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Chapter 4 Memory

NOTE

The FCBEF flag will not set after launching the sector erase abort command.
If an attempt is made to start a new command write sequence with a sector
erase abort operation active, the FACCERR flag in the FSTAT register will
be set. A new command write sequence may be started after clearing the
ACCERR flag, if set.

NOTE

The sector erase abort command should be used sparingly since a sector
erase operation that is aborted counts as a compl ete program/erase cycle.

4.5.6 Access Errors

An access error occurs whenever the command execution protocol is violated.

Any of the following specific actions will cause the access error flag (FACCERR) in FSTAT to be set.
FACCERR must be cleared by writing a1 to FACCERR in FSTAT before any command can be processed.

» Writing to a Flash address before the internal Flash clock frequency has been set by writing to the
FCDIV register.

» Writing to a Flash address while FCBEF is not set. (A new command cannot be started until the
command buffer is empty.)

* Writing a second time to a Flash address before launching the previous command. (Thereis only
one write to Flash for every command.)

»  Writing asecond timeto FCMD before launching the previous command. (Thereisonly onewrite
to FCMD for every command.)

* Writing to any Flash control register other than FCMD after writing to a Flash address.

»  Writing any command code other than the six alowed codes (0x05, 0x20, 0x25, 0x40, 0x41, or
0x47) to FCMD.

» Writing any Flash control register other than to write to FSTAT (to clear FCBEF and launch the
command) after writing the command to FCMD.

* The MCU enters stop mode while a program or erase command is in progress. (The command is
aborted.)

» Writing the byte program, burst program, sector erase or sector erase abort command code (0x20,
0x25, 0x40, or 0x47) with a background debug command while the MCU is secured. (The
background debug controller can do blank check and mass erase commands only when the MCU
issecure.)

* Writing O to FCBEF to cancel a partial command.
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Chapter 5 Resets, Interrupts, and General System Control

5.8.8 System Power Management Status and Control 2 Register
(SPMSC2)

Thisregister is used to report the status of the low-voltage warning function, and to configure the stop
mode behavior of the MCU. Thisregister should be written during the user’s reset initialization program
to set the desired controls even if the desired settings are the same as the reset settings.

6 5 4 3 2 1 0
R 0 0 PPDF 0 0
LvDV! LYWV PPDC?
W PPDACK
Power-on Reset: 0 0 0 0 0 0 0 0
LVD Reset: 0 0 u u 0 0 0 0
Any other Reset: 0 0 u u 0 0 0 0
= Unimplemented or Reserved u = Unaffected by reset

1 This bit can be written only one time after power-on reset. Additional writes are ignored.
2 This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-10. System Power Management Status and Control 2 Register (SPMSC?2)

Table 5-11. SPMSC2 Register Field Descriptions

Field Description
5 Low-Voltage Detect Voltage Select — This write-once bit selects the low-voltage detect (LVD) trip point setting.
LVDV It also selects the warning voltage range. See Table 5-12.
4 Low-Voltage Warning Voltage Select — This bit selects the low-voltage warning (LVW) trip point voltage. See
LVWv Table 5-12.
3 Partial Power Down Flag — This read-only status bit indicates that the MCU has recovered from stop2 mode.
PPDF 0 MCU has not recovered from stop2 mode.
1 MCU recovered from stop2 mode.
2 Partial Power Down Acknowledge — Writing a 1 to PPDACK clears the PPDF bit.
PPDACK
0 Partial Power Down Control — This write-once bit controls whether stop2 or stop3 mode is selected.
PPDC 0 Stop3 mode enabled.
1 Stop2, partial power down, mode enabled.

Table 5-12. LVD and LVW Trip Point Typical Values?!

LVDV:LVWV LVW Trip Point LVD Trip Point
0:0 Vivwo = 2.74 V Vivpo = 2.56 V
0:1 Viywi =2.92V
1:0 Vivwz = 4.3V Vivp1 = 4.0V
1:1 Viyws = 4.6 V

1 See Electrical Characteristics appendix for minimum and maximum values.
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Chapter 6 Parallel Input/Output Control

6.5.1.7 Port A Interrupt Pin Select Register (PTAPS)
7 6 5 4 3 2 1 0
PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-9. Port A Interrupt Pin Select Register (PTAPS)
Table 6-7. PTAPS Register Field Descriptions
Field Description
7:0 Port A Interrupt Pin Selects — Each of the PTAPSn bits enable the corresponding port A interrupt pin.
PTAPS[7:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.5.1.8 Port A Interrupt Edge Select Register (PTAES)
7 6 5 4 3 2 1 0
PTAES7 PTAES6 PTAESS5 PTAES4 PTAES3 PTAES2 PTAES1 PTAESO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-10. Port A Edge Select Register (PTAES)
Table 6-8. PTAES Register Field Descriptions
Field Description
7:0 Port A Edge Selects — Each of the PTAESN bits serves a dual purpose by selecting the polarity of the active
PTAES[7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.

generation.

0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
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Chapter 6 Parallel Input/Output Control

6.5.4.7 Port D Interrupt Pin Select Register (PTDPS)

7 6 5 4 3 2 1 0

PTDPS7 PTDPS6 PTDPS5 PTDPS4 PTDPS3 PTDPS2 PTDPS1 PTDPSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-30. Port D Interrupt Pin Select Register (PTDPS)
Table 6-28. PTDPS Register Field Descriptions
Field Description
7:0 Port D Interrupt Pin Selects — Each of the PTDPSn bits enable the corresponding port D interrupt pin.
PTDPS[7:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.5.4.8 Port D Interrupt Edge Select Register (PTDES)

7 6 5 4 3 2 1 0

PTDES? PTDES6 PTDES5 PTDES4 PTDES3 PTDES2 PTDES1 PTDESO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-31. Port D Edge Select Register (PTDES)
Table 6-29. PTDES Register Field Descriptions
Field Description
7:0 Port D Edge Selects — Each of the PTDESN bits serves a dual purpose by selecting the polarity of the active
PTDES[7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.

0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.
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Chapter 8 Multi-Purpose Clock Generator (SO8BMCGV1)

8.5.2.3 Example #3: Moving from BLPI to FEE Mode: External Crystal = 4 MHz,
Bus Frequency = 16 MHz

In this example, the MCG will move through the proper operational modes from BLPI mode at a 16 kHz
bus frequency running off of the internal reference clock (see previous example) to FEE mode using a4

MHz crystal configured for a 16 MHz bus frequency. First, the code sequence will be described. Then a

flowchart will be included which illustrates the sequence.

1. First, BLPI must transition to FBI mode.
a) MCGC2 = 0x00 (%00000000)
— LP(bit3) inMCGSCis0
b) Optionally, loop until LOCK (bit 6) inthe MCGSC is set, indicating that the FLL has acquired
lock. Although the FLL is bypassed in FBI mode, it is still enabled and running.
2. Next, FBI will transition to FEE mode.
a) MCGC2 = 0x36 (%00110110)
RANGE (bit 5) set to 1 because the frequency of 4 MHz iswithin the high frequency range
— HGO (bit 4) set to 1 to configure external oscillator for high gain operation
— EREFS (bit 2) set to 1, because a crystal is being used
— ERCLKEN (bit 1) set to 1 to ensure the external reference clock is active

b) Loop until OSCINIT (bit 1) in MCGSC is 1, indicating the crystal selected by the EREFS bit
has been initialized.

¢) MCGCL = 0x38 (%00111000)

— CLKS (bits 7 and 6) set to %00 in order to select the output of the FLL as system clock
source
— RDIV (bits 5-3) set to %111, or divide-by-128 because 4 MHz / 128 = 31.25 kHz which is
in the 31.25 kHz to 39.0625 kHz range required by the FLL
— IREFS (bit 1) cleared to 0, selecting the external reference clock
d) Loopuntil IREFST (bit4) in MCGSCisO, indicating the external reference clock isthe current
source for the reference clock
e) Optionaly, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has
reacquired lock.

f) Loop until CLKST (bits 3 and 2) in MCGSC are %00, indicating that the output of the FLL is
selected to feed MCGOUT
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Chapter 9 Analog Comparator (SOBACMPV3)

[ J<«—> PTA7/PIA7/ADP7/IRQ

~<«—> PTAG6/PIAG/ADP6

<«—>» PTA5/PIA5/ADP5

[<«—> PTA4/PIA4/ADP4

~€—> PTA3/PIA3/ADP3/ACMP10
<&—> PTA2/PIA2/ADP2/ACMP1-

[~ PTA1/PIA1/ADP1/ACMP1+
~<€—> PTAO/PIAO/ADPO/MCLK

<«» PTB7/PIB7/ADP15
<« » PTB6/PIB6/ADP14
<«J» PTB5/PIB5/ADP13
<« PTB4/PIB4/ADP12
<« > PTB3/PIB3/ADP11
<> PTB2/PIB2/ADP10
<<—> PTB1/PIB1/ADP9

~«—> PTBO0/PIBO/ADP8

<2 » PTC7
<<% » PTC6
<<= » PTC5
<« » PTC4
<% PTC3
<2 p102
<> PTCH
<®» PTCO

<«—» PTD7/PID7/TPM1CH5
~«—>» PTD6/PID6/TPM1CH4
<«—>» PTD5/PID5/TPM1CH3
~«—>» PTD4/PID4/TPM1CH2
<—>» PTD3/PID3/TPM1CH1
~«—> PTD2/PID2/TPM1CHO
~«—> PTD1/PID1/TPM2CH1
~«—>» PTDO/PIDO/TPM2CHO

~«—>» PTE7/RxD2/RXCAN
<«—>» PTE6/TXD2/TXCAN
~«—>» PTE5/SDA/MISO
<—>» PTE4/SCL/MOSI
<«—» PTE3/SPSCK
~«—» PTE2/SS

<«—— PTE1/RxD1
~«—>» PTEQ/TxD1

| <= » PTF7

<™ PTF6/ACMP20
<2 PTF5/ACMP2-
<23 PTF4/ACMP2+
<« PTF3/TPM2CLK/SDA
<2 > PTF2/TPM1CLK/SCL
<«=» PTF1/RxD2

<> PTFOTXD2
<8 » PTG5

<8 » PTG4

<2 » PTG3

<% » PTG2

<> PTG1/XTAL

HCS08 CORE
CPU <
ACMP10 £
—»| ANALOG COMPARATOR T > S
BKGD/MS (ACHPY) <& g
<= | sc || we > | ACHPt
HCS08 SYSTEM CONTROL —
RESET<e»|  RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT .
[a s
. e
| cor || o ||g
€
| N || me |l< ADP7-ADPO -
16-CHANNEL,10-BIT
. ANALOG-TO-DIGITAL ~ [ADP15-ADP8.
e > CONVERTER (ADC)
VRerL @ > o
Vbpa E 'g
Vssa 2
TPM1CHS5 - —
USER FLASH 6-CHANNEL TIMER/PWM | TPMTCHO 7%
MC9S0DV60 = 60K MODULE (TPM1) < IPMICLK
=
TPM2CH1, S
2-CHANNEL TIMER/PWM [ Tpv2CHO <
MODULE (TPM2) < JPMCLK E
CONTROLLERAREA | (RXxCAN -
NETWORK (MSCAN) TXCAN _
— MISO A
e SERIAL PERPHERAL | «IOSL >
MC9S0DV0 = 3K INTERFACE MODULE (SPI) (<2 >
- - | O
<RD1
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS | TxD1 N
INTERFACE (SCI) —
ANALOG COMPARATOR |20 >
REAL-TIME COUNTER (RTC) > i [ APz
—> | ACMP2+ w
VDD <SDA L&
— < o
VDD Oy VOLTAGE IIC MODULE (IIC) <SCL -2
VSS REGULATOR <xD2 Y
VSS Op SERIAL COMMUNICATIONS | TxD2 -
INTERFACE (SCI2) —
MULTI-PURPOSE
CLOCK GENERATOR .
(MCG) e
————————— XTAL |8
OSCILLATOR (XOSC) EXTAL -
o - VREFH/VREFL internally connected to VDDA/VSSA in 48-pin and 32-pin packages = - Pin not
0 - Pin not

o - VDD and VSS pins are each internally connected to two pads in 32-pin package

Figure 9-1. MC9S08DV60 Block Diagram
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Chapter 9 Analog Comparator (SOBACMPV3)

9.14 Block Diagram

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

Internal Bus

INTERRUPT
ACIE REQUEST

ACBGS
Status & Control ACF

ACME Register /
ACOPE
CO
ACMPx+ 4[%—4

Internal
Reference ACMPX

ACMOD
set ACF

Interrupt

+
/ - Control

ACMPx- Comparator

> ACMPXO

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 ACMPXx- pin is connected to the inverting input of the comparator, and the
ACMPx+ pin is connected to the comparator non-inverting input if ACBGS isa 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 1/0

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

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

ACMPxO Digital output of the ACMP. (0]

MC9S08DV60 Series Data Sheet, Rev 3
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

Table 10-6. ADCCFG Register Field Descriptions (continued)

Field Description
3:2 Conversion Mode Selection. MODE bits are used to select between 12-, 10-, or 8-bit operation. See Table 10-8.
MODE
1.0 Input Clock Select. ADICLK bits select the input clock source to generate the internal clock ADCK. See
ADICLK Table 10-9.
Table 10-7. Clock Divide Select
ADIV Divide Ratio Clock Rate

00 1 Input clock

01 2 Input clock + 2

10 4 Input clock + 4

11 8 Input clock + 8
Table 10-8. Conversion Modes

MODE Mode Description

00 8-bit conversion (N=8)

01 12-bit conversion (N=12)

10 10-bit conversion (N=10)

11 Reserved
Table 10-9. Input Clock Select

ADICLK Selected Clock Source

00 Bus clock

01 Bus clock divided by 2

10 Alternate clock (ALTCLK)

11 Asynchronous clock (ADACK)

10.3.8 Pin Control 1 Register (APCTL1)

The pin control registers disable the I/O port control of MCU pins used as analog inputs. APCTL1is

MC9S08DV60 Series Data Sheet, Rev 3
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

11.3.3 |IC Control Register (IICC1)
7 6 5 4 3 2 1
R 0 0 0
IICEN lICIE MST X TXAK
w RSTA
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 11-5. lIC Control Register (IICC1)
Table 11-5. IICC1 Field Descriptions
Field Description
7 IIC Enable. The IICEN bit determines whether the 1IC module is enabled.
IICEN 0 lIC is not enabled
1 lIC is enabled
6 IIC Interrupt Enable. The IICIE bit determines whether an IIC interrupt is requested.
IICIE 0 IIC interrupt request not enabled
1 IIC interrupt request enabled
5 Master Mode Select. The MST bit changes from a 0 to a 1 when a start signal is generated on the bus and
MST master mode is selected. When this bit changes from a 1 to a O a stop signal is generated and the mode of
operation changes from master to slave.
0 Slave mode
1 Master mode
4 Transmit Mode Select. The TX bit selects the direction of master and slave transfers. In master mode, this bit
X should be set according to the type of transfer required. Therefore, for address cycles, this bit is always high.
When addressed as a slave, this bit should be set by software according to the SRW bit in the status register.
0 Receive
1 Transmit
3 Transmit Acknowledge Enable. This bit specifies the value driven onto the SDA during data acknowledge
TXAK cycles for master and slave receivers.
0 An acknowledge signal is sent out to the bus after receiving one data byte
1 No acknowledge signal response is sent
2 Repeat start. Writing a 1 to this bit generates a repeated start condition provided it is the current master. This
RSTA bit is always read as cleared. Attempting a repeat at the wrong time results in loss of arbitration.
MC9S08DV60 Series Data Sheet, Rev 3
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Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

12.3.9 MSCAN Transmitter Message Abort Acknowledge Register
(CANTAAK)

The CANTAAK register indicates the successful abort of messages queued for transmission, if requested
by the appropriate bits in the CANTARQ register.

6 5 4 3 2 1 0
R 0 0 0 0 0 ABTAK2 ABTAK1 ABTAKO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-13. MSCAN Transmitter Message Abort Acknowledge Register (CANTAAK)

NOTE

The CANTAAK register is held in the reset state when the initialization
mode is active (INITRQ =1 and INITAK = 1).

Read: Anytime
Write: Unimplemented for ABTAKX flags

Table 12-14. CANTAAK Register Field Descriptions

Field Description

2.0 Abort Acknowledge — This flag acknowledges that a message was aborted due to a pending transmission
ABTAK][2:0] |abort request from the CPU. After a particular message buffer is flagged empty, this flag can be used by the
application software to identify whether the message was aborted successfully or was sent anyway. The ABTAKx
flag is cleared whenever the corresponding TXE flag is cleared.

0 The message was not aborted.
1 The message was aborted.

12.3.10 MSCAN Transmit Buffer Selection Register (CANTBSEL)

The CANTBSEL selections of the actual transmit message buffer, which is accessible in the CANTXFG
register space.

6 5 2 1 0
R 0 0 0 0 0
TX2 X1 TXO0
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-14. MSCAN Transmit Buffer Selection Register (CANTBSEL)
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Chapter 12 Freescale’s Controller Area Network (SO8MSCANV1)

Table 12-24. Message Buffer Organization

Aagrseesfs 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
OX00XE | Time Stamp Register (High Byte)?
O0x00XF Time Stamp Register (Low Byte)3

1 Not applicable for receive buffers
2 Read-only for CPU
3 Read-only for CPU

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 implementation®.

All reserved or unused bits of the receive and transmit buffers always read “x’.

1. Exception: The transmit priority registers are 0 out of reset.

MC9S08DV60 Series Data Sheet, Rev 3
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Chapter 12 Freescale’s Controller Area Network (SO8MSCANV1)

Section 12.3.10, “MSCAN Transmit Buffer Selection Register (CANTBSEL)”). For receive buffers, only
when RXF flag is set (see Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)”).

Write: For transmit buffers, anytime when TXEX flag is set (see Section 12.3.6, “MSCAN Transmitter Flag
Register (CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see

Section 12.3.10, “MSCAN Transmit Buffer Selection Register (CANTBSEL)”). Unimplemented for
receive buffers.

Reset: Undefined (0x00XX) because of RAM-based implementation

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
R
IDRO W ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
R 1 2
IDR1 ID2 ID1 IDO RTR IDE
w
R
IDR2
w
IDR3

I:I = Unused, always read ‘x’

Figure 12-24. Receive/Transmit Message Buffer — Standard Identifier Mapping

1 The position of RTR differs between extended and standard indentifier mapping.
2 .
IDE is 0.

12.4.1 Identifier Registers (IDRO-IDR3)

The identifier registers for an extended format identifier consist of a total of 32 bits; 1D[28:0], SRR, IDE,
and RTR bits. The identifier registers for a standard format identifier consist of a total of 13 bits; ID[10:0],
RTR, and IDE bits.

12.4.1.1 IDRO-IDR3 for Extended Identifier Mapping
7 6 5 4 3 2 1 0
VT/ ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
Reset: X X X X X X X X

Figure 12-25. Identifier Register O (IDR0O) — Extended Identifier Mapping
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Chapter 13 Serial Peripheral Interface (SO8SPIV3)

[ |<«—> PTA7/PIA7/ADP7/IRQ

~«—>» PTA6/PIAG/ADP6

<«—> PTA5/PIA5/ADP5

<«—> PTA4/PIA4/ADP4

~<—>» PTA3/PIA3/ADP3/ACMP10
~«—> PTA2/PIA2/ADP2/ACMP1-

~«—> PTA1/PIA1/ADP1/ACMP1+

|__[=*=—> PTAO/PIA0/ADPO/MCLK
[ |~ PTB7/PIB7/ADP15

<2 » PTB6/PIB6/ADP14
<2 » PTB5/PIB5/ADP13
<> PTB4/PIB4/ADP12
<2 » PTB3/PIB3/ADP11
<> PTB2/PIB2/ADP10
<> PTB1/PIB1/ADP9

~<«—> PTBO/PIBO/ADP8

<2 » PTC7
<<% » PTC6
<<= » PTC5
<« » PTC4
<% PTC3
<" pTC2
<> PTCH
<" PTCO

<«—» PTD7/PID7/TPM1CH5
~«—>» PTD6/PID6/TPM1CH4
~<«—>» PTD5/PID5/TPM1CH3
~«—>» PTD4/PID4/TPM1CH2
<<—>» PTD3/PID3/TPM1CH1
<«—> PTD2/PID2/TPM1CHO
~«—> PTD1/PID1/TPM2CH1
~«—>» PTDO/PIDO/TPM2CHO

~<«—> PTE7/RxD2/RXCAN
|<«—> PTE6/TXD2/TXCAN
~—>» PTE5/SDA/MISO
~—3 PTE4/SCL/MOSI
|~<—> PTE3/SPSCK
~€—» PTE2/SS

[<—— PTE1/RxD1

| |<—> PTEOTXD1
[ |<«®» PTF7

<= » PTF6/ACMP20
<5 » PTF5/ACMP2-
<2 > PTF4/ACMP2+
<« PTF3/TPM2CLK/SDA
<2 » PTF2/TPMICLK/SCL
<=» PTF1/RxD2

<> PTFOTXD2
<8 » PTG5

<% » PTG4

<2 » PTG3

<% » PTG2

<«—> PTG1/XTAL

HCS08 CORE
CPU ~
ANALOG COMPARATOR e > 'g
> >
BKGD/MS (ACMPY) <CMPi- g
- BOC || B > ~ACMPI+
HCS08 SYSTEM CONTROL
RESET-€»|  RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT -
S
8 o
| cor || o ||g
&
| N || me |l< ADP7-ADPO -
16-CHANNEL,10-BIT

e ANALOG-TO-DIGITAL ~ [ADPIS-ADPE.

—— - CONVERTER (ADC) .
VDDA - fc
VSSA . S

TPM1CH5 - —
USER FLASH 6-CHANNEL TIMER/PWM TP¥; “(AD:IgLK 5
MC9S0DV60 = 60K MODULE (TPM1) <
=
TPM2CHT, S
2-CHANNEL TIMERPWM [ TPM2CHO T
MODULE (TPM2) < TPM2CLK E
CONTROLLERAREA | _RXCAN —
NETWORK (MSCAN) TXCAN N
A
USER RAM :f; >
SERIAL PERIPHERAL PSCK g l=
MCOS0DVED = 3K INTERFACE MODULE (SPI) >
= <k
< xD1
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS | TxD1
INTERFACE (SCI1)
ANALOG COMPARATOR oo =
REAL-TIME COUNTER (RTC) > (ACMP2) <CMP2-
> ~_ACMP2+ .
o =
VDD <SDA £
VDD o VOLTAGE IIC MODULE (IIC) <SCL |l
VSS REGULATOR <02 Y
VSS Op SERIAL COMMUNICATIONS | TxD2 -
INTERFACE (SCI2) —
MULTI-PURPOSE
CLOCK GENERATOR .
(MCG) =
————————— XTAL |8
OSCILLATOR (XOSC) EXTAL -
e - VREFH/VREFL internally connected to VDDA/VSSA in 48-pin and 32-pin packages - gin not
o - Pin not

o - VDD and VSS pins are each internally connected to two pads in 32-pin package

Figure 13-1. MC9S08DV60 Block Diagram
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Chapter 13 Serial Peripheral Interface (S08SPIV3)

Table 13-5. SPI Baud Rate Prescaler Divisor

SPPR2:SPPR1:SPPRO Prescaler Divisor
0:0:0 1
0:0:1
0:1:.0
0:1:1
1:.0:.0
1:0:1
1:1.0
1:1:1

(N[O B[N

Table 13-6. SPI Baud Rate Divisor

SPR2:SPR1:SPRO Rate Divisor
0:0:0 2
0:0:1 4
0:1:0 8
0:1:1 16
1:0:0 32
1.0:1 64
1:1:0 128
1:1:1 256

13.4.4 SPI Status Register (SPIS)

This register has three read-only status bits. Bits 6, 3, 2, 1, and 0 are not implemented and always read 0.
Writes have no meaning or effect.

7 6 5 4 3 2 1
R SPRF 0 SPTEF MODF 0 0 0 0
W
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-8. SPI Status Register (SPIS)
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Chapter 15 Real-Time Counter (SO8RTCV1)

memal bt ML UL L LU UL LU L

Clock Source

RTC Clock | | | | L L
(RTCPS = OxA)
RTCCNT | 0x52 | 0x53 | 0x54 | 0X55 | 0x00 | 0x01 |
RTIF |
RTCMOD | 0x55 |

Figure 15-6. RTC Counter Overflow Example

In the example of Figure 15-6, the selected clock sourceisthe 1-kHz internal oscillator clock source. The
prescaler (RTCPS) is set to OXA or divide-by-4. The modulo valuein 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

Thissection provides example codeto give some basic direction to auser on how toinitialize 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 theinternal clock (IRCLK) can be selected
with appropriate prescaler and modulo values.

/* Initialize the el apsed tine counters */
Seconds = 0;

M nutes = O;

Hours = O;

Days=0;

/* Configure RTC to interrupt every 1 second from 1-kHz cl ock source */
RTCMOD. byt e = 0x00;
RTCSC. byte = Ox1F;

/*'k*'k*'k***'k*'k***'k*'k*'k*'k***'k*'k*'k*'k***'k*'k***'k*'k*'k************************

Function Name : RTC_I SR
Notes : Interrupt service routine for RTC nodul e.

**********************************************************************/
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Chapter 16 Timer Pulse-Width Modulator (SO8TPMV3)

<«—>» PTA7/PIA7/ADP7/IRQ
~«—>» PTA6/PIA6/ADP6

~«—» PTA5/PIA5/ADP5

<<—> PTA4/PIA4/ADP4

~«—>» PTA3/PIA3/ADP3/ACMP10
~«—>» PTA2/PIA2/ADP2/ACMP1-
~«—> PTA1/PIA1/ADP1/ACMP1+

||~ PTAO/PIAO/ADPO/MCLK
[ |~ PTB7/PIB7/ADP15

<< » PTB6/PIB6/ADP14
<5 » PTB5/PIB5/ADP13
<« PTB4/PIB4/ADP12
<> PTB3/PIB3/ADP11
<S> PTB2/PIB2/ADP10
~«—> PTB1/PIB1/ADP9

<<—>» PTBO/PIBO/ADP8

<« » PTC7
<«®» PTC6
<« » PTC5
<2 » PTC4
<<% » PTC3

~<— PTD7/PID7/TPM1CH5
~€—3 PTD6/PID6/TPM1CH4
~— PTD5/PID5/TPM1CH3
~—3 PTD4/PID4/TPM1CH2
[~—> PTD3/PID3/TPM1CH1
~<€—> PTD2/PID2/TPM1CHO
<> PTD1/PID1/TPM2CH1
[~ PTDO/PIDO/TPM2CHO

~«—>» PTE7/RxD2/RXCAN
<«—>» PTE6/TxD2/TXCAN
<«—>» PTE5/SDA/MISO
~«—>» PTE4/SCL/MOSI
<> PTE3/SPSCK
<«——>» PTE2/SS

~<€&—— PTE1/RxD1
~«—>» PTEQ/TxD1

<25 PTF7

<= » PTF6/ACMP20
<2 PTF5/ACMP2-
<5 » PTF4/ACMP2+
|<«S- PTF3/TPM2CLK/SDA
<« PTF2TPM1CLK/SCL
<= PTF1/RxD2

< PTFOTXD2

<8 » PTG5
<% » PTG4
<% PTG3
<2 » PTG2
<—> PTG1/XTAL

HCS08 CORE ]
CPU <
ACMP10 =
| ANALOG COMPARATOR I > S
BKGD/MS . (ACMPY) -
> BDC BKP > _ACMP1+
HCS08 SYSTEM CONTROL
RESET<»|  RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT .
S
o
8
| cor |[ wo ||
&
| o~ | ma |l ADP7-ADPO |
16-CHANNEL, 10-BIT
VREFH » ANALOG-TO-DIGITAL ~ [-ADP15-ADP8.
> NVERTER (AD
VREFL e | (ADC) .
VDDA - I
VSSA . o
TPM1CHS5 - —
USER FLASH 6-CHANNEL TIMER/PWM i ;N“ cOLK 3
MC9S0DV60 = 60K MODULE (TPM1) -
[=]
|
TPM2CHT, S
2-CHANNEL TIMER/PWM [ TPM2CHO &
MODULE (TPM2) € TPM2CLK t
CONTROLLERAREA | RXCAN p—
NETWORK (MSCAN) TXCAN .
~_MISO A
SERAAN SERIAL PERIPHERAL :glF?SS(LK >
VEOR0EVED = 3 INTERFACE MODULE (SPI) |« > 5
<SS >
<RxD1
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS [ TxDf1 .
INTERFACE (SCI1) —
ANALOG COMPARATOR Lo >
REAL-TIME COUNTER (RTC) > (ACHIP?) ACWP2:
> ~ ACMP2+ w
_ SDA =
VDD < > |
VDD K VOLTAGE IIC MODULE (IIC) <0t e
VSS REGULATOR <02 Y
VSS Op SERIAL COMMUNICATIONS | TxD2 .
INTERFACE (SCI2) —
MULTI-PURPOSE
CLOCK GENERATOR .
(MCG) e
————————— XTAL |8
OSCILLATOR (XOSC) EXTAL -
e - VREFH/VREFL internally connected to VDDA/VSSA in 48-pin and 32-pin packages - Pin not
0- Pin not

o - VDD and VSS pins are each internally connected to two pads in 32-pin package

Figure 16-1. MC9S08DV60 Block Diagram
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Chapter 16 Timer/PWM Module (SO8TPMV3)

16.6.2.1.2 Center-Aligned PWM Case

When CPWMS=1, TOF gets set when the timer counter changes direction from up-counting to
down-counting at the end of the terminal count (the value in the modulo register). In this case the TOF
corresponds to the end of a PWM period.

16.6.2.2 Channel Event Interrupt Description

The meaning of channel interrupts depends on the channel’s current mode (input-capture, output-compare,
edge-aligned PWM, or center-aligned PWM).

16.6.2.2.1 Input Capture Events

When a channel is configured as an input capture channel, the ELSnB:ELSnA control bits select no edge
(off), rising edges, falling edges or any edge as the edge which triggers an input capture event. When the
selected edge is detected, the interrupt flag is set. The flag is cleared by the two-step sequence described
in Section 16.6.2, “Description of Interrupt Operation.”

16.6.2.2.2 Output Compare Events

When a channel is configured as an output compare channel, the interrupt flag is set each time the main
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the two-step
sequence described Section 16.6.2, “Description of Interrupt Operation.”

16.6.2.2.3 PWM End-of-Duty-Cycle Events

For channels configured for PWM operation there are two possibilities. When the channel is configured
for edge-aligned PWM, the channel flag gets set when the timer counter matches the channel value register
which marks the end of the active duty cycle period. When the channel is configured for center-aligned
PWM, the timer count matches the channel value register twice during each PWM cycle. In this CPWM
case, the channel flag is set at the start and at the end of the active duty cycle period which are the times
when the timer counter matches the channel value register. The flag is cleared by the two-step sequence
described Section 16.6.2, “Description of Interrupt Operation.”

16.7 The Differences from TPM v2to TPM v3

1. Write to TPMXCNTH:L registers (Section 16.3.2, “TPM-Counter Registers
(TPMXCNTH:TPMxCNTL)) [SE110-TPM case 7]

Any write to TPMXCNTH or TPMXCNTL registers in TPM v3 clears the TPM counter
(TPMxCNTH:L) and the prescaler counter. Instead, in the TPM v2 only the TPM counter is cleared
in this case.

2. Read of TPMXCNTH:L registers (Section 16.3.2, “TPM-Counter Registers
(TPMXCNTH:TPMxXCNTL))

— In TPM v3, any read of TPMxXCNTH:L registers during BDM mode returns the value of the
TPM counter that is frozen. In TPM v2, if only one byte of the TPMxCNTH:L registers was
read before the BDM mode became active, then any read of TPMxXCNTH:L registers during
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Chapter 16 Timer/PWM Module (SO8TPMV3)

TPM counter changes from (TPMxXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
a free-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to $0000.

— Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)

In this mode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L
registers with the value of their write buffer after that the both bytes were written and when the
TPM counter changes from (TPMxXMODH:L - 1) to (TPMxMODH:L). If the TPM counter is
a free-running counter, then this update is made when the TPM counter changes from $FFFE
to $FFFF. Instead, the TPM v2 makes this update after that the both bytes were written and
when the TPM counter changes from TPMxMODH:L to (TPMxMODH:L - 1).

5. Center-Aligned PWM (Section 16.4.2.4, “Center-Aligned PWM Mode)
— TPMXCnVH:L = TPMXMODH:L [SE110-TPM case 1]
In this case, the TPM v3 produces 100% duty cycle. Instead, the TPM v2 produces 0% duty
cycle.
— TPMXCnVH:L = (TPMxMODH:L - 1) [SE110-TPM case 2]
In this case, the TPM v3 produces almost 100% duty cycle. Instead, the TPM v2 produces 0%
duty cycle.
— TPMxCnVH:L is changed from 0x0000 to a non-zero value [SE110-TPM case 3 and 5]
In this case, the TPM v3 waits for the start of a new PWM period to begin using the new duty
cycle setting. Instead, the TPM v2 changes the channel output at the middle of the current
PWM period (when the count reaches 0x0000).
— TPMxCnVH:L is changed from a non-zero value to 0x0000 [SE110-TPM case 4]
In this case, the TPM v3 finishes the current PWM period using the old duty cycle setting.
Instead, the TPM v2 finishes the current PWM period using the new duty cycle setting.
6. Write to TPMxMODH:L registers in BDM mode (Section 16.3.3, “TPM Counter Modulo
Registers (TPMxMODH: TPMxMODL))

In the TPM v3 a write to TPMXxSC register in BDM mode clears the write coherency mechanism
of TPMxMODH:L registers. Instead, in the TPM v2 this coherency mechanism is not cleared when
there is a write to TPMXSC register.

7. Update of EPWM signal when CLKSB:CLKSA = 00

In the TPM v3 if CLKSB:CLKSA = 00, then the EPWM signal in the channel output is not update
(it is frozen while CLKSB:CLKSA = 00). Instead, in the TPM v2 the EPWM signal is updated at
the next rising edge of bus clock after a write to TPMxCnSC register.

The Figure 0-1 and Figure 0-2 show when the EPWM signals generated by TPM v2 and TPM v3
after the reset (CLKSB:CLKSA = 00) and if there is a write to TPMxCnSC register.
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Chapter 17 Development Support

* Non-intrusive commands can be executed at any time even while the user’s program is running.
Non-intrusive commands allow auser to read or write MCU memory locations or access status and
control registers within the background debug controller.

Typically, arelatively simple interface pod is used to translate commands from a host computer into
commands for the custom serial interface to the single-wire background debug system. Depending on the
development tool vendor, this interface pod may use a standard RS-232 serial port, aparallel printer port,
or some other type of communications such as auniversal serial bus (USB) to communicate between the
host PC and the pod. The pod typically connectsto the target system with ground, the BKGD pin, RESET,
and sometimes V pp. An open-drain connection to reset allows the host to force a target system reset,
which is useful to regain control of alost target system or to control startup of atarget system before the
on-chip nonvolatile memory has been programmed. Sometimes V pp can be used to allow the pod to use
power from the target system to avoid the need for a separate power supply. However, if the pod is powered
separately, it can be connected to arunning target system without forcing atarget system reset or otherwise
disturbing the running application program.

BKGD 1|H @ |2 GND
NO CONNECT 3|@ @ |4 RESET
NO CONNECT 5|@® @ [6 Vpp

Figure 17-1. BDM Tool Connector

17.2.1 BKGD Pin Description

BKGD isthe single-wire background debug interface pin. The primary function of this pinisfor
bidirectional serial communication of active background mode commands and data. During reset, thispin
is used to select between starting in active background mode or starting the user’s application program.
Thispinisalso used to request atimed sync response pulse to allow a host development tool to determine
the correct clock frequency for background debug serial communications.

BDC serial communications use a custom serial protocol first introduced on the M68HC12 Family of
microcontrollers. This protocol assumes the host knows the communication clock rate that is determined
by the target BDC clock rate. All communication isinitiated and controlled by the host that drives a
high-to-low edge to signal the beginning of each bit time. Commands and data are sent most significant bit
first (MSB first). For a detailed description of the communications protocol, refer to Section 17.2.2,
“Communication Details”

If ahost is attempting to communicate with atarget MCU that has an unknown BDC clock rate, aSYNC
command may be sent to the target MCU to request atimed sync response signal from which the host can
determine the correct communication speed.

BKGD isapseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor isrequired.
Unliketypical open-drain pins, the external RC time constant on this pin, which isinfluenced by external
capacitance, plays amost no role in signal rise time. The custom protocol provides for brief, actively
driven speedup pulsesto force rapid rise times on this pin without risking harmful drive level conflicts.
Refer to Section 17.2.2, “Communication Details,” for more detail.
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Chapter 17 Development Support

17.3.6 Hardware Breakpoints

The BRKEN control bit in the DBGC register may be set to 1 to allow any of the trigger conditions
described in Section 17.3.5, “Trigger Modes,” to be used to generate a hardware breakpoint request to the
CPU. TAG in DBGC controls whether the breakpoint request will be treated as a tag-type breakpoint or a
force-type breakpoint. A tag breakpoint causes the current opcode to be marked asit enterstheinstruction
gueue. If atagged opcode reachesthe end of the pipe, the CPU executesaBGND instruction to go to active
background mode rather than executing the tagged opcode. A force-type breakpoint causes the CPU to
finish the current instruction and then go to active background mode.

If the background mode has not been enabled (ENBDM = 1) by aserial WRITE_CONTROL command
through the BKGD pin, the CPU will execute an SWI instruction instead of going to active background
mode.

17.4 Register Definition
This section contains the descriptions of the BDC and DBG registers and control bits.

Refer to the high-page register summary in the device overview chapter of this data sheet for the absolute
address assignments for all DBG registers. This section refersto registers and control bits only by their
names. A Freescale-provided equate or header file is used to translate these names into the appropriate
absolute addresses.

17.4.1 BDC Registers and Control Bits

The BDC has two registers:

* TheBDC status and control register (BDCSCR) is an 8-bit register containing control and status
bits for the background debug controller.

» The BDC breakpoint match register (BDCBKPT) holds a 16-bit breakpoint match address.

These registers are accessed with dedicated serial BDC commands and are not located in the memory
space of the target MCU (so they do not have addresses and cannot be accessed by user programs).

Some of the bitsin the BDCSCR have write limitations; otherwise, these registers may be read or written
at any time. For example, the ENBDM control bit may not be written while the MCU isin active
background mode. (This preventsthe ambiguous condition of the control bit forbidding active background
mode while the MCU is already in active background mode.) Also, the four status bits (BDMACT, WS,
WSF, and DV F) areread-only statusindicators and can never be written by the WRITE_CONTROL serial
BDC command. The clock switch (CLKSW) control bit may be read or written at any time.
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