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5 ERCLKEN and EREFSTEN set in MCGC2 for, else in standby. For high frequency
range (RANGE in MCGC2 set) requires the LVD to also be enabled in stop3.

6 If ENBDM is set when entering stop2, the MCU will actually enter stop3.
7 If LVDSE is set when entering stop2, the MCU will actually enter stop3.
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0x0028 TPM1C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0

0x0029 TPM1C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x002A TPM1C1VL Bit 7 6 5 4 3 2 1 Bit 0

0x002B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0

0x002C TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8

0x002D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0

0x002E TPM1C3SC CH3F CH3IE MS3B MS3A ELS3B ELS3A 0 0

0x002F TPM1C3VH Bit 15 14 13 12 11 10 9 Bit 8

0x0030 TPM1C3VL Bit 7 6 5 4 3 2 1 Bit 0

0x0031 TPM1C4SC CH4F CH4IE MS4B MS4A ELS4B ELS4A 0 0

0x0032 TPM1C4VH Bit 15 14 13 12 11 10 9 Bit 8

0x0033 TPM1C4VL Bit 7 6 5 4 3 2 1 Bit 0

0x0034 TPM1C5SC CH5F CH5IE MS5B MS5A ELS5B ELS5A 0 0

0x0035 TPM1C5VH Bit 15 14 13 12 11 10 9 Bit 8

0x0036 TPM1C5VL Bit 7 6 5 4 3 2 1 Bit 0

0x0037 Reserved — — — — — — — —

0x0038 SCI1BDH LBKDIE RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8

0x0039 SCI1BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0

0x003A SCI1C1 LOOPS SCISWAI RSRC M WAKE ILT PE PT

0x003B SCI1C2 TIE TCIE RIE ILIE TE RE RWU SBK

0x003C SCI1S1 TDRE TC RDRF IDLE OR NF FE PF

0x003D SCI1S2 LBKDIF RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF

0x003E SCI1C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE

0x003F SCI1D Bit 7 6 5 4 3 2 1 Bit 0

0x0040 SCI2BDH LBKDIE RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8

0x0041 SCI2BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0

0x0042 SCI2C1 LOOPS SCISWAI RSRC M WAKE ILT PE PT

0x0043 SCI2C2 TIE TCIE RIE ILIE TE RE RWU SBK

0x0044 SCI2S1 TDRE TC RDRF IDLE OR NF FE PF

0x0045 SCI2S2 LBKDIF RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF

0x0046 SCI2C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE

0x0047 SCI2D Bit 7 6 5 4 3 2 1 Bit 0

0x0048 MCGC1 CLKS RDIV IREFS IRCLKEN IREFSTEN

0x0049 MCGC2 BDIV RANGE HGO LP EREFS ERCLKEN EREFSTEN

0x004A MCGTRM TRIM

0x004B MCGSC LOLS LOCK PLLST IREFST CLKST OSCINIT FTRIM

0x004C MCGC3 LOLIE PLLS CME 0 VDIV

0x004D–
0x004F

Reserved —
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

Table 4-2. Direct-Page Register Summary (Sheet 2 of 3)

Address
Register

Name
Bit 7 6 5 4 3 2 1 Bit 0
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5.8.1 Interrupt Pin Request Status and Control Register (IRQSC)

This direct page register includes status and control bits which are used to configure the IRQ function,
report status, and acknowledge IRQ events.

7 6 5 4 3 2 1 0

R 0
IRQPDD IRQEDG IRQPE

IRQF 0
IRQIE IRQMOD

W IRQACK

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 5-2. Interrupt Request Status and Control Register (IRQSC)

Table 5-2. IRQSC Register Field Descriptions

Field Description

6
IRQPDD

Interrupt Request (IRQ) Pull Device Disable— This read/write control bit is used to disable the internal
pull-up/pull-down device when the IRQ pin is enabled (IRQPE = 1) allowing for an external device to be used.
0 IRQ pull device enabled if IRQPE = 1.
1 IRQ pull device disabled if IRQPE = 1.

5
IRQEDG

Interrupt Request (IRQ) Edge Select — This read/write control bit is used to select the polarity of edges or
levels on the IRQ pin that cause IRQF to be set. The IRQMOD control bit determines whether the IRQ pin is
sensitive to both edges and levels or only edges. When the IRQ pin is enabled as the IRQ input and is configured
to detect rising edges, it has a pull-down. When the IRQ pin is enabled as the IRQ input and is configured to
detect falling edges, it has a pull-up.
0 IRQ is falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.

4
IRQPE

IRQ Pin Enable — This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can
be used as an interrupt request.
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.

3
IRQF

IRQ Flag — This read-only status bit indicates when an interrupt request event has occurred.
0 No IRQ request.
1 IRQ event detected.

2
IRQACK

IRQ Acknowledge — This write-only bit is used to acknowledge interrupt request events (write 1 to clear IRQF).
Writing 0 has no meaning or effect. Reads always return 0. If edge-and-level detection is selected (IRQMOD = 1),
IRQF cannot be cleared while the IRQ pin remains at its asserted level.

1
IRQIE

IRQ Interrupt Enable — This read/write control bit determines whether IRQ events generate an interrupt
request.
0 Interrupt request when IRQF set is disabled (use polling).
1 Interrupt requested whenever IRQF = 1.

0
IRQMOD

IRQ Detection Mode — This read/write control bit selects either edge-only detection or edge-and-level
detection. The IRQEDG control bit determines the polarity of edges and levels that are detected as interrupt
request events. See Section 5.5.2.2, “Edge and Level Sensitivity” for more details.
0 IRQ event on falling edges or rising edges only.
1 IRQ event on falling edges and low levels or on rising edges and high levels.
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INC opr8a
INCA
INCX
INC oprx8,X
INC ,X
INC oprx8,SP

Increment M ← (M) + $01
A ← (A) + $01
X ← (X) + $01
M ← (M) + $01
M ← (M) + $01
M ← (M) + $01

DIR
INH
INH
IX1
IX
SP1

3C
4C
5C
6C
7C

9E 6C

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

↕ 1 1 – – ↕  ↕ –

JMP opr8a
JMP opr16a
JMP oprx16,X
JMP oprx8,X
JMP ,X

Jump
PC ← Jump Address

DIR
EXT
IX2
IX1
IX

BC
CC
DC
EC
FC

dd
hh ll
ee ff
ff

3
4
4
3
3

ppp
pppp
pppp
ppp
ppp

– 1 1 – – – – –

JSR opr8a
JSR opr16a
JSR oprx16,X
JSR oprx8,X
JSR ,X

Jump to Subroutine
PC ← (PC) + n (n = 1, 2, or 3)
Push (PCL); SP ← (SP) – $0001
Push (PCH); SP ← (SP) – $0001
PC ← Unconditional Address

DIR
EXT
IX2
IX1
IX

BD
CD
DD
ED
FD

dd
hh ll
ee ff
ff

5
6
6
5
5

ssppp
pssppp
pssppp
ssppp
ssppp

– 1 1 – – – – –

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

Load Accumulator from Memory
A ← (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A6
B6
C6
D6
E6
F6

9E D6
9E E6

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 – – ↕  ↕ –

LDHX #opr16i
LDHX opr8a
LDHX opr16a
LDHX  ,X
LDHX oprx16,X
LDHX oprx8,X
LDHX oprx8,SP

Load Index Register (H:X)
H:X ← (M:M + $0001)

IMM
DIR
EXT
IX
IX2
IX1
SP1

45
55
32

9E AE
9E BE
9E CE
9E FE

jj kk
dd
hh ll

ee ff
ff
ff

3
4
5
5
6
5
5

ppp
rrpp
prrpp
prrfp
pprrpp
prrpp
prrpp

0 1 1 – – ↕  ↕ –

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

Load X (Index Register Low) from Memory
X ← (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

AE
BE
CE
DE
EE
FE

9E DE
9E EE

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 – – ↕  ↕ –

LSL opr8a
LSLA
LSLX
LSL oprx8,X
LSL ,X
LSL oprx8,SP

Logical Shift Left

(Same as ASL)

DIR
INH
INH
IX1
IX
SP1

38
48
58
68
78

9E 68

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

↕ 1 1 – – ↕  ↕  ↕

LSR opr8a
LSRA
LSRX
LSR oprx8,X
LSR ,X
LSR oprx8,SP

Logical Shift Right
DIR
INH
INH
IX1
IX
SP1

34
44
54
64
74

9E 64

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

↕ 1 1 – – 0 ↕  ↕

Table 7-2. Instruction Set Summary (Sheet 5 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

C

b0b7

0

b0b7

C0
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The nine states of the MCG are shown as a state diagram and are described below. The arrows indicate the
allowed movements between the states.

8.4.1.1 FLL Engaged Internal (FEI)

FLL engaged internal (FEI) is the default mode of operation and is entered when all the following
conditions occur:

• CLKS bits are written to 00

• IREFS bit is written to 1

• PLLS bit is written to 0

• RDIV bits are written to 000. Since the internal reference clock frequency should already be in the
range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.

In FLL engaged internal mode, the MCGOUT clock is derived from the FLL clock, which is controlled by
the internal reference clock. The FLL clock frequency locks to 1024 times the reference frequency, as
selected by the RDIV bits. The MCGLCLK is derived from the FLL and the PLL is disabled in a low power
state.

8.4.1.2 FLL Engaged External (FEE)

The FLL engaged external (FEE) mode is entered when all the following conditions occur:

• CLKS bits are written to 00

• IREFS bit is written to 0

• PLLS bit is written to 0

• RDIV bits are written to divide reference clock to be within the range of 31.25 kHz to 39.0625 kHz

In FLL engaged external mode, the MCGOUT clock is derived from the FLL clock which is controlled by
the external reference clock. The external reference clock which is enabled can be an external
crystal/resonator or it can be another external clock source.The FLL clock frequency locks to 1024 times
the reference frequency, as selected by the RDIV bits. The MCGLCLK is derived from the FLL and the
PLL is disabled in a low power state.

8.4.1.3 FLL Bypassed Internal (FBI)

In FLL bypassed internal (FBI) mode, the MCGOUT clock is derived from the internal reference clock
and the FLL is operational but its output clock is not used. This mode is useful to allow the FLL to acquire
its target frequency while the MCGOUT clock is driven from the internal reference clock.

The FLL bypassed internal mode is entered when all the following conditions occur:

• CLKS bits are written to 01

• IREFS bit is written to 1

• PLLS bit is written to 0

• RDIV bits are written to 000. Since the internal reference clock frequency should already be in the
range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.



Chapter 8 Multi-Purpose Clock Generator (S08MCGV1)

MC9S08DV60 Series Data Sheet, Rev 3

148 Freescale Semiconductor

• LP bit is written to 1

• BDM mode is not active

In bypassed low power external mode, the MCGOUT clock is derived from the external reference clock.
The external reference clock which is enabled can be an external crystal/resonator or it can be another
external clock source.

The PLL and the FLL are disabled at all times in BLPE mode and the MCGLCLK will not be available
for BDC communications. If the BDM becomes active the mode will switch to one of the bypassed
external modes as determined by the state of the PLLS bit.

8.4.1.9 Stop

Stop mode is entered whenever the MCU enters a STOP state. In this mode, the FLL and PLL are disabled
and all MCG clock signals are static except in the following cases:

MCGIRCLK will be active in stop mode when all the following conditions occur:

• IRCLKEN = 1

• IREFSTEN = 1

MCGERCLK will be active in stop mode when all the following conditions occur:

• ERCLKEN = 1

• EREFSTEN = 1

8.4.2 Mode Switching

When switching between engaged internal and engaged external modes the IREFS bit can be changed at
anytime, but the RDIV bits must be changed simultaneously so that the reference frequency stays in the
range required by the state of the PLLS bit (31.25 kHz to 39.0625 kHz if the FLL is selected, or 1 MHz to
2 MHz if the PLL is selected). After a change in the IREFS value the FLL or PLL will begin locking again
after the switch is completed. The completion of the switch is shown by the IREFST bit .

For the special case of entering stop mode immediately after switching to FBE mode, if the external clock
and the internal clock are disabled in stop mode, (EREFSTEN = 0 and IREFSTEN = 0), it is necessary to
allow 100us after the IREFST bit is cleared to allow the internal reference to shutdown. For most cases the
delay due to instruction execution times will be sufficient.

The CLKS bits can also be changed at anytime, but in order for the MCGLCLK to be configured correctly
the RDIV bits must be changed simultaneously so that the reference frequency stays in the range required
by the state of the PLLS bit (31.25 kHz to 39.0625 kHz if the FLL is selected, or 1 MHz to 2MHz if the
PLL is selected). The actual switch to the newly selected clock will be shown by the CLKST bits. If the
newly selected clock is not available, the previous clock will remain selected.

For details see Figure 8-8.



MC9S08DV60 Series Data Sheet, Rev 3

Freescale Semiconductor 165

Chapter 9
Analog Comparator (S08ACMPV3)

9.1 Introduction
The analog comparator module (ACMP) provides a circuit for comparing two analog input voltages or for
comparing one analog input voltage to an internal reference voltage. The comparator circuit is designed to
operate across the full range of the supply voltage (rail-to-rail operation).

All MC9S08DV60 Series MCUs have two full function ACMPs in a 64-pin package. MCUs in the 48-pin
package have two ACMPs, but the output of ACMP2 is not accessible. MCUs in the 32-pin package
contain one full function ACMP.

NOTE
MC9S08DV60 Series devices operate at a higher voltage range (2.7 V to
5.5 V) and do not include stop1 mode. Please ignore references to stop1.

9.1.1 ACMP Configuration Information

When using the bandgap reference voltage for input to ACMP+, the user must enable the bandgap buffer
by setting BGBE =1 in SPMSC1 see Section 5.8.7, “System Power Management Status and Control 1
Register (SPMSC1).” For value of bandgap voltage reference see Section A.6, “DC Characteristics.”
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9.1.4 Block Diagram

The block diagram for the analog comparator module is shown Figure 9-2.

Figure 9-2. Analog Comparator (ACMP) Block Diagram

9.2 External Signal Description
The ACMP has two analog input pins, ACMPx+ and ACMPx− and one digital output pin ACMPxO. Each
of these pins can accept an input voltage that varies across the full operating voltage range of the MCU.
As shown in Figure 9-2, the ACMPx- pin is connected to the inverting input of the comparator, and the
ACMPx+ pin is connected to the comparator non-inverting input if ACBGS is a 0. As shown in Figure 9-2,
the ACMPxO pin can be enabled to drive an external pin.

The signal properties of ACMP are shown in Table 9-1.

Table 9-1. Signal Properties

Signal Function I/O

ACMPx- Inverting analog input to the ACMP.
(Minus input)

I

ACMPx+ Non-inverting analog input to the ACMP.
(Positive input)

I

ACMPxO Digital output of the ACMP. O

+

-

Interrupt
Control

Internal
Reference

ACBGS

Internal Bus

Status & Control
Register

A
C

M
O

D

se
t A

C
F

ACME ACF

ACIE

ACOPE

Comparator

ACMPx
INTERRUPT
REQUEST

ACMPx+

ACMPx-

ACMPxO
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12.3.4 MSCAN Bus Timing Register 1 (CANBTR1)

The CANBTR1 register configures various CAN bus timing parameters of the MSCAN module.

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

Table 12-5. Baud Rate Prescaler

BRP5 BRP4 BRP3 BRP2 BRP1 BRP0 Prescaler value (P)

0 0 0 0 0 0 1

0 0 0 0 0 1 2

0 0 0 0 1 0 3

0 0 0 0 1 1 4

: : : : : : :

1 1 1 1 1 1 64

7 6 5 4 3 2 1 0

R
SAMP TSEG22 TSEG21 TSEG20 TSEG13 TSEG12 TSEG11 TSEG10

W

Reset: 0 0 0 0 0 0 0 0

Figure 12-7. MSCAN Bus Timing Register 1 (CANBTR1)

Table 12-6. CANBTR1 Register Field Descriptions

Field Description

7
SAMP

Sampling — This bit determines the number of CAN bus samples taken per bit time.
0 One sample per bit.
1 Three samples per bit1.
If SAMP = 0, the resulting bit value is equal to the value of the single bit positioned at the sample point. If
SAMP = 1, the resulting bit value is determined by using majority rule on the three total samples. For higher bit
rates, it is recommended that only one sample is taken per bit time (SAMP = 0).

1 In this case, PHASE_SEG1 must be at least 2 time quanta (Tq).

6:4
TSEG2[2:0]

Time Segment 2 — Time segments within the bit time fix the number of clock cycles per bit time and the location
of the sample point (see Figure 12-43). Time segment 2 (TSEG2) values are programmable as shown in
Table 12-7.

3:0
TSEG1[3:0]

Time Segment 1 — Time segments within the bit time fix the number of clock cycles per bit time and the location
of the sample point (see Figure 12-43). Time segment 1 (TSEG1) values are programmable as shown in
Table 12-8.
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12.3.6 MSCAN Transmitter Flag Register (CANTFLG)

The transmit buffer empty flags each have an associated interrupt enable bit in the CANTIER register.

Table 12-10. CANRIER Register Field Descriptions

Field Description

7
WUPIE1

1 WUPIE and WUPE (see Section 12.3.1, “MSCAN Control Register 0 (CANCTL0)”) must both be enabled if the recovery
mechanism from stop or wait is required.

Wake-Up Interrupt Enable
0 No interrupt request is generated from this event.
1 A wake-up event causes a Wake-Up interrupt request.

6
CSCIE

CAN Status Change Interrupt Enable
0 No interrupt request is generated from this event.
1 A CAN Status Change event causes an error interrupt request.

5:4
RSTATE[1:0]

Receiver Status Change Enable — These RSTAT enable bits control the sensitivity level in which receiver state
changes are causing CSCIF interrupts. Independent of the chosen sensitivity level the RSTAT flags continue to
indicate the actual receiver state and are only updated if no CSCIF interrupt is pending.
00 Do not generate any CSCIF interrupt caused by receiver state changes.
01 Generate CSCIF interrupt only if the receiver enters or leaves “bus-off” state. Discard other receiver state

changes for generating CSCIF interrupt.
10 Generate CSCIF interrupt only if the receiver enters or leaves “RxErr” or “bus-off”2 state. Discard other

receiver state changes for generating CSCIF interrupt.
11 Generate CSCIF interrupt on all state changes.

2 Bus-off state is defined by the CAN standard (see Bosch CAN 2.0A/B protocol specification: for only transmitters. Because the
only possible state change for the transmitter from bus-off to TxOK also forces the receiver to skip its current state to RxOK,
the coding of the RXSTAT[1:0] flags define an additional bus-off state for the receiver (see Section 12.3.4.1, “MSCAN Receiver
Flag Register (CANRFLG)”).

3:2
TSTATE[1:0]

Transmitter Status Change Enable — These TSTAT enable bits control the sensitivity level in which transmitter
state changes are causing CSCIF interrupts. Independent of the chosen sensitivity level, the TSTAT flags
continue to indicate the actual transmitter state and are only updated if no CSCIF interrupt is pending.
00 Do not generate any CSCIF interrupt caused by transmitter state changes.
01 Generate CSCIF interrupt only if the transmitter enters or leaves “bus-off” state. Discard other transmitter

state changes for generating CSCIF interrupt.
10 Generate CSCIF interrupt only if the transmitter enters or leaves “TxErr” or “bus-off” state. Discard other

transmitter state changes for generating CSCIF interrupt.
11 Generate CSCIF interrupt on all state changes.

1
OVRIE

Overrun Interrupt Enable
0 No interrupt request is generated from this event.
1 An overrun event causes an error interrupt request.

0
RXFIE

Receiver Full Interrupt Enable
0 No interrupt request is generated from this event.
1 A receive buffer full (successful message reception) event causes a receiver interrupt request.
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Figure 12-41. 8-bit Maskable Identifier Acceptance Filters

MSCAN filter uses three sets of registers to provide the filter configuration. Firstly, the CANIDAC register
determines the configuration of the banks into filter sizes and number of filters. Secondly, registers
CANIDMR0/1/2/3 determine those bits on which the filter will operate by placing a ‘0’ at the appropriate

CAN 2.0B
Extended Identifier

CAN 2.0A/B
Standard Identifier

AC7 AC0CIDAR3

AM7 AM0CIDMR3

ID Accepted (Filter 3 Hit)

AC7 AC0CIDAR2

AM7 AM0CIDMR2

ID Accepted (Filter 2 Hit)

AC7 AC0CIDAR1

AM7 AM0CIDMR1

ID Accepted (Filter 1 Hit)

ID28 ID21IDR0

ID10 ID3IDR0

ID20 ID15IDR1

ID2 IDEIDR1

ID14 ID7IDR2

ID10 ID3IDR2

ID6 RTRIDR3

ID10 ID3IDR3

AC7 AC0CIDAR0

AM7 AM0CIDMR0

ID Accepted (Filter 0 Hit)
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Chapter 14
Serial Communications Interface (S08SCIV4)

14.1 Introduction
All MCUs in the MC9S08DV60 Series include SCI1 and SCI2, except the MC9S08DV16, which has only
SCI1.

NOTE
• MC9S08DV60 Series devices operate at a higher voltage range (2.7 V

to 5.5 V) and do not include stop1 mode. Please ignore references to
stop1.

• The RxD1 pin does not contain a clamp diode to VDD and should not be
driven above VDD. The voltage measured on the internally pulled up
RxD1 pin may be as low as VDD – 0.7 V. The internal gates connected
to this pin are pulled all the way to VDD.

14.1.1 SCI2 Configuration Information

The SCI2 module pins, TxD2 and RxD2 can be repositioned under software control using SCI2PS in
SOPT1 as shown in Table 14-1. SCI2PS in SOPT1 selects which general-purpose I/O ports are associated
with SCI2 operation.

Table 14-1. SCI2 Position Options

SCI2PS in SOPT1 Port Pin for TxD2 Port Pin for RxD2

0 (default) PTF0 PTF1

1 PTE6 PTE7
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Figure 14-3 shows the receiver portion of the SCI.

Figure 14-3. SCI Receiver Block Diagram
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Table 14-6. SCIxS1 Field Descriptions

Field Description

7
TDRE

Transmit Data Register Empty Flag — TDRE is set out of reset and when a transmit data value transfers from
the transmit data buffer to the transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read
SCIxS1 with TDRE = 1 and then write to the SCI data register (SCIxD).
0 Transmit data register (buffer) full.
1 Transmit data register (buffer) empty.

6
TC

Transmission Complete Flag — TC is set out of reset and when TDRE = 1 and no data, preamble, or break
character is being transmitted.
0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).
TC is cleared automatically by reading SCIxS1 with TC = 1 and then doing one of the following three things:

• Write to the SCI data register (SCIxD) to transmit new data
• Queue a preamble by changing TE from 0 to 1
• Queue a break character by writing 1 to SBK in SCIxC2

5
RDRF

Receive Data Register Full Flag — RDRF becomes set when a character transfers from the receive shifter into
the receive data register (SCIxD). To clear RDRF, read SCIxS1 with RDRF = 1 and then read the SCI data
register (SCIxD).
0 Receive data register empty.
1 Receive data register full.

4
IDLE

Idle Line Flag — IDLE is set when the SCI receive line becomes idle for a full character time after a period of
activity. When ILT = 0, the receiver starts counting idle bit times after the start bit. So if the receive character is
all 1s, these bit times and the stop bit time count toward the full character time of logic high (10 or 11 bit times
depending on the M control bit) needed for the receiver to detect an idle line. When ILT = 1, the receiver doesn’t
start counting idle bit times until after the stop bit. So the stop bit and any logic high bit times at the end of the
previous character do not count toward the full character time of logic high needed for the receiver to detect an
idle line.
To clear IDLE, read SCIxS1 with IDLE = 1 and then read the SCI data register (SCIxD). After IDLE has been
cleared, it cannot become set again until after a new character has been received and RDRF has been set. IDLE
will get set only once even if the receive line remains idle for an extended period.
0 No idle line detected.
1 Idle line was detected.

3
OR

Receiver Overrun Flag — OR is set when a new serial character is ready to be transferred to the receive data
register (buffer), but the previously received character has not been read from SCIxD yet. In this case, the new
character (and all associated error information) is lost because there is no room to move it into SCIxD. To clear
OR, read SCIxS1 with OR = 1 and then read the SCI data register (SCIxD).
0 No overrun.
1 Receive overrun (new SCI data lost).

2
NF

Noise Flag — The advanced sampling technique used in the receiver takes seven samples during the start bit
and three samples in each data bit and the stop bit. If any of these samples disagrees with the rest of the samples
within any bit time in the frame, the flag NF will be set at the same time as the flag RDRF gets set for the
character. To clear NF, read SCIxS1 and then read the SCI data register (SCIxD).
0 No noise detected.
1 Noise detected in the received character in SCIxD.
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14.3.5.2 Stop Mode Operation

During all stop modes, clocks to the SCI module are halted.

In stop1 and stop2 modes, all SCI register data is lost and must be re-initialized upon recovery from these
two stop modes. No SCI module registers are affected in stop3 mode.

The receive input active edge detect circuit is still active in stop3 mode, but not in stop2.. An active edge
on the receive input brings the CPU out of stop3 mode if the interrupt is not masked (RXEDGIE = 1).

Note, because the clocks are halted, the SCI module will resume operation upon exit from stop (only in
stop3 mode). Software should ensure stop mode is not entered while there is a character being transmitted
out of or received into the SCI module.

14.3.5.3 Loop Mode

When LOOPS = 1, the RSRC bit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Loop mode is sometimes used to check software, independent of
connections in the external system, to help isolate system problems. In this mode, the transmitter output is
internally connected to the receiver input and the RxD pin is not used by the SCI, so it reverts to a
general-purpose port I/O pin.

14.3.5.4 Single-Wire Operation

When LOOPS = 1, the RSRC bit in the same register chooses between loop mode (RSRC = 0) or
single-wire mode (RSRC = 1). Single-wire mode is used to implement a half-duplex serial connection.
The receiver is internally connected to the transmitter output and to the TxD pin. The RxD pin is not used
and reverts to a general-purpose port I/O pin.

In single-wire mode, the TXDIR bit in SCIxC3 controls the direction of serial data on the TxD pin. When
TXDIR = 0, the TxD pin is an input to the SCI receiver and the transmitter is temporarily disconnected
from the TxD pin so an external device can send serial data to the receiver. When TXDIR = 1, the TxD pin
is an output driven by the transmitter. In single-wire mode, the internal loop back connection from the
transmitter to the receiver causes the receiver to receive characters that are sent out by the transmitter.
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Figure 15-6. RTC Counter Overflow Example

In the example of Figure 15-6, the selected clock source is the 1-kHz internal oscillator clock source. The
prescaler (RTCPS) is set to 0xA or divide-by-4. The modulo value in the RTCMOD register is set to 0x55.
When the counter, RTCCNT, reaches the modulo value of 0x55, the counter overflows to 0x00 and
continues counting. The real-time interrupt flag, RTIF, sets when the counter value changes from 0x55 to
0x00. A real-time interrupt is generated when RTIF is set, if RTIE is set.

15.5 Initialization/Application Information
This section provides example code to give some basic direction to a user on how to initialize and configure
the RTC module. The example software is implemented in C language.

The example below shows how to implement time of day with the RTC using the 1-kHz clock source to
achieve the lowest possible power consumption. Because the 1-kHz clock source is not as accurate as a
crystal, software can be added for any adjustments. For accuracy without adjustments at the expense of
additional power consumption, the external clock (ERCLK) or the internal clock (IRCLK) can be selected
with appropriate prescaler and modulo values.

/* Initialize the elapsed time counters */

Seconds = 0;

Minutes = 0;

Hours = 0;

Days=0;

/* Configure RTC to interrupt every 1 second from 1-kHz clock source */

RTCMOD.byte = 0x00;

RTCSC.byte = 0x1F;

/**********************************************************************

Function Name : RTC_ISR

Notes : Interrupt service routine for RTC module.

**********************************************************************/

0x55

0x550x540x530x52 0x00 0x01

RTCMOD

RTIF

RTCCNT

RTC Clock
(RTCPS = 0xA)

Internal 1-kHz
Clock Source
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Figure 17-3 shows the host receiving a logic 1 from the target HCS08 MCU. Because the host is
asynchronous to the target MCU, there is a 0-to-1 cycle delay from the host-generated falling edge on
BKGD to the perceived start of the bit time in the target MCU. The host holds the BKGD pin low long
enough for the target to recognize it (at least two target BDC cycles). The host must release the low drive
before the target MCU drives a brief active-high speedup pulse seven cycles after the perceived start of the
bit time. The host should sample the bit level about 10 cycles after it started the bit time.

Figure 17-3. BDC Target-to-Host Serial Bit Timing (Logic 1)
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The average chip-junction temperature (TJ) in °C can be obtained from:

TJ = TA + (PD × θJA) Eqn. A-1

where:

TA = Ambient temperature, °C

θJA = Package thermal resistance, junction-to-ambient, °C/W

PD = Pint + PI/O

Pint = IDD × VDD, Watts — chip internal power

PI/O = Power dissipation on input and output pins — user determined

For most applications, PI/O << Pint and can be neglected. An approximate relationship between PD and TJ
(if PI/O is neglected) is:

PD = K ÷ (TJ + 273°C) Eqn. A-2

Solving equations 1 and 2 for K gives:

K = PD × (TA + 273°C) + θJA × (PD)2 Eqn. A-3

Table A-3. Thermal Characteristics

 Num C  Rating  Symbol  Value  Unit
Temp.
Code

1 D
Operating temperature range (packaged) TA

–40 to 125
–40 to 105
–40 to 85

°C
M
V
C

2 T Maximum Junction Temperature1

1 Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board
thermal resistance.

TJ 135 °C —

3 D Thermal resistance2

2 Junction to Ambient Natural Convection

Single-layer board

64-pin LQFP θJA 69 °C/W

48-pin LQFP θJA 75 °C/W

32-pin LQFP θJA 80 °C/W

Four-Layer board

64-pin LQFP θJA 51 °C/W

48-pin LQFP θJA 51 °C/W

32-pin LQFP θJA 52 °C/W




