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3.6 Stop Modes
One of two stop modes is entered upon execution of a STOP instruction when the STOPE bit in SOPT1
register is set. In both stop modes, all internal clocks are halted. The MCG module can be configured to
leave the reference clocks running. See Chapter 8, “Multi-Purpose Clock Generator (S08MCGV1),” for
more information.

Table 3-1 shows all of the control bits that affect stop mode selection and the mode selected under various
conditions. The selected mode is entered following the execution of a STOP instruction.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Exit from stop3 is done by asserting RESET or an asynchronous interrupt pin. The asynchronous interrupt
pins are IRQ, PIA0–PIA7, PIB0–PIB7, and PID0–PID7. Exit from stop3 can also be done by the
low-voltage detect (LVD) reset, low-voltage warning (LVW) interrupt, ADC conversion complete
interrupt, real-time clock (RTC) interrupt, MSCAN wake-up interrupt, or SCI receiver interrupt.

If stop3 is exited by means of the RESET pin, the MCU will be reset and operation will resume after
fetching the reset vector. Exit by means of an interrupt will result in the MCU fetching the appropriate
interrupt vector.

3.6.1.1 LVD Enabled in Stop3 Mode

The LVD system is capable of generating either an interrupt or a reset when the supply voltage drops below
the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE bits in SPMSC1 both set) at the time
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode.

For the ADC to operate the LVD must be left enabled when entering stop3.

Table 3-1. Stop Mode Selection

STOPE ENBDM 1

1 ENBDM is located in the BDCSCR, which is only accessible through BDC commands, see Section 17.4.1.1, “BDC Status and
Control Register (BDCSCR)”.

LVDE LVDSE PPDC Stop Mode

0 x x x Stop modes disabled; illegal opcode reset if STOP instruction executed

1 1 x x Stop3 with BDM enabled 2

2 When in Stop3 mode with BDM enabled, The SIDD will be near RIDD levels because internal clocks are enabled.

1 0 Both bits must be 1 x Stop3 with voltage regulator active

1 0 Either bit a 0 0 Stop3

1 0 Either bit a 0 1 Stop2
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5.5.1 Interrupt Stack Frame

Figure 5-1 shows the contents and organization of a stack frame. Before the interrupt, the stack pointer
(SP) points at the next available byte location on the stack. The current values of CPU registers are stored
on the stack starting with the low-order byte of the program counter (PCL) and ending with the CCR. After
stacking, the SP points at the next available location on the stack which is the address that is one less than
the address where the CCR was saved. The PC value that is stacked is the address of the instruction in the
main program that would have executed next if the interrupt had not occurred.

Figure 5-1. Interrupt Stack Frame

When an RTI instruction is executed, these values are recovered from the stack in reverse order. As part of
the RTI sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address recovered from the stack.

The status flag corresponding to the interrupt source must be acknowledged (cleared) before returning
from the ISR. Typically, the flag is cleared at the beginning of the ISR so that if another interrupt is
generated by this same source, it will be registered so it can be serviced after completion of the current ISR.

5.5.2 External Interrupt Request (IRQ) Pin

External interrupts are managed by the IRQ status and control register, IRQSC. When the IRQ function is
enabled, synchronous logic monitors the pin for edge-only or edge-and-level events. When the MCU is in
stop mode and system clocks are shut down, a separate asynchronous path is used so the IRQ (if enabled)
can wake the MCU.

5.5.2.1 Pin Configuration Options

The IRQ pin enable (IRQPE) control bit in IRQSC must be 1 in order for the IRQ pin to act as the interrupt
request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels detected
(IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an event
causes an interrupt or only sets the IRQF flag which can be polled by software.
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5.8.2 System Reset Status Register (SRS)

This high page register includes read-only status flags to indicate the source of the most recent reset. When
a debug host forces reset by writing 1 to BDFR in the SBDFR register, none of the status bits in SRS will
be set. Writing any value to this register address causes a COP reset when the COP is enabled except the
values 0x55 and 0xAA. Writing a 0x55-0xAA sequence to this address clears the COP watchdog timer
without affecting the contents of this register. The reset state of these bits depends on what caused the
MCU to reset.

Figure 5-3. System Reset Status (SRS)

7 6 5 4 3 2 1 0

R POR PIN COP ILOP ILAD LOC LVD 0

W Writing 0x55, 0xAA to SRS address clears COP watchdog timer.

POR: 1 0 0 0 0 0 1 0

LVD: u 0 0 0 0 0 1 0

Any other
reset:

0 Note(1)

1 Any of these reset sources that are active at the time of reset entry will cause the corresponding bit(s) to be set; bits
corresponding to sources that are not active at the time of reset entry will be cleared.

Note(1) Note(1) Note(1) 0 0 0

Table 5-3. SRS Register Field Descriptions

Field Description

7
POR

Power-On Reset — Reset was caused by the power-on detection logic. Because the internal supply voltage was
ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset occurred while
the internal supply was below the LVD threshold.
0 Reset not caused by POR.
1 POR caused reset.

6
PIN

External Reset Pin — Reset was caused by an active-low level on the external reset pin.
0 Reset not caused by external reset pin.
1 Reset came from external reset pin.

5
COP

Computer Operating Properly (COP) Watchdog — Reset was caused by the COP watchdog timer timing out.
This reset source can be blocked by COPE = 0.
0 Reset not caused by COP timeout.
1 Reset caused by COP timeout.

4
ILOP

Illegal Opcode — Reset was caused by an attempt to execute an unimplemented or illegal opcode. The STOP
instruction is considered illegal if stop is disabled by STOPE = 0 in the SOPT register. The BGND instruction is
considered illegal if active background mode is disabled by ENBDM = 0 in the BDCSC register.
0 Reset not caused by an illegal opcode.
1 Reset caused by an illegal opcode.

3
ILAD

Illegal Address — Reset was caused by an attempt to access either data or an instruction at an unimplemented
memory address.
0 Reset not caused by an illegal address.
1 Reset caused by an illegal address.
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6.5.2.3 Port B Pull Enable Register (PTBPE)

NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.

6.5.2.4 Port B Slew Rate Enable Register (PTBSE)

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.

7 6 5 4 3 2 1 0

R
PTBPE7 PTBPE6 PTBPE5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-13. Internal Pull Enable for Port B Register (PTBPE)

Table 6-11. PTBPE Register Field Descriptions

Field Description

7:0
PTBPE[7:0]

Internal Pull Enable for Port B Bits — Each of these control bits determines if the internal pull-up or pull-down
device is enabled for the associated PTB pin. For port B pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port B bit n.
1 Internal pull-up/pull-down device enabled for port B bit n.

7 6 5 4 3 2 1 0

R
PTBSE7 PTBSE6 PTBSE5 PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-14. Slew Rate Enable for Port B Register (PTBSE)

Table 6-12. PTBSE Register Field Descriptions

Field Description

7:0
PTBSE[7:0]

Output Slew Rate Enable for Port B Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port B bit n.
1 Output slew rate control enabled for port B bit n.
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6.5.5.3 Port E Pull Enable Register (PTEPE)

NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.

6.5.5.4 Port E Slew Rate Enable Register (PTESE)

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.

7 6 5 4 3 2 1 0

R
PTEPE7 PTEPE6 PTEPE5 PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-34. Internal Pull Enable for Port E Register (PTEPE)

Table 6-32. PTEPE Register Field Descriptions

Field Description

7:0
PTEPE[7:0]

Internal Pull Enable for Port E Bits — Each of these control bits determines if the internal pull-up device is
enabled for the associated PTE pin. For port E pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port E bit n.
1 Internal pull-up device enabled for port E bit n.

7 6 5 4 3 2 1 0

R
PTESE7 PTESE6 PTESE5 PTESE4 PTESE3 PTESE2 PTESE11

1 PTESE1 has no effect on the input-only PTE1 pin.

PTESE0
W

Reset: 0 0 0 0 0 0 0 0

Figure 6-35. Slew Rate Enable for Port E Register (PTESE)

Table 6-33. PTESE Register Field Descriptions

Field Description

7:0
PTESE[7:0]

Output Slew Rate Enable for Port E Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port E bit n.
1 Output slew rate control enabled for port E bit n.
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6.5.6 Port F Registers

Port F is controlled by the registers listed below.

6.5.6.1 Port F Data Register (PTFD)

6.5.6.2 Port F Data Direction Register (PTFDD)

7 6 5 4 3 2 1 0

R
PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-37. Port F Data Register (PTFD)

Table 6-35. PTFD Register Field Descriptions

Field Description

7:0
PTFD[7:0]

Port F Data Register Bits — For port F pins that are inputs, reads return the logic level on the pin. For port F
pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port F pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTFD to all 0s, but these 0s are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.

7 6 5 4 3 2 1 0

R
PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-38. Port F Data Direction Register (PTFDD)

Table 6-36. PTFDD Register Field Descriptions

Field Description

7:0
PTFDD[7:0]

Data Direction for Port F Bits — These read/write bits control the direction of port F pins and what is read for
PTFD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port F bit n and PTFD reads return the contents of PTFDn.
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8.1.2 Modes of Operation

There are nine modes of operation for the MCG:

• FLL Engaged Internal (FEI)

• FLL Engaged External (FEE)

• FLL Bypassed Internal (FBI)

• FLL Bypassed External (FBE)

• PLL Engaged External (PEE)

• PLL Bypassed External (PBE)

• Bypassed Low Power Internal (BLPI)

• Bypassed Low Power External (BLPE)

• Stop

For details see Section 8.4.1, “Operational Modes.

8.2 External Signal Description
There are no MCG signals that connect off chip.
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8.3.3 MCG Trim Register (MCGTRM)

7 6 5 4 3 2 1 0

R
TRIM

W

POR: 1 0 0 0 0 0 0 0

Reset: U U U U U U U U

Figure 8-5. MCG Trim Register (MCGTRM)

Table 8-3. MCG Trim Register Field Descriptions

Field Description

7:0
TRIM

MCG Trim Setting — Controls the internal reference clock frequency by controlling the internal reference clock
period. The TRIM bits are binary weighted (i.e., bit 1 will adjust twice as much as bit 0). Increasing the binary
value in TRIM will increase the period, and decreasing the value will decrease the period.

An additional fine trim bit is available in MCGSC as the FTRIM bit.

If a TRIM[7:0] value stored in nonvolatile memory is to be used, it’s the user’s responsibility to copy that value
from the nonvolatile memory location to this register.
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9.3 Memory Map/Register Definition
The ACMP includes one register:

• An 8-bit status and control register

Refer to the direct-page register summary in the memory section of this document for the absolute address
assignments for the ACMP register.This section refers to register and control bits only by their names and
relative address offsets.

Some MCUs may have more than one ACMP, so register names include placeholder characters (x) to
identify which ACMP is being referenced.

9.3.1 ACMPx Status and Control Register (ACMPxSC)

ACMPxSC contains the status flag and control bits used to enable and configure the ACMP.

Table 9-2. ACMP Register Summary

Name 7 6 5 4 3 2 1 0

ACMPxSC
R

ACME ACBGS ACF ACIE
ACO

ACOPE ACMOD
W

7 6 5 4 3 2 1 0

R
ACME ACBGS ACF ACIE

ACO
ACOPE ACMOD

W

Reset: 0 0 0 0 0 0 0 0

Figure 9-3. ACMPx Status and Control Register (ACMPxSC)

Table 9-3. ACMPxSC Field Descriptions

Field Description

7
ACME

Analog Comparator Module Enable. Enables the ACMP module.
0 ACMP not enabled
1 ACMP is enabled

6
ACBGS

Analog Comparator Bandgap Select. Selects between the bandgap reference voltage or the ACMPx+ pin as the
input to the non-inverting input of the analog comparator.
0 External pin ACMPx+ selected as non-inverting input to comparator
1 Internal reference select as non-inverting input to comparator

5
ACF

Analog Comparator Flag. ACF is set when a compare event occurs. Compare events are defined by ACMOD.
ACF is cleared by writing a one to it.
0 Compare event has not occurred
1 Compare event has occurred

4
ACIE

Analog Comparator Interrupt Enable. Enables the interrupt from the ACMP. When ACIE is set, an interrupt is
asserted when ACF is set.
0 Interrupt disabled
1 Interrupt enabled



Chapter 10 Analog-to-Digital Converter (S08ADC12V1)

MC9S08DZ60 Series Data Sheet, Rev. 4

176 Freescale Semiconductor

ANALOG COMPARATOR
(ACMP1)

ACMP1O
ACMP1-
ACMP1+

VSS

VDD IIC MODULE (IIC)

SERIAL PERIPHERAL
 INTERFACE MODULE (SPI)

USER FLASH

USER RAM

MC9S0DZ60 = 60K

HCS08 CORE

CPU

BDC

6-CHANNEL TIMER/PWM
MODULE (TPM1)

HCS08 SYSTEM CONTROL

RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT

VOLTAGE
REGULATOR

COP

IRQ

LVD

OSCILLATOR (XOSC)

MULTI-PURPOSE
CLOCK GENERATOR

RESET

VREFL

VREFH
ANALOG-TO-DIGITAL
CONVERTER (ADC)

MC9S0DZ60 = 4K

24-CHANNEL,12-BIT

BKGD/MS

INTERFACE (SCI1)
SERIAL COMMUNICATIONS

SDA
SCL

MISO

SS
SPSCK

TxD1
RxD1

XTAL
EXTAL

8

(MCG)

2-CHANNEL TIMER/PWM
MODULE (TPM2)

REAL-TIME COUNTER (RTC)

DEBUG MODULE (DBG)

IR
Q

PTA3/PIA3/ADP3/ACMP1O
PTA4/PIA4/ADP4
PTA5/PIA5/ADP5

PTA2/PIA2/ADP2/ACMP1-
PTA1/PIA1/ADP1/ACMP1+
PTA0/PIA0/ADP0/MCLK

PO
RT

 A

PTA6/PIA6/ADP6
PTA7/PIA7/ADP7/IRQ

MOSI

PTB3/PIB3/ADP11
PTB4/PIB4/ADP12
PTB5/PIB5/ADP13

PTB2/PIB2/ADP10
PTB1/PIB1/ADP9
PTB0/PIB0/ADP8

PO
RT

 B

PTB6/PIB6/ADP14
PTB7/PIB7/ADP15

PTC3/ADP19
PTC4/ADP20
PTC5/ADP21

PTC2/ADP18
PTC1/ADP17
PTC0/ADP16

PO
RT

 C

PTC6/ADP22
PTC7/ADP23

PTD3/PID3/TPM1CH1
PTD4/PID4/TPM1CH2
PTD5/PID5/TPM1CH3

PTD2/PID2/TPM1CH0
PTD1/PID1/TPM2CH1
PTD0/PID0/TPM2CH0

PO
RT

 D

PTD6/PID6/TPM1CH4
PTD7/PID7/TPM1CH5

PTE3/SPSCK
PTE4/SCL/MOSI
PTE5/SDA/MISO

PTE2/SS
PTE1/RxD1
PTE0/TxD1

PO
RT

 E

PTE6/TxD2/TXCAN
PTE7/RxD2/RXCAN

PTF3/TPM2CLK/SDA
PTF4/ACMP2+
PTF5/ACMP2-

PTF2/TPM1CLK/SCL
PTF1/RxD2
PTF0/TxD2

PO
RT

 F

PTF6/ACMP2O
PTF7

PTG1/XTAL
PTG2
PTG3

PO
RT

 G

PTG4
PTG5

PTG0/EXTAL

VSS

VDD

VSSA

VDDA

BKP

INT

ANALOG COMPARATOR
(ACMP2)

ACMP2O
ACMP2-
ACMP2+

INTERFACE (SCI2)
SERIAL COMMUNICATIONS TxD2

RxD2

NETWORK (MSCAN)
CONTROLLER AREA

TxCAN
RxCAN

USER EEPROM
MC9S0DZ60 = 2K

ADP7-ADP0

ADP15-ADP8
ADP23-ADP16

6
TPM1CH5 -

TPM2CH1,
TPM2CH0

TPM2CLK

TPM1CLK
TPM1CH0

- Pin not connected in 48-pin and 32-pin packages
- Pin not connected in 32-pin package

- VREFH/VREFL internally connected to VDDA/VSSA in 48-pin and 32-pin packages
- VDD and VSS pins are each internally connected to two pads in 32-pin package

MC9S0DZ48 = 48K
MC9S0DZ32 = 32K
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Figure 10-1. MC9S08DZ60 Block Diagram Emphasizing the ADC Module and Pins



Chapter 12 Freescale’s Controller Area Network (S08MSCANV1)

MC9S08DZ60 Series Data Sheet, Rev. 4

Freescale Semiconductor 247

12.4.3 Data Segment Registers (DSR0-7)

The eight data segment registers, each with bits DB[7:0], contain the data to be transmitted or received.
The number of bytes to be transmitted or received is determined by the data length code in the
corresponding DLR register.

Table 12-30. IDR1 Register Field Descriptions

Field Description

7:5
ID[2:0]

Standard Format Identifier — The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID10 is the
most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number. See also ID bits in Table 12-29.

4
RTR

Remote Transmission Request — This flag reflects the status of the Remote Transmission Request bit in the
CAN frame. In the case of a receive buffer, it indicates the status of the received frame and supports the
transmission of an answering frame in software. In the case of a transmit buffer, this flag defines the setting of
the RTR bit to be sent.
0 Data frame
1 Remote frame

3
IDE

ID Extended — This flag indicates whether the extended or standard identifier format is applied in this buffer. In
the case of a receive buffer, the flag is set as received and indicates to the CPU how to process the buffer
identifier registers. In the case of a transmit buffer, the flag indicates to the MSCAN what type of identifier to send.
0 Standard format (11 bit)
1 Extended format (29 bit)

7 6 5 4 3 2 1 0

R

W

Reset: x x x x x x x x

= Unused; always read ‘x’

Figure 12-31. Identifier Register 2 — Standard Mapping

7 6 5 4 3 2 1 0

R

W

Reset: x x x x x x x x

= Unused; always read ‘x’

Figure 12-32. Identifier Register 3 — Standard Mapping
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field of the CAN frame, is received into the next available RxBG. If the MSCAN receives an invalid
message in its RxBG (wrong identifier, transmission errors, etc.) the actual contents of the buffer will be
over-written by the next message. The buffer will then not be shifted into the FIFO.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted messages into the
background receive buffer, RxBG, but does not shift it into the receiver FIFO, generate a receive interrupt,
or acknowledge its own messages on the CAN bus. The exception to this rule is in loopback mode (see
Section 12.3.2, “MSCAN Control Register 1 (CANCTL1)”) where the MSCAN treats its own messages
exactly like all other incoming messages. The MSCAN receives its own transmitted messages in the event
that it loses arbitration. If arbitration is lost, the MSCAN must be prepared to become a receiver.

An overrun condition occurs when all receive message buffers in the FIFO are filled with correctly
received messages with accepted identifiers and another message is correctly received from the CAN bus
with an accepted identifier. The latter message is discarded and an error interrupt with overrun indication
is generated if enabled (see Section 12.5.7.5, “Error Interrupt”). The MSCAN remains able to transmit
messages while the receiver FIFO is full, but all incoming messages are discarded. As soon as a receive
buffer in the FIFO is available again, new valid messages will be accepted.

12.5.3 Identifier Acceptance Filter

The MSCAN identifier acceptance registers (see Section 12.3.11, “MSCAN Identifier Acceptance Control
Register (CANIDAC)”) define the acceptable patterns of the standard or extended identifier (ID[10:0] or
ID[28:0]). Any of these bits can be marked ‘don’t care’ in the MSCAN identifier mask registers (see
Section 12.3.16, “MSCAN Identifier Mask Registers (CANIDMR0–CANIDMR7)”).

A filter hit is indicated to the application software by a set receive buffer full flag (RXF = 1) and three bits
in the CANIDAC register (see Section 12.3.11, “MSCAN Identifier Acceptance Control Register
(CANIDAC)”). These identifier hit flags (IDHIT[2:0]) clearly identify the filter section that caused the
acceptance. They simplify the application software’s task to identify the cause of the receiver interrupt. If
more than one hit occurs (two or more filters match), the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different modes (see Bosch CAN 2.0A/B
protocol specification):

• Two identifier acceptance filters, each to be applied to:

— The full 29 bits of the extended identifier and to the following bits of the CAN 2.0B frame:

– Remote transmission request (RTR)

– Identifier extension (IDE)

– Substitute remote request (SRR)

— The 11 bits of the standard identifier plus the RTR and IDE bits of the CAN 2.0A/B messages1.
This mode implements two filters for a full length CAN 2.0B compliant extended identifier.
Figure 12-39 shows how the first 32-bit filter bank (CANIDAR0–CANIDAR3,
CANIDMR0–CANIDMR3) produces a filter 0 hit. Similarly, the second filter bank
(CANIDAR4–CANIDAR7, CANIDMR4–CANIDMR7) produces a filter 1 hit.

1.Although this mode can be used for standard identifiers, it is recommended to use the four or eight identifier acceptance
filters for standard identifiers
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The MSCAN is able to leave sleep mode (wake up) only when:

• CAN bus activity occurs and WUPE = 1

or

• the CPU clears the SLPRQ bit

NOTE
The CPU cannot clear the SLPRQ bit before sleep mode (SLPRQ = 1 and
SLPAK = 1) is active.

After wake-up, the MSCAN waits for 11 consecutive recessive bits to synchronize to the CAN bus. As a
consequence, if the MSCAN is woken-up by a CAN frame, this frame is not received.

The receive message buffers (RxFG and RxBG) contain messages if they were received before sleep mode
was entered. All pending actions will be executed upon wake-up; copying of RxBG into RxFG, message
aborts and message transmissions. If the MSCAN remains in bus-off state after sleep mode was exited, it
continues counting the 128 occurrences of 11 consecutive recessive bits.

Figure 12-45. Simplified State Transitions for Entering/Leaving Sleep Mode
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When using an internal oscillator in a LIN system, it is necessary to raise the break detection threshold by
one bit time. Under the worst case timing conditions allowed in LIN, it is possible that a 0x00 data
character can appear to be 10.26 bit times long at a slave which is running 14% faster than the master. This
would trigger normal break detection circuitry which is designed to detect a 10 bit break symbol. When
the LBKDE bit is set, framing errors are inhibited and the break detection threshold changes from 10 bits
to 11 bits, preventing false detection of a 0x00 data character as a LIN break symbol.

14.2.6 SCI Control Register 3 (SCIxC3)

1
LBKDE

LIN Break Detection Enable— LBKDE is used to select a longer break character detection length. While
LBKDE is set, framing error (FE) and receive data register full (RDRF) flags are prevented from setting.
0 Break character is detected at length of 10 bit times (11 if M = 1).
1 Break character is detected at length of 11 bit times (12 if M = 1).

0
RAF

Receiver Active Flag — RAF is set when the SCI receiver detects the beginning of a valid start bit, and RAF is
cleared automatically when the receiver detects an idle line. This status flag can be used to check whether an
SCI character is being received before instructing the MCU to go to stop mode.
0 SCI receiver idle waiting for a start bit.
1 SCI receiver active (RxD input not idle).

1 Setting RXINV inverts the RxD input for all cases: data bits, start and stop bits, break, and idle.

7 6 5 4 3 2 1 0

R R8
T8 TXDIR TXINV ORIE NEIE FEIE PEIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-10. SCI Control Register 3 (SCIxC3)

Table 14-8. SCIxC3 Field Descriptions

Field Description

7
R8

Ninth Data Bit for Receiver — When the SCI is configured for 9-bit data (M = 1), R8 can be thought of as a
ninth receive data bit to the left of the MSB of the buffered data in the SCIxD register. When reading 9-bit data,
read R8 before reading SCIxD because reading SCIxD completes automatic flag clearing sequences which
could allow R8 and SCIxD to be overwritten with new data.

6
T8

Ninth Data Bit for Transmitter — When the SCI is configured for 9-bit data (M = 1), T8 may be thought of as a
ninth transmit data bit to the left of the MSB of the data in the SCIxD register. When writing 9-bit data, the entire
9-bit value is transferred to the SCI shift register after SCIxD is written so T8 should be written (if it needs to
change from its previous value) before SCIxD is written. If T8 does not need to change in the new value (such
as when it is used to generate mark or space parity), it need not be written each time SCIxD is written.

5
TXDIR

TxD Pin Direction in Single-Wire Mode — When the SCI is configured for single-wire half-duplex operation
(LOOPS = RSRC = 1), this bit determines the direction of data at the TxD pin.
0 TxD pin is an input in single-wire mode.
1 TxD pin is an output in single-wire mode.

Table 14-7. SCIxS2 Field Descriptions (continued)

Field Description
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RTCPS and the RTCLKS[0] bit select the desired divide-by value. If a different value is written to RTCPS,
the prescaler and RTCCNT counters are reset to 0x00. Table 15-6 shows different prescaler period values.

The RTC modulo register (RTCMOD) allows the compare value to be set to any value from 0x00 to 0xFF.
When the counter is active, the counter increments at the selected rate until the count matches the modulo
value. When these values match, the counter resets to 0x00 and continues counting. The real-time interrupt
flag (RTIF) is set when a match occurs. The flag sets on the transition from the modulo value to 0x00.
Writing to RTCMOD resets the prescaler and the RTCCNT counters to 0x00.

The RTC allows for an interrupt to be generated when RTIF is set. To enable the real-time interrupt, set
the real-time interrupt enable bit (RTIE) in RTCSC. RTIF is cleared by writing a 1 to RTIF.

15.4.1 RTC Operation Example

This section shows an example of the RTC operation as the counter reaches a matching value from the
modulo register.

Table 15-6. Prescaler Period

RTCPS
1-kHz Internal Clock

(RTCLKS = 00)
1-MHz External Clock

(RTCLKS = 01)
32-kHz Internal Clock

(RTCLKS = 10)
32-kHz Internal Clock

(RTCLKS = 11)

0000 Off Off Off Off

0001 8 ms 1.024 ms 250 μs 32 ms

0010 32 ms 2.048 ms 1 ms 64 ms

0011 64 ms 4.096 ms 2 ms 128 ms

0100 128 ms 8.192 ms 4 ms 256 ms

0101 256 ms 16.4 ms 8 ms 512 ms

0110 512 ms 32.8 ms 16 ms 1.024 s

0111 1.024 s 65.5 ms 32 ms 2.048 s

1000 1 ms 1 ms 31.25 μs 31.25 ms

1001 2 ms 2 ms 62.5 μs 62.5 ms

1010 4 ms 5 ms 125 μs 156.25 ms

1011 10 ms 10 ms 312.5 μs 312.5 ms

1100 16 ms 20 ms 0.5 ms 0.625 s

1101 0.1 s 50 ms 3.125 ms 1.5625 s

1110 0.5 s 0.1 s 15.625 ms 3.125 s

1111 1 s 0.2 s 31.25 ms 6.25 s
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In output compare mode, values are transferred to the corresponding timer channel registers only after both
8-bit halves of a 16-bit register have been written and according to the value of CLKSB:CLKSA bits, so:

• If (CLKSB:CLKSA = 0:0), the registers are updated when the second byte is written

• If (CLKSB:CLKSA not = 0:0), the registers are updated at the next change of the TPM counter
(end of the prescaler counting) after the second byte is written.

The coherency sequence can be manually reset by writing to the channel status/control register
(TPMxCnSC).

An output compare event sets a flag bit (CHnF) which may optionally generate a CPU-interrupt request.

16.4.2.3 Edge-Aligned PWM Mode

This type of PWM output uses the normal up-counting mode of the timer counter (CPWMS=0) and can
be used when other channels in the same TPM are configured for input capture or output compare
functions. The period of this PWM signal is determined by the value of the modulus register
(TPMxMODH:TPMxMODL) plus 1. The duty cycle is determined by the setting in the timer channel
register (TPMxCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the
ELSnA control bit. 0% and 100% duty cycle cases are possible.

The output compare value in the TPM channel registers determines the pulse width (duty cycle) of the
PWM signal (Figure 16-15). The time between the modulus overflow and the output compare is the pulse
width. If ELSnA=0, the counter overflow forces the PWM signal high, and the output compare forces the
PWM signal low. If ELSnA=1, the counter overflow forces the PWM signal low, and the output compare
forces the PWM signal high.

Figure 16-15.  PWM Period and Pulse Width (ELSnA=0)

When the channel value register is set to 0x0000, the duty cycle is 0%. 100% duty cycle can be achieved
by setting the timer-channel register (TPMxCnVH:TPMxCnVL) to a value greater than the modulus
setting. This implies that the modulus setting must be less than 0xFFFF in order to get 100% duty cycle.

Because the TPM may be used in an 8-bit MCU, the settings in the timer channel registers are buffered to
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to any of the registers
TPMxCnVH and TPMxCnVL, actually write to buffer registers. In edge-aligned PWM mode, values are
transferred to the corresponding timer-channel registers according to the value of CLKSB:CLKSA bits, so:

• If (CLKSB:CLKSA = 0:0), the registers are updated when the second byte is written

• If (CLKSB:CLKSA not = 0:0), the registers are updated after the both bytes were written, and the
TPM counter changes from (TPMxMODH:TPMxMODL - 1) to (TPMxMODH:TPMxMODL). If
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A force-type breakpoint waits for the current instruction to finish and then acts upon the breakpoint
request. The usual action in response to a breakpoint is to go to active background mode rather than
continuing to the next instruction in the user application program.

The tag vs. force terminology is used in two contexts within the debug module. The first context refers to
breakpoint requests from the debug module to the CPU. The second refers to match signals from the
comparators to the debugger control logic. When a tag-type break request is sent to the CPU, a signal is
entered into the instruction queue along with the opcode so that if/when this opcode ever executes, the CPU
will effectively replace the tagged opcode with a BGND opcode so the CPU goes to active background
mode rather than executing the tagged instruction. When the TRGSEL control bit in the DBGT register is
set to select tag-type operation, the output from comparator A or B is qualified by a block of logic in the
debug module that tracks opcodes and only produces a trigger to the debugger if the opcode at the compare
address is actually executed. There is separate opcode tracking logic for each comparator so more than one
compare event can be tracked through the instruction queue at a time.

17.3.5 Trigger Modes

The trigger mode controls the overall behavior of a debug run. The 4-bit TRG field in the DBGT register
selects one of nine trigger modes. When TRGSEL = 1 in the DBGT register, the output of the comparator
must propagate through an opcode tracking circuit before triggering FIFO actions. The BEGIN bit in
DBGT chooses whether the FIFO begins storing data when the qualified trigger is detected (begin trace),
or the FIFO stores data in a circular fashion from the time it is armed until the qualified trigger is detected
(end trigger).

A debug run is started by writing a 1 to the ARM bit in the DBGC register, which sets the ARMF flag and
clears the AF and BF flags and the CNT bits in DBGS. A begin-trace debug run ends when the FIFO gets
full. An end-trace run ends when the selected trigger event occurs. Any debug run can be stopped manually
by writing a 0 to ARM or DBGEN in DBGC.

In all trigger modes except event-only modes, the FIFO stores change-of-flow addresses. In event-only
trigger modes, the FIFO stores data in the low-order eight bits of the FIFO.

The BEGIN control bit is ignored in event-only trigger modes and all such debug runs are begin type
traces. When TRGSEL = 1 to select opcode fetch triggers, it is not necessary to use R/W in comparisons
because opcode tags would only apply to opcode fetches that are always read cycles. It would also be
unusual to specify TRGSEL = 1 while using a full mode trigger because the opcode value is normally
known at a particular address.

The following trigger mode descriptions only state the primary comparator conditions that lead to a trigger.
Either comparator can usually be further qualified with R/W by setting RWAEN (RWBEN) and the
corresponding RWA (RWB) value to be matched against R/W. The signal from the comparator with
optional R/W qualification is used to request a CPU breakpoint if BRKEN = 1 and TAG determines
whether the CPU request will be a tag request or a force request.




