Features

* Low-power[@Operationhcluding$pecial[3TOPMode
* Frequency:[16.78MHz@tHBVEA0%[Supply@nd20.97MHz@&tBVEB%, Softwared
Programmable
* Technology:[puMigh-density[Complementary Metal-Oxide[$emiconductor[(HCMOS),O
StaticDesign
* Package:[132-pin[Ceramicleaded[ChipCarrier([CERQUAD)@And[A32-pinCeramic®in(]
Grid[Array[(PGA)
* Modular[Architecturelin[alSingle[Chip
e CPU:[32-bitB800FamilyUpwardObject-code[CompatibleWith[The[68010)
* Newl(hstructionsForControllerfApplications
* Intelligent@6-bitTimer
— 160nhdependent,[Programmable[Channels
— Any[ChannellCanPerformAnyTimeFunction{forlExampledhputCapture,@utputd
Compare,[PulseWidthModulation,@tc.)
— Twolimer[CountRegistersWwith2-bitProgrammablePrescalers
— Selectable[ChannelPrioritydlevels
— Reduced[CPUlntervention
— RISClike[CPUWithinGheTPU
* TwolSerialllOlSubsystems
— EnhancedB8HC11-typelSerial[lCommunicationsnterfacel{SCl)[Wniversalll
Asynchronous[ReceiverTransmitter[(UART)WithParity
— Enhanced®8HC11-typelSerialPeripheralhterfaceWithMMOMRAMQueuelQSPI)
* On-chipMemory:2-KbytesStandbyRAM
* On-chip,[Programmable,[Chip-selectlogic
— Upfo2S$ignalsforMemory@ndPeripheralnterfaceWithl/O$elect
e System[Failure[Protection
— 68HC11-typelComputer@OperatingProperly (COP)WatchdogTimerd
— 68HC11-typelPeriodiclnterruptTimer
— 68000FamilySpurious(nterrupt,®alt,[andBusTime-outMonitors
* Up{io[d8[Discretel/OMPins

Description

ThelTS68332[k[a[32-bitimicrocontroller,[@ombininghigh-performanceldatalmanipula-
tion[¢apabilitiesivith(powerfullperipheralSubsystems.[The[TS68332[is[fhedirst
memberofihe®8300HamilydfimodularlémbeddedldontrollersfeaturingfullyStatic,
high-speedl@omplementaryinetal-oxide3emiconductorfechnology.Based®nihe
powerful[TS68020,fthe[CPU32lihstruction[processingihoduleprovidesi@nhanced(Sys-
temperformance@ndtilizesfheléxtensivelSoftwarebase 0fthe 68000Family.
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performancel]
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Screening/Quality

ATMEL

This[productlisimanufacturedihfullldompliance With:

+  MIL-STD-883[classB)
«  DSCCI5962-91501

e Or[accordingiolAtmel-Grenoble[Standard

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

Introduction

Figure(islablockldiagramlofihe[TS68332[3howingihelinajorlcomponents.[Thelpin
descriptions[@relprovidedlih[Table1.[TheTS68332[¢ontains(ihtelligentperipheralmod-
ulesiBuchl@sihelTime[ProcessorWnit[{TPU),whichprovides16iicrocoded[¢hannels
for(performingd@ime-related(activities@rom3implelihputl¢aptureloroutputicompareio
complicatedimotor[dontrol@r[pulsewidthhodulation.[High-speed(Seriall@ommunications
are[providedbyheQueuedlSeriallModule[{QSM)With[S8ynchronous[@ndlasynchronous
protocols[available.2-Kbytes[offully[Static[Standby[RAM[llowfastiwo-cyclelaccessfor
systemland(datalStackslandNariable[StorageWwith(provisionibrBatteryBack-up.Therelis
alBystemlntegration@®odule{SIM)wvhichlhcludesiwelvelg¢hipSelectsiolénhancelSys-
temlihtegrationforfastléxternaliiemoryloriperipheral@ccess.[Thepowerful 32-bitlCPU
(CPUB2)lsbased@nfhelihdustry-standardTS68020.Theselmodules@reldonnectedldn
chipitialfheIhtermoduleBus{IMB)@ndprovidefeduced8System(partidount,(Size,[dost[of
implementation@ndlihcreasedreliability.

2 T S 168 .33 — e —
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Figure.[BlockDiagram[of(TS68332
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SignallDescription

ATMEL

Figurellllustratesfhefunctional8Signallgroups@nd(Table1istsfhelSignals@ndheir

function.
Table.Bignallndex
Signalame MnemonicO Function
AddressBus A23[TA0 24-bitladdressbus
DataBus D15[EMD0 16-bitl[dataBuslusedibiransferbyteoriworddatalperDusidycle
DataBusFunction[Codes FC2EEFCO Identifyfhe[processor(State[andihe@ddressSpaceldfitheldurrentus(dycle
Boot(ChipSelect CSBOOT g:;ig;ziect[boot@tatMp[ROMIZtontainingIIhser'sIIlesetmector@nd[i.hitializationl]
ChiplSelects CS10ETSO Enablesperipheralsatiprogrammed[addresses
Bus[Request BR Indicates(thatl@an(éxternalldevicefequiresBusiastership
BusGrant BG Ibnudsicates[fhatIIIurrent[ﬂ;usmycle[ﬂsmompleteB\nd[theEFS68332[DasmeIinquished[theD
Bus[GrantlAcknowledge BGACK Indicatesfhat@n(eéxternalldevicehas@ssumedBusastership
igii?vr\lllde[(?ézeﬁent %‘D Providesf@synchronousldatafransfersf@andldynamicBus(Sizing
Autovector AVEC Requestslan@utomaticilectorduringl@nlihterruptlacknowledgeldycle
Read-Modify-Write[Cycle RMC IdentifiesltheBus(dycle@spartléflanihdivisibledead-modify-write[dycle
Address[3trobe AS Indicates(thatl@aalid@ddressfisOnihe@ddressbus
DataStrobe DS During Bmeadlﬁyc_le,Emsmjdicates[ﬂwat@n@xternalmlevic_eBhouldmlacemalid [datalonO]
theldataBus.During@Mrite@ycle,DS[ihdicatesfhatNalid[datalisionfhedatabus.
Size SIZ1[E5120 Indicatesfhe@umberlofbytesifemainingbbe fransferredforihisidycle
Read/Write RIW Indicates(theldirection(ofl[datafransferonfhebus
InterruptRequestlevel IRQ7EIRQO Provides@nlihterruptprioritylevelbihe[CPU
Reset RESET Systemfeset
Halt HALT Suspend[éxternalus[Activity
Bus(Error BERR Indicates(that@nleérroneousbusoperationlisbeing@ttempted
System[Clockout CLKOUT InternalSystem[dlock
CrystallOscillator )IE(?F;':\LD Connectionfbrlan(eéxternalldrystalibfhelinternalldscillatorlgircuit
External(Filter[Capacitor XFC Connection[pinforaneéxternaldapacitorb{ilterfheGircuitldfithephase-lockedIbop
ClockModelSelect MODCK SelectstheSourceldflthelihternallSystem(dlock
InstructionEetch IFETCH ilggtircl?ég(s)%Ezﬁgﬁaz%isggzosrgggEs\nIIhstructionmvordI:cbre-fetch [@ndwhenithel
InstructionPipe IPIPE Used[ibfrackimovementl@fiwordsthroughihelihstruction[pipeline
Breakpoint BKPT Signals@MardwareBreakpointbfheCPU
Freeze FREEZE Indicates(thatfhe[CPUhaslacknowledged@breakpoint
Quotient[@ut QuUOT SeriallfOand[dlockforBackgroundidebugnode
TestMode[Enable TSTME Hardware[@énableforfestiode
Three-State[Control TSC Places(allldutputldriversihf@igh-impedance[State
4 TS OB 332 s
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Table.Bignallndex{Continued)

Signallame MnemonicO Function

Development[$erialh,[©ut,[0| DSI,DSO,O .

Clock DSCLK SeriallfOand[glockdorbackgrounddebuginode

TPUI[Channels TP15ETPO TPUGhannellihput/outputSeriallfOlandGlockForBackgroundidebugimode

TPU[Clockdh T2CLK Externall@lockSourcefofheTPU

SClReceiveData RXD Seriallihputbhe[$CI

SCliOransmitData TXD Serialldutputfromihe$CI

PeripheralChip[$elect PCS3[EPCS0 | QSPlperipheralldhipSelects

Slavel$elect SS Places[the[@SPIih(Slaveihode

QSPIZeriallClock SCK Furnishesiheldlockfromihe[@SPIlihfhasterihodedribihe[@SPIlih(Slaveode

Master-infSlave-out MISO FurnishesSeriallihputfbihe @QSPIllihThasterifhode,@ndSerialldutputfromhe@SPIGhO
slavelihode

Master-outiSlave-in MOSI Furnishes[Seriall@utputfromihe@SPIihhasterihode,[@nd(Seriallihputfbfhe@SPIGhO
slavelihode

Standby[RAM Vsrey PowerSupplyforlRAM

Synchronizer[Power Vopsyn PowerSupplybYCO

g)éT;??@owerSupplymndD Voo, Vss PowerSupply@nd@eturnibiheMCU

ATMEL ;
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Figure2.MIPGATerminalDesignation
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Figurel3.ICERQUADI[TerminalDesignation

ZBE B
PN =S o@ TR
e. wee. BSEZZRER
SIS EIELRE 2L I III T o Leaacaads8
03888858888 ,08888 1,088883 oS5 335955 o
No oo oo WO oo OO AN NMOOO0O OO0 00 OO0 »
>SFFFFFRFFFRFF>S>SFFRFRFEF>S>S FRERFE>S> <A acCL Qo>
HHHHHHHHHHHAHAHHHAHAIAHHRHIAHHREHEH
NeeYoNrooe~eL YO N A 3R RNERIRIIR2LE
Vpp [T 18 O 116 [ 11 VoD
Vgrpy L] 19 115 [ 11 BGACK/CS2
ADDR1 [T 20 114 [T BG/CST
ADDR2 [T 21 113 |[-IJ BR/CSO
ADDR3 [[] 22 112 ['T] CSBOOT
ADDR4 [T 23 111 [-I] DATAO
ADDR5 [[1] 24 110 | .T_J DATA1
ADDR6 [I] 25 109 [ -] DATA2
ADDR7 [I] 26 108 [ T] DATA3
ADDR8 [ ] 27 107 |1 Vpp
VDD 1128 106 [ 1] VSS
Vgg [T 29 105 | [] DATA4
ADDR9 [I] 30 104 ['T] DATA5
ADDR10 [T 31 103 [T DATA6
ADDR11 [ 32 102 [T] DATA7
ADDR12 [1] 33 101 [ L] Vgg
Vgs [T 34 TOP VIEW 100 [T] DATA8
ADDR13 [T 35 99 [T DATA9
ADDR14 [I| 36 98 | 11 DATA10
ADDR15 [1] 37 97 [[I] DATA11
ADDR16 1] 38 96 [ 1] Vpp
Vpp [ 39 95 [ 11 Vss
Vss [T 40 94 T DATA12
ADDR17 [T 41 93 [[I'] DATA13
ADDR18 [1] 42 92 [T] DATA14
PQSO/MISO [T 43 91 [.] DATA15
PQS1/MOSI [I] 44 90 [T] ADDRO
PQS2/SCK [ 45 89 [-I] PEO/DSACKO
PQS3/PCS0/SS [T 46 88 ['T] PE1/DSACK1
PQS4/PCS1 1] 47 87 | ] PE2/AVEC
PQS5/PCS2 1] 48 86 [ 1] PE3/RMC
PQS6/PCS3 [ 49 85 [ ] PE5/DS
Vpp 1] 50 84 [T Vpp
CH B B8B83 BT BELBBRINRYLRRRRI5Y 3
HHHOHHHdHHdHBHHH 8008008088088 d88HHE8H
— I _ — = | IS [© [0S RN [ X el N
BRREBIpSSE S Bk B3 SRLEPREEEPRERERY
H ESa § gu S kT rerFPdco L
S ‘EEE N > © ofooaoaoaoa=s oo
e =i ‘x i e
[aa] E o

ATMEL

2118A-HIREL-03/02



Scope

Applicable
Documents

MIL-STD-883

Requirements

General

DesignlAnd[Construction

TerminallConnections

LeadMaterial[@and[Finish

Package

Electrical[Characteristics

ATMEL

ThisldrawingldescribesthelSpecificliequirements[forfhemicrocontroller[68332[@t[16.78
MHz[@nd[20.97MHz,ih[6omplianceleitherWwithIL-STD-883[dlassBor[Atmel-Grenoble
standard.

1. MIL-STD-883:{estihethods@ndproceduresforiélectronics.
2. MIL-I-38535:[denerallSpecificationsiorlticrocircuits.
3. DSCCiDrawing:[5962-91501.

Thelmicrocircuitsarelin[accordancelwithfhe@pplicablel[documentlandlas[$pecified
herein.

Dependingl@nlihe[package,fhelferminall@donnectionsiShallbelasShownlih[Figure2@nd
Figure(3.

Leadateriallandfinish(Shallbelanyoption6f(MIL-STD-853.

Thelinacrocircuits(arepackagedinhermeticallysealed[@éeramiclpackagesivhichldon-
form(ibldaselodutlinesOfiMIL-M-38510[@ppendix[C{whenldefined):

¢ 132-PINSQ.PGANUPIPAE[GuUtline
e 132-PIN[Ceramic[CERQUAD

The{ollowing@atings(definefhel¢onditionstinderiihichiheldevicel®peratesiwithout
damage.[Bectionslofltheldeviceayhotldperatemormallyihilebeingéxposediiodhe
electricalléxtremesland(¢ontains[¢ircuitryfolprotectlagainstidamagefromhighsStatic
voltages(or(électricallfields.dtlis[Advised,[however, fhatimormallprecautionsbefakenio
avoid@pplicationlof@nyVoltageshigherfhanmaximum-ratedWoltages{odhishigh-
impedancelgircuit.[Reliability[of[@perationlis[@nhanced(iflunusedlinputslarelfied@o&n
appropriatellbgicivoltagel({i.e.,[@itherVs50rVpp).

8 T S 168 .33 — e —
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Table2.MAbsolute[MaximumRatings

Symbol Parameter Test[Conditions Min Max Unit
Vop SupplyVoltage -0.3 +7.0 \%
Vv, InputiVoltage -0.3 +7.0 \%
Low[Power[@peration 600 mwW
Pomax Max[PowerDissipation
StandByMode 500 mw
) MISuffix -55 +125 °C
Tease Operating[Temperature
VISuffix -40 +85 °C
Tstg Storage[Temperature -55 +150 °C
Tieads LeadTemperature MaxB[Sec.[Foldering #270 °C
Table[3.0ThermallCharacteristics[{at(25°C)
Packagel Symbol Parameter Value Unit
6 ThermalResistance[CeramiclJunction-to-ambient TBD °C/IwW
PGAM32 - _ _
0;.c ThermalResistance[CeramiclJunction-to-case 10 °C/IW
6 ThermalResistance[CeramicJunction-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(AC[Ganbeldbtainedirom:
T)F T AR (PpIB;,)0 1)
TE[AmbientTemperature,3C
0,,E[PackageThermalResistance,Junction-to-Ambient, BC/WO
PoFP NP0

PintE DoV oo, WattsEChiphternal Power

P o PowerDissipation@nhputl@nd@utputPinsHWserDetermined
For[mostlapplications[P,,; [P\ r@nddanbelheglected.
An[approximate(felationshipbetween[P,[@nd (T, [{if P, isMeglected)s:

PoEEELT,3R73)0 )
Solvingléquations[(1)@nd{(2)forKIgives:
KEP, OTAFR73)F0,,P0 3)

whereKlk[@lconstantpertainingfofheparticularpartiKcanbeldeterminedfromleéqua-
tion[{3)yineasuring Py {atlequilibrium)Foraknown(T 5. [Wsingdhisalueof K, Ehe
values[oflP,[and[T ;canbelobtainedbySolving@équations[{1)[And[{2)[terativelyforlany
valuelof(T 4.

ATMEL ;



Mechanicall@andO
Environment

Marking

ATMEL

Thelotallfhermalldesistanceloflalpackagel(B,,) danbelSeparatedlihtofwoldomponents,
0,c[andB,, Mepresentingfhe barrieribheatflowirom(iheSemiconductorfunctionibihe
packagel(case),Surfacel(8,c,[and{rom(fhel¢asefolihedutsidelambient(Bc,).[These
terms(arefelatedyfheléquation:

0,0F0;cF+Bca (4)

0,clsldevicelelated@anddannotbelinfluencedbyiheiser.[However, B, [isserldepen-
dentlandcanelminimizedySuchhermalliinanagementiechniqueslasiheat(sinks,
ambientfairl¢oolinglandhermall@donvection.Thus,[goodfhermalliinanagementlonlthe
partlofitheserl@éan(SignificantlylleduceB,Solhat 8,,approximately@équals 6,..[Substi-
tution[of 8, for,,nleéquation{1)wvillesultinladower$emiconductorfunction
temperature.

Thelmicrocircuits[$halllineetl@lllinechanicall@nvironmentallfequirementsofléitherMIL-
STD-883[forl¢lassBldeviceslorlscreenedlaccordingo[Atmel-Grenoblel$tandards
devices.

Theldocumentiwherel@reldefinedfheltharking@relidentifiedlihfhe felatedfeferenceldoc-
uments.Eachlinicrocircuitfarelegibleandpermanentlymarkedvith{hefollowing
information@sinimum:

¢ Atmelllbgo

e Manufacturer’'s[partidumber
* ClassBlitentification

« Date-codeloflihspection(lbt
« ESDldentifierfiflavailable

¢ Country@fimanufacturing

Quality[Conformancellnspection

DESC/MIL-STD-883

Electrical
Characteristics

General[Requirements

IsfinfaccordancewithMIL-M-38535andnethod 5005 b fMIL-STD-883.[Group[Aand B
inspectionsf@relperformedldonléachproductionot.[GrouplC@And[Dlihspection@relper-
formeddn@periodicalbasis.

AllStatic@nddynamicleélectricalldharacteristics[Specified[@ndihe felevantiieasurement
conditions[arelgivenbelow.Forlihspectionpurpose, MeferiblrelevantSpecification:

« DSCC

(lastlissueldn(fequestibldurnarketing(3ervices)
Table[4:[Staticlélectricalldcharacteristicsfor(all@lectricalWariants.
Table[®:[Dynamiclélectricall@haracteristicsfor6832-16(16.78MHz).

Forstatic[¢haracteristics,estinethodsiefer@oEC[T48-2nethodhumber,ilvhere
existing.

Forldynamicltharacteristics,{estlinethodslieferfoltlauseb.4hereafteroflihis
specification.

10 TS 083 3 2 ————
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Static[Characteristics

Table[d.0IDCI[Characteristics. VppAndYppgynyEB.0Vp 2 [10%Hor6.78MHz@EANB.0V 2 B%[0r20.97MHz; Vg 7OV
TeFEB5°ClibF125°Clorz40°Clib[#85°C

2118A-HIREL-03/02

ATMEL

16.78[MHz 20.97MHz
Numberd| Symbol | Parameter Min Max Min Max Unit
1 Vig InputHighVoltage 0.70Vpp) | Vppt0.3 | 0.7(Vpp) | Vppt0.3 \Y
2 Vi InputLowVoltage V0.3 | 0.2(Vpp) | VssED.3 | 0.2(Vpp) |V
3 Viys | InputMysteresis® 0.5 - 0.5 - Y
4 I InputTLeakageTurrent®
ViNENpporVegH Input-only[pins -2.5 2.5 -2.5 25 MA
5 loz HighOimpedance[{off-state)
Leakage[Current(t?
VindVoporVssn Allihput/output -2.5 25 -2.5 25 HA
andoutputlpins
6 Vou CMOSOutput®ighVoltage®®
lonEEL0.0[AO Group1,2,@ | VppE0.2 - VppE0.2 - \Y,
input/output@nd
allloutputlpinsand
allldutputpins
7 VoL CMOSOutput®ighVoltage®
lonFE10.0[HAD Group(1,2,4 - 0.2 - 0.2 \Y
input/output@nd
allldutputpins
8 Vou OutputBighVoltage@®
lonEE0.8MAD Group[1,2,[4 | V0.8 - Vpp0.8 - \Y
input/output@nd
alllButputlpins
9 VoL OutputTlowVoltage®
lo T0a.6IA GroupIOpins - 0.4 - 0.4 \Y,
CLKOUT,
FREEZE/QUOT,
IPIPE
lo EB.3MA Group2,[40/O - 0.4 - 04 \Y,
pins,[CSBOOT,
BG/CS
lo FO20A Group3 - 0.4 - 0.4 \Y
10 Viyrse | ThreelState[Controlhput®ighVoltage 1.6(Vpp) 9.1 1.6(Vpp) 9.1 \%
11 Iusp DataBusModeSelectPull-upd
Current®
ViNnEY, DATAI15:0] - -120 - -120 HA
VinENY 4 DATAI15:0] -15 - -5 - HA
12 Vppsupply@urrent®
Iop RUN® - 124 - 140 mA
Ibo RUN,TPUEemulationinode - 134 - 150 mA
Siob LPSTOP,[32.768[RHz[drystal, WCODBf[(STSIMED) - 350 - 350 HA
Siob LPSTOPI[{externalldlocklihputirequencyZaximumOd - 5 - 5 mA
fsys)
11
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Table[d.0IDCI[Characteristics. VppAndYppgynEB.0Vp 2 [10%Eor6.78MHz@EANB.0V X B%E0r20.97MHz; Vg 7OV ;
TFEB5°Clib#125°Clorz40°Clib#85°C{Continued)

16.78VIHz 20.97MHz
Numberd| Symbol | Parameter Min Max Min Max Unit
13 Vpopsyn | ClockSynthesizer@peratingloltage 4.5 5.5 4.75 5.25 \Y,
14 VppsynSupplyBurrent®
lppsyn | 32.768[KHzldrystal, VCOON, [haximuml - 1 - 2 mA
Ibpsyn Externalldlock, aximuml, - 50 - 6 mA
Sippsyn | LPSTOP,32.768[RHzGrystal, WCOBf{STSIMED) - 150 - 150 HA
Iopsyn | 32.768KHz[Grystal, [V [powereddown - 100 - 100 HA
15 Vsg RAMStandbyoltage”
SpecifiedVpp@pplied 0.0 5.5 0.0 5.25 \%
VopTVss 3.0 5.5 3.0 5.25 \Y
16 lsg RAM Standby@urrent()"®
Normal[RAMGperation Vpp2WVgp0.5V - 10 - 10 A
Transient@ondition VggH0.5EV 2 - 3 - 3 mA
Vgg#0.5V
Standby@peration VoprWVsgt 0.5V - 60 - 50 HA
17 Pp Power[dissipation(®) - 690 - 766 mw
18 Ci Input@apacitance®@®
Alllihput-only[pins - 10 - 10 pF
Alllihput/outputpins - 20 - 20 pF
19 C, LoadGapacitance®
GroupdOpins[CLKOUT,[FREEZE/QUOT,IPIPE - 90 - 90 pF
Group2I¥OPins@ndCSBOOT, BG/CS - 100 - 100 pF
GroupBIVOpins - 130 - 130 pF
Group@T/Opins - 200 - 200 pF
Notes: 1. Applies(b:

PortE[7:4]E51Z[1:0],AS, IDS.

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

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

BKPT/DSCLK,IFETCH,[RESET,[RXD,[TSSTME/TSC.
EXTALwhenPLLEnabled).
Input-Bnlypins:[EXTAL,[TSTME/TSC,BKPTT2CLK,RXD.
Output-onlypins:(CSBOOT,BG/CS,[CLKOUT,[FREEZE/QUOT,IIPIPE.
Input/outputlpins:

Group:DATAL5:0],IFETCH,TPUCHI[15:01].
Group2:[Port[C[5:0]FADDRI[22:19]/CS[D:6],[FC[2:0)/CS[5:3].
Port[E:[[7:0]ESI1Z[1:0],[AS, DS, [AVEC, [RMC,DSACK[1:0]0
Port[F[&:0]EIRQI7:1], MODCLK.

Port[@SI[7:3]ETXD,PCSIB:1],[PCS0/SS.
ADDR23/CS10/ECLK,[ADDR18:0],[R/W, BERR, BR/CSO, BGACK/CS2.
Group3:HALT,[RESET.

Group4:IMISO,MOSI,[SCK.

Doeshot@pplyfoHALTRANAIRESET becauselfhey@redpenldrainipins.Doeshot@pplyToPort[@QS7:0],[[TXD,PCSIB:1],
PCS0/SS,[$CK,MOSI,MISO)ihiired-OR[ode.
Useloflan@ctivepull-downldevicelisllecommended.
Totalloperatingle¢urrentlistthesumloflthelappropriatelyp dppsyn,[@Ndsg Values. [y alues. Oy Walueslincludesupplyeur-
rentsfforldevicemodules[powered®yVppe@ndVpp, [pins
Currentfneasuredwith8ystem(dlockfrequency[6f(16.78MHz,[@AllModules(active.

12 TS 083 3 2 ————
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7.

8.

TheRAMhodulewillotSwitchlihtoStandbyhode@sbngl@slV sz doesmotéxceedVByhorefhan0.5-volt.[0
The[RAM@rrayldannotbelaccessedWhilefhelhodulelislinStandbymode.
WhenVppOsdransitioninglduringbower-uploripower-downsequence,[AndVggds@pplied, [Currentf@lowsbetweenthe Vg gy
andlVppins,Which@auses(Standby@urrentiblincrease fowardfhe haximum{ransient@onditionSpecification.[3ystem[Doise
onfihelVpp@ndY g5y pinsiéaniéontributebihisGondition.
Powerldissipationineasuredat$pecifiedsystemldlockFrequency, @linodulesactive. Powerldissipation¢anbel¢alculated
usingfheleéxpression:OJ

PpEMaximumVpp ot Thpsyn [ Hsp)
Ipplihcludes[SupplyBurrentsiorlallldeviceodulesipowered Dy e @BNd YV, [pins.

10. This[parameterls[periodically[Sampledfatherfhan100%(fested.

Dynamic[{Switching)[

The[INTERVALDMumberslreferiohefimingldiagram.

Characteristics

Table[5.IClockControl@iming.VpEANdNY pp gy EB.0V 5 2[10%Hor16.78MHz@ENd 5.0V - 2 [5%Hor20.97 MHz; O
Vs FOVpe; O o F[55°ClibHF125°CorZ40°Clib#+85°C

16.78 20.97
Number | Symbol Parameter Min Max Min Max Unit
1 fref PLLIeferencelfrequencyliange 25 50 25 50 kHz
2 foys Systemrequency®0 dc 16.78 dc 20.97 MHz
On-chipPLL[System[{frequency 0.131 16.78 0.131 20.97 MHz
Externall@lockl@peration dc 16.78 dc 20.97 MHz
3 o PLLObckdime@®®@® - 20 - 20 ms
4 freo VCOIfrequency® - 2[(f[Max) - 2((f [Max) MHz
5 fLmp Limphodeldlockdrequency
SYNCRIXDBit=0 - fsys[ax/2 - foys[Max/2 MHz
SYNCRIXbit=01 - foyshax - foyshax MHz
6 Cean | CLKOUTIStability@®@M
Shortferm[{5[islinterval) -05 05 -05 05 %
Long[ferm[(500slihterval) -0.05 0.05 -0.05 0.05 %
Notes: 1. Alllihternallfegistersifetain(data@t@mHz.

n

2118A-HIREL-03/02

This[parameterlsperiodically[S8ampleddatherfhan[100%{ested.
Assumeslihatlallow-leakage@xternalliltermetworksiseddoléondition[élock8ynthesizerlinputVoltage.[Totall@xternalldesis-
tancedromXFC[pinfdueloléxternallleakagemustlbelgreaterThan[15MQOo[guaranteeihis[Specification. (Filterfhetwork
geometryldaniaryldependinglUponi@peratinglénvironment.
ProperayoutproceduresinustbebllowedfblachieveSpecifications.
Assumes(ihatStablelVysynI5@pplied,@ndihatiheldrystall@scillatorisStable. Mock@imelis heasuredfromihefime V5 [E@nd
VppsynarevalidintiilRESET s Meleased. [ThisSpecificationalso@ppliesfothelperiodequiredforPLL Docklafter[thanging
the[W[andLY GrequencyldontrolbitsfinfhelSynthesizer[¢ontrolMegister[{SYNCR)whilefhePLLOsHunning,[Andfofheperiod
requiredor(fheldlockolbckafterllPSTOP.

InternallVCOrequency({fy o) isdetermined by YNCRIW@ENLY bitivalues.[The[$YNCRXDit[dontrols@ldivide-by-twolgir-
cuitlthatlis[notlinthelsynthesizereedbackloop.(WhenX[Z0, Eheldividerlislénabled,land [ [F, co: (4. (When[X (1, [the
dividerlis(disabled,[@ndil &M, co: 2. X[ustléqualldnewhen(operating(atihaximum(specified .
Stabilitylis[the[averageldeviationfromliheprogrammedrequencylineasuredloverthelspecifiedlintervallatlaximum.
Measurements(arefinadewith(fheldevice[poweredbyilteredSupplies[andl¢lockedbylalstable@xternall¢lockSignal.Noise
injectedlihtofhe[PLLGircuitry¥ialVppgyy@ndV gs@ndvariationin@rystalloscillatorfrequencylincreaselihe[Cstab[percentage
forfalgiven(ihterval.[When[¢lock[Stabilitylis[@léritical[onstraintion[dontrolSystemoperation, [this[parametershouldbemea-
suredlduringfunctionalfestingoffthe(finalSystem.

ATMEL i
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Table®.MACOIMIing. Vpp@ANdYppsynE5.0V 2 [10%For[16.78MHz@ENAB.0V 52 B%or20.97MHz; Ve T OV pe;
T FE55°Cib#125°Cor40°Cio#85°C W

16.78MHz 20.97MHz

Number Symbol | Parameter Min Max Min Max Unit

F1 f Frequency@f@peration{32.768kHzGrystal)® 0.13 16.78 0.13 20.97 MHz
1 teve Clock[period 59.6 - a47.7 - ns
1A tecye ECLKI[period 476 - 381 - ns
1B tyeye Externali@locklihputperiod® 59.6 - 47.7 - ns
2,3 tew Clock[pulseidth 24 - 18.8 - ns
2A,33A tecw ECLKI[pulseWidth 236 - 183 - ns
2B,3B (. Externaldlocklihputhigh/lowfime® 29.8 - 23.8 - ns
4,5 tor ClockMrisefandall@ime - 5 - 5 ns
4A,BA t Rise@ndfallfimeZAllDutputséxceptlCLKOUT - 8 - 8 ns
4B,BB Tyert Externall@lockfise@ndfallfime® - 5 - 5 ns
6 tepay Clockhighbaddress, FC,$I1ZE,[RMCNalid 0 29 0 23 ns
. e iCr:TI]%celﬁingCZ[tbmddress, [Data,[FC,3IZE,[RMChighO 0 59 0 47 ns
8 tehazn Clockighibladdress,FC,[3IZE,[RMClihvalid 0 - 0 - ns
9 teisa Clocklbwo[AS,[DS,[TS,Asserted 2 25 0 23 ns
9A tsrsa [AS[foDS[Or(TS, @sserted{read)® -15 15 -10 10 ns
9C teuia ClocklbwioIFETCH,IPIPE@sserted 2 22 2 22 ns
1 e rAeic;r)egz,S[grct:é?ZE,[RMcmand[tbms,m:smand[msm 15 ) 10 ) o
12 teisn Clocklbw[io[AS,DS,[CShegated 2 29 2 23 ns
12A teun ClockIbw{oIFETCH,IPIPEMegated 2 22 2 22 ns
13 - gaﬁéﬂﬁa)egatedﬁbﬁddress,IFC,[$IZE[[hvaIidD 15 ) 10 ) ns
14 towa AS,[CS[{andDSTead)Widthasserted 100 - 80 - ns
14A tswaw | DS,[TS,Width@sserted{write) 45 - 36 - ns
14B oo ,(’;\_ySC,I?[(Jand IDSHead)Width[@sserted[(fastWrite] 40 i 32 i ns
15 toy AS,DS,[CSWidthmegated® 40 - 32 - ns
16 tenss ClockhighblAS, DS, R/Whighlimpedance - 59 - 47 ns
17 tsneny | AS,[DS,[CShegatedfoR/Whegated 15 - 10 - ns
18 teury | ClockMighfoR/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 Clockbighibdataoutvalid - 29 - 23 ns

14 TS 10833 s
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Table®.ACTImIng. [V o ANd IV ppgyn E 5.0V E[10%For16. 78 MHz@ANB.0V 2 B3%[For20.97MHZz; Vs 0V
T =E55°Clib#125°Clor#40°Clio#85°C{Continued)?

2118A-HIREL-03/02

ATMEL

16.78[MHz 20.97MHz
Number Symbol | Parameter Min Max Min Max Unit
o4 s \E)Vﬁ::g;élﬁéf;lid[thegating [edgeDfAS,TS{fastD 15 ) 1 ) s
25 tsnoor | DS,[CShegatedioldatadutlihvalid{dataéuthold) 15 - 10 - ns
26 tovsa DataloutNalidfoDS,[CSAsserted{write) 15 - 10 - ns
27 toicL Datalihvalid{o[@lockIow{datalSetup) 5 - 5 - ns
27A . LateBERR,HALT 20 i 15 i ns
asserted(ildlockIbw({setupdime)
o8 tenon %Smggg?etzd[fb[IDSACK[[ﬂ.:O],[BERR,[E-IALT,D 0 80 0 60 ns
29 tsnoi DS, [CSmegatedfoldatalihlihvalid {datalihold)” 0 - 0 ns
29A tshoi DS, [CSmegatedfoldatelihighlimpedance®) - 55 - 48 ns
30 teios CLKOUTbw(ibdatalihlihvalid{fast@yclefold)” 15 - 10 - ns
30A teLon CLKOUTIbw(ib[datalihhighimpedance!” - 90 - 72 ns
31 toaos DSACKI:0][@ssertedfoldatalihalid® - 50 - 46 ns
33 teLeaN ClocklbwfoBGl@asserted/negated - 29 - 23 ns
35 tsraca | BRM@ssertedfbBGlasserted (RMChot@asserted)?) 1 - 1 - teve
37 teacny | BGACKI@sserted foBGhegated 1 2 1 2 teve
39 ten BGWidthhegated 2 - 2 - teve
39A ten BGWidth[@sserted 1 - 1 - teve
46 trwa R/Wwidth@sserted[{write[drfead) 150 - 115 - ns
46A trwas R/Wwidth@sserted[{fastWrite[@rfeaddycle) 90 - 70 - ns
R I R I B
47B taHT Asynchronousl(ihputholdiime 15 - 12 - ns
48 toasa DSACKIL:0], @sserted IBERR, HALT @sserted®V - 30 - 30 ns
53 thocH Dataloutolddrom[dlockigh 0 - 0 - ns
54 tcHDH Clockighlibldataloutthighimpedance - 28 - 23 ns
55 traDC R/W@ssertedfodatabuslimpedancedhange 40 - 32 - ns
56 tirew | RESETpulseiidthi(resetlihstruction) 512 - 512 - teve
57 tsnuy | BERRMegatedToHALT Megated((rerun) 0 - 0 - ns
70 tscLop ClockIbw(ib[databus(driven{show) 0 29 0 23 ns
71 tscios DatalSetuplime(ibdlockIbwl{show) 15 - 10 - ns
720 tscLon Datalholdfrom[dlockdbwI[{show) 10 - 10 - ns
73 teksT BKPTIlhputSetupliime 15 - 10 - ns
74 takuT BKPTlihputholdime 10 - 10 - ns
75 tuss Mode(SelectSetuplfime 20 - 20 - teve
15
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Table®.ACTiming. [V pp@ANdIV ppgyn EB.00Vp E10%For16. 78 MHz@ANB.0V 2 3% For20.97 MHz; Vg 70V ;
T =E55°Clib#125°Clor#40°Clio#85°C{Continued)?

16.78MHz 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 RESET mise@ime®(4) - 10 - 10 teve
Notes: 1. All[ACHmingisShownivithespectfo20%Vyn@andZ0%VplevelsiinlessdtherwiseMoted.

2. MinimumiSystem[glockrequencylisfourfimesiheldrystalfrequency,SubjectibSpecifieddimits.

3. WhenfanlexternallelocklisUsed,ininimumlhighfandibwliimes(arebasedon(a50%(duty(eycle.[Thelminimumlallowablelty,, .
periodlisdeducediwhenlfheldutyldycle[dfltheléxternall@lockSignaliraries.ThefelationshipBetween@xternalélockihputlduty
cyclel@andminimumt,  [isexpressed:

MinimumE, . [period ZFminimum, ., /(50%[-lexternalihputlduty(dyclelfolerance)

4. Parametersfor@ani@xternall@lockSignal@ppliediwhilethelihternalPLLIs[disabled(MODCLKpinheldIbwIduringfeset).Does
notpertainfo@nléxternallVCOeferencel@ppliedivhile the[PLLIis[@nabledIMODCLKpinheldhighlduringeset).Whenlihe
PLLOs&nabled,Thel¢locki3ynthesizerldetectsSuccessivelfransitions[ofthefeferencelSignal.OfEransitionsdccurivithinthe
correct@lockperiod,fise/fallfimeslandldutydycle@re@atlaritical.

5. Specification@AlsTheWorst-caseSkewbetween[ASRAndIDSOrTS.The@mountdfskewdependsonihefelativelbadingof
these[Bignals.Whenbads@reReptivithinSpecified limits, Bkew Wil hiot@auseAS@And DS HofallButside fhelimits8hownlh
specification[.

6. Ifinultiplelthip3electslarellised, [CSWidth(hegated{specification(15)Cappliesolthedimedromhehegationofalheavily
loaded@hipBelectibhe@ssertionofalightlylbaded@hipelect.[The[CSMvidthMegatedSpecificationbetweenMultipleEhip
selectsldoesmot@pplyiochipSelectsbeingisedioriS8ynchronousECLKIgycles.

7. Holdfimes@reSpecifiedWith@espectfoDSOriCSon@synchronousfeads@ndWithFespectfbCLKOUTBnfast@ycleMeads.
Theluserlisireebsel@itherold{ime.

8. Maximumvalueliséquallolt,,/2)F[250s.

9. Iffthe@synchronousiSetupfimel(specificationd7A)fequirementslarelSatisfied, the[SACKIL:0]Ibw(ibldataSetupime(spec-

ification31)@ndIDSACKIL:0]IbwioBERRObwSetupimel{specification[d8)[danbelignored.TheldatalnustionlySatisfyfhe
data-infoldlockIbw(Setupimel{specification27)forihefollowingldlockldycle. BERRMustSatisfyldnlyfhelate[BERRIbwio
clockIbw(Setupdimel{specification27A){orfhe{bllowingdlockdycle.

10. Tol@nsurel@oherencyduring@very©perandransfer, BGWillotbe [ssertedih BesponsefoBRMintilGfter Al @yclesofthe

currentloperandiransferf@reldompleteland[RMClishegated.

11. Infhe@bsencedBfISACKIL:0], BERRIs[@AN@synchronousiihputsingfhe@synchronousiSetupime{specification[d7A).
12. Afterlexternal(RESETIhegationlisldetected,[al$hortliransitionlperiodl{approximately[2[i.)[elapses,[thenthe (BIMLdrives

RESETbwforB312(,,,

13. Externallassertion[oflihe[RESETlnput[¢anloverlaplinternally-generatedfesets. T olinsurefhat[an&xternal fesetlis[tecog-

nizedlih(allldases,[RESET hustbe[@ssertedfor@atleastB90[CLKOUTGycles.

14. ExternallbgicustpullRESEThighduringfhis[periodihlérderformormalMCUBperationiobegin.
15. Address(accessliimeF(2.53 WS) [, Hiy a, Hih c [ChiplSelectlaccessfimeZF(REFNVS)E,  Hip a5 e U

16

Where:WSEDumberdfivaitStates.WhenfastferminationisUsed {2 GlockBus) WSEE.

T S 168 .33 — e —
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TestlConditions$pecificO
tolfhelDevice

TimelDefinitions Thelimes[Specifiedlih[Table®@asdynamiclcharacteristics@reldefinedlihFigured{bFig-
ure15Mbelow,Bylareferencel@umberlgivenhe@olumnNUM”6ffhefablesibgetherivith
thelfelevantfiguremumber.

Figureld.IClkout@utputTimingDiagram

- |
CLKOUT ‘

Note:  TimingShownWith@espectio20%@ndZ0%V .

O

Figure®.IExternalhputTimingDiagram

@ | @@

EXTAL &*—/ﬁ\_
1 L(— | |

@

Note:  TimingShownith[fespectib20%[@nd7Z0%V yp. Pulsewidth[ShownWithfespectibB0%0
VDDA

Figure®.MIECLKOutputTimingDiagram

®

]
®
/
y
b
R, A |

ECLK

5

Note:  Timing[ShownWith(RespectToR20%ANdT %NV yp.
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Figure[7.MRead[Cycle[TimingDiagram
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Figurel8.MWrite[Cycle[TimingDiagram
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Figure@.[FastTerminationRead[CycleTimingDiagram
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Figure10.0FastTermination(Write[Cycle[TimingDiagram
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Figure11.0BuslArbitrationTimingDiagramZActive[Bus[Case
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Figure12.0BuslArbitrationTimingDiagramZIdleBus[Case

Ao AS AS A2 A3 AD

«_/ N /NS

~ ~"

DATA(15:0]

E@ N J—\_

- -

; Sy
Oge
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Note:  Showldycles[éan(Stretchlduring[$42WhenbuslaccessesiakellbngerfhanfwoldycleslduefoIMBmoduleWait-statelihsertion.

ATMEL 2

2118A-HIREL-03/02



Figure[14.IChip[$electTimingDiagram
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Note:  AS[AndDSHimingShown{oreferencelonly.

Figure15.MResetl@ndModeFelectTimingDiagram
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Functionalll
Description

ModuleMemoryMap

CPU32[0Overview

2118A-HIREL-03/02

The[RAMGrraylispositioneddydhedasel@ddressiegisterlinthe[RAMICTRLblock.
Resetforcesihe[RAM[arraydobeldisabled.Wnimplementedblockslarelinapped
externally.

Figure16.0ModuleMemoryMap

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

Note:  Y[EM111l,whereMisthelhodmapiSignalStateldnihelIMBMWhicheflectsihe(Stateldfithe
modmapDBitihfheoduledonfigurationegisterdfitheSystemlhtegrationithodule Y Z$70
Ori$F).

Thel[CPU32,fhelinstruction[processingmoduleldffhe®8300Family,[isbasedonthe
industry-standard(TS68000[¢orelprocessoriwithinanyfeaturesoflihe®8010[&And
TS68020@sMvelllasUniquelfeaturesisuitedforihigh-performanceldontrollerapplications.
TheCPU32[k[designedfolprovidealSignificantlincreaselin(performanceloverléxisting
microcontrollerfCPUs[folineetfheldemandforhigherperformanceequirementsforthe
1990s,whilelnaintaining(sourcel¢ode@ndbinary¢odel¢ompatibilityvithfhe 8000
family.

Easelof(programminglis@nlimportantl¢onsiderationlinfising@microcontroller.[An
instructionformatlimplementinglalfegister-memorylihteraction(philosophypredominates
ind@heldesign,[and(all[dataiesources(are@vailablefo@lIldperationsiequiringhose
resources.

Alll¢apabilitiestandfunctionslofthisinodule@areldetailed fullyinfhe[CPU32[feference
manual.

ATMEL s
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Block[Diagram Thelmajorl¢locks[depicteddperatelin(alhighlylihdependentfashionfhathaximizesdon-
currencylofloperationihilelinanaging@heléssentiall3ynchronization[oflinstruction
executionl@andBusoperation.TheDus(dontrollerlbadslinhstructionsfromfheldataBuslinto
theldecodeDnit.

Thelsequencerlandl¢ontrolllinitiprovideldveralllchipl¢ontrol,inanagingfhelinternal
buses,[fegisters,[andfunctions[ofitheléxecutionUnit.

ArchitecturefSummary Thel[CPU32[architecturelincludesiSeverallimportantfeaturesihatprovidebothpower
and¥ersatility[fofheluiser.[The[CPU32[is[$ourcelandldbjectlcodec¢ompatibleWith[the
TS68000@And68010.[Alluser-state[programsléanbeléxecutedinchanged.ThelMajor
CPU32[features(arelasibllows:

32-bitlihternalldatalpathl@and@rithmeticlhardware
32-bitlinternall@ddressibus,24-bitleéxternalladdressbus]
eight[32-bitlgeneral-purposeldatalfegisters
seven(32-bitl[general-purpose@ddress(registers
separateiserf@andSupervisorStack(pointers@andladdressiSpaces
separate[program(andldatal@address(Spaces
fulllinterruptlprocessing

fullyldpwardlobjectldodeldompatible Wwith[68000Family
virtuallhemorylimplementation,Ibop(mode[6flihstruction[éxecution,
fastimultiply, [divide,[And[Shiftlihstructions

fastuslinterface With[dynamicDusport(Sizing
improvedléxecutionhandling{foridontroller[@pplications
enhancedladdressinglfhodes:

-[Scaledlihdex
-[@ddress(registerlindirectiwithbaseldisplacement@ndlihdex
-[éxpanded[PClrelativemodes32-bitranchidisplacementsbreakpointlihstruction.
instruction[Setl@nhancements:

-Thigh[precisionmultiply@ndldivide

-[fraplonidondition(dodes

-[ipper@ndbwerboundsidhecking
-[@nhanced(Breakpointlihstruction

tracelonldhange[Oflflow

tablelbokup@nd(ihterpolatelihstruction

lowpowerlstoplihstruction

hardware[Breakpoint8ignal, backgroundlfode
16.78MHz@NdR0.97MHz6peratingfrequency@t=55°Clib[#125°C
fully(Staticlimplementation

26 TS 083 3 2 ————
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Figure[17.MCPU32MBlockDiagram

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[¢onsistsloffwolgroupslofliegisters: iserimodel
andSupervisoriiodel,livhichl¢orrespondiofheliser@ndSupervisorlprivilegelevels.
Executinglatlthewserprivilegedevel,lserlprograms¢anlonlylisethefegisters(offhe
userlinodel.ExecutingatfhelSupervisorlevel,3ystem[sSoftwarelisestheldontrol[fegis-
tersloflthelSupervisorlkeveloperformSupervisorfunctions.

Address
Bus

N
S
M

ThelSupervisorlevelthashigherprivilegesihaniheuserdevel.Not@lllinstructions@re
permittedfoléxecutelinfhebwerprivilegedserlevel,but@lllihstructionsare[available
atfthelSupervisorlevel.[Thisischemelallows[alseparationlofSupervisorlanduserevels,
andSolthelSupervisorl@aniprotectSystemdesourcesfromlncontrolled@ccess.[Thelpro-
cessorldses(ihelprivilegelevellihdicatedbyfhel[$SDitlih[fheStatusfegisterbSelect@ither
theliserlorSupervisorprivilegeevel@ndeitherfhe WSPOr[$SPior(Stack@perations.

Theluserprogrammingodelfemainsdnchangedromiprevious®8000Familyficropro-
cessors.[ThelSupervisorlprogramminghodel,Mvhich[Supplementsiheluserprogramming
modellsised@xclusivelyByfhe[CPU32[Systemlprogrammersiwhol(dtilize theSupervisor
privilegeleveldolimplement3ensitivedperating$ystemdunctions.ThelSupervisorpro-
gramminginodelldontains(allfheldontrolsiolaccess[andénableltheSpecialfeatures(of
the[CPU32.[AlllAapplication$oftware,Writtenfofunatdhemonrivilegediserdevel,
migratesofhe[CPU32from@ny®8000platformiwvithoutihodification.Thelprogramming
modelsfareShownlih[Figure18@nd[Figure19.

Registers Registers[D7-D0G&relised[asldatalfegistersfandeadilySupportB-bit{{byte),[16-bit
(word)[@nd32-bit[{llonghivord)dperanddengthsforallloperations.Registers[A6-A0RNd
theluiserfandSupervisoristackpointers@rel@ddress(iegistersihatinaybelisedas[Soft-
wareStackpointersiof(baseladdressliegisters.Register[A7k[@egisterfhatappliesio
thellserStackpointerihfheser(privilegelevel@ndibihelSupervisorStackpointerlihfhe
userlprivilegeevel.On@ddition,fhe@ddressegistersiaybelisedforiword@ndbng-
word[operations.[Alllbffhe16[general-purposeiiegisters(D7-D0,[A7-AQ)Inaybelised
aslihdexregisters.

ThePCldontainshel@addressoflfhemextlihstructionibbeléxecutedByhe[CPU32.

ATMEL 2
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The(Status(fegister([SR)Storeshelprocessor(status.dtldontainsfhedondition[dodesihat
reflectfheTesultsioflalpreviousioperation@nd[¢anbeisedfordonditionallinstruction
executionlih[alprogram.

Thellectorbaselfegister[(VBR)[dontainsthebaseladdress[offtheléxceptionitectorfable
inlmemory.Theldisplacementloffan[éxception¥ectorlisdddedibfhealuelinthisliegis-
tero[AccessltheNectorable.

Alternatelfunction[d¢ode egisters[{SFCAndIDFC)[dontain[3-bitfunctiondodes.[Function
codesléan(beldonsidered[gxtensions[ofthe[24-bitlinear[address(thatloptionallyprovide
aslinanylas(eight[16-Mbyteladdress[Spaces.[Theseladdressispaceslare(designated(as
either[iserlorSupervisoriSpaceland@s(either[programlorldatalspace.Therelis[a[CPU
spaceliolallowhe[CPUolacquirel$pecificléontrollinformation[hotisuallylassociated
with[feadoririteDus(dycles.Thefunctiondode[Signals[FC2-FCO0[Selectlfhe@ppropriate
address[Space.

Figure18.MUserProgrammingModel

28
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Figure19.IBupervisorProgrammingModel[Supplement
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| | | A7 (USP) Supervisor Stack Pointer
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System[Features

VirtualMemory
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SFC Alternate Function
DFC Code Registers

Six[basicldatalfypes(@arelSupported:

e bits

« packagedinary-codedldecimalldigits
¢ bytelintegers((8bits)

« wordlihtegers[{16Dits)

¢ long-wordlihtegers[(32[bits)

¢ quad-wordlihtegers[(64bits)

Thelgéightldataegisters[¢an(storeldataldperands(ofl,d,[16,32&EndB4bHits@End
addresses[of[16[or[32[bits.[The[Sevenl@ddressliegisters@ndihelfwolstackpointers@re
usedfor@ddressioperands(of16[6r32Mits. ThePCls[32Mbitswide.

ThelCPU32lihcludesamumberdffeaturesiblaidSystemlimplementation.Theselihclude
alprivilegelinechanism,$eparationlof(dddress[Spaces,inultilevellpriorityinterrupts,frap
instructions,@ndlafracefacility.

Thelprivilegenechanismprovidesiserf@ndSupervisorprivilege$tates, privileged
instructions,@andéxternalldistinctionlofliserlandSupervisor(Statefeferences.[Thelpro-
cessor(Separates(feferencesbetweenprogram@ndldatalSpace.ThispermitsiSharing[of
codelSegments(ihatlaccess[SeparateldatalSegments.

ThelCPU32[8upportsiSeven(prioritylevelsfor199memoryectoredlinterrupts.[Forléach
interrupt, theectorllbcation[@anBeprovidedi@xternallyOrigeneratedlihternally.[ThelSev-
enthlevellprovides@mon-maskablelihterrupti@apability.

Tol3implify[Systemdevelopment,linstructionslarelprovidedfol¢hecklinternallprocessor
conditions@nd[allowsoftwarefraps.[Theracelfacility@llows[instruction-by-instruction
tracinglof(program(éxecutioniWithoutlalteration(éfitheprogram(oriSpeciallhardware.

Thefullladdressingangeoflthe[CPU32[0onfhelTS68332[i5[16-Mbytelih[éachlofl@ight
address[3paces.[Evenihoughlmostisystemslimplement@Smallerphysicaliiemory,fhe
system(danbeladebl@ppearibhave@full16-Mbyteldfimemory@vailablefbléachlser
programyisingtirtualimemoryiechniques.

ATMEL 2



LoopModellnstruction
Execution

VectorBaselRegister

Processing[S$tates

AddressingModes
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The[CPU32Mhas[Severalfeaturesthatprovideléfficientléxecutionof(programlbops.[One
offthesefeatureslisfheDBccbopingprimitivelinstruction.[Tolincreaselfhelperformance
oflthe[CPU32,@alboplhodehasbeenladdedibfheprocessor.Thellboplhodelislised by
alSinglewordlihstructionfhatldoesotidhangelprogram(flow.Looplhodelisimplemented
in[eonjunctionlwith[theDBcclinstruction.[Oncelindboplinode,helprocessorperforms
onlylfheldatal¢ycleslassociatedwith{helinstruction@nd3uppresseslalllinstruction
fetches.

ThelVBRI[dontainsfhebaseladdress[oflthe[1024-byteléxceptionVectorfable,[donsisting
of[256[éxceptioniectors.[Exception¥ectors[d¢ontaininemoryladdresses(oflioutinesihat
beginléxecution@tlthel@ompletion[ofléxceptionlprocessing,lile.[Anlihterruptlfoutine.

Thelprocessorlislalwayslihlonelofffourprocessingstates:(mormal,[@xception,haltedlor
background.[Thelmormallprocessing(statelis[fhatlassociatedWith[ihstruction[éxecution;
theDuslisisedfofetchlinstructionslandloperandsfandfo[Storelfesults.Theléxception
processingStatelisfassociatedwithlnterrupts,@raplnstructions,@racing,[andldther
exception[donditions.[TheléxceptionhayDelihternallyldeneratedlexplicitly@y[anlihstruc-
tionlory@nunusualldonditionlarisinglduringfheléxecution[éf[@nlihstruction.Externally,
exceptionprocessingl¢anbelforcedby@nlihterrupt,[Abuslérror,[or(AaMeset.[Thelhalted
processing(Statelis[@nlihdication(ofldatastrophiclhardwarefailure.Forléxample,iflduring
theléxceptionprocessingloffalbuslerrorf@notheruslérrorfdccurs,fhelprocessor
assumes(ihatfhelsystemlisUinusable@ndhalts.Thebackgroundprocessing(statelis(ihi-
tiatedbybreakpoints,&éxecutionlofl$peciallinstructions,or@ldouble®usfault.
Background[processinglallows[interactiveldebugginglofltheSystemVialalSimplelSerial
interface.

Addressing[infhe[CPU32[i5Megister-oriented.MostlhstructionsallowiheMesults[offhe
specified[operationfobeplacedl@itherin(aliegisteroridirectlylihmemory;dhisflexibility
eliminatesihemeed{orléxtralihstructionsibStoreMegisterldontentslihhemory.
ThelSevenbasic@ddressingihodes(arelasiollows:

e register(direct

e registerfihdirect

e registerlihdirectiwithlindex

e programldounterlihdirectiWithldisplacement

e programigounterfihdirectiwithlindex

e absolute

« immediate
Includedlihfhelfegisterlihdirectldaddressingfhodes(@retheldapabilitiesblpost-increment,
pre-decrement,[@andoffset.[Thelprogram(Gounterrelative model@lsohaslihdex[@anddffset

capabilities.Onfaddition{foihese[addressingmodes, hanylihstructionslimplicitly [Specify
theluise(ofthe(Status(iegister, Stacklpointer,[@nd/or(program(dounter.
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Instructions

68000 Family[Compatibility

New(nhstructions

Development[Support

68000FamilyDevelopmentd
Support
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It[isdhelphilosophyloffhe[8000Family@hatfallluser-codeprogramsitanléxecute
unchangedon@imorel@advancedprocessor,[@ndSupervisor-modelprograms[andéxcep-
tionhandlersShouldequire@nlyinimal@lteration.

Thel[CPU32[¢anbefhoughtoflaslanlintermediatememberofthe 8000family.[Object
codelfrom@AnTS68000ar68010naybeléxecutedlonihe[CPU32,[Andnanyloffhe
instructionfandladdressingmode[extensions[oflthe[TS68020are(alsolSupported.[Refer
tolthe[CPU32[referencemanualfor(aldetailed[@¢omparison[ofithe[CPU32[and[TS68020
instruction(Set{seelalso[Table(T).

TwoMewlhstructionshavebeen@ddedIbfheTS68000IhstructionSetdbrilselihldontrol-
ler@pplications.[Theyarelowpower3top[(LPSTOP)@And{ableIookuplandlinterpolate
(TBL).

LowPower[Stop{LPSTOP):Onlapplicationsiwherepowerldonsumptionlisal¢onsider-
ation,[fthelCPU32[{orcesiheldevicelintol@dow-powerlStandbyinodewhenlimmediate
processinglisfhotequired.Thedow-power$toplinodelis(énteredyléxecutingihe
LPSTOPIinhstruction.

ThelprocessorwillllemainlhhismodeluintiliAiser-specification{orlhigher)linterrupt
level@rldesetldccurs.

Tablelookuplandnterpolate[{TBL):[Tolmaximizefhroughputforeal-timelapplications,
referenceldatalis[oftenCpre-calculated”[and[S$toredlinmemoryforlguicklaccess.[The
storagelofléachdatalpointiivould@equirelanlinordinate@mountlofiinemory.Thelfable
instructionMequiresonly[alSamplelofldatalpointsistoredihfhe@rray,educinglmemory
requirements.[This[$inglelihstruction[allowslintermediate[WValuesfo[be[fecoveredbyin-
earlinterpolation,@husisignificantlylincreasinglCPUZhroughputlcomparediwith(@arlier
interpolationinethodswhichllised$everallinstructions.[Thelfesultsfare[optionally
roundedwithfhelfound-to-nearest@lgorithm.

Thelollowingdeaturesavebeenlimplementedldnihe [CPU32[Holénhancelihelinstru-
mentation@ndldevelopmentlénvironment:

e 68000FamilyldevelopmentSupport,
¢ backgroundldebuglinode,

e deterministiclopcodel(fracking,

¢ hardwarelbreakpoints.

AllB8000Familymemberslihcludefeaturesibfacilitate @pplicationsidevelopment.[These
featureslihcludelfheollowing:

Trace[@On(hstruction:®8000familyprocessorslincludel@nlihstruction-by-instructionirac-
ingacilitylasan@idfoprogramldevelopment.[The[CPU32&lso@llowsThellserofrace
onlyfhoselihstructionsidausing@dhangelihprogram(flow.

Breakpointhstruction:[Aneémulatorfhaylihsert[SoftwareBreakpointslihtoihefargetidode
tolindicateWhenl@breakpointhasoccurred.[Onthe[CPU32,thisfunctionlisprovidedia
illegallihstructions,[$4848-$484F,ibServe@sbreakpointlhstructions.

Unimplementednstruction[Emulation:During[instructionéxecution,ihen@nattemptlis
madelfoléxecute@nlllegallihstruction,@nlllegallinstructionéxceptionloccurs.Wnimple-
mented[instructions[{F-line,[A-line,...)tilize[Separate[@xceptionWectorsopermit
efficientlémulationofldinimplementedlihstructionslin[Software.

ATMEL o



BackgroundDebugMode

Deterministicl@OpcodelTracking

On-chipBreakpoint(Hardware
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Microcomputerisystemsigenerally[providelaldebugger,limplementedlin$oftware,for
system@nalysis[atfhedowestlevel.[Thebackgroundldebuglinodelin@he[CPU32[is
uniquelihfhatfheldebuggerhasbeenlimplementedih[CPUhicrocode.Registersidanbe
viewed[and/orlaltered,[memoryl¢canbeieadlorivritten(o,[and{estHeaturesi¢canbe
invoked.Incorporatingfheseldapabilitiesion-chipSimplifiesifhel@énvironmentihiwhichihe
in-circuitlémulator[operates.

CPURB2{unctionéodeloutputsfareldugmentedbyiwolsupplementarylsignalsfoinonitor
thelihstruction[pipeline.[Thelihstructionpipe[{PIPE)butputlindicates[fheStartlof[éach
newlnstruction@ndléachmid-instructionpipelinefadvance.[Thelinstructionfetch
(FETCH)butputlidentifiesheDus[dyclesliniwhichfheldperandlislbadedlihtofhelinstruc-
tionpipeline.[PipelineflusheslarelalsolsignaledwithOFETCH.[Monitoringfheseiwo
signals[@llowslabus@nalyzeriodynchronizelitselflfofhelihstructionStream@andmonitor
its[@activity.

An[éxternalBreakpointirap@nlanyhemorylaccess.
Table[7.nhstruction[$SetfSummary

Mnemonic Description
ABCD AddDecimalwith[Extend
ADD Add
ADDA Add[Address
ADDI AddImmediate
ADDQ Add[Quick
ADDX Addwith[Extend
AND LogicallAND
ANDI LogicallANDImmediate
ASL,[ASR ArithmeticShiftlleftlandRight
Bcc Branch[Conditionally
BCHG TestBitl@nd[Change
BCLR TestBitl@nd[CTlear
BGND Background
BKPT Breakpoint
BRA Branch
BSET TestBitlAndSet
BSR Branchlib[Subroutine
BTST TestBit
CHK,[CHK2
CheckRegisterAgainstlpperanddlowerBounds
CLR Clear
CMP Compare
CMPA Comparel[Address
CMPI Comparedmmediate
CMPM CompareemoryibMemory
CMP2 Comparel[RegisterfAgainstWpper@andlowerBounds
DBcc TestCondition,MMecrement@ndBranch
DIVS,DIVSL SignedDivide
DIVU,DIVUL UnsignedDivide
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Table[7.0nhstruction[$etlSummary{iContinued)

Mnemonic Description

EOR Logical[Exclusive[OR

EORI Logical[Exclusive[ORImmediate
EXG Exchangel[Registers
EXT,[EXTB Sign[Extend

ILLEGAL Takellegalhstruction[Trap
JMP Jump

JSR Jumplb[Subroutine

LEA Load[Effective[Address

LINK Link@nd[Allocate

LPSTOP Low[Power[Stop

LSL,MSR Logical$hiftIleftland[Right
MOVE Move

MOVEICCR Movel[Condition[Code[Register
MOVESR Move[Status[Register
MOVEMSP MoveWser[StackPointer
MOVEA Movel[Address

MOVEC Movel[ControlRegister
MOVEM MoveMultiple[Registers
MOVEP Move(Peripheral

MOVEQ MovelQuick

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

NBCD NegateDecimalithExtend
NEG Negate

NEGX NegateWwith[Extend

NOP No[@peration

OR Logicalhclusive[©OR

ORI Logicallhclusive[OROmmediate
PEA Push(Effective[Address
RESET ResetExternalDevices
ROL,IROR Rotateleftland[Right
ROXL,[ROXR RotateWwith[ExtendLeftlandRight
RTD Returnand[De-allocate

RTE Returnfrom[Exception

RTR Return@nd[Restore[Codes
RTS Returnfrom3Bubroutine
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Table[7.0nhstruction[$etlSummary{iContinued)

Mnemonic Description

SBCD SubtractDecimalWwith[Extend
Scc Set[Conditionally

STOP Stop

SUB Subtract

SUBA SubtractlAddress

SUBI Subtractimmediate

SUBQ Subtract@Quick

SUBX SubtractWith(Extend

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

TAS TestOperand@ndiSet

TRAP Trap

TRAPcc TrapConditionally

TRAPV Trapon[Overflow

TST TestOperand

UNLK Unlink

This[Sectionprovides@functionalldescriptionloflfheDus@ndihelsignalsihatl¢ontrollit.
OperationoflfheDuslisfheSamelhetherfheCU[drl@nléxternalldevicelisfheDusmhas-
ter;[@Ihefhames@ndldescriptionlof(busityclesfare@romlihepointlofviewldfTheus
master.[TheM1CU@rchitectureSupportsibyte,ord,[AndIbng-wordldperands,@llowing
access[io8-bitland16-bitldatalportsithroughliseldflasynchronous[dycles[¢ontrolled by
theldata@ransfer({S1Z1@&nd51Z0)AndldatalSizelacknowledgepins({DSACK1&nd
DSACKO).

The{unctionléodel3Signals[{{FC2EMFCO)Selectlonelofléightl16-Mbyteladdress[Spacelio
whichhe[@ddress(applies.

AddressBus Theladdress[bus(signals[{A23[J[A0)defineltheladdress(ofithebyte{orfheostSignifi-
cantbyte)ibbelfransferredduring@busidycle.[The@ddresslsalidiwhile[AS[Asserted.

Address[Strobe The[Address[Btrobe[{AS)s@dimingSignalfhatlihdicateshe Walidity[0fanAddresson
thef@ddressbuslandoflihanyldontrolSignals.

DataBus Theldatalsignals({D15ED0)[compriselabi-directional,mon-multiplexedparallelbusihat
containsfheldatabeingransferredfolorfromiheMCU.[Aeadoriwrite[dperationinay
transfer@or16Dbitslof[datal(lor2bytes)ihlonedusidycle.

DatalS$trobe The[lData[$trobeE@_S)[ﬂs@[ﬁmingBignal[ﬂhat@pplies[fb[ﬂheEﬂata[ﬂ)us. (For[aMead(dycle,
theMCU(asserts[DS[fo(Signallthe@xternalldeviceliv[placeldatalonthebus. [Forlalwrite
cycle,DSiSignalslibihel@xternalldevicesihatheldataibbelrittenlishtaliddniheus.
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Bus[Control[Signals

Bus[CyclelTerminationd
Signals

DynamicBus[Fizing
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TheMCUIOnitiatesfausltycleyldriving@heladdress,$ize,Hunction,[code,End
read/write[outputs.[Atdhebeginningoflabusicycle,fheSizelSignals{S1Z1,[$1Z0)[are
driven[@longwithfhefunction[dodelSignals.[$1Z1[and$1Z00hdicatefhemumberlofbytes
remainingoberansferredlduringlanloperandl¢yclel{consistinglofloneloriinoreus
cycles).TableBEhowshe@ncoding©f[$1Z1@&nd$1Z0.Thelead/write (R/W)Signal
determines(iheldirectionloffhedfransferlduring@busldycle.[Thellead-modify-writeldycle
signall{RMC)lis[asserted[atfhebeginningloflthefirstusicycleoffaliead-modify-write
operation,[@ndiemains(assertedntilldompletion[ofithelfinalbus(dyclelofltheldperation.

Table[8.[BizelSignalEncoding

Siz1 S1z2 Transfer(Size
0 1 Byte
1 0 Word
1 1 3Byte
0 0 LongWord

Duringbusléycles,@éxternalldevices[assertfheldatafransfer@andSizelacknowledgelSig-
nalsDSACK1[and/orDSACKO@s[partlofihedusprotocol.[Duringlalieadl¢ycle,This
signalsftheMCU{o{erminate fheusléyclelandfolatchltheldata.[During@Nvrite[dycle,
thislindicatesihatfheléxternalldevicehas[SuccessfullyStoredfhedatal@andfhatfheldycle
may[ferminate.[Theselsignals(alsolindicatelfothe MCU[ihe[Sizeloftheportforiheus
cyclefjusticompleted.

TheDusleérrorfBERR)[Signallis[also@busldycleferminationlihdicatoranddanbedsedlih
thel@bsencedfIDSACKXx[iblihdicate@Musérrordondition.It[danlalsobelassertedihldon-
junctionvithiDSACKxdolindicate@buslérrorl¢ondition,[providedlitineetshe
appropriateiming.[Additionally, The[BERRRAnAHALT[Signalsi¢anbelassertedSimulta-
neously,ihdleulof, @rihl@donjunctioniwith,fheDSACKXx[Signals.

ThelihternalushonitorldanbellsedibldeneratefheBERRISignalforlinternal@ndlhter-
nal-to-externalfransfers.[An@xternalBusimasterimustprovidelitsiownBERRI[generation
anddrivelthe[BERRIpin,SincedhelinternalIBERRInonitorhasolhformation[about
transferslihitiated@y@anléxternalusinaster.

Finally,[fhelautovector{{AVEC)Signalléanbeised@oferminatelinterruptl@cknowledge
cycles,lihdicatingihatfheMCUShouldlinhternallyl[generate@iectormumberfodbcate@n
interruptthandlerfoutine.[AVECIsgnoredduringlalldtherMus[Bycles.

TheMCUdynamicallylinterruptslhelportSizedffhe@ddressedldevicelduringléachbus
signal,[allowingloperanddransfersdolorfromB-And[16-bitlports.[During@nloperand
transferl@ycle,fhelSlaveldeviceSignalslisiportSizel(byteldriword)@ndlihdicates[domple-
tionofiheusltycledolheMCUEhrough@heliseldffhe D SACKx[&ncodings@nd
assertionesults.Referfo[Table@HorDSACKx[&ncodingslandassertionesults.[For
example,[ifftheMMCUlk[éxecuting@nlhstructionfhatfeads@long-wordoperandfrom@
16-bitlport,fTheMCUMatcheshe16Mitslofvalid[dataland@uns@notherbusldycleo
obtainfheldther[16Dits.

Dynamicbus(sizingequireshatfheportiondffheldatabusfor@fransferfolorfrom@
particulariportSizedeixed.Forléxample@nB-bitlportimustfesidedn[databusbits154
8.

ThelBl1Zx$ignalsialsoformpartioftheusSizingprotocol.[Theseldutputslindicatelfhe
remainingumberorbytesibbefransferredlduringfheldurrentbus(Cycle.
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FastTermination[Cycles

BusException[Control[Cycles
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Table®.IDSACKI[Codes@andResults

DSACK10 [DSACKO Result

1 1 .

Insertivait(Stateslih@urrentbus(dycle

(Negated) (Negated)

1 0 Completeldycle 3 DatabusiportSizeisB-bits
(Negated) (Asserted) P 4

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

0 0 Reserved
(Asserted) (Asserted)

TheMCUbuslsUsedlih@nlasynchronousianner.[Theléxternalldevices[@onnectedio
thebusléanldperatelatidlockfrequenciesidifferentfromihelclockforfheMCU.[Busoper-
ationisesfhehandshakelines{AS,DS,[IDSACK1,[DSACKO, BERR@NAHALT){o
controlldataransfers.Decodingfhelsizedutputsiandlower@addressline[AOprovides
strobes(that(Selectfhelactiveportionlof(theldatalbus.[Thelslaveldevicel[{memoryor
peripheral)fhenesponds(byplacingfheequestedldataldnheldorrectportionloflthe
datalbusfor(@lieadlcyclelordatchingheldatalon@liriteeycle,[and[assertingihe
DSACK1/DSACKOlGombinationfhatl¢orresponds(ioiheportSizefoléndiheldycle.dfmo
slaveliesponds(orhel@ccesslislinvalid,[éxternall¢ontrollogiclassertsihe[BERR,Or
BERR[@ANdHALT)Signal(s)ib@bortdrretryfthelbus(Cycle,espectively.

With{an[éxternalldevicelfhathas@fast@ccessime,fhel¢hip-selecti@ircuitfast-termina-
tion[option[can(provide@iwo-cycleléxternalusiransfer.[Bincelthel¢hiplselectlgircuits
areldrivenfrom(iheSystemlélock,fheDusléycleferminationlislinherentlysynchronized
withthelSystem[dlock.

TheDusl@rchitecturefequiresassertiondf(IDSACKxHrom@n[éxternalldevicefolSignal
thatl@Musléyclelisl@omplete.DSACKxGr[AVECIshot@ssertedihfheseldases:

¢ Theléxternalldeviceldoesmotdespond
¢ Nolihterruptirectorlisprovided
e Variouslother[@pplication-dependentlérrorsoccur

ThisMCUhasabuslerrornputdBERR)Whenholdeviceltespondsylasserting
DSACKXx[oriwithin@nappropriate[perioddffime@fterfheMCUAssertsthe[AVEC.[This
allowsliheldycleoferminateandiheMCUdolenterléxceptionprocessingforthelérror
condition.[Another3ignalhatslisedforbusléxceptionldontrollsEhealtsignal
(HALT).This[Signall¢anbe@ssertedby@nléxternalldeviceforldebuggingpurposes(io
causelsingleDusloperation@ri{inl[dombinationWwith BERR)@AMetryoflaMusdycleihlérror.
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Bus[Arbitration

Reset[@peration
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TheDusldesignofltheMCUprovidesioraSingleMusimaster@tlanyonelfime:[@itherfhe
MCUDr@nexternalldevice.[Onelornoreofihel@éxternalldeviceslonfhedusicanave
thel@apabilitylofbecomingusimaster.Buslarbitrationlisfhelprotocolywhich[@n[éxter-
nalldevicelbecomesbusiaster;ihebusl¢ontrolleriintheMCUInanagesliheus
arbitration[Signals[SolthatltheMCUhas[fhelbwestlpriority.[Externalldevicesihatbeed(ib
obtainfhebuslinustlassertihebus@rbitrationisignalslih(al¢ertain[S8equence.[Systems
thatlincludeSeveralldevices[thatlcanbecomebusiasteriequireléxternallgircuitryfo
assign(prioritiesffofheldevices,$olthatiwhenfwolorimoreéxternalldevicesAttemptio
becomeusimasterlatithe[Samelime,fhelonehavinghehighestprioritybecomesihe
buslinasterffirst.[Thelprotocollis[eéxplained{ullylinthe[SIMImanual,howeverherelisihe
basiclSequenceldflévents:

«  Anlexternalldevice@ssertsfheBusTequestSignal (BR),
+ TheMCU@ssertsthelbusgrantSignalolihdicate fhatfhebuslis@vailable[(BG),

e Theléxternalldevice@ssertsthebusigrantiacknowledge(Signal(BGACK){olihdicatel]
thatlitthas@assumedDusastership.

Buslarbitrationfequestslareecognizedlduringhormallprocessing,[HALT@ssertion,
whenlthe[CPUhas[halted[dueo@doubleBus(fault.

TheMCUas[esetdontrolbgicioldeterminelthel¢ausedflesetl@ndSynchronizelit(if
necessary.[If@nleéxternalldeviceldriveshe RESET [pinbw, fheMesetldontrollbgicholds
RESET[@ssertedlihternallyintilihel@xternal[RESET lis[feleased.When(the[fesetdontrol
logicldetectsthattheléxternallRESETsModbngereingldriven,tldrivesSIRESETIowfor
anfadditional312[dyclesiblguaranteelthislengthloffesetibiheléntirelSystem.IfIRESET
is@ssertedfrom@nylotherSource,fhelfesetlGontrollbgiclassertsIRESET For@minimum
of(312[dyclesfandintilfheSourceoflfesetlismegated. Figure20is@Adimingldiagram(of
thelpower-upliesetloperation,ShowingiheelationshipbetweenRESET, V5, [@ndbus
signals.Duringihelfesetlperiod, the@ntire Bus{exceptforon-tri-statablelSignals,ihich
areldrivenoheirlinactive[Statefhree-states.[Once[RESEThegates,[all[dontrolSignals
areldrivenoliheirlihactive(State,fheldatabus(isihfeadinode,[@ndfhe@ddressbuslis
driven.[Afterlthis,fhefirstbusldyclefor(RESET[@xception[processingbegins.

RESETIShouldbelassertedfor@tieast390[dlockiperiodsiblénsurefhatifhe MCUMesets.
ResettingliheMCU[¢auses@nyDusltyclelin(progressiioderminate@slf(DSACKXx[or
BERRMasbeenlasserted.Inladdition,fheMCUlhitializesegisters(appropriatelyforia
resetléxception.

Forffurtherihformation(feferibhe[SystemhtegrationMModule Manual.
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Figure[20.[hitiallReset@Operation[Timing
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The[TS68332[8ystemlintegrationodule{SIM)[donsists[offive[Sudmodulesihatldontrol
themicrocontrollerWnitliMCU)8ystem(start-up,ihitialization,[@onfiguration,[@nd[éxternal
buswith[@minimumlofléxternalldevices.[Thefives(SubmodulesihatlinakeipthelSIM,
shownlih[Figure21,@relasfollows:

e System[Configuration@nd[Protection

¢ ClockZynthesizer

e Chip[Selects

* ExternalBuslhterface

e System([Test

Thel[SIMnodule@llowshelliserfoldontrollSomelfeaturesofisystemltonfigurationby
writingbitsihfheModule[ConfigurationRegister.[This[fegisterfalsol¢ontainsiead-only
status(bitsfhatlShow(thelState[of[Somel6ffheFIMfeatures.

ThisMCUlk[designedwithfhel¢onceptldfiprovidingnaximumsystemsafe-guards.
Many[offhefunctionsthatihormallyustbe (providedlin(éxternallgircuits@relihcorpo-
rated(in[thisdMCU.[The[features[providedlihfhe[System[¢onfigurationand[protection
submodulelarelasbllows:

System[Configuration ThelModuleléonfiguration(fegister@llowstheiseriol¢onfigurefhel8ysteml@ccordingio
thelparticulari8ystem(equirements.
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Internal BusMonitor

HaltMonitor

Spurious(hterruptonitor

SoftwareWatchdog

PeriodiclnterruptTimer
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TheMCUprovides[anlihternalusmonitorbonitorfheDSACKxesponsefimelfbrall
internaluslaccesses.[AnloptionAllows[Ehenonitoringloflinternalfoléxternalbus
accesses.[There@refourSelectablefesponsefimes(ihat(allow(fbrihefesponselSpeedof
peripheralstisedlin[the8ystem.[AbuslérrorBERR)Signallislassertedlinternally[ifthe
DSACKXx[esponselfimelis[éxceeded.Whenldperating@sf@bus(master,fhe[BERRI[Signal
isotlassertedléxternally.

Figure21.0BystemlIntegrationModuleBlockDiagram

System Configuration
and Protection

CLKOUT
EXTAL
MODCK

Clock Synthesiser

Chip Selects Upper Address/Chip Selects

External Bus External Bus

Interface

RESET

TSTME
FREEZE/QUOT

[RigiN|

System Test

Alhaltimonitordauses(alfesetbldccurlifthelinternalBaltl(HALT)ls[@ssertedbyfhe[CPU.

Ifmolinterruptf@rbitrationldccurslduring@nlnterrupt@cknowledge{IACK)tycle,The
BERRISignallis@ssertedlinternally.

ThelWwatchdoglasserts[RESET lifthe [Software failsiblServicefhe[SoftwareWatchdog(for@
designatedperiodofifime{presumablyBecauselitlisfrappedlih@albopdribst).[Therelare
four(Selectablefime-outlperiods,@nd@prescalerihayBelisedforlongiime-outlperiods.

TheMCUprovidesadimerolgenerate[periodiclinterrupts.[Thelperiodiclinterruptime

periodi¢anivaryfrom122[jisE15.940us{with(a[32.768KHz[¢rystallisedfo(generatethe
systemlglock).
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Chip-selectlSubmodule
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Figure22.Clock[SubmoduleBlockDiagram
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Note:  MustbelbwIeakageldapacitor.

TheldlockiSynthesizer[{Figure[22)danldperatefrom@nlon-chipphaselbckedlIbop(PLL)
usinglanlexternalldérystallé¢onnectedbetweenfhe[EXTALRNAIXTALpins[As[aeference
frequency(Source.[A[32.768KHzWatchldrystalprovides[@nlinexpensivelieference, but
thelfeferencel@rystallfrequencyl@anbe@nyfrequencyfrom25EH50KHz.[Outsidefhe25H
50KHzfange,@n[externalloscillatorléanbeisedWithfhe[on-chip[Synthesizerand[WVCO,
orffthelfrequencyléanbeldrivenldirectlylintofhe[EXTALDPin[{(the(XTALpinShouldbedeft
floatingforthiscase).

TheBystem[dlockdrequencylsprogrammablefrom[131kHzodheihaximumldlockire-
guencyith[aMesolution0f(131[KHz.[ASeparatepowerpin(Vppsyy) bHisediblallowihe
clockl@ircuitsoMuniwithfhe Mestoffhe MMCUpowereddown@andZoprovidelincreased
noiselimmunityforhelélockldircuits.IfforlBomelfeasoniheléxternalSignallis[@emoved
fromheldevicelfhenlheldlocksynthesizerwilllgeneratelitslownlinternalldlockSignalo
allowheldeviceolenterlsomekinddflérrorfecoveryoutine.Thisls&nownasILIMP
mode.[Thelt¢lock@requencylgeneratedwilllhothavelanlassociateddiming$pecbut
shouldbel@around@MHz.

Typicalliicrocomputer8ystemsequire@xternallhardwareo[providelSelectSignals(io
externallperipherals.ThisMCUlihtegratesfhesefunctions@n-chiplihdrderbprovidefhe
cost,[$peed,@ndTeliabilityenefits(of@Migherevel oflihtegration.[Theldhip-select8Sig-
nalsfdanl@lsobeprogrammed(asoutputiénable,feadloriwriteStrobe, @r[ACKISignals.

SincelhitializationSoftwareWouldprobablyesidelh@[peripherallinemoryldeviceldon-
trolledyfheldhip-selectldircuits,[AICSBOOT [MegisterprovidesldefaultiesetValuesio
supportbootstraploperation.

Thelghip-selectSubmoduleSupportsihelfollowingprogrammablefeatures:

40 T S 168 .33 — e —
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TwelveProgrammable[CThip-
select[Circuits

VariableBlock[Sizes
BothB-bitland[16-bitPortsO
Supported

Read[Only,\Write[©nly,0r(]
Read/write[Capability

AddressStrobe@ndDataStrobe
Timing[Option

InternalIDSACK[Generationd
with[Wait[States
Address[$pacelChecking
InterruptPriorityMevelOd
Checking

Discrete[Output

68000-type[PeripheralSupport
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TwelveléhiplselectiSignals@arelavailable[CSBOOT)@ANdICS10{ro[CSO).[Theselsignals
use@he[CSBOOTIin,Bus@rbitration(pins[BR, BG,AndBGACK, Bunction[tode [pins
FC2-FCO,[@and@address[pins[A23-A19.[The{ICSBOOT)pinlis[dedicatediolalsinglefunc-
tionecauselitimustfunctionafter@lesetiwithfmolinitialization,Ihelother[¢hipSelect
circuitsSharefunctionsonfheirloutputpins.fAllll2[¢hip[Selectlgircuits(arelihdependently
programmablefrom(theSamellistiof(selectablefeatures.[Eachl¢hip[Select@ircuitthaslan
individualbaselfegisterfand[optionegisterihich[¢ontainthe[programmablel¢haracter-
istics[oflfhatl¢chip($elect.(Wsingfhese@ddressllinesl@s¢chip$electisignalsidoesihot
restrictltheargelinearfaddressispaceloflfheMCUIBincefhelchip3electlogiclalways
uses(ihelihternall@ddressl(ines.

TheblockiSizestartinglfrom(fhelspecifiedbasel@ddressidanbelprogrammed@s2K,BK,
16K,64K,128K,256K,[512Kbytes[or[1-Mbyte.

Eight-bitlportsfarelaccessiblelonboth[odd@ndlévenladdressesiWhenldonnectedioldata
busbits[15-8.[Bixteen-bitlportsidanbel@ccessed@asloddbytes, (@venbytes,driwords.

Chip[SelectsléanbelassertedSynchronizedWith(fead,Write,[0rBothfeadland rite.
Chip-selectlSignalsi¢canbelsynchronizedwith[either[addressstrobelor[datalstrobe,[So
that[@ontrol(SignalsiSuch@soutputl@énableloriwrite[@nabledanbeléasilyldenerated.
Theportiprogrammed(infhelpinfassignmentfegisterld¢anbeeferencedforlgenerating

DSACKI@andihelproperimumberlofiwaitStatesfbralparticularideviceprogrammedbythe
user.

Supervisor,iser,[And[CPUSpacelaccesses[danbeloptionallylchecked.

In@hedACKI¢ycle,dhelacknowledgedlinterruptlevellcanelcomparediwithheliser-
specifiedlevellprogrammedliniheloption(ield.IflautovectordptionlisSelected,[AVECIE
internally@sserted.

Port[Cpins[A22-A19[And[FC2-FCOéanbelprogrammedfor[discretedutput,with[data
storedlihfhelpinldatalegister((CSPDR).

68000-typelperipheralslihatfequireanE¢lockforsynchronizationdanbeSupported.

ChiplSelectlslasserted,8ynchronizedwithfheEdlockOnpin[A23,providing[dorrectldata
busimingforiheMCU.
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Thefest[SubmodulelisaprimaryfoolfolSupportfallfypesoffesting,[Suchlasproduction
testl@anduserSelf-test, fhatlisfintegrated(ihtofhe MCU.[ThelSubmodulelSupportsiscan-
based[festingoflivariousinoduleslintheMMCU.[Thelscanlest@mployedhereld¢onsists[of
thefest[Submoduleperformingfhefollowing[Steps:

e seriallyShiftingStimulus(dataio@nidlefoduleinderfest(MUT)
e activatinglfhelodulellnder[iest

e seriallyShiftingesponseldatabackfromthelfhodulelinderfest
¢ latchinglihelfesponseldatalforlinterrogationbyfheDusimaster

Thefurtherlihformationfibfhe[System(IhtegrationMModule Manual.

Thelqueued(Seriallhodule [QSM)[provides(thehicrocontroller@nit(MCU)With{fwvo[Serial
communicationlinterfacesldividedlintofwolSubmodules:fheldueued(seriallperipheral
interface{QSP)@Andihelserialldiommunicationslinterface{SCI).[The[QSPIs@A{ull-
duplex,3ynchronous3Seriallinterfaceorlcommunicatingwith[peripheralsf@ndldther
MCUs.[Itlis[enhancedByfheladditionldflA[RAMIqueuelforifeceivelandiransmitldata.The
SCllk@Afull-duplexmniversallasynchronousieceiveriransmitter [(UART)[Seriallinterface.
Theselsubmodulesidperatelindependently((seeFigure23).

ThelQSMhashineléxternalpins.[Eightloftheselpinsi¢anbellised@slgeneral-purpose
I/Opins.ffhepinlsotbeingWserforitsiSubmodulefunction.[Theminth[pin,[RXD,is[@n
input-onlypinsed@xclusivelybyfhe[SClSubmodule.Thelpins@relidentifiedasibllows:

MISOEFMasterh(SlaveOut
MOSIFMaster@utSlavelh

SCKESeriallClock
PCS0/SSEPeripherallChip-Select0/Slavel$elect
PCS3-PCS1FPeripheral(Chipelects[3-1
TXDEOransmitData

RXDEFReceiveData

The[@SPISubmodule[@ommunicatesiwithléxternall(peripheralsfandotherfMCUsNiala
synchronous(Serialbus.The@QSPIlisfullyldompatibleWithfhe[SerialPeripherallhterface
(SPI)BystemsoundlonldtherfAtmel-Grenobleldevices3uchlasihe8HC11[and
68HCO5families.dt(has(all(ofltheldapabilities(oflthelStandard[SPISystemlasiwell@sSev-
eralldew(features.Thelollowinglparagraphsldescribefheainfeaturedflthe[@QSPI.00
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TS68332

Figure23.MQSMBlockDiagram
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Standard[SPIdeatureslarelistedelow,ollowedbyalistlof The@dditionalfeatures
offered@nihe[@SPI:

o fulllduplex,ihree-wirel8ynchronous(iransfers,
¢ half-duplex,@wo-wirelSynchronous(iransfers,
e masterldr(Slave@peration,

e programmablelihasterbit(dates,]

e programmablel@dlockipolarity@ndlphase,

¢ end-of-transmissionlinterruptlag,

¢ master-masterfhodefaultflag,

e easilylinterfaces(blSimple@xpansioniparts{A/Ddonverters, [ EEPROMSs,display
drivers,[@tc.).

Alprogrammableldueue@llowsihe@SPIHoperformipfol68erialdransfersiwithout
CPUlntervention.[(Eachdransfer@orrespondsolalgueueléntryldontainingallfhelhfor-
mationmeededbyfhe@QSPI{olihdependentlyldompleteldonelserialfransfer.[ThisMinique
featurelgreatlyfeduces[CPU/QSPIlinteraction,Mesultinglihlincreased[CPU[and[System
throughput.

Oncelfhe[CPUhasSetipihelqueuedfl@QSPIlcommands@ndlenablesfhe[@QSPI,dhe
QSPIldperateslindependentlydfifhe[CPU.Thel@SPIlexecutes@llloffhe[dommandslihlis
queue,Setsfaflaglindicatinghatlitthasinished,@ndIhenléitherlhterruptsfhe[CPUbr
waits[fbr[CPUlihtervention.

ProgrammablePeripheral[Chip[$elects:Fourlperipheraldhip-selectpins@llowihe[@QSPI
tolaccessipo6lindependentiperipheralsyldecodingihefourperipherallchip-select
signals.[WpdofourlindependentiperipheralsidanbeSelectedyldirectlconnectionfoa
chip-selectpin.[Thelperipherall¢hipSelectsSimplifylinterfacingfodwoloriorelSerial
peripheralsBylprovidingldedicatedperipherall@hip-selectSignals@ndihus@lleviatingfhe
need{orlCPUlhtervention.

ATMEL =
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Wraparound([TransferMode:[Wraparoundransferiimode[allows{forlautomatic, [¢ontinu-
ous(re-execution[oflfhelpreprogrammed(queue@ntries.Newlyfransferredldatalfeplaces
previouslyransferred[data.[Wraparound[Simplifieslinterfacingwith[A/D[¢onverters[by
automaticallyprovidingthe[CPUwith{fheatestldonversionsihfhe[QSPIIRAM.[Conse-
quently, Seriallperipherals@ppear@simemory-mappediparallelldevicesibfheCPU.

ProgrammableTransferllength:[Thehumberofbitslin(alSerialfransferiis[programmable
fromB{o[16bits,lihclusive.Forléexample,[10-bits[¢ouldbelisedforl@ommunicatingith
anléxternal10-bits[A/D[¢onvertor.[Likewise,[@facuumfluorescentldisplay(drivernight
requirelal12-bits[Serialfransfer.[TheprogrammableengthlSimplifieslihterfacingib(Serial
peripheralshatfequireldifferentldatalengths.

Programmable[TransferDelay:[Anlinter-transferldelayinay®elprogrammedrom
approximately1ibB00[is{usinglall6.78MHz[Systemldlock).Forléxample,[@n[A/Dldon-
vertor[mayMequireimeBetweeniransfersfolcomplete[@mewldonversion.[Theldefault
delaylis[1[s.[ThelprogrammablelengthlofldelaySimplifieslinterfacingiblSeriallperipher-
alsfthatequire[delayimebetweenldatalfransfers.

Programmable[@QueuelPointer:[The[@QSPIhas@pointerfhatlpointsibihelqueuellbcation
containinglfheldatalforihemextSerialfransfer.[The[CPU¢anSwitchfrom[one[faskio
anotherih(fhe[@QSPIDbywriting{bfhelqueuelpointer,[éhangingfhellbcationlihfhelqueue
thatlis[fo[befransferrednext.[Otherwise,fhelpointerlincrementsiafter[éach3erialirans-
fer.By[Segmentingfhelqueue,ultiple-taskSupportléanbelprovidedbythe@QSPI.

Continuous[Transfer@Mode:[Thel¢ontinuous(fransferimodel@llowsfheluserfoléxchange
anluninterruptedDitStreamwith[aperipheral.[AlMinimum[of8-bitsfand[ainaximum[of
256-bitshayBe[{fransferredlihfaSingleDurstivithoutlCPUlihtervention.longerfransfers
arelpossible;however,minimal[CPUlinterventionlisMequiredfopreventlbssofldata.[A
1microsecond[pausel{using[afl6.78MHz8ystemi¢lock)lislinsertedetweenléachlentry
transfer.

QSPIIRAM:[The@SPIlmises@n@B0-bytedlockdfldual-accessstaticlRAMdhatldanbe
accessedbybothfhe[@SPIAndIhe[CPU.BecauseldflSharing,fhelengthoffimefaken
bydhel[CPUolaccessihe[@SPIIRAM,Whenhe[@SPIlsénabled,naybelbngerihan
whenihe@QSPIlkdisabled.[Frombnefiofour[CPUWaitStatesinaybelinsertedbyfhe
QSPIllhihelprocessofifeadingloriwriting.

TheRAMIkdividedlintodhree3egments:[Meceiveldata,@fransmitldata,[and[command
control.[Receiveldatalisinformationeceivedfrom(alSerialldeviceléxternalfofheMCU.
Transmitldatalisinformation(Storedyfhe[CPUforransmissionfo@nléxternallperiph-
erall@hip.[Commanddontroldontains[allfhelihnformationheededbyfhe @QSPIdbperform
theransfer.[Figure24llustratesiheldrganizationofthe [RAM.
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Figure24.MDrganization[6fthe[QSPIRAM
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TheBClsubmodulelisisedfoldcommunicateWith[@xternalldeviceslandlotherMCUs[YVia
anfasynchronous(Serialbus.The$CllsHully[dompatible Withfhe [$CI8Systemsfoundion
otherfAtmelMMCUs[Suchlasthe8HC11[AndB8HCO5families.Othas(allofltheldapabili-
tiesloflprevious[$ClSystems@sivelllasiSeverallSignificantihewfeatures.

* Features
Standard[$ClfeatureslarelistedBbelow,Ibllowedbylalistldfladditionalfeaturesoffered:

Standard[3CITwo-wire[SystemsFeature:

e StandardNonReturnibZero[(NRZ)Mark/spaceFormat

e Advanced[ErrorDetectionMechanism{DetectsMoiseDuration[WpTo[1/160f(ABit-
time)

e Full-duplex[@peration

« SoftwareSelectable(Word@ength{8-[6r@-bits[Words)

e Separate(Transmitter[And[Receiver[EnableBits

 MayBelnhterruptDriven

¢ Fourl$eparatelnterruptEnableBits

Standard[$CIReceiverFeatures:

¢ ReceiverWWakeWpFunction{ldlelor[AddressMark(Bit)
e Idle-lineDetect

¢ FraminglErrorDetect

¢ NoiseDetect

¢ OverruniDetect

¢ ReceiveDatalRegister[FullFlag

Standard[$ClTransmitter[Features:

¢ TransmitlDatalRegisterEmptyFlag
e TransmitlCompletelFlag

* SendBreak

QSM-enhanced3CIlTwo-wire[Bystems[Features:

ATMEL i
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e 13-bits[ProgrammableBaudRate[Modulus[Counter
¢ Even/odd[Parity[Generation[AndDetection

QSM-enhanced[SClReceiverFeatures
¢ Twoldle-lineDetectModes
¢ ReceiverActiveFlag

13-bitlProgrammableBaudRateModulus[Counter:[Abaudfate(modulus¢ounterhas
beenladded(ib[providefheseriwithfhoreflexibilitylin[éhoosingtheldrystalfrequencyfor
theSystem(¢lock.[Thelinodulusié¢ounterlallowsihe[SClbaudiate[generatorfolproduce
standardfransmissionfrequenciesfor@ivideMangeloflsystem(dlocks.[Thelliserlismo
longeri¢onstrainediolselectldrystalfrequenciesbasedlon(iheldesiredSerialbaudfate.
This[GounterbaudratesfromB4baudioB24Haudwith@6.78MHz8Systemlélock.

Even/oddParity[GenerationandDetection:[Theuserfiowhasfheldhoicel@itherdflSeven
orleightdatalbits(plusioneparityDit,[drlofl@ightldrhineldataBitshvithhoparity (bit. Even
orloddparitylisfavailable.[Theransmitterfautomatically[generatesheparitybitfor(a
transmitted(byte.ThelleceiverldetectsiWhen@paritylérrorfhasldccurredonlalieceived
byteland(Sets[alparity(érror(flag.

Twoldle-lineDetectModes:BtandardAtmel-Grenoble[$ClSystemsldetectlanlidlelline
when[100r11[6onsecutivebit-times@re@lllones.WsedWwithfhefeceiveriwakeliphode,
thelfeceiverldanbe@wakenedprematurelylifitheessageprecedingihe(Start(offhelidle
linel¢ontainedldneslinfadvanceoflits[StopMit.[(Thehewl{second)lidle-line(detectiiode
only(Startsi@ounting(itlle fime@fter@alidStopbitlisMeceived, Which@nsures(dorrectlitlle-
line[detection.

Receiver[Active[Flagl{RAF):[Receiver[Active[Flag[{RAF)ndicates[the[Status(ofthe
receiver.ItlisSetiwhenapossibleStartbitlis[detected@ndlis[¢learedwhen@nidlelinelis
detected.[RAF(is@lsodleared(iflihe(Startbitlis[determinedibbelineoise.Thisflagdan
bellisedibpreventdollisionsih[Systemswithultiplefhasters.

Forfurtherihformation(feferibhe[SystemIhtegrationMModule Manual.

TheTS68332[¢ontains2-KbytesoflStandbyRAM.[This[Sectionldescribestheloperation
and(dontrolléfthelRAMImodule.

ThelRamlmodulel¢ontains[2048bytesof{ullyStaticCRAM, [powered by [V dnhormal
operation.[Theléntirelarrayinaybelised@sStandby[RAMUOfpowerlisSuppliedfodhe
Vgrey[Pin.[BwitchingbetweenVpp[@nd Vg gy [Occursautomatically.

TheRAM[Inaybellised@s[general-purposelinemoryforiheMCU,providingfast, fwo-
clocklaccesseslioheCPU.Typically,fheRAMIsUsedforprogrami¢ontrolStacksland
frequentlyodified[datalYariables.The[CPUmayfead(driwriteByte,Word, [drbng-word
data.

The[RAMMay@lsobeisedlasmicrocodeldontrolmemoryfortheTime[ProcessorWnit
(TPU).TheTPUlnustbelplacedlinlémulationinodefolise fTheRAMn{hisinanner
which@llows[users(ibldevelopiheirldwnicrocodelprimitives.

The[RAM@rrayldanbelplaced@nywherelinfthe@ddressinaplofithe@rraybasel@ddress
(RAMBAR), [provideddhat(itlis[@n[A2-Kbytesboundary@ndldoeshotldverlaptheihree
RAMImoduleldontrolfegistersiisedforidontrollandiesting. RAMBAR [Ganbeldritten@nly
oncel@fterlfeset.[This[preventsihe[RAM(arraybeing@ccidentallylfemappedDy(Software.
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TheRAM[array[aybelised@sthelinicrocodeldontrolistorelforthe[TPUinodule.[This
modeldfloperationlisSelectedfromiwithinfhe[TPU.[SeelDevelopmentSupportinihe
TPUMmanual{forf@aldompleteldescription.

TheTPUIlk[EonnectediofheRAMNialAaldedicatedus.Whilelin[émulationiode,fhe
accessliiminglofiihe[RAMImodulelmatches(thefiminglofthe T PUmicroinstructionmlROM
tolénsure@ccuratel@émulation.Mormal@ccessesiiafheIMB@relhhibited@ndfhedontrol
register[havelibleffect,@llowingéxternal RAMIbémulatefhe 2K[RAMI[array(atfheSame
addresses.

Thefurtherihformationeferiofhel$ystemiIntegrationoduleManual.

TheTPUperformsiSimple@siwelll@asidompleximingfasks,ihdependentlyfromiheCPU,
making[itfheatest@ddvancelinimerSystems.Viewed@s(alsSpecial(purposelmicrocom-
puter,dhisiprocessorperformsiwoloperations,inatchland[¢apture,[donfdneldperand:
TIME.[Everylbccurrencelofl@itherfactionlis(¢alled[anlévent.(ThelServicingloflthese
eventsbyfhelTPUeplacesihelservicingloflihterruptsbyihehostlCentralProcessing
Unitl{CPU).[Theldimingfunctions[durrentlySynthesizedlarelfhefollowing:

¢ Discretellhput/output

¢ InputlCapturellinputTransition[Counter

¢ OutputlCompare

e PulseWidthModulation

¢ Synchronized[PulseWidth[Modulation

¢ PeriodMeasurementWith[AdditionalTransition{Defect
¢ PeriodMeasurementWithMissing[TransitionDetect

¢ Position-synchronized[PulseGenerator

e  StepperMotor

e Period/pulse-width[Accumulator

Theprevious[pre-programmedfunctions@reelatedfoheTPUIRomMasksetA,dur-
rentlyihuseforfheTS68332MCU,[Asihelstandard’[TPUhaskset.

ThelddvancedT PURffordsHorEheirstdimeigh-resolutiondimingandultiple@ime
functionldapability [{flexibility) ihfhefimerS8ystempins.O

High-resolutionimingikdimitedby[CPUlbverheadequiredfor$ervicingdimingfasks
such@speriodneasurement,pulseineasurement,pulse-widthiodulatedwaveform
generation,@étc.[OnfheIPU,high-resolutionfiminglis@chievedby@fvoltainGapabilities:
¢ reducedlatency,

¢ reducedServiceldfime,Whichfreefhe[CPUIbfbocuslonidtheresponsibilities.

TheTPUprovides@higherfesolutionfhanihelCPUGould[@chieve,@nddreatesholCPU
overheadoriServicingdiming[fasks.

LatencylisihelihtervaloffimefromanlévenibihelStartlofléventServicing.[The@bility [of
thedPUdoBervicelitslownlnterruptsorléventsfeduceslatency@ndihe CPUlshot
requiredoServiceléachlhputransitionldapturehatloccursionapin,orfoldetermine
eachinatchdimelfequiredforiwaveformsynthesis.[Oncel¢onfiguredbyiheost[CPU,
thel8elf-contained T PUperformsiéomplexdimefunctionsfequiringighiesolutionwvith
little[orMoCPUlihtervention.
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Servicelis[thelfimeléxpended$ervicinglanlévent.dn[oldericrocontrollernitliMCU)
timerunctions,fhelServicedimelis[¢onstrainedbecausefhe[MCUlhstruction[Setis ot
optimizedfordimefunctioni3ynthesis.[The[TPUlihstructionSetlisloptimized,[andfime
functions(are3ynthesizedWwith[fewerlinstructionsfhanihe[CPU.Onstructionsléxecute
faster@andServiceimelis[feduced.InstructionséxecutedbyfheTPU@reMmotuserSoft-
ware, butfirmware,Special-purposeticrocodeiwrittenBylAtmel-Grenoblefo[performlas
setfimeunctions.Microcodelis[placedlintolthe[TPUtontrolStore[[ROM)whenlihe
devicelismanufactured.

16[dhannels;[@achl@éhannell@ssociatedWith[alpin
Eachlghannelldan(perform@ny(fimefunction
Eachlimefunctionhaybelassignediborefhanldneldhannellatalgiveniime
Eachldhannelhas@nléventegisteri@omprisedofithefollowing:

— 16-bitsldapturelfegister

— 16-bitsldompare/matchlregister

— 16-bitsigreater-thanorléqual-to[dcomparator
EachléhannelldanbelSynchronizedibloneldrboth6fthefvo6-bitsfree-runningd
timer(Gountfegisters((TCR1[And[TCR2)

TCRA1Ils[dlockedfrom(thedutputldflalprescaler.Thelprescaler’slinputlisithelinternal
TPUBBystem[¢lockldividedbyeither4[or[32.[ThefourSettingsiofthelprescaler@red
dividelby,2,[4[@And[B.[Channelslising[TRC1Mhavefheldapabilityibfesolveldownibl
the[TPUSystemI[glock[dividedBy{our.
TCR2[i56lockedfromiheldutputidf@lprescaler.[Thelprescaler'slihputlisfheléxternalC
TCR2[pin.[ThelburSettingsofitheprescaler@reldivideby,2,[4[And[8.[Channels(
usingthe[T CR1haveliheldapabilityibesolveldownfbfhe PRUSystem(dlock
dividedby(8.
TCR2haybelusedlaslaMhardwarepulse@ccumulatorélockedfromiheleéxternal
TCR2[pin,0r[@s@lgatedpulselaccumulatordriheldlockfhatlihcrementsTCR1.
AlldhannelshavelatlkeastSix[16-bitsiparameterlfegisters.[Channels14@nd15@ach
havelgight[16-bits[parameterregisters.[Alllparameterfegisterslare[éontainedih@
dual-portRAM, [@AccessiblefrombothiheTPUANdTCPU.
AlScheduleriwithfhreelpriorityTevelsSegregateslhigh,iddle,[andIow-priorityfime
functions.[Anyldhannellhaybe@ssignediblonelofltheselfhreeprioritydevels.

Allfimefunctions@reicrocoded.

Emulation@ndldevelopmentSupportlisprovidedforlallfimefunctionfeaturesiSuch
aslbreakpoint,freezel@and(singlelStep,[givinglhternallfegister@ccessibility.
Coherentliransfer@apability[forfwolparameterlisprovidedlihhardware.
CoherentliransferldapabilityforiN (parametersimaybelperformed@s@TPUO

microcodelfunction.(ReferibDevelopmentSupportlihfheTPUeferencehanualford
furtherldetails[onthisfeature).
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The[TPUlk[@n[ihtelligent,[$Semi-autonomousperipheralldedicated@ofimingl¢ontrol.[lts
intelligencelénables(the(Servicingoffiming@ventsiwithout[CPUlihtervention.Thisldevice
useslalprivate[microenginefor@[processor,[alscheduler,linput/outputlchannels,[ROM
instructions,@nd[Shared-accessldatalRAMb[0peratelindependently@and(Simultaneously
with{fhe[CPU[{seelFigure[25).[Consequently,fhelSetuplandServicedimelforl@achimer
eventlisinimized.

Altime-of-delay’[approachlisiisediwhere@llfimefunctions@relfelatedibdne 0f fivo[16-
bitsffree-running(TCRs.Time[{functions[arelSynthesizedbyldombiningthefwvodimeprim-
itives,[matchl@ndldapturelévents.Byperformingheselimeprimitiveslin(hardware,fhe
TPUGanpreciselyldeterminefhefimelhenlalhatchléventlisfoloccurlandihen[Specify
the[State[oftheldutputlpinlaccordingly.[TheTPU[¢an(alsolaccuratelyecordihefimelat
which@nlhputransitionloccursfanddanperforml¢alculationsbasedlonthedimeoflthe
occurrence.[An[éventegisterforl@éach[¢channellprovidesforisimultaneityofiinatch/cap-
ture-eventl@ccurrenceslon@lllchannels.O

Whenlalthatchorlihputldapturel@ventfequiring[Serviceldccursionlaldhannel,fheldhannel
generates(alservicelequestibfhelscheduler.[ThelSchedulerlprioritizesfhefequestiwith
other[pending(Servicelfequests.When[thelthicroenginelisfidle,the[Schedulerdauses(ihe
microengineoléxecutelalmicrocodeSequence.Whenlthelicroenginelisbusy,fhefew
sequencelbeginsiwhen(ihel¢odeeingléxecutedleénds.Thelmicroengineperformsihe
function,twhichlisldefinedbyfheldontentldftheldontrollstore, isingparametersfromlihe
parameter[RAM[and@romdheléventliegisters,[étc.,[Asheeded.The{ollowinglis[an
example.

ChannelXslgeneratinglalperiodiciwaveform@ndipresentlyfheldutputlishigh. Whenlthe
valuelofithe[T CRUsedbyfhatdhannellihcrementsibhatchfheNaluedflthel@ventegis-
terloflechannelX,AMmatchléventldccurs.Thelevent3witchesTheldoutputfoDowland
generatesamew(servicelfequestfofhelscheduler.[ThelSchedulerihanischedulesland
initiatesServiceloflchannelXDy{helicroengine.

Whenléxecution[ofltheSequencebegins,fhelticroenginellisesiheléxecutionnit:

e Toldbtainl{fromheparameterRAM)fheNaluelfepresentingfhelduration6fldounts]
forlwhichl@hannelXShouldemainlbw,@nd

« Toladdbfhisiraluefhetaluefromiheldontentdfifhel@ventfegisterofichannelX.O
Theldontentdflfhel@éventegisterlisihenlreplacedByfhis[Sum;fheldhannelldontrolisC
setffor@MatchléventionfhelSsameT CR;@AndIhelpinldontrolisSetibldausefhel
outputpinforidhannelXIoSwitchhighlWhenfheléventldccurs.[Aldhannellinterrupt,O
which[SignalsihelénddfServicefbiheCPU,maybelasserted{ifthefimefunctiond
provides[brlit@ndihelihterruptisénabled).ThelicroenginelsihenfreeiolServiced
themextl@éventldeterminedbyhelScheduler.O]
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Figure25.0TPUSimplifiedBlockDiagram

DEVELOPMENT
IMB SUPPORT AND TEST
MICROENGINE

HOST / TIMER
INTERFACE CONTROL SCHEDULER SERVICE REQUESTS CHANNELS
CHANNEL 0
sysoew || 020+t |t
CONFIGURATION m TCR1 | CHANNEL1 |
=
zc‘) T2CLK-—>»|  TCR2 o

CHANNEL 4!\ CONTROL
CONTROL ﬂ‘/ STORE CONTROL AND DATA
PARAMETER EXECUTION
RAM 8 e I
CHANNEL 15

Flexibility

Channel@rthogonality

Inter-channellCommunication

ProgrammableChannell$ervicel
Priority

ThelTPUhasthe flexibilityfoeldonfigureddoldirectlysolvefhelliser'simerequire-
ments.[ThisHlexibilitylis@ttainedfhroughfivedapabilities:

¢ channellorthogonality

e inter-channell@ommunication[

e programmablel@hannellServicelpriority
* selection@flfimingfunctions

¢ emulation[dapability

Traditionally,[fimerSystemshaveBeendimited by fhelSpecificfunctionsloflchannellpins
dedicatedfoperformdimefunctionsi3uchlaslinputléapture,[dutputldompare,[orpulse
accumulation.[AllldhannelsoflfheTPUdontainlidenticalhardware@andarefunctionally
equivalenthldperation,SuchihatlanyléhannelldaneldonfigureddoperformZnydime
function.[Theiser@ontrolsfheldombinationoffimefunctions;fheldnlydonstraintlisihe
numberofpinsfavailableforfimingfunctions.

ThelTPU’s[@Ability[folServicelitselflfequires@aléontinuousflowlofldirecti@ndlihdirectldcom-
munication.Directldommunicationlis[accomplishedhroughl@fchangeldhannel’feature
inlwhichl@nyldhanneldffheTPUGanloperate@notherdhannellbaffectltsiState.dhdirect
communicationlis[providedby@dinkfeaturelihiwhichfanyldhannelldanlonk{olonelmore
channels,lincludinglitself,folSignalameedforfutureService.[As@esult,fheiserdan
referenceheldperationlofldnel@hannelibiheldccurrencelofl@Specificlactionon@nother
channel.

Applicationsithayfequireldifferentprioritieslofl@ventService.[TheldhannelServicepriority
may[beprogrammed(bonedfifhreelevels:high,middle, @ndlIbw.[ThelScheduler@llows
calculationlofliorst-casedatencyforleventServicing@ndlénsuresServicingoffalllchan-
nelsypreventinglpermanentblockage.
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Selectionl@fTimingFunctions

EmulationCapability

Applications
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Delivery

Packaging

Certificateldf[Compliance

Handling
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Thel@vailabledimingfunctionsidanbeprogrammedibldperate(dnlanyléhannel.[Parame-
terlfegistersf@ssociatedwith[@ach[@hannel@relisedlas[dgeneral-purposefimeldperands.

TheTPUGannotlfesolveldllfimerproblemssingpredefinedfimefunctions@lone;fhere-
fore,[developmentlofluser-defineddimefunctionslislallowedlihémulationinode.[WUsing
the(RAMnoduleoffthe M CUas[alwritablel¢ontrol(Store”provides[TPU@émulation.n
TPU@mulation[inode,[@nauxiliaryus[¢onnectionlisimadebetweenthe(lRAMInodule
andihe[TPUnodule,[And[accessioihe [ RAMIModule¥iahelintermoduleusisdis-
abled.[AD-bits[dddressbus,[al32-bits[databus, Andcontroldinesiransferihformation
betweenlthelmodules.Tol@nsureléxactiémulation,fhe@ccessiimingofithe [ RAMIodule
remainséonsistentiithfhe[TPUROMI[dontrol(Store.

Thel[TPU’'slhighlSpeed,Wersatilelarchitecture,[anddimefunctionsacilitatelitsiselin
many[¢ontrol[applications,Suchlas[Stepperlinotors(andlangle-basedl&énginel¢ontrol.
Controllof(alstepperiotorlorfanfangle-based[@automotiveléngineisuallyequireshigh
CPUloverhead.Theselapplicationsshowhowihe[SM,[PMA/PPM,[Anddimefunctions
minimizeheloverheadlassociatedWwithfheselapplications,[andprovide[Sophistication
and(lexibilityfor[alwidelrariety6flapplications.

Furtherldetailedihformation@nfheTPU0sHoundihfheTPUeferencehanual.

Microcircuit@relpreparedforideliveryih@ccordancewithMIL-M-38510.

Atmel-Grenobleloffersialdertificate[@ofléomplianceWwith[@achShipment[ofiparts, @ffirming
theproducts@relinleompliance@itherfithMIL-STD-883[0r[Atmel-Grenoble[Standard
andlguaranteeingfhelparametersiarefestedfatiéxtremefemperatures(forihel@ntirefem-
peratureldange.

MOSIdevices[mustehandledwithdertainprecautionsfoavoidldamageldueoaccu-
mulation[of(staticléharge.dnputprotectionldeviceshaveeenldesignedihiheldhipio
minimizefheléffectofhisStaticuildup.[MHowever,fhedollowinghandlingpractices[are
recommended:

a)DevicelshouldbeMandledlonbencheswith[@onductivelandgroundedSurface
b)Groundfestléquipment,fools@ndoperator
c)[Dolmothandleldevicesbyiheleads

d)S$torelin[donductivefoam[orGarriersd

e)[Avoidluseofiplastic,dubber, 0rSilkihMOS[@reas
f)IMaintainfelative@umidity[above [50%, [f(practical
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Packaginghformation

Figure[26.[M32-ball-CeramicPin—GridArray[((PGA)

SEALING

PLANE
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0.04 - 0.06
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@ 0.050 Typ
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\
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Figure[27.MM32—-lead[CERQUAD

1.08 +0.008
27.43 0.2
#]0.20 (0.008) W[T[x ©—Y B[z B
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| 21.85 - 22.86 PIN ONE INDENT
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I |
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=

Notes: Dimensioning@nd(blerancingperfansilY14.5M,[1982.

Controllingdimensions:[ihch.
Dim[AandBdefineMmaximumlderamicodyldimensionslhcludingglassprotrusion@ndmismatchlofléeramicbodyfopland
bottom.

DatumiplaneEW[HisIbcated@tfheinderside 0fleadsiWherelleads[éxitipackage Dody.
DatumsX-Y[@ndZiobeldeterminediWherelenterleads[éxitipackage body@tidatumEWWVIE.
Dim3@AandVibbeldetermined@tSeatingplane,[datum:=T[=.

Dim[AAndBibMbeldetermined@tdatumplane=T=.
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Hi-Rel[Product

ATMEL

CommerciallAtmelO Temperatured| FrequencyO
Part-Number Norms Package RangeTc{°C) (MHz) DrawingMumber
TS68332MRB/C16 MIL-STD-883 PGA32 -55/+125 16.78 Atmel-Grenoble[datasheet
TS68332MR1B/C16 MIL-STD-883 PGAQ32({in -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332MAB/C16 MIL-STD-883 CERQUAD[32 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332MRB/C20 MIL-STD-883 PGAL32 -55/+125 20.97 Atmel-Grenobleldatasheet
TS68332MR1B/C20 MIL-STD-883 PGAMD32{n -55/+125 20.97 Atmel-Grenobleldatasheet
TS68332MAB/C20 MIL-STD-883 CERQUADI32 -55/+125 20.97 Atmel-Grenoble[datasheet
TS68332DESCO01ZA MIL-STD-883 PGA32(fin -55/+125 16.78 5962-9150101MZA
TS68332DESC01ZC | MIL-STD-883 PGAQ32 -55/+125 16.78 5962-9150101MZC
TS68332DESC022C 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
CommercialAtmelO Temperature| FrequencyO
Part-Number Norms Package Range[Tc[{°C) (MHz) DrawingMumber
TS68332VR16 Atmel-Grenoble[$tandard PGS[32 -40/+85 16.78 Atmel-Grenoble[datasheet
TS68332MR16 Atmel-Grenoble[$tandard PGS[32 -55/+125 16.78 Atmel-Grenoble[datasheet
TS68332VA16 Atmel-Grenoble[$tandard CERQUADI[132 -40/+85 16.78 Atmel-Grenoble[datasheet
TS68332MA16 Atmel-Grenoble[$tandard CERQUADI132 -55/+125 16.78 Atmel-Grenobleldatasheet
TS68332VR20 Atmel-Grenoble[$tandard PGS[132 -40/+85 20.97 Atmel-Grenobleldatasheet
TS68332MR20 Atmel-Grenoblel$tandard PGS[32 -55/+125 20.97 Atmel-Grenoble[datasheet
TS68332VA20 Atmel-Grenoble[Standard CERQUAD132 -40/+85 20.97 Atmel-Grenobleldatasheet
TS68332MA20 Atmel-Grenoble[Standard CERQUAD132 -55/+125 20.97 Atmel-Grenobleldatasheet
54 TS OB 332 s
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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 *

M:-55,+125°C

V: -40, +85°C

C:0,+70°C

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

A: CERQUAD 132 Hot solder dip

(Guliwing leads)

Note:  Forflavailability@fdifferentirersions,@ontactiyour[Atmel(Sales(dffice.

2118A-HIREL-03/02
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Lead finish :

1: Tinned for PGA

TS68332
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