingDiagram
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Figure10.IFastTermination(Write[CycleTimingDiagram
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Figure1.MBus[ArbitrationTimingDiagramFActive[Bus[Case
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Figure12.MBus[ArbitrationTimingDiagramZIdle Bus[Case
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Figure13.Bhow[CycleTimingDiagram
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Note:  Showldycles[dan(Stretchlduring[$42WhenbuslaccessesiakelbngerfhanfwoldycleslduefoIMBmhoduleWait-statelihsertion.
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Figure14.IChip[$electTimingDiagram
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Note:  AS[AndDSHimingShownforeferencelonly.

Figure[15.MResetl@ndMode$electTimingDiagram
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Functional
Description

ModuleemoryMap

CPU32[Dverview

2118A-HIREL-03/02

The[RAMGArraylspositionedbydheasel@addressiegisterlinthe[RAMICTRLblock.
Resetforcesihe[RAM[Arraydobeldisabled.Wnimplementedblockslarelinapped
externally.

Figure[16.0ModuleMemoryMap

$YFFODO
RAM ARRAY
(20K BYTES)
$YFFEOO
$YFFADO SIM
$YFFABO -- RESERVED --
$YFFBOO RAM CTL
BYFFB40 -- RESERVED -
SYFFCOO0
QsM
$YFFEOO
TPU
SYFFFFF

Note:  Y[EM111l,whereMishelhodmapiSignalStateldnihelIMBMhicheflectsihelStateldfithed
modmapBitihfheoduledonfigurationregisterdfithelSystemlhtegrationhodulelY Z$70
orl$F).

The[CPU32,fhelinstruction[processingmoduleldffhe®8300Family,[isbasedonihe
industry-standard(TS68000[¢orelprocessoriwithinanyfeaturesoflihe®8010[&And
TS68020@sMvelllasUiniquelfeaturesisuitedforhigh-performanceldontroller@pplications.
ThelCPU32lk[designedolprovidealSignificantlincreaselin(performanceloverléxisting
microcontrollerfCPUs[folineetfheldemandforhigherperformanceequirementsforthe
1990s,WwhilenaintainingSourcel¢ode@ndbinary¢odeldompatibilityvithThe 8000
family.

Easelof(programminglisf@nlmportantl¢onsiderationlinflising@microcontroller.[An
instructionformatlimplementingalfegister-memorylihteraction(philosophypredominates
indheldesign,and(allldataiesources(are@vailablefo@lIldperationsiequiringihose
resources.

Alll¢apabilitiesfandfunctionsloflthisinodule@areldetailed fullylin[fhe[CPU32[feference
manual.

AIMEL 25
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BlockDiagram Thelmajorl¢locks[depicteddperatelin(alhighlylihdependentfashionfhathaximizeséon-
currencylofloperationhilelinanaging@heléssential(Synchronization[oflinstruction
executionlandBusloperation.TheDus(dontrollerlbadslihstructionsfromthedataBuslinto
theldecodelunit.

ThelBequencer@ndlcontrolinitiprovideloveralllchipecontrol,managing@helinternal
buses,[fegisters,[andfunctions[ofifheléxecutionUnit.

ArchitecturefSummary Thel[CPU32[@&rchitecturelincludesiSeverallimportantfeatureshatprovidebothpower
andl¥ersatilitydoheiser.[The[CPU32[k[Sourcelandobjectl¢odecompatibleWithfhe
TS68000&NndB8010.[All[Wiser-stateprogramséanbe@xecutedinchanged.Thenajor
CPU32[features(arelasibllows:

32-bitlihternalldatalpathl@and@rithmeticlhardware
32-bitlihternalladdressbus,24-bit[@xternall@addressbus
eight[32-bitlgeneral-purposeldatalfegisters
seven[32-bitlgeneral-purposeladdressliegisters
separateiserf@andSupervisoriStackpointers@andladdressiSpaces
separate[programland(datal@address(Spaces
fulllinterruptlprocessing
fullyldpwardidbjectidodedompatibleWith[68000Family
virtualllemorylimplementation,Ibopfhode@flihstructionléxecution,
fastimultiply, divide,[And[3hiftlihstructions
fastbuslihterfaceith[dynamicBuslport(Sizing
improvedleéxecutionhandlingforldontroller[@pplications
enhancedladdressinglfhodes:

-[Scaledlihdex
-[@ddress(registerlindirectiwithibaseldisplacement@ndlihdex
-[@éxpanded[PClrelativelhodes[32-bitlbranchldisplacementsBbreakpointlihstruction.
instruction(Setl@nhancements:

-highprecisionmultiplylanddivide

-[fraplonidonditionldodes

-Wpperfandibwerboundsi¢hecking
-[@nhancedbreakpointlihstruction

tracel@nléhange0fflow

tablelbokup@ndlihterpolatelihstruction

low[power[stoplinstruction

hardware[breakpoint8ignal, backgroundfnode
16.78MHz[@And[20.97MHz[0peratingfrequencyl@t55°Clib[#125°C
fully(Staticlimplementation

26 TS 083 S ———

2118A-HIREL-03/02



TS68332

Figure17.CPU32BlockDiagram

Sequencer
Car;tirtol Instruction
Prefetch
and
Decode

v

Data
16
Bus < :> . Bus Bus
Exeij:u_gzon Control Control
ni A I—: :

Programmer’sModel Thelprogramminginodelofithe[CPU32[¢onsistsloffwolgroupsiofliegisters: iserfmodel
and[Supervisoriiodel,livhich[¢orrespondiofheuiser@ndSupervisorlprivilegelevels.
ExecutinglatltheWserprivilegedevel,liser(programs¢anlonlylisethefegisters(ofthe
userlinodel.ExecutingatfhelSupervisorlevel,8ystem[softwarelisestheldontrolfegis-
tersioflthelSupervisorevelfoperformSupervisorfunctions.

Address
Bus

N
S
M

ThelSupervisorlevelthashigher[privilegesfhanfheluserdevel.Not@ll[instructions@re
permittedfoléxecutelinthebwerprivilegediserlevel,butl@lllihstructionsarefavailable
atthelSupervisorfevel.[This(schemelallows[alseparation(ofSupervisorlanduserievels,
and(SolthelSupervisorldan(protectSystemdesourcesfromlncontrolled@ccess.[Thelpro-
cessorluses(thelprivilegelevellihdicatedbytfhel$Ditlih[fhe Status(fegisteribSelect@ither
thelserlariSupervisoriprivilegelevell@andleitherfheWSP0Or[$SP{forStackldperations.

Thelserprogrammingodelfemainsidnchangedfromprevious®8000familymicropro-
cessors.ThelSupervisorprogramminghodel,Which[Supplementsiheliser[programming
modellsusedléxclusivelyByfheCPU32[ystemlprogrammersiwholdtilizefheSupervisor
privilegeevelolmplementlSensitivedperating[$ystemlfunctions.[ThelSupervisor[pro-
gramminginodelldontains(allfheldontrolsfolaccess@ndénablefheSpecialfeaturesof
the[CPU32.[AllIRpplication[software,ritteno[funathehonprivilegedliserdevel,
migratesfofhe[CPU32{from@Any[68000platformiwithoutihodification.Thelprogramming
models(areShownlih[Figure18andFigure19.

Registers Registers[D7-D0Ofrelised@sldataliegistersandieadilySupport8-bitl{byte),[16-bit
(word)[and[32-bit[{longivord)@peranddengthsfor@ll[operations.[Registers[A6-AOand
thelliserlandSupervisor[Stackipointers(are(addressiegistersihatimaybelused[as[Soft-
ware[stack[pointersiofbaseladdressliegisters.Register[A7[is[aMegisterfhatlapplies(fo
thedser[Stackipointer(ihfheser(privilegelevell@ndibihelSupervisor(Stack[pointerihfhe
userprivilegeevel.n{addition,fheladdressiegistersiinaybeisedforivord@ndIbong-
word[operations.[Alllofthe[16[general-purposeldegisters{D7-D0,[A7-A0)ay[belised
aslihdexregisters.

The[PCléontainsfhel@addressoflfhelmextlihstructionfobeléxecutedByfhe[CPU32.

AIMEL 27
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The(Status(register([SR)Storesthelprocessor(Status.dtldontainsfhedondition[@¢odesihat
reflectdheMesults[ofl@lprevious(operationand¢anbe lisedorléonditionallinstruction
executionlih[alprogram.

Thellectorbaselfegister[(VBR)[dontainsthebaseladdress[ofltheléxceptionitectorfable
infhemory.Theldisplacement@dflan(éxceptionVectorlisladdedfolihe¥aluelihhisegis-
tero[AccessltheNectorfable.

Alternatefunction(¢ode[Megisters[({SFCAndIDFC)tontain3-bitfunctionéodes. Function
codesléanbeldonsideredgxtensions[ofthe24-bitlinear[address(thatloptionallyprovide
aslinanylas(eight[16-Mbyteladdress[Spaces.[Theseladdressispaceslare(designated(as
either(iserlorSupervisorispaceland@s(either[programlorldatalspace.Therelis[a[CPU
spaceliolallowheCPUolacquirel$pecificléontrollinformation[hotisuallylassociated
with[fead0riwriteMus(Bycles.ThefunctiondodeSignals[FC2-FCO0[Selecthe@ppropriate
address[3pace.

Figure18.User[ProgrammingModel

31 16 15 8 7 0]
Do
[}
D2
D3
D4 Data Registers
D5
D6
D7
K} 16 15 0
AD
Al
A2
A3 Address Registers
Ad
A5
AB
31 16 15 0

| | | A7 (USP)  User Stack Pointer

3l 16 15 0
| I | FC Program Counter

I:I CCR Condition Code Register
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Figure[19.ISupervisorProgrammingModelSupplement

31 16 15 0
| | | A7 (USP) Supervisor Stack Pointer
15 8 7 0
| (CCR) | SR Status Register
31 0
| VBR Vector Base Register
2 0
SFC Alternate Function
DFC Code Registers

DatalTypes

OrganizationIn[Registers

System[Features

VirtualMemory
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Sixbasicldatafypes@relSupported:

e hits

« packagedbinary-codedldecimalldigits
e bytelihtegers((8bits)

e wordlihtegers[{16Dbits)

¢ long-wordlhtegers[(32[bits)

¢ quad-wordlihtegers((64bits)

Theléightldataegisters[¢an(storeldataldperands(ofl,[d,16,32&EndB4bHitsEnd
addresseslof[16[or[32bits.[ThelSevenl@ddressiiegisters@ndihefwolstackpointers@re
usedfor@addressioperandsof16[0r32Mbits. ThePCls[32Mbitswide.

ThelCPU32lihcludesamumberdfifeaturesiblaidSystemlimplementation.[Theselihclude
alprivilegelinechanism,$eparationlof(dddress[Spaces,inultilevellpriorityinterrupts,frap
instructions,@ndl@fracefacility.

Thelprivilegenechanismiprovidesliserf@ndSupervisorprivilege$tates, privileged
instructions,@andéxternalldistinctionlofliserlandSupervisoriStateMeferences.[Thelpro-
cessor(Separates(feferenceslbetweenprograml@ndldatalspace.(This[permitsisharinglof
codelSegments(thatlaccess[SeparateldatalSegments.

ThelCPU328upportsiSevenlprioritylevelsfor199hemoryectoredlihterrupts.[Forléach
interrupt, theMectorllbcation@anBeprovided@xternallyOrigeneratedlihternally.[The[Sev-
enthlkevellprovides@mon-maskablelihterrupti@apability.

Tol3implify[Systemdevelopment,linstructionslareprovidedfol¢hecklinternalprocessor
conditions[and@allow3oftwarelfraps.Thedracefacility[@llowslhstruction-by-instruction
tracingof(program(éxecutioniwithoutlalteration(éfitheprogramlorSpeciallhardware.

Thelfullladdressingangeofthe [CPU32[0nthe T S68332[s[16-Mbytelih(@éachlofléight
address[3paces.[Evenihoughlmostisystemslimplement@Smallerphysicallihemory,fhe
system(danbelhadebl@ppearibhave@full16-Mbyteldfimemory@vailablefbléachlser
programyising¥irtualimemoryiechniques.

AIMEL 29
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LoopModellnstruction
Execution

VectorBaselRegister

Processing[S$tates

AddressingModes

ATMEL

The[CPU32Mhas(Severalfeaturesthatlprovideéfficientleéxecution[oflprogrambops.[One
ofltheselfeatureslisfheDBcclbopingprimitivelinstruction.[Tolincreaselthelperformance
of(the[CPU32,@Alboplodehasbeenladdedibiheprocessor.ThellboplhodelislisedBy
alSinglewordlihstructionfhatldoesotdhange[programflow.lloopihodelisimplemented
in[éonjunctionwith[theDBcclinstruction.[Oncelinbopinode,helprocessorperforms
onlydheldatalecycleslassociatedWwith@helnstruction[andSuppresseslalllinstruction
fetches.

ThelWVBR[¢ontainsfhebaseladdress[oflthe[1024-byte[éxceptionitectorfable,[donsisting
of(256[éxception¥ectors.Exceptioniectors[dontainimemoryladdressesoffoutinesihat
beginléxecutionlatlfhel@ompletion@fléxception[processing,ile.[Anlihterruptdoutine.

The[processorlislalwayshlonelofffourprocessingStates:(mormal,[@xception, haltedor
background.[Thelmormallprocessing(statelis[fhatlassociatedWith[ihstruction[éxecution;
theuslissediofetchlihstructions@ndloperands@andiolStoreesults.[Thel[éxception
processingStatelisfassociatedWithlnterrupts,@raplinstructions,dracing,@ndother
exception[donditions.[TheléxceptionthayDelihternallyl[denerated@xplicitly by@nlinstruc-
tionlorby@nTnusualldondition(arisinglduringfhe@xecution[oflanlhstruction.Externally,
exceptionprocessingl¢anbelforcedby@nlihterrupt,@buslérror,[or(AaMeset.[Thelhalted
processing(Statelis[@nlihdication(ofldéatastrophiclhardwarefailure.[Forléxample,iflduring
theléxceptionprocessingloffalbuslerror@notheruslérrorldccurs,fhelprocessor
assumes(thatfhelsystemlis[Unusable@ndhalts.Thebackgroundprocessing(statelis(ihi-
tiatedbybreakpoints,&éxecutionldfl$peciallinstructions,or@ldouble®usfault.
Background[processinglallows[interactiveldebugginglofltheSystemVialalSimple[Serial
interface.

Addressinglihfhe[CPU32[ik[Megister-oriented.Mostlinstructions[allowihe esults[ofthe
specified[operation[fobeplacedl@itherlin(afegisterlordirectlylihimemory;thisflexibility
eliminates(ftheeedforléxtralihstructionsibstoreegisteri@dontentslinthnemory.
ThelSevenbasicladdressinghodesarelas(bllows:

e registerldirect

e registerlindirect

e registerlihdirectiwithlihdex

« programl@ounterfihdirectiwithldisplacement

e programl@ounterlihdirectiwithlindex

e absolute

¢ immediate
Includedlhihelfegisterlihdirectladdressingfhodes(@retheldapabilitiesblpost-increment,
pre-decrement,[@andoffset.[ThelprogramGounterrelativemodelalsolhaslihdex@anddffset

capabilities.Onfaddition{fothesel@addressingmodes, anylihstructionsimplicitly[Specify
theluise(oflthe(Status(register,Stacklpointer,[@nd/or(program(dounter.
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Instructions

68000Family[Compatibility

Newl(Ihstructions

Development[Support

68000FamilyDevelopment]
Support
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Itls@hephilosophyloflihe 68000@amilyihatlalllliser-codelprograms¢anléxecute
unchangedion@imoref@dvancedprocessor,[@ndSupervisor-modelprograms[andéxcep-
tionhandlers[Shouldequire@nlyhinimal@lteration.

The[CPU32danbefhoughtof@sanlihtermediatememberofthe[68000Family.[Object
codefrom@An[TS680000r68010aybe@éxecuteddonihe[CPU32,Andnanyofihe
instructionfandladdressingmodeléxtensions[oflthe[TS68020are(alsoSupported.[Refer
tolthe[CPU32[feferencemanualfor(aldetailed[@¢omparison[ofithe[CPU32[andTS68020
instruction(Set{seelalso[Table(T).

TwoewlhstructionshaveBeen@ddedibfheTS68000lhstructionSetforuselih[@ontrol-
lerfapplications.[They@redowpowerStop(LPSTOP)Anddabledbokuplandlinterpolate
(TBL).

Low[Power[Btop[LPSTOP):On@pplicationsiherepowerldonsumptionlis[alconsider-
ation,[fthe[CPU32{orces[theldevicelinto@dbw-power[Standbyodelvhenlimmediate
processinglisthotiequired.Thellow-power$topinodelis(énteredyléxecutingihe
LPSTOPIihstruction.

Thelprocessorwillllemainlhhisimodeluintiliaiser-specification{orlhigher)interrupt
level@rldesetldccurs.

Tablellookuplandnterpolate[{TBL):[Tolmaximizefthroughputforieal-timelapplications,
referenceldatalis[often[pre-calculated”[and[$toredlinmemoryforlguicklaccess.[The
storagelofleachdatalpointiivouldfequirelanlinordinate(@mountlofiinemory.Thelfable
instructionMequiresonly[alsample[ofldatalpointsistoredlihfhe@rray,educinglmemory
requirements.[This[singlelihstruction(allowslintermediateWalues[fo[be[fecoveredbyin-
earlinterpolation,fhus(significantlylincreasinglCPUfhroughputlcomparediwvith(@arlier
interpolationinethodslwhichllised[$everallinstructions.[Thelfesultsfareloptionally
roundediwith{fheMound-to-nearestlalgorithm.

Theffollowingfeaturesihavebeenlimplementedonfhe[CPU32{olénhancefhelinstru-
mentation@ndldevelopment@énvironment:

e 68000FamilyldevelopmentSupport,
¢ backgroundidebugimode,

e deterministiclopcodefracking,

¢ hardwareBreakpoints.

AllB8000Familyimemberslihcludefeaturesibfacilitate(applicationsidevelopment.[These
featureslinclude(heollowing:

Trace[On(hstruction:[68000familyprocessorslinclude@nlihstruction-by-instructionirac-
ingfacilitylas[an@idfoprogramldevelopment.[The[CPU32[alsolallows[theliser(folirace
onlyffhoselihstructions[dausinglal@éhangelin[programflow.

Breakpointhstruction: [An[@émulatorimaylihsert[SoftwareBreakpointslintofhefargetdode
tolihdicatelWhen@breakpointthasldccurred.[Onthe[CPU32,thisfunctionlisprovidedNia
illegallihstructions,[$4848-$484F,[fb(3ervel@sbreakpointlihstructions.

Unimplemented(InstructionlEmulation:[Duringlihstruction[éxecution,ihenlanlattemptlis
made(foléxecutelanlilegallihstruction,anlillegallinstruction(éxceptionloccurs.[Wnimple-
mented[instructions[{F-line,[A-line,...)[Utilize[$eparate[éxceptionVectors[fopermit
efficientlémulationloflunimplementedlihstructionslin[Software.
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BackgroundDebugMode

DeterministiclOpcode[Tracking

On-chipBreakpoint(Hardware

ATMEL

Microcomputer3ystems[generallyprovide@ldebugger,implementedlin[Software,{or
systeml@nalysis(atlihelowestlevel.[Thebackgroundldebuglinodelinihe[CPU32[is
uniquelih(ihatfheldebuggerhasbeenlimplementedih[CPUhicrocode.Registersidanbe
viewed[and/or[altered,inemorycanbeeadlorivritten{o,and@estHeaturesi¢anbe
invoked.Incorporatingfheseldapabilitieson-chipSimplifiesthe@nvironmentliniwhichihe
in-circuitlémulator(operates.

CPUB2Hunction[dode@utputsfarelaugmentedbyiwoSupplementary(sSignalsoinonitor
thelinstructionpipeline.Thelihstructionpipe [PIPE)butputlihdicatesihe [Startlofléach
newlinstructionfandl@achlinid-instructionpipeline@dvance.[Thelinstructionetch
(FETCH)butputltentifiesthebus(adycleslihiwhichfhedperandlslbadedlintofhelinstruc-
tion[pipeline.PipelineflusheslarelalsolSignaledwithFETCH.Monitoringdheseiwo
signalsf@llowslabus@nalyzeriodynchronizelitselflfofhelihstructionStream@ndmonitor
its(activity.

An[éxternal@reakpointraplonlanymemorylaccess.
Table.[nhstruction[SetlSummary

Mnemonic Description
ABCD AddDecimaliwith[Extend
ADD Add
ADDA Add[Address
ADDI AddImmediate
ADDQ AddQuick
ADDX AddWwith[Extend
AND LogicallAND
ANDI LogicallANDImmediate
ASL,[ASR Arithmetic[Shiftlleftland[Right
Bcc Branch[Tonditionally
BCHG TestBitl@and[Change
BCLR TestBitl@nd[CTlear
BGND Background
BKPT Breakpoint
BRA Branch
BSET TestBitlAnd[Set
BSR Branchib[Subroutine
BTST TestBit
CHK,[CHK2
CheckRegisterAgainstlUpperanddlowerBounds
CLR Clear
CMP Compare
CMPA ComparelAddress
CMPI Comparedmmediate
CMPM CompareemoryibMemory
CMP2 Comparel[RegisterfAgainstWpper@andlowerBounds
DBcc Test[Condition,Decrement@ndBranch
DIVS,DIVSL SignedDivide
DIVU,DIVUL UnsignedDivide
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Table[7.[hstruction[$etBummary{Continued)

Mnemonic Description

EOR LogicalExclusive[OR

EORI LogicalExclusive[ORImmediate
EXG Exchangel[Registers
EXT,[EXTB Sign[Extend

ILLEGAL Takellegalhstruction[Trap
JMP Jump

JSR Jumplib[Subroutine

LEA Load[Effective[Address

LINK Link@nd[Allocate

LPSTOP Low[Power[Stop

LSL,MSR Logical(Shiftleftland[Right
MOVE Move

MOVEICCR Movel[Condition[Code[Register
MOVESR Move[Status[Register
MOVEMUSP MoveUser[Stack[Pointer
MOVEA Movel[Address

MOVEC MovelControlRegister
MOVEM MoveMultiple[Registers
MOVEP Move(Peripheral

MOVEQ MovelQuick

MOVES MovelAlternate[Addree$pace
MULS,MULS.L SignedMultiply
MULU,MULU.L UnsignedMultiply

NBCD NegateDecimalith(Extend
NEG Negate

NEGX NegateWwith[Extend

NOP No[@peration

OR Logicalhclusive[OR

ORI Logicalhclusive[ODROmmediate
PEA Push(Effective[Address
RESET Reset[ExternalDevices
ROL,IROR Rotateleftland[Right
ROXL,[ROXR Rotatewith[ExtendLeftlandRight
RTD Return@nd[De-allocate

RTE Returnfrom[Exception

RTR Return@ndRestore[Codes
RTS ReturnfromBubroutine

2118A-HIREL-03/02
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Bus[Operation

FunctionCodes

ATMEL

Table[7.[hstruction[$etBummary{Continued)

Mnemonic Description

SBCD SubtractDecimalWwith[Extend
Scc Set[Conditionally

STOP Stop

SUB Subtract

SUBA Subtract[Address

SUBI Subtractimmediate

SUBQ Subtract@Quick

SUBX SubtractiithExtend

SWAP Swap[RegisterWords
TBLS,OTBLSN Signed/Unsigned(Tabledookup
TBLU,TBLUN andlhterpolate

TAS TestOperand@ndiSet

TRAP Trap

TRAPcc Trap[Conditionally

TRAPV Trapdn[Overflow

TST TestOperand

UNLK Unlink

This[$ectionprovides[@functionalldescriptionloflftheDus@ndihelsignalsihatl¢ontrollit.
Operation[dflfheDuslisfheSamelhethertheCUI[drlanéxternalldevicelisfheDusmas-
ter;[@hehames@ndldescriptionlof(busityclesfarefromlihepointlofviewldfTheus
master.[The1CU[@rchitectureSupportsibyte,word,[@ndIbng-worddperands,@llowing
access[io[8-bitland16-bitldatalportsithroughliseldflasynchronousdycles[¢ontrolled by
theldataransfer({S1Z1@&nd[51Z0)Andldatalsizelacknowledgepins((DSACK1&And
DSACKO).

Thefunctionléodelsignals[{FC2EFCO)Selectlonelofléight[16-Mbyteladdress[Space(io
whichfhe[@ddress(applies.

AddressBus Theladdress[bus(signals[{A23[J[A0)(defineltheladdress(oflthebyte{orfheostSignifi-
cantbyte)ibbelfransferredlduringlaBusldycle.[The@ddresslisalidiwhile[AS[asserted.

Address[Strobe ThelAddress[Btrobe[AS)s@dimingSignalfhatlindicatesfheValidity@fanAddresson
the[@ddressbusl@ndlofimanyldontrolSignals.

DataBus Theldatalsignals[{ID15EID0)[¢ompriselabi-directional,[mon-multiplexedparallelbusihat
contains(theldataDeingfransferredfolorfromihe MCU.[Aleadorlwvrite[@perationinay
transfer@[0r16bits(ofldatallor2Bytes)ihn[onedusléycle.

Datal$trobe The[lData[StrobeE@_S)ES@[timingBignal[ﬂhat@pplies[fb[ﬂhemiata[ﬂ)us. (For[alreadldycle,
theMCU(asserts[DS[fo(Signallthe@xternalldevicelivlplaceldatalonthebus. Forlalwrite
cycle,[DS[8ignalsibfhe(éxternalldeviceslthattheldatafbbelrittenlisalid[onthebus.
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Bus[ControlSignals

Bus[CycleTermination
Signals

DynamicBus[$izing
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TheCUIlnitiatesfabuseycleyldriving@heladdress,$ize,dunction, [¢ode,[and
read/write[@utputs.[Atlthe Deginninglofabusieycle,fhelSizeSignals{S1Z1,[51Z0)@re
drivenf@longwithfthefunction[dode(Signals.[$1Z1[and[$IZ0lhdicate fhemumberlofbytes
remainingfobedransferredduringlanloperand(¢yclel{consistinglofloneldrinoreus
cycles).[TableB3howsthe@ncoding®f[$1Z1@&And[$1Z0.[Thedead/write[[R/W)[Signal
determines(iheldirection@flthedransferlduringlabusldycle.Theldead-modify-write[dycle
signallRMC)lis[asserted[atfhebeginningloflthefirstusidycledffaliead-modify-write
operation,@ndemainsf@ssertedntilldompletionofithe finalbus(dycleldfliheldperation.

TablelB.[BizeSignallEncoding

Siz1 SIz2 Transfer[Size
0 1 Byte
1 0 Word
1 1 3Byte
0 0 LongWord

Duringbusldycles,@xternalldeviceslassertltheldatalfransfer@ndsSizelacknowledge(sig-
nalsIdDSACK1[@&nd/orDSACKOGAspartlofthe dusiprotocol.Duringlaleadldycle,fhis
signalstheMCUdo{erminatefhe Mus[dycle[andfodatchheldata.Duringaliriteldycle,
thislindicatesthatfhel@xternalldevicehasSuccessfullyStoredtheldatal@andfhattheldycle
may[ferminate.[Theselsignals(alsolindicatelfothe MCU[iheSizeloftheportforihedus
cyclefjusticompleted.

TheDusleérrorBERR)[Signallis[also@busldycleferminationlihdicatoranddanbeldsedlih
thel@bsencedfIDSACKXx[iblihdicate@Muslérrordondition.dt[danlalsobelassertedlihdon-
junctionith(IDSACKxdolindicate[@buslérrorf¢ondition,[providedlitiineetsihe
appropriatefiming.[Additionally, the[BERR[AndHALTSignalsi¢an(belasserted[Simulta-
neously,ihfieulof,[@rlih[éonjunctioniith, theMSACKXx[Signals.

ThelihternaluslmonitordanbelisediblgeneratefheBERRI[Signalforlinternal@ndlinter-
nal-to-externalfransfers.[An@xternalBusimasterimustiprovidelitsiownBERRI[generation
andldrivelthe[BERRI[pin,$incefhelinternalIBERRnonitor(hasholihformation[about
transferslihitiated@y@n[externalusmaster.

Finally,[fhe(autovector[{AVEC)Signall¢anbelisedfoferminatelihterruptZacknowledge
cycles,lindicatingfhatfheMCUShouldlinternallylgenerate[@iectorimumberfolbcate[an
interruptthandlerlfoutine.[AVECIs[gnoredduringlallldtherbusidycles.

TheMCUdynamicallylinterruptsiheportiSizedflthe[@dddressedldevicelduringléachbus
signal,[allowing[operandfransfersiolorfromB-And16-bitlports.Duringanloperand
transfer[dycle,fhelSlaveldeviceSignals(itsiport(Size[(byte[driword)[@ndlihdicates[domple-
tionofdhedusltycle@oiheMCUIhroughiheluiseloffhe D SACKx&ncodingsland
assertionesults.Referfo[Table@ForDSACKx[&ncodings@ndlassertionesults.For
example,[ifthelMCUlik[&xecutinglanlihstructionfhatieads@dbng-wordloperandfrom[a
16-bitfport,fheMMCUMatchesfhe 1 6itslofValid[datalandfuns[anotherusldyclelfo
obtainthe[dther16Dits.

Dynamicus[Sizing[fequireshatfhelportionloffheldatabusfor@ransferfolorfroma
particulariport(SizeDelfixed.Forléxamplelan[8-bitportiinustfeside [on[databusbits[150
8.

Thel[SIzx$ignalsialsoformpartlofihedusiSizingprotocol.[Theseldutputsiindicateihe
remainingumberorbytesibBelfransferredduringlfheldurrentbusidycle.
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Bus[@peration

FastTermination[Cycles

BusException[Control[Cycles

ATMEL

Table®.IDSACKI[Codes@ndResults

DSACK10O [DSACKO Result

1 1 .

Insertiwait(Stateslihl@urrentbus(dycle

(Negated) (Negated)

! 0 Completeldycle 3 DatalbusiportSizeisB-bits
(Negated) (Asserted) P 4

0 1 CompleteldycleZDatabusiportSizelis16-bits
(Asserted) (Negated) P 4

0 0 Reserved
(Asserted) (Asserted)

TheMCUDbuslsisedlih@nlasynchronouslimanner.[Theléxternalldevices[donnectedio
thebusldanldperatelatidlockfrequenciesidifferentfromihedlockforfheMCU.[Busoper-
ationWisesTheMandshakelines{AS,DS,IDSACK1,[IDSACKO, BERRENAHALT){o
controlldataransfers.Decodingfhelsizedutputsiandlower@addresslline[AOprovides
strobes(fhat$electfhel@ctiveportionloffheldatalbus.Thel$laveldevicel[{memorylor
peripheral)fhenespondsibyplacingfhefequestedldataldniheldorrectportionloflthe
databusfor@eadlcyclelordatching@heldatalonlalriteléycle,@ndlassertingdhe
DSACK1/DSACKOIEombinationfhatl¢orresponds(ioihelportSizefoléndiheldycle.dfimo
slaveliesponds(orhel@accesslislinvalid,[éxternalléontrollogiclassertsihe[BERR,or
BERRI[@ANdHALT)Signal(s)ib@bortdrretryfhebus(Sycle,espectively.

With{anléxternalldevicelfhathas@afast@ccesslime,fheldhip-selecti@ircuitfast-termina-
tionldption[danprovideafwo-cycleléxternalbusiransfer.[Sincelfhel¢hiplSelectldircuits
areldrivenfromhelsystemldlock,fhebusléycle@erminationlisihherentlySynchronized
withthelSystem[dlock.

Thelbusl@rchitectureequireslassertion@f(IDSACKxHrom@nlexternalldeviceolSignal
thatl@busléyclelisldomplete.DSACKxGr[AVECIshot@ssertedihfheseldases:

* Theléxternalldeviceldoesnotlfespond
¢ Nolihterrupti¥ectorlisprovided
« Variouslother[@pplication-dependentleérrorsiéccur

ThistMCUhas[abuslérrorinput({BERR)OWhenholdevicelespondsbylasserting
DSACKXx[oriwithin[@an[appropriate[periodoffimeafterfheMCUAssertsfheAVEC.[This
allows[thelgyclefoferminatelandfheMCUolénterléxception[processing[forfhelérror
condition.[Another(3ignallihatlisised@oruséxceptioncontrollishealt$ignal
(HALT).ThisBignallcanbelassertedylanléxternalldeviceforldebuggingpurposes(io
causelSingleMusloperationOr{in[dombinationwithBERR) @A[Tetry[oflaBusldyclelinlérror.
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Bus[Arbitration

Reset[@peration
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TheDusldesignofltheMCUprovidesor@alsSingleusimaster@tl@nyonelfime:[@itherthe
MCUrlan(externalldevice.[Onelorlinoreoffheéxternalldeviceslonfheus[canhave
the@apabilityloflbecomingbusimaster.Buslarbitrationlisthelprotocolywhich[@nléxter-
nalldeviceecomesbuslinaster;dhebusltontrollerlin@heMCUinanagesiheus
arbitration(signalsSolihatfheMCUhas[thelbwest(priority.[Externalldevicesihatbeed o
obtainfheBuslinustlassertihebus@rbitration(signalslih(al¢ertain[S8equence.[Fystems
thatlinclude[Severalldevices[fhatlcanbecomebusiinasterequirelexternallgircuitrydo
assign(prioritiesffodheldevices,$olthatiivhenfwolorimoreéxternalldevices@ttemptio
becomeBusiinasterlatfheSameime,fheldonelavingihehighestpriorityecomeslihe
buslinasterffirst.[Thelprotocollis[éxplainedfullylinthe[SIMImanual, howeverherelisthe
basiclSequenceldflévents:

« Anléxternaldevice@ssertsfheBusfequestBignal(BR),
« TheMICU@ssertshelbusgrantSignalolindicate fhatfhebusis@vailable(BG),

e Theléxternalldevice@ssertsthebusigrantiacknowledgeSignal(BGACK)olihdicatel]
thatlt(has@ssumedbBushastership.

Buslarbitrationequestslareecognizediduringhormallprocessing,[HALT[Assertion,
whentheCPUhas(haltedduefolaldoubleBusfault.

TheMCUhas(desetldontrolbgicHoldeterminefhel¢auseofiesetlandS3ynchronize[tif
necessary.[f@nleéxternalldeviceldrivesfhe RESET [pinbw, fheMesetldontrollbgicholds
RESETI[assertedlihternallyintilfhe@xternal[RESET[is[Meleased.When[ihelfesetdontrol
logicldetectsfhatfheléxternallRESETsMoldbngereingldriven,itldrivesSIRESETlowfor
anfadditional312[dyclesliblguaranteelfhislengthloffesetibiheléntirelSystem.IfIRESET
is@ssertedfrom@nylotherSource,fhelfesetléontrollbgiclassertsIRESET For@minimum
of(B12[dycleslandintilfheSourceoflfesetlismegated. Figure20s@Aadimingldiagram of
thelpower-upfesetloperation,ShowingiheelationshipbetweenRESET, V5, [@ndDbus
signals.[Duringihelfesetlperiod, the@ntirebus{exceptforon-tri-statablelSignals,ivhich
areldrivenffofheirlinactivelStatefhree-states.[Once[RESEThegates,@llldontrolSignals
areldriven(foltheirlihactive(State, fheldatabuslisih(feadinode,[@ndfhe@ddressbuslis
driven.[Afterlthis,fheffirstbusldyclefor(RESET@xception[processingbegins.

RESETIShouldbelassertedfor@tieast590[dlockiperiodsiblénsurefhatifhe MCUMesets.
ResettingliheMCU¢auses@nydusldyclelin(progressoderminate@slf(DSACKXxor
BERRMmasbeenlasserted.Inladdition,fheMCUIhitializesegisters(appropriatelyforfa
resetléxception.

Forfurtherihformation(feferibhe[SystemIhtegrationodule Manual.
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Figure20.dhitialReset@perationTiming
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Systemllntegration[]
Module

System[Configuration@nd
Protection[Submodule

The[TS68332[8ystemlintegrationmodule[{SIM)[¢onsists[offive[Sudmodules(ihatld¢ontrol
thelmicrocontrollerWnitliMCU)8ystem(start-up,ihitialization,[@onfiguration,@ndléxternal
buswith@minimumlofléxternalldevices.[Thefives(SubmodulesihatlinakeipthelSIM,
shownlih[Figure21,[arel@sfollows:

e System[Configuration@nd[Protection
¢ Clock[3ynthesizer

¢ Chip[Selects

« ExternalBuslhterface

e System([Test

Thel[SIMnodule@llowsfhelliserfoldontrollSomelfeaturesofisystemltonfigurationby
writingitslh{heModule[ConfigurationRegister.[This[fegisterfalsol¢ontainsiead-only
status(bitsthatShowl(he[state[6f[Some0fthe[SIMeatures.

ThisMCUlk[designedwithfhel¢onceptlofiprovidingnaximumisystemsafe-guards.
Many[offfhefunctionsfhatihormallyustbeprovidedlinléxternallgircuits@arelihcorpo-
ratedlinthisIMCU.[Thefeatures(providedlinthe$ystem[¢onfiguration@nd[protection
submodulelare@sollows:

System[Configuration Theloduleldéonfiguration(fegister@llowsfheliseriol¢onfigurefhel8ysteml@ccordingio
thelparticulari8ystemiequirements.
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InternalBusMonitor

HaltMonitor

Spurious(hterruptMonitor

Software[Watchdog

PeriodicnterruptTimer
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TheMCUprovides(an(ihternalusonitoribmonitorfhe D SACKxesponsefimefor(all
internalbuslaccesses.[An[option[allows@helinonitoringloflinternalfoléxternalus
accesses.[Therelarefour(Selectablefesponseimes(ihatlallowbrihelfesponseSpeedof
peripheralsiuisedlinthe[System.[Abus[érror((BERR)Signallislassertedlinternally[ifithe
DSACKXx[esponselfimeliséxceeded.Whenldperating@s@bus(master,fhe BERR[Signal
is[hotf@sserted@xternally.

Figure21.0BystemIntegration@ModuleBlockDiagram

System Configuration
and Protection

CLKOUT
EXTAL
MODCK

Clock Synthesiser

Chip Selects Upper Address/Chip Selects

External Bus External Bus

[RigiN|

Interface —

RESET

- TSTME
SymtemyTost FREEZE/QUOT

AlhaltimonitorldauseslalfesetbldccurlifthelinternalBaltlHALT)ls[@ssertedDythelCPU.

Ifmolinterruptf@rbitrationldccursiduring@nlnterrupt@cknowledge{IACK)tycle,he
BERRISignallis@ssertedlihternally.

Thelwatchdog@ssertsIRESET ifthe(SoftwarefailsiblServicefhelSoftwareMvatchdogfora
designatedperioddfifime{presumablyBecauselitlisfrappedlih@lbopdribst).[Therelare
four(Selectableime-outlperiods,@nd@prescalerifhayBelisedforlongiime-outlperiods.

TheMCUprovidesadimerolgeneratelperiodiclinterrupts.[Thelperiodiclihterruptime

periodi¢aniaryfrom122isE15.940us{with(al32.768KHz[¢rystallisedfolgeneratethe
systemI(glock).
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Figure22.IClock(SubmoduleBlockDiagram

]
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Note:  MustbellbwIeakageldapacitor.

Theldlock[Synthesizer[{Figure[22)[dan(dperatefrom@nlon-chipphaselbckedlIbop(PLL)
usinglanlexternalldérystall¢onnectedbetweenthe[EXTALRNAIXTALDins[As[aeference
frequency(Source.[A[32.768KHzvatchldrystalprovides[@nlinexpensiveeference, but
thelfeferenceldrystallfrequencyl@anibe@nyfrequencyfrom25EH5B0EKHz.[Outsidefhe25[H
50KHzfange,[@nlexternalloscillatoridanbe isedWwith{fthe[on-chipSynthesizerlandVCO,
orfthefrequencyléanbeldrivenldirectlylintolfhe[EXTALBin[{(the(XTALpin(Shouldbe[eft
floatingfor(this(dase).

Thelsystem[dlockdrequencylis[programmablefrom131kHz{ofhelihaximumldlockre-
guencyith[aMesolution0f(131[KHz.[ASeparatepowerpin(Vppsyy) i5Hisediblallowihe
clocklgircuitsfounwithfhe estlofthe MCUpowereddownlandfolprovidelincreased
noiselimmunityforhedlocklgircuits.IfforlSomeleasoniheléxternalSignallis[femoved
fromheldevicelthenlthel¢lockiSynthesizeriwilllgeneratelitslownlinternall¢locksignallfo
allowlfheldeviceolénterlsomekindoflérrorfecoveryoutine.ThislsKnownAsLIMP
mode.[Theltlock@requencylgeneratedilllhothave@nldssociateddiming$pecbut
shouldbe@round@MHz.

Typicallmicrocomputer[systems[iequire[eéxternallhardwarefoprovide3elect[Signalsiio
externallperipherals.[ThisIMCUlihtegratesfhesefunctionsdn-chiplihdrderibprovidelfhe
cost,[3peed,[@nddeliabilityenefitslof@lhigherlevelloflintegration.[Thel¢hip-selectlSig-
nals[éan(@lsobelprogrammed(asioutputlénable,fieadoriwritelStrobe, [0rTACKISignals.

Sincelihitialization[Softwarelwould[probably[fesidelih(aperipherallihemoryldeviceldon-
trolledyfhel¢hip-selectlgircuits,[AICSBOOT [Megister[providesidefaultiesetValues(io
supportbootstrap@peration.

Thelchip-selectlSubmoduleSupportsiihefollowing[programmablefeatures:

40 T S 6.8 .33 — e —
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Twelve[ProgrammableChip-
select[Circuits

VariableBlock[$izes
BothB-bitland[16-bitPortsO
Supported

Read[Only,Write[Only,6rO
Read/write[Capability

Address[Strobe@ndDataStrobe
Timing[Option

InternalIDSACKI[Generationd
with(Wait[$tates
Address[$pacelChecking
InterruptPriorityMeveld
Checking

Discrete[@Output

68000-type[PeripheralSupport

2118A-HIREL-03/02

Twelveléhip(3electiSignalsl@arelavailableICSBOOT)@ANdICS10{ro[CSO).[Theselsignals
use@he[CSBOOTIpin,Bus@rbitration(pins[BR, BG,AndBGACK, Bunction[tode [pins
FC2-FCO,[@and@ddress[pins[A23-A19.[The{ICSBOOT)pinlis[dedicatediolalsinglefunc-
tionbecauselitimustfunction(after@esetivithfmolinitialization, Iheldther¢hipSelect
circuits(Sharefunctions@nheirloutputpins.(Alll2[¢hip[Selectl@ircuits@reihdependently
programmablefrom(fhelSamellistlof(selectablefeatures.[Eachi¢hipSelect@ircuitihasian
individualbaseegister@ndoptionfegisteriwhich[dontainfheprogrammable[¢character-
isticsloflthatl¢hipSelect.[Wsingdhese@ddresslineslasichipSelectiSignalsidoeshot
restrictltheargelinearfaddressispaceloffheMMCUBincefhelchip3electlogiclalways
uses(ihelihternall@ddressl(ines.

TheblockiSizeStartingfromiheSpecifiedbase@ddressdanbeprogrammedas2K, BK,
16K,64K,128K,256K,[B312Kbytes[dr[1-Mbyte.

Eight-bit(ports(arelaccessiblelonbothlodd[and[éven(addressesiWhenldonnectedioldata
busbits[15-8.[Sixteen-bitlportsidanBe@ccessed@sloddbytes, [@évenbytes, Orivords.

Chip[SelectsidanbelassertedSynchronizedWwithiead,Write,[0rboth[fead@ndwrite.
Chip-selectlSignalsi¢canbelsynchronizedwith[either[daddressstrobelor[datalstrobe,[So
that[@ontrollSignalsiSuch@soutputlénableldriwrite[@nabledanbeléasilydenerated.
Theportiprogrammed(infhelpinf@ssignmentegisterld¢anbeeferencedforlgenerating

DSACKI@andihelproperiumberlofilaitStatesfbralparticularideviceprogrammedbythe
user.

Supervisor,diser,[@nd[CPU[Spacelaccesses(danbeloptionallylchecked.

In@hedACKI¢ycle,dhelacknowledgedlinterruptlevell¢anbelcomparediwithfheliser-
specifiedlevellprogrammedlintheloption(field.TflautovectordptionlisSelected,[AVECIs
internally[@sserted.

Port[Cpins[A22-A19[and[FC2-FCOl¢anbelprogrammedfor[discretedutput,with[data
storedlinlfthepin(datalfegister((CSPDR).

68000-typelperipheralsihatifequirelanEl¢lockfor[Synchronization¢anbelSupported.

Chip[Selectlis@sserted,SynchronizedwithfheE[dlockOn[pin[A23,[providing[dorrectidata
busimingforiheMCU.
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Module

QSMIPins

QSPISubmodule
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The{est[SubmodulelisaprimaryfoolfolSupportiallfypesoffesting,[Suchlasproduction
testlanduser(Self-test,fhatlis(integratedlintoftheMCU.[ThelSubmoduleSupportsScan-
basedfestingdfyariousimodules(ihtheMCU.[ThelScan(festiémployedheredonsists[of
thelfestSubmoduleperformingfhebllowing(Steps:

e seriallyShiftingStimulusdatafolanidlemoduleinderfest(MUT)

¢ activatinglfthelmoduleltinder[fest

e seriallyShiftingdesponseldataackfromfhelfhoduleinderfest

e latchingfheiesponseldatafbrlihterrogationByfheBushaster
Thelfurtherlihformationdofhe[$SystemIhtegrationmoduleManual.

Thelqueued(Serialihodule [QSM)[provides(ihehicrocontrollernitMCU)With{wo[Serial
communicationlinterfacesldividedlintofwolSubmodules:fheldueuedseriallperipheral
interface{QSP)[Anddhe$erialltommunicationslnterface{SCI).[The[QSPIOs @ Hull-
duplex,3ynchronousSeriallinterfaceorlcommunicatinglvith[peripheralsandother
MCUs.Mlis[énhancedByfheldaddition0f@RAMIqueueforlfeceive@ndiransmitldata.[The
SClis[afull-duplex@niversal@synchronousteceiveriransmitter((UART)Seriallihterface.
TheselSubmodules[dperatelihdependently((seelFigure(23).

The[@SMMhashinel@xternalpins.Eightloftheselpins¢anbelised(as[general-purpose
I/Opins.OffhelpinlisMotbeingserforlits[Submodulefunction.Theminthpin,[RXD,is[@n
input-onlypinised@xclusivelybyfhe[SClSubmodule.Thelpins@relidentifiedasfbllows:

MISOEFMasterhSlaveDut
MOSIFMaster@ut[Slavelh

SCKEFSFeriallClock
PCS0/SSEPeripherallChip-Select0/Slavel$elect
PCS3-PCS13PeripherallChip$elects3-1
TXDEFOransmitData

RXDEReceivelData

The[@SPISubmodule[@ommunicatesiithléxternal(peripheralsfandotherfMCUsNiala
synchronous(Serialbus.The@QSPIisfullyldompatibleWithfhe[SerialPeripherallhterface
(SPI)BystemsoundlonldtherfAtmel-Grenobleldevices3uchlasihe8HC11and
68HCO5Families.dt(has(all6ffheldapabilities(oflthelStandard[SPISystemlasiell@sSev-
eralldew(features.Thelbllowingparagraphsldescribefheainfeaturedflthe[@SPI.00
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2118A-HIREL-03/02



QSPIFeatures

QSPIEnhanced[Features

2118A-HIREL-03/02

TS68332

Figure23.0QSMBlockDiagram
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Standard[SPIdeatureslarelisted®elow,followedbyalistlofThe@dditionalfeatures
offered@nfhe[@SPI:

e fulllduplex,three-wirelSynchronousliransfers,
¢ half-duplex,fwo-wirel8ynchronous(fransfers,
e masterlodrSlaveloperation,

e programmablelihasterbit(dates,[]

e programmableldlockipolarityl@ndiphase,

¢ end-of-transmissionlinterruptlag,

¢ master-masterfhodefaultiflag,

e easilylinterfacesiblSimplel@éxpansioniparts{A/Dldonverters,[EEPROMSs,[display
drivers,[@tc.).

Alprogrammablelgueuelallowsihe[@QSPIfoperformlipfol6$erialfransfersivithout
CPUIlntervention.[Eachfransfer[¢orresponds(folalqueueléntryld¢ontaining@llfhelihfor-
mationmeededbyfhe[@QSPI{olihdependentlyléompleteloneSerialfransfer.[ThisUinique
featurelgreatlyeduces[CPU/QSPIlhteraction,Mesultinglihlincreased[CPUlAand[8ystem
throughput.

Oncelthe[CPUhas[$etlipfheldueueldflQSPIlcommandslandlénablesihe@QSPI,The
QSPIl@perateslihdependentlydfithe[CPU.The@QSPIexecuteslallldffhe[dommands(ihlits
queue,Setsfaflaglindicatingfhatlitthasinished,@ndihenl&itherlinterruptsfhe [CPUor
waits{br[CPUlhtervention.

Programmable[Peripheral[Chip$elects: [Fourlperipherall¢hip-selectpins(allowihe@QSPI
tolaccessupfo16lihdependentiperipheralsibyldecodingihefourlperipherall¢hip-select
signals.[WpliofourlindependentperipheralsicanbeSelectedbyldirectlconnectionfola
chip-selectpin.[Thelperipherall¢hip$electsisimplifylinterfacingfofwoldrMmoreSerial
peripheralsyprovidingldedicatedperipherallchip-selectSignalsiandfhus(alleviatingfhe
needor[CPUlihtervention.
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Wraparound(TransferMode:[Wraparoundransferiimodeallowsforlautomatic, [dontinu-
ous(re-execution(oflfhelpreprogrammed(queueléntries.Newlyfransferredldatalfeplaces
previouslyfransferredldata.(WraparoundSimplifieslinterfacingwith[A/D[convertersy
automatically[providingfhe [CPUWithfhedatestldonversionslinfhe[@QSPIRAM.[Conse-
quently,Seriallperipherals@ppear@simemory-mappediparallelldevicesibfheCPU.

ProgrammableTransferlength:[TheMumberdfbitslihlalSerialfransferisprogrammable
fromB{o[16Mits,[hclusive.Forl@xample,[10-bitsicouldbeWsedForl@ommunicatingith
anleéxternal(10-bits[A/D[¢onvertor.llikewise,[alacuum{luorescentldisplayldrivernight
require[a12-bits[Serialfransfer.[TheprogrammabledengthSimplifiesihterfacingfoSerial
peripheralsthatfequireldifferentldatalengths.

ProgrammableTransferDelay:[Anlinter-transferldelayinaybelprogrammeddrom
approximately1{fbB00{is{usingall6.78MHz[Systemldlock).Forléxample,@n[A/Dldon-
vertor(mayMequireimebetweeniransfersfolcomplete@mewldonversion.[Theldefault
delay(is10us.[ThelprogrammablelengthlofldelaySimplifiesihterfacingib[Seriallperipher-
alsfhatlfequireldelayfimeBetweenldatalfransfers.

Programmable[@QueuelPointer:[The@SPIhas(alpointerihatlpointsibihelqueuellbcation
containingiheldatalforhemextSerialfransfer.[The[CPUtan8witch@romlonefaskio
anotherlih(fhe[@QSPIDbywritingfofhelqueuelpointer,[éhangingfhellbcation(ihfhelqueue
thatlis[fobefransferrednext.[Otherwise,fhe[pointerlincrementsiafter[éach3erialfrans-
fer.By[Segmentingfhelqueue,ultiple-taskSupportiéanbelprovidedbythe@QSPI.

Continuous[Transfer@Mode:[Thel¢ontinuous(fransferimodel@llows[theluserfoléxchange
anluninterruptedDitStreamwith(aperipheral.[AlMinimum[6f8-bitsfand[ainaximum[of
256-bitshayBefransferredlihfaSingleDurstiithoutlCPUlihtervention.longerfransfers
are[possible;however,inimal[CPUlinterventionlisequiredfopreventbssofldata.[A
1microsecond[pausel{using[afl6.78MHz8dystemi¢lock)lislinsertedetweenléachlentry
transfer.

QSPIMRAM:[The[@SPIuses@nB0-bytedlockdfldual-accessiStaticlRAMI[That[¢anbe
accessedbybothfhe[@QSPIandfhe[CPU.BecauseloflSharing,fhelengthloffimefaken
bythel[CPU{olAccessthe[@QSPIMRAM,Whenfhe[@QSPIlis[énabled,inaybelongerihan
when(the[@QSPIls[disabled.[Fromdnefofour[CPUMWait[States(maybelinsertedbyihe
QSPIhhiheprocessoflfeadingloriwriting.

The[RAMIKk[dividedlhtolthree[Segments:[ieceiveldata,fransmitldata,[Andl¢ommand
control.[Receiveldatalisinformationdeceivedfrom[aSerialldeviceléxternalfoiheMCU.
Transmitldatalis(information[StoredDyfhe[CPUor{fransmissionfol@anlexternallperiph-
erallé¢hip.[Command[dontrolldontains[a@llfhelinformationheededbyfhe[@QSPIibperform
thelfransfer.[Figure24lilustratesfhelorganization[of[the[RAM.
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Figure24.00Drganization0fthe[QSPIIRAM
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Thel[$Clsubmodulelisisedfoldommunicatewith[@xternalldevices[@ndlotherBICUsNia
anfasynchronous(Seriallbus.The$CllsHullyl[dompatible Withfhe [BCISystemsfoundion
otherfAtmellMCUs[Suchl@sihe 8HC11@AandB8HCO5Families.dt(haslallloffheldapabili-
tiesloflprevious[3ClSystems@sivelllasiSeveraliSignificantihewfeatures.

* Features
Standard[$Clfeatureslarelistedbelow,fbllowedbylallistldfladditionalfeaturesoffered:

Standard[$CITwo-wire[Systems[Feature:

e StandardNonReturnibZero[(NRZ)Mark/spaceFormat

¢ Advanced[Error[DetectionMechanism{DetectsMoiseDuration[Wp[To[1/160f(ABit-
time)

¢ Full-duplex©®peration

¢ Software[SelectableWord[Length[(8-[dr9-bitsWords)

e Separate[Transmitter[And[ReceiverlEnableBits

¢ MayBelnterruptDriven

¢ FourlSeparatelnterruptEnableBits

Standard[$Cl[Receiver[Features:

¢ ReceiverlWakeWp[Function[{Idle[or[AddressMarkBit)
e ldle-lineetect

e FramingError[Detect

* NoiseDetect

e OverrunDetect

¢ ReceiveDatalRegister[FullFlag

Standard[3ClTransmitter[Features:

¢ Transmit[DataRegisterEmptyFlag
e TransmitlCompletelFlag

¢ SendBreak

QSM-enhanced[SCITwo-wire[$ystems[Features:

AIMEL 4
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e 13-bits[ProgrammableBaudRateBModulus[Counter
« Even/odd[ParitylGeneration[AndDetection

QSM-enhanced[SClReceiverFeatures
¢ Twolldle-lineDetectModes
« ReceiverActivelFlag

13-bitlProgrammableBaudRateModulus[Counter:[Abaudfatemodulusld¢ounterhas
been@ddedibprovidefheserWwithimorelexibilitylih[éhoosingheldrystalfrequencyfor
theSystem(¢lock.[Thelinodulusi¢ounterfallowsihe[SClbaudiategeneratorfolproduce
standard@ransmissionfrequenciesfor@ivideMangeloflsystemdlocks.[Thelliserlismo
longerl¢onstrainediol$electlérystalfrequenciesbasedlon(iheldesiredSerialbaudate.
This[BounterbaudratesfromB4baudfoB24Haudwith@l6.78MHzSystemlélock.

Even/oddParity[Generation[andDetection:[Thelserfowhasfheldhoicel@itherdflSeven
orleéightldatalbitsplusoneparitybit,[drofl@ightldrhineldatabitsvithhoparity (bit. EEven
orloddparitylislavailable.[Theransmitterfautomaticallygeneratesiheparitybitforla
transmitted(byte.TheleceiverldetectsiWhen@lparitylérrorfhasloccurredonlalieceived
byteland(Sets[alparity(érroriflag.

Twoldle-lineDetectModes:BtandardAtmel-Grenoble[FClSystemsldetectlanlidlelline
when[100r116onsecutivebit-times@re@llidnes.WsedWwithfhefeceiveriwakelphode,
thelfeceiveridanbe@wakenedprematurelyliffhehessageprecedingihe(Startioffhelidle
linel¢ontainedloneslinfadvanceoflits(Stophit.[Themewl{second)lidle-lineldetectiimode
only(StartsiGounting(itlle fime@fter@alidStopbitliseceived, Which@nsuresldorrectlitle-
lineldetection.

ReceiverfActiveFlag[{RAF):[Receiver[Active[Flag[{RAF)indicates[the[statuslofihe
receiver.ItlisSetiwhenapossibleStartbitlis[detected@ndlis[¢learedwhen@niidlelinelis
detected.[RAFI[is[alsoldlearediffhe Startbitlis[determinedibbelineoise.Thisflagldan
bellisedibpreventdollisionslihSystemswithultiplefhasters.

Forfurtherihformation(feferibhe[SystemIhtegrationModule Manual.

TheT'S68332[¢ontains2-KbytesloflStandbyRAM.[This[Sectionldescribestheloperation
and[@ontrol[6ffthe[RAMmodule.

The[Ramiodulel¢ontains2048bytesloffullyStaticIRAM, [powered by [V dnhormal
operation.[Theléntirelarrayinaybellised@sStandby[RAMIOfpowerlisSuppliedfodhe
Vgrey[Pin.[BwitchingbetweenVpp[@nd Vg gy [Bccursautomatically.

TheRAM[Inaybelised@s[general-purposelinemoryforiheMCU,providingfast, fwo-
clocklaccessesliofhelCPU.Typically,fhelRAMIsUisedfor(programi¢ontrolStacksland
frequentlynodified[datalYariables.The[CPUmayfeaddriwriteByte,Word, [brbng-word
data.

TheRAMImay[@lsobeisedasinicrocodeldontrolimemoryforhe[Time[ProcessorUnit
(TPU).ThePUnustelplacedlinlémulationfinodefolise fTheRAMnhisinanner
which@llows[users(ibldevelopiheirldwninicrocodelprimitives.

TheRAM@rrayldanbelplaced@nywherelinfhe@ddressinaplofithe@rraybasel@ddress
(RAMBAR),provideddhat(itlis[dn[A2-Kbytesboundary@ndldoeshotldverlaptheihree
RAMImoduleldontrolfegistersiisedforidontroll@andiesting. [RAMBAR [Ganbelritten@nly
oncel@fterlfeset.[This[preventsfhe[RAM(arraybeing@ccidentallylfemappedby(software.
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TheRAM[array[ay[belised@sthelinicrocodeldontrolistorelfortheTPUinodule.[This
mode[ofloperation(is(Selected@romwithinheTPU.[5eeDevelopmentSupportinihe
TPUmanualfor@ldompleteldescription.

TheTPUlk[¢onnectedfodhe[RAMNialaldedicatedus.[Whilelin[émulationfnode,fhe
access(iiming@6ftheRAMModulematches(thedimingoflthe TPUicroinstructionROM
tolénsure@ccuratel@mulation.Mormal@ccessesNiafheIMB@relihhibited[@andfhedontrol
registerfhavelibleffect,@llowing@xternal RAMIbémulatefhe 2ZK[RAM[array(atfheSame
addresses.

Thelfurtherlihformationeferfofhe$ystemIhtegrationModuleManual.

TheIPUperforms(Simple@siwellldsi@omplexdimingfasks,ihdependentlyfromiheCPU,
making[itfhelatest@dvancelinfimerSystems. Viewed@s([alSpecial(purposelmicrocom-
puter,dhis[processorperformsiwoldperations,inatchandcapture,[onldoneldperand:
TIME.[Everyloccurrencelofl@itherlactionlis(¢calledanlévent.[ThelServicingoflihese
eventsbyfhelTPUOeplacesthe$ervicingloflihterruptsyihe hostlCentralProcessing
UnitlICPU).Thelimingfunctions[durrentlySynthesized@refheibllowing:

e Discretellhput/output

e InputlCapturelinputdransition[Counter

e OutputlCompare

¢ PulseWidthModulation

¢ SynchronizedPulseWidth[Modulation

¢ PeriodMeasurementWith[AdditionalTransition{Defect
¢ PeriodMeasurementWithMissing[TransitionDetect

¢ Position-synchronizedPulse[Generator

e  StepperMotor

e Period/pulse-width[Accumulator

Theprevious[pre-programmedfunctions@reelatedfofheTPUIRomMmasksetlA,dur-
rentlylin[useforithe[TS68332MCU, [@sthe[fstandard”[TPUlaskset.

TheladvancedTPU&ffordsHordheirstfimehigh-resolutionfiming@ndinultiple @ime
functionldapability[{flexibility) ihfhe{imer8ystempins.[]

High-resolutioniming[isOimited by [CPUbverheadfequiredforServicingfimingfasks
suchlas[periodineasurement,[pulselineasurement,pulse-widthinodulatedaveform
generation, [@tc.[OnfhelTPU,high-resolutionfiminglislachievedByfvomaindapabilities:

¢ reducedlatency,
¢ reduced(Servicellime,Wwhichlireelfhe[CPUibfbcuslonidtherfesponsibilities.

TheTPUlprovideslahigherfesolutionfhanfhe[CPUldould[achieve,@ndldreatesfio[CPU
overhead(or(8ervicingdiming[iasks.

Latencylishelintervalloflfimefrom@nlévenoihe(startlofléventServicing.The@bility [of
theTPU{oServicelits[ownlinterruptslorléventsileduceslatency@ndihe[CPUlk[hot
requiredo[Servicel@éachlihputransitionl¢apturefhatldoccurslon@lpin,[or[foldetermine
eachlmatchimelfequiredforivaveform[3ynthesis.[Oncel¢onfiguredbyheostCPU,
thelSelf-containedTPUperformsiéomplexfimefunctionsiiequiringighesolutioniith
little[@r@o[CPUlihtervention.
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ServicelTime

Features
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Servicelis[fhedimel@éxpendedServicinglanlévent.dnlolderinicrocontrollerinitiMCU)
timerunctions,fhelServicelfimelis[¢onstrainedbecausefthe[MCUIlhstruction[Setlis ot
optimizedfordimefunction8ynthesis.[The[T PUlhstructionSetlis[optimized,@nddime
functionslare[Synthesizedwith@ewerlhstructionsihanihe[CPU.nstructionséxecute
faster@andiservicedimelis[feduced.InstructionséxecutedbyfheTPU@remotuserSoft-
ware, Butfirmware,Special-purposehicrocodeirittenbyAtmel-Grenoblefolperformlas
setfimeunctions.Microcodelis[placedlintothe[TPUtontrol$tore[(ROM)whenlthe
devicelisihanufactured.

16[6hannels;@achl@hannell@ssociated With@pin
Eachl@hannel@anperform@nyiimefunction
Eachliimefunctionhaybelassignedioorefhandneldhannellatalgiveniime
Eachl@hannellfias[@nléventlfegisteriéomprisedofifhefollowing:

— 16-bitsl@aptureliegister

— 16-bitsidompare/matchlregister

— 16-bits[greater-thanl@rléqual-to[domparator
Eachl@hannell@danbelSynchronizedoloneldrbothldffhefvo16-bitsfree-runningd
timer@ountfegisters((TCR1[@ANdTCR2)

TCRA1Ils[dlockedfromlthedutputidflalprescaler.[Thelprescaler’slinputlisithelinternal
TPUBBystem[cdlockldividedby[either4[0r[32.[ThefourSettingsiofitheprescaler@re
dividelby,2,[4[@And[B.[Channelslising[TRC1Mhaveheldapabilityiblfesolveldownibl]
the[TPUSystemI[dlock[dividedBy{four.

TCR2Ilis6lockedfromiheldutputidf@lprescaler.[Thelprescaler’slihputlisfheléxternalC]
TCR2[pin.[Thefour8ettings(ofihelprescaler@reldivideby1,2,[4[@ndB.[ChannelsO
usingfheT CR1haveliheldapabilityibesolveldownibfhe PRUSystemldlock]
dividedby(8.
TCR2haybelusedlaslahardwarelpulse@accumulatordlockedfrom(theleéxternall
TCR2[pin,[0rlaslaldgatedpulse@ccumulatororfheldlockfhatlincrements[TCR1.
AlldhannelshavelatlkastSix[16-bitsiparameterfegisters.[Channels14@nd15@ach
havelgight[16-bits[parameterregisters.[Alllparameterlfegisterslareéontainedih@
dual-portlRAM, [@Accessiblefrombothfhe TPURANdCPU.
AlScheduleriwithfhree(prioritylevelsiSegregateslhigh,niddle,@ndIow-priority fime]
functions.[AnyléhannellhayDelassignediblonelofthesefhreelprioritylevels.

Allfimefunctions@reicrocoded.

EmulationfandldevelopmentSupportlisprovidedfor@llfimefunctionfeaturesiSuch]
as[breakpoint,[freeze@nd(sSingle[Step,givinglinternalfegisterlaccessibility.
Coherentliransfer@apabilityforfwolparameterlisprovidedlihhardware.
Coherentliransfer@apability[forN[parametersihaybeperformedas@TPul]

microcodelfunction.(Referib[DevelopmentSupportlihfheTPUlreferencelanualfor]
furtherldetailslonlihisfeature).
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General[Concept
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TheTPUls[Anlhtelligent,[Semi-autonomous(peripheralldedicatedodimingl¢ontrol.ts
intelligencel@nables(the(Servicingoffiming@ventsiwithout[CPUlihtervention.Thisldevice
useslalprivate[microenginefor@processor,[@lscheduler,linput/outputichannels,[ROM
instructions,[and(Shared-accessdatalRAMib0peratelindependentlyl@nd(Simultaneously
with{fhe[CPU[{seelFigure[25).[Consequently,fhelSetuplandServicedimelforléachimer
eventlisihinimized.

Altime-of-delay”[@pproachlsusediwhere@llfimefunctions(arefelatedfodne6ffvo16-
bits{ree-running@ CRs.TimefunctionsareSynthesizedbydombiningthefwofimeprim-
itives, (matchland@apturelévents.By[performingfhesedimeprimitiveslinhardware,fhe
TPUGanpreciselyldeterminefhefimewhen@nhatchléventlis{oloccurlandihenSpecify
the[State(dffheloutputlpin@ccordingly.[TheTPUGanlalso@ccuratelyecordihedime[at
which@nlhputfransitionloccurs@nddanperformdalculationsbaseddnihefimeofihe
occurrence.[An[éventegisterforl@éach[channellprovidesfor$simultaneityofiinatch/cap-
ture-eventl@ccurrenceslon@lllchannels.O

When@hatch@rlihput@apture@ventiequiringServiceldccursi@n@dhannel,theBhannel
generates(alServicellequestibihelScheduler.[ThelSchedulerprioritizesihelequestiwith
otherlpending(Serviceldequests.When(thelicroengine(isidle,fhelSchedulerldauses(ihe
microengineoléxecutelalmicrocodeSequence.Whenlthelticroenginelisbusy,fhefew
sequencelbeginsiwhen(ihel¢odeeingléxecutedlénds.Thelmicroengineperformsihe
function,whichlis[definedbyfheldontentldftheldontrollstore,isingparametersfromlthe
parameter[RAM[and@romdheléventliegisters,[étc.,[Asheeded.The{ollowinglis[an
example.

ChannelXls[generatinglalperiodiciwaveform@ndipresentlyfhedutputlishigh. Whenlthe
valueldfithe[TCRUsedbyfhatidhannellihcrementsibhatchlfhealuedflthel@ventegis-
terloflechannelX,@Mmatchléventldccurs.Theleventswitchesiheldutputfodowland
generates(amew(servicelfequestfolthelscheduler.[Thelschedulerlthanlschedules@nd
initiates[3ervicelof[channelXyfhelmicroengine.

Whenl[éxecutionloflthe[Sequencebegins,fhelicroenginelusesthel@xecutionnit:

¢ Toldbtainl{fromiheparameterRAM)fheNaluelfepresentingfhelduration6fldounts]
foriwhichl@hannelXShouldfemaindbw,@nd

e Toladdlblhisitaluefheltaluefromliheldontentofifheléventiegister[ofldhannelX.O
TheldontentdfheleéventlfegisterlisfhenieplacedBy(this[Sum;iheldhannelldontrollis[
setforfalmatchléventonfhelSame[TCR;@ndIhelpinéontrollisSetibldausefhe
outputlpinforiéhannelX{oSwitchhighlwhenfheléventdccurs.[Aldhannellihterrupt,
which(8ignalsiheléndoflServiceofhe[CPU,maybe@sserted{ifthedimefunction]
provides(briitfandihelihterruptis@énabled).[ThelmicroenginelisfthenreebService
thelmextléventldeterminedDyfhelScheduler.]
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Figure25.0TPUSimplifiedBlockDiagram
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ThelTPUhasfheflexibilityfoheldonfigureddoldirectlysolvefhelliser'sfimerequire-
ments.ThisHlexibilitylis@ttainedfhroughfivedapabilities:

¢ channellorthogonality

e inter-channell@ommunication

¢ programmablel@hannellServicelpriority
e selectionofifimingfunctions

¢ emulation[dapability

Traditionally,[fimer(SystemshaveBeendimitedbyfhelSpecificfunctionsloflchannellpins
dedicatedfolperformimefunctionsisuchlaslinputl¢apture,ldutputlcompare,[dripulse
accumulation.[Alllchannelsioflthe[TPUdontainlidenticalhardwareand@refunctionally
equivalentlin[operation,[Suchihat@nyl¢hannelldanbel¢onfiguredoperform@nyfime
function.[Theiserléontrolsihel@ombinationéffimefunctions;fheldnlyl¢onstraintlisthe
numberlofipins(availableforimingfunctions.

TheTPU’s[Ability[{oServicelitselflfequires@ldontinuousflowofldirectfandlindirectiédom-
munication.[Directléommunicationlislaccomplishedfhroughlalfichangel¢hannel'feature
inlwhich[@nyéhanneldfifhe[TPU[¢an[0peratel@another(channelo@ffectlits(State.Ihdirect
communicationlis[providedby[alinkfeatureliniwhich[anyl¢hannelléandbnkfolonelore
channels,lincluding(itself,[folsignallaheedforfutureService.[As[alfesult,[theliserl¢an
referenceltheloperationloflonel@hannelbiheloccurrenceloflalSpecificlactionlon@nother
channel.

Applicationsihayequiredifferentpriorities(oflévent[Service.[TheldhannellService[priority
maybelprogrammed(ibloneofithreelevels: high,iddle,[anddbw.[ThelSchedulerlallows
calculationloflworst-case(latencyfor(eévent(Servicing[@ndénsures(servicing[offallldhan-
nelsby[preventingpermanentblockage.
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Certificateldf[Compliance
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2118A-HIREL-03/02

Thel@vailableimingfunctionsidanbeprogrammed(ibldperate(dnlanyléhannel.[Parame-
terlfegistersf@ssociatedwith[@ach[éhannel@relised@s[dgeneral-purposelfimeldperands.

TheTPUGannotlfesolveldllfimerproblemsusingpredefinedfimefunctions@lone;there-
fore,[developmentlofliiser-defineddimefunctions(is(allowedlin[@mulationiode.Wsing
the[RAMOnodule@fltheMCUAs[@Owritable[@ontrolStore”[providesT PU@mulation.dn
TPU@mulation[inode,@nfAuxiliaryus[¢onnectionlisimadeetweenthe (RAMInodule
andihe[TPUnodule,@ndlaccessioihe RAMIModule¥iafhelintermodulebusisdis-
abled.[AD-bits[dddressbus,[al32-bits[databus,Andcontroldinesiransferihformation
betweenihelhodules.Tol@nsurel@xactlémulation,fheldaccessiimingofithe[RAMhodule
remains[éonsistentiwith[fheTPUIROMIgontrol(Store.

Thel[TPU’'slhighlSpeed,Wersatilelarchitecture,[anddimefunctionsfacilitatelitsiselin
many[¢ontrol[applications,Suchlas[Stepperlinotors(andlangle-basedl&énginel¢ontrol.
Controllof[aSteppermotorlorani@angle-basedlautomotiveéngineisuallyfequiresigh
CPUIloverhead.Theselapplicationsishowhowihe[SM,[PMA/PPM,Anddimefunctions
minimizefheloverheadlassociatedWwithfhesel@pplications,@ndprovideSophistication
and(lexibilityfor@lvideNarietydf@pplications.

Furtherldetailedihformation@nfheTPUsIoundihiheTPUeferencehanual.

Microcircuit@relpreparedforideliveryihiaccordancewithMIL-M-38510.

Atmel-Grenoblelofferslaldertificate[@of(éomplianceWith[@achShipment[ofiparts, @ffirming
theproductsl@relinféompliancel@itheriwith(MIL-STD-883[0r[Atmel-Grenoblelstandard
andlguaranteeingfhelparametersiarefestedfatléxtremefemperatures(foritheléntirefem-
peratureldange.

MOSIdevicesinustelhandlediwith[¢ertain(precautionsfolavoidldamagelduefol@ccu-
mulationloffstaticl¢charge.dnputlprotectionldeviceshave eenldesignedlinthe¢hip[fo
minimizeltheléffectloffhis[Staticbuildup.However,{hefollowinghandlinglpracticeslare
recommended:

a)[DevicelshouldbeMhandledlonbenchesiwithidonductive@ndlgrounded(Surface
b)[Ground(festléquipment,foolslandoperator
c)[DoMmotMhandleldevicesbyfheleads

d)Storelih[Gonductivefoamloridarriers]
e)[Avoidluseloflplastic,[fubber,Or8SilkihMOS(areas

f)Maintain[relative Bumiditylabove[30%,[if[practical
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Packaginglhformation
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Figure27.M32—-lead[CERQUAD
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Notes: Dimensioningl@and(blerancingper@nsilY14.5M,[1982.

Controllingldimensions:{ihch.
Dim[AlandB[definemaximumlderamicbodyldimensionsihcluding(glassprotrusion@ndmismatchlofléeramicbodyfopland
bottom.

DatumiplaneE\WHisIbcated@tfhelinderside 0fleadsWherelleads[@xitipackagebody.
DatumsX-Y@ndZiobeldeterminediWhereldenterleads[éxitipackage body@tidatumENWVIE.
Dim3@AndVibbeldetermined@tSeatingplane, [datum:=T[=.

Dim[AAndB[ibbeldetermined@tdatumplane=T[=.
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Orderingnformation

Hi-Rel[Product

ATMEL

CommerciallAtmeld Temperatured| FrequencyU
Part-Number Norms Package RangeTc(°C) (MHz) DrawingMumber
TS68332MRB/C16 MIL-STD-883 PGA32 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332MR1B/C16 MIL-STD-883 PGA32(in -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332MAB/C16 MIL-STD-883 CERQUADI[132 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332MRB/C20 MIL-STD-883 PGA@L32 -55/+125 20.97 Atmel-Grenobleldatasheet
TS68332MR1B/C20 MIL-STD-883 PGAMD32{n -55/+125 20.97 Atmel-Grenobleldatasheet
TS68332MAB/C20 MIL-STD-883 CERQUAD132 -55/+125 20.97 Atmel-Grenobleldatasheet
TS68332DESCO01ZA MIL-STD-883 PGAM32(in -55/+125 16.78 5962-9150101MZA
TS68332DESC01ZC | MIL-STD-883 PGAM32 -55/+125 16.78 5962-9150101MZC
TS68332DESC02ZC MIL-STD-883 PGAM32 -55/+125 20.97 5962-9150102MZC
TS68332DESCO1XA MIL-STD-883 CERQUADI[132 -55/+125 16.78 5962-9150101MXA
TS68332DESCO02XA MIL-STD-883 CERQIAD132 -55/+125 20.97 5962-9150102MXA
Standard[Product
CommerciallAtmelO Temperatured| FrequencyO
Part-Number Norms Package RangeTc{°C) (MHz) DrawingMumber
TS68332VR16 Atmel-Grenoble[$tandard PGS32 -40/+85 16.78 Atmel-Grenobleldatasheet
TS68332MR16 Atmel-Grenoble[$tandard PGS32 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332VA16 Atmel-Grenoble[Standard CERQUADI[132 -40/+85 16.78 Atmel-Grenoble[datasheet
TS68332MA16 Atmel-Grenoble[$Standard CERQUADI[132 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332VR20 Atmel-Grenoble[$tandard PGS132 -40/+85 20.97 Atmel-Grenobleldatasheet
TS68332MR20 Atmel-Grenoble[$tandard PGS132 -55/+125 20.97 Atmel-Grenoble[datasheet
TS68332VA20 Atmel-Grenoble[Standard CERQUAD@32 -40/+85 20.97 Atmel-Grenobleldatasheet
TS68332MA20 Atmel-Grenoble[Standard CERQUAD@32 -55/+125 20.97 Atmel-Grenobleldatasheet
54 TS 0.8 332
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Manufacturer's

Prefix

TS 68332

Type

Temperature range : Tc

|=
| o

B/C

16

|_|>

Revision level

Speed (MHz)

16: 16 MHz
20: 20 MHz

Screening level :

__: Standard
B/C : MIL-STD-883, class B
DSCC : DESCOx Mxx *

Lead finish :

M :-55,+125°C

V:-40, +85°C

C:0,+70°C

Package : Sandard lead finsh
R: Pin grid Array 132 Gold

A CERQUAD 132 Hot solder dip

(Guliwing leads)

Note:  For[@vailability[ofldifferentilersions,Gontactiyour[AtmelSales(office.
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