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Chapter 1
General Description

1.1 Introduction

The MC68HC912B32, MC68HC12BE32 and MC68HC(9)12BC32, are 16-bit microcontroller units
(MCUs) composed of standard on-chip peripherals. The multiplexed external bus can also operate in an
8-bit narrow mode for interfacing with single 8-bit wide memory in lower-cost systems. There is a slight
feature set difference between the four pin-for-pin compatible devices as shown in Table 1-1.

Table 1-1. M68HC12B Series Feature Set Comparisons

Features MC68HC912B32 | MC68HC12BE32 | MC68HC912BC32 | MC68HC12BC32

CPU12 X X X X
Multiplexed bus X X X X
32-Kbyte FLASH electrically erasable, X X

programmable read-only memory (EEPROM)

32-Kbyte read-only memory (ROM) X X
768-byte EEPROM X X X X
1-Kbyte random-access memory (RAM) X X X X
Analog-to-digital (A/D) converter X X X X
Standard timer module (TIM) X X X
Enhanced capture timer (ECT)

Pulse-width modulator (PWM) X X X
Q?Z:]f;:;o(nsogﬁ)senal communications X X X X
Synchronous serial peripheral interface (SPI) X X X
J1850 byte data link communication (BDLC)

Controller area network module (CAN) X X
V(flggﬁg;zrt?rzirrating properly (COP) X X X X
Slow mode clock divider X

80-pin quad flat pack (QFP)

Single-wire background debug mode (BDM)

M68HC12B Family Data Sheet, Rev. 9.1
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1.2 Features

Features include:

20

16-bit CPU12:

— Upwardly compatible with the M68HC11 instruction set
— Interrupt stacking and programmer’s model identical to the M68HC11
— 20-bit arithmetic logic unit (ALU)

— Instruction queue

— Enhanced indexed addressing

— Fuzzy logic instructions

Multiplexed bus:

— Single chip or expanded

— 16-bit by 16-bit wide or 16-bit by 8-bit narrow modes
Memory:

— 32-Kbyte FLASH electrically erasable, programmable read-only memory (EEPROM) with
2-Kbyte erase-protected boot block — MC68HC912B32 and MC68HC912BC32 only

— 32-Kbyte ROM — MC68HC12BE32 and MC68HC12BC32 only

— 768-byte EEPROM

— 1-Kbyte random-access memory (RAM) with single-cycle access for aligned or misaligned
read/write

8-channel, 10-bit analog-to-digital converter (ATD)

8-channel standard timer module (TIM) — MC68HC912B32 and MC68HC(9)12BC32 only:

— Each channel fully configurable as either input capture or output compare

— Simple pulse-width modulator (PWM) mode

— Modulus reset of timer counter

Enhanced capture timer (ECT) — MC68HC12BE32 only:

— 16-bit main counter with 7-bit prescaler

— Eight programmable input capture or output compare channels; four of the eight input captures
with buffer

— Input capture filters and buffers, three successive captures on four channels, or two captures
on four channels with a capture/compare selectable on the remaining four

— Four 8-bit or two 16-bit pulse accumulators

— 16-bit modulus down-counter with 4-bit prescaler

— Four user-selectable delay counters for signal filtering
16-bit pulse accumulator:

— External event counting

— Gated time accumulation

Pulse-width modulator (PWM):

— 8-bit, 4-channel or 16-bit, 2-channel

— Separate control for each pulse width and duty cycle
— Programmable center-aligned or left-aligned outputs

M68HC12B Family Data Sheet, Rev. 9.1
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Slow-Mode Clock Divider Advisory

» Serial interfaces:
— Asynchronous serial communications interface (SCI)
— Synchronous serial peripheral interface (SPI)
— J1850 byte data link communication (BDLC), MC68HC912B32 and MC68HC12BE32 only
— Controller area network (CAN), MC68HC(9)12BC32 only

« Computer operating properly (COP) watchdog timer, clock monitor, and periodic interrupt timer
* Slow-mode clock divider

» 80-pin quad flat pack (QFP)

* Upto 63 general-purpose input/output (I/0O) lines

» Single-wire background debug mode (BDM)

*  On-chip hardware breakpoints

1.3 Slow-Mode Clock Divider Advisory

Current versions of the M68HC12B-series devices include a slow-mode clock divider feature. This feature
is fully described in Chapter 10 Clock Generation Module (CGM). The register that controls this feature is
located at $00EO. Older device mask sets do not support the slow-mode clock divider feature. This
register address is reserved in older devices and provides no function.

Mask sets that do not have the slow-mode clock divider feature on the MC68HC912B32 include: G96P,
G86W, and H91F.

Mask sets that do not have the slow-mode clock divider feature on the MC68HC12BE32 include: H54T
and J38M.

Mask sets that do not have the slow-mode clock divider feature on the MC68HC(9)12BC32 include: J15G.
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1.4 Block Diagrams
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Figure 1-1. Block Diagram for MC68HC912B32 and MC68HC12BE32
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Figure 1-2. Block Diagram for MC68HC(9)12BC32
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General Description

1.5 Ordering Information

The M68HC12B-series devices are available in 80-pin quad flat pack (QFP) packaging and are shipped
in 2-piece sample packs, 84-piece trays, or 420-piece bricks.

Operating temperature range, package type, and voltage requirements are specified when ordering the
specific device.

Documents to assist in product selection are available from the Freescale Literature Distribution Center
or your local Freescale sales offices.

Product selection guides can also be found on the worldwide web at this URL.:
http://freescale.com

Evaluation boards, assemblers, compilers, and debuggers are available from Freescale and from
third-party suppliers. An up-to-date list of products that support the M68HC12 Family of microcontrollers
can be found on the worldwide web at this URL:

http://freescale.com

1.6 Pinout and Signal Descriptions

1.6.1 Pin Assignments
The MCU is available in an 80-pin quad flat pack (QFP). Figure 1-3 and Figure 1-4 show the pin
assignments. Most pins perform two or more functions, as described in the 1.6.3 Signal Descriptions.

1.6.2 Power Supply Pins

The MCU power and ground pins are described here and summarized in Table 1-2.

1.6.2.1 VDD and VSS

Vpp and Vgg are the internal power supply and ground pins. Because fast signal transitions place high,
short-duration current demands on the power supply, use bypass capacitors with high-frequency
characteristics and place them as close to the MCU as possible. Bypass requirements depend on how
heavily the MCU pins are loaded.

1.6.2.2 VDDX and VSSX

Vppx and Vggy are the external power supply and ground pins. Because fast signal transitions place high,
short-duration current demands on the power supply, use bypass capacitors with high-frequency
characteristics and place them as close to the MCU as possible. Bypass requirements depend on how
heavily the MCU pins are loaded.

1.6.2.3 VDDA and VSSA

Vppa and Vggp are the power supply and ground pins for the analog-to-digital converter (ATD). This
allows the supply voltage to be bypassed independently.

1.6.2.4 VRH and VRL

Vrny and Vg, are the reference voltage pins for the ATD.

M68HC12B Family Data Sheet, Rev. 9.1
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Pinout and Signal Descriptions
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1. Pin 69 is an NC (no connect) on the MC68HC12BE32.
2. In narrow mode, high and low data bytes are multiplexed in alternate bus cycles on port A.

Figure 1-3. Pin Assignments for MC68HC912B32 and MC68HC12BE32 Devices
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1. Pin 69 is an NC (no connect) on the MC68HC12BC32.
2. In narrow mode, high and low data bytes are multiplexed in alternate bus cycles on port A.

Figure 1-4. Pin Assignments for MC68HC(9)12BC32 Devices
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Pinout and Signal Descriptions

1.6.2.5 Vgp (MC68HC912B32 and MC68HC912BC32 only)

Vep is the FLASH EEPROM programming voltage and supply voltage during normal operation for the

MC68HC912B32 and MC68HC912BC32 only.

Table 1-2. Power and Ground Connection Summary

Mnemonic Pin Number Description
Vpp 10, 47
Internal power and ground
Vsg 11, 48
Vbpx 31,78 .
External power and ground supply to pin drivers
Vssx 30, 77
Vboa 59 Operating voltage and ground for the ATD; allows the supply
Vssa 60 voltage to be bypassed independently
VRH 49 .
Reference voltages for the analog-to-digital converter
VRL 50
Programming voltage for the FLASH EEPROM and required
supply for normal operation — MC68HC912B32 and
Vep 69 MC68HC912BC32 only.
Pin 69 is a no connect (NC) on the MC68HC12BE32 and
MC68HC12BC32.

1.6.3 Signal Descriptions

The MCU signals are described here and summarized in Table 1-3.

1.6.3.1 XTAL and EXTAL

XTAL and EXTAL are the crystal driver and external clock input pins. They provide the interface for either

a crystal or a CMOS compatible clock to control the internal clock generator circuitry. Out of reset the

frequency applied to EXTAL is twice the desired E-clock rate. All the device clocks are derived from the

EXTAL input frequency.

XTAL is the crystal output. The XTAL pin must be left unterminated when an external CMOS compatible
clock input is connected to the EXTAL pin. The XTAL output is normally intended to drive only a crystal.

The XTAL output can be buffered with a high-impedance buffer to drive the EXTAL input of another

device.

NOTE

In all cases, take extra care in the circuit board layout around the oscillator
pins. Load capacitances shown in the oscillator circuits include all stray
layout capacitances. Refer to Figure 1-5 and Figure 1-6 for diagrams of

oscillator circuits.
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Figure 1-5. Common Crystal Connections
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EXTAl-= CMOS-COMPATIBLE
EXTERNAL OSCILLATOR
MCU
XTAL— NC

Figure 1-6. External Oscillator Connections

1.6.3.2 ECLK

ECLK is the output connection for the internal bus clock and is used to demultiplex the address and data
and is used as a timing reference. ECLK frequency is equal to one half the crystal frequency out of reset.

In normal single-chip mode, the E-clock output is off at reset to reduce the effects of radio frequency
interference (RFI), but it can be turned on if necessary.

In special single-chip mode, the E-clock output is on at reset but can be turned off.
In special peripheral mode, the E clock is an input to the MCU.

All clocks, including the E clock, are halted when the MCU is in stop mode. It is possible to configure the
MCU to interface to slow external memory. ECLK can be stretched for such accesses.

1.6.3.3 RESET

An active-low, bidirectional control signal, RESET is an input to initialize the MCU to a known startup
state. It also acts as an open-drain output to indicate that an internal failure has been detected in either
the clock monitor or COP watchdog circuit. The MCU goes into reset asynchronously and comes out of
reset synchronously. This allows the part to reach a proper reset state even if the clocks have failed, while
allowing synchronized operation when starting out of reset.

It is possible to determine whether a reset was caused by an internal source or an external source. An
internal source drives the pin low for 16 cycles; eight cycles later, the pin is sampled. If the pin has
returned high, either the COP watchdog vector or clock monitor vector is taken. If the pin is still low, the
external reset is determined to be active and the reset vector is taken. Hold reset low for at least 32 cycles
to assure that the reset vector is taken in the event that an internal COP watchdog timeout or clock monitor
fail occurs.

1.6.3.4 IRQ

IRQ is the maskable external interrupt request pin. It provides a means of applying asynchronous interrupt
requests to the MCU. Either falling edge-sensitive triggering or level-sensitive triggering is program
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selectable (interrupt control register, INTCR). IRQ is always configured to level-sensitive triggering at
reset. When the MCU is reset, the IRQ function is masked in the condition code register.

This pin is always an input and can always be read. In special modes, it can be used to apply external
EEPROM Vpp in support of EEPROM testing. External Vpp is not needed for normal EEPROM program
and erase cycles. Because the IRQ pin is also used as an EEPROM programming voltage pin, there is
an internal resistive pullup on the pin.

1.6.3.5 XIRQ

XIRQ is the non-maskable external interrupt pin. It provides a means of requesting a non-maskable
interrupt after reset initialization. During reset, the X bit in the condition code register (CCR) is set and any
interrupt is masked until MCU software enables it. Because the XIRQ input is level sensitive, it can be
connected to a multiple-source wired-OR network. This pin is always an input and can always be read.
There is an active pullup on this pin while in reset and immediately out of reset. The pullup can be turned
off by clearing the PUPE bit in the pullup control register (PUCR). XIRQ is often used as a power loss
detect interrupt.

When XIRQ or IRQ are used with multiple interrupt sources (IRQ must be configured for level-sensitive
operation if there is more than one source of IRQ interrupt), each source must drive the interrupt input
with an open-drain type of driver to avoid contention between outputs. There must also be an interlock
mechanism at each interrupt source so that the source holds the interrupt line low until the MCU
recognizes and acknowledges the interrupt request. If the interrupt line is held low, the MCU recognizes
another interrupt as soon as the interrupt mask bit in the MCU is cleared, normally upon return from an
interrupt.

1.6.3.6 SMODN, MODA, and MODB

SMODN, MODA, and MODB are the mode-select signals. Their state during reset determines the MCU
operating mode. After reset, MODA and MODB can be configured as instruction queue tracking signals
IPIPEO and IPIPE1. MODA and MODB have active pulldowns during reset.

The SMODN pin can be used as BKGD or TAGHI after reset.

NOTE
To aid in mode selection, refer to Figure 1-8 and Figure 1-9. These
schematics are provided as suggestive layouts only.

1.6.3.7 BKGD

BKGD is the single-wire background mode pin. It receives and transmits serial background debugging
commands. A special self-timing protocol is used. The BKGD pin has an active pullup when configured
as input; BKGD has no pullup control. Currently, the tool connection configuration shown in Figure 1-7 is
used.

BKGD1|® @ [2GND
NC3 @ @ |4RESET
Vep 5| @ @ |6\

Figure 1-7. BDM Tool Connector
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1.6.3.8 ADDR15-ADDRO0 and DATA15-DATAO

ADDR15-ADDRO0 and DATA15-DATAQO are the external address and data bus pins. They share functions
with general-purpose 1/O ports A and B. In single-chip operating modes, the pins can be used for I/O; in
expanded modes, the pins are used for the external buses.

In expanded wide mode, ports A and B multiplex 16-bit data and address buses. The PA7—PAO pins
multiplex ADDR15-ADDR8 and DATA15-DATAS8. The PB7—PBO pins multiplex ADDR7-ADDRO and
DATA7-DATAO.

In expanded narrow mode, ports A and B are used for the 16-bit address bus. An 8-bit data bus is
multiplexed with the most significant half of the address bus on port A. In this mode, 16-bit data is handled
as two back-to-back bus cycles, one for the high byte followed by one for the low byte. The PA7-PAO pins
multiplex ADDR15-ADDRS8, DATA15-DATAS8, and DATA7-DATAO. The state of the address pin should
be latched at the rising edge of E. To allow for maximum address setup time at external devices, a
transparent latch should be used.

1.6.3.9 R/W

R/W is the read/write pin. In all modes, this pin can be used as input/output (I/O) and is a general-purpose
input with an active pullup out of reset. If the read/write function is required, it should be enabled by setting
the RDWE bit in the port E assignment register (PEAR). External writes are not possible until enabled.

1.6.3.10 LSTRB

LSTRB is the low-byte strobe pin. In all modes, this pin can be used as I/0 and is a general-purpose input
with an active pullup out of reset. If the strobe function is required, it should be enabled by setting the
LSTRE bit in the PEAR register. This signal is used in write operations and so external low-byte writes
are not possible until this function is enabled. This pin is also used as TAGLO in special expanded modes
and is multiplexed with the LSTRB function.

1.6.3.11 IPIPE1 and IPIPEO

IPIPE1 and IPIPEO are the instruction queue tracking pins. Their signals are used to track the state of the
internal instruction execution queue. Execution state is time-multiplexed on the two signals.

1.6.3.12 DBE

DBE is the data bus enable signal. It is an active-low signal that is asserted low during E-clock high time.
DBE provides separation between output of a multiplexed address and the input of data. When an
external address is stretched, DBE is asserted during what would be the last quarter cycle of the last
E-clock cycle of stretch. In expanded modes, this pin is used to enable the drive control of external buses
during external reads only. Use of the DBE is controlled by the NDBE bit in the PEAR register. DBE is
enabled out of reset in expanded modes. This pin has an active pullup during and after reset in single-chip
modes.
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Table 1-3. Signal Description Summary

Pin Pin Description
Name Number P
PW3-PWO0 3-6 Pulse-width modulator channel outputs
ADDR7-ADDRO . . . . .
DATA7—DATAO 25-18 External bus pins share function with general-purpose 1/0 ports A and B. In single-chip
modes, the pins can be used for I/0. In expanded modes, the pins are used for the
ADDR15-ADDRS 46-39 external buses.
DATA15-DATAS8
0C7-10C0 16-12, 9-7 Pins used for input capture and output compare in the timer and pulse accumulator
subsystem
PAI 16 Pulse accumulator input
AN7-ANO 58-51 Analog inputs for the analog-to-digital conversion module
DBE 26 Data bus control and, in expanded mode, enables the drive control of external buses
during external reads
MODB, MODA 27,28 State of mode select pins during reset determines the initial operating mode of the
MCU. After reset, MODB and MODA can be configured as instruction queue tracking
IPIPEL, IPIPEO 27,28 signals IPIPE1 and IPIPEO or as general-purpose I/O pins.
E-clock is the output connection for the external bus clock. ECLK is used as a timing
ECLK 29 . )
reference and for address demultiplexing.
— An active low bidirectional control signal, RESET acts as an input to initialize the MCU
RESET 32 .
to a known startup state and an output when COP or clock monitor causes a reset.
EXTAL 33 Crystal driver and external clock input pins. On reset all the device clocks are derived
XTAL 34 from the EXTAL input frequency. XTAL is the crystal output.
Low byte strobe (0 = low byte valid), in all modes this pin can be used as I/O. The low
LSTRB 35 strobe function is the exclusive-NOR of A0 and the internal SZ8 signal. The SZ8
internal signal indicates the size 16/8 access.
TAGLO 35 Pin used in instruction tagging
— Indicates direction of data on expansion bus; shares function with general-purpose 1/O;
R/W 36 o
read/write in expanded modes
Maskable interrupt request input provides a means of applying asynchronous interrupt
IRQ 37 requests to the MCU. Either falling edge-sensitive triggering or level-sensitive
triggering is program selectable (INTCR register).
XIRO 38 Provides a means of requesting asynchronous non-maskable interrupt requests after
reset initialization
Single-wire background interface pin is dedicated to the background debug function.
BKGD 17 X L2 . . .
During reset, this pin determines special or normal operating mode.
TAGHI 17 Pin used in instruction tagging
DLCRX/RxCAN(®) 76 BDLC receive pin
DLCTx/TXxCAN® 75 BDLC transmit pin
CS/SS 68 Slave-select output for SPI master mode; input for slave mode or master mode
SCK 67 Serial clock for SPI system
SDO/MOSI 66 Master out/slave in pin for serial peripheral interface
SDI/MISO 65 Master in/slave out pin for serial peripheral interface
TxDO 62 SCI transmit pin
RxDO 61 SCl receive pin

1. The RXCAN and TxCAN designations are for the MC68HC(9)12BC32 only.
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1.6.4 Port Signals

The MCU incorporates eight ports which are used to control and access the various device subsystems.
When not used for these purposes, port pins may be used for general-purpose I/O. In addition to the pins
described here, each port consists of:

» A data register which can be read and written at any time

» With the exception of port AD and PE1-PEOQ, a data direction register which controls the direction
of each pin

After reset, all port pins are configured as input. (Refer to Table 1-4 for a summary of the port signal
descriptions.)

Table 1-4. Port Description Summary

Port Name Pin Data Direction Description
Numbers DD Register (Address) P
Port A 46-39 In/Out Port A and port B pins are used for address and data in
PA7-PAO DDRA ($0002) expanded modes. The port data registers are not in the
address map during expanded and peripheral mode
operation. When in the map, port A and port B can be
Port B In/Out read or written anytime.
PB7-PBO 25-18 DDRB ($0003) ) )
DDRA and DDRB are not in the address map in
expanded or peripheral modes.
Port AD .
PAD7—PADO 58-51 In Analog-to-digital converter and general-purpose 1/0
(€]
g%rigé‘cégfég 70-76 In/Out Byte data link communication (BDLC) subsystem and
- DDRDLC ($00FF) general-purpose 1/O
PCAN6—PCAN2
PE1-PEO In . . .
- 29,3500 | pEpEamow |NO%SeSeion s coma daras s et
DDRE ($0009) q gnals, org purp
Port P 79 80 1-6 In/Out General-purpose 1/0. PP3-PPO0 are used with the
PP7-PPO o DDRP ($0057) pulse-width modulator when enabled.
Port S 68-61 In/Out Serial communications interface and serial peripheral
PS7-PS0O DDRS ($00D7) interface subsystems and general-purpose 1/O
General-purpose I/O when not enabled for input capture
Port T 16-12, 9-7 InfOut and output compare in the timer and pulse accumulator
PT7-PTO ' DDRT ($00AF) P P P
subsystem

1. Port DLC applies to the MC68HC912B32 and MC68HC12BE32 and PCAN to the MC68HC(9)12BC32.

1.6.4.1 Port A

Port A pins are used for address and data in expanded modes. The port data register is not in the address
map during expanded and peripheral mode operation. When it is in the map, port A can be read or written
at anytime.

The port A data direction register (DDRA) determines whether each port A pin is an input or output. DDRA
is not in the address map during expanded and peripheral mode operation. Setting a bit in DDRA makes
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the corresponding bit in port A an output; clearing a bit in DDRA makes the corresponding bit in port A an
input. The default reset state of DDRA is all Os.

When the PUPA bit in the PUCR register is set, all port A input pins are pulled up internally by an active
pullup device. This bit has no effect if the port is being used in expanded modes as the pullups are
inactive.

Setting the RDPA bit in the reduced drive register (RDRIV) causes all port A outputs to have reduced drive
levels. RDRIV can be written once after reset and is not in the address map in peripheral mode. Refer to
Chapter 6 Bus Control and Input/Output (I/O).

1.6.4.2 PortB

Port B pins are used for address and data in expanded modes. The port data register is not in the address
map during expanded and peripheral mode operation. When it is in the map, port B can be read or written
at anytime.

The port B data direction register (DDRB) determines whether each port B pin is an input or output. DDRB
is not in the address map during expanded and peripheral mode operation. Setting a bit in DDRB makes
the corresponding bit in port B an output; clearing a bit in DDRB makes the corresponding bit in port B an
input. The default reset state of DDRB is all Os.

When the PUPB bit in the PUCR register is set, all port B input pins are pulled up internally by an active
pullup device. This bit has no effect if the port is being used in expanded modes because the pullups are
inactive.

Setting the RDPB bit in register RDRIV causes all port B outputs to have reduced drive levels. RDRIV can
be written once after reset. RDRIV is not in the address map in peripheral mode. Refer to Chapter 6 Bus
Control and Input/Output (1/O).

1.6.4.3 PortE

Port E pins operate differently from port A and B pins. Port E pins are used for bus control signals and
interrupt service request signals. When a pin is not used for one of these specific functions, it can be used
as general-purpose I/0. However, two of the pins, PE1 and PEO, can be used only for input, and the states
of these pins can be read in the port data register even when they are used for IRQ and XIRQ.

The PEAR register determines pin function, and the data direction register (DDRE) determines whether
each pin is an input or output when it is used for general-purpose I/O. PEAR settings override DDRE
settings. Because PE1 and PEO are input-only pins, only DDRE7-DDREZ2 have effect. Setting a bit in the
DDRE register makes the corresponding bit in port E an output; clearing a bit in the DDRE register makes
the corresponding bit in port E an input. The default reset state of DDRE is all Os.

When the PUPE bit in the PUCR register is set, PE7, PE3, PE2, and PEO are pulled up. PE7, PE3, PE2,
and PEO are active pulled-up devices, while PE1 is always pulled up by means of an internal resistor.

Port E and DDRE are not in the map in peripheral mode or in expanded modes when the EME bit in the
MODE register is set.

Setting the RDPE bit in register RDRIV causes all port E outputs to have reduced drive level. RDRIV can
be written once after reset. RDRIV is not in the address map in peripheral mode. Refer to Chapter 6 Bus
Control and Input/Output (1/O).
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1.6.4.4 Port DLC
The MC68HC912B32 and MC68HC12BE32 contain the port DLC.

Byte data link communications (BDLC) pins can be configured as general-purpose I/O port DLC. When
BDLC functions are not enabled, the port has seven general-purpose 1/O pins, PDLC6—PDLCO. The port
DLC control register (DLCSCR) controls port DLC function. The BDLC function, enabled with the
BDLCEN bit, takes precedence over other port functions.

The port DLC data direction register (DDRDLC) determines whether each port DLC pin is an input or
output. Setting a bitin DDRDLC makes the corresponding pin in port DLC an output; clearing a bit makes
the corresponding pin an input. After reset, port DLC pins are configured as inputs.

When the PUPDLC bit in the DLCSCR register is set, all port DLC input pins are pulled up internally by
an active pullup device.

Setting the RDPDLC bit in register DLCSCR causes all port DLC outputs to have reduced drive level.
Levels are at normal drive capability after reset. RDPDLC can be written anytime after reset. Refer to
Chapter 15 Byte Data Link Communications (BDLC).

1.6.4.5 Port CAN
The MC68HC(9)12BC32 contains the port CAN.

The port CAN has five general-purpose 1/O pins, PCAN[6:2]. The msCAN12 receive pin, RxCAN, and
transmit pin, TXCAN, cannot be configured as general-purpose 1/0O on port CAN.

The msCAN data direction register (DDRCAN) determines whether each port CAN pin PCAN[6:2] is an
input or output. Setting a bit in DDRCAN makes the corresponding pin in port CAN an output; clearing a
bit makes the corresponding pin an input. After reset, port CAN pins PCAN[6:2] are configured as inputs.

When a read to the port CAN is performed, the value read from the most significant bit (MSB) depends
on the MSB, PCANY7, of the port CAN data register, PORTCAN, and the MSB of DDRCAN: it is O if
DDRCAN7 =0 and is PCAN7 if DDRCAN7 = 1.

When the PEUCAN bit in the port CAN control register (PCTLCAN) is set, port CAN input pins PCAN[6:2]
are pulled up internally by an active pullup device.

Setting the RDRCAN bit in register PCTLCAN causes the port CAN outputs PCAN|[6:2} to have reduced
drive level. Levels are at normal drive capability after reset. RDRCAN can be written anytime after reset.
Refer to Chapter 16 msCAN212 Controller.

1.6.4.6 Port AD

Port AD provides input to the analog-to-digital subsystem and general-purpose input. When
analog-to-digital functions are not enabled, the port has eight general-purpose input pins, PAD7-PADO.
The ADPU bit in the ATD control register 2 (ATDCTLZ2) enables the A/D function.

Port AD pins are inputs; no data direction register is associated with this port. The port has no resistive
input loads and no reduced drive controls. Refer to Chapter 17 Analog-to-Digital Converter (ATD).
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1.6.4.7 PortP

The four pulse-width modulation channel outputs share general-purpose port P pins. The PWM function
is enabled with the PWM enable register (PWEN). Enabling PWM pins takes precedence over the
general-purpose port. When pulse-width modulation is not in use, the port pins may be used for
general-purpose 1/0O.

The port P data direction register (DDRP) determines pin direction of port P when used for
general-purpose 1/0. When DDRP bits are set, the corresponding pin is configured for output. On reset,
the DDRP bits are cleared and the corresponding pin is configured for input.

When the PUPP bit in the PWM control register (PWCTL) register is set, all input pins are pulled up
internally by an active pullup device. Pullups are disabled after reset.

Setting the RDPP bit in the PWCTL register configures all port P outputs to have reduced drive levels.
Levels are at normal drive capability after reset. The PWCTL register can be read or written anytime after
reset. Refer to Chapter 11 Pulse-Width Modulator (PWM).

1.6.4.8 Port T

This port provides eight general-purpose I/O pins when not enabled for input capture and output compare
in the timer and pulse accumulator subsystem. The TEN bit in the timer system control register (TSCR)
enables the timer function. The pulse accumulator subsystem is enabled with the PAEN bit in the pulse
accumulator control register (PACTL).

The port T data direction register (DDRT) determines pin direction of port T when used for
general-purpose I/0. When DDRT bits are set, the corresponding pin is configured for output. On reset
the DDRT bits are cleared and the corresponding pin is configured for input.

When the PUPT bit in the timer mask register 2 (TMSK2) is set, all input pins are pulled up internally by
an active pullup device. Pullups are disabled after reset.

Setting the RDPT bit in the TMSK2 register configures all port T outputs to have reduced drive levels.
Levels are at normal drive capability after reset. The TMSK2 register can be read or written anytime after
reset. For the MC68HC912B32 and MC68HC(9)12BC32, refer to Chapter 12 Standard Timer (TIM). For
the MC68HC12BE32, refer to Chapter 13 Enhanced Capture Timer (ECT) Module.

1.6.4.9 PortS

Port S is the 8-bit interface to the standard serial interface consisting of the serial communications
interface (SCI) and serial peripheral interface (SPI) subsystems. Port S pins are available for
general-purpose parallel I/O when standard serial functions are not enabled.

Port S pins serve several functions depending on the various internal control registers. If WOMS bit in the
SCI control register 1 (SCOCR1) is set, the P-channel drivers of the output buffers are disabled for bits
0-1 (2-3). If SWOM bit in the SPOCRL1 register is set, the P-channel drivers of the output buffers are
disabled for bits 4—7 (wired-OR mode). The open drain control affects both the serial and the
general-purpose outputs. If the RDPSx bits in the PURDS register are set, the appropriate port S pin drive
capabilities are reduced. If PUPSx bits in the port S pullup, reduced drive register (PURDS) are set, the
appropriate pullup device is connected to each port S pin which is programmed as a general-purpose
input. If the pin is programmed as a general-purpose output, the pullup is disconnected from the pin
regardless of the state of the individual PUPSx bits.
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1.6.5 Port Pullup, Pulldown, and Reduced Drive

MCU ports can be configured for internal pullup. To reduce power consumption and RFI, the pin output
drivers can be configured to operate at a reduced drive level. Reduced drive causes a slight increase in
transition time depending on loading and should be used only for ports which have a light loading. Table
1-5 summarizes the port pullup default status and controls.

Table 1-5. Port Pullup, Pulldown, and Reduced Drive Summary

Port Resisti Enable Bit Reduced Drive Control Bit
or esistive
Name Input Loads Register Bit Reset Register Bit Reset
(Address) Name State (Address) Name State
PUCR . RDRIV .
Port A Pullup ($000C) PUPA Disabled ($000D) RDPA Full drive
PUCR . RDRIV .
Port B Pullup ($000C) PUPB Disabled ($000D) RDPB Full drive
Port E
PE7, PE3, PE2, Pullup (g(l)JO%E) PUPE Enabled (gc[))oFé)lg) RDPE Full drive
PE1, PEO
Port E RDRIV .
PE4 None — ($000D) RDPE Full drive
Port E .
PE6, PES Pulldown Enabled during reset — — —
PWCTL . PWCTL :
Port P Pullup ($0054) PUPP Disabled ($0054) RDPP Full drive
Port S PURDS . PURDS .
PS1-PSO Pullup ($00DB) PUPSO Disabled ($00DB) RDPSO Full drive
Port S PURDS . PURDS .
PS3_PS2 Pullup ($00DB) PUPS1 Disabled ($00DB) RDPS1 Full drive
Port S PURDS . PURDS .
PS7_PS4 Pullup ($00DB) PUPS2 Disabled ($00DB) RDPS2 Full drive
TMSK2 . TMSK2 .
Port T Pullup ($008D) PUPT Disabled ($008D) RDPT Full drive
Port DLC/PCAN® Pullup %&i%? DLCPUE | Disabled ?é&?:%? DLCRDV | Full drive
Port AD None — —
BKGD Pullup — ‘ — Enabled — | — Full drive

1. Port DLC applies to the MC68HC912B32 and MC68HC12BE32 and PCAN to the MC68HC(9)12BC32.
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Chapter 2
Register Block

2.1 Introduction

The register block can be mapped to any 2-Kbyte boundary within the standard 64-Kbyte address space
by manipulating bits REG15-REG11 in the register initialization register (INITRG). INITRG establishes
the upper five bits of the register block’s 16-bit address. The register block occupies the first 512 bytes of
the 2-Kbyte block.

Default addressing (after reset) is indicated in Figure 2-1. For additional information, refer to Chapter 5
Operating Modes and Resource Mapping.

NOTE
In expanded and peripheral modes, these registers are not in the map:

» Port A data register, PORTA
» Port B data register, PORTB
» Port A data direction register, DDRA
» Port B data direction register, DDRB

In peripheral mode or in expanded modes with the emulate port E bit (EME) set, these registers are not
in the map:

* Port E data register, PORTE

» Port E data direction register, DDRE

In peripheral mode, these registers are not in the map:
* Mode register, MODE
e Pullup control register, PUCR
* Reduced drive register, RDRIV
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Register Block

2.2 Regqisters

Addr.

$0000

$0001

$0002

$0003

$0004

$0007

$0008

$0009

$000A

$000B

$000C

$000D

$000E

$000F

Notes:

Register Name Bit 7 6 5 4 3 2 1 Bit 0
otdread:
Port A Data Registéi2% 7 PAG PA5 PA4 PA3 PAR PAL PAO
(PORTA) Write[
See page 86Reset: U u U u U U U U
otdread:
Port B Data Registéi®2% o7 PB6 PB5 PB4 PB3 PBR PB1 PBO
(PORTB) Write|
See page 8/Reset: U U U u U U U U
irecti - ad
Data Direction Reg'SteB@_ DDA7 DDA6 DDA% DDA4 DDA3 DDA2 DDAl DDAO
(DDRA) Writeg
See page 86Reset: 0 0 0 0 0 0 0 0
. . . ad:
Data Direction Reg'Ste'P@_ DDB7 DDB6 DDB% DDB4 DDB3 DDB2 DDB1 DDBO
(DDRB) Write;
See page 8/Reset: 0 0 0 0 0 0 0 0
Reserved | R | R | R R| R R R R
Reserved ‘ R ‘ R ‘ R‘ R‘ R| F{ F* FF
otdread:
Port E Data Registéi by PE6 PE5 PD4 PD; PR PD1 PDO
(PORTE) Writef
See page 88Reset: 0 0 0 0 0 0 0 0
Data Direction Registe 2% e | ppegl  ppey  DDH4  DDES  DpEas 0
(DDRE) Write;
See page 88Reset: 0 0 0 0 1 0 0 0
Port E Assignment Regis®2%) e | COMTE o pne | \Ecik  LSTRE RO 0
(PEAR) Write[
See page 8%Reset: 1 0 0 1 0 0 0 0
; ead;
Mode Registef? | SMODN| MODB  MODA  ESTR IMIS  EBSWAI 0 EME
(MODE) Write|
See page 78Reset: 0 0 0 1 1 0 0 1
Pullup Control Regist8ad; 0 0 0 PUPE 0 0 PUPB PUPA
(PUCR) Write|
See page 9lReset: 0 0 0 1 0 0 0 0
Reduced Drive Regist8fad; 0 0 0 0 RDPE 0 RDPB RDPA
(RDRIV) Write]
See page 92Reset: 0 0 0 0 0 0 0 0
Reserved | R | R | R| R| R R R R
Reserved ‘ R ‘ R ‘ R‘ R‘ R| in F* I?

I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.
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Registers

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
ST Read:
RAM Initialization Reg'saﬁ_ RAM15| RAM14 RAMI3 RAM12 RAMI11 0 0 0
$0010 (INITRM) Write}
See page 80Reset: 0 0 0 0 1 0 0 0
Register Initialization Regist?% pecic| Regi4  REGIZ  REGL2  REGILL 0 0 MMSWAI
$0011 (INITRG) Write}
See page 80Reget: 0 0 0 0 0 0 0 0
EEPROM Initialization Regi§teadt EE15 EE14 EE13 EE1D 0 0 q EEON
$0012 (INITEE) Write}
See page 8lpeset: 0 0 0 1 0 0 0 1
- i fRead:
Miscellaneous Mapping Cortrof 0 NDRF | RFSTR1 RFSTRO EXSTR1 EXSTRO MAPROM |ROMON
$0013 Register (MISCWrite}
See page 82Reget: 0 0 0 0 0 0 0 0
Real-Time Interrupt Confi§ad; 0
: “I RTIE | RSWA| RSBQx RTBYP| RTR2 RTR1 RTRO
$0014 Register (RTICTLYVrite;
See page 118g¢get: 0 0 0 0 0 0 0 0
Real-Time Interrupt Flag Regi%d RTIF 0 0 0 0 0 0 0
$0015 (RTIFLG) Write}
See page 11%R¢get: 0 0 0 0 0 0 0 0
; ad;
COP Control Regist&ead: -\ FCME FCM FCOP  DISR CR2 QR1 CRO
$0016 (COPCTL)Writet
See page 11%R¢get: 0 0 0 0 0 0 0 1
; ad;
Arm/Reset COP Timgead: g, - Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bt 0
$0017 Register (COPRSTrite|
See page 120Reget: 0 0 0 0 0 0 0 0
$0018 Reserved \ R \ R \ R \ R\ R| F{ F* FF
$001D Reserved \ R | R \ R| R| R| F{ 3 F]z
Interrupt Control RegisfR¢ad: IRQE IRQEN DLY 0 0 0 0 0
$001E (INTCR) Write}
See page 70Reget: 0 1 1 0 0 0 0 0
Highest Priority | Interrupt RegR&d! 1 1 0
9 y pt Registe PSEL5| PSEL4 PSELU3 PSEL2 PSELL
$001F (HPRIO) Write
See page 71Reget: 1 1 1 1 0 0 1 0
; ; dr
Breakpoint Control Registéf®% gy ent | BENG  BKPM 0 BKIALE BKDALE 0 0
$0020 (BRKCTO) Write}
See page 301Reget: 0 0 0 0 0 0 0 0

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 2 of 19)
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Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O

Breakpoint Control RegistéRdad]
P g _ 0 BKDBE| BKMBH BKMBL BKIRWE BKIRW BKORWE |BKORW
(BRKCT1) \yritel
$0021 ritef
See page 302.

Resett 0 0 0 0 0 0 0 0

i - d;
Breakpoint Address Register 6R% gy 15 | git14| Bit13  Bitdz  Bithr  Bif10 Bit 9 Bit 8

$0022 (BRKAH) Write}

See page 303Reget: 0 0 0 0 0 0 0 0

; ; dr
Breakpoint Address Register B8 5, Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
$0023 (BRKAL) Writet

See page 303Reset: 0 0 0 0 0 0 0 0

i ister HftRd!
Breakpoint Data Register HIGI*™  gjt 15 |  pjt14|  Bit 13 Bit12  Bitll  Bit 10 Bit 9 Bit 8
$0024 (BRKDH) Write}

See page 304Reget: 0 0 0 0 0 0 0 0

i i d;
Breakpoint Data Register L%W,a Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 git 0
$0025 (BRKDL) Write}

See page 304Reget: 0 0 0 0 0 0 0 0
$0026 Reserved ‘ R ‘ R ‘ R‘ R‘ R| F{ F* FF
$003F Reserved \ R \ R \ R\ R\ R| q 5& ﬁz

dr
PWM Clocks and ConcateB8% 5131 conol  PCKA2 PCKAL  POKAO  PCKB2  PCKBL | PCKBO
$0040 Register (PWCLK)Vrite|

See page 128¢get: 0 0 0 0 0 0 0 0

aad
PWM Clock Selectand Poldf®?% 5\ 3| pclka  polki  Polko  PPOL3  PPOL2  PPOLL | PPOLO
$0041 Register (PWPOLWYVrite}

See page 12%Reget: 0 0 0 0 0 0 0 0

; ad; 0 0 0 0
PWM Enable Registh: PWEN3| PWENR PWEN1 PWENO
$0042 (PWEN) Write

See page 130Reget: 0 0 0 0 0 0 0 0

i d; 0
PWM Prescaler Counter Reg'%? Bit 6 Bit 5 Bit 4 Bit 3 Bit Bit|1 Bit 0
$0043 (PWPRES)Write|

See page 131geget: 0 0 0 0 0 0 0 0

; ad;
PWM Scale Registeradi o, - Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bt 0
$0044 (PWSCALO)Write}

See page 131geget: 0 0 0 0 0 0 0 0

PWM Scale Counter Regist§agdf  Bit 7 Bit 6 Bit 5 Bit b Bi{ 3 Blt 2 Bit 1 Bit 0
$0045 (PWSCNTO)Write

See page 131geget: 0 0 0 0 0 0 0 0

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 3 of 19)
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Addr.

$0046

$0047

$0048

$0049

$004A

$004B

$004C

$004D

$004E

$004F

$0050

$0051

Notes:

PWM Scale Register 1 (PWSC%%?e_

Register Name

Registers

Read;

See page 132.
Reset:

PWM Scale Counter Regist&eadt

(PWSCNT1)Write]

See page 132R¢eget:

PWM Channel Counter Regist8€8d;
(PWCNTO)Write|

See page 133Reget:

PWM Channel Counter Regist8fad;
(PWCNT1)Write|

See page 133Reget:

PWM Channel Counter Regist8fad;
(PWCNT2)Write;

See page 133Reget:

PWM Channel Counter Regist8€3d;
(PWCNT3)Write;

See page 133Reget:

PWM Channel Period Regist&e@dt
(PWPERO)Write;

See page 134Reget:

PWM Channel Period Regist&ed:
(PWPER1)Write;

See page 134Reget:

PWM Channel Period Regist&ead:
(PWPER2)Write;

See page 134Reget:

PWM Channel Period Regist&ead:
(PWPERS3)Write;

See page 134Reget:

PWM Channel Duty Regist&t&fd;
(PWDTYO0)Write}

See page 135Reget:

PWM Channel Duty Registéte@d;
(PWDTY1)Write|

See page 135Reget:

Bit 7 6 5 4 3 2 1 Bit 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bif 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bif 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
1 1 1 1 1 1 1 1

I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.

3. Available only on MC68HC(9)12BC32 devices.
Figure 2-1. Register Map (Sheet 4 of 19)
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Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
i d:
PWM Channel Duty Registdf2c: o, Bit 6 Bit 5 Bit 4 Bit 3 Bit|2 Bit 1 Bit 0
$0052 (PWDTY2)Write}
See page 13Reset: 1 1 1 1 1 1 1 1
i d:
PWM Channel Duty Registdfeac: o, Bit 6 Bit 5 Bit 4| Bit 8 Bit|2 Bit 1 Hit 0
$0053 (PWDTY3)Write}
See page 13Reset: 1 1 1 1 1 1 1 1
; ad;
PWM Control Regist8i® PSWAI| CENTR RDPP  PUPP  PSBCK
$0054 (PWCTL) Write
See page 136Reset: 0 0 0 0 0 0 0 0
; Read 0 0 0 0 0
PWM Special Mode Reglé?véf’r‘.'JI DISCR| DIsScH  DISCA
$0055 (PWTST) Writef
See page 137Reset: 0 0 0 0 0 0 0 0
istayead;
Port P Data Registéfea} PP6 PP5 PP4 PP3 PPR PPl PPO
$0056 (PORTP) Write|
See page 137Reset: U U U U U U U U
Port P Data Direction Regi®?% o7 | ppps|  DDP§  DDH4  DDP3 DPP2  DDPL  PDPO
$0057 (DDRP) Write}
See page 13&eset: 0 0 0 0 0 0 0 0
$0058 Reserved | R | R | R R| R R R R
$005F Reserved | R | R | R| R| R R R R
ATD Control Registertadt 0 0 0 0 0 0 0 0
$0060 (ATDCTLO)Write}
See page 27%Reset: 0 0 0 0 0 0 0 0
ATD Control Register€ad 0 0 0 0 0 0 0 0
$0061 (ATDCTL1)Write}
See page 27%Reset: 0 0 0 0 0 0 0 0
; ad; 0 0 0 ASCIF
ATD Control Reglstel@. ADPU AFFC AWA ASCIE
$0062 (ATDCTL2)Write}
See page 27%Reset: 0 0 0 0 0 0 0 0
ATD Control Registead; 0 0 0 0 0 0 FRZ1 FRZ0
$0063 (ATDCTL3)Write
See page 28(Reset: 0 0 0 0 0 0 0 0
i ad;
ATD Control Registel™®2% ¢ 5ay, | gvpal  smPp  PR$4  PRS3 PRS2 PRSI |PRSO
$0064 (ATDCTL4)Write}
See page 281geset: 0 0 0 0 0 0 0 1

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 5 of 19)
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Addr.

$0065

$0066

$0067

$0068

$0069

$006A

$006E

$006F

$0070

$0071

$0072

$0073

$0074

Notes:

Registers

Register Name Bit 7 6 5 4 3 2 1 Bit O
ATD Control Registerad S8CM | SCAN|  MULT co ce CB QA
(ATDCTL5)Writef
See page 287Reset: 0 0 0 0 0 0 0 0
ATD Status Regist&eadi  SCF 0 0 0 0 CC? cch c¢o
(ATDSTAT)Write
See page 284geset: 0 0 0 0 0 0 0 0
ATD Status Regist&eadi  CCF7|  CCF¢ CCR5 CCF4 CEF3  dCF2  [cCF1 | ccFo
(ATDSTAT)Write
See page 284geset: 0 0 0 0 0 0 0 0
i iRead:
ATD Test Register Hifi2% gppg | sarg|  SART  SAR6  SARS  SAR4  SAR3  BAR2
(ATDTSTH)Write[
See page 28%Reset: 0 0 0 0 0 0 0 0
i ad;
ATD TestRegister L% gppy | sago|  RsT| TSTOUT  TST3 TST2  TSTL  [TSTO
(ATDTSTL)Writef
See page 28%Reset: 0 0 0 0 0 0 0 0
Reserved | R | R | R| R| R R R R
Reserved ‘ R ‘ R ‘ R‘ R‘ R| ﬂ I‘* ﬁi
idRead;
Port AD Data Input Regis®t2%  pan7 | paps|  paDs  pad4  PADS  PAD2  HADL  PADO
(PORTAD)Write[
See page 286Reset: After reset, reflect the state of the input pins
ATD Result Register®ead Bt 15| Bit 14 Bit13  Bitfl2  Bif11  Hit10 Bit 9 Bit 8
(ADRxOH) Write
See page 286Reset: Undefined
ATD Result Registeread:  Bit 7 Bit 6 Bit 5 Bit 4 Bif 3 Blt 2 Bit 1 Bit 0
(ADRXOL) Write|
See page 286Reset: Undefined
ATD Result Registeriead:  Bit 15| Bit 14 Bit13  Bitfl2  Bif11  Hit10 Bit 9 Bit 8
(ADRx1H) Write
See page 286Reset: Undefined
ATD Result Registeriead:  Bit 7 Bit 6 Bit 5 Bit 4 Bif 3 Blt 2 Bit 1 Bit 0
(ADRX1L) Write|
See page 286Reset: Undefined
ATD Result Register3eadr Bt 15| Bit 14 Bit13  Bitfl2  Bit11  Hit10 Bit 9 Bit 8
(ADRx2H) Write

See page 286Reget:

I:l = Unimplemented Ijl

Undefined
= Reserved

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 6 of 19)
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Register Block

Addr. Register Name

$0075

$0076

$0077

$0078

$0079

$007A

$007B

$007C

$007D

$007E

$007F

Timer IC/OC Select Regidt&adt

$0080

Notes:

ATD Result Register?ead;
(ADRx2L) Write|

See page 286Reget:

ATD Result Register¥ad;

(ADRx3H) Write

See page 286Reget:

ATD Result Register¥ad;

(ADRX3L) Write|

See page 286Reget:

ATD Result Register?ead;

(ADRx4H) Write

See page 286Reget:

ATD Result Register?ead;

(ADRXx4L) Write|

See page 286Reget:

ATD Result Register®ead;

(ADRx5H) Write

See page 286Reget:

ATD Result Register®ead;

(ADRX5L) Write|

See page 286Reget:

ATD Result Register®ead;

(ADRx6H) Write

See page 286Reget:

ATD Result Register&ead;

(ADRX6L) Write|

See page 286Reget:

ATD Result Register¥ead;

(ADRx7H) Write

See page 286Reget:

ATD Result Register¥ead;

(ADRXTL) Write|

See page 286Reget:

(TIOS) Writef

See page 141peget:

Bit 7 6 5 4 3 1 Bit 0
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
Bit 15 Bit 14 Bit 1] Bit[12 Bit 11 Bit 10 Bit 9 Bit 8
Undefined
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
Bit 15 Bit 14 Bit 1 Bit[12 Bit 11 Bit 10 Bit 9 Bit 8
Undefined
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
Bit 15 Bit 14 Bit 1 Bit[12 Bit 11 Bit 10 Bit 9 Bit 8
Undefined
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
Bit 15 Bit 14 Bit 1 Bit[12 Bit 11 Bit 10 Bit 9 Bit 8
Undefined
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
Bit 15 Bit 14 Bit 1 Bit[12 Bit 11 Bit 10 Bit 9 Bit 8
Undefined
Bit 7 Bit 6 Bit § Bit ¢ Bit 3 Bit 2 Bit 1 Bit 0
Undefined
10S7 10S6 10S5 0S4 10383 1052 190S1 10S0
0 0 0 0 0 0 0 0
I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.

3. Available only on MC68HC(9)12BC32 devices.
Figure 2-1. Register Map (Sheet 7 of 19)
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Registers

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O

- i&ead:
Timer Compare Force Regi¥€P% o7 | rocs|  Focs  Fods  FOC3  FC2  HOCL  [Foco
$0081 (CFORC) Write|

See page 141geget: 0 0 0 0 0 0 0 0

i Rgad:
Timer Output Compare 7 Ma&SK™ 50771 oc7Mp  OC7M5  OCTM4  OG7M3  QC7M2  |OC7M1 | OC7MO
$0082 Register (OC7MVrite;

See page 14%Reget: 0 0 0 0 0 0 0 0

; dr
Timer Output Compare 7 D&% 5o7p7| oc7pé  oc7ds  ocipa  0¢7D3  QC7D2  C7DL | OC7DO
$0083 Register (OC7DYVrite}

See page 14Reset: 0 0 0 0 0 0 0 0
Timer Count Register Higgad _ Bit 15 Bit 14 Bit 13 Bit[12 Bif 11 git 10 Bit 9 Bit 8
$0084 (TCNTH) Write]
See page 144geset: 0 0 0 0 0 0 0 0
Timer Count Register L&gadk Bt 7 Bit 6 Bit g Bith Bi{ 3 Blt 2 Bit 1 Bit 0
$0085 (TCNTL) Write
See page 144geset: 0 0 0 0 0 0 0 0
Timer System Control Regiﬁ@f"d TEN Tswal  TsSBCK  TEF
$0086 (TSCR) Writej
See page 144geset: 0 0 0 0 0 0 0 0
$0087 Reserved | R | R | R R| R R R R
Timer Control RegisteRfad o7 oL7 oM6 oL6 OMB ols oM4 OL4
$0088 (TCTLL) Write;
See page 14Reset: 0 0 0 0 0 0 0 0
Timer Control Registef#a% 3 | 513 | oMz| o2 omt ot oMo Lo
$0089 (TCTL2) Write;
See page 14Reset: 0 0 0 0 0 0 0 0

; ; ad:
Timer Control Reg'Ste'R?_ EDG7B| EDG7A EDG6B EDG6A EDG5B EDGSA [EDG4B | EDG4A
$008A (TCTL3) Write;

See page 146Reget: 0 0 0 0 0 0 0 0

; ; ad
Timer Control Reg'Ste'R’f_ EDG3B| EDG3A EDG2B EDG2A EDGI1B EDGIA [EDGOB | EDGOA
$008B (TCTL4) Write;

See page 146Reset: 0 0 0 0 0 0 0 0
; ; ead;
Timer Mask Registeread: ., cel csl c4l c3l c2l cil ol
$008C (TMSKZ1) Write|
See page 146Reset: 0 0 0 0 0 0 0 0
Timer Mask Register?ead; 0 :
_ TOI PUPT | RDPT| TCRE PR2 PR1 PRO
$008D (TMSK2) Write}
See page 147Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented \j| = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 8 of 19)
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Register Block

Addr.

$008E

$008F

$0090

$0091

$0092

$0093

$0094

$0095

$0096

$0097

$0098

$0099

Notes:

Register Name

Timer Interrupt Flag Registéteadt
(TFLG1) Writef

See page 148Reget:

Timer Interrupt Flag Registéte2d:
(TFLG2) Writef

See page 148Reget:

Timer Input Capture/OutRead;
Compare 0 Register High (TC{Jet

See page 149.
Reset:

Timer Input Capture/OutfRRad;
Compare 0 Register Low (TOOiXe;

See page 14%Reget:

Timer Input Capture/OutfRfad;
Compare 1 Register High (TC\\Hite|

See page 14%Reget:

Timer Input Capture/OutfRfad;
Compare 1 Register Low (TOaMriXe;

See page 14%Reget:

Timer Input Capture/OutfRRad;
Compare 2 Register High (TC®@Hite[

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 2 Register Low (TO2rixe;

See page 150Reget:

Timer Input Capture/OutfRfad;
Compare 3 Register High (TC®8Hie[

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 3 Register Low (TOBlrixe;

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 4 Register High (TCWHite[

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 4 Register Low (TOAixe;

See page 150Reget:

OF

Bit 8

it 0

Bit 8

it 0

Bit 8

it 0

Bit 8

it 0

Bit 8

it 0

Bit 7 6 5 4 3 1 Bit 0
C7F C6F C5F C4F C3H C2F ClF g
0 0 0 0 0 0 0 0

TOF 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit{11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit{11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.

3. Available only on MC68HC(9)12BC32 devices.
Figure 2-1. Register Map (Sheet 9 of 19)

48

M68HC12B Family Data Sheet, Rev. 9.1

Freescale Semiconductor



Addr.

$009A

$009B

$009C

$009D

$009E

$009F

$00A0

$00A1

$00A2

$00A3

$00A4

$00A5

Notes:

Register Name

Registers

Timer Input Capture/OutfRRad;
Compare 5 Register High (TC®Hiixe|

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 5 Register Low (TOBlritef

See page 150Reget:

Timer Input Capture/OutfRRad;
Compare 6 Register High (TC®Hiixe|

See page 151_aget:

Timer Input Capture/OutfRRad;
Compare 6 Register Low (TOBlritef

See page 151_aget:

Timer Input Capture/OutfRRad;
Compare 7 Register High (TCWHiixe|

See page 151Raget:

Timer Input Capture/OutfRRad;
Compare 7 Register Low (TOWRritef

See page 151_aget:

Pulse Accumulator Contrstad!

Register (PACTLYVrite

See page 151_aget:

Pulse Accumulator Flag Regia‘%‘?‘d
(PAFLG) Writef

See page 153Reget:

Pulse Accumulator CodRgad!
Register 3 (PACN3)ritef

See page 178Reget:

Pulse Accumulator CodRgad!
Register 2 (PACN2)ritef

See page 178Reget:

Pulse Accumulator CodRgad!
Register 1 (PACN)ritef

See page 178Reget:

Pulse Accumulator CodRgad!
Register 0 (PACNO)ritef

See page 178Reget:

Bit 7 6 5 4 3 2 1 Bit O

Bit 15 Bit 14 Bit 13 Bit 112 Bit{11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 15 Bit 14 Bit 13 Bit 112 Bit[11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 15 Bit 14 Bit 13 Bit 112 Bit{11 Bit 10 Bit 9 Bit 8
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0 PAEN PAMOD PEDGE CLK1 CLKO PAOVI PAI
0 0 0 0 0 0 0 0

0 0 0 0 0 0 PAOVE PAIF

0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bit 0
0 0 0 0 0 0 0 0

I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.

3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 10 of 19)
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Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
_Bi _ d:
16-Bit Modulus Down-Coul¥8% | \ionue RoMEL ICLAT  FUMC MCEN  MCPRL  |MCPRO
$00A6 Control Register (MCCTWyite[
See page 17Reset: 0 0 0 0 0 0 0 0
_Bi _ dt:
16-Bit Modulus Down-Counter R&87: 0 0 0 POLFE  POLF2 POLF1  POLFO
$00A7 Register (MCFLG)Vrite}
See page 180Reset: 0 0 0 0 0 0 0 0
dt:
Input Control Pulge Accumulaﬁﬁg 0 0 0 0 PA3EN PA2EN PALE PADEN
$00A8 Control Register (ICPACRYite[
See page 181geset: 0 0 0 0 0 0 0 0
Delay Counter Control Regi&@f‘d 0 0 0 0 0 0 DLY1 DLV
$00A9 (DLYCT) Writef
See page 181Reset: 0 0 0 0 0 0 0 0
- iRead:
Input Control Overwrite RegiS8R% \\\\v7|  Novws Nowvivs  Noywa NOVw3  Novwz  |Novwi | Novwo
$O0AA (ICOVW) Writef
See page 18%Reset: 0 0 0 0 0 0 0 0
d:
Input Control System Conff6P% g 107 | grog|  spig HSO4 TFMOD PACMX HUFEN |[LATQ
$00AB Register (ICSY SyVrite}
See page 18%Reset: 0 0 0 0 0 0 0 0
$00AC Reserved | R | R| R| R| R R R R
Timer Test Registdteadi 0 0 0 0 0 0 TCBYP PCBYP
$00AD (TIMTST) Write
See page 18Reset: 0 0 0 0 0 0 0 0
; ; ad;
Timer Port Data RegisRP2%: o PT6 PT5 PT4 PT3 PTD PT1 PO
$O0AE (PORTT) Write]
See page 184geset: 0 0 0 0 0 0 0 0

Data Direction Register for Tif*% prrs | pprs|  pprTd  DDT4  DDT3  DDT2  ODTL pDTO
$O0AF Port (DDRT)Write}

See page 184geset: 0 0 0 0 0 0 0 0
16-Bit Pulse Accumulator B CoRtf&d" 0 PBEN 0 0 0 0 PBO 0
$00BO Register (PBCTLYVrite;
See page 18Reset: 0 0 0 0 0 0 0 0
Pulse Accumulator B Flag RegR&&d" 0 0 0 0 0 0 PBOVI 0
$00B1 (PBFLG) Write}
See page 18Reset: 0 0 0 0 0 0 0 0
; d
8-Bit Pulse Accumulator Hold#gc o, Bit 6 Bit 5 Bit 4 Bit 3 Bit[2 Bit 1 Hit 0
$00B2 Register 3 (PA3H)Vrite}
See page 186Reset: 0 0 0 0 0 0 0 0

I:I = Unimplemented \j| = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 11 of 19)
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Addr.

$00B3

$00B4

$00B5

$00B6

$00B7

$00B8

$00B9

$00BA

$00BB

$00BC

$00BD

$00BE

Notes:

Register Name

Registers

8-Bit Pulse Accumulator Holdkgd!
Register 2 (PA2H)Vritef

See page 186Reget:

8-Bit Pulse Accumulator Holdkg!
Register 1 (PA1H)Vritef

See page 186Reget:

8-Bit Pulse Accumulator Holdkegd!
Register 0 (PAOH)Vritef

See page 186Reget:

Modulus Down-Counter CogRed;
Register (MCCNTYVritef

See page 187Reget:

Modulus Down-Counter CogRed;
Register (MCCNTYVrite;

See page 187Reget:

Timer Input Capture HoldfRgad!
Register O (TCOHyVritef

See page 187Reget:

Timer Input Capture HoldfRgad!
Register 0 (TCOH)Vrite;

See page 188Reget:

Timer Input Capture HoldfRgad!
Register 1 (TC1H)Vrite;

See page 188Reget:

Timer Input Capture HoldfRgad!
Register 1 (TC1H)Vrite;

See page 188Reget:

Timer Input Capture HoldfRgad!
Register 2 (TC2H)Vrite;

See page 188Reget:

Timer Input Capture HoldfRgad!
Register 2 (TC2H)Vrite;

See page 188Reget:

Timer Input Capture HoldRg&2dt
Register 3 (TC3H)Vrite;

See page 188Reget:

it 0

it 0

it 0

Bit 8

it 0

Bit 8

it 0

Bit 8

it 0

Bit 8

it 0

Bit 8

Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
1 1 1 1 1 1 1 1
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bif 1 B
1 1 1 1 1 1 1 1
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 1 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bif 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit{11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 B
0 0 0 0 0 0 0 0
Bit 15 Bit 14 Bit 13 Bit 1 Bit[11 Bit 10 Bit 9
0 0 0 0 0 0 0 0
I:l = Unimplemented Ijl = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.

3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 12 of 19)
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Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O
; ad;
Timer Input Capture HoldfRgad g, - Bit 6 Bit 5 Bit 4 Bit 8 Bit|2 Bit 1 Bt 0
$00BF Register 3 (TC3HVrite|
See page 188eget: 0 0 0 0 0 0 0 0
SCI 0 Baud Rate Control RegiBeesad|
High (SCOBDHyytd. BTST BSPL BRLO SBRI2 SBR11  SBR10 SBRO SBRS
$00CO
See page 194.
Reset: 0 0 0 0 0 0 0 0
] di
SCI 0 Baud Rate Control RegB®% g7 | spre| s SBR4 SBR3 SBR2 SBR1  SBRO
$00C1 Low (SCOBDL)Write|
See page 194geget: 0 0 0 0 0 1 0 0
; ead;
SCI Control Register 3tk | 5051 \woms  RsrE M WAKE IwT J3 PT
$00C2 (SCOCR1)Writef
See page 19¢get: 0 0 0 0 0 0 0 0
; ad;
SCl Control Reg'Ster@e, TIE TCIE RIE ILIE TE RE RWU SBK
$00C3 (SCOCR2) Write}
See page 197Reget: 0 0 0 0 0 0 0 0
SCI Status Registeriead  TDRE TC RDRF IDUE OR NIF FE PF
$00C4 (SCOSR1) Write
See page 198¢get: 1 1 0 0 0 0 0 0
SCI Status RegisterPead;_ 0 0 0 0 0 0 0 RAR
$00C5 (SCOSR2) Write
See page 19%eget: 0 0 0 0 0 0 0 0
SCI Data Register Hi§fadt  R8 T8 0 0 0 0 0 0
$00C6 (SCODRH)Write
See page 200Reget: U U 0 0 0 0 0 0
; ad;
SCI Data Register '-‘ﬁp, R7T7 R6T6 R5T5 RATH R3T3 R2T2 R1T1 ROTO
$00C7 (SCODRL) Writef
See page 200Reset: Unaffected by reset
$00C8 Reserved ‘ R ‘ R ‘ R‘ R‘ R| F{ F% I?
$00CF Reserved \ R \ R \ R\ R\ R| q F{z $
; ead;
SPI Control Registeri®ad o, SPE| SWOM MSTR CPPL CPHA  SSOE  |LSBF
$00D0 (SPOCR1) Writet
See page 204geget: 0 0 0 0 0 0 0 0
SPI Control Register3¢adi 0 0 0 0 PUPS RDS 0 SPCO
$00D1 (SPOCR2) Write
See page 20R¢get: 0 0 0 0 1 0 0 0

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 13 of 19)
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Addr.

$00D2

$00D3

$00D4

$00D5

$00D6

$00D7

$00D8

$O0DA

$00DB

$00DC

$00DF

$00EO

$00E1

$00EF

$00FO0

Notes:

Registers

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 14 of 19)

M68HC12B Family Data Sheet, Rev. 9.1
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Register Name Bit 7 6 5 4 3 2 1 Bit 0
SPI Baud Rate Regist8fad 0 0 0 0 0 SPR2 SPR1 SPR(
(SPOBR) Write
See page 206Reset: 0 0 0 0 0 0 0 0
SPI Status Registtead  SPIF [ wcol 0 MODF d d ) D
(SPOSR) Write
See page 207Reset: 0 0 0 0 0 0 0 0
Reserved | R | R| R R| R R R R
; ead;
SPI Data Registdr®a) g Bit 6 Bit 5 Bit 4 Bit 3 Bit|2 Bit 1 Hit 0
(SPODR) Writef
See page 207Reset: Unaffected by reset
iotdread;
Port S Data Registéi2d o7 PS6 PS5 PS4 PS3 PSP P$1 PSO
(PORTS) Writef
See page 208Reget: After reset all bits configured as general-purpose inputs
Port S Data Direction Regiftf% ro; | pposl  ppss  ppg4a  DDS3  Dbs2  DDS1I  PDSO
(DDRS) Write;
See page 208Reget: After reset all bits configured as general-purpose inputs
Reserved | R | R| R R| R R R R
Reserved | R | R| R| R| R R R R
d 0 0
Port S Pullup/Reduced Drit@? RDPS2| RDPS] RDP$& PUPS2| PUPS]  PUPS$0
Register (PURDSVrite
See page 20%eset: 0 0 0 0 0 0 0 0
Reserved ‘ R ‘ R ‘ R‘ R‘ RI F{ Ffl ﬁ?
Reserved | R | R| R| R| R R R R
Slow Mode Divider RegisRead 0 0 0 0 0 SLDV2 SLDV1 SLDVO
(SLOW) write]
See page 117.
Reset: 0 0 0 0 0 0 0 0
Reserved | R | R| R| R| R R R R
Reserved ‘ R ‘ R ‘ R‘ R‘ R| F{ F% I?
EEPROM Configuration Regi§@fd} 1 1 1 1 1 EESWAI PROTLCK EERC
(EEMCR) Writet |
See page 9Reset: 1 1 1 1 1 1 0 0
I:l = Unimplemented Ijl = Reserved U = Unaffected
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Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O
i d:
EEPROM Block Protect RegiSie?d 1 1 | BRPROT4 BRPROT3 BRPROT2 BRPROTL BRPROTO
$00F1 (EEPROT) Write}
See page 95Reset: 1 1 1 1 1 1 1 1
Read; L
EEPROM Test Register (EETST) | EEODD| EEVEN ~ MARG ~ EEQPD  EECPRD 0 EECPM 0
$00F2 ritef
See page 95.
Reset: 0 0 0 0 0 0 0 0
<Read;
EEPROM Control Regisf 2 o) o 0 0 BYTE ROW ERASE EELAT EEPGM
$00F3 (EEPROG)Write}
See page %6Reset: 1 0 0 0 0 0 0 0
FLASH EEPROM Lock Corf8fd: 0 0 0 0 0 0 LOCK
$00F4 Register (FEELEK) Write|
See page 100Reset: 0 0 0 0 0 0 0 0
FLASH EEPROM Configuraff§i?d: 0 0 0 0 0 0 BOOTP
$00F5 Register (FEEMER) Write}
See page 100Reset: 0 0 0 0 0 0 0 1

ad;
FLASH EEPROM TeBPad o | o HVT| FENLV FDISVFP VTCK  STRE  |MWPR
$00F6 Register (FEETST) Write]

See page 100Reset: 0 0 0 0 0 0 0 0
dt:
FLASH EEPROM Control RegBRAG 0 0 | FEESWAI SVFP  ERAS  LAT  ENPE
$00F7 (FEECTE)  Writef
See page 102Reset: 0 0 0 0 0 0 0 0
isteRgad 0 0
BDLC Control Registe IMSG CLKS R1 RO IE WCM
$00F8 (BCRIP Write] R R
See page 231Reset: 1 1 1 0 0 0 0 0
BDLC State Vector Regist&ad: 0 0 13 12 11 10
$00F9 (BSVRF)  write
See page 237Reset: 0 0 0 0 0 0 0 0

; ad;
BDLC Control RegisteF#a% \ oop| pioop  Rxaxe  NBFS ~ TEOD  TSIFR  TMIFRL |TMIFRO
$00FA (BCRZAP Write]

See page 23%Reget: 1 1 0 0 0 0 0 0
; ead;
BDLC Data Reg'fta’ [ BD7 BD6 BD5 BD4 BD3 BD2 BD1 BDO
$00FB (BDRY) Write]
See page 23%Reget: Indeterminate after reset
BDLC Analog Roundirip DERA% e | pyporl O 0 BO3 BO2 BO1 BOO
$0OFC Register (BARB) Write]
See page 240R¢get: 1 1 0 0 0 1 1 1

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 15 of 19)
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Addr.

$00FD

$00FE

$OOFF

$0100

$0101

$0102

$0103

$0104

$0105

$0106

$0107

$0108

$0109

Notes:

Register Name

Registers

Port DLC Control Regisf#adt
(DLCSCR) Write

See page 241paget:

Port DLC Data Regist8fadt

(PORTDLE) Write

See page 242Rpeget:

Port DLC Data Direction Regi&@ad:

(DDRDLE) Write]

See page 242Reget:

msCAN12 Module Contféad;

Register 0 (CMCﬁb) Write|

See page 262Rpget:

msCAN12 Module Contfad;

Register 1 (CMC@L) Write|

See page 263Reget:

msCAN12 Bus Timifgead:
Register 0 (CBTﬁb) Write[

See page 264Rppget:

msCAN12 Bus Timifgead:
Register 1 (CBT@L) Write[

See page 265Reget:

msCAN12 Receiver FIR§ad;
Register (CRFIS@) Write[

See page 266Reget:

msCAN12 Receiver Interrfig@dt
Enable Register (CR@R)Nrite:

See page 268Reget:

msCAN12 Transmitter FR§2d:

Register (CTFIS@) Write|

See page 26%Reget:

msCAN12 Transmitter Contt6Rd;

Register (CTdﬁ) Write|

See page 270Reget:

msCAN12 Identifier AcceptaR&&d;

Control Register (CIIﬁlC)Nrite

See page 270Reget:

Reserved ‘

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Bit 7 6 5 4 3 2 1 Bit0
0 0 0 0 0
BDLCEN PUPDLUC RDPDLC
0 0 0 0 0 0 0 0
0
Bit 6 Bit 5 Bit 4 Bit 3| Bit 2 Bit|1 Bit 0
0 u u U u U U U
0
DDDLC6 DDDLG5 DDDLC4 DDDLC3 DDDLC2 [DDDLC1 |DDDLCO
0 0 0 0 0 0 0 0
0 0 SYNCH SLPAK
CSWAI TLNKEN SLPRQ| SFTRES
0 0 1 0 0 0 0 1
0 0 0 0 0
LOOPB| WUPM CLKSRC
0 0 0 0 0 0 0 0
SJwi SJWO0 BRPH BRR4 BPR3 BPR2 BPR1 BPRO
0 0 0 0 0 0 0 0
SAMP | TSEG2R TSEG21 TSEG20 TSEG13 TSEG12 |TSEG11 | TSEG10
0 0 0 0 0 0 0 0
WUPIF| RWRN TWRNIF RERRIF THRRIF BOFFIF | OVRIF RXF
0 0 0 0 0 0 0 0
WUPIE| RWRNI TWRNIE RERRIE THRRIE BOFFIE | OVRIE RXFIE
0 0 0 0 0 0 0 0
0 ABTAK ABTAK1 ABTAKO 0
TXE2 TXE1 TXEQ
0 0 0 0 0 1 1 1
0 0 L
ABTRQZ ABTRQ1 ABTRAL TXEIE2| TXEIEL  TXEIEO
0 0 0 0 0 0 0 0
0 0 0 IDHIT2 IDHIT1 IDHITO
IDAM1 IDAM
0 0 0 0 0 0 0 0
R R[ R R R i R R
I:I = Unimplemented ljl = Reserved U = Unaffected
Figure 2-1. Register Map (Sheet 16 of 19)
M68HC12B Family Data Sheet, Rev. 9.1
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Register Block

Addr.
$010D

$010E

$010F

$0110

$0111

$0112

$0113

$0114

$0115

$0116

$0117

$0118

$0119

Notes:

Register Name

Reserved ‘

msCAN12 Receive Error CouR@ad;

(CRXERK®) Write

See page 271paget:

msCAN12 Transmit Error CouRt@ad:

(CTXERE®) Write

See page 272Reget:

msCAN12 Identifier AcceptaR&&d;
Register 0 (CIDAﬁb)Write:

See page 272Reget:

msCAN12 Identifier AcceptaR&&d;
Register 1 (CIDAﬁh)Write:

See page 272Reget:

msCAN12 Identifier AcceptaR&&d;
Register 2 (CIDAﬁ)Z)Write:

See page 272Reget:

msCAN12 Identifier AcceptaR&&d;
Register 3 (CIDAﬁB)Write:

See page 272Reget:

msCAN12 Identifier MaB&ad;
Register 0 (CIDMﬁb)Write:

See page 274ppget:

msCAN12 Identifier MaBgad;
Register 1 (CIDMﬁ)l)Write:

See page 274ppget:

msCAN12 Identifier MaBgad;
Register 2 (CIDM@Z)Write:

See page 274ppget:

msCAN12 Identifier MaBgad;
Register 3 (CIDM@B)Write:

See page 274ppget:

msCAN12 Identifier AcceptaR&&d;
Register 4 (CIDAﬁh)Write:

See page 273Reset:

msCAN12 Identifier AcceptaR&&d;
Register 5 (CIDAﬁ)S)Write:

See page 273Reset:

Bit 7 6 5 4 3 1 Bit 0
R R[ Rl R R R i i
RXERR RXERR6 RXHRR5 RXERR4 RXERR3 |RXERR2Z| RXERR[L
0 0 0 0 0 0 0 0
TXERR7 TXERR6 TXERR5 TXERR4 TXERR3 |TXERR2| TXERR1
0 0 0 0 0 0 0 0
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
AM7 AMG6 AMS AM4 AMB AM2 AM1 AMO
Unaffected by reset
AM7 AMG6 AMS AM4 AMB AM2 AM1 AMO
Unaffected by reset
AM7 AMG6 AMS AM4 AMB AM2 AM1 AMO
Unaffected by reset
AM7 AMG6 AMS AM4 AMB AM2 AM1 AMO
Unaffected by reset
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
AC7 AC6 AC5 AC4 AC3 AQ2 AC1 ACO
Unaffected by reset
I:I = Unimplemented \j| = Reserved U = Unaffected

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 17 of 19)
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Registers

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
. d:
msCAN12 Identifier Acceptafi€&@%h -/ AC6 AC5 AC4 AC3 AC2 AC1 ACO
$011A Register 6 (CIDARE) Writef
See page 27Reset: Unaffected by reset
ifi d;
msCAN12 Identifier Acceptafi€&@%h -/ AC6 AC5 AC4 AC3 AC2 AC1 ACO
$011B Register 7 (CIDARY) Write}
See page 27Reset: Unaffected by reset
i ad;
mMSCAN12 Identifier MaSRa% 7 AM6 AM5 AM4 AMB AM2 AM1 AMO
$011C Register 4 (CIDM&Y) Write}
See page 274Reset: Unaffected by reset
i ad;
mMSCAN12 Identifier MaSRa% /7 AM6 AM5 AM4 AMB AM2 AM1 AMO
$011D Register 5 (CIDM&5) Writet
See page 274Reset: Unaffected by reset
i ad;
mMSCAN12 Identifier MaSRa% 7 AM6 AM5 AM4 AMB AM2 AM1 AMO
$011E Register 6 (CIDM&b) Write}
See page 274Reset: Unaffected by reset
i ad;
mMSCAN12 Identifier MaSRa% 7 AM6 AM5 AM4 AMB AM2 AM1 AMO
$011F Register 7 (CIDM&7) Write}
See page 274Reset: Unaffected by reset
$0120 Reserved | R | R | R R| R R R R
$013C Reserved | R | R| R| R| R R R R
msCAN12 Port CAN Conff§d: 0 0 0 0 0 O | buEcaN RDPCAN
$013D Register (PCTLCEN)Write
See page 27Reset: 0 0 0 0 0 0 0 0
d: TXCAN RxCAN
mSCAN12 Port CAN Data RegRRY peanz|  peang  peaNs  PcANa  pdanz  peddS
$013E (PORTCAN)  Write}
See page 27Reset: Unaffected by reset
iradpead: 0
mSCAN12 Port CAN Data Direc¥A% hop ANz DpRCANG DDREANS DDRCANA DDRCANS [ocian
$013F Register (DDRCAN) Write}
See page 276Reset: 0 0 0 0 0 0 0 0
$0140
RECEIVE BUFFER (R{G)SER6.3.2 Receive Structures
$014F
$0150
TRANSMIT BUFFER 0 (Px0)SEE6.3.3 Transmit Structures
$015F
I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 18 of 19)

M68HC12B Family Data Sheet, Rev. 9.1

Freescale Semiconductor

57



A
Register Block

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit O
$0160

TRANSMIT BUFFER 1 (PX3)SER6.3.3 Transmit Structures
$016F
$0170

TRANSMIT BUFFER 2 (Px2)SEE6.3.3 Transmit Structures
$017F

I:l = Unimplemented Ijl = Reserved U = Unaffected
Notes:

1. Available only on MC68HC912B32 and MC68HC912BC32 devices.
2. Available only on MC68HC912B32 and MC68HC12BE32 devices.
3. Available only on MC68HC(9)12BC32 devices.

Figure 2-1. Register Map (Sheet 19 of 19)
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Chapter 3
Central Processor Unit (CPU)

3.1 Introduction

The CPU12 is a high-speed, 16-bit processor unit. It has full 16-bit data paths and wider internal registers
(up to 20 bits) for high-speed extended math instructions. The instruction set is a proper superset of the
M68HC11linstruction set. The CPU12 allows instructions with odd byte counts, including many single-byte
instructions. This provides efficient use of ROM space. An instruction queue buffers program information
so the CPU always has immediate access to at least three bytes of machine code at the start of every
instruction. The CPU12 also offers an extensive set of indexed addressing capabilities.

3.2 Programming Model

CPU12 registers are an integral part of the CPU and are not addressed as if they were memory locations.
See Figure 3-1.

7 A 0| 7 B 0 8-BIT ACCUMULATORS A AND B
15 D 0 16-BIT DOUBLE ACCUMULATOR D (A : B)
‘ 15 X 0 ‘ INDEX REGISTER X
‘ 15 Y 0 ‘ INDEX REGISTER Y
‘ 15 SP 0 ‘ STACK POINTER
‘ 15 PC 0 ‘ PROGRAM COUNTER

| S ‘ X‘ H‘ | ‘ N ‘ Z‘ \4 Ci: CONDITION CODE REGISTER

CARRY

OVERFLOW

ZERO

NEGATIVE

IRQ INTERRUPT MASK (DISABLE)
HALF-CARRY FOR BCD ARITHMETIC

XIRQ INTERRUPT MASK (DISABLE)

STOP DISABLE (IGNORE STOP OPCODES)

Figure 3-1. Programming Model
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Central Processor Unit (CPU)

3.3 CPU Regqisters

This section describes the CPU registers.

3.3.1 Accumulators A and B

Accumulators A and B are general-purpose 8-bit accumulators that contain operands and results of
arithmetic calculations or data manipulations.

Bit 7 6 5 4 3 2 1 Bit 0
Read
) A7 A6 A5 A4 A3 A2 Al A0
Write
Reset: Unaffected by reset
Figure 3-2. Accumulator A (A)
Bit 7 6 5 4 3 2 1 Bit 0
Read
] B7 B6 B5 B4 B3 B2 B1 BO
Write
Reset: Unaffected by reset

Figure 3-3. Accumulator B (B)

3.3.2 Accumulator D

Accumulator D is the concatenation of accumulators A and B. Some instructions treat the combination of
these two 8-bit accumulators as a 16-bit double accumulator.

NOTE
The LDD and STD instructions can be used to manipulate data in and out
of accumulator D.

Figure 3-4. Accumulator D (D)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit O

Readi p15 | D14 | D13 | D12 | D11 | D1I0O| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Writef (A7) | (A6) | (AS) | (Ad) | (A3) | (A2) | (Al)| (AO)| (B7)| (B6)| (BS)| (B4)| (B3)| (B2)| (B1)| (BO)

Reset: Unaffected by reset

M68HC12B Family Data Sheet, Rev. 9.1
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CPU Registers

3.3.3 Index Registers X and Y

Index registers X and Y are used for indexed addressing. Indexed addressing adds the value in an index
register to a constant or to the value in an accumulator to form the effective address of the operand.

Index registers X and Y can also serve as temporary data storage locations.

NOTE
The LDX and STX instructions can be used to manipulate data in and out
of index register X.

Figure 3-5. Index Register X (X)

Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0
Read;
Wit X15 | X14| X13 X1 X11  X{0 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0
ritef.
Reset: Unaffected by reset
NOTE
The LDY and STY instructions can be used to manipulate data in and out
of index register Y.
Figure 3-6. Index Register Y (Y)
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0
Read;
Wit Y15 | Y14| Y13 Y12 Y11 YO Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO
ritef
Reset: Unaffected by reset
3.3.4 Stack Pointer
The stack pointer (SP) contains the last stack address used. The CPU12 supports an automatic program
stack that is used to save system context during subroutine calls and interrupts.
The stack pointer can also serve as a temporary data storage location or as an index register for indexed
addressing.
NOTE
The LDS and STS instructions can be used to manipulate data in and out
of the stack pointer.
Figure 3-7. Stack Pointer (SP)
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0
Read;
| SP15| SP14 SP13 SP12 SP11 $P10 [SP9 |SP8 | SP7| SP6| SP3 SP4 SP3 SP2 $P1

Writef
Reset: Unaffected by reset
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Central Processor Unit (CPU)

3.3.5 Program Counter
The program counter contains the address of the next instruction to be executed.

The program counter can also serve as an index register in all indexed addressing modes except
autoincrement and autodecrement.

Figure 3-8. Program Counter (PC)

Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Read:
Writ SP15| SP14 SP13 SP12 SP11 9$P10 |SP9 | SP8 | SP7| SP6| SPH SP4  SP3  SpP2  $P1
ritef
Reset: Unaffected by reset

3.3.6 Condition Code Register

Bit 7 6 5 4 3 2 1 Bit 0
Read
) S X H | N Z \ C
Write
Reset: 1 1 U 1 U U U U

U = Unaffected
Figure 3-9. Condition Code Register (CCR)

S — Stop Disable Bit
Setting the S bit disables the STOP instruction.

X — XIRQ Interrupt Mask Bit
Setting the X bit masks interrupt requests from the XIRQ pin.

H — Half-Carry Flag
The H flag is used only for BCD arithmetic operations. It is set when an ABA, ADD, or ADC instruction
produces a carry from bit 3 of accumulator A. The DAA instruction uses the H flag and the C flag to
adjust the result to the correct BCD format.

| — Interrupt Mask Bit
Setting the | bit disables maskable interrupt sources.

N — Negative Flag
The N flag is set when the result of an operation is less than 0.

Z — Zero Flag
The Z flag is set when the result of an operation is all Os.

V — Two’s Complement Overflow Flag
The V flag is set when a two’s complement overflow occurs.

C — Carry/Borrow Flag
The C flag is set when an addition or subtraction operation produces a carry or borrow.
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3.4 Data Types

The CPU12 supports four data types:

1. Bitdata

2. 8-bit and 16-bit signed and unsigned integers
3. 16-bit unsigned fractions

4. 16-bit addresses

Data Types

A byte is eight bits wide and can be accessed at any byte location. A word is composed of two consecutive
bytes with the most significant byte at the lower value address. There are no special requirements for
alignment of instructions or operands.

3.5 Addressing Modes

Addressing modes determine how the CPU accesses memory locations to be operated upon. The CPU12
includes all of the addressing modes of the M6BHC11 CPU as well as several new forms of indexed
addressing. Table 3-1 is a summary of the available addressing modes.

Table 3-1. Addressing Mode Summary

Addressing Mode

Source Format

Abbreviation

Description

Inherent INST INH Operands (if any) are in CPU registers.
. INST #opr8i Operand is included in instruction stream
Immediate or IMM 8- or 16-bit size implied by context
INST #opr16i plied by :
. Operand is the lower 8 bits of an address in the range
Direct INST opr8a DIR $0000—$00FF.
Extended INST oprl6a EXT Operand is a 16-bit address.
. INST rel8 An 8-bit or 16-bit relative offset from the current pc is
Relative or REL supplied in the instruction
INST rel16 PP '
Indexed it ai
5-bit offset INST oprx5,xysp IDX 5-bit signed constant offset from X, y, sp, or pc
Indexed
auto pre-decrement INST oprx3,—-xys IDX Auto pre-decrement x, y, orspby 1 ~8
Indexed .
auto pre-increment INST oprx3,+xys IDX Auto pre-increment X, y, or spby 1 ~ 8
Indexed
auto post- INST oprx3,xys— IDX Auto post-decrement x, y, orsp by 1 ~ 8
decrement
Indexed .
auto post-increment INST oprx3,xys+ IDX Auto post-increment x, y, orsp by 1 ~8
Indexed INST abd,xysp IDX Indexed with 8-bit (A or B) or 16-bit (D) accumulator
accumulator offset offset from x, y, sp, or pc
Indexed 9-bit signed constant offset from X, y, sp, or pc
9-bit offset INST oprx9,xysp IDX1 (lower 8 bits of offset in one extension byte)
Indexed 16-hit constant offset from X, y, sp, or pc
16-hit offset INST oprx16,xysp IDX2 (16-bit offset in two extension bytes)

Freescale Semiconductor
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Central Processor Unit (CPU)

Table 3-1. Addressing Mode Summary (Continued)

Addressing Mode

Source Format

Abbreviation

Description

Indexed-Indirect

Pointer to operand is found at

offset

16-bit offset INST [0prx16,xysp] [IDX2] 16-bit constant offset from X, y, sp, or pc
(16-bit offset in two extension bytes)
Indexed-Indirect . .
D accumulator INST [Dxysp] [D,IDX] Pointer to operand is found at

X, Y, Sp, or pc plus the value in D

3.6 Indexed Addressing Modes

The CPU12 indexed modes reduce execution time and eliminate code size penalties for using the Y index
register. CPU12 indexed addressing uses a postbyte plus zero, one, or two extension bytes after the
instruction opcode. The postbyte and extensions do these tasks:
» Specify which index register is used
» Determine whether a value in an accumulator is used as an offset
* Enable automatic pre- or post-increment or decrement
» Specify use of 5-bit, 9-bit, or 16-bit signed offsets

Table 3-2. Summary of Indexed Operations

Postbyte Source Code Comments
Code (xb) Syntax
SR 'nrr 5-bit constant offset n = -16 to +15
—]n ; r can specify X, Y, SP, or PC
Constant offset (9- or 16-bit signed)
nr z:0 = 9-bit with sign in LSB of postbyte(s)
111rrOzs —ln ; 1 =16-bit
' if z=s =1, 16-bit offset indexed-indirect (see below)
rr can specify X, Y, SP, or PC
16-bit offset indexed-indirect
S rr can specify X, Y, SP, or PC
Auto pre-decrement/increment
n,—r n,+r or Auto post-decrement/increment;
rrlpnnnn _ _
nr— n,r+ p = pre-(0) or post-(1), n=-8to -1, +1 to +8
rr can specify X, Y, or SP (PC not a valid choice)
Accumulator offset (unsigned 8-bit or 16-bit)
aa:00=A
Ar 01=B
ttimaa | Br 10 = D (16-bit)
' 11 = see accumulator D offset indexed-indirect
rr can specify X, Y, SP, or PC
Accumulator D offset indexed-indirect
1111l [P rr can specify X, Y, SP, or PC

rm:00=X,01=Y,10=SP, 11 =PC

64
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Opcodes and Operands

3.7 Opcodes and Operands

The CPU12 uses 8-bit opcodes. Each opcode identifies a particular instruction and associated addressing
mode to the CPU. Several opcodes are required to provide each instruction with a range of addressing
capabilities.

Only 256 opcodes would be available if the range of values were restricted to the number that can be
represented by 8-bit binary numbers. To expand the number of opcodes, a second page is added to the
opcode map. Opcodes on the second page are preceded by an additional byte with the value $18.

To provide additional addressing flexibility, opcodes can also be followed by a postbyte or extension
bytes. Postbytes implement certain forms of indexed addressing, transfers, exchanges, and loop
primitives. Extension bytes contain additional program information such as addresses, offsets, and
immediate data.
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Chapter 4
Resets and Interrupts

4.1 Introduction

Resets and interrupts are exceptions. Each exception has a 16-bit vector that points to the memory
location of the associated exception-handling routine. Vectors are stored in the upper 128 bytes of the
standard 64-Kbyte address map.

The six highest vector addresses are used for resets and non-maskable interrupt sources. The remainder
of the vectors are used for maskable interrupts, and all must be initialized to point to the address of the
appropriate service routine.

4.2 Exception Priority

A hardware priority hierarchy determines which reset or interrupt is serviced first when simultaneous
requests are made. Six sources are not maskable. The remaining sources are maskable, and any one of
them can be given priority over other maskable interrupts.

The priorities of the non-maskable sources are:
1. Power-on reset (POR) or RESET pin
Clock monitor reset
Computer operating properly (COP) watchdog reset
Unimplemented instruction trap
Software interrupt instruction (SWI)
XIRQ signal if X bitin CCR =0

o0k wbd

4.3 Maskable Interrupts

Maskable interrupt sources include on-chip peripheral systems and external interrupt service requests.
Interrupts from these sources are recognized when the global interrupt mask bit (1) in the condition code
register (CCR) is cleared. The default state of the | bit out of reset is 1, but it can be written at any time.

Interrupt sources are prioritized by default but any one maskable interrupt source may be assigned the
highest priority by means of the HPRIO register. The relative priorities of the other sources remain the
same.

An interrupt that is assigned highest priority is still subject to global masking by the | bit in the CCR or by
any associated local bits. Interrupt vectors are not affected by priority assignment. HPRIO can be written
only while the I bit is set (interrupts inhibited). Table 4-1 lists interrupt sources and vectors in default order
of priority for all devices except the MC68HC(9)12BC32. Table 4-2 lists the interrupt sources and vectors
for the MC68HC(9)12BC32.
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Resets and Interrupts

Table 4-1. Interrupt Vector Map®

Vector CCR Local Enable HPRIO Value
Address Interrupt Source Mask Register Bit(s) . to_ Elevate _
o Highest | Bit

$FFFE, $FFFF | Reset None None None —
$FFFC, $FFFD | COP clock monitor fail reset None COPCTL CME, FCME —
$FFFA, $FFFB | COP failure reset None None COP rate selected —
$FFF8, $FFF9 | Unimplemented instruction trap None None None —
$FFF6, SFFF7 | SWI None None None —
$FFF4, $FFF5 | XIRQ X bit None None —
$FFF2, $FFF3 | IRQ | bit INTCR IRQEN $F2
$FFFO, $FFF1 | Real-time interrupt | bit RTICTL RTIE $FO
$FFEE, $FFEF | Timer channel O | bit TMSK1 col $EE
$FFEC, $FFED | Timer channel 1 | bit TMSK1 (x| $EC
$FFEA, $FFEB | Timer channel 2 | bit TMSK1 C2l $EA
$FFES8, $FFE9 | Timer channel 3 | bit TMSK1 C3l $E8
$FFE6, $FFE7 | Timer channel 4 | bit TMSK1 C4l $E6
$FFE4, $FFE5 | Timer channel 5 | bit TMSK1 Csl $E4
$FFE2, $FFE3 | Timer channel 6 | bit TMSK1 cel $E2
$FFEO, $FFE1 | Timer channel 7 | bit TMSK1 C7i $EO
$FFDE, $FFDF | Timer overflow | bit TMSK2 TOI $DE
$FFDC, $FFDD | Pulse accumulator overflow | bit PACTL PAOVI $DC
$FFDA, $FFDB | Pulse accumulator input edge | bit PACTL PAI $DA
$FFD8, $FFD9 | SPI serial transfer complete | bit SPOCR1 SPIE $D8
$FFD6, $FFD7 |SCI 0 | bit SCOCR2 TIE, TCIE, RIE, ILIE $D6
$FFD4, $FFD5 | Reserved | bit — — $D4
$FFD2, $FFD3 |ATD | bit ATDCTL2 ASCIE $D2
$FFDO, $FFD1 |BDLC | bit BCR1 IE $D0
$FF80-$FFC1 | Reserved (not implemented) | bit — — $80-$CO
$FFC2-$FFC9 |Reserved (implemented) | bit — — $C2-$C8
$FFCA, $FFCB | Pulse accumulator B overflow | bit PBCTL PBOVI $CA
$FFCC, $FFCD | Modulus down counter underflow | bit MCCTL MCZI $CC
$FFCE, $FFCF | Reserved (implemented) | bit — — $CE

1. See Table 4-2 for the MC68HC(9)12BC32 interrupt vector map.
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Table 4-2. MC68HC(9)12BC32 Interrupt Vector Map

Maskable Interrupts

Vector CCR Local Enable HPRIO Value
Address Interrupt Source Mask Register Bit(s) . to_ Elevate _
o Highest | Bit
$FFFE, $FFFF | Reset None None None —
$FFFC, $FFFD | COP clock monitor fail reset None COPCTL CME, FCME —
$FFFA, $FFFB | COP failure reset None None COP rate selected —
$FFF8, $FFF9 | Unimplemented instruction trap None None None —
$FFF6, SFFF7 | SWI None None None —
$FFF4, $FFF5 | XIRQ X bit None None —
$FFF2, $FFF3 | IRQ | bit INTCR IRQEN $F2
$FFFO, $FFF1 | Real-time interrupt | bit RTICTL RTIE $FO0
$FFEE, $FFEF | Timer channel O | bit TMSK1 col $EE
$FFEC, $FFED | Timer channel 1 | bit TMSK1 C1l $EC
$FFEA, $FFEB | Timer channel 2 | bit TMSK1 C2l $EA
$FFES, $FFE9 | Timer channel 3 | bit TMSK1 C3l $E8
$FFE6, $FFE7 | Timer channel 4 | bit TMSK1 C4l $E6
$FFE4, $FFE5 | Timer channel 5 | bit TMSK1 Csl $E4
$FFE2, $FFE3 | Timer channel 6 | bit TMSK1 cel $E2
$FFEO, $FFE1 | Timer channel 7 | bit TMSK1 C7i $EO
$FFDE, $FFDF | Timer overflow | bit TMSK2 TOI $DE
$FFDC, $FFDD | Pulse accumulator overflow | bit PACTL PAOVI $DC
$FFDA, $FFDB | Pulse accumulator input edge | bit PACTL PAI $DA
$FFD8, $FFD9 | SPI serial transfer complete | bit SPOCR1 SPIE $D8
$FFD6, $FFD7 | SCI 0 | bit SCOCR2 TIE, TCIE, RIE, ILIE $D6
$FFD4, $FFD5 | Reserved | bit — — $D4
$FFD2, $FFD3 |ATD | bit ATDCTL2 ASCIE $D2
$FFDO, $FFD1 | MSCAN wakeup | bit CRIER WUPIE $D0
$FFCA-$FFCF | Reserved (not implemented) | bit — — $CA-3CF
RWRNIE, TWRNIE,
$FFC8-$FFC9 | MSCAN errors | bit CRIER RERRIE, TERRIE, $C8
BOFFIE, OVRIE

$FFC6, SFFC7 | MSCAN receive | bit CRIER RXFIE $C6
$FFC4, $FFC5 | MSCAN transmit I bit CTCR TXEIE[2:0] $C4
$FF80, $FFC3 | Reserved (implemented) | bit — — $80-$C3
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Resets and Interrupts

4.4 Latching of Interrupts

XIRQ is always level triggered and IRQ can be selected as a level-triggered interrupt. These
level-triggered interrupt pins should be released only during the appropriate interrupt service routine.
Generally, the interrupt service routine will handshake with the interrupting logic to release the pin. In this
way, the MCU will never start the interrupt service sequence only to determine that there is no longer an
interrupt source. In the event that this does occur, the trap vector will be taken.

If IRQ is selected as an edge-triggered interrupt, the hold time of the level after the active edge is
independent of when the interrupt is serviced. As long as the minimum hold time is met, the interrupt will
be latched inside the MCU. In this case, the IRQ edge interrupt latch is cleared automatically when the
interrupt is serviced.

All of the remaining interrupts are latched by the MCU with a flag bit. These interrupt flags should be
cleared during an interrupt service routine or when the interrupts are masked by the | bit. By doing this,
the MCU will never get an unknown interrupt source and take the trap vector.

4.5 Interrupt Control and Priority Registers

This section describes the interrupt control and priority registers.

4.5.1 Interrupt Control Register

Address:$001E
Bit 7 6 5 4 3 2 1 Bit 0
Read
) IRQE IRQEN DLY 0 0 0 0 0
Write
Reset: 0 1 1 0 0 0 0 0

Figure 4-1. Interrupt Control Register (INTCR)

Read: Anytime
Write: Varies from bit to bit

IRQE — IRQ Edge-Sensitive Only Bit
IRQE can be written once in normal modes. In special modes, IRQE can be written anytime, but the
first write is ignored.
1 = IRQ pin responds only to falling edges.
0 = IRQ pin responds to low levels.

IRQEN — External IRQ Enable Bit
IRQEN can be written anytime in all modes. The IRQ pin has an internal pullup.
1 = IRQ pin connected to interrupt logic
0 = IRQ pin disconnected from interrupt logic

DLY — Oscillator Startup Delay on Exit from Stop Mode Bit
DLY can be written once in normal modes. In special modes, DLY can be written anytime.
The delay time of about 4096 cycles is based on the E-clock rate.
1 = Stabilization delay on exit from stop mode
0 = No stabilization delay on exit from stop mode
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Resets
4.5.2 Highest Priority | Interrupt Register

Address: $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read 1 1 I 0
) PSEL5 PSEL4 PSEL3 PSEL2 pPSELa
Write
Reset: 1 1 1 1 0 0 1 0

Figure 4-2. Highest Priority | Interrupt Register (HPRIO)

Read: Anytime
Write: Only if | bitin CCR = 1 (interrupts inhibited)

To give a maskable interrupt source highest priority, write the low byte of the vector address to the HPRIO
register. For example, writing $F0 to HPRIO assigns highest maskable interrupt priority to the real-time
interrupt timer ($FFFO). If an unimplemented vector address or a non-l-masked vector address (a value
higher than $F2) is written, then IRQ is the default highest priority interrupt.

4.6 Resets

There are four possible sources of reset. POR and external reset on the RESET pin share the normal
reset vector. COP reset and the clock monitor reset each has a vector. Entry into reset is asynchronous
and does not require a clock, but the MCU cannot sequence out of reset without a system clock.

4.6.1 Power-On Reset (POR)

A positive transition on Vpp causes a POR. An external voltage level detector or other external reset
circuits are the usual source of reset in a system. The POR circuit only initializes internal circuitry during
cold starts and cannot be used to force a reset as system voltage drops.

4.6.2 External Reset

The CPU distinguishes between internal and external reset conditions by sensing whether the reset pin
rises to a logic 1 in less than eight E-clock cycles after an internal device releases reset. When a reset
condition is sensed, the RESET pin is driven low by an internal device for about 16 E-clock cycles, then
released. Eight E-clock cycles later it is sampled. If the pin is still held low, the CPU assumes that an
external reset has occurred. If the pin is high, it indicates that the reset was initiated internally by either
the COP system or the clock monitor.

To prevent a COP or clock monitor reset from being detected during an external reset, hold the reset pin
low for at least 32 cycles. An external resistor-capacitor (RC) power-up delay circuit on the reset pin is not
recommended because circuit charge time can cause the MCU to misinterpret the type of reset that has
occurred.

4.6.3 Computer Operating Properly (COP) Reset

The MCU includes a COP system to help protect against software failures. When COP is enabled,
software must write $55 and $AA (in this order) to the COPRST register to keep a watchdog timer from
timing out. Other instructions may be executed between these writes. A write of any value other than $55
or $AA or software failing to execute the sequence properly causes a COP reset to occur.
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4.6.4 Clock Monitor Reset

If clock frequency falls below a predetermined limit when the clock monitor is enabled, a reset occurs.

4.7 Effects of Reset

When a reset occurs, MCU registers and control bits are changed to known startup states, as described
here.

4.7.1 Operating Mode and Memory Map

The states of the BKGD, MODA, and MODB pins during reset determine the operating mode and default
memory mapping. The SMODN, MODA, and MODB bits in the MODE register reflect the status of the
mode-select inputs at the rising edge of reset. Operating mode and default maps can subsequently be
changed according to strictly defined rules.

4.7.2 Clock and Watchdog Control Logic

Reset enables the COP watchdog with the CR2—CRO bits set for the shortest timeout period. The clock
monitor is disabled. The RTIF flag is cleared and automatic hardware interrupts are masked. The rate
control bits are cleared and must be initialized before the return-from-interrupt (RTI) system is used. The
DLY control bit is set to specify an oscillator startup delay upon recovery from stop mode.

4.7.3 Interrupts

Reset initializes the HPRIO register with the value $F2, causing the IRQ pin to have the highest I-bit
interrupt priority. The IRQ pin is configured for level-sensitive operation (for wired-OR systems). However,
the | and X bits in the CCR are set, masking IRQ and XIRQ interrupt requests.

4.7.4 Parallel Input/Output (I/0)

If the MCU comes out of reset in an expanded mode, port A and port B are the multiplexed address/data
bus. Port E pins are normally used to control the external bus. The port E assignment register (PEAR)
affects port E pin operation.

If the MCU comes out of reset in a single-chip mode, all ports are configured as general-purpose
high-impedance inputs.
4.7.5 Central Processing Unit (CPU)

After reset, the CPU fetches a vector from the appropriate address and begins executing instructions. The
stack pointer and other CPU registers are indeterminate immediately after reset. The condition code
register (CCR) X and | interrupt mask bits are set to mask any interrupt requests. The S bit is also set to
inhibit the STOP instruction.

4.7.6 Memory

After reset, the internal register block is located at $0000-$01FF, the register-following space is at
$0200—-$03FF, and RAM is at $0800—$0BFF. EEPROM is located at $0D00-$0FFF. FLASH
EEPROM/ROM is located at $8000—$FFFF in single-chip modes and at $0000-$7FFF (but disabled) in
expanded modes.
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Interrupt Recognition

4.7.7 Other Resources

The timer, serial communications interface (SCI), serial peripheral interface (SPI), byte data link controller
(BDLC), pulse-width modulator (PWM), analog-to-digital converter (ATD), and MSCAN are off after reset.

4.8 Interrupt Recognition

Once enabled, an interrupt request can be recognized at any time after the | bit in the CCR is cleared.
When an interrupt request is recognized, the CPU responds at the completion of the instruction being
executed. Interrupt latency varies according to the number of cycles required to complete the instruction.
Some of the longer instructions can be interrupted and resume normally after servicing the interrupt.

When the CPU begins to service an interrupt request, it:
» Clears the instruction queue
» Calculates the return address
e Stacks the return address and the contents of the CPU registers as shown in Table 4-3

Table 4-3. Stacking Order on Entry to Interrupts

Memory Location Stacked Values
SP-2 RTNy : RTN,
SP-4 Yo YL
SP-6 Xyt XL
SP-8 B:A
SP-9 CCR

After stacking the CCR, the CPU:
» Sets the | bit to prevent other interrupts from disrupting the interrupt service routine
« Sets the X bit if an XIRQ interrupt request is pending
» Fetches the interrupt vector for the highest-priority request that was pending at the beginning of the
interrupt sequence
» Begins execution of the interrupt service routine at the location pointed to by the vector

If no other interrupt request is pending at the end of the interrupt service routine, a return-from-interrupt
(RT instruction recovers the stacked values. Program execution resumes program at the return address.

If another interrupt request is pending at the end of an interrupt service routine, the RTI instruction
recovers the stacked values. However, the CPU then:

» Adjusts the stack pointer to point again at the stacked CCR location, SP — 9

» Fetches the vector of the pending interrupt

» Begins execution of the interrupt service routine at the location pointed to by the vector
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Chapter 5

Operating Modes and Resource Mapping

5.1 Introduction

The MCU can operate in eight different modes. Each mode has a different default memory map and

external bus configuration. After reset, most system resources can be mapped to other addresses by

writing to the appropriate control registers.

5.2 Operating Modes

The states of the BKGD, MODB, and MODA pins during reset determine the operating mode after reset.

The SMODN, MODB, and MODA bits in the MODE register show current operating mode and provide

limited mode switching during operation. The states of the BKGD, MODB, and MODA pins are latched

into these bits on the rising edge of the reset signal. During reset an active pullup is connected to the

BKGD pin (as input) and active pulldowns are connected to the MODB and MODA pins. If an open occurs
on any of these pins, the device will operate in normal single-chip mode.

Table 5-1. Mode Selection

BKGD MODB MODA Mode Port A Port B
0 0 0 Special single chip General-purpose 1/0 General-purpose 1/0
0 0 1 Special expanded narrow ADD ADTi[éSO?] ADDRJ[7:0]
0 1 0 Special peripheral AE;?E A[\DI,DB?E
0 1 1 Special expanded wide ABI'D;AR '?)3?;{
1 0 0 Normal single chip General-purpose 1/0 General-purpose 1/0
1 0 1 Normal expanded narrow ADD El_i[[]fo?] ADDRJ[7:0]
! ! 0 (forcesftjepr(\eﬁ[?heral) - T
1 1 1 Normal expanded wide %i?; AS%?E

The two basic types of operating modes are:
1. Normal modes — Some registers and bits are protected against accidental changes.

2. Special modes — Protected control registers and bits are allowed greater access for special
purposes such as testing and emulation.

A system development and debug feature, background debug mode (BDM) is available in all modes. In
special single-chip mode, BDM is active immediately after reset.
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5.2.1 Normal Operating Modes

These modes provide three operating configurations. Background debugging is available in all three
modes, but must first be enabled for some operations by means of a BDM command. BDM can then be
made active by another BDM command.

5.2.1.1 Normal Expanded Wide Mode

The 16-bit external address and data buses use ports A and B. ADDR15-ADDR8 and DATA15-DATAS
are multiplexed on port A. ADDR7-ADDRO and DATA7-DATAO are multiplexed on port B.

5.2.1.2 Normal Expanded Narrow Mode

The 16-bit external address bus uses port A for the high byte and port B for the low byte. The 8-bit external
data bus uses port A. ADDR15-ADDR8 and DATA7-DATAOQ are multiplexed on port A.

5.2.1.3 Normal Single-Chip Mode

Normal single-chip mode has no external buses. Ports A, B, and E are configured for general-purpose
input/output (1/0). Port E bits 1 and 0 are input only with internal pullups and the other 22 pins are
bidirectional I/0 pins that are initially configured as high-impedance inputs. Port E pullups are enabled on
reset. Port A and B pullups are disabled on reset.

5.2.2 Special Operating Modes

Special operating modes are commonly used in factory testing and system development.

5.2.2.1 Special Expanded Wide Mode

This mode is for emulation of normal expanded wide mode and emulation of normal single-chip mode with
a 16-bit bus. The bus-control pins of port E are all configured for their bus-control output functions rather
than general-purpose 1/0.

5.2.2.2 Special Expanded Narrow Mode

This mode is for emulation of normal expanded narrow mode. External 16-bit data is handled as two
back-to-back bus cycles, one for the high byte followed by one for the low byte. Internal operations
continue to use full 16-bit data paths.

5.2.2.3 Special Single-Chip Mode

This mode can be used to force the MCU to active BDM mode to allow system debug through the BKGD
pin. The MCU does not fetch the reset vector and execute application code as it would in other modes.

Instead, the active background mode is in control of CPU execution and BDM firmware waits for additional
serial commands through the BKGD pin. There are no external address and data buses in this mode. The
MCU operates as a stand-alone device and all program and data space are on-chip. External port pins

can be used for general-purpose 1/O.
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5.2.2.4 Special Peripheral Mode

The CPU is not active in this mode. An external master can control on-chip peripherals for testing
purposes. It is not possible to change to or from this mode without going through reset. Background
debugging should not be used while the MCU is in special peripheral mode as internal bus conflicts
between BDM and the external master can cause improper operation of both modes.

5.2.3 Background Debug Mode

Background debug mode (BDM) is an auxiliary operating mode that is used for system development.
BDM is implemented in on-chip hardware and provides a full set of debug operations. Some BDM
commands can be executed while the CPU is operating normally. Other BDM commands are firmware
based and require the BDM firmware to be enabled and active for execution.

In special single-chip mode, BDM is enabled and active immediately out of reset. BDM is available in all
other operating modes, but must be enabled before it can be activated. BDM should not be used in special
peripheral mode because of potential bus conflicts.

Once enabled, background mode can be made active by a serial command sent via the BKGD pin or
execution of a CPU12 BGND instruction. While background mode is active, the CPU can interpret special
debugging commands, read and write CPU registers, peripheral registers, and locations in memory.

While BDM is active, the CPU executes code located in a small on-chip ROM mapped to addresses
$FF00 to $FFFF; BDM control registers are accessible at addresses $FF00 to $FF06. The BDM ROM
replaces the regular system vectors while BDM is active. While BDM is active, the user memory from
$FF00 to $FFFF is not in the map except through serial BDM commands.

BDM allows read and write access to internal memory-mapped registers and RAM and read access to
EEPROM, FLASH EEPROM, or ROM without interrupting the application code executing in the CPU. This
non-intrusive mode uses dead bus cycles to access the memory and in most cases will remain cycle
deterministic. Refer to 18.3 Background Debug Mode (BDM) for more details.

5.3 Internal Resource Mapping

The internal register block, RAM, FLASH EEPROM/ROM, and EEPROM have default locations within the
64-Kbyte standard address space but may be reassigned to other locations during program execution by
setting bits in mapping registers INITRG, INITRM, and INITEE. During normal operating modes, these
registers can be written once. It is advisable to explicitly establish these resource locations during the
initialization phase of program execution, even if default values are chosen, to protect the registers from
inadvertent modification later.

Writes to the mapping registers go into effect between the cycle that follows the write and the cycle after
that. To assure that there are no unintended operations, a write to one of these registers should be
followed with a no operation (NOP) instruction.

If conflicts occur when mapping resources, the register block will take precedence over the other
resources; RAM, FLASH EEPROM/ROM, or EEPROM addresses occupied by the register block will not
be available for storage. When active, BDM ROM takes precedence over other resources, although a
conflict between BDM ROM and register space is not possible. Table 5-2 shows resource mapping
precedence.

In expanded modes, all address space not utilized by internal resources is by default external memory.
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Table 5-2. Mapping Precedence

Precedence Resource
1 BDM ROM (if active)
Register space
RAM
EEPROM
FLASH EEPROM/ROM
External memory

Ol bh|lW[N

5.4 Mode and Resource Mapping Registers

This section describes the mode and resource mapping registers.

5.4.1 Mode Register

The mode register (MODE) controls the MCU operating mode and various configuration options. This
register is not in the map in peripheral mode.

Address:$000B
Bit 7 6 5 4 3 2 1 Bit0
Read
Write SMODN MODB MODA ESTR VIS EBSWAI 0 EME
Reset states:
Normal expanded narrow: 1 0 1 1 0 0 0 0
Normal expanded wide: 1 1 1 1 0 0 0 0
Special expanded narrow: 0 0 1 1 1 0 0 1
Special expanded wide: 0 1 1 1 1 0 0 1
Peripheral: 0 1 0 1 1 0 0 1
Normal single-chip: 1 0 0 1 0 0 0
Special single-chip: 0 0 0 1 1 0 1

Figure 5-1. Mode Register (MODE)

Read: Anytime
Write: Varies from bit to bit

SMODN, MODB, MODA — Mode Select Special, B, and A Bits
These bits show the current operating mode and reflect the status of the BKGD, MODB, and MODA

input pins at the rising edge of reset.
SMODN can be written only if SMODN = 0 (in special modes) but the first write is ignored; MODB,
MODA may be written once if SMODN = 1; anytime if SMODN = 0, except that special peripheral and

reserved modes cannot be selected.
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ESTR — E Clock Stretch Enable Bit
ESTR determines if the E clock behaves as a simple free-running clock or as a bus control signal that
is active only for external bus cycles. ESTR is always 1 in expanded modes since it is required for
address demultiplexing and must follow stretched cycles.
1 = E stretches high during external access cycles and low during non-visible internal accesses
0 = E never stretches (always free running)
Normal modes: Write once
Special modes: Write anytime

IVIS — Internal Visibility Bit

IVIS determines whether internal ADDR/DATA, R/W, and LSTRB signals can be seen on the bus
during accesses to internal locations. In special expanded narrow mode, it is possible to configure the
MCU to show internal accesses on an external 16-bit bus. The IVIS control bit must be set to 1. When
the system is configured this way, visible internal accesses are shown as if the MCU was configured
for expanded wide mode, but normal external accesses operate as if the bus in narrow mode. In normal
expanded narrow mode, internal visibility is not allowed and IVIS is ignored.

1 = Internal bus operations visible on external bus

0 = No visibility of internal bus operations on external bus
Normal modes: Write once
Special modes: Write anytime except the first time

EBSWAI — External Bus Module Stop in Wait Bit
This bit controls access to the external bus interface when in wait mode. The module delays before
shutting down in wait mode to allow for final bus activity to complete.
1 = External bus shut down during wait mode
0 = External bus and registers continue functioning in wait mode.
Normal modes: Write anytime
Special modes: Write never

EME — Emulate Port E Bit
Removing the registers from the map allows the user to emulate the function of these registers
externally. In single-chip mode, port E data register (PORTE) and port E data direction register (DDRE)
are always in the map regardless of the state of this bit.
1 = PORTE and DDRE removed from the memory map (expanded mode)
0 = PORTE and DDRE in the memory map
Normal modes: Write once
Special modes: Write anytime except the first time
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5.4.2 Register Initialization Register

After reset, the 512-byte register block resides at location $0000 but can be reassigned to any 2-Kbyte
boundary within the standard 64-Kbyte address space. Mapping of internal registers is controlled by five
bits in the register initialization register (INITRG). The register block occupies the first 512 bytes of the
2-Kbyte block.

Address:$0011
Bit 7 6 5 4 3 2 1 Bit 0
Read
] REG15 REG14 REG13 REG12 REG11 0 0 MMSWAI
Write
Reset: 0 0 0 0 0 0 0 0

Figure 5-2. Register Initialization Register (INITRG)

Read: Anytime
Write: Once in normal modes; anytime in special modes

REG15-REG11 — Register Position Bits
These bits specify the upper five bits of the 16-bit register address.

MMSWAI — Memory Mapping Interface Stop in Wait Control Bit
T