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Chapter 3 Modes of Operation

To maintain |/O statesfor pinsthat were configured as general-purpose |/O before entering stop2, the user
must restore the contents of the 1/0 port registers, which have been saved in RAM, to the port registers
before writing to the PPDACK bit. If the port registers are not restored from RAM before writing to
PPDACK, then the pinswill switch to their reset states when PPDACK iswritten.

For pins that were configured as peripheral 1/0O, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
writing to PPDACK, the pins will be controlled by their associated port control registers when the 1/0
latches are opened.

3.6.3 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clocks to the internal peripheral modules are stopped. Even
in the exception case (ENBDM = 1), where clocks to the background debug logic continue to operate,
clocksto the peripheral systems are halted to reduce power consumption. Refer to Section 3.6.2, “ Stop2
Mode” and Section 3.6.1, “ Stop3 Mode” for specific information on system behavior in stop modes.

Table 3-2. Stop Mode Behavior

Mode
Peripheral
Stop2 Stop3
CPU Off Standby
RAM Standby Standby
Flash/EEPROM Off Standby
Parallel Port Registers Off Standby
ACMP Off Off
ADC Off Optionally Ont
Ic Off Standby
MCG Off Optionally On?
RTC Optionally On® Optionally On®
SCI Off Standby
SPI Off Standby
TPM Off Standby
Voltage Regulator Off Optionally On*
XOSC Off Optionally On®
I/0 Pins States Held States Held
BDM Off® Optionally On
LVD/LVW Off’ Optionally On

Requires the asynchronous ADC clock and LVD to be enabled, else in standby.
IRCLKEN and IREFSTEN set in MCGC1, else in standby.

Requires the RTC to be enabled, else in standby.

Requires the LVD or BDC to be enabled.

A W N P
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Chapter 4 Memory

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

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1806 SDIDH — — — — ID11 ID10 ID9 ID8
0x1807 SDIDL ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0x1808 Reserved — — — — — — — —
0x1809 SPMSC1 LVWF LVWACK LVWIE LVDRE LVDSE LVDE 0 BGBE
0x180A SPMSC2 0 0 LVDV LVWV PPDF PPDACK 0 PPDC
ourgor Reserved “ | | | | Z | Z | Z |z
0x1810 DBGCAH Bit 15 14 13 12 11 10 9 Bit 8
0x1811 DBGCAL Bit 7 6 5 4 3 2 1 Bit 0
0x1812 DBGCBH Bit 15 14 13 12 11 10 9 Bit 8
0x1813 DBGCBL Bit 7 6 5 4 3 2 1 Bit 0
0x1814 DBGFH Bit 15 14 13 12 11 10 9 Bit 8
0x1815 DBGFL Bit 7 6 5 4 3 2 1 Bit 0
0x1816 DBGC DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
0x1817 DBGT TRGSEL BEGIN 0 0 TRG3 TRG2 TRG1 TRGO
0x1818 DBGS AF BF ARMF 0 CNT3 CNT2 CNT1 CNTO
ooy Reserved “ | | | | Z | Z | Z |z
0x1820 FCDIV DIVLD PRDIV8 \Y
0x1821 FOPT KEYEN | FNORED | EPGMOD 0 0 0 SEC
0x1822 Reserved — — — — — — — —
0x1823 FCNFG 0 EPGSEL | KEYACC |Reserved! 0 0 0 1
0x1824 FPROT EPS FPS
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD FCMD
octog  Reserved “ | | | | Z | Z | Z |z
0x1840 PTAPE PTAPE7 PTAPEG PTAPES PTAPE4 PTAPE3 PTAPE?2 PTAPE1 PTAPEO
0x1841 PTASE PTASE7 PTASE6 PTASES PTASE4 PTASE3 PTASE?2 PTASE1 PTASEO
0x1842 PTADS PTADS7 PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 PTADS1 PTADSO
0x1843 Reserved — — — — — — — —
0x1844 PTASC 0 0 0 0 PTAIF PTAACK PTAIE PTAMOD
0x1845 PTAPS PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPSO
0x1846 PTAES PTAES7 PTAES6 PTAESS PTAES4 PTAES3 PTAES2 PTAES1 PTAESO
0x1847 Reserved — — — — — — — —
0x1848 PTBPE PTBPE7 | PTBPE6 | PTBPES | PTBPE4 | PTBPE3 | PTBPE2 | PTBPEl1 | PTBPEO
0x1849 PTBSE PTBSE7 | PTBSE6 | PTBSES5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEO
0x184A PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x184B Reserved — — — — — — — —
0x184C PTBSC 0 0 0 0 PTBIF PTBACK PTBIE PTBMOD
MC9S08DNG60 Series Data Sheet, Rev 3
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Chapter 4 Memory

45.11.3 Flash and EEPROM Configuration Register (FCNFG)

6 5 4 3 2 1 0
R 0 0 0 0 1
EPGSEL KEYACC Reserved?!
w
Reset 0 0 0 1 0 0 0 1

= Unimplemented or Reserved

Figure 4-7. Flash Configuration Register (FCNFG)
1 User must write a 1 to this bit. Failing to do so may result in unexpected behavior.

Table 4-10. FCNFG Register Field Descriptions

Field Description

6 EEPROM Page Select — This bit selects which EEPROM page is accessed in the memory map.
EPGSEL |0 Page 0is in foreground of memory map. Page 1 is in background and can not be accessed.
1 Page 1 is in foreground of memory map. Page 0 is in background and can not be accessed.

5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed
KEYACC |information about the backdoor key mechanism, refer to Section 4.5.9, “Security.”
0 Writes to OxFFBO—-0xFFB7 are interpreted as the start of a Flash programming or erase command.
1 Writes to NVBACKKEY (0XFFB0-0xFFB7) are interpreted as comparison key writes.

45.11.4 Flash and EEPROM Protection Register (FPROT and NVPROT)

The FPROT register defines which Flash and EEPROM sectors are protected against program and erase
operations.

During the reset sequence, the FPROT register isloaded from the nonvolatile location NVPROT. To
change the protection that will be loaded during the reset sequence, the sector containing NVPROT must
be unprotected and erased, then NVPROT can be reprogrammed.

FPROT bhits are readable at any time and writable as long as the size of the protected region is being
increased. Any writeto FPROT that attemptsto decrease the size of the protected memory will be ignored.

Trying to alter datain any protected areawill result in a protection violation error and the FPVIOL flag
will be set in the FSTAT register. Mass erase is not possible if any one of the sectorsis protected.

7 6 5 4 3 2 1 0
R
epst Fpst
w
Reset This register is loaded from nonvolatile location NVPROT during reset.

1 Background commands can be used to change the contents of these bits in FPROT.

Figure 4-8. Flash and EEPROM Protection Register (FPROT)
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Chapter 6 Parallel Input/Output Control

6.3.2 Edge and Level Sensitivity

A valid edge or level on an enabled port pinwill set PTxIFin PTxXSC. If PTXIEin PTxSCisset, aninterrupt
request will be presented to the CPU. Clearing of PTxIF isaccomplished by writing a1 to PTXACK in
PTxSC provided all enabled port inputs are at their deasserted levels. PTxIF will remain set if any enabled
port pin is asserted while attempting to clear by writing a 1 to PTXACK.

6.3.3 Pull-up/Pull-down Resistors

The port interrupt pins can be configured to use an internal pull-up/pull-down resistor using the associated
I/O port pull-up enable register. If an internal resistor is enabled, the PTXES register is used to select
whether the resistor is a pull-up (PTXESn = 0) or a pull-down (PTXESn = 1).

6.3.4 Pin Interrupt Initialization
When aninterrupt pinisfirst enabled, it is possible to get afalse interrupt flag. To prevent afalse interrupt
request during pin interrupt initialization, the user should do the following:
1. Mask interrupts by clearing PTXIE in PTxSC.
Select the pin polarity by setting the appropriate PTXESnh bitsin PTXES.
If using internal pull-up/pull-down device, configure the associated pull enable bitsin PTxPE.
Enable the interrupt pins by setting the appropriate PTxPSn bitsin PTXPS.
Writeto PTXACK in PTxSC to clear any false interrupts.
Set PTXIE in PTXSC to enable interrupts.

o gk wbd

6.4  Pin Behavior in Stop Modes

Pin behavior following execution of a STOP instruction depends on the stop mode that is entered. An
explanation of pin behavior for the various stop modes follows:

* Stop2 modeisapartial power-down mode, whereby 1/0 latches are maintained in their state as
before the STOP instruction was executed. CPU register status and the state of 1/O registers should
be saved in RAM before the STOP instruction is executed to place the MCU in stop2 mode. Upon
recovery from stop2 mode, before accessing any 1/0O, the user should examinethe state of the PPDF
bit in the SPM SC2 register. If the PPDF bit is O, I/0O must beinitialized asif a power on reset had
occurred. If the PPDF bit is 1, peripherals may require initialization to be restored to their pre-stop
condition. This can be done using data previously stored in RAM if it was saved before the STOP
instruction was executed. The user must then write a1 to the PPDACK bit in the SPM SC2 register.
Accessto I/O is now permitted again in the user application program.

* Instop3 mode, al 1/0 is maintained because internal logic circuity stays powered up. Upon
recovery, normal 1/0O function is available to the user.

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 6 Parallel Input/Output Control

6.5.1.5 Port A Drive Strength Selection Register (PTADS)
7 6 5 4 3 2 1 0
PTADS7 PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADS1 PTADSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-7. Drive Strength Selection for Port A Register (PTADS)
Table 6-5. PTADS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADS[7:0] |output drive for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port A bit n.
1 High output drive strength selected for port A bit n.
6.5.1.6 Port A Interrupt Status and Control Register (PTASC)
5 4 3 2 1 0
R 0 0 0 0 PTAIF 0
PTAIE PTAMOD
w PTAACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-8. Port A Interrupt Status and Control Register (PTASC)
Table 6-6. PTASC Register Field Descriptions
Field Description
3 Port A Interrupt Flag — PTAIF indicates when a port A interrupt is detected. Writes have no effect on PTAIF.
PTAIF 0 No port A interrupt detected.
1 Port A interrupt detected.
2 Port A Interrupt Acknowledge — Writing a 1 to PTAACK is part of the flag clearing mechanism. PTAACK
PTAACK |always reads as 0.
1 Port A Interrupt Enable — PTAIE determines whether a port A interrupt is requested.
PTAIE 0 Port A interrupt request not enabled.
1 Port A interrupt request enabled.
0 Port A Detection Mode — PTAMOD (along with the PTAES bits) controls the detection mode of the port A
PTAMOD |interrupt pins.
0 Port A pins detect edges only.
1 Port A pins detect both edges and levels.
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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)

8.1.1 Features

Key features of the MCG module are:
* Frequency-locked loop (FLL)
— 0.2% resolution using internal 32-kHz reference
— 2% deviation over voltage and temperature using internal 32-kHz reference
— Internal or external reference can be used to control the FLL
* Phase-locked loop (PLL)
— Voltage-controlled oscillator (VCO)
— Modulo VCO frequency divider
— Phase/Frequency detector
— Integrated loop filter
— Lock detector with interrupt capability
* Internal reference clock
— Ninetrim bits for accuracy
— Can be selected as the clock source for the MCU
» External reference clock
— Control for external oscillator
— Clock monitor with reset capability
— Can be selected as the clock source for the MCU
» Referencedivider is provided
» Clock source selected can be divided down by 1, 2, 4, or 8

 BDC clock (MCGLCLK) isprovided as a constant divide by 2 of the DCO output whether in an
FLL or PLL mode.
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Chapter 8 Multi-Purpose Clock Generator (SO8BMCGV1)

8.1.2 Modes of Operation

There are nine modes of operation for the MCG:
* FLL Engaged Internal (FEI)
* FLL Engaged External (FEE)
* FLL Bypassed Internal (FBI)
« FLL Bypassed External (FBE)
* PLL Engaged External (PEE)
* PLL Bypassed External (PBE)
* Bypassed Low Power Internal (BLPI)
* Bypassed Low Power External (BLPE)
e Stop

For details see Section 8.4.1, “Operational Modes.

8.2  External Signal Description
There are no MCG signals that connect off chip.
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Chapter 8 Multi-Purpose Clock Generator (SO8BMCGV1)

multiplication factor, as selected by the VDIV bits, timesthe reference frequency, as selected by the RDIV
bits. If BDM is enabled then the MCGLCLK is derived from the DCO (open-loop mode) divided by two.
If BDM is not enabled then the FLL isdisabled in alow power state.

8.4.1.6 PLL Bypassed External (PBE)

In PLL bypassed external (PBE) mode, the MCGOUT clock is derived from the external reference clock
and the PLL isoperational but its output clock isnot used. Thismodeisuseful to allow the PLL to acquire
its target frequency while the MCGOUT clock is driven from the external reference clock.
The PLL bypassed external mode is entered when al the following conditions occur:

* CLKShitsarewritten to 10

* |IREFSbhitiswrittento O

* PLLShitiswrittento 1

* RDIV bits are written to divide reference clock to be within the range of 1 MHz to 2 MHz

* LPhitiswrittento O
In PLL bypassed external mode, the MCGOUT clock is derived from the external reference clock. The
external reference clock which isenabled can be an external crystal/resonator or it can be another external
clock source. The PLL clock frequency locksto amultiplication factor, as selected by the VDIV bits, times
the reference frequency, as selected by the RDIV bits. If BDM is enabled then the MCGLCLK is derived

from the DCO (open-loop mode) divided by two. If BDM isnot enabled then the FLL isdisabled in alow
power state.

8.4.1.7 Bypassed Low Power Internal (BLPI)

The bypassed low power internal (BLPI) mode is entered when all the following conditions occur:
* CLKShbhitsarewritten to 01
* |REFShitiswrittento 1
* PLLShitiswrittento O
 LPhbhitiswrittento 1
 BDM modeis not active

In bypassed low power internal mode, the MCGOUT clock is derived from the internal reference clock.

ThePLL andtheFLL aredisabled at all timesin BLPI mode and the MCGL CLK will not be available for
BDC communications If the BDM becomes active the mode will switch to FLL bypassed internal (FBI)
mode.

8.4.1.8 Bypassed Low Power External (BLPE)

The bypassed low power external (BLPE) mode is entered when al the following conditions occur:
* CLKShbhitsarewritten to 10
* |REFShitiswrittento O
e PLLShitiswrittentoOor 1
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.1.5 Temperature Sensor

To use the on-chip temperature sensor, the user must perform the following:
* Configure ADC for long sample with a maximum of 1 MHz clock
» Convert the bandgap voltage reference channel (AD27)

— By converting the digital value of the bandgap voltage reference channel using the value of
Vg the user can determine Vpp. For value of bandgap voltage, see Section A.6, “DC
Characteristics’.

» Convert the temperature sensor channel (AD26)
— By using the calculated value of Vpp, convert the digital value of AD26 into avoltage, Vigyp

Equation 10-1 provides an approximate transfer function of the temperature sensor.
Temp =25 - (V1emp -VTEMP25) + M) Eqn. 10-1

where:
— V1emp iSthe voltage of the temperature sensor channel at the ambient temperature.
— V1empzs iSthe voltage of the temperature sensor channel at 25°C.
— misthe hot or cold voltage versus temperature slopein V/°C.

For temperature calculations, use the V1gypos and m values from the ADC Electricals table.

In application code, the user reads the temperature sensor channel, calculates V gy p and compares to
Vtemezs: If Viempisgreater than Vreypes the cold slope value is applied in Equation 10-1. If V1gypis
less than V gy pos the hot slope value is applied in Equation 10-1. To improve accuracy the user should
calibrate the bandgap voltage reference and temperature sensor.

Calibrating at 25°C will improve accuracy to + 4.5°C.

Calibration at three points, -40°C, 25°C, and 125°C will improve accuracy to + 2.5°C. Once calibration
has been completed, the user will need to calculate the slope for both hot and cold. In application code, the
user would then cal culate the temperature using Equation 10-1 as detailed above and then determineif the
temperature is above or below 25°C. Once determined if the temperatureis above or below 25°C, the user
can recalculate the temperature using the hot or cold slope value obtained during calibration.
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

Table 10-12. APCTL3 Register Field Descriptions

Field Description

7 ADC Pin Control 23. ADPC23 controls the pin associated with channel AD23.
ADPC23 |0 AD23 pin I/O control enabled
1 AD23 pin I/O control disabled

6 ADC Pin Control 22. ADPC22 controls the pin associated with channel AD22.
ADPC22 |0 AD22 pin I/O control enabled
1 AD22 pin I/O control disabled

5 ADC Pin Control 21. ADPC21 controls the pin associated with channel AD21.
ADPC21 |0 ADZ21 pin I/O control enabled
1 ADZ21 pin I/O control disabled

4 ADC Pin Control 20. ADPC20 controls the pin associated with channel AD20.
ADPC20 |0 ADZ20 pin I/O control enabled
1 ADZ20 pin I/O control disabled

3 ADC Pin Control 19. ADPC19 controls the pin associated with channel AD19.
ADPC19 [0 AD19 pin I/O control enabled
1 AD19 pin I/O control disabled

2 ADC Pin Control 18. ADPC18 controls the pin associated with channel AD18.
ADPC18 |0 AD18 pin I/O control enabled
1 AD18 pin I/O control disabled

1 ADC Pin Control 17. ADPC17 controls the pin associated with channel AD17.
ADPC17 [0 AD17 pin I/O control enabled
1 AD17 pin I/O control disabled

0 ADC Pin Control 16. ADPCL16 controls the pin associated with channel AD16.
ADPC16 |0 AD16 pin I/O control enabled
1 AD16 pin I/O control disabled

10.4 Functional Description

The ADC module is disabled during reset or when the ADCH bitsare all high. The moduleisidlewhen a
conversion has completed and another conversion has not been initiated. When idle, the moduleisin its
lowest power state.

The ADC can perform an anal og-to-digital conversion on any of the software sel ectable channels. In 12-bit
and 10-bit mode, the selected channel voltage is converted by a successive approximation agorithm into
a 12-hit digital result. In 8-bit mode, the selected channel voltage is converted by a successive
approximation algorithm into a 9-bit digital result.

When the conversion is completed, the result is placed in the data registers (ADCRH and ADCRL). In
10-bit mode, the result is rounded to 10 bits and placed in the data registers (ADCRH and ADCRL). In
8-bit mode, the result is rounded to 8 bits and placed in ADCRL. The conversion complete flag (COCO)
isthen set and an interrupt is generated if the conversion complete interrupt has been enabled (AIEN = 1).

The ADC module has the capability of automatically comparing the result of a conversion with the
contents of its compare registers. The compare function is enabled by setting the ACFE bit and operates
with any of the conversion modes and configurations.
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

11.3.4 |IC Status Register (IICS)
7 6 5 4 2 1 0
R TCF BUSY 0 SRW RXAK
IAAS ARBL IICIF
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 11-6. lIC Status Register (lICS)
Table 11-6. IICS Field Descriptions
Field Description
7 Transfer Complete Flag. This bit is set on the completion of a byte transfer. This bit is only valid during or
TCF immediately following a transfer to the IIC module or from the 1IC module.The TCF bit is cleared by reading the
IICD register in receive mode or writing to the IICD in transmit mode.
0 Transfer in progress
1 Transfer complete
6 Addressed as a Slave. The IAAS bit is set when the calling address matches the programmed slave address
IAAS or when the GCAEN bit is set and a general call is received. Writing the [ICC register clears this bit.
0 Not addressed
1 Addressed as a slave
5 Bus Busy. The BUSY bit indicates the status of the bus regardless of slave or master mode. The BUSY bit is
BUSY set when a start signal is detected and cleared when a stop signal is detected.
0 Busisidle
1 Bus is busy
4 Arbitration Lost. This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared
ARBL by software by writing a 1 to it.
0 Standard bus operation
1 Loss of arbitration
2 Slave Read/Write. When addressed as a slave, the SRW bit indicates the value of the R/W command bit of the
SRW calling address sent to the master.
0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave
1 IIC Interrupt Flag. The IICIF bit is set when an interrupt is pending. This bit must be cleared by software, by
IICIF writing a 1 to it in the interrupt routine. One of the following events can set the IICIF bit:
« One byte transfer completes
« Match of slave address to calling address
e Arbitration lost
0 No interrupt pending
1 Interrupt pending
0 Receive Acknowledge. When the RXAK bit is low, it indicates an acknowledge signal has been received after
RXAK the completion of one byte of data transmission on the bus. If the RXAK bit is high it means that no acknowledge

signal is detected.
0 Acknowledge received
1 No acknowledge received
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Chapter 11 Inter-Integrated Circuit (S08IICV2)

Clear
IICIF

'

Y Master N
Mode
?

Arbitration
Lost
?

Last Byte
Transmitted

Clear ARBL

N
N
Address Transfer Data Transfer
See Note 1 See Note 2
Y
End of
Addr Cycle (Read) RX
(Master Rx)
?
N N (Write)
\
i Generate ACK from
Write Next ! Set TX -
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from IICD MDT_g from IICD from IICD from IICD
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RTI

NOTES:
1. If general call is enabled, a check must be done to determine whether the received address was a general call address (0x00). If the received address was a

general call address, then the general call must be handled by user software.
2. When 10-bit addressing is used to address a slave, the slave sees an interrupt following the first byte of the extended address. User software must ensure that for
this interrupt, the contents of IICD are ignored and not treated as a valid data transfer

Figure 11-12. Typical lIC Interrupt Routine
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Chapter 12 Serial Peripheral Interface (S08SPIV3)

Table 12-7. SPIS Register Field Descriptions

Field Description

7 SPI Read Buffer Full Flag — SPRF is set at the completion of an SPI transfer to indicate that received data may
SPRF be read from the SPI data register (SPID). SPRF is cleared by reading SPRF while it is set, then reading the SPI
data register.

0 No data available in the receive data buffer
1 Data available in the receive data buffer

5 SPI Transmit Buffer Empty Flag — This bit is set when there is room in the transmit data buffer. It is cleared by
SPTEF reading SPIS with SPTEF set, followed by writing a data value to the transmit buffer at SPID. SPIS must be read
with SPTEF = 1 before writing data to SPID or the SPID write will be ignored. SPTEF generates an SPTEF CPU
interrupt request if the SPTIE bit in the SPIC1 is also set. SPTEF is automatically set when a data byte transfers
from the transmit buffer into the transmit shift register. For an idle SPI (no data in the transmit buffer or the shift
register and no transfer in progress), data written to SPID is transferred to the shifter almost immediately so
SPTEF is set within two bus cycles allowing a second 8-bit data value to be queued into the transmit buffer. After
completion of the transfer of the value in the shift register, the queued value from the transmit buffer will
automatically move to the shifter and SPTEF will be set to indicate there is room for new data in the transmit
buffer. If no new data is waiting in the transmit buffer, SPTEF simply remains set and no data moves from the
buffer to the shifter.

0 SPI transmit buffer not empty
1 SPI transmit buffer empty

4 Master Mode Fault Flag — MODF is set if the SPI is configured as a master and the slave select input goes
MODF low, indicating some other SPI device is also configured as a master. The SS pin acts as a mode fault error input
only when MSTR = 1, MODFEN = 1, and SSOE = 0; otherwise, MODF will never be set. MODF is cleared by
reading MODF while it is 1, then writing to SPI control register 1 (SPIC1).

0 No mode fault error
1 Mode fault error detected

12.4.5 SPI Data Register (SPID)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 12-9. SPI Data Register (SPID)

Reads of thisregister return the data read from the receive data buffer. Writesto thisregister write datato
the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data buffer
initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag (SPTEF)
is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Data may be read from SPID any time after SPRF is set and before another transfer isfinished. Failureto
read the data out of the receive data buffer before a new transfer ends causes a receive overrun condition
and the data from the new transfer islost.
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Chapter 12 Serial Peripheral Interface (S08SPIV3)

pin from amaster and the MISO waveform applies to the M1SO output from aslave. The SSOUT
waveform appliesto the slave select output from amaster (provided MODFEN and SSOE = 1). The master
SS output goes to active low one-half SPSCK cycle before the start of the transfer and goes back high at
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a
dave.

BIT TIME #
(REFERENCE) !

NN
“ e

SPSCK [\
(CPOL = 0)

N\ L
(OPOLL 1 p \_/_\\_g/—\ \_/_\\_/_\\_/
| I
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MOSI \

(MASTER OUT) <

MSB FIRST BIT7 BIT 6 BIT2 BIT 1 BITO
LSB FIRST BITO BIT 1 BITS BIT6 BIT7

o e D D D

SSouT __\ /_ o

(MASTER) \

N
~“

SSIN A, [

(SLAVE) l\___\ (¢ }_ -
)

Figure 12-10. SPI Clock Formats (CPHA = 1)

When CPHA = 1, the dave beginsto drive its M1 SO output when SS goes to active low, but the datais not
defined until the first SPSCK edge. The first SPSCK edge shifts the first bit of data from the shifter onto
the MOSI output of the master and the M1SO output of the save. The next SPSCK edge causes both the
master and the slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the
third SPSCK edge, the SPI shifter shiftsone bit position which shiftsin the bit value that wasjust sampled,
and shifts the second data bit value out the other end of the shifter to the MOSI and MI1SO outputs of the
master and slave, respectively. When CHPA = 1, the dave’s SSinput is not required to go to itsinactive
high level between transfers.

Figure 12-11 shows the clock formats when CPHA = 0. At the top of the figure, the eight bit times are
shown for reference with bit 1 starting as the slave is selected (SS IN goes low), and bit 8 ends at the last
SPSCK edge. The MSB first and L SB first lines show the order of SPI data bits depending on the setting
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Chapter 13 Serial Communications Interface (S08SCIV4)

Writing O to TE does not immediately release the pin to be agenera -purpose I/O pin. Any transmit activity
that isin progress must first be completed. Thisincludes data charactersin progress, queued idle
characters, and queued break characters.

13.3.2.1 Send Break and Queued Idle

The SBK control bit in SCI1C2 is used to send break characters which were originally used to gain the
attention of old teletype receivers. Break characters are afull character time of logic 0 (10 bit times
including the start and stop bits). A longer break of 13 bit times can be enabled by setting BRK13 = 1.
Normally, a program would wait for TDRE to become set to indicate the last character of a message has
moved to the transmit shifter, then write 1 and then write O to the SBK bit. This action queues a break
character to be sent as soon as the shifter isavailable. If SBK is still 1 when the queued break movesinto
the shifter (synchronized to the baud rate clock), an additional break character is queued. If the receiving
deviceisanother Freescale Semiconductor SCI, the break characterswill bereceived asOsin all eight data
bits and aframing error (FE = 1) occurs.

When idle-line wakeup isused, afull character time of idle (logic 1) is needed between messages to wake
up any sleeping receivers. Normally, a program would wait for TDRE to become set to indicate the last
character of a message has moved to the transmit shifter, then write 0 and then write 1 to the TE bit. This
action queues an idle character to be sent as soon asthe shifter isavailable. Aslong asthe character in the
shifter does not finish while TE = 0O, the SCI transmitter never actually releases control of the TxD pin. If
thereisapossibility of the shifter finishing while TE = 0O, set the general-purpose /O controls so the pin
that isshared with TxD isan output driving alogic 1. Thisensuresthat the TxD linewill look likeanormal
idle line even if the SCI loses control of the port pin between writing 0 and then 1 to TE.

The length of the break character is affected by the BRK 13 and M bits as shown below.
Table 13-8. Break Character Length

BRK13 M Break Character Length
0 0 10 bit times
0 1 11 bit times
1 0 13 bit times
1 1 14 bit times

13.3.3 Receiver Functional Description

In this section, the receiver block diagram (Figure 13-3) is used as a guide for the overall receiver
functional description. Next, the data sampling technique used to reconstruct receiver datais described in
more detail. Finally, two variations of the receiver wakeup function are explained.

Thereceiver input isinverted by setting RXINV = 1. The receiver is enabled by setting the RE bit in
SCI1C2. Character frames consist of a start bit of logic O, eight (or nine) data bits (L SB first), and a stop
bit of logic 1. For information about 9-bit datamode, refer to Section 13.3.5.1, “8- and 9-Bit Data M odes.”
For the remainder of this discussion, we assume the SCI is configured for normal 8-bit data mode.

After receiving the stop bit into the receive shifter, and provided the receive dataregister isnot already full,
the data character istransferred to the receive data register and the receive dataregister full (RDRF) status
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Chapter 15 Timer/PWM Module (SO8TPMV3)

When the TPM is configured for center-aligned PWM (and ELSnB:ELSnA not = 0:0), the data direction
for all channels in this TPM are overridden, the TPMxCHDn pins are forced to be outputs controlled by the
TPM, and the ELSnA bits control the polarity of each TPMxCHn output. If ELSnB:ELSnA=1:0, the
corresponding TPMxCHn pin is cleared when the timer counter is counting up, and the channel value
register matches the timer counter; the TPMxCHDn pin is set when the timer counter is counting down, and
the channel value register matches the timer counter. If ELSnA=1, the corresponding TPMxCHn pin is set
when the timer counter is counting up and the channel value register matches the timer counter; the
TPMxCHn pin is cleared when the timer counter is counting down and the channel value register matches
the timer counter.

TPMxMODH:TPMxMODL = 0x0008
TPMxCnVH:TPMxCnVL = 0x0005

TPMXCNTHTPMXCNTL [ . | 7[ 8] 7[6|5[4a[3[2]1]of1]2[3[a[s5]6[7[8]7[6][5]..]
| |
TPMXCHn : ! |
CHNF BIT I | : I
T 1 |
TOF BIT : X :

Figure 15-5. High-True Pulse of a Center-Aligned PWM

TPMXMODH: TPMxMODL = 0x0008
TPMxCnVH: TPMxCnVL = 0x0005

rewenTHiTPMXCNTL [T 7] 8] 765 [a 3]zl o]tz s e s e 7 s [7 e 5[]
TPMxCHn ' ! |
| | —
CHnF BIT ! | ' i
T 1 I |
TOF BIT : | :

Figure 15-6. Low-True Pulse of a Center-Aligned PWM
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Chapter 16 Development Support

16.4.3.5 Debug FIFO High Register (DBGFH)

Thisregister provides read-only accessto the high-order eight bits of the FIFO. Writesto thisregister have
no meaning or effect. In the event-only trigger modes, the FIFO only stores datainto the low-order byte of
each FIFO word, so thisregister is not used and will read 0x00.

Reading DBGFH does not cause the FIFO to shift to the next word. When reading 16-bit words out of the
FIFO, read DBGFH before reading DBGFL because reading DBGFL causes the FIFO to advance to the
next word of information.

16.4.3.6 Debug FIFO Low Register (DBGFL)

Thisregister provides read-only access to the low-order eight bits of the FIFO. Writesto thisregister have
no meaning or effect.

Reading DBGFL causes the FIFO to shift to the next available word of information. When the debug
module is operating in event-only modes, only 8-bit datais stored into the FIFO (high-order half of each
FIFO word is unused). When reading 8-bit words out of the FIFO, simply read DBGFL repeatedly to get
successive bytes of data from the FIFO. It isn’t necessary to read DBGFH in this case.

Do not attempt to read datafrom the FIFO whileit is still armed (after arming but before the FIFO isfilled
or ARMF is cleared) because the FIFO is prevented from advancing during reads of DBGFL. This can
interfere with normal sequencing of reads from the FIFO.

Reading DBGFL while the debugger is nhot armed causes the address of the most-recently fetched opcode
to be stored to the last location in the FIFO. By reading DBGFH then DBGFL periodically, external host
software can develop a profile of program execution. After eight reads from the FIFO, the ninth read will
return the information that was stored asaresult of thefirst read. To usethe profiling feature, read the FIFO
eight times without using the data to prime the sequence and then begin using the data to get a delayed
picture of what addresses were being executed. The information stored into the FIFO on reads of DBGFL
(while the FIFO is not armed) is the address of the most-recently fetched opcode.
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