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Data Sheet — M68HC12B Family

1.1 Introduction

Section 1. General Description

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

Multiplexed bus

X

X

X

32-Kbyte FLASH electrically erasable,
programmable read-only memory (EEPROM)

32-Kbyte read-only memory (ROM)

768-byte EEPROM

1-Kbyte random-access memory (RAM)

Analog-to-digital (A/D) converter

X | X | X[ X

Standard timer module (TIM)

X | X | X| X

X | X | X[ X

X | X | X]| X| X

Enhanced capture timer (ECT)

Pulse-width modulator (PWM)

Asynchronous serial communications
interface (SCII)

Synchronous serial peripheral interface (SPI)

J1850 byte data link communication (BDLC)

Controller area network module (CAN)

Computer operating properly (COP)
watchdog timer

Slow mode clock divider

80-pin quad flat pack (QFP)

Single-wire background debug mode (BDM)
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1.2 Features

Data Sheet

Features include:

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

MCG68HC(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

M68HC12B Family — Rev. 8.0
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Slow-Mode Clock Divider Advisory

e 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
e 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/O) lines
* Single-wire background debug mode (BDM)

e 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 Section 10. Clock Generation
Module (CGM). The register that controls this feature is located at $00EQ. 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 HI1F.

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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Block Diagrams
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Figure 1-2. Block Diagram for MC68HC(9)12BC32
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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 Motorola Literature

Distribution Center or your local Motorola sales offices.

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

Evaluation boards, assemblers, compilers, and debuggers are available from

Motorola 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://motorola.com/semiconductors/

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

1.6.2.1 VDD and VSS

Data Sheet

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

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.

M68HC12B Family — Rev. 8.0
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Notes:
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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1.6.2.2 VDDX and VSSX

General Description
Pinout and Signal Descriptions

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.

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
Vss 11, 48
Vppx 31,78 o
External power and ground supply to pin drivers
Vssx 30, 77
Vobpa 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.
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1.6.3 Signal Descriptions

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

1.6.3.1 XTAL and EXTAL

Data Sheet

NOTE:

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.

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. Referto Figure 1-5 and Figure 1-6 for diagrams of oscillator circuits.

(@]

EXTAL

10 MQ =L oxE
MCU I GRYSTAL

(@}

XTAL

Figure 1-5. Common Crystal Connections

2xE
EXTAL (<= CMOS-COMPATIBLE
EXTERNAL OSCILLATOR

MCU

XTAL — NC

Figure 1-6. External Oscillator Connections
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1.6.3.2 ECLK

1.6.3.3 RESET

1.6.3.4 IRQ

General Description
Pinout and Signal Descriptions

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.

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.

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 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.
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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

NOTE:

1.6.3.7 BKGD

Data Sheet

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.

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

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.

BKGD 1|® @ |2 GND
NC 3| @ @ |4 RESET
Vi 5| @ @ (6 vy

Figure 1-7. BDM Tool Connector
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General Description
Pinout and Signal Descriptions

1.6.3.8 ADDR15-ADDRO0 and DATA15-DATAO

1.6.3.9 R/W

1.6.3.10 LSTRB

ADDR15-ADDRO0 and DATA15-DATAO 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-PBO0 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-DATAQO. 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.

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.

LSTRB is the low-byte strobe pin. In all modes, this pin can be used as 1/0 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

1.6.3.12 DBE

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.

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

Name Number Description
PW3-PWO0 3-6 Pulse-width modulator channel outputs
ADDR7-ADDRO . . . . .
DATA7—DATAO 25-18 External bus pins share function with general-purpose 1/O 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-ADDRS8

_ external buses.
DATA15-DATAS8 46-39

10C7-10C0 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 1/O pins.
E-clock is the output connection for the external bus clock. ECLK is used as a timing
ECLK 29 C
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/0. 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
RIW 36 Indicates direction of data on expansion bus; shares function with general-purpose 1/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).

Provides a means of requesting asynchronous non-maskable interrupt requests after

XIRQ 38 reset initialization
BKGD 17 Single-wire bacl_<grc_Jund inter_face pin is_ dedicated to the bgckground debug function.
During reset, this pin determines special or normal operating mode.
TAGHI 17 Pin used in instruction tagging
DLCRX/RXxCAN® 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 RXxCAN and TxCAN designations are for the MC68HC(9)12BC32 only.
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1.6.4 Port Signals

General Description
Pinout and Signal Descriptions

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-PEQ, 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-PB0O 25-18 DDRB ($0003) _ _
DDRA and DDRB are not in the address map in
expanded or peripheral modes.
Port AD L
PAD7—PADO 58-51 In Analog-to-digital converter and general-purpose /0
1)
Portgé_C/PCég 70-76 In/Out Byte data link communication (BDLC) subsystem and
PDLC6-PDL DDRDLC ($00FF) general-purpose 1/O
PCAN6—PCAN2
PE1-PEO In . . .
- 29,3500 | pELPEamOw |NO%Seeeion s coma danas and et
DDRE ($0009) q gnals, org purp
Port P 79, 80. 1-6 In/Out General-purpose 1/0. PP3-PPO are used with the
PP7-PPO R DDRP ($0057) pulse-width modulator when enabled.
Port S 6861 In/Out Serial communications interface and serial peripheral
PS7-PS0O DDRS ($00D7) interface subsystems and general-purpose 1/0
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.
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1.6.4.1 Port A

1.6.4.2 PortB

1.6.4.3 PortE

Data Sheet

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 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 Section 6. Bus Control and
Input/Output (1/0).

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 Section 6. Bus Control and Input/Output (I/O).

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/0O. 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.
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1.6.4.4 Port DLC

1.6.4.5 Port CAN

General Description
Pinout and Signal Descriptions

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 1/0. PEAR settings override DDRE settings. Because PE1 and
PEO are input-only pins, only DDRE7-DDRE2 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 Section 6. Bus Control and Input/Output (I/O).

The MC68HC912B32 and MC68HC12BE32 contain the port DLC.

Byte data link communications (BDLC) pins can be configured as general-purpose
I/0 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 bit in 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 Section 15. Byte Data Link
Communications (BDLC).

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

The port CAN has five general-purpose I/O pins, PCAN[6:2]. The msCAN12
receive pin, RXCAN, and transmit pin, TXCAN, cannot be configured as
general-purpose I/O on port CAN.
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1.6.4.6 Port AD

1.6.4.7 PortP

Data Sheet

The msCAN data direction register (DDRCAN) determines whether each port CAN
pin PCANJ6:2] 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 aread to the port CAN is performed, the value read from the most significant
bit (MSB) depends on the MSB, PCAN7, of the port CAN data register, PORTCAN,
and the MSB of DDRCAN: it is 0 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 Section 16. msCAN12
Controller.

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
Section 17. Analog-to-Digital Converter (ATD).

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
I/O.

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 Section 11.
Pulse-Width Modulator (PWM).
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1.6.4.8 Port T

1.6.4.9 PortS

General Description
Pinout and Signal Descriptions

This port provides eight general-purpose 1/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 1/0. 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 Section 12. Standard Timer Module (TIM). For the
MC68HC12BE32, refer to Section 13. Enhanced Capture Timer (ECT) Module.

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
SPOCRI1 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.

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.
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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(;Joc(:)I(:z;) PUPE Enabled (E(I)DOFE)II\D/) RDPE Full drive
PE1, PEO
Port E RDRIV .
PE4 None — ($000D) RDPE Full drive
Port E ;
PEG, 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 %ﬁ;%? 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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Figure 1-9. RAM Expansion Schematic with FLASH in Narrow Mode
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Data Sheet — M68HC12B Family

Section 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 Section 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

Pullup control register, PUCR

Reduced drive register, RDRIV
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Register Block

2.2 Registers

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
; Read:
Port AData Register ™| - pp7 | 'pag | PA5 | PA4 | PA3 | PA2 | PAf PAO
$0000 (PORTA)  Write:
Seepage 88. Reget: U U U U U U U U
; Read:
Port B Data Register  "** PB7 PB6 PB5 PB4 PB3 PB2 PB PBO
$0001 (PORTB)  Write:
Seepage 89. Reget: U U U U U U U U
T ; Read:
Data Direction Register A ™=/ - nppz | ppas | DDA5 | DDA4 | DDA3 | DDA2 | DDA1 | DDAO
$0002 (DDRA)  Write:
Seepage 89. Reget: 0 0 0 0 0 0 0 0
T ; Read:
Data Direction Register B ™| - nnp7 | ppe | DDB5 | DDB4 | DDB3 | DDB2 | DDB1 | DDBO
$0003 (DDRB)  Write:
Seepage 90. Reget: 0 0 0 0 0 0 0 0
$0004 Reserved \ R \ R \ R \ R \ R | R \ R \ R \
3
$0007 Reserved \ R \ R \ R \ R \ R | R \ R \ R \
; Read:
PortE Data Register ™|  pg7 | pgg | PpEs | PD4 | PD3 | PD2 | PDI PDO
$0008 (PORTE) Write:
Seepage 90. Reget: 0 0 0 0 0 0
— ; Read:
Data Direction Register - ™| - ppes | ppeg | DDE5 | DDE4 | DDE3 | DDE2
$0009 (DDRE)  Write:
Seepage 91. Reget: 0 0 0 0 1 0
PortE Assignment Register Reack|ppp | COMTE | pone | \eeik | LsTRE | ROwE
$000A (PEAR) Write:
Seepage 92. Reget: 1 0 0 1 0 0 0 0
; Read:
Mode Register "%/ qyopN | MODB | MODA | ESTR VIS | EBSWAI 0 EME
$000B (MODE)  Write:
See page 81. Reget: 0 1 1 0 1
Pullup Control Register Read: 0 PUPE 0 PUPB PUPA
$000C (PUCR)  Write:
See page 94. Reget: 0 1 0 0 0
Reduced Drive Register Read: 0 0 RDPE RDPB RDPA
$000D (RDRIV)  Write:
Seepage 95. Reget: 0 0 0 0 0 0 0 0
$000E Reserved \ R \ R \ R \ R \ R | R \ R \ R \
l:l = Unimplemented IIl = 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 1 of 19)
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Register Block

Registers
Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
$000F Reserved | R | R [ R | R | R | R | R | R |
RAM Initialization Register Réad:
“| RAM15 | RAM14 | RAMi3 | RAMi2 | RAM11 0 0 0
$0010 (INITRM)  Write:
Seepage 83 Reset 0 0 0 0 1 0 0 0
o o Read:
Register Initialization Register ™| pgeaqs | REG14 | REG13 | REG12 | REG1 0 0 MMSWAI
$0011 (INITRG)  Write:
Seepage 82. Reget: 0 0 0 0 0 0 0 0
EEPROM Initialization Register R€8%:| oo | oo | epi3 | pEt2 0 0 0 EEON
$0012 (INITEE)  Write:
Seepage 83. Reset: 0 0 0 1 0 0 0 1
; ; Read:
Miscellaneous Mapping Control - T 0 NDRF | RFSTR1 | RFSTRO | EXSTR1 | EXSTRO | MAPROM | ROMON
$0013 Register (MISC)  Write:
Seepage 84 Reset: 0 0 0 0 0 0 0 0
: Read: 0
Real-Time Interrupt Control - ™% gre | gowal | RSBOK RTBYP | RTR2 | RTR1 | RTRO
$0014 Register (RTICTL)  Write:
Seepage 124. Reget: 0 0 0 0 0 0 0 0
Real-Time Interrupt Flag Register Read: RTIF 0 0 0 0 0 0 0
$0015 (RTIFLG) Write:
Seepage 125. Reget: 0 0 0 0 0 0 0 0
; Read:
COP Control Register  "™%\  cye | FoME | FCM | FCOP | DISR CR2 CR1 CRO
$0016 (COPCTL)  Write:
Seepage 125. Reget: 0 0 0 0 0 0 0 1
: Read:
Arm/Reset COP Timer  "=€%1 - gy 7 Bit6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
$0017 Register (COPRST)  Write:
Seepage 127. Reget: 0 0 0 0 0 0 0 0
$0018 Reserved \ R \ R \ R \ R \ R | R \ R \ R \
d
$001D Reserved \ R \ R \ R \ R \ R | R \ R \ R \
Interrupt Control Register Read: IRQE IRQEN DLY 0 0 0 0 0
$001E (INTCR) Write:
Seepage 72. Reget: 0 1 1 0 0 0 0
Highest Priority | Interrupt Register  Read: 1 1 PSEL5 | PSEL4 | PSEL3 | PSEL2 | PSEL1
$001F (HPRIO)  Write:
Seepage 73. Reget: 1 1 1 1 0 0 1 0

I:l = Unimplemented IIl = 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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Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
; ; Read:
Breakpoint Control Register 0 "% gipny | BKENO | BKPM 0 BK1ALE | BKOALE 0 0
$0020 (BRKCTO) Write:
Seepage 329. Reget: 0 0 0 0 0 0 0 0
Breakpoint Control Register 1  Read:
P J , 0 BKDBE | BKMBH | BKMBL | BKIRWE | BKIRW | BKORWE | BKORW
s (BRKCTY)  write:
0021 ite:
See page 330.
Reset: 0 0 0 0 0 0 0 0
i i igh Read:
Breakpoint Address Register High ™| gy 45 | git14 | Bit13 | Bit12 | Bit11 Bit 10 Bit9 Bit 8
$0022 (BRKAH)  Write:
Seepage 332. Reget: 0 0 0 0 0 0 0 0
; ; Read:
Breakpoint Address Register Low "¢ Bit7 Bit6 Bit5 Bit4 Bit 3 Bit2 Bit 1 Bit0
$0023 (BRKAL) Write:
Seepage 332. Reget: 0 0 0 0 0 0 0 0
; ; ; Read:
Breakpoint Data Register High ™1 gy 45 | git14 | Bit13 | Bit12 | Bit11 Bit 10 Bit9 Bit 8
$0024 (BRKDH)  Write:
Seepage 332. Reget: 0 0 0 0 0 0 0 0
; ; Read:
Breakpoint Data Register Low "¢ Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
$0025 (BRKDL) Write:
Seepage 333. Reget: 0 0 0 0 0 0 0 0
$0026 Reserved R R R R R R R R |
{
$003F Reserved R R R R R R R R |
Read:
PWM Clocks and Concatenate ™% oon\os | coNot | PCKA2 | PCKA1 | PCKAO | PCKB2 | PCKB1 | PCKBO
$0040 Register (PWCLK) ~ Write:
Seepage 135. Reget: 0 0 0 0 0 0 0 0
+, Read:
PWM Clock Select and Polarity  "™**™| pgi k3 | pgike | PCLKI | PCLKO | PPOL3 | PPOL2 | PPOL1 | PPOLO
$0041 Register (PWPOL)  Write:
See page 136. Reget: 0 0 0 0 0
; Read: 0
PWM Enable Register PWEN3 | PWEN2 | PWEN1 | PWENO
$0042 (PWEN)  Write:
See page 138. Reget: 0 0 0 0 0 0 0
; Read:
PWM Prescaler Counter Register "™ Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
$0043 (PWPRES)  Write:
Seepage 139. Reget: 0 0 0 0 0 0 0 0
; Read:
PWM Scale Register 0 "™ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit 0
$0044 (PWSCALO)  Write:
Seepage 139. Reget: 0 0 0 0 0 0 0 0
I:I = Unimplemented \I| = 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.

$0045

$0046

$0047

$0048

$0049

$004A

$004B

$004C

$004D

$004E

$004F

$0050

Notes:
1. Available only on MC68HC912B32 and MC68HC912BC32 devices.

Register Name

PWM Scale Counter Register 0
(PWSCNTO)
See page 139.

PWM Scale Register 1 (PWSCALT1)
See page 140.

PWM Scale Counter Register 1
(PWSCNTH1)
See page 140.

PWM Channel Counter Register 0
(PWCNTO)
See page 141.

PWM Channel Counter Register 1
(PWCNT1)
See page 141.

PWM Channel Counter Register 2
(PWCNT2)
See page 141.

PWM Channel Counter Register 3
(PWCNT?3)
See page 141.

PWM Channel Period Register 0
(PWPERO0)
See page 142.

PWM Channel Period Register 1
(PWPER!)
See page 142.

PWM Channel Period Register 2
(PWPER2)
See page 142.

PWM Channel Period Register 3
(PWPER3)
See page 142.

PWM Channel Duty Register 0
(PWDTYO0)
See page 143.

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:

Register Block

Registers
Bit7 6 5 4 3 2 1 Bit 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0 