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SECTION 1

INTRODUCTION

1.1 GENERAL

The MC68HC11G5, which includes 16 kilobytes of on-board ROM, is a member of the M68HC11
family of advanced capability MCUs. This device has 512 bytes of on-board static RAM and a non-
multiplexed expanded bus for accessing external memory.

The original MC68HC11 timer system is expanded to contain 3 input capture ports, 4 output
compare ports and 3 software selectable input capture or output compare ports. A new 4-channel
pulse width modulation timer has been added and there is also an event counter timer system.

The serial I/0O system consists of an asynchronous NRZ Serial Communications Interface (SCI) plus
a synchronous Serial Peripheral Interface (SPI). The A/D converter is enhanced to 10 bits. The
MC68HC11G5 also includes a real time interrupt circuit and a Computer Operating Properly (COP)
watchdog system, as on the original MC68HC11A8.

The MC68HC11G7, which is similar to the MC68HC11G5 but with 24 kilobytes of ROM instead of
16 kilobytes, is described in Appendix A.

The MC68HC711G5, again similar to the MC68HC11G5 but with 16 kilobytes of EPROM instead
of ROM, is described in Appendix B.

This section outlines the general characteristics and special features of the MC68HC11G5 high-
density complementary metal oxide semiconductor (HCMOS) microcontroller unit (MCU).

1.2 FEATURES OF THE MOTOROLA MC68HC11G5 MCU

e Low-power/high-performance M68HC11 CPU core

e 16 kilobytes of ROM

e 256 bytes of bootstrap ROM

e 512 bytes of static RAM

* RAM, registers and I/O mappable to any 4k boundary

INTRODUCTION
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« Expanded non-multiplexed data/address buses give access to a total address space of 64

kilobytes

e Maximum of seven 8-bit, one 6-bit and one 4-bit I/O ports

2 separate 16-bit timers, each with its own E-clock divider circuitry

External clock option on Timer 2

4 output compare (OC), 3 input capture (IC) and 3 selectable OC/IC channels

4 PWM timers, each with its own counter and programmable period and duty cycle

Dual event counter featuring phase-shifter, pulse accumulator, periodic timer and 256 clock

divider

8-channel, 10-bit A/D converter with 1, 4 and 8-channel scanning modes

COP watchdog timer and clock monitor

Serial 1/0 system incorporating asynchronous NRZ and synchronous SPI

Single Chip, Expanded, Bootstrap and Test modes of operation

84-pin PLCC package (quad surface mount plastic)
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Figure 1-1. Functional Block Diagram
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SECTION 2
OPERATING MODES AND SIGNAL DESCRIPTION

This section describes the operating modes and signals of the MC68HC11G5 MCU.

2.1 OPERATING MODES

During reset the MC68HC11G5 uses two mode select pins, MODA and MODB, to select one of two
normal modes or one of two special operating modes. The normal operating modes are the single
chip mode, which allows maximum use of the pins for on-chip peripheral functions, and the
expanded non-multiplexed mode which allows access to the 64 kbytes of memory space including
the internal RAM, ROM (if present), and register spaces. The special operating modes are the
bootstrap mode (which causes all vectors to be fetched from the on-chip bootstrap ROM), and the
testmode (which is an expanded mode allowing special testing functions on the MCU subsystems).
The special operating modes have access to certain privileged control bits which are not available
in the normal operating modes.

Mode selection, according to the values encoded on the mode select pins (MODA and MODB), is

shownin Table 2-1. The states of MODA and MODB, captured during reset determine the logic state
of the Special Mode (SMOD) and the Mode A Select (MDA) control bits in the HPRIO register.

Table 2-1. Mode Select Summary

Input Pins Latched at Reset
MODA MODB Mode Selected SMOD MDA
0 1 Single Chip 0 0
1 1 Expanded Non-Multiplexec 0 1
0 0 Bootstrap 1 0
1 0 Test 1 1

OPERATING MODES AND SIGNAL DESCRIPTION
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2.1.1  Single Chip Operating Mode

In single chip mode, the MCU functions as a self-contained microcontroller and has no external
address or data bus. This mode provides maximum use of the pins for on-chip peripheral functions
(66 pins). In single chip mode the R/W line is always high (read) to facilitate changing mode.

2.1.2 Expanded Non-Multiplexed Operating Mode

In the expanded non-multiplexed mode, the MCU can address up to 64 kbytes of address space.
High order address bits are output on Port B and low order address bits are output on Port F. The
bidirectional data bus is on Port C and the R/W pin is used to control the direction of data transfer
on this bus.

2.1.3 Bootstrap Operating Mode

This is a very versatile operating mode since there are essentially no limitations on the special
purpose program that can be loaded into internal RAM. The resident bootstrap program, contained
in the bootstrap ROM, uses the SCI to read a variable length program into on-chip RAM. Program
control is passed to RAM at location $0000 when an idle line of at least four characters occurs.

The MC68HC11G5 communicates through the SCI port. After reset in bootstrap mode, the SCl runs
at E/16 (7812 baud for E-clock = 2 MHz). A break condition is output on the SCI transmitter. For
normal use of the bootstrap program, the user must send $FF to the SCI receiver at either E/16 or
E/104 (1200 baud for E-clock = 2 MHz).

Note: The $FF is not echoed through the SCI transmitter.

In this mode all interrupt vectors are mapped to pseudo-vectors in RAM (refer to Table 2-2). This
allows programmers to use their own service-routine addresses. Each pseudo-vector is allowed
three bytes of space, rather than the two bytes for normal vectors, because an explicit jump (JMP)
opcode is needed to cause the desired jump to the user’s service-routine address.

Since the SMOD control bit is initialized to one, all of the privileged control bits are accessible in this
mode. This allows the bootstrap mode to be used for test and diagnostic functions on completed
modules. Mode switching can occur under program control by writing to the SMOD and MDA bits
of the HPRIO register.

2.1.4  Test Operating Mode

This special expanded mode is primarily intended for factory testing. In this mode the reset and
interrupt vectors are fetched externally from locations $BFFE — $BFFF. The SMOD bitin the HPRIO
register will be set, indicating that a special mode is in effect and allowing the user to write to certain
privileged control bits which are normally read-only bits. Also, a special register, TEST1, is enabled
which allows several factory test functions to be invoked.

Itis also possible to change from the test mode to a normal operating mode by writing a zero to the
SMOD bit. Once this bit is cleared, it cannot be changed back to one without going through a reset
sequence.

OPERATING MODES AND SIGNAL DESCRIPTION
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Table 2-2. Bootstrap Mode Jump Vectors

Address Pseudo-vector

00B5 Event 2

00B8 Event 1

0ooBB Timer Overflow 2

00BE Timer Output Compare 7 / Input Capture

00C1 Timer Output Compare 6 / Input Capture

00CA4 SCI

00C7 SPI

00CA Pulse Accumulator Input Edgt

00CD Pulse Accumulator Overflow

ooDC Timer Overflow 1

00D3 Timer Output Compare 5/ Input Capture

00D6 Timer Output Compare ¢

00DS Timer Output Compare &

00DC Timer Output Compare 2

OODF Timer Output Compare

00EZ Timer Input Capture {

OOEE Timer Input Capture :

OOEE Timer Input Capture :

OOEB Real Time Interrup

00EE IRQ

00F1 XIRQ

00F4 Swi

00F7 Illegal Op-code

OOFA COP Fai

O0FD Clock Monitor

BF40 Reset

OPERATING MODES AND SIGNAL DESCRIPTION
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2.1.4.1Factory Test Register (TEST1)

7 6 5 4 3 2 1 0
$103f | TILOP|[TPWSL| OccR [cBYP1| DISR | Fom | Fcop |[cBYP2| TEST1

RESET: 0 0 0 0 0 0 0 0

READ:  Any time (always zero if not in a test mode)
WRITE: Only while SMOD =1 (TEST or BOOT modes)
TILOP — Test lllegal Opcode

0 — Normal operation (trap on illegal opcodes)
1 — Stop giving LIR when an illegal opcode is found

This test mode allows testing of all illegal opcodes serially without servicing an
interrupt after each illegal opcode is received. LIR (inactive for illegal opcodes) is
used to monitor correct CPU operation.

TPWSL — Pulse Width Modulation Scaled Clock

0 — Normal operation

1 — Clock S (Scaled) from the PWM timer is output to and readable on the PWSCAL
register. Normal writing of the PWSCAL register will still function.

OCCR — Output Condition Code Register Status to Timer Port

0 — Normal operation

1 - The Condition Code bits H, N, Z, V, and C are driven out of the 5 most significant
bits (bits 3 — 7, respectively) of the timer 1/O port to allow the test system to
monitor CPU operation.

CBYP1 — Timer Counter 1 Divider Chain By-pass

0 — Normal operation

1 — 16-bit free running timer counter 1 is divided into 8-bit halves and the prescaler is
by-passed. The system E-clock drives both halves directly.

DISR — Disable Resets from COP and Clock Monitor

0 — Normal operation

1 — Regardless of other control bit states, COP and clock monitor will not generate a
system reset.

When the device is reset in test or bootstrap mode (SMOD = 1), the DISR bitis initialized
to 1 so that resets from the COP and clock monitor are disabled. When reset in normal
modes, the DISR bit is initialized to 0.

FCM — Force Clock Monitor Failure

0 — Normal operation

1 — Immediately generates a Clock Monitor failure reset. Note that the CME bit must
also be set for the reset to be forced.

OPERATING MODES AND SIGNAL DESCRIPTION
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FCOP — Force COP Watchdog Failure

0 — Normal operation
1 — Immediately generates a COP failure reset. Note that COP must be otherwise
enabled for the reset to be generated; NOCOP = 0.
CBYP2 — Timer Counter 2 Chain By-pass

0 — Normal operation
1 — 16-bit free running timer counter 2 is divided into 8-bit halves and the prescaler is
by-passed. The system E-clock drives both halves directly.

The DISR control bit has priority over the FCM and FCOP control bits such that, if DISR
is set to one, no reset results even when FCM or FCOP is set to one.

2.2  SIGNAL DESCRIPTION

The following table shows the pin usage for the MC68HC11G5.

5 Volt Supply (Vpp, VooL, Vbpr)
Ground (Vss, VssL, Vssr)
RESET

Oscillator (XTAL, EXTAL)

E

R/W

IRQ

XIRQ

HALT

Mode Select (Viam & ﬁ)
Analog Reference (Vin, Vi)
8-bit Ports (7)

6-bit Port (1)

4-bit Port (1) 4

NN R R R RPRRPRNR O®

a1
D O

Total 84 pins

The following paragraphs describe the input/output signals used by the various functions of
the MCU.

2.2.1  Input Power (V pp) and Ground (V ss)

Power is supplied to the MCU via three positive supply pins (Vpp) and three ground pins (Vss). Note
that, for ease of identification, the Vpp pins on the left and right sides of the device package are called
VppL and Vppg, respectively. Similarly, the Vsg pins on the left and right sides of the device package
are called Vsg, and Vggg.

OPERATING MODES AND SIGNAL DESCRIPTION
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2.2.2 Reset (RESET)

This active low bidirectional control signal pin is used as an input to initialize the MC68HC11G5 to
a known start-up state, and as an open-drain output to indicate an internal computer operating
properly (COP) watchdog circuit or clock monitor failure. This reset signal is significantly different
from the reset signal used on other Motorola MCUs. Referto SECTION 5: RESETS, INTERRUPTS
AND LOW POWER MODES before designing circuitry to generate or monitor this signal.

MCU
—— 4XE
EXTAL CMOS Compatible
External Oscillator
ﬂ— NC or
10k — 100
Load

Figure 2-1. Oscillator circuits: (a) External oscillator connections

First MCU 25 pF* 220 Second MCU
EXTAL ; %% EXTAL
4xE
10M
Crysta —— 25 pF*
XTAL L { } NC or —1 XTAL

—
L 10k — 100k
= Load

* This value contains all stray capacitance

Figure 2-1. Oscillator circuits: (b) One crystal driving two MCUs

First MCU 25 pF*
EXTAL ’
4xXE

10M Crysta
_J._ 25 pF*
A | Ip

XTAL

* This value contains all stray capacitance

Figure 2-1. Oscillator circuits: (c) Common crystal connections

OPERATING MODES AND SIGNAL DESCRIPTION
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2.2.3  Crystal Driver (XTAL) and External Clock Input (EXTAL)

These two pins provide the interface for either a crystal or a CMOS compatible clock to control the
internal clock generator circuitry. The frequency applied to these pins must be four times higher than
the desired E-clock rate. When a crystal is used, a 25 pF capacitor should be connected from each
of the XTAL and EXTAL pins to ground to ensure reliable start-up operation. When an external
CMOS compatible clock is used as an input to the EXTAL pin, the XTAL pin should be left
disconnected. However, a 10 kQ to 100 kQ load resistor to ground may be used to reduce RFI noise
emission. (See Figure 2-1.)

2.2.4  E-clock Output (E)

The E-clock pin provides an output for the internally generated E-clock, which can be used as a
timing reference. The frequency of the E-clock output is one quarter of the input frequency at the
XTAL and EXTAL pins. When the E-clock output is low, an internal process is taking place; when
high, data is being accessed. The signal is halted when the MCU is in STOP mode.

2.25  Read/Write (R/W)

This pin is used to control the direction of transfers on the external data bus in expanded non-
multiplexed mode. A logic zero level indicates that data is being written to the external data bus; a
logic one level indicates that a read cycle is in progress. R/W stays high during single-chip
and bootstrap modes to maintain the ‘read’ state for systems which switch modes.

2.2.6 Interrupt Request (IRQ)

The IRQ pin provides the capability to apply asynchronous interrupts to the MC68HC11G5. It is
software selectable, (using the IRQE bit in the OPTION register) with a choice of either negative
edge sensitive or level sensitive triggering, and is always configured to level sensitive by reset. This
pin requires an external pull-up resistor connected to Vpp.

2.2.7  Non-Maskable Interrupt (XIRQ)

The XIRQ pin provides the capability for applying asynchronous non-maskable interrupts, after
reset initialization, to the MC68HC11G5. During reset, the X-bit in the condition code register is set
and any interruptis masked until the MCU software enables it. The XIRQ input s level sensitive, and
requires an external pull-up resistor to Vpp.

2.2.8  Halt (HALT)

This pin is used as a clean way to force the processor bus into a tri-state condition by means of an
external signal. When HALT is pulled low the processor completes execution of the present
instruction and then tri-states the address and data bus. When the HALT pin is released, the
processor continues normal execution.

The HALT pin can also be used as a “clean way” to put the part into reset. Once pulled into halt,
RESET can be pulled low, ensuring that the processor will be reset on an instruction boundary rather
than in the middle of an instruction.

OPERATING MODES AND SIGNAL DESCRIPTION
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2.2.9 Mode A/Load Instruction Register (MODA/LIR’)_and Mode B/Standby Voltage
(MODB/Vgam)

During reset, MODA and MODB are used to select one of the four basic operating modes. Refer to
Table 2-1 for mode selection and to paragraph 2.1: OPERATING MODES for additional details.

After the operating mode has been selected, the open drain LIR pin goes to an active low level during
the first E-clock cycle of each instruction. The LIR pin can be used as an aid to program debugging.

The Vkam signal is used as the input for RAM standby power and will retain the RAM contents during
power down.

2.2.10 A/D Converter Reference Voltages (V 1, Vin)

These two pins provide the reference high and low voltages to the internal Analog-to-Digital
converter circuitry. Refer to SECTION 9: ANALOG-TO-DIGITAL CONVERTER .

2.2.11 Port Signals

The 66 input/output (I/O) lines are arranged into seven 8-bit ports (ports A, B, C, E, F, G and H), one
6-bit port (Port D) and one 4-bit port (Port J). Most of these ports serve more than one purpose,
depending on the operating mode or peripheral functions selected. Table 2-3 shows the different
functions of each port pin in the four operating modes. For more detailed information on I/O ports
refer to Section 4: INPUT/OUTPUT PORTS.

OPERATING MODES AND SIGNAL DESCRIPTION
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Table 2-3. Port Signal Functions: (a) Expanded Non-multiplexed and Test Modes

Port

Bit A B c D E F G H J

0 |PAO/C3 A8 DO |PDO/RXD | PEO/ANL | A0 | PGO | PHO/PW1 |PJO/TCK

1 | PALIC2 A9 D1 |PDITXD | PEL/AN2 | Al | PGl | PH1/PW2 |PJ1/IC5/0C6
2 |PA2/C1 A10 | D2 |PD2/MISO | PE2/AN3 | A2 | PG2 | PH2/PW3 |PJ2/IC6/OCT
3 | PA3/IC4/OCS5 (and/or OC1) | A1l | D3 | PD3/MOSI | PE3/AN4 | A3 | PG3 | PH3/PW4 |PJ3

4 | PA4/0C4 (and/or OC1) A12 | D4 |PD4/SCK | PE4/ANS | A4 | PG4 | PH4/EVI2

5 | PA5/OC3 (and/or OC1) A13 | D5 |PD5/SS PES/AN6 | A5 | PG5 | PH5/EVIL

6 | PA6/OC2 (and/or OC1) Al4 | D6 PE6/AN7 | A6 | PG6 | PHB/EVO

7 | PA7/PAL (and/or OC1) Al5 | D7 PE7/AN8 | A7 | PG7 | PH7/MRDY

Table 2-3. Port Signal Functions: (b) Single Chip and Bootstrap Modes
Port

Bit A B c D E F G H J

0 | PAO/IC3 PBO | PCO | PDO/RXD | PEO/ANL | PFO | PGO | PHO/PW1 |PJO/TCK

1 | PAL/IC2 PB1 | PC1 |PDUTXD | PEL/AN2 | PF1 | PGl | PH1/PW2 |PJ1/IC5/0C6
2 | PA2/IC1 PB2 | PC2 | PD2/MISO | PE2/AN3 | PF2 | PG2 | PH2/PW3 |PJ2/IC6/OCT
3 | PA3/IC4/OCS5 (and/or OC1) | PB3 | PC3 | PD3/MOSI | PE3/AN4 | PF3 | PG3 | PH3/PW4 |PJ3

4 | PA4/OC4 (and/or OC1) PB4 | PC4 | PD4/SCK | PE4/AN5 | PF4 | PG4 | PH4/EVI2

5 | PAS/OC3 (and/or OC1) PB5 | PC5 | PD5/SS PES/AN6 | PF5 | PG5 | PHS5/EVIL

6 | PA6/OC2 (and/or OC1) PB6 | PC6 PEG/AN7 | PF6 | PG6 | PHB/EVO

7 | PA7/PA1 (and/or OC1) PB7 | PC7 PE7/ANS | PF7 | PG7 | PH7

OPERATING MODES AND SIGNAL DESCRIPTION
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SECTION 3
MEMORY AND CONTROL/STATUS REGISTERS

This section describes the memory, memory subsystems mapping, and the mapping of the control
and status registers of the MC68HC11G5 MCU.

3.1 ROM

The internal 16 kilobytes of ROM occupy the highest 16k addresses in the memory map ($C000 —
$FFFF). On coming out of reset, this ROM is enabled in the single chip, test and bootstrap modes.
This ROM is disabled when the ROMON bit in the CONFIG register is clear. This register bit is only
writable in the special modes, bootstrap and test. For normal single chip mode, the ROM is on
(ROMON = 1). In expanded mode the ROM is off (ROMON = 0) thus allowing the user to execute
a program in the external memory space. (See also SECTION 3.4.5: CHANGING MODES.)

3.2 BOOTSTRAP ROM

The 256 bytes of bootstrap ROM are located at memory locations $BF00 — $BFFF. The reset and
interrupt vectors, while in this mode, are addressed at $BFCO — $BFFF. The interrupt vectors point
to pseudo-vectors located in RAM (see Section 2.1.3 and Table 2-2).

3.3 RAM

Using the INIT control register, the 512 byte block of static RAM is mappable to the start of any 4
kilobyte boundary in memory. The reset default position of the RAM is located at $0000 to $01FF.
If the internal registers are mapped in the same 4 kilobyte block as RAM, the registers will have
higher priority.

The RAM is implemented with static cells and retains its contents during WAIT, HALT and STOP
modes. The contents of the RAM can also be retained during power-down, by supplying a low
current back-up power source to the Vkam pin (MODB).
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3.4 MEMORY MAP

Each of the normal and special operating modes of the MC68HC11G5 has a default initial memory
map. In addition, there is a control register (CONFIG) which can be used to remove (disable) the
ROM from the memory map. After reset the INIT register (which is resetto $01 independent of mode
and may only be written under specific circumstances) can alter the mapping of RAM and internal
I/O resources under software control.

Whileinbootstrap mode, the restart and interrupt vectors are fetched from an alternate memory area
($BFCO —$BFFF) in an internal bootstrap ROM. In the test mode, vectors are also fetched from the
alternate area ($BFCO — $BFFF), however, since the bootstrap ROM is not enabled, these vectors
reside in external memory.

Figure 3-1 shows the memory maps for all four modes of operation: single chip, expanded non-
multiplexed, bootstrap and test. On-board memory locations are shown by the shaded areas and
the contents of these areas are described on the right.

3.4.1  Single Chip Mode

This normal operating mode is established by having a logic one level on the MODB/V\m pin and
alogic zero level on the MODAV/LIR pin at the rising edge of RESET. The ROMON bit in the CONFIG
register is a one out of reset in this mode, so that the user ROM appears in the map. The initial
memory map which results is also controlled by the state of three bits (RBOOT, SMOD, and MDA)
inthe HPRIO control register which are initialized automatically by hardware prior to the rising edge
on RESET.

Initial conditions affecting the memory map are:

ROMON =1, RBOOT =0, SMOD =0, MDA =0
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$0000
$01FF

E:::::::] IEHHHHHHI [::::::::] IEHHHHH!I

L

External External

$1000
$107F

256 bytes
Bootstrap
ROM

Single Expanded Bootstrap

Chip Non-Multiplexed

Normal Modes Special Modes

Figure 3-1. Memory Map

3.4.2  Expanded Non-multiplexed Mode

512 byte RAM
(May be remapped to any 4k
boundary by the INIT register)

128-byte Register Block
(May be remapped to any 4k boundary
by the INIT register)

$BFCO Special Modes

\ $BFFF | Interrupt Vectors

16k ROM

$FFCO Normal Modes

\ $FFFF | interrupt Vectors

This normal operating mode is established by having a logic one level on both the MODB/Vygm pin
and the MODA/LIR pin at the rising edge of RESET. The ROMON hit in the CONFIG register is a
zero in this mode so that the user ROM does not appear in the map. The initial memory map which
results is also controlled by the state of three bits (RBOOT, SMOD, and MDA) in the HPRIO control
register which are initialized automatically by hardware prior to the rising edge on RESET.

Initial conditions affecting the memory map are:

ROMON = 0, RBOOT =0, SMOD =0, MDA =1
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3.4.3  Special Bootstrap Mode

This special mode is established by having a logic zero level on both the MODB/Viam pin and the
MODA/LIR pin at the rising edge of RESET. The ROMON bit in the CONFIG register is a one out
of resetin this mode, so thatthe user ROM appearsinthe map. The initial memory map which results
is also controlled by the state of three bits (RBOOT, SMOD, and MDA) in the HPRIO control register
which are initialized automatically by hardware prior to the rising edge on RESET.

Initial conditions affecting the memory map are:
ROMON =1, RBOOT =1, SMOD =1, MDA =0
3.4.4  Special Test Mode

This special mode is established by having a logic zero level on the MODB/Vym pin and a logic one
level on the MODAV/LIR pin at the rising edge of RESET. The ROMON bit in the CONFIG register
is a one out of reset in this mode, so that the user ROM appears in the map. The initial memory map
which results is actually controlled by the state of three bits (RBOOT, SMOD, and MDA) in the
HPRIO control register which were initialized automatically by hardware prior to the rising edge on
RESET.

Initial conditions affecting the memory map are:
ROMON =1, RBOOT =0, SMOD =1, MDA =1
3.4.5 Changing Modes

Changing the operating mode and the bits described above is subject to some restrictions in normal
modes. First of all, ROMON, RBOOT and SMOD will stay in their reset state. These bits cannot be
changed in the normal operating modes. In order to allow a user to have an expanded mode system
with the ROM on, the user is allowed to change MDA once only. This means that the user can bring
the device out of reset in single chip mode, and then write MDA to a 1, thus putting the part into
expanded mode with the ROM on (ROMON = 1).

If the user does not intend to change modes after coming out of reset, he may wish to write MDA
one time to the same state. As MDA may be written to only once; this will prevent an accidental write
from changing the mode at some later time.

In the special operating modes, ROMON, RBOOT and MDA may be written at any time to either O

or 1. SMOD cannot be written back to a 1 after being written to a 0, because the part will no longer
be in a special mode.

3.5 SYSTEM CONFIGURATION

The MC68HC11G5 allows the user to configure the MCU system to his specific requirements via
hard wired options, such as the mode select pins, and via internal software programmable control
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registers. Two special internal registers (INIT and CONFIG) require further explanation. The INIT
control register allows the RAM and internal register block to be repositioned in the memory map
during software initialization. The CONFIG control register controls the presence of ROM in the
memory map as well as the NOCOP watch-dog system enable.

3.5.1 RAM and I/O Mapping Register (INIT)

The INIT register is a special purpose 8-bit register that is used during initialization 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, and thereafter becomes a read-only register.

7 6 5 4 3 2 1 0
$1030 | RAM3 | RAM2 | RAML | RAMO | REG3 | REG2 | REGL | REGO | INIT

RESET: 0 0 0 0 0 0 0 1

READ:  Anytime

WRITE: If SMOD =0, may be written once only, and only during the first 64 cycles: after this time
the register becomes read-only. If SMOD =1 (test or bootstrap mode), writes are always
permitted.

RAM3, RAM2, RAM1, RAMO — Internal RAM map position
These four bits specify the four most significant bits of the 16-bit RAM address.

REGS, REG2, REG1, REGO — Register block map position.

These four bits specify the four most significant bits of the 16-bit internal register space
address. For more details refer to the memory map.

Since the INIT register is setto $01 by reset, the default starting address is $0000 for RAM and $1000
for the 128 byte control and status register block. The upper four bits of the INIT register specify the
starting address for the 512 byte RAM, while the lower four bits specify the starting address for the
control and status register block. In each case, the four bits define the four most significant bits of
the 16-bit address.

If relocation conflicts occur between the RAM and the ROM, the RAM takes priority over the ROM
which simply becomes inaccessible at those locations. Similarly, if the control and status registers
are located so that they conflict with the RAM and/or ROM, the registers take priority and the RAM
and/or ROM at those locations become inaccessible. Also, if an internal resource conflicts with an
external device, no harmful conflict occurs. (Data from the external device is not applied to the
internal data bus, thus it cannot interfere with the internal read.)
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Note: There are unused register locations in the 128 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.

3.5.2  Configuration Control Register (CONFIG)

The CONFIG control register is used for system configuration control functions including removal
of ROM from the memory map, and enabling of the COP watch-dog system.

7 6 5 4 3 2 1 0
$103F | | | | | | NOCOP| ROMON| | ConFiG

RESET:  See text

NOCOP — COP System Disable
READ:  Anytime

WRITE: IfSMOD =0, may be written once only, and only during the first 64 cycles: after
this time the bit becomes read-only. If SMOD = 1 (test or bootstrap mode),
writes are always permitted.

RESET: 0 (COP on) for SMOD = 0; 1 (COP off) for SMOD =1

0 — COP system enabled (forces reset on timeout)
1 — COP system does not force reset on timeout
ROMON — ROM Enable
READ:  Anytime
WRITE: May not be written if SMOD = 0. If SMOD = 1, bit is writable at any time.

RESET: 1 (ROM on) for single chip, bootstrap and test modes; 0 (ROM off) for normal
expanded mode

1 — ROM is present in the memory map (at $C000 — $FFFF)
0 — ROM is disabled from the memory map

3.6 CONTROL/STATUS REGISTERS

The control and status registers used to control the operation of the MCU are contained ina 128 byte
block which can be relocated to any 4 kilobyte boundary in memory. Throughout this document,
control and status register addresses are displayed with the high order digit shown as a bold “1" to
indicate that the register block may be relocated to some 4 kilobyte memory page other than its
default position of $1000. Figure 3-2 is provides a complete list of the control and status registers
and reserved locations in this block of memory.
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$1000] PA7 [ PA6 | PAs | PAa4 | Pa3 | PA2 [ PAL | PAO |
$1001| DDA7 | DDA6 | DDAS | DDA4 | DDA3 | DDA2 | DDA1 | DDAO |
$1002| PG7 | PG6 | Pe5 | PG4 | PG3 | PG2 | PGL | PGO
$1003| DDG7 | DDG6 | DDGS5 | DDG4 | DDG3 | DDG2 | DDG1 | DDGO |
$1004| PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PBL | PBO
$1005| PF7 | Pr6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO
$1006] pc7 | Pce | Pcs | pca | Pc3 | pc2 | pci | Pco
$1007| ppc7 | pbce | bbcs | bbc4 | bpes | bbez | bbel | bbco |
$1008[ o0 o [ pps | Pp4 | PD3 | PD2 | PD1 | PDO |
$1009[ 0 o | ppps | ppbb4 | pop3 | pbp2 | bppi | DDDO |
$100A| PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PEL | PEO |
$100B| Foc1 | Foc2 | Focs | Foca | Focs | Focs [ Foc7 [ o
$100C | ocim7] ocimse] ocims| ocim4] ocim3] o 0 0
$100D | oc1D7] oc1D6| oc1Ds| ocib4| ocib3] o 0 0
$100E| Bit15[ Bit14| Bit13] Bit12| Bit11| Bit10| Bit9 | Bit8
$100F| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
$1010[ Bit15[ Bit14| Bit13] Bit12| Bit11| Bit10[ Bit9 | Bit8
$1011| Bit7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0
$1012| Bit15| Bit14 | Bit13| Bit12| Bit1l| Bit10 | Bit9 Bit 8
$1013| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
$1014| Bit15] Bit14] Bit13] Bit12| Bit11| Bit10] Bit9 | Bit8
$1015| Bit7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit 0
$1016| Bit15| Bit14| Bit13] Bit12| Bit11| Bit10| Bito | Bit8
$1017| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
$1018| Bit15| Bit14 | Bit13| Bit12| Bit1l| Bit10| Bit9 Bit 8
$1019| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
$101A[ Bit15[ Bit14| Bit13] Bit12| Bit11| Bit10| Bit9 | Bit8
$101B| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
$101C| Bit15| Bit14| Bit13] Bit12| Bit11| Bit10[ Bit9 | Bit8
$1010| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
$101E| Bit15| Bit14 | Bit13| Bit12| Bit1l| Bit10 | Bit9 Bit 8
$101F| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

PORTA

DDRA

PORTG

DDRG

PORTB

PORTF

PORTC

DDRC

PORTD

DDRD

PORTE

CFORC

OCIM

OCID

TCNT1

TIC1

TIC2

TIC3

TOC1

TOC2

TOC3

TOC4

TOS14

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
OC1 Action Mask Register
OC1 Action Data Register

Timer Counter Register 1

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

Output Compare 5/
Input Capture 4 Register

Figure 3-2. Control and Status Registers (Page 1)
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$102¢[ OM2 | OL2 [ OM3 | OL3 | OM4 [ OL4 [ OM5 [ OL5 | TCTLL

$1021 [ EDG4B [EDG4A [EDG1B [EDG1A | EDG2B [ EDG2A [EDG3B[EDG3A | TCTL2

$1022 [ OC1I [ Ooc2l | oc3l | ocal | 451 [ Icii[ ic2l [ Ic3l ] TMSKL
$1023 [ OCIF | OC2F | OC3F | OC4F | 4/5F [ ICIF][ IC2F[ IC3F] TFLG1
$1024[ TOLI [ RTI JPAOVI[ PAIl [ TO2I [ 561 | 671 [ 0 | TMSK2
$1025 [ TOIF | RTIF [PAOVF| PAIF | TO2F [ 5/6F | 6/7F [ 0 | TFLG2
$1026 [ 0 [ PAEN [PAMOD[PEDGE[ 14/05] RTR2 [ RTRL [ RTRO | PACTL
$1027 [ Bit7 [ Bit6 [ Bit5 [ Bit4 | Bit3 [ Bit2 [ Bitl [ Bit0 | PACNT
$1028 [ SPIE [ SPE [DWOM[ MSTR [ CPOL [ CPHA [ SPR1 [ SPRO | SPCR
$102¢ [ SPIF JwcoL| 0 [MODF] 0o [ o [ o0 [ 0 ]sPsR
$102A[ Bit7 [ Bit6 | Bit5 [ Bit4 | Bit3 [ Bit2 [ Bitl [ Bit0 | SPDAT
$102B[ TCLR [ 0 [ SCP1 [ SCPO [ RCKB [ SCR2 [ SCR1 [ SCRO | BAUD
$102c[ R8 | T8 | 0 [ M [WAKE[ 0 [ 0 [ 0 ]SCCRi
$102D[ TIE [ TCE] RE [ ILE | TE [ RE | RWU [ SBK | SCCR2

$102E[TDRE [ TC [RDRF [ IDLE[ OR [ NF [ FE [ 0 |SCSR

$102F| Bit 7 [ Bit 6 [ Bit5 [ Bit 4 ] Bit 3 [ Bit 2 [ Bit 1 [ Bit 0 ]SCDAT

$103C[ CCF [CONVB[ SCAN [MULT | CD [ CC | CB [ CA | ADCTL

$1031[ 0 [ o [ o [ 0o [ P ] P22 ] P [ PO |PORTJ

$1032| 0 [ 0 [ 0 [ 0 ] DDJ3 [ DDJ2 [ DDJ1 [ DDJO ] DDRJ

$1033[ PH7 [ PH6 [ PH5 [ PH4 | PH3 [ PH2 | PHL [ PHO | PORTH

$1034 [ DDH7 [ DDH6 | DDH5 [ DDH4 | DDH3 [ DDH2 | DDH1 [ DDHO | DDRH

$1035 [ 0 [ 0 [ 0 [ 0 ] 0 [ 0 [ 0 [ 0 ] Reserved
$103¢[ 0 [ o [ 0o [ o [ o [ 0 [ 0 [ 0 |Resered
$1037[ 0 [ o [ 0o [ o [ o [ o [ 0 [ 0 |Resered

$1038 [ GWOM[ CWOM[ 0 [ IRV ] 0 [ 0 [ MRDY [NHALT] OPT2

$103¢ [ ADPU [ CSEL | IRQE[ DLY [ CME [ 0 [ CRL [ CRO | OPTION

$103A[ Bit7 [ Bit6 | Bit5 [ Bit4 [ Bit3 [ Bit2 [ Bitl [ Bit0 | COPRST

$1033|0[0[0[o]o[o[o[o]Reserved

$103C [RBOOT[ SMOD [ MDA [ PSEL4 ] PSEL3 [ PSEL2 [ PSEL1 [ PSELO ] HPRIO

$103D [ RAM3 [ RAM2 [ RAM1 [ RAMO | REG3 [ REG2 [ REG1 [ REGO | INIT

$103E| TILOP [TPWSL[ OCCR [CBYPlI DISR [ FCM [ FCOP [CBYP2] TEST1

$103F[ 0 [ o [ 0 [ 0 | 0 [NOCOP[ROMON 0 | CONFIG

Timer Control Register 1

Timer Control Register 2

Main Timer Interrupt Mask Register 1
Main Timer Interrupt Flag Register 1
Misc. Timer Interrupt Mask Register 2
Misc. Timer Interrupt Flag Register 2
Pulse Accumulator Control Register
Pulse Accumulator Count Register
SPI Control Register

SPI Status Register

SPI Data Register

SCI Baud Rate Control

SCI Control Register 1

SCI Control Register 2

SCI Status Register

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

1/0 Port J

Data Direction for Port J

1/0 Port H

Data Direction for Port H

System Configuration Options 2 Reg.
System Configuration Options

Arm/Reset COP Timer Circuitry

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

COP and ROM Enables

Figure 3-2. Control and Status Registers (Page 2)
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$1040[ Bit15| Bitl4| Bit13] Biti2| Bitil| Biti0| Bit9 | Bit8 | ADRL

$1041 Bit7 | Bit6 0 0 0 0 0 0

$1042[ Bit15| Bit14| Bit13| Biti2| Bitil| Bit10| Bit9 | Bit8 | ADR2

$1043] Bit7 | Bit6 0 0 0 0 0 0

$1044 | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit8 | ADR3

$1045 | Bit7 | Bit6 0 0 0 0 0 0

$1046 [ Bit15 | Bit14 | Bit13 [ Bit12 | Bit1l [ Bit10 | Bit9 | Bit8 | ADR4

$1047 | Bit7 | Bit6 0 0 0 0 0 0

$1048 | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 [ Bit9 | Bits | ADRS

$1049 | Bit7 | Bit6 0 0 0 0 0 0

$104A | Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit8 | ADR6

$104B| Bit7 | Bit6 0 0 0 0 0 0

$104C [ Bit15 | Bit14 | Bit13 [ Bit12 | Bit11 [ Bit10 | Bit9 | Bit8 | ADR7

$104D | Bit7 | Bit6 0 0 0 0 0 0

$104E [ Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 [ Bit9 | Bits | ADR8

$104F | Bit7 | Bit6 0 0 0 0 0 0

$1050 | EDG5B| EDG5A [EDG6B |[EDG6A| om6 | oLe [ om7 | oL7 | TCTL3

$1051[ cT2sP[cTisP[ o | o | o | o | Isi06] 16/07] TCTL4

$1052 [ Bit15 | Bit14 | Bit13 [ Bit12 | Bit11 [ Bit10 | Bit9 [ Bit8 | TCNT2

$1053| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

$1054 | Bit15 | Bit14 | Bit13 | Bit12 | Bit1l | Bit10 | Bit9 | Bit8 | TO6I5

$1055| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

$1056 [ Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 [ Bit9 [ Bitg | TO7I6

$1057 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

$1058 [ TEDGB[TEDGA] PR2B [ PR2A| 0 | o [ PR1B | PR1A | TPRE

s105¢] 0 [ o 0o [ o J] o o] o [ o |Resered

s$105A 0 [ o o | o] o] o] o | o |Resered

s1058] 0o [ o 0 | o] o] o] o | o |Resered

stosc| o [ o 0 | o] o] o ] o | o |Resered

s105D] 0 [ o o | o] o] o | o | o |Reserved

$105E 0 [ o0 0o [ o] o o o | o |Reserved

$105F 0o | o 0 | o | o] o [ o [ o |Resered
Figure 3-2. Control and Status Registers (Page 3)

MEMORY AND CONTROL/STATUS REGISTERS

A/D Result Register 1

A/D Result Register 2

A/D Result Register 3

A/D Result Register 4

A/D Result Register 5

A/D Result Register 6

A/D Result Register 7

A/D Result Register 8

Timer Control Register 3
Timer Control Register 4
Timer Counter Register 2
Output Compare 6/

Input Capture 5 Register

Output Compare 7/
Input Capture 6 Register

Timer Prescaler Register

3-9

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

$1060 [ CON34 [ CON12 [ PCKA2 [ PCKAL |

0

[ PckB3[ PckB2 [ PCKB1] PWCLK

$1061 [ PCLK4 | PCLK3 | PCLK2 | PCLK1 [PPOL4 [PPOL3 [PPOL2 [ PPOL1| PWPOL

$1062 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 | Bitl | Bit0 | PWSCAL

PWM Timer Clock Select

PWM Timer Polarity

PWM Timer Prescaler

PWM Timer Enable

PWM Timer Counter 1

PWM Timer Counter 2

PWM Timer Counter 3

PWM Timer Counter 4

PWM Timer Period 1

PWM Timer Period 2

PWM Timer Period 3

PWM Timer Period 4

PWM Timer Duty 1

PWM Timer Duty 2

PWM Timer Duty 3

PWM Timer Duty 4

Event Counter Clock Select

Event Counter Control Register
Event Counter Interrupt Mask Register
Event Counter Interrupt Flag Register
Event Counter Count Register 1
Event Counter Count Register 2
Event Counter Compare Register 1A
Event Counter Compare Register 2A
Event Counter Compare Register 1B

Event Counter Compare Register 2B

$1063[ 0 [ o | o [ o [PWEN4]PWEN3[PWEN2]PWEN1] PWEN
$1064 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWCNTL
$1065 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWCNT2
$1066 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWCNT3
$1067 | _Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWCNT4
$1068 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWPERL
$1069 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl1 | Bito | PWPER2
$106A | Bit7 | Bit6 | Bits5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWPER3
$106B | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWPER4
$106C | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | PWDTY1
$106D | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 | Bitl | Bit0 | PWDTY2
$106E | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0o | PWDTY3
$106F | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bito | PWDTY4
$1070] o [ o [EVMDB[EVMDA] o [EVCKC|EVCKB] EVCKA| EVCLK
$1071 [EVOEN [EVPOL [ EVI2C | EVI2B | EVI2A [ EVIIC | EVI1B | EVIIA| EVCTL
$1072[EvceN] o | o | o | o | o [ Eva | Evil | EVMSK
$2073 0 | o [ o | o | o [ o [EveF ]| EVIF]|EVFLG
$1074 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 | Bitl | Bit0 | EVCNT1
$1075 Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | EVCNT2
$1076 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl1 | Bito | ECMP1A
$1077 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | ECMP2A
$1078 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl1 | Bit0 | ECMP1B
$1079 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito | ECMP2B
$107a 0 | o [ o [ o | o [ o | o | o |Resered
s108 0 | o [ o | o | o [ o | o | o |Resered
sworc 0o | o [ o | o | o [ o | o | o ]Resered
$0;D[ 0 [ o | o [ o | o | o [ o | o |Resered
$107e[ 0 | o [ o | o | o [ o | o | o |Resered
$107fr[ o [ o | o [ o ] o ] o ] o | o |Reserved
Figure 3-2. Control and Status Registers (Page 4)
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SECTION 4
INPUT/OUTPUT PORTS

There are seven 8-bit I/O ports, one 6-bit I/O port and one 4-bit I/O port on the MC68HC11G5. Most
of the 66 I/O pins serve multiple purposes depending on the configuration of the MCU system
(see Table 2-3). The configuration is controlled in turn, by hardware mode selection as well as by
several internal control registers.

Ports A, C, D, G, H, and J may be used as general purpose input and/or output pins as specified
by DDRA, DDRC, DDRD, DDRG, DDRH, and DDRJ. Ports B, E, and F have fixed data direction and
thus do not require DDR control registers.

Port signals can always be sensed (read) even if they are configured as general purpose outputs
or are dedicated to on-chip peripheral functions. Reading the port address returns the sensed logic
level atthe pin when the pin is configured as an input, and the logic sense at the input to the pin driver
is sensed when the pin is configured as an output.

I/0O pins default to being general purpose /O lines unless an internal function which uses that pin
is specifically enabled. When a pin is dedicated to an internal peripheral function the associated
DDR bit in some cases still controls whether the line is an input or an output. The SPI, timer input
captures and pulse accumulator follow this rule.

Several functions override the state of the DDRs. The SCI forces the I/O state of the two associated
Port D lines. The timer also forces the 1/O state of each associated Port A line when an output
compare using a Port A or Port J line is enabled. Both the PWM timer and the event counter
also override the associated DDR bits. In these cases the data direction bits will have no effect on
these lines.

When a pin is dedicated to an on-chip peripheral function, writes to the associated PORTx bit do

not affect the pin but are stored in an internal latch such that, if the pin becomes available for general
purpose output, the driven level will be the last value written to the PORTX bit.

41 MODE DEPENDENCIES

The MCU mode is controlled by two mode select bits (SMOD and MDA) in the HPRIO register which
are in turn controlled by the two mode select pins (MODA and MODB).

Inthe expanded modes (normal expanded and test), ports B, C, E and F, R/W, and LIR are dedicated
to address, data, and control signals and may not be used for alternate /O functions. In order to
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preserve the Port functions that are displaced by the expanded modes, these functions become
externally accessible functions so that they may be emulated with external hardware, if required.
The internal register addresses that become external accesses are PORTB, DDRC, PORTC
and PORTF.

4.2 GENERAL PURPOSE I/O (PORTS A, C, D, G, H, AND J)

As general purpose I/O lines, each pin has associated with it a bit in a PORTx data register and a
bit in the corresponding position in a DDRX register. The data direction register (DDRX) is used to
specify the primary direction of data on the I/0O pin. However, specification of a line as an output does
not prevent reading of the line as an input. When a bit configured as an output is read, there are two
kinds of data which may be returned, depending on the internal circuitry of the port. Reading Port
A, Port H, or Port J returns the values sensed at the pins. Reading Port C, Port D, or Port G returns
the values at the inputs to the pin drivers.

When a line is configured as an input by clearing the DDRX bit, the pin becomes a high impedance
input. If a write is executed to a line that is configured as an input, the value will not affect the 1/0
pin but the bit will be stored in an internal latch so that, if the line is later reconfigured as an output,
this value will appear at the I/O pin. This operation can be used to preset a value for an output port
priorto configuring itas an output, thereby avoiding glitches on the outputs which may be detrimental
to the operation of the external system.

Ports C, D, and G each have a wired-OR mode of operation which is controlled by the CWOM,
DWOM, and GWOM bits, respectively. If the corresponding xXWOM bit is set, the p-channel drivers
in the output buffers are disabled.

Note: bits 6 and 7 of Port D and bits 4 through 7 of Port J are not implemented.

4.3  FIXED DIRECTION I/O (PORTS B, E, AND F)

The pins for ports B, E, and F have fixed data directions and consequently do not have data direction
registers associated with them. When ports B and F are being used for general purpose I/O, they
are configured as output only ports and reading them returns the levels sensed at the inputs of the
pin drivers. Port E supports the eight A/D channel inputs but these pins may also be used as general
purpose digital inputs. Writing to the Port E address has no meaning or effect.

44 PORTA

Port A is an 8-bit bidirectional port. Port A pins can be used as general purpose I/O or for timer
functions. Each pin behaves as a general purpose 1/O bit by default, unless a timer function using
that bit is specifically enabled. As general purpose I/O, the data direction of Port A pins are
determined by the corresponding DDRA bits. The directions of Port A bits 0, 1, and 2 are always
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controlled by the DDRA bits whether IC3, IC2, and IC1 are enabled or not. Port A bits 3 — 7 are
controlled by the DDRA bits only when the associated output compare functions are disabled.
Enabling an output compare function forces the corresponding port bit to be an output, irrespective
of the state of the DDRA bit. Using any pins of Port A for timer functions has no effect on the ability
to read these pins as inputs (because input sensing logic is always connected to the port pins).

The OC2, OC3, OC4, and OC5 lines out of Port A are enabled by pairs of control bits in the TCTL1
register. The output compare 1 function is unique in that it allows automatic timer control of any
combination of the five most significant bits of Port A regardless of whether or not they are being
used for another timer function. The OC1 function gains control of Port A bits by setting the
corresponding bits in the OC1M control register. The IC1, IC2, IC3, and IC4 input of Port A are
enabled by pairs of control bits in the TCTL2 register. (See SECTION 6: PROGRAMMABLE
TIMER, REAL TIME INTERRUPT AND PULSE ACCUMULATOR )

The IC4 function and OCS5 function share the same Port A bit and they are selected by the 14/05
bit in the PACTL register. The pulse accumulator system is enabled, on Port A bit 7 as an input, by
setting the PAEN bitin the PACTL register. Even while the pulse accumulator is enabled, Port A bit
7 may be configured as an output controlled by OC1 or as a general purpose output.

4.4.1 Data Register (PORTA)

7 6 5 4 3 2 1 0
$1000 | PA7 | PA6 | PAs | PA4 | PA3 | PA2 | PAL | PAO | PORTA

RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: PA1 0oc2 0c3 0C4 0C5/C4 IC1 IC2 IC3
and/or: 0oC1 0oC1 0oC1 0oC1 0C1 — — —

READ:  Any time (inputs return pin levels; outputs return pin driver input levels).
WRITE: Data stored in an internal latch. (Drives pins only if configured as outputs.)
RESET: General purpose high impedance inputs ($00).

Note: Writes do NOT change pin state when pin is configured for timer output.

4.4.2 Data Direction Register (DDRA)

7 6 5 4 3 2 1 0
$1001 | DDA7 | DDA6 | DDA5 | DDA4 | DDA3 | DDA2 | DDAL | DDAO | DDRA

RESET: 0 0 0 0 0 0 0 0

READ:  Any time.
WRITE: Any time.
RESET: $00 (all general purpose I/O configured for input only).

0 — Bits set to zero configure the corresponding I/0 pins as inputs.
1 - Bits set to one configure the corresponding I/O pins as outputs.
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Note: The timer forces each Port A line associated with an enabled output compare to be an
output. In such cases the data direction bits will not be changed but will have no effect
on these lines. DDRA will revert to controlling the I/O state of a pin when the associated
timer output compare is disabled.

45 PORTB
Port B is an 8-bit general purpose output port which also supports the external address bus.

Inthe expanded modes (hormal expanded and test), these pins act as the high order address output
pins. During each MCU cycle, bits 8 through 15 of the address are driven out of bits O through 7 of
Port B. When the NHALT bit in the OPT2 register is cleared and the HALT input is pulled low, all
output buffers of Port B bits go tri-state.

In the single chip modes (normal and bootstrap), the Port B pins are general purpose output only
pins. Reading Port B in these modes returns the sensed levels at the inputs to the Port B pin drivers.
The Port B data register is cleared at reset and all Port B bits output logic zeros.

45.1 Data Register (PORTB)

7 6 5 4 3 2 1 0
$1004 | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PBL | PBO | PORTB

RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: Al5 Al4 Al3 Al2 All A10 A9 A8

READ:  Any time (returns levels sensed at inputs of Port B pin drivers).
WRITE: Data stored in internal latch (drives pins only if configured as general purpose outputs).

RESET: In single chip modes, all Port B pins are general purpose output only pins (all zeros).
In expanded modes, all Port B pins are high order address signal outputs.

46 PORTC

Port C is an 8-bit bidirectional port. Port C pins serve one of two basic functions depending on the
MCU mode selected; bidirectional data lines or general purpose I/O pins. In either mode, if the
CWOM bitinthe OPT2 register is set, the p-channel drivers in the output buffers are disabled (wired-
OR mode).

In the expanded modes (normal expanded and test), these pins act as bidirectional data pins.
During the CPU read cycle, data on the Port C pins are latched internally on the falling edge of E.
During the CPU write cycle, the internal data is driven out of Port C and is valid at the falling edge
of E. During an internal address read cycle with the IRV bitin the OPT2 register set, the internal data
is also driven out of Port C and is valid at the falling edge of E. If the MCU is in the Halt state, all Port
C bits become tri-state.

INPUT/OUTPUT PORTS
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In the single chip modes (normal and bootstrap), the Port C pins are general purpose I/O pins. Bits
0—7 are input or output pins depending on the corresponding bit of DDRC. While a bit is configured
as an output, reading the bit returns the sensed level at the input to the Port C pin driver. At reset,
all DDRC bits are cleared and all Port C bits are configured as inputs.

4.6.1 Data Register (PORTC)

7 6 5 4 3 2 1 0
$1006 | PC7 | PC6 | PC5 | Pca | PC3 | PC2 | PCL | PCO | PORTC

RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: D7 D6 D5 D4 D3 D2 D1 DO

READ:  Any time (inputs return pin level; outputs return pin driver input level).
WRITE: Data stored in internal latch (drives pins only if configured as outputs)

RESET: In single chip modes all Port C pins are configured as general purpose inputs.
In expanded modes, Port C is configured as the data bus.

4.6.2 Data Direction Register (DDRC)

7 6 5 4 3 2 1 0
$1007 | DDC7 | DDC6 | DDC5 | DDC4 | DDC3 | DDC2 | DDC1 | DDCO | DDRC

RESET: 0 0 0 0 0 0 0 0

READ:  Any time.
WRITE: Any time.
RESET: $00 (all general purpose I/O configured for input only).

0 — Bits set to zero configure the corresponding I/O pins as inputs.
1 - Bits set to one configure the corresponding I/O pins as outputs.

47 PORTD

Port D is a 6-bit bidirectional port which also supports the SCI and SPI systems. When the SCI or
SPI is not needed the associated pins may be used for general purpose /0.

Port D pins serve several functions depending on the MCU mode and various internal control
registers. If the DWOM bit in the SPCR register is set, the p-channel drivers in the output buffers are
disabled (wired-OR mode).

Port D bit 0 becomes the Receive Data input (RXD) when the SCl receiver is enabled (RE bit in the
SCCRZ2register setto one). When the RE bitis clear, Port D bit 0 defaults to being a general purpose
I/O pin controlled by DDRD.
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Port D bit 1 becomes the Transmit Data output (TXD) when the SCI transmitter is enabled (TE bit
in the SCCR2 register set to one). When the TE bit is clear, Port D bit 1 defaults to being a general
purpose I/0 pin controlled by DDRD. Note that the transmit logic will retain control of Port D bit 1 after
TE is cleared until all transmit operations have finished, including completion of transmission of data
from the serial shifter, a queued idle, or queued break.

In a test mode, the RCKB test bit in the BAUD register may be set. When RCKB is set, the 16X
receiver baud rate clock and the 1X transmitter clock are exclusive-ORed and driven out of the Port
D bit 1 pin. The RCKB bit can be written only in the test or bootstrap modes and it overrides any other
use of the Port D bit 1 pin.

Bits 2 — 5 of Port D are dedicated to the serial peripheral interface function (SPI) whenever the SPE
bitin the SPCR register is set (SPI enabled). Note that Port D bit 5 still responds to DDRD bit 5 such
that, if the DDR bit is set, the Port D bit 5 pin is given up by the SPI system to become a general
purpose output pin if and only if the SPI is in master mode. When the SPE bit is clear, bits 2 — 5 of
Port D default to being general purpose I/O pins controlled by DDRD.

The four SPI interface lines are described in greater detail in SECTION 8: SERIAL PERIPHERAL
INTERFACE.

4.7.1 Data Register (PORTD)

7 6 5 4 3 2 1 0
$1008 | 0 | o [ Pp5 | P4 | PD3 | PD2 | PD1 | PDO | PORTD
RESET. 0 0 0 0 0 0 0 0
Alternate Pin Function: — — SS SCK ~ MOSI  MISO  TXD RXD

READ:  Anytime (inputs return pin level; outputs return pin driver input level). Bits 6 and 7 always
read as zeros.

WRITE: Data stored ininternal latch (drives pins only if configured as outputs). Writes to bit 6 and
7 have no meaning or effect.

RESET: Bits 0 —5 are configured as general purpose inputs.

4.7.2 Data Direction Register (DDRD)

7 6 5 4 3 2 1 0
$2009 [ o | o | ppps | ppp4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
RESET. 0 0 0 0 0 0 0 0

READ:  Any time (reads of bits 6 and 7 always return zeros).

WRITE: Any time (writes to bits 6 and 7 have no meaning or effect).
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RESET: $00 (all general purpose I/O configured for input only).

0 - Bits set to zero configure the corresponding I/O pins as inputs.
1 - Bits set to one configure the corresponding I/O pins as outputs.

Bit5 of Port D is dedicated as the active low slave select (SS) input, when the SPI system is enabled.
In SPI slave mode, DDRD bit 5 has no meaning or effect. In SPI master mode, DDRD bit 5
determines whether Port D bit 5 is an error detect input to the SPI (DDRD bit clear) or a general
purpose output line (DDRD bit set).

For bits 2, 3, & 4 (MISO, MOSI, & SCK): if the SPI is enabled and expects the bit to be an input, it
will be an input regardless of the state of the DDRD bit; if the SPI is enabled and expects the bit to
be an output, it will be an output only if the DDRD bit is set.

48 PORTE

Port E is an 8-bit port which supports the 8-channel A/D converter. Any channels not used
for A/D may be used as general purpose inputs.

Since there is no output drive logic associated with Port E there is no DDRE register. Port E pins
are capable of withstanding negative 1 volttransients (current limited by an external 10 kQ or greater
resistor) without affecting MCU operation, other than possible loss of the A/D input sample for a
conversion being performed at the time of the transient. Using Port E pins as A/D inputs does not
affect the ability to read these pins as static inputs. However, reading Port E during an A/D
conversion sequence may inject noise into the analog input signals and may result in reduced
accuracy of the A/D result. Note that performing a digital read of Port E, with levels other than Vpp
or Vgs on the Port E pins, will result in greater power dissipation during the read cycle.

4.8.1 Data Register (PORTE)

7 6 5 4 3 2 1 0
$100A | PE7 | PE6 | PEs | PE4 | PE3 | PE2 | PEL | PEO | PORTE

RESET: U U U U U u u U
Alternate Pin Function: AN7 ANG6 AN5 AN4 AN3 AN2 AN1 ANO

READ:  Any time (returns sensed levels at Port E pins).
WRITE: Has no meaning or effect.

RESET: Does not affect this address.
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49 PORTF
Port F is an 8-bit general purpose output port which also supports the external address bus.

In the expanded modes (normal expanded and test), these pins act as the low order address output
pins. During each MCU cycle, bits 0 — 7 of the address are driven out of bits 0 — 7 of Port F. When
the NHALT bit in the OPT2 register is cleared and the HALT input is pulled low, all output buffers
on Port F pins go tri-state.

In the single chip modes (nhormal and bootstrap), the Port F pins are general purpose output only
pins. Reading Port F in these modes returns the sensed levels at the inputs to the Port F pin drivers.
The Port F data register is cleared at reset and all Port F bits output logic zeros.

49.1 Data Register (PORTF)

7 6 5 4 3 2 1 0
$1005 | PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO | PORTF

RESET: 0 0 0 0 0 0 0 0

READ:  Any time (returns sensed levels at inputs of Port F pin drivers).
WRITE: Data stored in internal latch (drives pins only if configured as general purpose outputs).

RESET: In single chip modes, all Port F pins are general purpose output only pins (all zeros).
In expanded modes, all Port F pins are low order address signal outputs.

410 PORTG

Port G is an 8-bit bidirectional port. Port G pins serve one of two basic functions depending on the
MCU mode selected; bidirectional data lines or general purpose I/O pins. In either mode, if the
GWOM bitinthe OPT2 register is set, the p-channel drivers in the output buffers are disabled (wired-
OR mode).

Port G may be programmed as an input or an output under software control. The data direction of
each pin is determined by the state of the corresponding bit in the Port G data direction register
(DDRG). A pin is configured as an output if its corresponding DDRG bit is set to a logic one; a pin
is configured as aninputifits corresponding DDRG bitis cleared. Atreset, all DDRG bits are cleared,
which configure all Port G pins as inputs.

During the programmed output state, a read of Port G actually reads the value of output data latch
and not the pin level. When the GWOM bit in OPT2 is set, the p-channel drivers of output buffers
are disabled (wired-OR mode).
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4.10.1 Data Register (PORTG)

7 6 5 4 3 2 1 0
$1002 | PG7 | PG6 | PG5 | PG4 | PG3 | PG2 | PGL | PGO | PORTG

RESET: 0 0 0 0 0 0 0 0

READ:  Any time (inputs return pin levels; outputs return pin driver input levels).
WRITE: Data stored in an internal latch (drives pins only if configured as outputs).
RESET: General purpose high impedance inputs ($00)

4.10.2 Data Direction Register (DDRG)

7 6 5 4 3 2 1 0
$1003 | DDG7 | DDG6 | DDG5 | DDG4 | DDG3 | DDG2 | DDGL | DDGO | DDRG

RESET: 0 0 0 0 0 0 0 0

READ:  Any time.
WRITE: Any time.
RESET: $00 (all general purpose I/O configured for input only).

0 — Bits set to zero configure the corresponding I/O pins as inputs.
1 - Bits set to one configure the corresponding I/O pins as outputs.

411 PORTH

Port H is an 8-bit general purpose I/O port. Three of the pins are used for the event counter (see
SECTION 11: EVENT COUNTER). Four of the remaining pins are used for the 4-channel PWM
timer (see SECTION 10: PULSE WIDTH MODULATION TIMER ). The remaining pin is used for the
memory ready input signal (MRDY). Any pins not used for these functions may be used as general
purpose 1/0.

When the PWENX bit in the PWEN register is set, the associated Port H bit is forced to be a PWM
outputregardless of the state of the DDRH bit. This does not change the state of the DDRH bit. When
the PWENX bit in the PWEN register is cleared, the pin defaults to being a general purpose I/O. The
data direction of the pin is determined by the state of the corresponding DDRH bit.

Bits 4 and 5 of Port H are used as the EVI2 and EVI1 inputs or as general purpose 1/O. The data
direction of Port H bits 4 and 5 is always under the control of DDRH bits 4 and 5, whether EVI2 and
EVI1 are enabled or not. If the pin is configured as an output by its DDRH bit, the output data of the
Port H register is also the input data of the event counter.
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Bit 6 of Port H is used as the event output (EVO) or as general purpose /0. When the EVOEN bit
inthe EVCTL register is set, bit 6 of Port H becomes EVO regardless of the state of DDRH bit 6. This
does not change the state of DDRH bit 6. When the EVOEN bit in the EVCTL register is cleared,
the data direction of the pin is under the control of DDRH bit 6.

In the expanded non-multiplexed and test modes, bit 7 of Port H is used as the memory ready signal
(MRDY) or as general purpose 1/0. When the MRDY bit in the OPT2 register is set, bit 7 of Port H
becomes the memory ready input regardless of the state of DDRH bit 7. When the MRDY bit in the
OPT2 register is cleared, the data direction of the pin is under the control of DDRH bit 7. In the single
chip and bootstrap modes, bit 7 of Port H is a general purpose I/O pin and the data direction of the
pin is determined by the state of DDRH bit 7.

Reading Port H reads the levels sensed at the pins regardless of the DDRH, PWENXx, and EVOEN
bits. All DDRH bits are cleared at reset.

4.11.1 Data Register (PORTH)

7 6 5 4 3 2 1 0
$1033 | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PHL | PHO | PORTH

RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: ~ MRDY ~ EVO EVI1 EVI2 PW4 PW3 Pw2 PW1

READ:  Any time (inputs return pin levels, outputs return pin driver input levels).
WRITE: Data stored in an internal latch (drives pins only if configured for output).
RESET: General purpose high impedance inputs ($00).

4.11.2 Data Direction Register (DDRH)

7 6 5 4 3 2 1 0
$1034 | DDH7 | DDH6 | DDH5 | DDH4 | DDH3 | DDH2 | DDH1 | DDHO | DDRH

RESET: 0 0 0 0 0 0 0 0

READ:  Anytime
WRITE: Any time
RESET: $00 (all general purpose I/O configured for input only)

0 — Bits set to zero configure the corresponding I/O pins as inputs.
1 — Bits set to one configure the corresponding I/O pins as outputs.

Note: The pulse width modulation timer forces the 1/O state to be an output for each Port H line
associated with an enabled PWM. In such cases, the data direction bits will not be
changed but have no effect on these lines. DDRH will revert to controlling the 1/0O state
of a pin when the associated function is disabled. The event counter does not force the
state of any of the associated pins.
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412 PORTJ

Port J is a general purpose 4-bit I/O port which also supports some of the timer functions (see
SECTION 6: PROGRAMMABLE TIMER, REAL TIME INTERRUPT AND PULSE
ACCUMULATOR). Two of the pins are used for input capture/output compare. One of the pins is
used as a clock input for the timer counter registers. The one remaining pin is for general purpose
I/0. Any channels not used for timers may be used as general purpose I/O.

Bit 0 of Port J is used as the TCK input or for general purpose I/O. The data direction is always under
the control of DDRJ bit 0, whether TCKis enabled or not. If the pinis configured as an output by DDRJ
bit 0, the output data in Port J bit 0 becomes the input data to TCK.

Bits 1 and 2 of Port J is used for output compare or input capture or as general purpose /0. If the
associated output compare is not enabled, the data directions of these pins are dependenton DDRJ
bits 1 and 2. If an output compare is enabled, the associated pin is configured automatically as an
output. If a pin is programmed as an output and input capture is enabled, the output data becomes
the input data to the input capture.

Bit 3 of Port J is a general purpose 1/O pin and the data direction of the pin is determined by the state
of DDRJ bit 3. All DDRJ bits are cleared at reset.

4.12.1 Data Register (PORTJ)

7 6 5 4 3 2 1 0
$2038 [ o | o | o | o | P [ P2 | P | PO | PORTI
RESET: 0 0 0 0 0 0 0 0
Alternate Pin Function: — — — — — 076 06/5  TCK

READ:  Any time (inputs return pin levels, outputs return pin driver input levels).
WRITE: Data stored in an internal latch (drives pins only if configured as outputs).
RESET: General purpose high impedance inputs ($00).

4.12.2 Data Direction Register (DDRJ)

7 6 5 4 3 2 1 0
$202 [ o [ o | o | o | Dpi3 | DD32 | DDJL | DDXO | DDRI
RESET. 0 0 0 0 0 0 0 0

READ:  Any time.
WRITE: Any time.
RESET: $00 (all general purpose I/O configured for input only).

0 — Bits set to zero configure the corresponding I/O pins as inputs.
1 - Bits set to one configure the corresponding I/O pins as outputs.
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Note: The timer forces the I/O state to be an output if output compare 6 is enabled on Port J
bit 1 (OM6 or OL6 is a 1 and I5/06 is a 0). The timer also forces the 1/O state to be an
output if output compare 7 is enabled on Port J bit 2 (OM7 or OL7 isa 1 and 16/07 is a
0). In this case, the data direction bit is not changed but has no effect on this line. The
DDRJ bit will revert to controlling the I/O state of the pin when timer output compare 6 is
disabled. TCK does not force the state of the line associated with it.

4.13 EXPANDED BUS (PORTS B, C, F)

The MC68HC11G5 has a non-multiplexed expansion bus. This simplifies system design, as
demultiplexing circuitry is not required. It also eliminates the need for an address strobe line.

The user gains three additional ports when the part is used in single chip mode. Port B provides the
high order addresses in expanded mode, but may be used as a general purpose output portin single
chipmode. Similarly, Port F provides the low order addresses, butmay be used as ageneral purpose
output portin single chip mode. Port Cis the data bus in expanded mode, but may be used as general
purpose 1/O in single chip mode. Port C has a data direction register for use in single chip mode.

In order to allow emulation of all MC68HC11G5 functions, even in the expanded modes, the
functions displaced by specification of the expanded mode become externally addressed functions.
The registers which become external accesses are PORTC, DDRC, PORTB and PORTF.

4131 RW

The read/write output signal (R/W) is a dedicated function when the MC68HC11GS5 is in normal
expanded mode or test mode. The timing of this signal is the same as the timing for a Port B address
output, except for the hold time from the falling edge of E, which is extended so that no special
circuitry is needed in a multi-board expanded system. This output reflects the state of the internal
CPU R/W signal.

In the single chip and bootstrap modes, the RIW pin is a dedicated output which is always high
(read). This permits changing from one of these modes to an expanded mode, without the risk that
the R/W line might have been in the “write” state, causing bus conflicts or inadvertent external
memory changes.
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4.13.2 Memory Ready (MRDY)

A memory ready function is available on the MC68HC11G5. This allows interfacing to slow
peripherals and dual ported RAM, and to dynamic RAM without a hidden refresh.

When the memory ready function is enabled, MRDY is used to stretch the CPU timing and E-clock
to allow a longer access time. Note that internal clocks to timers and baud rate generators continue
to run at the normal rate so that the timer and serial systems are not affected.

Port H bit 7 is used as the memory ready line (MRDY). When this line is low, an external access will
be stretched until the line goes high. During the stretch time the address lines will be held and
E will be kept in the high state. For write operations the data will be held and for read operations the
data bus lines will be inputs. When MRDY goes high, E will fall thus ending the cycle, and
will continue at a normal rate until the next external access during which MRDY is low. Note that the
bus will only stretch for integral numbers of E-clock cycles.

4.13.3 Options Register 2 (OPT2)

7 6 5 4 3 2 1 0
$1038 [GwoM [cwom| o0 | RV | 0 | 0 [ MRDY |NHALT | OPT2
RESET. 0 0 0 - 0 0 0 1

GWOM — PORT G Wired-Or Mode
READ:  Anytime.
WRITE: Any time.

0 — Port G operates normally.
1 — Port G outputs are open drain (used to facilitate testing).
CWOM — PORT C Wired-Or Mode

READ:  Anytime.
WRITE: Any time.

0 — Port C operates normally.
1 — Port C outputs are open drain (used to facilitate testing).
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IRV — Internal Read Visibility
READ:  Any time.
WRITE: If SMOD=1, any time. If SMOD=0, only one write is allowed.
RESET: Test and bootstrap modes — 1; single chip and expanded modes — 0.

0 — No visibility of internal reads on external bus.
1 — Data from internal reads is driven out on the external data bus.
MRDY — Memory Ready Enable

READ:  Any time.
WRITE: Any time.

0 — Memory Ready is disabled, Port H bit 7 is general purpose 1/O.

1 — Memory Ready is enabled, Port H bit 7 is forced to be an input used as the MRDY
line. External bus accesses will be stretched as long as this line is held low.

NHALT — Enable Halt Function
READ:  Anytime
WRITE: Any time

0 - Haltenabled (a logic low level detected on the HALT pin will cause the part to go
into the HALT state at the completion of the present instruction).

1 — Halt disabled.

INPUT/OUTPUT PORTS
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SECTION 5
RESETS, INTERRUPTS AND LOW POWER MODES

This section describes the internal and external resets and interrupts of the MC68HC11G5 and its
two low power consumption modes.

5.1 RESETS
The MCU can be reset in four ways:

1. An active-low input to the RESET pin

2. A power-on-reset function
3. A clock monitor failure
4. A computer operating properly (COP) watchdog timer timeout

The RESET input circuitry includes a Schmitt trigger which senses the RESET line logic level.

5.1.1 RESET Pin

The RESET pin is used to reset the MCU and allow an orderly software startup procedure. When
a reset condition is sensed, this pin is driven low by an internal device for four E-clock cycles, then
released, and two E-clock cycles later it is sampled. If the pin is still low, it means that an external
reset has occurred. If the pin is high, it implies that the reset was initiated internally by either the
watchdog timer (COP) or the clock monitor. This method of differentiation between internal and
external reset conditions assumes that the reset pin will rise to a logic one in less than two E-clock
cyclesonceitis released, and that an externally generated reset should stay active for at least eight
E-clock cycles.

5.1.2 Power-on-reset (POR)

Power-on-reset occurs when a positive transition is detected on V5. This reset is used strictly for
power turn-on 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 power-on-reset delay time, the processor remains
in the reset state until RESET goes high.
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5.1.3  Computer Operating Properly (COP) Reset

The MCU contains a watchdog timer which automatically times out unless it is reset within a specific
time by a program reset sequence. If the COP watchdog 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 in 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 CRO and CR1 in the configuration options register (OPTION) allow
the user to select one of four COP timeout periods. Table 5-1 shows the relationship between CRO
and CR1 and the timeout period for various system clock frequencies.

Table 5-1. COP Timeout Periods

£:015| XTAL=2" |XTAL=80MHz| XTAL= IxtAL=40MHz| XTAL=
- ) . 4.9152 MHz ) 3.6864 MHz
CR1|CRO | Divided| Timeout Timeout Timeout Timeout Timeout
By |[-0/+156ms| -0/+16.4ms -0/+328ms
-0/+26.7ms —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 62.5ms 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 ls 1.049's 1.707s 21s 2.276s
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)

2) Write $AA to the COP reset register (COPRST)

Both writes must occur in this sequence prior to the timeout, but any number of instructions can be
executed between the two writes.

514

Clock Monitor Reset

The MCU contains a clock monitor circuit which measures the E-clock frequency. The clock monitor
functionis enabled by the CME control bitin the OPTION register. Upon detection of a slow or absent
clock, the clock monitor circuit (if enabled by CME = 1) will cause a system reset to be generated.
If the E-clock input rate is above approximately 200 kHz, then the clock monitor does not generate
a reset. If the E-clock is lost or its frequency falls below 10 kHz, then a reset is generated, and the
RESET pin is driven low to reset the external system.

RESETS, INTERRUPTS AND LOW POWER MODES
5-2

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Special considerations are needed when using STOP and the clock monitor in the same system.
Since the STOP function causes the clocks to be halted, the clock monitor function will generate a
reset sequence if it is enabled prior to the STOP mode being entered. For systems which do not
expect or want a STOP function, this interaction can be useful to detect the unauthorized execution
of a STOP instruction which could not be detected by the COP watchdog system. On the other hand,
in systems which utilise both the STOP and clock monitor functions, this interaction means that the
CME bit must be written to zero just prior to executing a STOP instruction and should be written back
to one as soon as the MCU resumes execution.

5.1.5 Configuration Options Register (OPTION)

The bits in this register control certain configuration options, most of which can be changed only
during the first 64 cycles after reset in normal operating modes.

7 6 5 4 3 2 1 0
$1039 | ADPU | CSEL | IRQE | DLY | cME | 0 | CRL | CRo | OPTION

RESET: 0 0 0 1 0 0 0 0

READ:  Any time.

WRITE: Bits 3, 6, and 7 may be written at any time.
Bits 0, 1, 4, and 5 may be written once only in the normal operating modes, and only
during the first 64 cycles after reset. After this time the bits are read-only in the normal
operating modes (SMOD = 0). In the special test and bootstrap modes (SMOD = 1),
writes are always permitted.

RESET: $10.
ADPU — A/D Power Up

0 — A/D system powered down to save supply current.
1 — A/D system powered up (allow about 100 us for stabilization).
CSEL — Clock Select

This bit should be set to one if the E-clock is less than 1 MHz.

0 — A/D uses the system E-clock (must be 1.0 MHz or greater).
1 — A/D uses an internal R-C clock source (about 1.5 MHz).
IRQE — IRQ Select Edge Sensitive Only

0 — IRQ configured for low level recognition.
1 - ﬁ configured to respond only to falling edges.
DLY — Enable Oscillator Start-up delay on exit from STOP

0 — No stabilization delay imposed on exit from STOP mode.
1 — A stabilization delay is imposed before processing resumes after STOP.

This bitis set during reset and controls whether or not a relatively long stabilization delay
isimposed before processing can resume aftera STOP period. If an external clock signal
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