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Technical Summary
8-Bit Microcontroller

Introduction

The MC68HC711J6 is a member of the HC11 series of microcontrollers (MCU) and has been
designed for applications that require additional input/output (I/O) ports and more erasable
programmable, or one-time programmable ROM (EPROM or OTPROM). Eliminating several on-
chip peripherals contained in the original HC11 design has contributed to the economy of this
MCU, which has features comparable to those of the MC68HC711D3 but different data bus
configuration, quantity of memory, and number of /O ports. For detailed information about this
microcontrolier, refer to the M68HC 11 Reference Manual, document number M68HC11 RM/AD.

Features

* MC68HC11 CPU
¢ 16K Bytes of EPROM, or OTPROM
* 512 Bytes of On-Chip RAM (All Saved During Standby)
» 54 Multifunction I/0 Pins
— 46 Bidirectional on 6 Ports
— 8 Fixed Input on 1 Port
¢ Enhanced 16-Bit Timer System
— 3 Input Capture (IC) Functions
— 4 Output Compare {OC) Functions
— 4th IC or 5th OC (Software Selectable)
¢ Real-Time Interrupt Circuit
o 8-Bit Pulse Accumulator
» Synchronous Serial Peripheral Interface (SPI)
e Asynchronous Nonretum to Zero (NRZ ) Serial Communications Interface (SCl)
o Power-Saving STOP and WAIT Modes
« Computer Operating Properly (COP) Watchdog System and Clock Speed Monitor
» 68-Pin PLCC and 64-Pin Quad Flat Packages (QFP)

Ordering Information

Package Temperature MC Order Number Description
68-Pin PLCC —40°t0485°C MC68HC711J6FN Plastic Quad OTPROM
64-Pin QFP —-40°t0+85°C MC68HC711J6FU Plastic Quad OTPROM
68-Pin Cerquad —40°to+85°C MC68HC711J6FS Ceramic Quad EPROM

This document contains information on a new product. Specifications and information herein are subject to change without notice.

@ MOTOROLA IR

©MOTOROLA INC., 1991 BR782/D




Table of Contents

T £ o 7o (¥ L1 1o) 1 FOR U U 1
FAIUTES e eeieienee it eeeeieeeeereieeeeeeeseeeaeaeeessesnsasarsssansessssesansssssssssssssientsnsanssssieesanseessitermemmssssensennmrnnsnns 1
Ordering INFOMMALION .......cciiueiieriertir e reee sttt e s ee e e s saaese st ar e s e s sn e e s s nan e s ee s s sasnesee e snsabasssanannes 1
INAEX Of REQISTETS. ... . eeeeieeieeciercereseee e e et tee et s sbse sttt s en bt e s ssr et s s e s e sne s aeeseeee e ssaasasbnnaa s ba e ssnasesessnanans 3
BIOCK DIGQIAM.......ceiiiecreeririiercereeieresneieretesttisssatissasne s snesess s s ste s st s tae s s aeaasesa s snaneassseasssranrasananasnneens 4
PN ASSIONITIENS ..eu. i ciieiiiiicireeireeies s ee e eeteie et e i e ettt e e e e eeesebaa s aesarere st sesrerrtranasasssansanaransassreracsas 5
Operating Modes and MemOry MapS ...........cccieeiriiumtiritie i iers s e e nrie st eesesa s e sannan e aeasas e seeeannas 6
1= L2 ] - SO UUPETPPPPPPPNURRRRPE 8
ReSets aNd INEEITUPES....ccoiiii it te ettt et e e s tb et s b et e s eeses st bnssr s b e s aseesnaanassanserenne 13
Erasable or One-Time Programmable Read Only MEMOIY ...........cuvuimiiiiiiciicenecireeeesnen e 16
Parallel INPUL/OUIPUL........ccoevierreriere e cteecie e iee s e e sats e saeesaane e s nae s arae s e s e st ne e b s aess s aeaesntasans 19
Serial CommUNICAtIONS IMEIMACE ........covveeeeieierieiereeete ettt et ee et ertee et at ettt asaas s sa s ssnnonas 24
Serial Peripheral INEMACE ........ccooeeiiiieiicriiirireceeee st et se e 31
MBEBIN THMIEE ettt ereteeeererereesesesertatssss e s et s e e e essee se s sbanstbesaas sassas sos s s s ssassr raasssannssnarasssnanasasans 34
PUISE ACCUIMUIBLON.......coceiieieeeecreeeeraererrerreeeerasaesannseeereaeeseeseesaearsrsbasttstetssannssaessssessisssssossssassassnnnses 41

MOTOROLA MC68HC711J6
2 BR782/D



Index of Registers

Register Address Page
BAUD .......ccc....... Baud Rate .....cocovmeeeeeerenccerereer e canenennesrer e $102B ... 26
CFORC .............. Timer COmPare FOMCE .....cccveerrmmmmmmmevriceninninceseerioaens $100B ... 36
CONFIG .............. Configuration COntrol .........cccccccevveeviievinnninciiciinneen. $103F ...t 12, 16, 18
COPRST ............ Arm/Reset COP Timer Circuitry ........ccccoeeeieniicnninenae $103A ..., 15
DDRA ..ot Data Direction Register for POt A .........cvvviereiinnneeen $1001 it 21
DDRB ................. Data Direction Register for POt B ...........coecueeieiirinnnns $1005 ..o, 21
DDRC ....ccovveeeennee Data Direction Register for Port C ..........coovvveeniriinen. $1007 oo 21
DDRD .....cccccevueeee Data Direction Registerfor Port D ..........cccovvverernneeein $1009 ..o, 22, 32
DDRF ................. Data Direction Registerfor POt F .........ccoovnevviiiviinnnns $1003 ... 20
DDRG ......cccceu.e. Data Direction Register for Port G ...........ccocecveveenennnn. $1037 e, 23
HPRIO ............... Highest Priority I-Bit Interrupt and Miscellaneous ........ $103C .. 10, 15
INIT oo, RAM and /O Mapping .......ccccceveeeiiivemeiinnneiecsnnnnennnes $103D ..o, 11
OC1D ..cerecvvnaennn. Output Compare 1 Data ............coceeiiiiiiniiinennnnnnnennee $100D ..o, 36
OCIM _............... Output Compare 1 Mask ..........ccccocivmiriiiiniiiiiciecinnnnns $100C . 36
OPT2 ....coeeeees System Configuration Options Register 2 .................. $1038 ..o, 10, 23
OPTION ............. System Configuration Options ...........cccccvnvnurnnennnnne. $1039 .o 14
PACNT _.............. Pulse Accumulator Count ................ooccvinmimminiinnininnns $1027 e, 43
PACTL ...cccvveneeee Pulse Accumulator Control ........c...ccoeeeeermimecrvenvennnns $1026 ....eoerennennns 40, 42
PORTA .......c.ccece PO ADALE .....ceveeeeitiiececrner e senecesstesnsenecssanees $1000 .. 20
PORTB .............. PO B DA ...envveeiieceiieeiiecece e et $1004 ... 21
PORTC .............. POt C Dala ..cccceeeeeeeeieceneeceee e e sree e semeneenesnees $1006 ..oeneieiicreerene 21
PORTD .............. PO D DA ... crreceeeececernee e eenr s $1008 ... 22
PORTE ...........c.. PO E DA ..ooeeeneeeereceecrieeeeeecr e e stesnnerecssnaeee $100A .. 22
PORTF ....c.oceuneee POM FDAA........eveeeeeeeeeeeiiecenieeeeeeeeessneeecneanaseanes $1002 .o 20
PORTG .............. 2011 L D7 (- RN $1036 ....coevieeeieieeeee 22
PPROG .............. EPROM Programming Control ..........cccevemeeeinnnnninne $103B ....coeoiiiiierieireeeees 18
DDRB ....cccccveuene Data Direction Register for Port B .........cccccoceerverinnenn. $1005 .ooonniiceen 21
SCCR1 ............... SCICONIOI 1 ..o eereneaeme e e s ceesaeseenne $102C ..o 28
SCCR2 ........c...... SCICOMMIOI2 ......oeeceeeeiencreeeeeeerene e ssees s snnerenans $102D ..o 28
SCDR .....cccauneeee. Serial Communications Data Register ........................ S102F ..oeereveeeeneennens 30
SCSR ....cooeeeuene SCISIAMUS ....ovvrmrreeeereeieneererercneoeneearisersneertsssesssnses $102E ... 29
SPCR ....cceeieeene Serial Peripheral Control ...........ccccocceeiinniineceinenene. $1028 ......cocoveeennee 26, 32
SPDR ....cccvvennee SPIDAA ....ooeenireeecireeeeee e ete e eeee s srar st e $102A ..., 34
SPSR ..o Serial Peripheral Status .......cc.ccccceeerrervevnneerienininneen. $1029 ..., 33
TCNT ...oeeneeee TIMEr COUNE ..ot ceeee et e $100E, $100F .............. 36
TCTLT e, Timer Control 1 ...t $1020 oo 37
TCTL2 i Timer Control 2 ... et $1021 e 38
TESTT ...cccennee. Factory Test (Test Mode Only) .......cccccovriniininnnninneenn $103E .o, 12
TFLGT .....cconeeeeee. TimerInterrupt Flag 1 ....c.ouviveeceicintreeneeeenen $1023 ..o, 39
TFLG2 .....ccocneeee Timer Interrupt Flag 2 ... $1025 ..o 40, 42
TI405 ....ccoeveneees Timer Input Capture 4/Output Compare s .................. $101E, $101F .............. 37
TIC1-TIC3 .......... Timer Input Caplure ..........eeeeeeeeiiveeemiennnnienneenen. $1010-$1015 .............. 37
TMSK1T ............... Timer Interrupt Mask 1 ..o, $1022 ..., 38
TMSK2 ............... Timer Interrupt Mask 2 .........ccooreenceviniiiinieeennn, $1024 ......ccoveeeeeeen. 39, 42
TOC1-TOCA ...... Timer Output COMPArE .......cccceeeveeeiimericiiceierrerneeneee $1016-$101D .............. 37

MC68HC711J6 MOTOROLA
BR782/D 3



MODB/

Block Diagram

MOTOROLA
4

RESET MODALR Verpy EXTAL XTAL E
B A A
—>1 INTERRUPT MODE § e—>-PD5
OSCILLATOR | | CLOCKLOGIC
R S
MSO te>] & = [<—>-PD2
‘ ] paroc PULSE ACCUMULATOR ale
PA7 < scl ™ — —>-PD1
PAS €] 0C2/0C1 RXD fe—>-rD0
vl ¥ 0C30CT TIMER
= 0C4/0C1
i< S |3 || icarocsioct SYSTEM (<
PA2 €—> »1 IC1 CoP €—PE6
PAl <> o2 16K BYTES EPROM w le—+Es
PA0 €—> >{ ic3 PERIODIC INTERRUPT OR OTPROM e [€—PE
S le—rE3
& |le——PE?
<—PET
€——PE0
A M68HC11 CPU -
zoo > e
5 L EXCS olo 9‘)£4
g | > Fa
 NON-MULTIPLEXED BUS AND uo CONTROL Q| S le—>pa2
o < o it e o 512 BYTES STATIC RAM & Pe:
EEEEEE<< S 8eezxldxz 588 8358 < ;PGO
Y 3 L AAA \ AAA \ \ >
'YYYYYYY YVYVYYYVY VYYVYY Y
DDRB DDRF DDRC
PORTB PORTF 'PORTC
1R TN
Y Yy ¥ Yy y y
ofdo0ood LLLLpLllE PPRRELLE

MC68HC711J6
BR782/D



Pin Assignments
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Operating Modes and Memory Maps

In single-chip operating mode, the MC68HC11L6 is a monolithic microcontroller without external
address or data buses. In expanded nonmultiplexed operating mode, the MCU can access a 64K
byte address space. High-order address bits are output on the port B pins, low-order address bits
on the port F pins, and the data bus on port C. The R/W pin controls the direction of data transfer
on the port C bus and the EXCS pin is an external chip select, which can be used directly or as a
qualifier for decoding any external devices.

Special bootstrap mode allows special-purpose programs to be entered into internal RAM. The
boot loader program uses the SCI to read a program of up to 512 bytes into on-chip RAM at $0000
through $01FF. After a four-character delay, or after receiving the character for address $01FF,
control passes to the loaded program at $0000.

Special test mode is used primarily for factory testing.

Memory Maps

Memory locations are the same for all modes except for the default location of the 16K bytes of
EPROM or OTPROM, and the boot ROM, which appears only in special-bootstrap mode. The 64-
byte register block originates at $1000 after reset, but can be placed at any other 4K boundary
($x000) after reset by writing an appropriate value to the INIT register.

The on-board 512-byte RAM is initially located at $0000 after reset, but can be placed at any other
4K boundary ($x000) by writing an appropriate value to the INIT register.

Hardware priority is built into the memory remapping. Registers have priority over RAM, and RAM
has priority over ROM. The higher priority resource covers the lower, making the underlying
locations inaccessible.

The 16K-byte EPROM or OTPROM is located at $C000 in all modes except expanded
nonmultiplexed, where it is located at $4000. The EPROM or OTPROM can be located at $C000
in expanded nonmultiplexed mode by entering single-chip mode out of reset, then setting the
MDA bit in the HPRIO register to 1, entering expanded mode from internal PROM. Enable the
EPROM or OTPROM by setting the EPON bit of the CONFIG register.

In special test and special bootstrap modes, reset and interrupt vectors are located at $BFCO
through $BFFF. In special bootstrap mode, a bootloader ROM is enabled at locations $BF00
through $BFFF.

MOTOROLA MC68HC711J6
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NOTE: In expanded nonmultiplexed mode, the 16K EPROM is initially located at $4000-$7FFF.

Memory Map
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Register and Control Bit Assignments (1 of 2)

This register block can be remapped to any 4K boundary.

Bit 7 6 5 4 3 2 1 Bit 0

$1000 | PA7 | PAas | PAs | PA4 | PA3 | PA2 | PA1 | PA0 |PORTA
$1001 | DDA7 | DDAs | DDAs | DDA+ | DDA3 | DDA2 | DDA1 | DDA | DDRA
$1002 | PF7 | Pre | PFrs | pPra | PR3 | P2 | PF1 | PFo |PORTF
$1003 | DDF7 | DDF6 | DDF5 | DDF4 | DDF3 | DDF2 | DDF1 | DDFo | DDRF
$1004 | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBo |PORTB
$1005 | DDB7 | DDBs | DDBs | DDB4 | DDB3 | DDB2 | DDB1 | DDBO | DDRB
$1006 | PC7 | Pce | Pcs | Pca | Pca | Pc2 | pc1 | Pco |PORTC
$1007 | DDC7 | Dbcs | pbcs | pbbca | pbbcs | Dbc2 | ppbct | Dbco | boRc
$t9008 | o | o | pps | P4 | Ppsa | P2 | PD1 | PDo |PORMD
$1000 | o | o | pops | pop4 | pops | ppo2 | pobt | Dbbo | poRD
$100A | PE7 | Pe6 | Pes | P4 | PE3 | PE2 | PE1 | PE0 |PORTE
$1008 | Foc1 | Foc2 | Foca | Focs | Focs | o | o | o |crome
$100C | Oc1M7 | ociMe | ocims [ ocima [octMs| o | o | o |ocim
$1000 | 0c1D7 | ocibe | ocibs [ocib4 jociba| o | o | o Jocid
$100E | Bit15 | 14 13 12 11 10 9 Bit 8 | TCNT (High)
$100F | Bit7 6 5 4 3 2 1 Bit0 | TCNT (Low)
$1010 | Bit15 | 14 13 12 11 10 9 Bit8 | TIC1 (High)
$1011 | Bit7 6 5 4 3 2 1 Bit0 | TIC1 (Low)
$1012 [ Bit15 | 14 13 12 11 10 9 Bit 8| TIC2 (High)
$1013 | Bit7 6 5 4 3 2 1 BtO | TIC2 (Low)
$1014 [ Bit15 | 14 13 12 11 10 9 Bit8 | TIC3 (High)
$1015 | Bit7 6 5 4 3 2 1 Bit0 | TIC3 (Low)
$1016 | Bit1s | 14 13 12 11 10 0 Bit8 | TOC1(High)
$1017 | Bit7 6 5 4 3 2 1 Bit0 | TOC1 (Low)
$1018 | Bit15 | 14 13 12 11 10 9 Bit8 | TOC2 (High)
$1019 | Bit7 6 5 4 3 2 1 Bit0 | TOC2 (Low)
$101A | Bit15 | 14 13 12 11 10 9 Bit8 | TOC3 (High)
$101B | Bit7 6 5 4 3 2 1 Bit0 | TOC3 (Low)
$101C | Bit15 | 14 13 12 11 10 9 Bit8 | TOC4 (High)
$101D | Bit7 6 5 4 3 2 1 Bit 0 | TOC4 (Low)
$101E | Bit15 | 14 13 12 11 10 9 Bit8 | TI405 (High)
$101F | Bit7 6 5 4 3 2 1 Bit 0 | TI4O5 (Low)

MOTOROLA
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Register and Control Bit Assignments (2 of 2)

Bit 7 6 5 4 3 2 1 Bit 0
$1020 OoM2 OL2 OoM3 oL3 oM4 OoL4 OM5 Ol5 | TCTL1
$1021 | EDG4B | EDG4A | EDG1B | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A | TCTL2

$1022 | oc1l | ocat | ocal | ocar | 14osl | 1c11 | c21 | icat | TMski

$1023 | OCIF | OCoF | OCc3F | ocaF | MOSF | ICIF | IC2FVJ IC3F | TRLG1

$1024 | TOI | RTH [ PAOVI| PAH | o | o | PRt | PRo | TMsk2
$1025 [ TOF | RF [PaOovF | PAF | o [ o | o | o |me
$1026 [ 0o | PAEN |PAMOD [PEDGE| o [ 14/05s | RTR1 | RTRo | PACTL
sto027 [ Bt7 [ 6 [ s [ 4 [ 3 [ 2 | 1 [ Bto [PACNT
$1028 | sPIE | sPE | pwom | MsTR | cPoL | cPHA | SPR1 | SPRo [sPcRr
$1020 | SPIF | weoL | o [ mMooF| o | o | o [ o |spsm
$102o | Bt7 | 6 | 5 | 4 | 3 | 2 | 1 | sito |sPDR
$102B | TCLR | o | scP1 | scPo | RckB | scR2 | scmri | scro | BAuD
sfooc | R | ™ | o | M |wake| o | o | o |sceri
$1020 | TE | TcE | RE | WE | T | RE | RWU | SBK |sccre
$102e | DRE | Tc [ RORF [ DLE [ oR | W | FE | o |scsm
stooF | Bt7 | 6 | s | 4 | 3 | 2 | 1 | Bto |scor
$1030 to Reserved
$1035

$1036 | PG7 | Pee | Pas | PG4 | Pe3 | PG2 | PG1 | PGo |PORTG
$1037 | DDG7 | DDGé | DDG5 | DDG4 | DDG3 | DDG2 | DDG1 | DDGo | DDRG

$1038 ([céwoM [ cwoM | o | o | o [XcSEN|] o | o |opPT

$109 | o [ o | wmoeE | by | oM | o | crRt | cro |opPTioN
$103A | Bt7 | 6 | 5 | 4 | 3 | 2 | 1 | Bto |coPmsT
$103 [ o | o [EAT| o | o | o | o | Pam |PPROG

$103Cc | RBOOT | smMoD | MDA | IRVNE | PSEL3 | PSEL2 | PSEL1 | PSELO | HPRIO

$1030 | RAM3 | RAM2 | RAM1 | RaMo | REG3 | REG2 | REG! | REGo |INIT

$103 | TILOP | EPTST | OcCR | cBYP | DISR | FoM | FcoP [ o | TESTY
$1003k | o | o | o | o | o [Nocor| EPON | o |conFie

MC68HC711J6 MOTOROLA
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OPT2 — System Configuration Options Register 2 $1038

Bit 7 6 5 4 3 2 1 Bt 0
[cwoM [cwoM | o | o [ o [xcsen| o | o |
RESET: 0 0 0 0 0 - 0 0

*Reset sets this bit in expanded and test modes and clears it in single-chip and bootstrap modes.
Bit 7-6 — Refer to Parallel I/O.
Bits 5-3, 1—0 — Not implemented

XCSEN — External Chip-Select Enable
0 = EXCS signal is disabled. PG6 is general-purpose 1/O.
1 = EXCS signal is enabled. In expanded and test modes only, the EXCS signal can drive the chip
selects of off-chip devices. The signal is valid for any address not decoded internally. Using
this signal to decode external devices prevents bus conflicts with internal devices.

HPRIO — Highest Priority 1-Bit Interrupt and Miscellaneous $103C

Bit7 6 5 4 3 2 1 Bit 0

[ RBOOT | smMoD | MDA | IRVNE | PSEL3 | PSEL2 | PSEL1 | PSELO |

RESETS:

0 0 0 0 0 1 0 1 Single-Chip Mode

0 o 1 0] 0 1 0 1 Exp’d-NonMux'd

1 1 0] 0] 0 1 0] 1 Bootstrap

0 1 1 1 0 1 0 1 Special Test

RBOOT, SMOD, MDA, AND IRVNE reset depend on mode selected at power-up.

RBOOT — Read Bootstrap ROM
Valid only when SMOD is set to one (special bootstrap or special test mode). Can only be written in
special modes.
0 = Boot loader ROM disabled and not in map
1 = Boot loader ROM enabled and in map at $BF00-$BFFF

SMOD and MDA — Special Mode Select and Mode Select A
These two bits can be read at any time. SMOD can only be written in special modes. MDA can be
written at any time in special modes, but only once in normal modes.

MOTOROLA MC68HC711J6
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Inputs Latched at Reset
MODB MODA Mode SMOD MDA
1 0 Single Chip 0 0
1 1 Expanded Nonmultiplexed 0 1
0 4] Special Bootstrap 1 0
0 1 Special Test 1 1

IRVNE — Internal Read Visibility/Not E (IRVNE can be written once in any mode)
In expanded modes, IRVNE determines whether IRV is on or off.
In special test mode, IRVNE is reset to 1 and in all other modes IRVNE is reset to 0.
0 = No internal read visibility on external bus
1 = Data from internal reads is driven out of the external data bus

In single-chip modes, this bit determines whether the E clock drives out of the chip.
0 = E driven out from the chip
1 = E pin driven low

Mode IRVNE Out of | E Clock Out IRV Out of IRVNE
Reset of Reset Reset Affects Only
Single Chip 0 On Oft E
Expanded 0 On Oft IRV
Bootstrap 0 On Off E
Special Test 1 On On IRV

For information on bits 30, refer 1o Resets and Interrupts.

INIT — RAM and 110 Mapping $103D
Bit 7 6 5 4 3 2 1 Bit 0
| Ram3s | RaM2 | RAMI | RAMO | REG3 | REG2 | REG1 | REGO |
RESET:  © 0 0 0 0 0 0 1

RAM3-RAMO — Internal RAM Map Position
These four bits determine the upper four bits of the RAM address.

REG3-REGO — 64-Byte Register Block Map Position
These four bits determine the upper four bits of the register block address.

NOTE

Can be written only once in first 64 cycles out of reset in normal modes, or at any
time in special modes. Refer to Operating Modes and Memory Maps for
additional information.

.
MC68HC711J6 MOTOROLA
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TEST1 — Factory Test (Test Mode Only) $103E

Bit 7 6 5 4 3 2 1 Bit 0
| Tiop | EPTST | occR | cBYP | DISR | FoM | FcoP | o |
RESET: 0 0 0 0 — 0 0 0

TILOP — Test lllegal Opcode

EPTEST — EPROM Test

OCCR — Output Condition Code Register to Timer Port

CBYP — Timer Divider Chain Bypass

DISR — Disable Resets from COP and Clock Monitor
In test and bootstrap modes, this bit is reset to 1 to inhibit clock monitor and COP resets. In normal
modes, DISR is reset to 0.

FCM — Force Clock Monitor Failure

FCOP — Force COP Watchdog Failure

CONFIG — Configuration Control $103F
Bit7 6 5 4 3 2 1 Bit 0
[ o ] o | o | o | o [Nocor|EPON | o0 |
RESET
Nomal
Modes: o] 0 0 0 0 0 1 0
Special
Modes: 0 0 0 0 0 1 1 0

Bits 7-3 and 0 — Not implemented. These bits always read zero.
Bit 2 — Refer to Resets and Interrupts.

EPON — PROM Enable
This bit is set out of reset, enabling the EPROM or OTPROM in all modes. In single chip, bootstrap,

and test modes, PROM is located at $C000-$FFFF. In expanded mode, PROM is located at $4000—
$7FFF. Refer to Operating Modes and Memory Maps for information about relocating PROM in
expanded mode. This bit is not writable in single-chip mode, but is writable once in expanded mode,
or at any time in special modes.

0 = PROM is disabled from the memory map

1 = PROM is present in the memory map

MOTOROLA MC68HC71146
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Resets and Interrupts

The MC68HC711J6 has 3 reset vectors and 18 interrupt vectors. The reset vectors are as
follows:

e RESET, or Power-On Reset

o  Clock Monitor Fail

e CORP Failure
The 18 interrupt vectors service 22 interrupt sources (3 non-maskable, 19 maskable). The three
non-maskable interrupt vectors are as follows:

o lllegal Opcode Trap

e Software Interrupt

e XIRQ Pin (Pseudo Non-Maskabie Interrupt)
On-chip peripheral systems generate maskable interrupts, which are recognized only if the global
interrupt mask bit (l) in the condition code register (CCR) is clear. Nineteen interrupt sources in
the MC68HC711J6 are subject to masking by a global interrupt mask bit.

interrupt and Reset Vector Assignments

Vector Address Interrupt Source CC Register Local
Mask Mask
FFD4, D5 —FFCO, C1 | Reserved — —
FFDs6, D7 SCI Serial System | Bit —
SCI Transmit Complete TCIE
SCI Transmit Data Register Empty TIE
SCl Idle Line Detect ILIE
SCI Receiver Overrun RIE
SCI Receive Data Register Full RIE
FFD8, D9 SPI Serial Transfer Complete | Bit SPIE
FFDA, DB Pulse Accumulator Input Edge I Bit PAII
FFDC, DD Pulse Accumulator Overtlow | Bit PAOVI
FFDE, DF Timer Overflow I Bit TOI
FFEO, E1 Timer Input Capture 4/Output Compare 5 | Bit 14051
FFE3, E2 Timer Output Compare 4 I Bit oc4l
FFEA4, E5 Timer Output Compare 3 I Bit ocCsi
FFES, E7 Timer Output Compare 2 | Bit ocz2i
FFES, E9 Timer Output Compare 1 I Bit OCt1i
FFEA, EB Timer Input Capture 3 | Bit IC3l
FFEC, ED Timer input Capture 2 | Bit IC2|
FFEE, EF Timer Input Capture 1 I Bit [e3]]
FFFo, F1 Real-Time Interrupt i Bit RTH
FFF2,F3 IRQ (External Pin) I Bit None
FFF4, F5 XIRQ Pin | Bit None
FFFe, F7 Software Interrupt None None
FFF8, F9 llegal Opcode Trap None None
FFFA, FB COP Failure None NOCOP
FFFC, FD COP Clock Monitor Fail None CME
FFFE, FF RESET None None

MC68HC711J6 MOTOROLA -
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Maskable interrupts are prioritized according to a default arrangement; however, any source can
be elevated to the highest maskable priority position by a software-accessible control register,
HPRIO. This register can be written at any time, provided the | bit in the CCR is set. In addition to
the global | bit, all of these sources, except the external interrupt (IRQ pin), are controlled by local
enable bits in control registers. Most interrupt sources in the M68HC11 have separate interrupt
vectors and there is usually no need for software to poll control registers to determine the cause
of an interrupt. Refer to the table of interrupt and reset vector assignments.

For some interrupt sources, such as the SCI interrupts, the flags are automatically cleared as
interrupt requests are processed. For example, the RDRF flag in the SCI system is cleared by the
automatic clearing mechanism, which consists of a read of the SCI status register while RDRF is
set, followed by a read of the SCI data register. The normal response to an RDRF interrupt
request is to read the SCI status register to check for receive errors, then to read the received data
from the SCI data register. These two steps satisfy the automatic clearing mechanism without
requiring any special instructions.

OPTION — System Configuration Options $1039
Bit 7 6 5 4 3 2 1 Bit 0
| o | o [wmoe*[ pvr | cME | o | cRi* | cRro* |
RESET: o 0 0 1 0 o] 0 0

*Can be written only once in first 64 cycles out of reset in normal modes, or at any time in special modes.
Bits 7-6, and 2 are not implemented. These bits always read zero.
IRQE — IRQ Select Edge Sensitive Only
0 = Low-level recognition
1 = Falling edge recognition
DLY — Enable Oscillator Start-Up Delay on Exit from STOP
0 = No stabilization delay on exit from STOP
1 = Stabilization delay of 4064 E-clock cycles is enabled on exit from STOP.
CME — Clock Monitor Enable
0 = Clock monitor disabled; slow clocks can be used.
1.= Slow or stopped clocks cause clock failure reset.

CR1, CRO — COP Timer Rate Select

COP Timer Rate Select

Divide XTAL = 4.0 MHz XTAL = 8.0 MHz XTAL = 12.0 MH2z
E/215 Timeout Timeout Timeout
CR [1:0] By -0/4+32.8 ms -0/+16.4 ms -0/+10.9 ms
00 1 32.768 ms 16.384 ms 10.923 ms
01 4 131.07 ms 65.536 ms 43.691 ms
10 16 524.29 ms 262.14 ms 174.76 ms
11 64 2.097 sec 1.049 sec 699.05 ms
E= 1.0 MHz 2.0 MHz 3.0 MHz

MOTOROLA MC68HC711J6
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COPRST — Arm/Reset COP Timer Circuitry $103A

Bit 7 6 5 4 3 2 1 Bit 0
L7z | e [ s | &« [ s [ 2 [ 1 ]| o |
RESET: 0 0 0 0 0 0 0 0

Write $55 to COPRST 1o arm COP watchdog clearing mechanism.
Write $AA to COPRST 1o reset COP watchdog.

HPRIO — Highest Priority I-Bit Interrupt and Miscellaneous $103C
Bit 7 6 5 4 3 2 1 Bit 0
| RBOOT | sMoD | MDA | IRVNE | PsEL3 | PSEL2 | PSEL1 | PsELo |
RESET: - - - - 0 1 0 1

For information on bits 4-7, refer to Operating Modes and Memory Maps.

PSEL3-PSELO — Priority Select Bits 3 -0
Writable only while the | bit in the CCR is set (interrupts disabled). These bits select one interrupt
source to be elevated above all other I-bit-related sources.

PSEL [3:0] Interrupt Source Promoted
0000 Timer Overflow
0001 Pulse Accumulator Overflow
0010 Pulse Accumulator Input Edge
0011 SPI Serial Transfer Complete
0100 SCI Serial System
0101 Reserved (Default to IRQ)
0110 RQ {External Pin)
0111 Real-Time Interrupt
1000 Timer Input Capture 1
1001 Timer Input Capture 2
1010 Timer Input Capture 3
1011 Timer Output Compare 1
1100 Timer Output Compare 2
1101 Timer Output Compare 3
1110 Timer Output Compare 4
1111 Timer Output Compare 5/Input Capture 4

MC68HC711J6 MOTOROLA
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CONFIG — Configuration Control $103F

Bt 7 6 5 4 3 2 1 Bito
[ o | o | o | o | o [nocor|[EroN| o |
RESET:
Normal
Modes: 0 0 0 0 0 (o] 1 0
Special
Modes: 0 0 0 ] 0 1 1 0

Bits 7-3 and 0 — Not implemented. These bits always read zero.

NOCOP — COP System Disable
Wiritable once after reset in normal modes; writable any time in special modes
0 = COP enabled (forces reset on timeout)
1 = COP disabled {does not force reset on timeout)

Bit 1 — Refer to Modes of Operation and Memory Maps.

Erasable or One-Time Programmable ROM
The MC68HC711J6 has 16K bytes of PROM, either EPROM or OTPROM. Once programmed,

EPROM must be erased by exposure to ultraviolet light before it can be reprogrammed.
OTPROM cannot be erased.

The PROM address is normally $C000-$FFFF. In expanded nonmultiplexed mode, however, the
PROM is located at $4000-$7FFF.

To protect the OTPROM or EPROM, observe the following precautions:

1. Ensure that the voltage on the XIRQ/Vpp pin does not exceed the voltage on
the Vpp pin. The PROM cannot be programmed or corrupted without - high

voltage on the XIRQ pin.

2. If the part is operated with Vpp voltage present on the \s\up&(\f(,XIRQ))/Vpp pin,
the IRQ/CE pin must be pulled to a high level in reset.

3. Ensure Vpp is not present when IRQ is low if the part is in bootstrap mode. A
pull-up resistor on the IRQ line keeps it high during reset.

Programming EPROM requires an external 12.25-volt nominal power supply (Vpp). There are
two ways to program the PROM: EPROM emulation, PROG mode, and MCU mode. In PROG
mode, the EPROM is programmed as a standalone by adapting the MCU footprint to the 27256-
type EPROM and using an appropriate EPROM programmer. Refer to the following block
diagram, which shows the PROM in PROG mode.

MOTOROLA MC68HC711J6
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EPROM MODE PIN CONNECTIONS

MCU PIN FUNCTIONS
EPROM
l PIN FUNCTIONS ’
0

A0 PFO/AO A 00 PCODO 00
Al PF1/A1 Al o1 PCID1 o1
A2 PF2/A2 A2 02 PC2D2 02
A3 PF3/A3 A3 03 PC3D3 03
A PF4/Ad Ad 04 PC4ID4 04
AS PF5/A5 A5 05 PC5D5 o5
A6 PF6/AS A6 ':‘TE‘K_SQ‘T”E- 06 PC6/D6 06
A7 PF7/AT A7 EPROM | 07 PC707 o7
A8 PBO/A8 A8 OE PB7/A1S OE
A9 PB1/A9 A9 vpp | XRQ Vpp
A10 PBZA10 A10 CE iRQ CE
Al PB3/AT1 Al Ve Voo Ve
A12 PB4/A12 A12 GND | Vss GND
A3 PB5/A13 Al3
Al4 NC
— Grlm P/lw
GND PA7
GND PB6 MC68HC711J6 XTAL NC
E NC NOTE 2
erlqo P[|)0 J
GND PD5 MODATE.  GNp
NOTE 1 GND PEO
, I M_OENSTBY GND
GND PE7 RESET GND NOTE 3
GND PG3 PGO GND
oD o7 PG GND
__________GND EXTAL PG2 GND____ )
NOTES:

1. Unused Inputs — grounding is recommended.
2. Unused outputs — these pins should be left unterminated.
3. These pins must be grounded for PROG mode.

Block Diagram in PROG Mode

in normal MCU mode, EPROM can be programmed in any operating mode. Special test and
bootstrap modes are preferred, however. Norma! programming is accomplished through the
PPROG register.

Erase the EPROM by exposing the chip to high-intensity ultraviolet light (wavelength 2537 A for
30-60 minutes. The erased state of an EPROM location is $FF. OTPROM cannot be erased after
programming.

MC68HC711J6 MOTOROLA
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PPROG — EPROM Programming Control $103B

Bit 7 6 5 4 3 2 1 Bit 0
[ o | o Jear] o | o | o | o | PaMm
RESET: 0 0 0 ¢ 0 0 0 )

Bits 7-6, and 4—-1 — Not implemented; always read zero

ELAT — EPROM or OTPROM Latch Control
0 = EPROM address and data bus configured for normal reads
1 = EPROM address and data bus configured for programming

PGM — EPROM or OTPROM Program Command
This bit can be written only when ELAT = 1.
0 = Programming voltage switched off to PROM array
1 = Programming voltage switched on to PROM array

CONFIG — Configuration Control $103F
Bit7 6 5 4 3 2 1 Bit 0
[ o [ o | o | o | o |nocor| EPON | ©
RESET:
Normal
Modes 0 0 0 0 0 0 1 0
Special
Modes: 0 0 0 0 0 1 1 0

Bits 7-3 and 0 — Not implemented. These bits always read zero.
Bit 2 — Refer to Resets and Interrupts.

EPON — PROM Enable
This bit is set out of reset, enabling the EPROM or OTPROM in all modes. In single chip, bootstrap,
and test modes, the PROM is located at $C000-$FFFF. In expanded mode, the PROM is located at
$4000-$7FFF. Refer to Operating Modes and Memory Maps for information on relocating the
PROM in expanded mode.

EPON is not writable in single-chip mode, but is writable once in expanded mode. in special modes,
this bit is always writable.

0 = PROM is disabled from the memory map

1 = PROM is present in the memory map

MOTOROLA MC68HC711J6
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Parallel Input/Output

The MC68HC711J6 has six 8-bit I/0O ports (A, B, C, E, F, and G), and one 6-bit I/0 port (D). I/O
functions on some ports (B, C, F, and G) are affected by the mode of operation selected. In the
single-chip and bootstrap modes, the ports are configured as parallel I/O data ports. In expanded
non-multiplexed and test modes, ports B, C, and F and lines PG6 (EXCS) and PG7 (R/W) are
configured as a memory expansion bus with ports B and F as the address bus; port C as the data
bus; R/W as the data bus direction control; and EXCS as a chip-select output.

The remaining ports are unaffected by mode changes. Ports A and D and the remaining port G
pins can be used as general-purpose /O ports, though Ports A and D have alternate functions.
Port A pins share timer functions, and port D pins share the SPI and SCI functions. Port E is used
for general-purpose static inputs.

Port A is an 8-bit general-purpose /O port with both a data register, PORTA, and a data direction
register, DDRA. Port A pins are available for shared use among main timer, puise accumulator,
and general IO functions. Port A pins can be configured for three timer input captures (ICs) and
four timer output compares (OCs), and either a fourth IC or a fifth OC. PAI function is always
available on PA7 (software readable at any time, even when another function is enabled).

Port B is an 8-bit general-purpose /0 port with a data register, PORTB, and a data direction
register, DDRB, in single-chip modes. In expanded modes, Port B is used for the high-order
address lines, A15—A8, of the address bus, and accesses to PORTB are treated as external.

Port C is an 8-bit general-purpose I/0 port with a data register, PORTC, and a data direction
register, DDRC, in the single-chip modes. Port C can be configured for wired-OR operation in
single-chip modes by setting the CWOM bit of the OPT2 register. In the expanded non-
multiplexed mode, Port C is a bidirectional data bus, D7-D0, controlied by the R/W signal.

Port D is a 6-bit, general-purpose I/O port with a data register, PORTD, and a data direction
register, DDRD. In all modes, the six port D pins, D5-DO0, can be used for general-purpose VO, or
for the SCI and SPI subsystems.

Port E is an 8-bit, input-only port with a data register, PORTE, that is enabled only during read
cycles.

Port F is an 8-bit, general-purpose /O port with a data register, PORTF, and a data direction
register, DDRF, in single-chip mode. In expanded modes, Port F is used for the low-order
address, A7-A0.

Port G is an 8-bit, general-purpose /0 port with both a data register, PORTG, and a data direction
register, DDRG. In single-chip mode, PORTG pins are generai-purpose /O pins, PG7-PG0. In
the expanded non-multiplexed mode, PORTG pins 7 and 6 are configured as non-multiplexed
address/data bus control lines R/W and EXCS; pins PG5—-PGO remain general-purpose I/O.

MC68HC711J6 MOTOROLA
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PORTA — Port A Data

$1000
Bit 7 6 5 4 3 2 1 Bit0
[ Pa7 | Pac | Pas | Pas | PAs | Pa2 | Pa1 | Pa0 |
RESET: Reset configures pins as HiZ inputs
AR. Pin
Funct.: PAI oCc2 oc3 OoC4 OCs5/IC4 IC1 iC2 IC3
And/or: OC1 OCt OC1 OCt OC1 — —_ —
The OC5/IC4 selection is controlled by the 14051 bit in the TMSK1 register.
DDRA — Data Direction Register for Port A $1001
Bit 7 6 5 4 3 2 1 Bito
| DDA7 | DbAs | DDAs | pDa4 | DDA3 | DDA2 | DDA1 | DDAO
RESET: 0 0 0 0 o 0 0 0
For DDRXx bits, 0 = input and 1 = output.
PORTF— Port F Data $1002
Bit 7 6 5 4 3 2 1 Bit 0
[ pr7 | Pre | Prs | PFa | PP | PF2 | PR | PFO |
S. Chip or
Boot:  PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
RESET: Reset configures pins as HiZ inputs
Expan.
or Test A7 A6 A5 A4 A3 A2 Al A0
DDRF — Data Direction Register for Port F $1003
Bit 7 6 5 4 3 2 1 Bit O
| oorz | pore | poFs | poF4 | por3 | por2 | poFi | DoFo |
RESET: 0 0 0 0 0 0 0 0

For DDRXx bits, 0 = input and 1 = output.

L .__________________________________________________________________________________|
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PORTB — Port B Data $1004

Bit 7 6 5 4 3 2 1 Bit 0
| pB7 | Pee | PBs | pBa | PB3 | PB2 | PB1 | PBO |
S. Chip
or Boot: PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBo
RESET: Reset configures pins as HiZ inputs
Expan.
or Test: A15 A4 A13 A12 A1 A10 A9 A8

DDRB — Data Direction Register for Port B $1005
Bit 7 6 5 4 3 2 1 Bit 0
pDB7 | DDB6 | DDBS | DDB4 | DDB3 | DDB2 | DDB1 | DDBO
RESET: 0 0 0 0 0 0 0 0
For DDRXx bits, 0 = input and 1 = output.
PORTC — Port C Data $1006
Bit 7 6 5 4 3 2 1 Bit 0
pcz | Pcs | pcs | pca | Pe3a | Pc2 | Po1 | Peo
S. Chip
or Boot: PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCo
RESET: Reset configures pins as HiZ inputs
Expan.
or Test: D7 D6 D5 D4 D3 D2 D1 Do
DDRC — Data Direction Register for Port C $1007
Bit 7 6 5 4 3 2 1 Bit 0
| poc7 | ppbce | ppbcs | pbc4 | pbcs | pbcz2 | pbct | Dbco |
RESET: 0 0 0 0 0 0 0 0

For DDRXx bits, 0 = input and 1 = output.

|
MOTOROLA
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PORTD — Port D Data $1008

Bit 7 6 5 4 3 2 1 Bit 0
o | o [ pos [ P4 [ P3| P2 | PD1 | PDO |
RESET: Reset configures pins as HiZ inputs
Alt. Pin .
Funct.: 0 0 SS SCK MOSI MISO TxD RxD

Bits 7-6 — Not implemented; always read zero

DDD5-DDD0 — Data Direction for Port D
When DDRD bit 5 is zero and MSTR = 1 in SPCR, PD5/SS is a general-purpose output and mode fault

logic is disabled.

0 = Input
1 = Output
DDRD — Data Direction Register for Port D $1009
Bit7 6 5 4 3 2 1 Bit 0
o | o | ppops | pops4 | poos | poo2 | ppbot | pppo |
RESET: 0 0 0 0 0 0 0 0

Bits 7-6 — Not implemented; always read 0
For DDRx bits, 0 = input and 1 = output.

PORTE — Port E Data $100A
Bit 7 6 5 4 3 2 1 Bit 0
| pe7 | Pes | Pes | Pea | PEs | Pe2 | PE1 | PEO |
RESET: * - - * * - * -

*Reset does not affect this address.

PORTG — Port G Data $1036
Bit7 6 5 4 3 2 1 Bit 0
| a7 | pes | Pas | Pa4 | PG3 | Pa2 | PG1 | PGoO
S. Chip
or Boot: PG7 PGé PG5 PG4 PG3 PG2 PG1 PGO
RESET: Output latches cleared at reset, but pins configured as HiZ inputs
Alt. Pin

Funct.: RW EXCS PG5 PG4 PG3 PG2 PG1 PGO

MOTOROLA MC68HC711J6
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DDRG — Data Direction Register for Port G $1037

Bit 7 6 5 4 3 2 1 Bit 0
| ooa7 | pbee | ppes | pbe4 | ppbes | ppe2 | ppbet | pbpGo |
RESET: 0 0 0 0 0 0 0 0

For DDRx bits, 0 = input and 1 = output

OPT2 — System Configuration Options Register 2 $1038
Bit7 6 5 4 3 2 1 Bit 0
[wom [cwom| o [ o | o |[xcsen| o | o |
RESET: 0 0 0 ] 0 * 0 0

*Reset sets XCSEN in expanded and test modes, clears it in single-chip and bootstrap modes.

GWOM — Port G Wired-OR Mode Option
This bit affects all port G pins together.
0 = Port G outputs are normal CMOS outputs.
1 = Port G outputs act as open-drain outputs.

CWOM — Port C Wired-OR Mode Option
This bit affects all port C pins together.
0 = Port C outputs are normal CMOS outputs.
1 = Port C outputs act as open-drain outputs.
Bits 5-3, 1—0 — Not implemented

Bit 2 — Refer to Operating Modes and Memory Maps.

MC68HC711J6 MOTOROLA
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Serial Communications Interface (SCI)

The SCI, a universal asynchronous receiver transmitter (UART) serial communications interface, is
one of two independent serial I/0 subsystems in the MC68HC711J6. The SCI has a standard
NRZ format (one start, eight or nine data and one stop bit) and several baud rates. The transmitter
and receiver are independent but use the same data format and bit rate.

PD1
) D

1X (WRITE-ONLY)
CLOCK ¢ =
10 (11) - BIT Tx SHIFT REGISTER
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SPCR — Serial Peripheral Control

$1028

Bit 7 6 5 4 3 2 1 Bit 0
| sPiE | sPE [ pwoMm | MSTR | cPoL | cPHA | SPR1 | SPRo
RESET: 0 0 0 0 0 1 U U
Bits 7-6 and 4-0 — Refer to Serial Peripheral Interface.
DWOM — Port D Wired-OR Mode Option
DWOM affects all six port D pins.
0 = Normal CMOS outputs
1 = Open-drain outputs
BAUD — Baud Rate $102B
Bit 7 6 5 4 3 2 1 Bit 0
ToR | o | scp1 | scro | RckB | scre | scri | scro |
RESET: 0 0 0 0 0 u u U

TCLR — Clear Baud Rate Counters (Test)

Bit 6 — Not implemented; always reads zero

SCP1, SCP0 — SCI Baud Rate Prescaler Selects
Refer to the baud rate prescaler and selection tables.

RCKB - SCI Baud Rate Clock Check (Test)

SCR2, SCR1, and SCR0 — SCI Baud Rate Selects
Selects receiver and transmitter baud rate. Refer to the the baud rate clock divider chain schematic.

Baud Rate Prescaler Sets Highest Rate

SCP [1:0] Divide Crystal Frequency in MHz
Internal Clock | 40 MHz | 8.0 MHz | 10.0 MHz| 12.0 MHz
By (Baud) (Baud) (Baud) (Baud)
00 1 62.50K 125.0K 156.25K 187.5K
01 3 20.83K 41.67K 52.08K 62.5K .
10 4 15.625K 31.25K 38.4K 46.88K
11 13 4800 9600 12.02K 14.42K

MOTOROLA
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Baud Rate Selection

Divide Highest Baud Rate
Prescaler | (Prescaler Output from Previous Table)
SCR Bit [2:0] By 4800 9600 38.4K
000 1 4800 9600 38.4K
001 2 2400 4800 19.2K
010 4 1200 2400 9600
011 8 600 1200 4800
100 16 300 600 2400
101 32 150 300 1200
110 64 —_ 150 600
111 128 — —_ 300
_:&, OSCILLATOR INTERNAL BUS CLOCK (PH2)
L] CLOCK égr?ERATon |
—1—717\?‘_ (+4) ] [=1 [#3]
SCP1:SCPO
|—> E Xf— 020 o1 10 1
— AS
SCR2:SCR1:SCR0
0:00
SCl
RECEIVE
BAUD RATE
(16X)
SCl
TRANSMIT
BAUD RATE
{(1X)
Baud Rate Generator Bilock Diagram
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SCCR1 — SCI Control 1 $102C

Bit 7 6 5 4 3 2 1 Bit 0
[ e | m | o | M [wake| o | o | o |
RESET: U U 0 0 0 0 0 0

R8 — Receive Data Bit 8
If M bit is set, R8 stores ninth bit in receive data character.

T8 — Transmit Data bit 8
If M bit is set, T8 stores ninth bit in transmit data character.

Bits 5 and 2-0 — Not implemented; always read zero

M — Mode (Select Character Format)
0 = Start, 8 data bits, 1 stop bit
1 = Stan, 9 data bits, 1 stop bit

WAKE — Wake-Up by Address Mark/Idle
0 = Wake-up by IDLE line recognition
1 = Wake-up by address mark

SCCR2 — SCI Control 2 $102D
Bit 7 6 5 4 3 2 1 Bit 0
[ e [ vce | re | we | ® | rRE | RWU [ sBK |
RESET: 0 0 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
0 = TDRE interrupts disabled
1 = SCl interrupt requested when TDRE status flag is set

TCIE — Transmit Complete Interrupt Enable
0 = TC interrupts disabled
1 = SCl interrupt requested when TC status flag is set

RIE — Receiver Interrupt Enable
0 = RDRF and OR interrupts disabled
1 = SCl interrupt requested when RDREF flag or the OR status flag is set

ILIE — Idle Line Interrupt Enable
0 = IDLE interrupts disabled
1 = SCl interrupt requested when IDLE status flag is set

MOTOROLA MC68HC71146
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TE — Transmitter Enable
When TE goes from zero to one, one unit of idle character time, logic one, is queued as a preamble.
0 = Transmitter disabled
1 = Transmitter enabled

RE — Receiver Enable
0 = Receiver disabled
1 = Receiver enabled

RWU — Receiver Wake-Up Control
0 = Normal SClI receiver
1 = Wake-up enabled and receiver interrupt inhibited

SBK — Send Break
0 = Break generator off
1 = Break codes generated as long as SBK =1

SCSR — SCI Status $102E
Bit 7 6 5 4 3 2 1 Bit 0
[mrRE | ¢ [ moF [ DLE | OR | W | FE 0
RESET: 1 1 0 Y 0 o] 0 o)

TDRE — Transmit Data Register Empty Flag
Set if transmit data has been written to SCDR
Cleared by SCSR read with TDRE set, followed by SCDR write

TC — Transmit Complete Flag
Set if transmitter is idle {no data, preamble, or break transmission in progress)
Cleared by SCSR read with TC set, followed by SCDR write

RDRF — Receive Data Register Full Flag
Set if a received character is ready to be read from SCDR
Cleared by SCSR read with RDRF set, followed by SCDR read

IDLE — Idle Line Detected Flag
Set if the RxD line is idle
Cleared by SCSR read with IDLE set, followed by SCDR read. Once cleared, IDLE is not set again
until the RxD line has been active and becomes idle again

OR — Overrun Emor Flag
Set if a new character is received before a previously received character is read from SCDR
Cleared by SCSR read with OR set, followed by SCDR read

NF — Noise Ermor Flag
Set it majority sample logic detects anything other than a unanimous decision
Cleared by SCSR read with NF set, followed by SCDR read

MC68HC711J6 MOTOROLA
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FE — Framing Error
Set if a 0 is detected where a stop bit was expected
Cleared by SCSR read with FE set, followed by SCDR read

Bit 0 — Not implemented; always reads 0

SCDR — Serial Communications Data Register $102F
Bit 7 6 5 4 3 2 1 Bit0
[ Biz ] 6 | s | 4 | 3 [ 2 | 2 | sto ]
RESET: U ) ) ) U U u u

Reads access buffered receive data. Writes access transmit data buffer register. Receive and transmit
are double buffered.
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Serial Peripheral Interface (SPI)

The SPI is one of two independent serial communications subsystems that allows the MCU to
communicate synchronously with peripheral devices and other microprocessors. The SPI
protocol facilitates rapid exchange of serial data between devices in a control system. Each SPi
compatible component in a system can be set up for master or slave operation. Data rates can be
as high as one half of the E clock rate when configured as a master and as fast as the E clock when
configured as a slave.
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M
DIVIDER MSB LSB M
- - [$)
+2 +4 +16 +32 <€ 8BITSHIFTREGISTER  |<€ s 8
READ DATA BUFFER 3
[e}
£
=z
5 TCLOCK §
SPI CLOCK Z
SELECT ST > cox [€——S | SCK
oGic p——1m PD4
>
4 14 AAA -
(722 [72]
m 2
=lwio
Yl y 2|53
< $
SPI CONTROL o3
»s
= é .é Ly § g f81zl8
sl = S15131S15151%1%
] Ll 1]
| SPi STATUS REGISTER ] | SPI CONTROL REGISTER ]
> V/ <>

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

SPI Block Diagram
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DDRD — Data Direction Register for Port D $1009

Bit 7 6 5 4 3 2 1 Bit0
[ o | o [ oobs [ pops | Dops | DDD2 | DDD1 | DDDO |
RESET: 0 0 0 0 0 0 0 0
Al. Pin _
Func..  — — SS SCK MOSI MISO T  R«D

DDD5-DDDO0 — Data Direction for Port D
When DDRD bit 5 is zero and MSTR = 1 in SPCR, PD5/SS is a general-purpose output and mode fault
logic is disabled.

0 = Input
1 = Qutput
SPCR — Serial Peripheral Control $1028
Bit 7 6 5 4 3 2 1 Bit 0
[ spie | sPE [ pwom | MsTR | cPoL | cPHA | SPRi | SPRo
RESET: 0 0 0 0 0 1 u u

SPIE — Serial Peripheral Interrupt Enable
0 = SP! interrupt disabled
1 = SPl interrupt enabled

SPE — Serial Peripheral System Enable
0=SPlon
1 = SPI off

DWOM — Port D Wired-OR Mode Option
DWOM affects all six port D pins.
0 = Normal CMOS outputs
1 = Open-drain outputs

MSTR — Master Mode Select
0 = Slave mode
1 = Master mode

CPOL, CPHA — Clock Phase, Clock Polarity (Refer to following figure, SP1 Transfer Format.)
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SCKCYCLE # 1 2 3 4 5 6 7

(FOR REFERENCE) 8
soner-o MUY
| I | | | | l
SCK (CPOL = 1)
sz | {4 v v vy
|
qcPHA=0) DATAOUT —{ 'mse X 6 X 5 X 4 X 3 X 2 X 1 X is8 x —
S | vyl vy Iyl vyl
HCPHA=1) DATAOUT —{ MSB 6 5 4 3 2 1 ts8___ y—
|
SS (TO SLAVE) \ II
)
SPI Transfer Format
SPR1 and SPR0O — SPI Clock Rate Selects
SPI Clock Rate Selects
E Ciock Frequency at
SPR [1:0] Divide By E = 2 MHz (Baud)
00 2 1.0 MHz
01 4 500 kHz
10 16 125 kHz
11 32 _ 62.5 kHz
SPSR — Serial Peripheral Status $1029
Bit7 6 5 4 3 1 Bit0
| sPF [ wecoL | o | MoDF| o | | o | o |
RESET: 0 0 0 0 0 0 0

SPIF — SPI Transfer Compiete Flag
Set when an SPI transfer is complete
Cleared by reading SPSR with SPIF set, followed by SPDR access

WCOL — Write Collision
Set when SPDR is written while transfer is in progress
Cleared by SPSR with WCOL set, followed by SPDR access

Bits 5 and 3—-0 — Not implemented; always read zero

MODF — Mode Fault (A Mode Fault Terminates SPI Operation)
Set when SS is pulled low while MSTR = 1
Cleared by SPSR read with MODF set, followed by SPCR write
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SPDR — SPI Data $102A

Bit 7 6 5 . 4 3 2 1 Bit 0
[ Btz | ¢ | s | 4 | 3 | 2 | 1 | Bito

SPI is double buffered in, single buffered out.

Main Timer

The main timer is based on a free-running 16-bit counter with a four-stage programmable
prescaler. The timer shares port A pins, which can be configured for three timer input captures
(ICs) and four timer output compares (OCs), and either a fourth IC or a fifth OC. Refer to the
following table for crystal-related frequencies and periods.

Timer Summary

XTAL Frequencies
4.0 MHz 8.0 MHz 12.0 MHz Other Rates
Control 1.0 MHz 2.0 MHz 3.0 MHz (E)
Bits 1000 ns 500 ns 333 ns (1/E)
PR [1:0] Main Timer Count Rates
00
1 count 1.0 ps 500 ns 333ns (EN)
overflow 65.536 ms 32.768 ms 21.845 ms (Er216)
01
1 count 40ps 20 us 1.333 ps (E/4)
overflow 262.14 ms 131.07 ms 87.381 ms (5/21 8)
10
1 count 80us 4.0 pus 2.667 us (E/8)
overflow 524.29 ms 262.14 ms 174.76 ms (Er219)
11
1 count 16.0 us 8.0 us 5.333us (E/16)
overflow 1.049 s 524.29 ms 349.52 ms (Er220)
RTR [1:0] Periodic (RTI) Interrupt Rates
00 8.192 ms 4.096 ms 2.731 ms (E213)
01 16.384 ms 8.192 ms 5.461 ms (Er214
10 32.768 ms 16.384 ms 10.923 ms (E215)
11 65.536 ms 32.768 ms 21.845 ms (Er216)
CR [1:0] COP Watchdog Timeout Rates
00 32.768 ms 16.384 ms 10.923 ms (E215)
01 131.07 ms 65.536 ms 43.691 ms (E217)
10 524.29 ms 262.14 ms 174.76 ms (E219)
11 2.097 s 1.049 s 699.05 ms (Er221)
Timeout Tolerance
(-0 ms/+...) 32.768 ms 16.4 ms 10.9 ms (E215)
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NOTE 1. Port A pin actions controlied by DDRA, OC1M, OC1D, PACTL, TCTL1, and TCTL2 registers.
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CFORC — Timer Compare Force $100B

Bit 7 6 5 4 3 2 1 Bit 0
| Foc1 | Foc2 | Focs | Foca | Focs | o | o | o |
RESET: 0 0 0 0 0 0 0 0

FOC5-FOC1 — Force QOutput Compare x Action
0 = Not affected
1 = Qutput compare x action occurs, but OCxF flag bit is not set

Bits 2 — 0 — Not implemented; always read zero

OC1M — Output Compare 1 Mask $100C
Bit 7 6 5 4 3 2 1 Bit 0
| ocim7 | ocime | ociMs [ ocima [octms | o | o [ o |
RESET: 0 0 0 0 0 0 0 0

Set bit(s) to enable OC1 to control corresponding pin(s) of port A
OC1M7-0OC1M3 — Output Compare Masks
0 = OC1 is disabled
1 = OC1 is enabled to control the corresponding pin of Port A.

Bits 2—0 — Not implemented; always read zero

OC1D — Output Compare 1 Data $100D
Bit 7 6 5 4 3 2 1 Bit0
| ocib7 [ ocipe [ ocips [ociba [ociba | o | o | o |
RESET: 0 0 0 0 0 0 0 0

if OC1Mx is set, data in OC1Dx is output to port A bit x on successful OC1 compares

Bits 2-0 — Not implemented; always read zero

TCNT — Timer Count $100E, $100F
$100E | Bit15 14 13 12 11 10 9 Bit8 | High TCNT
$100F Bit7 6 5 4 3 2 1 Bit0 Low

TCNT resets to $0000.

In normal modes, TCNT is read-only.
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TIC1-TIC3 — Timer Input Capture $1010-%$1015

$1010 | Bit15 14 13 12 1 10 9 Bit8 |High TiC1
$1011 Bit 7 6 5 4 3 2 1 Bit 0 Low
$1012 | Bit15 14 13 12 1 10 9 Bit8 |High TIC2
$1013 Bit 7 6 5 4 3 2 1 Bito Low
$1014 | Bit15 14 13 12 1 10 9 Bit8 |[High TIC3
$1015 | Bit7 6 5 4 3 2 1 Bit0 | Low

TICx not affected by reset

TOC1-TOC4 — Timer Output Compare $1016-$101D
$1016 | Bit15 14 13 12 1 10 9 Bit 8 High TOC1
$1017 Bit 7 6 5 4 3 2 1 Bit 0 Low
$1018 | Bit 15 14 13 12 11 10 9 Bit 8 High TOC2
$1019 | Bit7 6 5 4 3 2 1 Bit0 Low
$101A | Bit15 14 13 12 11 10 9 Bit 8 High TOC3
$101B Bit7 6 5 4 3 2 1 Bit 0 Low
$101C | Bit15 14 13 12 1 10 9 Bit 8 High TOC4
$101D Bit 7 6 5 4 3 2 1 Bito Low

All TOCx register pairs reset to ones ($FFFF)

TI405 — Timer Input Capture 4/OQutput Compare 5 $101E, $101F
$101E | Bit15 14 13 12 11 10 9 Bit8 |High TI405
$101F | Bit7 6 5 4 3 2 1 Bito | Low

All TI405 register pairs reset to ones ($FFFF).
TCTL1 — Timer Control 1 $1020
Bit 7 6 5 4 3 2 1 Bito
| om2 | o2 | om3 | o3 [ oma | o4 | oms | oLs
RESET: 0 0 o] 0 0 0 0 0

MC68HC711J6 MOTOROLA
BR782/D 37



OM2-OM5 — Output Mode

OL2-0L5 — OQutput Level

OMx OLx Action Taken on Successful Compare
0] (0] Timer disconnected from output pin logic
0 1 Toggle OCx output line )
1 0 Clear OCx output line to 0
1 1 Set OCx output line to 1

TCTL2 — Timer Control 2 $1021
Bit 7 6 5 4 3 2 1 Bit 0
| EDG4B | EDG4A | EDG1IB | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A
RESET: 0 0 0 0 ] 0 0 o]
Timer Control Configuration
EDGxB EDGxA Configuration
0 o] Capture disabled
o 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge
TMSK1 — Timer Interrupt Mask 1 $1022
Bit7 6 5 4 3 2 1 BitO
[ octi | ocal | ocal | ocar | uosI | ic11 | icat | ical |
RESET: 0 0 o 0 0 0 0 0

OC11-0C4l — Cutput Compare x Interrupt Enable

14051 — Input Capture 4 or Output Compare 5 Interrupt Enable

IC1-IC3! — Input Capture x Interrupt Enable
NOTE

Bits in TMSK1 correspond bit for bit with flag bits in TFLG1. Ones in TMSK1
enable the corresponding interrupt sources. :
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TFLG1 — Timer Interrupt Flag 1 $1023

Bit 7 6 5 4 3 2 1 Bit 0
| octF | oceF | ocaF | ocar | MosF | iciF | Ic2F | IC3F |
RESET: 0 0 0 0 0 0 0 0

Cleared by writing a one to the corresponding bit position(s).

OC1F-0OC4F — Output Compare x Flag
Set each time the counter matches output compare x value.

1405F — Input Capture 4/Output Compare 5 Flag
Set by IC4 or OC5, depending on which function was enabled by 1405 of PACTL.

IC1F-IC3F — Input Capture x Flag
Set each time a selected active edge is detected on the ICx input line.

TMSK2 — Timer Interrupt Mask 2 $1024
Bit 7 6 5 4 3 2 1 Bit 0
[ 7o | rin [Paovi| PA ] o [ o | PR | PRO
RESET:  © 0 0 0 0 0 0 0

TOI — Timer Overflow Interrupt Enable
RTIl — Real-Time Interrupt Enable
PAOVI — Pulse Accumulator Overflow Interrupt Enable

PAIl — Pulse Accumulator Interrupt Enable
NOTE

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones in TMSK2
enable the corresponding interrupt sources.

Bits 3—2 — Not implemented; always read zero

PR1 and PR0O — Timer Prescaler Select
In normal modes, PR1 and PRO can only be written once, and the write must be within 64 cycles after
reset. Refer to timer summary table for specific timing values.

PR [1:0] Prescaler
00 1
01 4
10 8
11 16
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TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit0
[ ToF | RF JPaove| PAF | o | o | o 0
RESET: 0 0 o 0 0] 0 0 o
Cleared by writing a one to the corresponding bit position(s)
TOF — Timer Overflow Flag
Set when TCNT changes from $FFFF to $0000
RTIF — Real-Time (Periodic) Interrupt Flag
Set periodically (See RTR1:0 bits in PACTL register)
PAOVF — Pulse Accumulator Overflow Flag
Set when PACNT changes from $FF to $00
PAIF — Pulse Accumulator input Edge Flag
Set each time a selected active edge is detected on the PAl input line
Bits 3—0 — Not implemented; always read zero
PACTL — Pulse Accumulator Control $1026
Bit 7 6 5 4 3 2 1 Bit 0
o | PAEN |PAmMOD |PEDGE| o 1405 | RTR1 | RTRO
RESET: 0 0 0 0 0 0 0 0

Bits 7 and 3 -— Not implemented; always read zero
Bits 6-4 and 2 — Refer to Pulse Accumulator.
RTR1-RTRO — RTI Interrupt Rate Selects
These two bits select one of four rates for the real-time periodic interrupt circuit. Refer to the following

table for additionatl detail.

Real-Time Interrupt Rates

RTR [1:0] Divide E By | XTAL = 40 MHz | XTAL = 8.0 MHz | XTAL = 12.0 MHz
00 213 8.19ms 4.096 ms 2731 ms
01 214 16.38 ms 8.192 ms 5461 ms
10 215 32.77 ms 16.384 ms 10.923 ms
11 216 65.54 ms 32.768 ms 21.845 ms
E= 1.0 MHz 2.0MHz 3.0 MHz
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Pulse Accumulator

The MC68HC711J6 has an 8-bit counter that can be configured to operate as a simple event
counter or as a gated time accumulator, depending on the PAMOD bit in the PACTL register. The
pulse accumulator counter can be read or written at any time. The port A, bit 7, 1/O pin can be
configured as a clock in event counting mode, or as a gate signal to enable a free-running clock (E
divided by 64) in gated time accumulation mode.

Pulse Accumulator Timing

Common XTAL Frequencies
Selected
Crystal 4.0 MHz 8.0 MHz 12.0 MHz
CPU Clock (E) 1.0 MHz 2.0 MHz 3.0 MHz
Cycle Time (1/E) 1000 ns 500 ns 333 ns
Pulse Accumulator (in Gated Mode)
(E/28) 1 count 64.0 us 32.0 us 21.33 ps
(Er214) overflow 16.384 ms 8.192 ms 5.461 ms
PAOVI
PAOVF D——@
‘ INTERRUPT
PAIl REQUESTS
PAIF
E + 64 CLOCK "
(FROM MAIN TIMER) 2l- 3w
by P -
L Lt 11 Ll 1111
TMSK2 INTENABLES [ —<€3>] TFLG2 INTERRUPT STATUS
PAI EDGE AA T
DISABLE
> } PAEN | FLAG SETTING
+ ‘ OVERFLOW
PN > CLOCK
PA7/ INPUT BUFFER 21 -=-3»1 PACNT 8BIT COUNTER
TECTOR —>>
< DATA A ENABLE
OUTPUT (——Y BUS \
BUFFER PAEN
*
FROM |
MAIN TIMER =818
oc 21Z(e
DDA7 & L1t
PACTL CONTROL <>\
INTERNAL
¢ DATA BUS

Pulse Accumulator Block Diagram
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TMSK2 — Timer Interrupt Mask 2 $1024

Bit 7 6 5 4 3 2 1 Bit0
| Too | Rn [Paovi| Pat | o | o | PRt | PRO |
RESET: 0 0 0 0 0 0 0 0

For a description of bits 7-6 and 1-0, refer to Main Timer.
PAOVI — Puise Accumulator Overflow Interrupt Enable
0 = Puise accumulator overflow interrupt disabled
1 = Interrupt requested when bit PAOVF of TFLG2 is set

PAIl — Pulse Accumulator Interrupt Enable

NOTE

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2.
Ones in TMSK2 enable the corresponding interrupt sources.

Bits 3—2 — Not implemented; always read zero

TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit 0
[ ToF | RF JPaovr[ PAF | o | o [ o | o |
RESET: 0 0 0 0 0 0 0 0

Cleared by writing a one to the corresponding bit position(s). For a description of bits 7-6, refer to
Main Timer.

PAOVF — Puise Accumulator Overflow Flag
Set when PACNT changes from $FF to $00.

PAIF — Pulse Accumulator Input Edge Flag
Set each time a selected active edge is detected on the PAl input line.

Bits 3—0 — Not impiemented; always read zero
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PACTL — Pulse Accumulator Control $1026

Bit 7 6 5 4 3 2 1 Bit 0
[ o [ PaeNn [PamoD|PEDGE| o | 405 | RTR1 | RTRo |
RESET: 0 0 0 0 0 0 0 0

Bits 7 and 3 — Not implemented; always read zero

PAEN — Pulse Accumulator System Enable
0 = Pulse Accumulator disabled
1 = Pulse Accumulator enabled

PAMOD — Pulse Accumulator Mode
0 = Event counter
1 = Gated time accumulation

PEDGE — Pulse Accumulator Edge Control
0 = Falling edges increment counter: high level enables accumulation
1 = Rising edges increment counter: low level enables accumulation

For a description of bits 2-0, refer to Main Timer.

PACNT — Pulse Accumulator Count $1027
Bit7 6 5 4 3 2 1 Bit 0
Bit 7 6 | 5 | 4 | 3 | 2 1| Bito
u U U U U U U U
Readable and writable
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