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SECTION 1
INTRODUCTION

This section depicts the general characteristics and special features of the
MC68HC11F1 high-density complementary metal oxide semiconductor
(HCMOS) microcontroller unit (MCU).

This document contains condensed information on the MC68HC11F1 MCU.
For more detailed information, see M68HC11RM/AD, M68HC11 Reference
Manual available at the local Motorola sales office.

1.1 THE MOTOROLA MC68HC11F1 MCU

The MC68HC11F1 MCU contains highly sophisticated on-chip peripheral func-
tions. This high-speed, low-power MCU has a nonmultiplexed bus with a
nominal bus speed of 2 MHz. The fully static design allows operations at
frequencies down to dc.

1.2 SPECIAL FEATURES

Refer to Figure 1-1 and the following list for hardware and software features
of the MC68HC11F1:

Expanded 16-Bit Timer System with Four-Stage Programmable Prescaler
Enhanced Nonreturn-to-Zero (NRZ) Serial Communications Interface (SCl)
Eight-Channel 8-Bit Analog-to-Digital (A/D) Converter

Block Protect Mechanism for EEPROM and CONFIG

Nonmultiplexed Expanded Bus

68-Pin Packaging

Power-Saving STOP and WAIT Modes

64K Memory Addressability

MOTOROLA MC68HC11F1 TECHNICAL DATA 1-1
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Features (Continued)
® Serial Peripheral Interface (SPI)
® 512 Bytes of EEPROM
® 8-Bit Pulse Accumulator Circuit
® 1024 Bytes of Static RAM (All Saved During Standby)
® Bit Test and Branch Instructions
® Real-Time Interrupt Circuit
® Four Programmable Chip Selects

® Computer Operating Properly (COP) Watchdog System

MOTOROLA MC68HC11F1 TECHNICAL DATA



14

MC68HC11F1 TECHNICAL DATA

MOTOROLA



SECTION 2
OPERATING MODES AND SIGNAL DESCRIPTIONS

This section describes the operating modes and signals of the MC68HC11F1
MCU.

2.1 OPERATING MODES

Although it is intended to operate principally in expanded mode, the
MC68HC11F1 uses two dedicated pins, MODA and MODB, to select one of
two normal operating modes or one of two special operating modes. The
normal operating modes are the single-chip and expanded-nonmultiplexed
modes. The special operating modes are the bootstrap and test modes. Mode
selection according to the values encoded on the mode select pins (MODA
and MODB) is shown in the following table:

MODA | MODB Mode Selected
0 1 Single Chip
1 1 Expanded Nonmultiplexed
0 0 Special Bootstrap
1 0 Special Test

2.1.1 Single-Chip Mode

In the single-chip mode, the MCU functions as a self-contained microcon-
troller and has no external address or data bus. The 512-byte EEPROM would
contain all program code and is forced to $FE00-$FFFF. This mode provides
maximum use of the pins for on-chip peripheral functions, and all the address
and data activity occurs within the MCU.

2.1.2 Expanded-Nonmultiplexed Mode

In the expanded-nonmultiplexed mode, the MCU can address up to 64K bytes
of address space. High-order address bits are output on the port B pins, and
low-order address bits are output on port F. The bidirectional data bus ap-
pears on port C. The read/write (R/W) pin is used to control the direction of

MOTOROLA MC68HC11F1 TECHNICAL DATA 2-1



data transfer on the port C bus. Programmable chip selects are available on
port G pins, PG7-PG4.

2.1.3 Bootstrap Mode

This special mode is similar to single-chip mode. The resident bootloader
program allows a variable length program to be loaded into on-chip RAM
through the SCI port. Program control is passed to RAM when an idle line
of at least four characters occurs. In this mode, all interrupt vectors are
mapped to RAM (see Table 2-1) so that the user can set up a jump table, if
desired.

Table 2-1. Bootstrap Mode Jump Vectors

Address Vector
00C4 SCI
00C7 SPI
00CA Pulse Accumulator Input Edge
00CD Pulse Accumulator Overflow
00D0 Timer Overflow
00D3 Timer Output Compare 5/Input Capture 4
00D6 Timer Output Compare 4
00D9 Timer Output Compare 3
00DC Timer Qutput Compare 2
00DF Timer Output Compare 1
00E2 Timer Input Capture 3
00E5 Timer Input Capture 2
00E8 Timer Input Capture 1
00EB Real-Time Interrupt
00EE IRQ
00F1 XIRQ
00F4 SWI
00F7 lilegal Opcode
00FA COP Fail
00FD Clock Monitor
BFOO (Boot) |Reset

2-2 MC68HC11F1 TECHNICAL DATA MOTOROLA



This versatile mode can be used for test and diagnostic functions on com-
pleted modules and for programming the on-chip EEPROM. The serial receive
logic is initialized by software in the bootloader ROM, which provides pro-
gram control for the SCI baud rate and word format. Mode switching can
occur under program control by writing to the SMOD and MDA bits of the
HPRIO register.

Two special bootloader functions allow either an immediate jump to RAM
at memory address $0000 or an immediate jump to EEPROM at $FEQO.

2.1.4 Test Mode

This special expanded mode is primarily intended for production testing.
However, it can be used to program calibration or personality data into the
internal EEPROM. The 512-byte EEPROM is initially turned off in this mode.
The user can access a number of special test control bits. Reset and interrupt
vectors are fetched externally from locations $BFCO-$BFFF. A switch can be
made from this mode to other modes under program control.

2.2 SIGNAL DESCRIPTION

The following paragraphs describe the signals necessary to the various func-
tions of the MCU.

2.2.1 Vpp and Vgg

Power is supplied to the MCU using these two pins. Vpp is power (+5 V
+10%), and Vgg is ground (0 V).

2.2.2 RESET

This active-low bidirectional control pin is used as an input to initialize the
MCU to a known startup state. It is also used as an open-drain output to
indicate that an internal failure has been detected in either the clock monitor
or in the COP circuit.

MOTOROLA MC68HC11F1 TECHNICAL DATA 2-3



2.2.3 XTAL and EXTAL

These pins provide the interface for either a crystal or a CMOS-compatible
clock to control the internal clock generator circuitry. The frequency applied
must be four times higher than the desired clock rate. Refer to Figure 2-1 for
crystal and clock connections.

2.2.4 E Clock

This pin provides an output for the internally generated E clock, which can
be used for timing reference. The frequency of the E-clock output is one-
fourth that of the input frequency at the XTAL and EXTAL pins.

2.25 4XOUT

This pin, which provides an output for the 4X buffered clock (4 times the E-

clock frequency), can be used to drive the clock input of another processor.

This output is enabled out of reset and can be disabled by clearing the CLK4X
" bit of the OPT2 register. CLK4X is writable one time out of each reset.

2.2.6 IRQ

The IRQ pin provides the capability for asynchronously applying interrupts
to the MCU. Either negative edge-sensitive triggering or level-sensitive trig-
gering is program selectable by using the IRQE bit of the OPTION register.
This pin is configured as level sensitive during reset. An external resistor
connected to Vpp is typically required on IRQ.

2.2.7 XIRQ

The XIRQ pin provides the capability for asynchronously applying non-
maskable interrupts to the MCU. During reset, the X bit in the condition code
register is set, masking any interrupt until enabled by software. This level-
sensitive input typically requires an external pullup resistor to Vpp.

2-4 MC68HC11F1 TECHNICAL DATA MOTOROLA
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2.2.8 MODA/LIR and MODB/VgTRY

During reset, these pins are used to implement the two normal or two special
modes of operation. The LIR output can be used as an aid to debugging once
reset is completed. The open-drain LIR pin goes to an active low during the
first E-clock cycle of each instruction and remains low for the duration of that
cycle. The VgTRY input is used to retain RAM contents during powerdown.

2.2.9 VRL and VRH

These pins provide the reference voltage for the A/D converter.

2.2.10 R'W

The R/W output is used to control the direction of transfers on the external
data bus in expanded-nonmultiplexed mode. A low on this pin indicates that
data is being written to the external data bus. A high on this pin indicates
that a read cycle is in progress. R/W stays high during single-chip and boots-
trap modes.

2.2.11 INPUT/OUTPUT LINES (PA7-PAO, PB7-PB0, PC7-PCO0, PD5-PDO,

PE7-PEO, PF7-PF0, PG7-PG0)

The 54 input/output (I/0) lines are arranged into six 8-bit ports (ports A, B,
C, E, F, and G) and one 6-bit port (port D). Most of these ports serve more
than one purpose, depending on the operating mode or peripheral functions
selected. Table 2-2 shows the functions of each port and line as the operating
mode changes.

Table 2-2. Port Signal Functions (Sheet 1 of 2)

Port Bit Single-Chip and Expanded-Nonmultiplexed
Bootstrap Modes and Special Test Modes

A 0 PA0/IC3 PAO/IC3

A 1 PA1/IC2 PA1/IC2

A 2 PA2/IC1 PA2/IC1

A 3 PA3/IC4/0C5 (and/or OC1) | PA3/IC4/OC5 (and/or OC1)

A 4 PA4/0C4 (and/or OC1) PA4/0C4 (and/or OC1)

A 5 PA5/0C3 (and/or OC1) PA5/0C3 (and/or OC1)

A 6 PA6/0C2 (and/or OC1) PAB/0OC2 (and/or OC1)

A 7 PA7/PAIl (and/or OC1) PA7/PAIl (and/or OC1)
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Table 2-2. Port Signal Functions (Sheet 2 of 2)

Port Bit Single-Chip and Expanded-Nonmultiplexed
Bootstrap Modes and Special Test Modes
B 0 PBO A8
B 1 PB1 A9
B 2 PB2 A10
B 3 PB3 A1
B 4 PB4 A12
B 5 PB5 A13
B 6 PB6 Al4
B 7 PB7 A15
C 0 PCO DO
C 1 PC1 D1
C 2 PC2 D2
C 3 PC3 D3
C 4 PCa D4
C 5 PC5 D5
C 6 PC6 D6
C 7 PC7 D7
D 0 PDO/RxD PDO/RxD
D 1 PD1/TxD PD1/TxD
D 2 PD2/MISO PD2/MISO
D 3 PD3/MOSI PD3/MOSI
D 4 PD4/SCK PD4/SCK
D 5 PD5/SS PD5/SS
E 0 PEO/ANO PEO/ANO
E 1 PE1/AN1 PE1/AN1
E 2 PE2/AN2 PE2/AN2
E 3 PE3/AN3 PE3/AN3
E 4 PE4/AN4 PE4/AN4
E 5 PE5/AN5S PE5/AN5
E 6 PE6/ANG6 PE6/ANG
E 7 PE7/AN7 PE7/AN7
F 0 PFO A0
F 1 PF1 A1l
F 2 PF2 A2
F 3 PF3 A3
F 4 PF4 A4
F 5 PF5 A5
F 6 PF6 A6
F 7 PF7 A7
G 0 PGO PGO
G 1 PG1 PG1
G 2 PG2 PG2
G 3 PG3 PG3
G 4 PG4 PG4/CSI02
G 5 PG5 PG5/CSIO1
G 6 PG6 PG6/CSGEN
G 7 PG7 PG7/CSPROG
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SECTION 3
MEMORY AND CONTROL AND STATUS
REGISTERS

This section describes the memory, memory subsystems mapping, and the
mapping of the control and status registers of the MC68HC11F1 MCU.

3.1 MEMORY

Figure 3-1 illustrates the memory map for all four modes of operation: single
chip, expanded nonmultiplexed, special bootstrap, and special test. Since
this chip is intended to operate principally in expanded mode, there is no
internal ROM and the bus is nonmultiplexed. Memory consists mainly of 64K
of external-memory-addressing capability available to the user. On-chip, there
are 1K of static RAM, 512 bytes of EEPROM, and 96 bytes of status and control
registers, all of which are mappable to any 4K boundary in memory. In
addition, 256 bytes of bootloader ROM are present only in special bootstrap
mode.

3.2 MEMORY SUBSYSTEMS MAPPING

Using the INIT register, the 96-byte control and status register block and the
1K of static RAM are mappable to any 4K boundary in memory. However,
reset locates the RAM from $0000-$03FF and register space from $1000-$105F,
where 1 represents the decoded value of the four low-order bits of the INIT
register. The EEPROM is enabled by the EEON bit of the CONFIG register. In
expanded-nonmultiplexed and special-test modes, it is located from
$XE00-$xFFF (where x represents the value of the four high-order bits of the
CONFIG register). In single chip and bootstrap modes, the EEPROM is located
from $FEO0-$FFFF. Bootstrap ROM is mapped to location $BFO0-$BFFF upon
transition to bootstrap mode. Should mapping conflicts arise, the register
block takes priority over RAM, and the bootstrap ROM has priority over
EEPROM.
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$0000
$1000
$2000
$3000
$4000
$5000
$6000
$7000
$8000
$9000
$A000
$B000
$C000
$D000
$E000
$F000

SFFFF

o0 1024 BYTES RAM
sazF | (MAY BE REMAPPED TO ANY 4
LU LI 77447 BOUNDARY BY THE INIT REGISTER)
EXTERNAL EXTERNAL
777 y777777 77 STooo]  96-BYTE REGISTER BLOCK
i ] (MAY BE REMAPPED TO ANY 4K

B 7 $105F | BOUNDARY BY THE INIT REGISTER)
= - - -
- - — -
EXTERNAL EXTERNAL

256 BYTES
- . 5 -/ [[s8r ] ooT ROM
= . 57 F--CC $BFFF $BFCO SPECF:AL MODEEST

—~__ L_sBFFe_| INTERRUPT VECTORS
R i 5 _
- - - —

512 BYTES (IN EXPANDED MODES, MAY BE REMAPPED TO
- - = 41/ [ SFEQ0_] EepROM_ ANY 4K BOUNDARY BY THE CONFIG REGISTER)

VA, 1445 (/77777 SFFFF SFFCO | NORMAL MODES
SINGLE EXPANDED SPECIAL SPECIAL T~ L_SFEFE_J INTERRUPT VECTORS
CHIP NONMULTIPLEXED BOOTSTRAP TEST

NOTE: The EEPROM can be enabled in special test mode by writing a one to the EEON bit of the CONFIG register after reset.

Figure 3-1. Memory Map



3.3 CONTROL AND STATUS REGISTERS

There are 96 bytes of status and control registers that are used to control
the operation of the MCU. The registers can be relocated to any 4K boundary
in memory, but default to location $1000-$105F after reset. To indicate this
remappability and default, the address of any remappable register begins
with a bold 1. Figure 3-2 is a complete listing of the registers and reserved
locations that comprise the control and status register block in memory.

3.4 RAM AND /O MAPPING REGISTER (INIT)

The INIT register is a special-purpose 8-bit register that is used during ini-
tialization to change the default locations of RAM and control registers within
the MCU memory map. It can be written to only once within the first 64 E-
clock cycles after a reset in normal modes. Thereafter, it becomes a read-
only register.

7 6 5 4 3 2 1 0
$1030 | Ram3 | Rram2 | rami | ramo | Rees | Reez | Ree1 | meo | iniT

RESET: 0 0 0 0 0 0 0 1

Since the INIT register is set to $01 by reset, the default starting address for
RAM is $0000 and $1000 for the control and status registers. RAM3-RAMO
(bits 7-4) specify the starting address for the 1K of RAM. REG3-REGO (INIT
bits 3-0) specify the starting address for the control and status register block.
In each case, the four RAM or REG bits become the four most significant bits
of the 16-bit address of the RAM or register being written. The remaining
twelve bits of the 16-bit address express the final three characters of the
address.

Throughout this document, control and status register addresses are dis-
played with the high-order digit shown as a bold numeral 1, which indicates
that the register block may be relocated to some 4K memory page other than
its default position of $1000.

RAM and the control and status registers can be relocated independently. If
the control and status registers are relocated in such a way as to conflict
with RAM, then the register block takes priority, and the RAM at those lo-
cations becomes inaccessible. No harmful conflicts result. Lower priority
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s000 [ Pa7 [ pas [ pas [ pad [ pas | w2 pal_| PAo_ |PoRTA
s1000 | ppA7 | ooas [ ooas | ooas | ooas | ooaz [ ooar | oppao ]oora
s1002 | P67 | Pes | Pes | paa | pe3 | pe2 PGi_| PGo_ |PORTG
$1003 [ _DDG7 | ooes | opocs | opga | opes | ooz | oGl | DDGo |DDRG
sto¢ | pe7 | pes | pes | pea | pes | ee2 | ee1 | peo |eorTB
stos | prr | prs | prs [ pra | P [ PR Pri | pro]porTF
st006 [ pc7 | pcs | pes | pca | pes | p2 pct_ | pco |porTc
s1007 [ ooc7 | ooce | oocs [ ooca | pocs | ooca [ ooct | poco |oore
si08 [ 0o [ o [ pos [ poa | pos | pm PDi_| PDO_ |PORTD
s1009 [ o [ o [ ooos [ ooos | ooos | poo2 [ oot | pooo ]ooro
stwoa [ per | pes [ pes [ pee | pes [ P2 pEl_| PEo |PoRTE
s1008 [ Foct | rFoc2 | rocs [ Foca [ Focs [ o o [ o Jerore
s100c [ octmz | ocime | ocims [ ocima Jocims [ o 0o | o Jocm
s1000 [ ocio7 [ ocioe | ocips [ ocios Jocios [ o o [ o Jocio
s100 | Bit1s | Bit1a | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8 |TCNT
st00F [ Bit7 [ Bit6 | Bits | Bita | Bit3 | 8tz | Bit1 | Bito

s110 [ 8it1s | sit1a [ Bit1s [ sitiz | g1t [ sicw [ sits [ Bits |nc
swon [ _Bit7 [ Bite [ Bits | Bita | Bit3 | sit2 | Bit1 | Bito

$1012 | Bitis | Bit1a [ Bit13 | sici2 | sit1r [ Bit1o | Bits | Bits |mice
s1013 | _Bit7 | Bite | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito

s1014 | Bit1s | Bi14 | Bit13 | mii2 | sienn [ B0 [ Bt [ sits |ncs
$1015 | Bit7 | Bite | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

$1016 | Bit1s | Bit14 | Bit13 | Bit12 | Bit1 | Bit1o | Bt | Bits |roct
s107 [ 8it7 [ Bit6 | Bits | Bita | B3 | Btz | Bit1 | Bit0

s1018 | Bit1s | Bit1a [ Bit13 | stz | Bttt [ sicto | sits | Bits |roc2
s1009 | Bit7 [ Bit6 | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

s100A | sit1s [ Bit1a [ Btz | i1z | i1 [ it [ it [ sits Jrocs
s1008 [ Bit7 | Bit6 | Bits | Bit4a | B3 | Bit2 | Bit1 | Bit0

stwic [ sit1s [ sitia [ Bit13 [ sit12 | sit1i | sit1o | Bits | sits |rocs
st | Bit7 [ Bit6 | Bits | Bits | Bit3 | Btz | Bit1 | Bito

$101€ | Bit1s | Bit1a | Bit13 [ sit12 | Bit11 | Bit1o | Bits | Bits |r4os
s11F | _Bit7 | Bite | Bits | Bita | Bit3s | Bit2 | Bit1 | Bit0

sto0 [ om2 [ o2 T oms [ os [ oma J oe T oms | o5 Jrer
$1021 [ epesB | encea [ epcie | eoeia | eoces [ eocoa | epcss | epcaa Jrci
s1022 | oct [ oca | ocar [ ocar [ wosi [ icn [ ica | icsr ]iwsk
s1023 | ociF [ ocoF | ocsr [ ocar [ wosr | icir [ icor [ icsr Jrrien
s104 | 7o | Rt [ eaovi [ pan I o T o | pri [ Pro Jrmskz

1/0 Port A

Data Direction for Port A
1/0 Port G

Data Direction for Port G
1/0 Port B

1/0 Port F

1/0 Port C

Data Direction for Port C
1/0 Port D

Data Direction for Port D
1/0 Port E

Compare Force Register
0C1 Action Mask Register
0C1 Action Data Register

Timer Counter Register

Input Capture 1 Register

Input Capture 2 Register

Input Capture 3 Register

Output Compare 1 Register

Output Compare 2 Register

Output Compare 3 Register

Output Compare 4 Register

Input Compare 4/0utput

Capture 5 Register

Timer Control Register 1
Timer Control Register 2
Timer Interrupt Mask Reg. 1
Timer Interrupt Flag Reg. 1

Timer Interrupt Mask Reg. 2

Figure 3-2. Control and Status Registers (Sheet 1 of 2)
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$1025
$1026
$1027
$1028
$1029
$102A
$1028
$102C
$102D0
$102E
$102F
$1030
$1031
$1032
$1033
$1034
$1035
$1036
$1037
$1038
$1033
$103A

$1038

$103C
$103D
$103E
$103F
$1040
70
$105B
$105C
$105D
$105E

$105F

MOTOROLA

[ toF [ rur Tpaove] par T 0o T o T o [ o Jre
{ o [ raen [ramon ] peoce | o [ wos [ rimi | mimo Jeactt
[ Bit7 ] site | Bits | sita | 8it3 | Bit2 | Bit1 | Bito |PACNT
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[ser JTweor T 0 JTmoor ] 0o T o J o [ o Jsesr
{ Bit7 | site | Bits [ sita | sit3s | sit2 | Bit1 | Bito |spor
[[tetm [ o [ scei ] scpo [ Rek | scrz [ scri | scro |saup
[ e T 7 [ o I m Jwae] o J o T o Jscem
[ me T roe T me T we T e T me T mwu [ sBk ]sccre
[ tore T 7c T ororr [ e J or T ~ [ /e | 0 Jscsr
[ sit7 [ Bite [ Bits [ sita | sit3s | stz [ Bit1 | 8ito |scor-
[cee T o Jsean muer | eo J cc [ 8 | ca Janem
[ Btz [ sis [ sits [ sita | 83 | stz [ sit1 [ Bito Jaom
[ 8it7 | site | Bits | sita | Bit3s | stz | Bit1 | Bito JADR2
[ Bit7 [ site [ Bits [ sita | 8it3 | sit2 | Bit1 | Bito JaoRs
[ Bit7 | site | Bits | sita | Bit3 | sit2 | Bit1 | Bito |ADRe
[ o T o T o Terrcon ] srars | ser2 | BeRT1 [ BPRTO |BPROT
I I l T | [ r [ lReserved
[ [ [ [ 1 [ [ | JReserved
[owom Jewom Jekax T — T — T — T — [ — o
[ aopu T cse | moe | oy | ome [ reme [ cri | cro JopTion
[ sit7 [ Bite | Bits | sita | 8its | sitz | Bit1 | Bit0 |cOPRST
[ ooo T even T o T svie | row [ emase | eetat | eerom |prroc
[reoot [ smap [ moa [ mv_ [ pseis | pselz [ Pseui | Psewo JHPRIO
[ rams T ramz2 | rami ] mamo | Recs [ Reca [ ReGr | ReGo |NiT
[[mor T — T ocer J caye [ oisk [ rem [ Fecor | — Jresm
[ ees T e2 [ e ] eo [ 1+ Jwnocor ] 1 econ Jconris
L I I ] | | I T Ireservea
[ I [ 1 [ 1 [ I [Reserved
[Cio1sa [ 101s8 | 102sa [ 102s8 | GstHA | GsThB | PsTHA | PsTHB |cssTRH
[ i01en | ioree | 1o2en T 1o2ec | cespr | pesen [ psiza | psize |cscri
[oms [ oaa T oms [ ea1z J ean [ eao [ — | — Jcscaor
[io1av T io2av T — T onpor | cavio [ esiza [ esizs [ esizc_]esesiz

Timer Interrupt Flag Reg. 2
Pulse Accum. Control Reg.
Pulse Accum. Count Reg
SPI Control Register

SPI Status Register

SPI Data Register

SC!I Baud Rate Control

SCI Control Register 1

SCI Control Register 2

SCI Status Register

SCI Data {Read RDR, Write TDR)
A/D Control Register

A/D Resuilt Register 1

A/D Result Register 2

A/D Result Register 3

A/D Result Register 4

EEPROM Block Protect Reg

System Configuration Options 2 Reg.
System Configuration Options
Arm/Reset COP Timer Circuitry

EEPROM Prog.Control Reg.

Highest Priority 1-Bit Interrupt and Misc.
RAM and 1/0 Mapping Reg.
Factory Test Control Register

COP, ROM, and EEPROM Enables

Chip Select Clock Stretch Reg.
Chip Select Control Register
General-Purpose Chip Select Address Reg.

General-Purpose Chip Select Size Reg.

Figure 3-2. Control and Status Registers (Sheet 2 of 2)
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resources simply become inaccessible. Similarly, if an internal resource con-
flicts with an external device, no harmful conflict results. Data from the ex-
ternal device is not applied to the internal data bus, thus it cannot interfere
with the internal read.

NOTE

There are unused register locations in the 96-byte control and status
register block. Reads of these unused registers return data from the
undriven internal data bus, not from another source that happens
to be located at the same address.
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SECTION 4
INPUT/OUTPUT PORTS

The MC68HC11F1 is equipped with six 8-bit /0 ports (A, B, C, E, F, and G)
and one 6-bit I/0 port (D). Ports B, C, F, and G I/O functions are controlled
by the particular mode of operation selected. In the single-chip and bootstrap
modes, they are configured as parallel /0 data ports. In expanded-nonmul-
tiplexed and test modes, ports B, C, F, G, and pin R/W are configured as a
memory expansion bus, with ports B and F as the address bus, port C as the
data bus, the R/W pin as data bus direction control, and the upper four bits
of port G as external chip selects.

The remaining ports are unaffected by mode changes. Ports A, D, and G can
be used as general-purpose I/0O ports, though each has an alternate function.
Port E can be used for general-purpose static inputs and/or A/D converter
channel inputs. Port A bits control the timer functions. Port D handles the
SPI and SCI functions.

While exercising their general-purpose 1/0O function, ports A, C, D, and G are
under the control of data direction registers (DDR) and port data registers
(PORT) A, C, D, and G, respectively.

4.1 PORT A

Port A is an 8-bit general-purpose I/0 port with both a data register (PORTA)
and a data direction register (DDRA). In addition, port A can be configured
for timer input capture (IC) functions, timer output compare (OC) functions,
or the pulse accumulator function.
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4.1.1 Port A Data Register (PORTA)

7 6 5 4 3 2 1 0
st000| pa7 | pae | pas | pas | pas | pa2 | par [ pao |PoRTA
RESET: 0 0 0 0 0 0 0 0

Alternate Pin Function: ~ PAI  0C2  0C3  0C4  OC5IC4  ICI Ic2 Ic3
and/or: oc1 oc1 0c1 oct oc1 — —

PORTA can be read any time. Inputs return the pin level, while outputs return
the pin driver input level. If written, PORTA stores the data in an internal
latch. It drives the pins only if they are configured as outputs. Writes to PORTA
do not change the pin state when the pins are configured for timer output
compares.

4.1.2 Port A Data Direction Register (DDRA)

7 6 5 4 3 2 1 0
s1001 | opa7 | ppas | ppas | opoas | ppbas | ppba2 | ppbar | poao | oora

RESET: 0 0 0 0 0 0 0 0

1=_Corresponding port A I/O pin is configured as output.
0=_Corresponding port A I/O pin is configured for input only.

The timer forces the 1/O state to be an output for each port A bit associated
with an enabled output compare. In such a case, the DDRA bits are not
changed, but lose immediate control of the associated port A bit. The DDRA
regains control of the 1/0 state of the pin once the associated timer output
compare is disabled. Enabling an input capture function does not force the
direction of the associated port A pin.
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4.2 PORT B (PORTB)

In the single-chip mode, all port B pins are general-purpose output pins
(PB7-PBO0). In the expanded-nonmultiplexed mode, all of the port B pins act
as high-order address bits (A15-A8) of the address bus, and accesses to port
B are treated as external accesses.

7 6 5 4 3 2 1 0
swoa | pe7 | pes | pes | pea | pes | es2 | pB1 | pBo | PoRTB
RESET: 0 0 0 0 0 0 0 0

Alternate Pin Function: A15 A14 A13 A12 All A10 A9 A8

While the MCU is operating in single chip or bootstrap mode, a read of port
B returns the sensed levels at the inputs of port B pin drivers, while a write
causes data to be stored in an internal latch which in turn drives the port B
pins.

4.3 PORTC

Port C is an 8-bit, general-purpose 1/O port with a data register (PORTC) and
a data direction register (DDRC). In the single-chip mode, port C pins are
general-purpose I/0 pins (PC7-PCO0). In the expanded-nonmultiplexed mode,
port C is the data bus (D7-D0), and accesses to port C are treated as external
accesses. Bidirectional data pins are controlled by the R/W signal in expanded
modes. Port C can be configured for wired-OR operation in single-chip mode
by setting the CWOM bit of the OPT2 register.

4.3.1 Port C Data Register (PORTC)

7 6 5 4 3 2 1 0
stwo06 | pc7 | pos | pes | pea | pes | pca | por | poo | pomTe
RESET: 0 0 0 0 0 0 0 0

Alternate Pin Function: D7 D6 D5 D4 D3 D2 D1 Do

While the MCU is operating in single chip or bootstrap mode, PORTC can be
read at any time. Inputs return the sensed level at the pin while outputs return
the input level of the port C pin drivers. If PORTC is written, the data is stored
in an internal latch, which in turn drives port C pins that are configured as
outputs. If a port C pin is changed from an input to an output, the pin is
driven to the value last written to the internal port C latch.
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4.3.2 Port C Data Direction Register (DDRC)

7 6 5 4 3 2 1 0
$1007 | ooc7 | oocs | oocs | ooca | oocs | ooca | ooci | ooco | oore

RESET: 0 0 0 0 0 0 0 0

1=Corresponding port C I/O pin is configured as output.
0=Corresponding port C I/0O pin is configured for input only.

4.4 PORTD

Port D is a 6-bit, general-purpose I/0 port with a data register (PORTD) and
a data direction register (DDRD). In all modes, the six port D bits (D5-DO0)
can be used for general-purpose I/O, or for the SCI and SPI subsystems. Port
D can also be configured for wired-OR operation.

4.4.1 Port D Data Register (PORTD)

7 6 5 4 3 2 | 0
sw08| o | o | pos | eoa | pos [ ep2 | po1 | Poo | PoRTD
RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: — — SS SCK N MISO TxD RxD

PORTD can be read at any time. Inputs return the sensed levels at the pin;
while outputs return the input level of the port D pin drivers. Reads to bits
6 and 7 always return zeros. If PORTD is written, the data is stored in an
internal latch, which in turn drives port D pins that are configured as outputs.
Writes to bits 6 and 7 have no meaning or effect. This port shares functions
with the on-chip SCI and SPI subsystems. If a port D pin is changed to a
general purpose output by writing the corresponding bit of DDRD, or by
disabling the SCI or SPI subsystems, the pin is driven to the value last written
to the internal port D latch.
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4.4.2 Port D Data Direction Register (DDRD)

7 3 5 4 3 2 1 0
$1009] o | o | ooos | oooa | oops | pob2 | popr | oooo | poRD
RESET: 0 0 0 0 0 0 0 0

When port D is a general-purpose I/O port, then the DDRD register controls
the direction of the 1/0 pins as follows:

1=Configures the corresponding port D pin for output.

0=_Configures the corresponding port D pin for input only.

When port D is functioning with the SPI system enabled, bit 5 is dedicated
as the slave select (SS) input. In SPI slave mode, DDD5 has no meaning or
effect. In SPl master mode, DDD5 affects port D bit 5 as follows:

1=Port D bit 5 is configured as a general-purpose output line.

0=Port D bit 5 is an error-detect input to the SPI.

If the SPI is enabled and expects port D bits 2, 3, and 4 (MISO, MOSI, and
SCK) to be inputs, then they will be inputs, regardless of the state of DDRD
bits 2, 3, and 4. If the SPI expects port D bits 2, 3, and 4 to be outputs, they
can be outputs only if DDRD bits 2, 3, and 4 are set.

4.5 PORT E (PORTE)

Port E is used for general-purpose static inputs (PE7-PEQ) and/or analog-to-
digital (A/D) channel inputs (AN7-ANDO) in all operating modes. Port E should
not be read as static inputs while an A/D conversion is occurring. Such a
read can disturb a conversion that is in progress if it coincides with the sample
portion of the conversion cycle.

7 6 5 4 3 2 1 0
sw0a| pe7 | pes | pes | pea | pPes | P2 | pEr | PEo | PORTE
RESET U U U U U U U U

Alternate Pin Function: AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO
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4.6 PORT F (PORTF)

In the single-chip mode, all port F pins are general-purpose output pins
(PF7-PFO0). In the expanded-nonmultiplexed mode, all of the port F pins act
as the low-order address (A7-A0) of the address bus, and accesses to port
F are treated as external accesses.

7 6 5 4 3 2 1 0
st05| pr7 | prs | prs | pra | P [ pr2 | pri | Pro | PORTF
RESET: 0 0 0 0 0 0 0 0

Alternate Pin Function: A7 A6 A5 A4 A3 A2 Al A0

While the MCU is operating in single chip or bootstrap mode, a read of port
F returns the sensed levels at the inputs of port F pin drivers, while a write
causes data to be stored in an internal latch which in turn drives the port F
pins.

4.7 PORT G

Port G is an 8-bit, general-purpose 1/0 port with both a data register (PORTG)
and a data direction register (DDRG). The upper four bits are optionally usable
as chip-select outputs in expanded modes. When any of these lines is not
being used for a chip select, it can be used as a general-purpose |/0. Port G
has a wired-OR mode to facilitate testing.

4.7.1 Port G Data Register (PORTG)

4-6

1 6 5 4 3 2 1 0
st02| pe7 | pes | Pes | pea | pes | pe2 | pe1 [ Peo | PorTe
RESET: 0 0 0 0 0 0 0 0

Alternate Pin Function: CSPRG  CSGEN  CSIO01 CSI02 — — — —

PORTG can be read at any time. Inputs return the sensed levels at the pin
while outputs return the input level of the port G pin drivers. If PORTG is
written, the data is stored in an internal latch, which in turn drives port G
pins that are configured as outputs. Writes to port G do not change the pin
state when the associated pin is configured as a chip select. If a port G pin
is changed to a general purpose output by writing the corresponding bit of
DDRG, or by disabling a chip select, the pin is driven to the value last written
to the internal port G latch.
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4.7.2 Port G Data Direction Register (DDRG)

7 6 5 4 3 2 1 0
$1003 | pp67 | pocs | poes | poes | poes | ppe2 | oper | ooso | ppRs

RESET: 0 0 0 0 0 0 0 0

When port G is configured as general-purpose /0, the DDRG register controls
the direction of the I/0O pins as follows:
1=Corresponding port G I/O pin is configured as output.
0=_Corresponding port G I/O pin is configured for input only.

The chip selects force the I/O state to be an output for each port G line
associated with an enabled chip select. In this case, the DDRG bits are not
changed and have no effect on these lines. DDRG reverts to controlling the
I/0 state of a pin when the associated chip-select function is disabled.

4.8 SYSTEM CONFIGURATION OPTIONS 2 REGISTER (OPT2)

7 6 5 4 3 2 1 0
st | 6wom [cwom Jekax | — | — | — | — [ — Joem
RESET: 0 0 1 0 0 0 0 0

GWOM — Port G Wired-OR Mode Option

This bit affects all port G pins together.
1=Port G outputs act as open-drain outputs.
0=Port G outputs are normal CMOS outputs.

CWOM — Port C Wired-OR Mode Option

This bit affects all port C pins together.
1=Port C outputs act as open-drain outputs.
0=Port C outputs are normal CMOS outputs.

CLK4X—4X Clock Output Enable
(This bit can be written at any time on mask number B77M devices.) This
bit can only be written once after reset in normal modes (HPRIO register
bit SMOD =0).
1=0Output of 4XOUT clock is enabled.
0=Output of 4XOUT clock is disabled.

Bits 4-0 — Not implemented

MOTOROLA MC68HC11F1 TECHNICAL DATA 4-7



MC68HC11F1 TECHNICAL DATA

MOTOROLA



SECTION 5
CHIP SELECTS

The function of the chip selects is to eliminate the need for additional external
components to interface with peripherals in expanded-nonmultiplexed mode.
Such factors as polarity, address block size, and clock stretching are con-
trolled using the chip-select registers.

There are four programmable chip selects on the MC68HC11F1: two for
external I/0 (CSIO1 and CSI02), one for external program space (CSPROG),
and one general-purpose chip select (CSGEN). All may be enabled by the
user via the chip-select control register (CSCTL), and are designed not to
conflict with each other nor with internal memory.

The I/O chip selects are approximately 2K each and follow the internal register
4K block of the memory map. Chip select for external program space starts
at the end of memory and continues toward the beginning of memory in
selectable power-of-two increments, from 8K-64K. The general-purpose chip
select has a programmable starting address, and its size is selectable from
1K-64K in power-of-two increments. The general-purpose and I/O chip selects
are selectable to be active during E-clock valid time or during address valid
time. Any of the four chip selects can be programmed to cause a clock stretch
that will occur only during accesses to addresses within that chip select’s
address range.

5.1 PROGRAM CHIP SELECT (CSPROG)

The external program space chip select (CSPROG) is active low and active
only during address valid time. CSPROG is enabled by the PCSEN bit of the
chip-select control register (CSCTL), and its address block size is selected by
the PSIZA and PSIZB bits of CSCTL. Its priority versus that of the general-
purpose chip select is controlled by the GCSPR bit of the CSCTL register.
Program chip select clock stretching is enabled with the PSTHA and PSTHB
bits of the CSSTRH register.
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5.2 1/0 CHIP SELECTS (CSIO1, CSI02)

The I/0 chip selects (CSIO1 and CSIO2) are the chip selects for external I/0
devices. The addresses for these chip selects fill the remainder of the memory
map 4K block that contains the status and control registers. CSIO1 is mapped
from $1060-$17FF, and CSIO2 is mapped from $1800-$1FFF, where 1 is a
character representing the value of the high-order nibble of the register block
address. CSIO1 and CSIO2 are enabled, and their polarity is selected by the
IO1EN, I01PL, I02EN, and I02PL bits of the CSCTL register. The IOTAV and
I02AV bits of the CSGSIZ register determine whether the chip selects are
valid during address or E-clock valid times. Clock stretching for the 1/0 chip
selects is enabled with the I01SA, 101SB, 102SA, and 102SB bits of the

5.3 CHIP-SELECT CONTROL REGISTER (CSCTL)

5-2

CSSTRH register.

7 6 5 4 3 2

$105D [ 101EN | 101PL | 102en | 102pL | GesPR | pesen | psiza | psize | cscru

RESET: 0 0 0 0 0 *

IO1EN — Enable for I/O Chip-Select 1
1=Chip select is enabled.
0=Chip select is disabled.

I0O1PL — Polarity Select for /0 Chip-Select 1
1=Chip select is active high.
0=Chip select is active low.

I02EN — Enable for I/O Chip-Select 2
1=Chip select is enabled.
0=Chip select is disabled.

I02PL — Polarity Select for /0 Chip-Select 2
1=Chip select is active high.
0=_Chip select is active low.

GCSPR — General-Purpose Chip-Select Priority

1= General-purpose chip select has priority.
0=Program chip select has priority.
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PCSEN — Enable for Program Chip Select
1=Program chip select is enabled. Reset sets PCSEN in expanded-non-
multiplexed mode.
0=Program chip select is disabled. Reset clears PCSEN in single-chip
mode.

PSIZA and PSIZB — Program Chip-Select Address Sizes
The value of these bits read together decodes as follows:

PSIZA | PSIZB Address Size Addresses
0 0 64K Bytes $0000-$FFFF
0 1 32K Bytes $8000-$FFFF
1 0 16K Bytes $CO00-$FFFF
1 1 8K Bytes $E000-$FFFF

5.4 GENERAL-PURPOSE CHIP SELECT (CSGEN)

The general-purpose chip select is the most flexible of the four chip selects,
having the most control bits associated with it. Polarity, address versus E-
clock valid, and address block size are determined by the GNPOL, GAVLD,
GSIZA, GSIZB, and GSIZC bits of the CSGSIZ register. Starting address is
selected with the CSGADR register. CSGEN priority versus that of the pro-
gram chip select is selected with the GCSPR bit of the CSCTL register. Clock
stretching for the general-purpose chip select is enabled by the GSTHA and
GSTHB bits of the CSSTRH register. Selection of an address size of zero can
be used as a CSGEN disable. Reset produces this state.
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5.4.1 General-Purpose Chip-Select Size Register (CSGSIZ)

5-4

7

6

5

4 3

2

1

0

$$05F | 101AvV | 102av |

[ enpoL | cavio | esiza | esize | esizc | csesiz

RESET:

0

0

0

0 0

IO1AV — I/O Chip-Select 1 Address Valid

1=10CS1 is valid during address valid time.

1

1

1

0=10CS1 is valid during E-clock valid time (E clock high)

I02AV — I/O Chip-Select 2 Address Valid

1=10CS2 is valid during address valid time.

0=10CS2 is valid during E-clock valid time (E clock high).

Bit 5 — Not implemented

GNPOL — General-Purpose Chip-Select Polarity Select
1=CSGEN is active high.

0=CSGEN is active low.

GAVLD — General-Purpose Chip-Select Address Valid Select
1=CSGEN is valid during address valid time.
0=CSGEN is valid during E-clock valid time (E clock high).

GSIZA, GSIZB, and GSIZC — Address Size for CSGEN
The value of these bits read together decodes as follows:

GSIZA

GSIZB

GSIZC

Address Size

N el > R e N =)

s O0O0-= =00

0O, 0 —~0 =0

64K Bytes
32K Bytes
16K Bytes
8K Bytes
4K Bytes
2K Bytes
1K Bytes
0K Bytes (Disabled)
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5.4.2 General-Purpose Chip-Select Address Register (CSGADR)

7 6 5 4 3 2 1 0
s105e [ cas | 6as | 6ais [ eaiz [ earr [ cao | — | — | cseaom
RESET: 0 0 0 0 0 0 0 0

GA15-GA10 — General-Purpose Chip-Select Starting Address
These bits correspond to the high-order address bits A15-A10. They de-
termine the starting address of the CSGEN valid address space. The address
size selected determines which of this register’s bits are valid as follows:

Address Size CSGADR
Selected Bits Valid
0K Bytes None
1K Bytes GA15-GA10
2K Bytes GA15-GA11
4K Bytes GA15-GA12
8K Bytes GA15-GA13

16K Bytes GA15-GA14
32K Bytes GA15
64K Bytes None

Bits 1 and 0 — Not implemented

5.5 CLOCK STRETCHING (CSSTRH)

Each of the four chip selects is associated with two bits in the chip-select
clock stretch register (CSSTRH). These bits allow clock stretching from zero
to three cycles (full E-clock periods) for interfacing to slow devices. Any of
the chip selects can be programmed to cause a clock stretch that occurs only
during access to addresses that fall within that particular chip select’s address
range.

During the stretch period, the E clock is held high, and the bus remains in
the state that it would normally be in at the end of E high time. Internally,
the clocks continue to run, maintaining the integrity of the timers, baud-rate
generators, etc.
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CSSTRH contains an “A” and a “B” bit for each of the four chip selects,
allowing a choice of four clock stretches for each chip select.

7 3 5 4 3 2 1 0
s10sC | 1015A | 1015 | 1025A | 10258 | GsTHA | GsTHB | PSTHA | PsTHB | cssTRH

RESET: 0 0 0 0 0 0 0 0
I01SA and I01SB — I/O Chip-Select 1 Clock Delay

I02SA and 102SB — I/0 Chip-Select 2 Clock Delay

GSTHA and GSTHB — General-Purpose Chip-Select Clock Delay
PSTHA and PSTHB — Program Chip-Select Clock Delay

The amount of clock stretching during each chip select is determined by
decoding the value of bits A and B for each type of chip select as follows:

Bit A Bit B | Clock Stretch
0 0 0 Cycles
0 1 1 Cycle
1 0 2 Cycles
1 1 3 Cycles

5.6 CHIP-SELECT PRIORITY

An important characteristic of the four chip selects is that they neither conflict
with each other nor with internal memory and registers. The means estab-
lished to ensure this facility is priority. There are two sets of priorities con-
trolled by the value of the general-purpose chip-select priority (GCSPR) bit
of the CSCTL register. The highest-to-lowest priority of on-chip memory, on-
chip registers, and chip selects is shown in Table 5-1.

Table 5-1. Chip-Select Priority

GCSPR=0 GCSPR=1
On-Chip Registers On-Chip Registers
On-Chip RAM On-Chip RAM
Bootloader ROM Bootloader ROM
On-Chip EEPROM On-Chip EEPROM
I/0 Chip Selects I/0 Chip Selects
Program Chip Select General-Purpose Chip Select
General-Purpose Chip Select | Program Chip Select
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SECTION 6
RESETS, INTERRUPTS, AND LOW POWER MODES

This section describes the internal and external resets and interrupts of the
MC68HC11F1 MCU and its two low power-consumption modes.

6.1 RESETS

The MCU can be reset in four ways:
® An active-low input to the RESET pin
® A poweron reset function
® A clock monitor failure
® A computer operating properly (COP) watchdog-timer timeout

The RESET input consists mainly of a Schmitt trigger that senses the RESET
line logic level.

6.1.1 RESET Pin

To request an external reset, the RESET pin must be held low for at least
eight E-clock cycles, or for one E-clock cycle if no distinction is needed be-
tween internal and external resets. To prevent the EEPROM contents from
being corrupted during power transitions, the RESET line should be held low
while Vpp is below minimum operating level. A low voltage inhibit (LVI)
circuit is required to protect EEPROM from corruption (see Figure 6-1).

6.1.2 Poweron Reset (POR)

Poweron reset occurs when a positive transition is detected on Vpp. This
reset is used strictly for power turnon conditions and should not be used to
detect any drop in the power supply voltage. If the external RESET pin is low
at the end of the poweron delay time, the processor remains in the reset
condition until RESET goes high.

MOTOROLA MC68HC11F1 TECHNICAL DATA 6-1



6-2

2N4403

@—> T0 RESET OF MC68HC11
-+ (AND OTHER SYSTEM PARTS)

MANUAL
RESET
SWITCH 2N4401
Reset Circuit with LVl and RC Delay
Vbp VoD
T 47K
MOTOROLA
MC34064 ~, T0 RESET OF MC68HC11
OR SEIKO - < (AND OTHER SYSTEM PARTS)
S-8054HN

1

Simple LVI Reset Circuit

Figure 6-1. Typical LVI Reset Circuits
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6.1.3 Computer Operating Properly (COP) Reset

The MCU contains a watchdog timer that automatically times out unless it
is reset within a specific time by a program reset sequence. If the COP watch-
dog timer is allowed to timeout, a reset is generated, which drives the RESET
pin low to reset the MCU and the external system.

The COP reset function can be enabled by programming the NOCOP control
bit of the system configuration register (CONFIG). Once programmed, this
control bit remains set (or cleared), even when no power is applied, and the
COP function is enabled or disabled independent of resident software.
Protected control bits (CR1 and CRO) in the configuration options register
(OPTION) allow the user to select one of four COP timeout rates. Table 6-1
shows the relationship between CR1 and CRO and the COP timeout period
for various system clock frequencies.

Table 6-1. COP Timeout Periods

XTAL=223 XTAL= XTAL=
E<2™ | " rimeout [XTAL=8.0MHzl o100 mp, [XTAL=40MHzl 4 coes MHZ
CR1 | CRO | Divided Timeout " Timeout )
B “U | _o+16ams| TmeoUt | g 3pgms| Timeout
Y | +156ms AMS| _0/+26.7 ms . —0/+35.6 ms
0 0 1 15.625 ms 16.384 ms 26.667 ms 32.768 ms 35.556 ms
0 1 4 62.5 ms 65.536 ms 106.67 ms 131.07 ms 142.22 ms
1 0 16 250 ms 262.14 ms 426.67 ms 524.29 ms 568.89 ms
1 1 64 1s 1.049 s 1.707 s 21s 2.276 s
E= 2.1 MHz 2.0 MHz 1.2288 MHz 1.0 MHz 921.6 kHz

The sequence for resetting the watchdog timer is as follows:

1. write $55 to the COP reset register (COPRST), and

2. write $AA to the COPRST register.
Both writes must occur in this sequence prior to the timeout, but any number
of instructions can be executed between the two writes.

6.1.4 Clock Monitor Reset

The MCU contains a clock monitor circuit that measures the E-clock fre-
quency. If the E-clock input rate is above approximately 200 kHz, then the
clock monitor does not generate an MCU reset. If the E-clock signal is lost
or its frequency falls below 10 kHz, then an MCU reset is generated, and the
RESET pin is driven low to reset the external system.
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Onthe B77M mask level devices, the clock monitor can be enabled or disabled
by a read/write control bit (CME) in the OPTION register. On masks created
after B77M the clock monitor is further qualified by the FCME bit, as indicated
in the following register description.

6.1.5 Configuration Options Register (OPTION)

The OPTION register is a special-purpose register with several time-protected
bits. OPTION is used during initialization to configure internal system options.
This register has an additional bit, FCME, for masks created after the B77M
mask number.

Bits 5, 4, 2, 1, and 0 can only be written once during the first 64 E-clock cycles
after reset in normal modes (SMOD=0). In special modes (SMOD=1), the
bits can be written at any time. Bits 7, 6, and 3 can be written at any time.

7 3 5 4 3 2 1 0
$1039 | Aapopu | cseL | mae | oy | owme | rome | cri | cro | opion
RESET: 0 0 0 1 0 0 0 0

ADPU — Analog-to-Digital Powerup
1=A/D system is powered up (allow about 100 ms for system stabili-
zation).
0=A/D system is powered down (reduces supply current).

CSEL — Clock Select
This bit should be set when the E-clock frequency is too slow to program
EEPROM (<1 MHz) or to operate the A/D system (<750 kHz).
1=Internal RC clock source is enabled for the A/D and EEPROM (allow
about 10 ms for A/D stabilization).
0=A/D system and EEPROM use the system E-clock source.

IRQE — IRQ Edge/Level Sensitivity Select
This bit can only be written once during the first 64 E-clock cycles after
reset in normal modes.
1=IRQ is configured to respond only to the falling edges.
0=1IRQ is configured for low-level wired-OR operation.
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DLY —STOP Mode Exit Turn-On Delay
This bit is set during reset and can only be written once during the first 64
E-clock cycles after reset in normal modes. If an external clock source rather
than a crystal is used, the stabilization delay can be inhibited since the
clock source is assumed to be stable.
1=A stabilization delay of 4064 E-clock cycles is imposed before pro-
cessing resumes after a STOP mode wakeup.
0=No stabilization delay is imposed after STOP recovery.

CME — Clock Monitor Enable
If the FCME bit is set then this bit has no effect.
1=Clock monitor circuit is enabled.
0=Clock monitor circuit is disabled.

FCME — Force Clock Monitor Enable

This bit is not implemented on B77M mask-level devices. On the B77M
mask parts, it always reads zero. This bit is cleared during reset and can
only be written once during the first 64 E-clock cycles after reset in normal
modes. When this bit is set, the clock monitor feature cannot be disabled
until a reset occurs. To use both the clock monitor and STOP, the CME bit
should be cleared before the execution of a STOP instruction and set after
recovery from STOP.

1=Clock monitor circuit is enabled until the next reset.

0=Clock monitor circuit follows the state of the CME bit.

CR1 and CRO — COP Timer Rate Selects
The COP system is driven by a constant frequency of E divided by 2 to the
15th power. These two bits specify an additional divide-by value to arrive
at the COP timeout rate. These bits are cleared during reset and can only
be written once during the first 64 E-clock cycles after reset in normal
modes. The value of these bits is shown in the following table:

CR1 | CRO | E+2'5 Divided By

0
0
1
1

-0 -0
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6.2 INTERRUPTS

Excluding reset-type interrupts, there are 17 hardware interrupts and one
software interrupt that can be generated from all the possible sources. These
interrupts can be divided into two categories, maskable and nonmaskable.
Fifteen of the interrupts can be masked using the | bit of the condition code
register (CCR). All the on-chip (hardware) interrupts are individually maskable
by local control bits. The software interrupt is nonmaskable. The external
input to the XIRQ pin is considered a nonmaskable interrupt because it cannot
be masked by software once it is enabled. However, it is masked during reset
and upon receipt of an interrupt at the XIRQ pin. lllegal opcode is also a
nonmaskable interrupt.

Table 6-2 provides a list of the interrupts with a vector location in memory

for each, as well as the actual condition code and control bits that mask each
interrupt. Figure 6-2 shows the interrupt stacking order.

STACK

SP PCL —SP BEFORE INTERRUPT

SP—1 PCH

SP-2 IYL

SP-3 IYH

SP—-4 IXL

SP-5 IXH

SP—6 ACCA

SP-17 ACCB

SP-8 CCR

SP-9 —SP AFTER INTERRUPT

Figure 6-2. Interrupt Stacking Order
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Table 6-2. Interrupt Vector Masks and Assignments

Vector Interrupt Source Condition Code Local
Address Register Mask Mask
FFCO,FFC1 Reserved — —
* *
* *
FFD4,FFD5 Reserved — —
FFD6,FFD7 SCI Serial System 1 Bit —
Receive Data Register Full — RIE
Receive Overrun — RIE
Idle Line Detect — ILIE
Transmit Data Register Empty — TIE
Transmit Complete — TCIE
FFD8,FFD9 SPI Serial Transfer Complete | Bit SPIE
FFDA,FFDB Pulse Accumulator Input Edge | Bit PAIl
FFDC,FFDD Pulse Accumulator Overflow | Bit PAOVI
FFDE,FFDF Timer Overflow | Bit TOI
FFEO,FFE1 Timer IC4/0C5 | Bit 14051
FFE2,FFE3 Timer Output Compare 4 | Bit 0ocal
FFE4,FFE5 Timer Output Compare 3 | Bit ocsl
FFE6,FFE7 Timer Output Compare 2 I Bit Qoczl
FFE8,FFE9 Timer Output Compare 1 | Bit oci1l
FFEA,FFEB Timer Input Capture 3 | Bit IC3I
FFEC,FFED Timer Input Capture 2 | Bit IC2i
FFEE,FFEF Timer Input Capture 1 | Bit IC1l
FFFO,FFF1 Real-Time Interrupt | Bit RTH
FFF2,FFF3 IRQ —External Pin I Bit None
FFF4,FFF5 XIRQ Pin (Psuedo-Nonmaskable) X Bit None
FFF6,FFF7 Swi None None
FFF8,FFF9 Illegal Opcode Trap None None
FFFA,FFFB COP Failure (Reset) None NOCOP
FFFC,FFFD Clock Monitor Fail (Reset) None CME
FFFE,FFFF RESET None None

6.2.1 Software Interrupt (SWI)

The SWI is executed the same as any other instruction and takes precedence
over interrupts only if the other interrupts are masked (with | and X bits in
the CCR set). SWI execution is similar to that of the maskable interrupts in
that it sets the | bit, stacks the CPU registers, etc.

NOTE

The SWl instruction cannot be executed as long as another interrupt
is pending. However, once the SWI instruction has begun, no other
interrupt can be honored until the first instruction in the SWI service

routine is completed.
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6.2.2 lllegal Opcode Trap

Since not all possible opcodes or opcode sequences are defined, an illegal
opcode detection circuit has been included in the MCU. When an illegal
opcode is detected, an interrupt is requested to the illegal opcode vector.
The illegal opcode vector should never be left uninitialized.

6.2.3 Real-Time Interrupt

The real-time interrupt provides a programmable periodic interrupt. This
interrupt is maskable by either the | bit in the CCR or the RTI enable (RTII)
bit of the timer interrupt mask register 2 (TMSK2). The rate is based on the
MCU E clock and is software selectable to be E+213, E+214 E=+215, or
E+216. See PACTL, TMSK2, and TFLG2 register descriptions in SECTION 7
PROGRAMMABLE TIMER for control and status bit information.

6.2.4 Interrupt Mask Bits in the CCR

6-8

Upon reset, both the X bit and | bit of the CCR are set to inhibit all maskable
interrupts and XIRQ. After minimum system initialization, software may clear
the X bit by a TAP instruction, thus enabling XIRQ interrupts. Thereafter,
software cannot set the X bit. Thus, an XIRQ interrupt is effectively a non-
maskable interrupt. Since the operation of the I-bit-related interrupt structure
has no effect on the X bit, the internal XIRQ pin remains effectively non-
masked. In the interrupt priority logic, the XIRQ interrupt is a higher priority
than any source thatis maskable by the | bit. All I-bit-related interrupts operate
normally with their own priority relationship.

When an I-bit-related interrupt occurs, the | bit is automatically set by hard-
ware after stacking the CCR byte. The X bit is not affected. When an X-bit-
related interrupt occurs, both the X and the | bit are automatically set by
hardware after stacking the CCR. A return from interrupt (RTI) instruction
restores the X and | bits to their preinterrupt request state.
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6.2.5 Interrupt Priority Structure

Interrupts obey a fixed hardware priority circuit to resolve simultaneous re-
quests. However, one I|-bit-related interrupt source may be elevated to the
highest | bit priority in the resolution circuit.

Six interrupt sources are not masked by the | bit of the CCR and have the
fixed priority relationship of the following:

Reset

Clock Monitor Failure

COP Failure

XIRQ

Illegal Opcode

SWI

QoW =

SWI is actually an instruction and has highest priority, other than resets, in
that once the SWI opcode is fetched, no other interrupt can be honored until
the SWI vector has been fetched.

Each of the previous sources is an input to the priority resolution circuit. The
highest I-bit-masked priority input to the resolution circuit is assigned to be
connected to any one of the remaining I-bit-related interrupt sources. This
assignment is made under the software control of the HPRIO register. To
avoid timing races, the HPRIO register can only be written while the I-bit-
related interrupts are inhibited (I bit of CCR is logic one). An interrupt that is
assigned to this higher priority position is still subject to masking by any
associated control bits or by the | bit in the CCR. The interrupt vector address
is not affected by assigning a source to the higher priority position.

Figures 6-3, 6-4, and 6-5 illustrate the interrupt process as it relates to normal
processing. Figure 6-3 shows how the CPU begins from a reset and how
interrupt detection relates to normal opcode fetches. Figure 6-4, an expansion
of a block in Figure 6-3, shows how interrupt priority is resolved. Figure 6-
5, an expansion of the SCl interrupt block in Figure 6-4, shows the resolution
of interrupt sources within the SCI subsystem.
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Figure 6-3. Processing Flow Out of Resets (Sheet 1 of 2)
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Figure 6-3. Processing Flow Out of Resets (Sheet 2 of 2)

MOTOROLA MC68HC11F1 TECHNICAL DATA



6-12

BEGIN

XBr NO XIRQPIN N\, YES SETX BT
SET? LOW? FETCH VECTOR
VB <« SFFF4, FFFS
HIGHESTN_ YES
PRIORITY FETCH VECTOR F—
INT?
NO
YES FETCH VECTOR
IRQ? o B O
NO
_ YES REAL-TIIME™N_YES FETCH VECTOR
Rrli=17 INTERRUPT SFFFO.FFFL [
?
NO NO
YES TIMER YES FETCH VECTOR
=17
iCi=1? IC1F? SFFEE, FFEF >
NO NO
YES TIMER YES FETCH VECTOR
Ca=1 1C2F? SFFEC, FFED >
NO NO
YES TIMER YES FETCH VECTOR
=17
1C31= 17 1C3F? SFFEA FFEB_ | ]
NO NO
) YES TIMER YES FETCH VECTOR
aci=1? 0C1F? SFFEB, FFES | o]
NO NO
2A

@

Figure 6-4. Interrupt Priority Resolution (Sheet 1 of 2)
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Figure 6-4. Interrupt Priority Resolution (Sheet 2 of 2)
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Figure 6-5. Interrupt Source Resolution within SCI
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6.2.6 Highest Priority Interrupt and Miscellaneous Register (HPRIO)

Four bits of this register (PSEL3—-PSELO) are used to select one of the I-bit-
related interrupt sources and to elevate it to the highest-I-bit masked position
of the priority resolution circuit. In addition, four miscellaneous system con-
trol bits are included in this register.

7 6 5 4 3 2 ] 0
s103c [ RBoOT | smop | moa | v [ pses [ psei2 | psewt | psewo | wemio

RESET: * * * * 0 1 0 1

* =The reset condition of bits 7, 6, 5, and 4 depends on the mode selected at powerup initialization.

RBOOT — Read Bootstrap ROM
This bit can be read at any time. It can only be written in special modes
(SMOD =1). In special bootstrap mode, it is set during reset. Reset clears
it in all other modes.
1=Bootloader ROM is enabled in the memory map at $BFO0-BFFF.
0=Bootloader ROM is disabled and is not in the memory map.

SMOD and MDA — Special Mode Select and Mode Select A
These two bits can be read at any time. They may only be written in special
modes (SMOD = 1). These bits reflect the status of the MODA and MODB
input pins at the rising edge of reset. SMOD cannot be written to a one
after being cleared without an interim reset. An interpretation of the values
of these two bits is shown in the following table:

Input Pins Latched at Reset
MODB | MODA Mode Description SMOD | MDA
1 0 Single Chip 0 0
1 1 Expanded Nonmultiplexed 0 1
0 0 Special Bootstrap 1 0
0 1 Special Test 1 1
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IRV — Internal Read Visibility Enable

This bit may be read at any time. It may be written at any time in special
modes (SMOD=1) and may only be written once in normal modes
(SMOD=0). IRV is set during reset in special modes and cleared by reset
in normal modes.

1=Data from internal reads is driven out on the external data bus in

expanded modes.
0=Data from internal reads is not visible on the external data bus.

NOTE

To prevent bus conflicts, the user must disable all external devices
from driving the data bus during any internal access.

PSEL3-PSELO — Priority Selects
These four bits are used to specify one I-bit-related interrupt source, which
then becomes the highest priority I-bit-related interrupt source. These bits
may only be written while the | bit in the CCR is set, inhibiting I-bit-related
interrupts. An interpretation of the value of these bi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>