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NOTE
To avoid extra current drain from floating input pins, the reset initialization
routine in the application program should either enable on-chip pull-up
devices or change the direction of unused or non-bonded pins to outputs so
they do not float.
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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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Table 4-12. FPROT Register Field Descriptions

Field Description

7:6
EPS

EEPROM Protect Select Bits — This 2-bit field determines the protected EEPROM locations that cannot be
erased or programmed. See Table 4-13.

5:0
FPS

Flash Protect Select Bits — This 6-bit field determines the protected Flash locations that cannot be erased or
programmed. SeeTable 4-14.

Table 4-13. EEPROM Block Protection

EPS Address Area Protected Memory Size Protected (bytes) Number of Sectors Protected

0x3 N/A 0 0

0x2 0x17F0 - 0x17FF 32 4

0x1 0x17E0 - 0x17FF 64 8

0x0 0x17C0–0x17FF 128 16

Table 4-14. Flash Block Protection

FPS Address Area Protected Memory Size Protected (bytes) Number of Sectors Protected

0x3F N/A 0 0

0x3E 0xFA00–0xFFFF 1.5K 2

0x3D 0xF400–0xFFFF 3K 4

0x3C 0xEE00–0xFFFF 4.5K 6

0x3B 0xE800–0xFFFF 6K 8

... ... ... ...

0x37 0xD000–0xFFFF 12K 16

0x36 0xCA00–0xFFFF 13.5K 18

0x35 0xC400–0xFFFF 15K 20

0x34 0xBE00–0xFFFF 16.5K 22

... ... ... ...

0x2C 0x8E00–0xFFFF 28.5K 38

0x2B 0x8800–0xFFFF 30K 40

0x2A 0x8200–0xFFFF 31.5K 42

0x29 0x7C00–0xFFFF 33K 44

... ... ... ...

0x22 0x5200–0xFFFF 43.5K 58

0x21 0x4C00–0xFFFF 45K 60

0x20 0x4600–0xFFFF 46.5K 62

0x1F 0x4000–0xFFFF 48K 64

... ... ... ...
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6.5.4.3 Port D Pull Enable Register (PTDPE)

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

6.5.4.4 Port D Slew Rate Enable Register (PTDSE)

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
PTDPE7 PTDPE6 PTDPE5 PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-26. Internal Pull Enable for Port D Register (PTDPE)

Table 6-24. PTDPE Register Field Descriptions

Field Description

7:0
PTDPE[7:0]

Internal Pull Enable for Port D Bits — Each of these control bits determines if the internal pull-up or pull-down
device is enabled for the associated PTD pin. For port D 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 D bit n.
1 Internal pull-up/pull-down device enabled for port D bit n.

7 6 5 4 3 2 1 0

R
PTDSE7 PTDSE6 PTDSE5 PTDSE4 PTDSE3 PTDSE2 PTDSE1 PTDSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-27. Slew Rate Enable for Port D Register (PTDSE)

Table 6-25. PTDSE Register Field Descriptions

Field Description

7:0
PTDSE[7:0]

Output Slew Rate Enable for Port D Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port D bit n.
1 Output slew rate control enabled for port D bit n.
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7.2 Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

Figure 7-1. CPU Registers

7.2.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit
(ALU) is connected to the accumulator and the ALU results are often stored into the A accumulator after
arithmetic and logical operations. The accumulator can be loaded from memory using various addressing
modes to specify the address where the loaded data comes from, or the contents of A can be stored to
memory using various addressing modes to specify the address where data from A will be stored.

Reset has no effect on the contents of the A accumulator.

7.2.2 Index Register (H:X)

This 16-bit register is actually two separate 8-bit registers (H and X), which often work together as a 16-bit
address pointer where H holds the upper byte of an address and X holds the lower byte of the address. All
indexed addressing mode instructions use the full 16-bit value in H:X as an index reference pointer;
however, for compatibility with the earlier M68HC05 Family, some instructions operate only on the
low-order 8-bit half (X).

Many instructions treat X as a second general-purpose 8-bit register that can be used to hold 8-bit data
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer
instructions allow data to be transferred from A or transferred to A where arithmetic and logical operations
can then be performed.

For compatibility with the earlier M68HC05 Family, H is forced to 0x00 during reset. Reset has no effect
on the contents of X.

SP

PC

CONDITION CODE REGISTER

CARRY
ZERO
NEGATIVE
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
TWO’S COMPLEMENT OVERFLOW

H X

0

0

0

7

15

15

7 0

ACCUMULATOR  A

INDEX REGISTER (LOW)INDEX REGISTER (HIGH)

STACK POINTER

8 7

PROGRAM COUNTER

16-BIT INDEX REGISTER H:X

CCRCV 1 1 H I N Z
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BCC rel
Branch if Carry Bit Clear
(if C = 0)

REL 24 rr 3 ppp – 1 1 – – – – –

BCLR n,opr8a
Clear Bit n in Memory
(Mn ← 0)

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

11
13
15
17
19
1B
1D
1F

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp

– 1 1 – – – – –

BCS rel
Branch if Carry Bit Set (if C = 1)
(Same as BLO)

REL 25 rr 3 ppp – 1 1 – – – – –

BEQ rel Branch if Equal (if Z = 1) REL 27 rr 3 ppp – 1 1 – – – – –

BGE rel
Branch if Greater Than or Equal To
(if N ⊕ V = 0) (Signed)

REL 90 rr 3 ppp – 1 1 – – – – –

BGND
Enter active background if ENBDM=1
Waits for and processes BDM commands
until GO, TRACE1, or TAGGO

INH 82 5+ fp...ppp – 1 1 – – – – –

BGT rel
Branch if Greater Than (if Z | (N ⊕ V) = 0)
(Signed)

REL 92 rr 3 ppp – 1 1 – – – – –

BHCC rel Branch if Half Carry Bit Clear (if H = 0) REL 28 rr 3 ppp – 1 1 – – – – –

BHCS rel Branch if Half Carry Bit Set (if H = 1) REL 29 rr 3 ppp – 1 1 – – – – –

BHI rel Branch if Higher (if C | Z = 0) REL 22 rr 3 ppp – 1 1 – – – – –

BHS rel
Branch if Higher or Same (if C = 0)
(Same as BCC)

REL 24 rr 3 ppp – 1 1 – – – – –

BIH rel Branch if IRQ Pin High (if IRQ pin = 1) REL 2F rr 3 ppp – 1 1 – – – – –

BIL rel Branch if IRQ Pin Low (if IRQ pin = 0) REL 2E rr 3 ppp – 1 1 – – – – –

BIT #opr8i
BIT opr8a
BIT opr16a
BIT oprx16,X
BIT oprx8,X
BIT  ,X
BIT oprx16,SP
BIT oprx8,SP

Bit Test
(A) & (M)
(CCR Updated but Operands Not Changed)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A5
B5
C5
D5
E5
F5

9E D5
9E E5

ii
dd
hh ll
ee ff
ff

ee ff
ff

2
3
4
4
3
3
5
4

pp
rpp
prpp
prpp
rpp
rfp
pprpp
prpp

0 1 1 – – ↕  ↕ –

BLE rel
Branch if Less Than or Equal To
(if Z | (N ⊕ V) = 1) (Signed)

REL 93 rr 3 ppp – 1 1 – – – – –

BLO rel Branch if Lower (if C = 1) (Same as BCS) REL 25 rr 3 ppp – 1 1 – – – – –

BLS rel Branch if Lower or Same (if C | Z = 1) REL 23 rr 3 ppp – 1 1 – – – – –

BLT rel Branch if Less Than (if N ⊕ V = 1) (Signed) REL 91 rr 3 ppp – 1 1 – – – – –

BMC rel Branch if Interrupt Mask Clear (if I = 0) REL 2C rr 3 ppp – 1 1 – – – – –

BMI rel Branch if Minus (if N = 1) REL 2B rr 3 ppp – 1 1 – – – – –

BMS rel Branch if Interrupt Mask Set (if I = 1) REL 2D rr 3 ppp – 1 1 – – – – –

BNE rel Branch if Not Equal (if Z = 0) REL 26 rr 3 ppp – 1 1 – – – – –

Table 7-2. Instruction Set Summary (Sheet 2 of 9)

Source
Form Operation

A
d

d
re

ss
M

o
d

e

Object Code

C
yc

le
s

Cyc-by-Cyc
Details

Affect
on CCR

V 1 1 H I N Z C
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If the MODE bits are changed, any data in ADCRH becomes invalid.

10.3.4 Data Result Low Register (ADCRL)

ADCRL contains the lower eight bits of the result of a 12-bit or 10-bit conversion, and all eight bits of an
8-bit conversion. This register is updated each time a conversion completes except when automatic
compare is enabled and the compare condition is not met. When a compare event does occur, the value is
the addition of the conversion result and the two’s complement of the compare value. In 12-bit and 10-bit
mode, reading ADCRH prevents the ADC from transferring subsequent conversion results into the result
registers until ADCRL is read. If ADCRL is not read until the after next conversion is completed, the
intermediate conversion results are lost. In 8-bit mode, there is no interlocking with ADCRH. If the MODE
bits are changed, any data in ADCRL becomes invalid.

10.3.5 Compare Value High Register (ADCCVH)

In 12-bit mode, the ADCCVH register holds the upper four bits of the 12-bit compare value. When the
compare function is enabled, these bits are compared to the upper four bits of the result following a
conversion in 12-bit mode.

7 6 5 4 3 2 1 0

R 0 0 0 0 ADR11 ADR10 ADR9 ADR8

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-5.  Data Result High Register (ADCRH)

7 6 5 4 3 2 1 0

R ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADR0

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-6.  Data Result Low Register (ADCRL)

7 6 5 4 3 2 1 0

R 0 0 0 0
ADCV11 ADCV10 ADCV9 ADCV8

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-7.  Compare Value High Register (ADCCVH)
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11.1.3 Block Diagram

Figure 11-2 is a block diagram of the IIC.

Figure 11-2. IIC Functional Block Diagram

11.2 External Signal Description
This section describes each user-accessible pin signal.

11.2.1 SCL — Serial Clock Line

The bidirectional SCL is the serial clock line of the IIC system.

11.2.2 SDA — Serial Data Line

The bidirectional SDA is the serial data line of the IIC system.

11.3 Register Definition
This section consists of the IIC register descriptions in address order.

Input
Sync

In/Out
Data
Shift

Register

Address
Compare

Interrupt

Clock
Control

Start
Stop

Arbitration
Control

CTRL_REG FREQ_REG ADDR_REG STATUS_REG DATA_REG

ADDR_DECODE DATA_MUX

Data Bus

SCL SDA

Address
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Table 11-4. IIC Divider and Hold Values

ICR
(hex)

SCL
Divider

SDA Hold
Value

SCL Hold
(Start)
Value

SDA Hold
(Stop)
Value

ICR
(hex)

SCL
Divider

SDA Hold
Value

SCL Hold
(Start)
Value

SCL Hold
(Stop)
Value

00 20 7 6 11 20 160 17 78 81

01 22 7 7 12 21 192 17 94 97

02 24 8 8 13 22 224 33 110 113

03 26 8 9 14 23 256 33 126 129

04 28 9 10 15 24 288 49 142 145

05 30 9 11 16 25 320 49 158 161

06 34 10 13 18 26 384 65 190 193

07 40 10 16 21 27 480 65 238 241

08 28 7 10 15 28 320 33 158 161

09 32 7 12 17 29 384 33 190 193

0A 36 9 14 19 2A 448 65 222 225

0B 40 9 16 21 2B 512 65 254 257

0C 44 11 18 23 2C 576 97 286 289

0D 48 11 20 25 2D 640 97 318 321

0E 56 13 24 29 2E 768 129 382 385

0F 68 13 30 35 2F 960 129 478 481

10 48 9 18 25 30 640 65 318 321

11 56 9 22 29 31 768 65 382 385

12 64 13 26 33 32 896 129 446 449

13 72 13 30 37 33 1024 129 510 513

14 80 17 34 41 34 1152 193 574 577

15 88 17 38 45 35 1280 193 638 641

16 104 21 46 53 36 1536 257 766 769

17 128 21 58 65 37 1920 257 958 961

18 80 9 38 41 38 1280 129 638 641

19 96 9 46 49 39 1536 129 766 769

1A 112 17 54 57 3A 1792 257 894 897

1B 128 17 62 65 3B 2048 257 1022 1025

1C 144 25 70 73 3C 2304 385 1150 1153

1D 160 25 78 81 3D 2560 385 1278 1281

1E 192 33 94 97 3E 3072 513 1534 1537

1F 240 33 118 121 3F 3840 513 1918 1921
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12.3.14 MSCAN Transmit Error Counter (CANTXERR)

This register reflects the status of the MSCAN transmit error counter.

Read: Only when in sleep mode (SLPRQ = 1 and SLPAK = 1) or initialization mode (INITRQ = 1 and
INITAK = 1)

Write: Unimplemented

NOTE
Reading this register when in any other mode other than sleep or
initialization mode, may return an incorrect value. For MCUs with dual
CPUs, this may result in a CPU fault condition.

Writing to this register when in special modes can alter the MSCAN
functionality.

12.3.15 MSCAN Identifier Acceptance Registers (CANIDAR0-7)

On reception, each message is written into the background receive buffer. The CPU is only signalled to
read the message if it passes the criteria in the identifier acceptance and identifier mask registers
(accepted); otherwise, the message is overwritten by the next message (dropped).

The acceptance registers of the MSCAN are applied on the IDR0–IDR3 registers (see Section 12.4.1,
“Identifier Registers (IDR0–IDR3)”) of incoming messages in a bit by bit manner (see Section 12.5.3,
“Identifier Acceptance Filter”).

For extended identifiers, all four acceptance and mask registers are applied. For standard identifiers, only
the first two (CANIDAR0/1, CANIDMR0/1) are applied.

Read: Anytime

Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1)

7 6 5 4 3 2 1 0

R TXERR7 TXERR6 TXERR5 TXERR4 TXERR3 TXERR2 TXERR1 TXERR0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-18. MSCAN Transmit Error Counter (CANTXERR)

7 6 5 4 3 2 1 0

R
AC7 AC6 AC5 AC4 AC3 AC2 AC1 AC0

W

Reset 0 0 0 0 0 0 0 0

Figure 12-19. MSCAN Identifier Acceptance Registers (First Bank) — CANIDAR0–CANIDAR3
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Figure 12-23 shows the common 13-byte data structure of receive and transmit buffers for extended
identifiers. The mapping of standard identifiers into the IDR registers is shown in Figure 12-24.

All bits of the receive and transmit buffers are ‘x’ out of reset because of RAM-based implementation1.
All reserved or unused bits of the receive and transmit buffers always read ‘x’.

Table 12-24. Message Buffer Organization

Offset
Address

Register Access

0x00X0 Identifier Register 0

0x00X1 Identifier Register 1

0x00X2 Identifier Register 2

0x00X3 Identifier Register 3

0x00X4 Data Segment Register 0

0x00X5 Data Segment Register 1

0x00X6 Data Segment Register 2

0x00X7 Data Segment Register 3

0x00X8 Data Segment Register 4

0x00X9 Data Segment Register 5

0x00XA Data Segment Register 6

0x00XB Data Segment Register 7

0x00XC Data Length Register

0x00XD Transmit Buffer Priority Register1

1 Not applicable for receive buffers

0x00XE Time Stamp Register (High Byte)2

2 Read-only for CPU

0x00XF Time Stamp Register (Low Byte)3

3 Read-only for CPU

1. Exception: The transmit priority registers are 0 out of reset.
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12.4.4 Data Length Register (DLR)

This register keeps the data length field of the CAN frame.

7 6 5 4 3 2 1 0

R
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0

W

Reset: x x x x x x x x

Figure 12-33. Data Segment Registers (DSR0–DSR7) — Extended Identifier Mapping

Table 12-31.  DSR0–DSR7 Register Field Descriptions

Field Description

7:0
DB[7:0]

Data bits 7:0

7 6 5 4 3 2 1 0

R
DLC3 DLC2 DLC1 DLC0

W

Reset: x x x x x x x x

= Unused; always read “x”

Figure 12-34. Data Length Register (DLR) — Extended Identifier Mapping

Table 12-32.  DLR Register Field Descriptions

Field Description

3:0
DLC[3:0]

Data Length Code Bits — The data length code contains the number of bytes (data byte count) of the respective
message. During the transmission of a remote frame, the data length code is transmitted as programmed while
the number of transmitted data bytes is always 0. The data byte count ranges from 0 to 8 for a data frame.
Table 12-33 shows the effect of setting the DLC bits.
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If the bus clock is generated from a PLL, it is recommended to select the oscillator clock rather than the
bus clock due to jitter considerations, especially at the faster CAN bus rates. PLL lock may also be too
wide to ensure adequate clock tolerance.

For microcontrollers without a clock and reset generator (CRG), CANCLK is driven from the crystal
oscillator (oscillator clock).

A programmable prescaler generates the time quanta (Tq) clock from CANCLK. A time quantum is the
atomic unit of time handled by the MSCAN.

Eqn. 12-2

A bit time is subdivided into three segments as described in the Bosch CAN specification. (see
Figure 12-43):

• SYNC_SEG: This segment has a fixed length of one time quantum. Signal edges are expected to
happen within this section.

• Time Segment 1: This segment includes the PROP_SEG and the PHASE_SEG1 of the CAN
standard. It can be programmed by setting the parameter TSEG1 to consist of 4 to 16 time quanta.

• Time Segment 2: This segment represents the PHASE_SEG2 of the CAN standard. It can be
programmed by setting the TSEG2 parameter to be 2 to 8 time quanta long.

Eqn. 12-3

Figure 12-43. Segments within the Bit Time

Tq
fCANCLK

Prescaler value( )------------------------------------------------------=

Bit Rate
fTq

number of Time Quanta( )---------------------------------------------------------------------------------=

SYNC_SEG Time Segment 1 Time Segment 2

1 4 ... 16 2 ... 8

8 ... 25 Time Quanta

= 1 Bit Time

NRZ Signal

Sample Point
(single or triple sampling)

 (PROP_SEG + PHASE_SEG1)  (PHASE_SEG2)

Transmit Point
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12.6.2 Bus-Off Recovery

The bus-off recovery is user configurable. The bus-off state can either be exited automatically or on user
request.

For reasons of backwards compatibility, the MSCAN defaults to automatic recovery after reset. In this
case, the MSCAN will become error active again after counting 128 occurrences of 11 consecutive
recessive bits on the CAN bus (See the Bosch CAN specification for details).

If the MSCAN is configured for user request (BORM set in Section 12.3.2, “MSCAN Control Register 1
(CANCTL1)”), the recovery from bus-off starts after both independent events have become true:

• 128 occurrences of 11 consecutive recessive bits on the CAN bus have been monitored

• BOHOLD in Section 12.3.12, “MSCAN Miscellaneous Register (CANMISC) has been cleared by
the user

These two events may occur in any order.
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Figure 14-12. SCI Baud Rate Generation

SCI communications require the transmitter and receiver (which typically derive baud rates from
independent clock sources) to use the same baud rate. Allowed tolerance on this baud frequency depends
on the details of how the receiver synchronizes to the leading edge of the start bit and how bit sampling is
performed.

The MCU resynchronizes to bit boundaries on every high-to-low transition, but in the worst case, there are
no such transitions in the full 10- or 11-bit time character frame so any mismatch in baud rate is
accumulated for the whole character time. For a Freescale Semiconductor SCI system whose bus
frequency is driven by a crystal, the allowed baud rate mismatch is about 4.5percent for 8-bit data format
and about 4 percent for 9-bit data format. Although baud rate modulo divider settings do not always
produce baud rates that exactly match standard rates, it is normally possible to get within a few percent,
which is acceptable for reliable communications.

14.3.2 Transmitter Functional Description

This section describes the overall block diagram for the SCI transmitter, as well as specialized functions
for sending break and idle characters. The transmitter block diagram is shown in Figure 14-2.

The transmitter output (TxD) idle state defaults to logic high (TXINV = 0 following reset). The transmitter
output is inverted by setting TXINV = 1. The transmitter is enabled by setting the TE bit in SCIxC2. This
queues a preamble character that is one full character frame of the idle state. The transmitter then remains
idle until data is available in the transmit data buffer. Programs store data into the transmit data buffer by
writing to the SCI data register (SCIxD).

The central element of the SCI transmitter is the transmit shift register that is either 10 or 11 bits long
depending on the setting in the M control bit. For the remainder of this section, we will assume M = 0,
selecting the normal 8-bit data mode. In 8-bit data mode, the shift register holds a start bit, eight data bits,
and a stop bit. When the transmit shift register is available for a new SCI character, the value waiting in
the transmit data register is transferred to the shift register (synchronized with the baud rate clock) and the
transmit data register empty (TDRE) status flag is set to indicate another character may be written to the
transmit data buffer at SCIxD.

If no new character is waiting in the transmit data buffer after a stop bit is shifted out the TxD pin, the
transmitter sets the transmit complete flag and enters an idle mode, with TxD high, waiting for more
characters to transmit.
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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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...

configure the channel pin as output port pin and set the output pin;

configure the channel to generate the EPWM signal but keep ELSnB:ELSnA as 00;

configure the other registers (TPMxMODH, TPMxMODL, TPMxCnVH, TPMxCnVL, ...);

configure CLKSB:CLKSA bits (TPM v3 starts to generate the high-true EPWM signal, however
TPM does not control the channel pin, so the EPWM signal is not available);

wait until the TOF is set (or use the TOF interrupt);

enable the channel output by configuring ELSnB:ELSnA bits (now EPWM signal is available);

...
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Figure 17-2 shows an external host transmitting a logic 1 or 0 to the BKGD pin of a target HCS08 MCU.
The host is asynchronous to the target so there is a 0-to-1 cycle delay from the host-generated falling edge
to where the target perceives the beginning of the bit time. Ten target BDC clock cycles later, the target
senses the bit level on the BKGD pin. Typically, the host actively drives the pseudo-open-drain BKGD pin
during host-to-target transmissions to speed up rising edges. Because the target does not drive the BKGD
pin during the host-to-target transmission period, there is no need to treat the line as an open-drain signal
during this period.

Figure 17-2. BDC Host-to-Target Serial Bit Timing
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A.12.4 SPI

Table A-16 and Figure A-7 through Figure A-10 describe the timing requirements for the SPI system.

Table A-16. SPI Electrical Characteristic

 Num1

1 Refer to Figure A-7 through Figure A-10.

 C  Rating2

2 All timing is shown with respect to 20% VDD and 70% VDD, unless noted; 100 pF load on all SPI
pins. All timing assumes slew rate control disabled and high drive strength enabled for SPI output
pins.

 Symbol  Min  Max  Unit

1 D
Cycle time

Master
Slave

tSCK
tSCK

2
4

2048
—

tcyc
tcyc

2 D
Enable lead time

Master
Slave

tLead
tLead

—
1/2

1/2
—

tSCK
tSCK

3 D
Enable lag time

Master
Slave

tLag
tLag

—
1/2

1/2
—

tSCK
tSCK

4 D
Clock (SPSCK) high time

Master and Slave tSCKH (1/2 tSCK)– 25 — ns

5 D
Clock (SPSCK) low time

Master and Slave tSCKL (1/2 tSCK) – 25 — ns

6 D
Data setup time (inputs)

Master
Slave

tSI(M)
tSI(S)

30
30

—
—

ns
ns

7 D
Data hold time (inputs)

Master
Slave

tHI(M)
tHI(S)

30
30

—
—

ns
ns

8 D Access time, slave3

3 Time to data active from high-impedance state.

tA 0 40 ns

9 D Disable time, slave4

4 Hold time to high-impedance state.

tdis — 40 ns

10 D
Data setup time (outputs)

Master
Slave

tSO
tSO

25
25

—
—

ns
ns

11 D
Data hold time (outputs)

Master
Slave

tHO
tHO

–10
–10

—
—

ns
ns

12 D
Operating frequency5

Master
Slave

5 Maximum baud rate must be limited to 5 MHz due to pad input characteristics.

fop
fop

fBus/2048
dc

5
fBus/4

MHz
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Appendix B
Timer Pulse-Width Modulator (TPMV2)

NOTE
This chapter refers to S08TPM version 2, which applies to the 3M05C and
older mask sets of this device. )M74K and newer mask set devices use
S08TPM version 3. If your device uses mask 0M74K or newer, please refer
to Chapter 16, “Timer Pulse-Width Modulator (S08TPMV3) for
information pertaining to that module.

The TPM uses one input/output (I/O) pin per channel, TPMxCHn where x is the TPM number (for
example, 1 or 2) and n is the channel number (for example, 0–4). The TPM shares its I/O pins with
general-purpose I/O port pins (refer to the Pins and Connections chapter for more information).

B.0.1 Features

The TPM has the following features:

• Each TPM may be configured for buffered, center-aligned pulse-width modulation (CPWM) on all
channels

• Clock sources independently selectable per TPM (multiple TPMs device)

• Selectable clock sources (device dependent): bus clock, fixed system clock, external pin

• Clock prescaler taps for divide by 1, 2, 4, 8, 16, 32, 64, or 128

• 16-bit free-running or up/down (CPWM) count operation

• 16-bit modulus register to control counter range

• Timer system enable

• One interrupt per channel plus a terminal count interrupt for each TPM module (multiple TPMs
device)

• Channel features:

— Each channel may be input capture, output compare, or buffered edge-aligned PWM

— Rising-edge, falling-edge, or any-edge input capture trigger

— Set, clear, or toggle output compare action

— Selectable polarity on PWM outputs

B.0.2 Block Diagram

Figure B-1 shows the structure of a TPM. Some MCUs include more than one TPM, with various numbers
of channels.


