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8-Bit HCS08 Central Pr ocessor Unit (CPU)

• 40-MHz HCS08 CPU (20-MHz bus)

• HC08 instruction set with added BGND instruction

• Support for up to 32 interrupt/reset sources

On-Chip Memor y

• Flash read/program/erase over full operating voltage
and temperature

— MC9S08DN60 = 60K

— MC9S08DN48 = 48K

— MC9S08DN32 = 32K

— MC9S08DN16 = 16K

• Up to 2K EEPROM in-circuit programmable memory;
8-byte single-page or 4-byte dual-page erase sector;
Program and Erase while executing Flash; Erase abort

• Up to 2K random-access memory (RAM)

Power-Saving Modes

• Two very low power stop modes

• Reduced power wait mode

• Very low power real time interrupt for use in run, wait,
and stop

Cloc k Sour ce Options

• Oscillator (XOSC) — Loop-control Pierce oscillator;
Crystal or ceramic resonator range of 31.25kHz to
38.4kHz or 1 MHz to 16 MHz

• Multi-purpose Clock Generator (MCG) — PLL and
FLL modes (FLL capable of 1.5% deviation using
internal temperature compensation); Internal reference
clock with trim adjustment; External reference with
oscillator/resonator options

System Pr otection

• Watchdog computer operating properly (COP) reset
with option to run from backup dedicated 1-kHz
internal clock source or bus clock

• Low-voltagedetectionwith resetor interrupt;selectable
trip points

• Illegalopcode detection withreset

• Illegaladdress detection withreset

• Flash block protect

• Loss-of-lock protection

Development Suppor t

• Single-wire background debug interface

• On-chip, in-circuit emulation (ICE) with real-time bus
capture

Peripherals

• ADC — 16-channel, 12-bit resolution, 2.5µs
conversion time, automatic compare function,
1.7mV/°C temperature sensor, internal bandgap
reference channel

• ACMPx — Two analog comparators with selectable
interruptonrising,falling,or eitheredgeof comparator
output; compare option to fixed internal bandgap
reference voltage

• SCI1 — OneSCIsupportingLIN 2.0ProtocolandSAE
J2602protocols;Full duplex non-returnto zero(NRZ);
Master extended break generation; Slave extended
break detection; Wakeup on active edge

• SPI — Full-duplex or single-wire bidirectional;
Double-buffered transmit and receive; Master or Slave
mode; MSB-first or LSB-first shifting

• IIC — Up to 100 kbps with maximum bus loading;
Multi-master operation; Programmable slave address;
General Call Address; Interrupt driven byte-by-byte
data transfer

• TPMx — One 6-channel (TPM1) and one 2-channel
(TPM2); Selectable input capture, output compare, or
buffered edge-aligned PWM on each channel

• RTC — (Real-timecounter)8-bitmoduluscounterwith
binary or decimal based prescaler; Real-time clock
capabilities using external crystal and RTC for precise
time base, time-of-day, calendar or task scheduling
functions; Free running on-chip low power oscillator
(1 kHz) for cyclic wake-up without external
components

Input/Output

• 53 general-purpose input/output (I/O) pins and 1
input-only pin

• 24 interrupt pins with selectable polarity on each pin

• Hysteresis and configurable pull device on all input
pins.

• Configurable slew rate and drive strength on all output
pins.

Package Options

• 64-pinlow-profilequadflat-pack(LQFP)— 10x10mm

• 48-pin low-profile quad flat-pack (LQFP) — 7x7 mm

• 32-pin low-profile quad flat-pack (LQFP) — 7x7 mm
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Revision History

To provide the most up-to-date information, the revision of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

http://freescale.com/

The following revision history table summarizes changes contained in this document.

Revision
Number

Revision
Date Description of Changes

1 6/2006 Advance Information version for alpha samples customers

2 9/2007 Product Launch. Removed the 64-pin QFN package. Changed from standard to extended
mode for MSCAN registers in register summary. Corrected Block diagrams for SCI.
Updated the latest Temp Sensor information. Made FTSTMOD reserved. Updated device
to use the ADC 12-bit module. Revised the MCG module. Updated the TPM block module
to version 3. Added the TPM block module version 2 as an appendix for devices using
3M05C (or earlier) mask sets. Heavily revised the Electricals appendix.

© Freescale Semiconductor, Inc., 2007. All rights reserved.

This product incorporates SuperFlash Technology licensed from SST.
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Chapter 1
Device Over view
ControllerAreaNetwork MC9S08DN60Seriesdevicesprovideperipheralflexibility andoffer apin and
code compatibility with MC9S08DV60 and MC9S08DZ60 Series devices when the CAN module is
required.

1.1 Devices in the MC9S08DN60 Series
This data sheet covers members of theMC9S08DN60 Series of MCUs:

• MC9S08DN60

• MC9S08DN48

• MC9S08DN32

• MC9S08DN16

Table1-1 summarizes the feature set available in the MC9S08DN60 Series.

Table 1-1.  MC9S08DN60 Series Features b y MCU and Pin Count

Feature MC9S08DN60 MC9S08DN48 MC9S08DN32 MC9S08DN16

Flash size
(bytes)

62080 49152 33792 16896

RAM size (bytes) 2048 2048 1536 1024

EEPROM size
(bytes)

2048 1536 1024 512

Pin quantity 64 48 32 64 48 32 64 48 32 48 32

ACMP1 yes

ACMP2 yes yes1

1 ACMP2O is not available.

no yes yes1 no yes yes1 no yes1 no

ADC channels 16 16 10 16 16 10 16 16 10 16 10

DBG yes

IIC yes

IRQ yes

MCG yes

RTC yes

SCI1 yes

SPI yes

TPM1 channels 6 6 4 6 6 4 6 6 4 6 4

TPM2 channels 2

XOSC yes

COP Watchdog yes

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 1 Device Over view

MC9S08DN60 Series Data Sheet, Rev 2

20 Freescale Semiconductor

1.2 MCU Bloc k Diagram
Figure1-1 is theMC9S08DN60 Series system-level block diagram.

Figure 1-1. MC9S08DN60 Bloc k Diagram
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Table1-2 provides the functional version of the on-chip modules.

1.3 System Cloc k Distrib ution
Figure1-2showsasimplifiedclockconnectiondiagram.Somemodulesin theMCU haveselectableclock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function.

The following are the clocks used in this MCU:

• BUSCLK — The frequency of the bus is always half of MCGOUT.

• LPO— Independent1-kHzclockthatcanbeselectedasthesourcefor theCOPandRTC modules.

• MCGOUT — Primary output of the MCG and is twice the bus frequency.

• MCGLCLK — Developmenttoolscanselectthisclocksourceto speedupBDC communications
in systems where BUSCLK is configured to run at a very slow frequency.

• MCGERCLK— ExternalreferenceclockcanbeselectedastheRTC clocksource.It canalsobe
used as the alternate clock for the ADC.

• MCGIRCLK — Internal reference clock can be selected as the RTC clock source.

• MCGFFCLK — Fixed frequency clock can be selected as clock source for the TPM1 and TPM2.

• TPM1CLK — External input clock source for TPM1.

• TPM2CLK — External input clock source for TPM2.

Table 1-2. Module V ersions

Module Version

Central Processor Unit (CPU) 3

Multi-Purpose Clock Generator (MCG) 1

Analog Comparator (ACMP) 3

Analog-to-Digital Converter (ADC) 1

Inter-Integrated Circuit (IIC) 2

Serial Peripheral Interface (SPI) 3

Serial Communications Interface (SCI) 4

Real-Time Counter (RTC) 1

Timer Pulse Width Modulator (TPM) 31

1 3M05C and older masks have TPM version 2.

Debug Module (DBG) 2
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Figure 1-2. MC9S08DN60 System Cloc k Distrib ution Dia gram
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Chapter 2
Pins and Connections
This section describes signals that connect to package pins. It includes pinout diagrams, recommended
system connections, and detailed discussions of signals.

2.1 Device Pin Assignment
This section shows the pin assignments forMC9S08DN60 Series MCUs in the available packages.

Figure 2-1. 64-Pin LQFP
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Figure 2-2. 48-Pin LQFP
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VREFH and VREFL are internally connected to VDDA and VSSA, respectively.
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Figure 2-3. 32-Pin LQFP
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VREFH and VREFL are internally connected to VDDA and VSSA, respectively.
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2.2 Recommended System Connections
Figure2-4 shows pin connections that are common toMC9S08DN60 Series application systems.

Figure 2-4.  Basic System Connections (Sho wn in 64-Pin P ackag e)
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low after issuing BDM
command.

3. RC filter on RESET pin
recommended for noisy
environments.

4. For 32-pin and 48-pin
packages: VDDA and VSSA
are double bonded to
VREFH and VREFL
respectively.
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2.2.1 Power

VDD and VSS are the primary power supply pins for the MCU. This voltage source supplies power to all
I/O buffer circuitry andto aninternalvoltageregulator. Theinternalvoltageregulatorprovidesregulated
lower-voltage source to the CPU and other internal circuitry of the MCU.

Typically, application systems have two separate capacitors across the power pins. In this case, there
shouldbeabulk electrolyticcapacitor, suchasa10-µF tantalumcapacitor, to providebulk chargestorage
for the overall system and a 0.1-µF ceramic bypass capacitor located as near to the MCU power pins as
practical to suppress high-frequency noise. TheMC9S08DN60 Series has two VDD pins except on the
32-pin package. Each pin must have a bypass capacitor for best noise suppression.

VDDA andVSSAaretheanalogpowersupplypinsfor theMCU. Thisvoltagesourcesuppliespowerto the
ADC module. A 0.1-µF ceramic bypass capacitor should be located as near to the MCU power pins as
practical to suppress high-frequency noise.

2.2.2 Oscillator

Immediatelyafterreset,theMCU usesaninternallygeneratedclockprovidedby themulti-purposeclock
generator (MCG) module. For more information on the MCG, seeChapter8, “Multi-Purpose Clock
Generator (S08MCGV1).”

The oscillator (XOSC) in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic
resonator. Ratherthanacrystalorceramicresonator, anexternaloscillatorcanbeconnectedto theEXTAL
input pin.

Refer toFigure2-4 for the following discussion. RS (when used) and RF should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors and some metal film resistors have
toomuchinductance.C1andC2normallyshouldbehigh-qualityceramiccapacitorsthatarespecifically
designed for high-frequency applications.

RF isusedtoprovideabiaspathtokeeptheEXTAL inputin its linearrangeduringcrystalstartup;itsvalue
is notgenerallycritical.Typicalsystemsuse1 MΩ to 10MΩ. Highervaluesaresensitiveto humidity, and
lower values reduce gain and (in extreme cases) could prevent startup.

C1andC2aretypically in the5-pFto 25-pFrangeandarechosento matchtherequirementsof aspecific
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin
capacitance when selecting C1 and C2. The crystal manufacturer typically specifies a load capacitance
which is the series combination of C1 and C2 (which are usually the same size). As a first-order
approximation, use 10pF as an estimate of combined pin and PCB capacitance for each oscillator pin
(EXTAL and XTAL).

2.2.3 RESET

RESETisadedicatedpinwith apull-updevicebuilt in. It hasinputhysteresis,ahighcurrentoutputdriver,
and no output slew rate control. Internal power-on reset and low-voltage reset circuitry typically make
external reset circuitry unnecessary. This pin is normally connected to the standard 6-pin background
debugconnectorsoadevelopmentsystemcandirectlyresettheMCU system.If desired,amanualexternal
reset can be added by supplying a simple switch to ground (pull reset pin low to force a reset).
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Wheneverany resetis initiated(whetherfrom anexternalsignalor from aninternalsystem),theRESET
pin is driven low for about 34 bus cycles. The reset circuitry decodes the cause of reset and records it by
setting a corresponding bit in the system reset status register (SRS).

2.2.4 Backgr ound / Mode Select (BKGD/MS)

While in reset, the BKGD/MS pin functions as a mode select pin. Immediately after reset rises, the pin
functionsasthebackgroundpinandcanbeusedfor backgrounddebugcommunication.While functioning
asabackgroundormodeselectpin, thepin includesaninternalpull-updevice,inputhysteresis,astandard
output driver, and no output slew rate control.

If nothingis connectedto thispin, theMCU will enternormaloperatingmodeat therisingedgeof reset.
If a debug system is connected to the 6-pin standard background debug header, it can hold BKGD low
during the rising edge of reset which forces the MCU to active background mode.

The BKGD/MS pin is used primarily for background debug controller (BDC) communications using a
customprotocolthatuses16clockcyclesof thetargetMCU’sBDC clockperbit time.ThetargetMCU’s
BDC clock could be as fast as the bus clock rate, so there should never be any significant capacitance
connected to the BKGD/MS pin that could interfere with background serial communications.

AlthoughtheBKGD/MS pin is apseudoopen-drainpin, thebackgrounddebugcommunication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cablesandtheabsolutevalue oftheinternalpull-updeviceplayalmostnorolein determiningriseandfall
times on the BKGD/MS pin.

2.2.5 ADC Reference Pins (V REFH, VREFL)

TheVREFHandVREFL pinsarethevoltagereferencehighandvoltagereferencelow inputs,respectively,
for the ADC module.

2.2.6 General-Purpose I/O and P eripheral P or ts

TheMC9S08DN60Seriesseriesof MCUssupportupto53general-purposeI/O pinsand1 input-onlypin,
which are shared with on-chip peripheral functions (timers, serial I/O, ADC, etc.).

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When a port pin is
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-updevice.Immediatelyafterreset,all of thesepinsareconfiguredashigh-impedancegeneral-purpose
inputs with internal pull-up devices disabled.

When anon-chipperipheralsystemis controllingapin, datadirectioncontrolbitsstill determinewhatis
read from port data registers even though the peripheral module controls the pin direction by controlling
theenablefor thepin’soutputbuffer. For informationaboutcontrollingthesepinsasgeneral-purposeI/O
pins, seeChapter6, “Parallel Input/Output Control.”
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NOTE
To avoid extracurrentdrainfrom floatinginputpins,theresetinitialization
routine in the application program should either enable on-chip pull-up
devicesor changethedirectionof unusedor non-bondedpinsto outputsso
they do not float.
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Pin
Number

<-- Lowest Priority --> Highest

64 48 32
Port

Pin/Interrupt
Alt 1 Alt 2

1 1 — PTB6 PIB6 ADP14

2 — — PTC5

3 2 1 PTA7 PIA7 ADP7 IRQ

4 — — PTC6

5 3 — PTB7 PIB7 ADP15

6 — — PTC7

7 4 2 VDD

8 5 3 VSS

9 6 4 PTG0 EXTAL

10 7 5 PTG1 XTAL

11 8 6 RESET

12 9 — PTF4 ACMP2+

13 10 — PTF5 ACMP2-

14 — — PTF6 ACMP2O

15 11 7 PTE0 TxD1

16 12 8 PTE1 RxD1

17 13 9 PTE2 SS

18 14 10 PTE3 SPSCK

19 15 11 PTE4 SCL3 MOSI

20 16 12 PTE5 SDA3 MISO

21 — — PTG2

22 — — PTG3

23 17 — PTF0

24 18 — PTF1

25 19 — PTF2 TPM1CLK SCL3

26 20 — PTF3 TPM2CLK SDA3

27 — — PTG4

28 — — PTG5

29 21 13 PTE6

30 22 14 PTE7

31 23 15 PTD0 PID0 TPM2CH0

32 24 16 PTD1 PID1 TPM2CH1

33 25 17 PTD2 PID2 TPM1CH0

34 26 18 PTD3 PID3 TPM1CH1

35 27 19 PTD4 PID4 TPM1CH2

36 28 20 PTD5 PID5 TPM1CH3

37 — — PTF7

38 29 — VSS

39 30 — VDD

40 31 — PTD6 PID6 TPM1CH4

41 32 — PTD7 PID7 TPM1CH5

42 33 21 BKGD MS

43 — — PTC0

44 34 22 PTB0 PIB0 ADP8

45 — — PTC1

46 35 23 PTA0 PIA0 ADP0 MCLK

47 — — PTC2

48 36 24 PTB1 PIB1 ADP9

49 37 25 PTA1 PIA1 ADP11 ACMP1+1

50 38 — PTB2 PIB2 ADP10

51 39 26 PTA2 PIA2 ADP2 ACMP1-1

52 — — PTC3

53 40 — PTB3 PIB3 ADP11

54 41 27 PTA3 PIA3 ADP3 ACMP1O

55
42 28

VSSA

56 VREFL

57
43 29

VREFH

58 VDDA

59 44 30 PTA4 PIA4 ADP4

60 45 — PTB4 PIB4 ADP12

61 — — PTC4

62 46 31 PTA5 PIA5 ADP5

63 47 — PTB5 PIB5 ADP13

64 48 32 PTA6 PIA6 ADP6

Pin
Number

<-- Lowest Priority --> Highest

64 48 32
Port

Pin/Interrupt
Alt 1 Alt 2

Table 2-1. Pin Availability b y Packag e Pin-Count

1. If both of these analog modules are enabled, they both will have access to the pin.
2. Pin does not contain a clamp diode to VDD and should not be driven above VDD. The voltage measured on this pin when internal

pull-up is enabled may be as low as VDD – 0.7 V. The internal gates connected to this pin are pulled to VDD.
3. The IIC module pins can be repositioned using IICPS bit in the SOPT1 register. The default reset locations are on PTF2 and PTF3.
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Chapter 3
Modes of Operation

3.1 Intr oduction
Theoperatingmodesof theMC9S08DN60Seriesaredescribedin thischapter. Entryinto eachmode,exit
from each mode, and functionality while in each of the modes are described.

3.2 Features
• Active background mode for code development

• Wait mode — CPU shuts down to conserve power; system clocks are running and full regulation
is maintained

• Stop modes — System clocks are stopped and voltage regulator is in standby

— Stop3 — All internal circuits are powered for fast recovery

— Stop2 — Partial power down of internal circuits; RAM content is retained

3.3 Run Mode
This is the normal operating mode for theMC9S08DN60 Series. This mode is selected when the
BKGD/MS pin is high at the rising edge of reset. In this mode, the CPU executes code from internal
memory with execution beginning at the address fetched from memory at 0xFFFE–0xFFFF after reset.

3.4 Active Bac kgr ound Mode
The active background mode functions are managed through the background debug controller (BDC) in
the HCS08 core. The BDC, together with the on-chip debug module (DBG), provide the means for
analyzing MCU operation during software development.

Active background mode is entered in any of five ways:

• When the BKGD/MS pin is low at the rising edge of reset

• When a BACKGROUND command is received through the BKGD/MS pin

• When a BGND instruction is executed

• When encountering a BDC breakpoint

• When encountering a DBG breakpoint

After enteringactivebackgroundmode,theCPUisheldin asuspendedstatewaitingfor serialbackground
commands rather than executing instructions from the user application program.
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Background commands are of two types:

• Non-intrusive commands, defined as commands that can be issued while the user program is
running.Non-intrusivecommandscanbeissuedthroughtheBKGD/MS pin while theMCU is in
run mode; non-intrusive commands can also be executed when the MCU is in the active
background mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands

— BDC register access commands

— The BACKGROUND command

• Activebackgroundcommands,whichcanonlybeexecutedwhile theMCU is in activebackground
mode. Active background commands include commands to:

— Read or write CPU registers

— Trace one user program instruction at a time

— Leave active background mode to return to the user application program (GO)

The active background mode is used to program a bootloader or user application program into theFlash
program memory before the MCU is operated in run mode for the first time. When theMC9S08DN60
Series is shipped from the Freescale Semiconductor factory, theFlash program memory is erased by
defaultunlessspecificallynotedsothereis noprogramthatcouldbeexecutedin runmodeuntil theFlash
memory is initially programmed. The active background mode can also be used to erase and reprogram
theFlash memory after it has been previously programmed.

For additional information about the active background mode, refer to theDevelopment Support chapter.

3.5 Wait Mode
Wait modeis enteredby executingaWAIT instruction.Uponexecutionof theWAIT instruction,theCPU
enters a low-power state in which it is not clocked. The I bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

While the MCU is in wait mode, there are some restrictions on which background debug commands can
be used. Only the BACKGROUND command and memory-access-with-status commands are available
whentheMCU is in wait mode.Thememory-access-with-statuscommandsdonotallow memoryaccess,
but they report an error indicating that the MCU is in either stop or wait mode. The BACKGROUND
command can be used to wake the MCU from wait mode and enter active background mode.
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3.6 Stop Modes
One of two stop modes is entered upon execution of a STOP instruction when the STOPE bit in SOPT1
register is set. In both stop modes, all internal clocks are halted. The MCG module can be configured to
leave the reference clocks running. SeeChapter8, “Multi-Purpose Clock Generator (S08MCGV1),” for
more information.

Table3-1showsall of thecontrolbits thataffectstopmodeselectionandthemodeselectedundervarious
conditions. The selected mode is entered following the execution of a STOP instruction.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table3-1. The
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Exit from stop3is doneby assertingRESETor anasynchronousinterruptpin.Theasynchronousinterrupt
pins are IRQ, PIA0–PIA7, PIB0–PIB7, and PID0–PID7. Exit from stop3 can also be done by the
low-voltage detect (LVD) reset, low-voltage warning (LVW) interrupt, ADC conversion complete
interrupt, real-time clock (RTC) interrupt or SCI receiver interrupt.

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

3.6.1.1 LVD Enabled in Stop3 Mode

TheLVD systemiscapableof generatingeitheraninterruptoraresetwhenthesupplyvoltagedropsbelow
theLVD voltage.If theLVD is enabledin stop(LVDE andLVDSEbits in SPMSC1bothset) atthetime
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode.

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

Table 3-1. Stop Mode Selection

STOPE ENBDM 1

1 ENBDM is located in the BDCSCR, which is only accessible through BDC commands, see Section 16.4.1.1, “BDC Status and
Control Register (BDCSCR)”.

LVDE LVDSE PPDC Stop Mode

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

1 1 x x Stop3 with BDM enabled 2

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

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

1 0 Either bit a 0 0 Stop3

1 0 Either bit a 0 1 Stop2
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3.6.1.2 Active BDM Enab led in Stop3 Mode

Entry into the active background mode from run mode is enabled if ENBDM in BDCSCR is set. This
register is described inChapter16, “Development Support.” If ENBDM is set when the CPU executes a
STOP instruction, the system clocks to the background debug logic remain active when the MCU enters
stopmode.Becauseof this,backgrounddebugcommunicationremainspossible.In addition,thevoltage
regulator does not enter its low-power standby state but maintains full internal regulation.

Most background commands are not available in stop mode. The memory-access-with-status commands
do not allow memory access, but they report an error indicating that the MCU is in either stop or wait
mode. The BACKGROUND command can be used to wake the MCU from stop and enter active
background mode if the ENBDM bit is set. After entering background debug mode, all background
commands are available.

3.6.2 Stop2 Mode

Stop2modeis enteredby executingaSTOPinstructionundertheconditionsasshown in Table3-1. Most
of theinternalcircuitry of theMCU is poweredoff in stop2with theexceptionof theRAM. Uponentering
stop2, all I/O pin control signals are latched so that the pins retain their states during stop2.

Exit from stop2is performedby assertingRESET. On3M05Cor oldermasksetsonly, exit from stop2can
also be performed by asserting PTA7/ADP7/IRQ.

NOTE
On 3M05C or older masksets only, PTA7/ADP7/IRQ is an active low
wake-up and must be configured as an input prior to executing a STOP
instructionto avoid animmediateexit from stop2.PTA7/ADP7/IRQ canbe
disabledasawake-upif it is configuredasahighdrivenoutput.For lowest
power consumption in stop2, this pin should not be left open when
configured as input (enable the internal pullup; or tie an external
pullup/down device; or set pin as output).

In addition, the real-time counter (RTC) can wake the MCU from stop2, if enabled.

Upon wake-up from stop2 mode, the MCU starts up as from a power-on reset (POR):

• All module control and status registers are reset

• TheLVD resetfunctionis enabledandtheMCU remainsin theresetstateif VDD is below theLVD
trip point (low trip point selected due to POR)

• The CPU takes the reset vector

In additionto theabove,uponwakingup from stop2,thePPDFbit in SPMSC2is set.Thisflag is usedto
directusercodeto goto astop2recoveryroutine.PPDFremainssetandtheI/O pin statesremainlatched
until a 1 is written to PPDACK in SPMSC2.
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To maintainI/O statesfor pinsthatwereconfiguredasgeneral-purposeI/O beforeenteringstop2,theuser
must restore the contents of the I/O 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 pins will switch to their reset states when PPDACK is written.

For pins that were configured as peripheral I/O, 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 I/O
latches are opened.

3.6.3 On-Chip P eripheral Modules in Stop Modes

WhentheMCU entersany stopmode,systemclocksto theinternalperipheralmodulesarestopped.Even
in the exception case (ENBDM= 1), where clocks to the background debug logic continue to operate,
clocksto theperipheralsystemsarehaltedto reducepowerconsumption.Referto Section3.6.2,“Stop2
Mode” andSection 3.6.1, “Stop3 Mode” for specific information on system behavior in stop modes.

Table 3-2. Stop Mode Beha vior

Peripheral
Mode

Stop2 Stop3

CPU Off Standby

RAM Standby Standby

Flash/EEPROM Off Standby

Parallel Port Registers Off Standby

ACMP Off Off

ADC Off Optionally On1

1 Requires the asynchronous ADC clock and LVD to be enabled, else in standby.

IIC Off Standby

MCG Off Optionally On2

2 IRCLKEN and IREFSTEN set in MCGC1, else in standby.

RTC Optionally On3

3 Requires the RTC to be enabled, else in standby.

Optionally On3

SCI Off Standby

SPI Off Standby

TPM Off Standby

Voltage Regulator Off Optionally On4

4 Requires the LVD or BDC to be enabled.

XOSC Off Optionally On5

I/O Pins States Held States Held

BDM Off6 Optionally On

LVD/LVW Off7 Optionally On
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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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Chapter 4
Memor y

4.1 MC9S08DN60 Series Memor y Map
On-chip memory in theMC9S08DN60 Series consists of RAM, EEPROM, andFlash program memory
for nonvolatile data storage, and I/O and control/status registers. The registers are divided into three
groups:

• Direct-page registers (0x0000 through 0x007F)

• High-page registers (0x1800 through 0x18FF)

• Nonvolatile registers (0xFFB0 through 0xFFBF)
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Figure 4-1. MC9S08DN60 Series Memor y Map

4.2 Reset and Interrupt V ector Assignments

Table4-1showsaddressassignmentsfor resetandinterruptvectors.Thevectornamesshownin thistable
are the labels used in theMC9S08DN60 Series equate file provided by Freescale Semiconductor.

Table 4-1. Reset and Interrupt V ector s

Address
(High/Lo w)

Vector Vector Name

0xFFC0:0xFFC1 ACMP2 Vacmp2

0xFFC2:0xFFC3 ACMP1 Vacmp1

0xFFC4:0xFFCB Reserved —

0xFFCC:0xFFCD RTC Vrtc

0xFFCE:0xFFCF IIC Viic

0xFFD0:0xFFD1 ADC Conversion Vadc

DIRECT PAGE REGISTERS

RAM
2048 BYTES

0x0000

0x007F
0x0080

0x1800
0x17FF

0x18FF

0x1400

0xFFFF

9S08DN60

128 BYTES

EEPROM
2 x 1024 BYTES

HIGH PAGE REGISTERS
256 BYTES

FLASH
59136 BYTES

DIRECT PAGE REGISTERS

RAM
2048 BYTES

0x0000

0x007F
0x0080

0x087F

0x1800
0x17FF

0x18FF
0x1900

0xFFFF

0x1500

9S08DN48

0x3FFF
0x4000

128 BYTES

HIGH PAGE REGISTERS
256 BYTES

FLASH
49152 BYTES

UNIMPLEMENTED

0x0880

0x14FF

3200 BYTES

UNIMPLEMENTED
9984 BYTES

DIRECT PAGE REGISTERS

RAM
1536 BYTES

0x0000

0x007F
0x0080

0x067F

0x1800
0x17FF

0x18FF
0x1900

0xFFFF

0x1600

9S08DN32

0x7BFF
0x7C00

128 BYTES

HIGH PAGE REGISTERS
256 BYTES

FLASH
33792 BYTES

UNIMPLEMENTED

0x0680

0x15FF

3968 BYTES

UNIMPLEMENTED
25344 BYTES

DIRECT PAGE REGISTERS

RAM
1024 BYTES

0x0000

0x007F
0x0080

0x047F

0x1800
0x17FF

0x18FF
0x1900

0xFFFF

0x1700

9S08DN16

0xBDFF
0xBE00

128 BYTES

HIGH PAGE REGISTERS
256 BYTES

FLASH
16896 BYTES

UNIMPLEMENTED

0x0480

0x16FF

4736 BYTES

UNIMPLEMENTED
42240 BYTES

EEPROM
2 x 512 BYTES EEPROM

2 x 256 BYTES

0x1900

FLASH
2944 BYTES

0x13FF

EEPROM
2 x 768 BYTES

0x087F
0x0880

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 4 Memor y

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 39

0xFFD2:0xFFD3 Port A, Port B, Port D Vport

0xFFD4:0xFFD9 Reserved —

0xFFDA:0xFFDB SCI1 Transmit Vsci1tx

0xFFDC:0xFFDD SCI1 Receive Vsci1rx

0xFFDE:0xFFDF SCI1 Error Vsci1err

0xFFE0:0xFFE1 SPI Vspi

0xFFE2:0xFFE3 TPM2 Overflow Vtpm2ovf

0xFFE4:0xFFE5 TPM2 Channel 1 Vtpm2ch1

0xFFE6:0xFFE7 TPM2 Channel 0 Vtpm2ch0

0xFFE8:0xFFE9 TPM1 Overflow Vtpm1ovf

0xFFEA:0xFFEB TPM1 Channel 5 Vtpm1ch5

0xFFEC:0xFFED TPM1 Channel 4 Vtpm1ch4

0xFFEE:0xFFEF TPM1 Channel 3 Vtpm1ch3

0xFFF0:0xFFF1 TPM1 Channel 2 Vtpm1ch2

0xFFF2:0xFFF3 TPM1 Channel 1 Vtpm1ch1

0xFFF4:0xFFF5 TPM1 Channel 0 Vtpm1ch0

0xFFF6:0xFFF7 MCG Loss of lock Vlol

0xFFF8:0xFFF9 Low-Voltage Detect Vlvd

0xFFFA:0xFFFB IRQ Virq

0xFFFC:0xFFFD SWI Vswi

0xFFFE:0xFFFF Reset Vreset

Table 4-1. Reset and Interrupt V ector s

Address
(High/Lo w)

Vector Vector Name
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4.3 Register Ad dresses and Bit Assignments
The registers in theMC9S08DN60 Series are divided into these groups:

• Direct-pageregistersarelocatedin thefirst 128locationsin thememorymap;theseareaccessible
with efficient direct addressing mode instructions.

• High-page registers are used much less often, so they are located above 0x1800 in the memory
map. This leaves more room in the direct page for more frequently used registers and RAM.

• The nonvolatile register area consists of a block of 16locations inFlash memory at
0xFFB0–0xFFBF. Nonvolatile register locations include:

— NVPROT and NVOPT are loaded into working registers at reset

— An 8-byte backdoor comparison key that optionally allows a user to gain controlled access to
secure memory

BecausethenonvolatileregisterlocationsareFlashmemory,theymustbeerasedandprogrammed
like otherFlash memory locations.

Direct-pageregisterscanbeaccessedwith efficientdirectaddressingmodeinstructions.Bit manipulation
instructions can be used to access any bit in any direct-page register. Table4-2 is a summary of all
user-accessible direct-page registers and control bits.

The direct page registers inTable4-2 can use the more efficient direct addressing mode, which requires
only thelowerbyteof theaddress.Becauseof this, thelowerbyteof theaddressin columnoneis shown
in bold text. In Table4-3 andTable4-4, the whole address in column one is shown in bold. InTable4-2,
Table4-3, andTable4-4, the register names in column two are shown in bold to set them apart from the
bit names to the right. Cells that are not associated with named bits are shaded. A shaded cell with a 0
indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or reserved bit
locations that could read as 1s or 0s.
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Table 4-2. Direct-P age Register Summar y (Sheet 1 of 3)

Address
Register

Name
Bit 7 6 5 4 3 2 1 Bit 0

0x0000 PTAD PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTAD0

0x0001 PTADD PTADD7 PTADD6 PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADD0

0x0002 PTBD PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBD0

0x0003 PTBDD PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDD0

0x0004 PTCD PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCD0

0x0005 PTCDD PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDD0

0x0006 PTDD PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDD0

0x0007 PTDDD PTDDD7 PTDDD6 PTDDD5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDD0

0x0008 PTED PTED7 PTED6 PTED5 PTED4 PTED3 PTED2 PTED1 PTED0

0x0009 PTEDD PTEDD7 PTEDD6 PTEDD5 PTEDD4 PTEDD3 PTEDD2 PTEDD1 PTEDD0

0x000A PTFD PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFD0

0x000B PTFDD PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDD0

0x000C PTGD 0 0 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGD0

0x000D PTGDD 0 0 PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDD0

0x000E ACMP1SC ACME ACBGS ACF ACIE ACO ACOPE ACMOD1 ACMOD0

0x000F ACMP2SC ACME ACBGS ACF ACIE ACO ACOPE ACMOD1 ACMOD0

0x0010 ADCSC1 COCO AIEN ADCO ADCH

0x0011 ADCSC2 ADACT ADTRG ACFE ACFGT 0 0 — —

0x0012 ADCRH 0 0 0 0 ADR11 ADR10 ADR9 ADR8

0x0013 ADCRL ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADR0

0x0014 ADCCVH 0 0 0 0 ADCV11 ADCV10 ADCV9 ADCV8

0x0015 ADCCVL ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCV0

0x0016 ADCCFG ADLPC ADIV ADLSMP MODE ADICLK

0x0017 APCTL1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPC0

0x0018 APCTL2 ADPC15 ADPC14 ADPC13 ADPC12 ADPC11 ADPC10 ADPC9 ADPC8

0x0019 APCTL3 ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16

0x001A–
0x001B

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x001C IRQSC 0 IRQPDD IRQEDG IRQPE IRQF IRQACK IRQIE IRQMOD

0x001D–
0x001F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x0020 TPM1SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

0x0021 TPM1CNTH Bit 15 14 13 12 11 10 9 Bit 8

0x0022 TPM1CNTL Bit 7 6 5 4 3 2 1 Bit 0

0x0023 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8

0x0024 TPM1MODL Bit 7 6 5 4 3 2 1 Bit 0

0x0025 TPM1C0SC CH0F CH0IE MS0B MS0A ELS0B ELS0A 0 0

0x0026 TPM1C0VH Bit 15 14 13 12 11 10 9 Bit 8

0x0027 TPM1C0VL Bit 7 6 5 4 3 2 1 Bit 0
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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–
0x0047

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

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
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x0050 SPIC1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

0x0051 SPIC2 0 0 0 MODFEN BIDIROE 0 SPISWAI SPC0

0x0052 SPIBR 0 SPPR2 SPPR1 SPPR0 0 SPR2 SPR1 SPR0

0x0053 SPIS SPRF 0 SPTEF MODF 0 0 0 0

0x0054 Reserved 0 0 0 0 0 0 0 0

0x0055 SPID Bit 7 6 5 4 3 2 1 Bit 0

Table 4-2. Direct-P age Register Summar y (Sheet 2 of 3)

Address
Register

Name
Bit 7 6 5 4 3 2 1 Bit 0
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High-pageregisters,shown in Table4-3, areaccessedmuchlessoftenthanotherI/O andcontrolregisters
so they have been located outside the direct addressable memory space, starting at 0x1800.

0x0056–
0x0057 Reserved

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x0058 IICA AD7 AD6 AD5 AD4 AD3 AD2 AD1 0

0x0059 IICF MULT ICR

0x005A IICC1 IICEN IICIE MST TX TXAK RSTA 0 0

0x005B IICS TCF IAAS BUSY ARBL 0 SRW IICIF RXAK

0x005C IICD DATA

0x005D IICC2 GCAEN ADEXT 0 0 0 AD10 AD9 AD8

0x005E–
0x005F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x0060 TPM2SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

0x0061 TPM2CNTH Bit 15 14 13 12 11 10 9 Bit 8

0x0062 TPM2CNTL Bit 7 6 5 4 3 2 1 Bit 0

0x0063 TPM2MODH Bit 15 14 13 12 11 10 9 Bit 8

0x0064 TPM2MODL Bit 7 6 5 4 3 2 1 Bit 0

0x0065 TPM2C0SC CH0F CH0IE MS0B MS0A ELS0B ELS0A 0 0

0x0066 TPM2C0VH Bit 15 14 13 12 11 10 9 Bit 8

0x0067 TPM2C0VL Bit 7 6 5 4 3 2 1 Bit 0

0x0068 TPM2C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0

0x0069 TPM2C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x006A TPM2C1VL Bit 7 6 5 4 3 2 1 Bit 0

0x006B Reserved — — — — — — — —

0x006C RTCSC RTIF RTCLKS RTIE RTCPS

0x006D RTCCNT RTCCNT

0x006E RTCMOD RTCMOD

0x006F Reserved — — — — — — — —

0x0070–
0x007F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

Table 4-3. High-Page Register Summar y (Sheet 1 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0

0x1800 SRS POR PIN COP ILOP ILAD LOCS LVD 0

0x1801 SBDFR 0 0 0 0 0 0 0 BDFR

0x1802 SOPT1 COPT STOPE SCI2PS IICPS 0 0 0

0x1803 SOPT2 COPCLKS COPW 0 ADHTS 0 MCSEL

0x1804 –
0x1805

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

Table 4-2. Direct-P age Register Summar y (Sheet 3 of 3)

Address
Register

Name
Bit 7 6 5 4 3 2 1 Bit 0
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0x1806 SDIDH — — — — ID11 ID10 ID9 ID8

0x1807 SDIDL ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0

0x1808 Reserved — — — — — — — —

0x1809 SPMSC1 LVWF LVWACK LVWIE LVDRE LVDSE LVDE 0 BGBE

0x180A SPMSC2 0 0 LVDV LVWV PPDF PPDACK 0 PPDC

0x180B–

0x180F
Reserved

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

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 TRG0

0x1818 DBGS AF BF ARMF 0 CNT3 CNT2 CNT1 CNT0

0x1819–
0x181F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x1820 FCDIV DIVLD PRDIV8 DIV

0x1821 FOPT KEYEN FNORED EPGMOD 0 0 0 SEC

0x1822 Reserved — — — — — — — —

0x1823 FCNFG 0 EPGSEL KEYACC Reserved1 0 0 0 1

0x1824 FPROT EPS FPS

0x1825 FSTAT FCBEF FCCF FPVIOL FACCERR 0 FBLANK 0 0

0x1826 FCMD FCMD

0x1827–
0x183F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x1840 PTAPE PTAPE7 PTAPE6 PTAPE5 PTAPE4 PTAPE3 PTAPE2 PTAPE1 PTAPE0

0x1841 PTASE PTASE7 PTASE6 PTASE5 PTASE4 PTASE3 PTASE2 PTASE1 PTASE0

0x1842 PTADS PTADS7 PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADS1 PTADS0

0x1843 Reserved — — — — — — — —

0x1844 PTASC 0 0 0 0 PTAIF PTAACK PTAIE PTAMOD

0x1845 PTAPS PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPS0

0x1846 PTAES PTAES7 PTAES6 PTAES5 PTAES4 PTAES3 PTAES2 PTAES1 PTAES0

0x1847 Reserved — — — — — — — —

0x1848 PTBPE PTBPE7 PTBPE6 PTBPE5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPE0

0x1849 PTBSE PTBSE7 PTBSE6 PTBSE5 PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSE0

0x184A PTBDS PTBDS7 PTBDS6 PTBDS5 PTBDS4 PTBDS3 PTBDS2 PTBDS1 PTBDS0

0x184B Reserved — — — — — — — —

0x184C PTBSC 0 0 0 0 PTBIF PTBACK PTBIE PTBMOD

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

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
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NonvolatileFlashregisters,shown in Table4-4, arelocatedin theFlashmemory. Theseregistersinclude
an 8-byte backdoor key, NVBACKKEY, which can be used to gain access to secure memory resources.
During reset events, the contents of NVPROT and NVOPT in the nonvolatile register area of theFlash
memoryaretransferredinto correspondingFPROT andFOPTworkingregistersin thehigh-pageregisters
to control security and block protection options.

0x184D PTBPS PTBPS7 PTBPS6 PTBPS5 PTBPS4 PTBPS3 PTBPS2 PTBPS1 PTBPS0

0x184E PTBES PTBES7 PTBES6 PTBES5 PTBES4 PTBES3 PTBES2 PTBES1 PTBES0

0x184F Reserved — — — — — — — —

0x1850 PTCPE PTCPE7 PTCPE6 PTCPE5 PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPE0

0x1851 PTCSE PTCSE7 PTCSE6 PTCSE5 PTCSE4 PTCSE3 PTCSE2 PTCSE1 PTCSE0

0x1852 PTCDS PTCDS7 PTCDS6 PTCDS5 PTCDS4 PTCDS3 PTCDS2 PTCDS1 PTCDS0

0x1853–
0x1857

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x1858 PTDPE PTDPE7 PTDPE6 PTDPE5 PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPE0

0x1859 PTDSE PTDSE7 PTDSE6 PTDSE5 PTDSE4 PTDSE3 PTDSE2 PTDSE1 PTDSE0

0x185A PTDDS PTDDS7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDS1 PTDDS0

0x185B Reserved — — — — — — — —

0x185C PTDSC 0 0 0 0 PTDIF PTDACK PTDIE PTDMOD

0x185D PTDPS PTDPS7 PTDPS6 PTDPS5 PTDPS4 PTDPS3 PTDPS2 PTDPS1 PTDPS0

0x185E PTDES PTDES7 PTDES6 PTDES5 PTDES4 PTDES3 PTDES2 PTDES1 PTDES0

0x185F Reserved — — — — — — — —

0x1860 PTEPE PTEPE7 PTEPE6 PTEPE5 PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPE0

0x1861 PTESE PTESE7 PTESE6 PTESE5 PTESE4 PTESE3 PTESE2 PTESE1 PTESE0

0x1862 PTEDS PTEDS7 PTEDS6 PTEDS5 PTEDS4 PTEDS3 PTEDS2 PTEDS1 PTEDS0

0x1863–
0x1867

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x1868 PTFPE PTFPE7 PTFPE6 PTFPE5 PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPE0

0x1869 PTFSE PTFSE7 PTFSE6 PTFSE5 PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSE0

0x186A PTFDS PTFDS7 PTFDS6 PTFDS5 PTFDS4 PTFDS3 PTFDS2 PTFDS1 PTFDS0

0x186B–
0x186F

Reserved
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x1870 PTGPE 0 0 PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPE0

0x1871 PTGSE 0 0 PTGSE5 PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSE0

0x1872 PTGDS 0 0 PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDS0

0x1873–

0x18FF
Reserved

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

1 This bit is reserved. User must write a 1 to this bit. Failing to do so may result in unexpected behavior.

Table 4-3. High-Page Register Summar y (Sheet 3 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
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Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengagememorysecurity. Thiskey mechanismcanbeaccessedonly throughusercoderunningin secure
memory. (A securitykey cannotbeentereddirectly throughbackgrounddebugcommands.)Thissecurity
key can be disabled completely by programming the KEYEN bit to 0. If the security key is disabled, the
only way to disengagesecurityis by masserasingtheFlashif needed(normallythroughthebackground
debug interface) and verifying thatFlash is blank. To avoid returning to secure mode after the next reset,
program the security bits (SEC) to the unsecured state (1:0).

Table 4-4. Nonvolatile Register Summar y

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0

0xFFAE Reserved for
storage of FTRIM

0 0 0 0 0 0 0 FTRIM

0xFFAF Res. for storage of
MCGTRM

TRIM

0xFFB0–

0xFFB7

NVBACKKEY
8-Byte Comparison Key

 0xFFB8–

0xFFBC

Reserved —
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0xFFBD NVPROT EPS FPS

0xFFBE Reserved — — — — — — — —

0xFFBF NVOPT KEYEN FNORED EPGMOD 0 0 0 SEC
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4.4 RAM
TheMC9S08DN60 Series includes static RAM. The locations in RAM below 0x0100 can be accessed
usingthemoreefficientdirectaddressingmode,andany singlebit in thisareacanbeaccessedwith thebit
manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently accessed
program variables in this area of RAM is preferred.

The RAM retains data while the MCU is in low-power wait, stop2, or stop3 mode. At power-on the
contentsof RAM areuninitialized.RAM dataisunaffectedbyany resetif thesupplyvoltagedoesnotdrop
below the minimum value for RAM retention (VRAM).

For compatibility with M68HC05 MCUs, the HCS08 resets the stack pointer to 0x00FF. In the
MC9S08DN60Series,it is usuallybestto reinitializethestackpointerto thetopof theRAM sothedirect
page RAM can be used for frequently accessed RAM variables and bit-addressable program variables.
Includethefollowing2-instructionsequencein yourresetinitializationroutine(whereRamLastisequated
to the highest address of the RAM in the Freescale Semiconductor equate file).
             LDHX     #RamLast+1    ;point one past RAM
             TXS                    ;SP<-(H:X-1)

Whensecurityis enabled,theRAM is consideredasecurememoryresourceandis notaccessiblethrough
BDM orcodeexecutingfromnon-securememory. SeeSection4.5.9,“Security”, for adetaileddescription
of the security feature.

4.5 Flash and EEPR OM
MC9S08DN60 Series devices includeFlash and EEPROM memory intended primarily for program and
data storage. In-circuit programming allows the operating program and data to be loaded intoFlash and
EEPROM, respectively, afterfinal assemblyof theapplicationproduct.It is possibleto programthearrays
throughthesingle-wirebackgrounddebuginterface.Becausenospecialvoltagesareneededfor eraseand
programming operations, in-application programming is also possible through other software-controlled
communicationpaths.For amoredetaileddiscussionof in-circuit andin-applicationprogramming,refer
to theHCS08 Family Reference Manual, Volume I, Freescale Semiconductor document order number
HCS08RMv1.

4.5.1 Features

Features of theFlash and EEPROM memory include:

• Array size (seeTable1-1 for exact array sizes)

• Flash sector size: 768 bytes

• EEPROM sector size: selectable 4-byte or 8-byte sector mapping operation

• Single power supply program and erase

• Command interface for fast program and erase operation

• Up to 100,000 program/erase cycles at typical voltage and temperature

• Flexible block protection and vector redirection

• Security feature forFlash, EEPROM, and RAM
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• Burst programming capability

• Sector erase abort

4.5.2 Program and Erase Times

Before any program or erase command can be accepted, theFlash and EEPROM clock divider register
(FCDIV) must be written to set the internal clock for theFlash and EEPROM module to a frequency
(fFCLK) between 150kHz and 200kHz (seeSection 4.5.11.1, “Flash and EEPROM Clock Divider
Register (FCDIV)”). This register can be written only once, so normally this write is performed during
reset initialization. The user must ensure that FACCERR is not set before writing to the FCDIV register.
Oneperiodof theresultingclock (1/fFCLK) is usedby thecommandprocessorto timeprogramanderase
pulses.An integernumberof thesetimingpulsesisusedby thecommandprocessortocompleteaprogram
or erase command.

Table4-5showsprogramanderasetimes.Thebusclock frequency andFCDIV determinethefrequency
of FCLK (fFCLK). Thetime for onecycle ofFCLK is tFCLK = 1/fFCLK. Thetimesareshown asanumber
of cycles of FCLK and as an absolute time for the case where tFCLK = 5 µs. Program and erase times
shown includeoverheadfor thecommandstatemachineandenablinganddisablingof programanderase
voltages.

4.5.3 Program and Erase Command Ex ecution

The FCDIV register must be initialized after any reset and any error flag is cleared before beginning
command execution. The command execution steps are:

1. Write adatavalueto anaddressin theFlashor EEPROM array. Theaddressanddatainformation
from thiswrite is latchedinto theFlashandEEPROM interface.Thiswrite is a requiredfirst step
in any command sequence. For erase and blank check commands, the value of the data is not
important. For sector erase commands, the address can be any address in the sector ofFlash or
EEPROM to beerased.For masseraseandblankcheckcommands,theaddresscanbe any address
in theFlash or EEPROM memory. Flash and EEPROM erase independently of each other.

Table 4-5. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz

Byte program 9 45 µs

Burst program 4 20 µs1

1 Excluding start/end overhead

Sector erase 4000 20 ms

Mass erase 20,000 100 ms

Sector erase abort 4 20 µs1
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NOTE
Beforeprogrammingaparticularbytein theFlashor EEPROM, thesector
in whichthatparticularbyteresidesmustbeerasedbyamassorsectorerase
operation.Reprogrammingbitsin analreadyprogrammedbytewithoutfirst
performing an erase operation may disturb data stored in theFlash or
EEPROM memory.

2. Write the command code for the desired command to FCMD. The six valid commands are blank
check(0x05),byteprogram(0x20),burstprogram(0x25),sectorerase(0x40),masserase1 (0x41),
and sector erase abort (0x47). The command code is latched into the command buffer.

3. Write a 1 to the FCBEF bit in FSTAT to clear FCBEF and launch the command (including its
address and data information).

A partialcommandsequencecanbeabortedmanuallyby writing a0 to FCBEFany timeafterthe
write to thememoryarrayandbeforewriting the1 thatclearsFCBEFandlaunchesthecomplete
command. Aborting a command in this way sets the FACCERR access error flag which must be
cleared before starting a new command.

A strictly monitored procedure must be obeyed or the command will not be accepted. This
minimizes the possibility of any unintended changes to the memory contents. The command
complete flag (FCCF) indicates when a command is complete. The command sequence must be
completedby clearingFCBEFto launchthecommand.Figure4-2 is aflowchartfor executingall
of the commands except for burst programming and sector erase abort.

4. Wait until the FCCF bit in FSTAT is set. As soon as FCCF= 1, the operation has completed
successfully.

1. A mass erase is possible only when the Flash block is fully unprotected.
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Figure 4-2. Program and Erase Flo wchar t

4.5.4 Bur st Pr ogram Ex ecution

The burst program command is used to program sequential bytes of data in less time than would be
requiredusingthestandardprogramcommand.Thisispossiblebecausethehighvoltageto theFlasharray
doesnotneedto bedisabledbetweenprogramoperations.Ordinarily, whenaprogramor erasecommand
is issued, an internal charge pump associated with theFlash memory must be enabled to supply high
voltage to the array. Upon completion of the command, the charge pump is turned off. When a burst
programcommandis issued,thechargepumpisenabledandremainsenabledaftercompletionof theburst
program operation if these two conditions are met:

• The next burst program commandsequence has begun before the FCCF bit is set.

• The next sequential address selects a byte on the same burst block as the current byte being
programmed. A burst block in thisFlash memory consists of 32 bytes. A new burst block begins
at each 32-byte address boundary.

The first byte of a series of sequential bytes being programmed in burst mode will take the same amount
of time to program as a byte programmed in standard mode. Subsequent bytes will program in the burst
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programtimeprovidedthattheconditionsabovearemet.If thenext sequentialaddressis thebeginningof
anew row, theprogramtimefor thatbytewill bethestandardtimeinsteadof thebursttime.Thisisbecause
thehighvoltageto thearraymustbedisabledandthenenabledagain.If anew burstcommandhasnotbeen
queued before the current command completes, then the charge pump will be disabled and high voltage
removed from the array.

A flowchart to execute the burst program operation is shown inFigure4-3.

Figure 4-3. Bur st Pr ogram Flo wchar t
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4.5.5 Sector Erase Abor t

The sector erase abort operation will terminate the active sector erase operation so that other sectors are
available for read and program operations without waiting for the sector erase operation to complete.

The sector erase abort command write sequence is as follows:

1. Write to any Flash or EEPROM address to start the command write sequence for the sector erase
abort command. The address and data written are ignored.

2. Write the sector erase abort command, 0x47, to the FCMD register.

3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the sector erase
abort command.

If the sector erase abort command is launched resulting in the early termination of an active sector erase
operation,theFACCERRflag will setoncetheoperationcompletesasindicatedby theFCCFflag being
set. The FACCERR flag sets to inform the user that theFlash sector may not be fully erased and a new
sector erase command must be launched before programming any location in that specific sector.

If the sector erase abort command is launched but the active sector erase operation completes normally,
theFACCERRflag will notsetuponcompletionof theoperationasindicatedby theFCCFflag beingset.
Therefore, if the FACCERR flag is not set after the sector erase abort command has completed, a sector
being erased when the abort command was launched will be fully erased.

A flowchart to execute the sector erase abort operation is shown inFigure4-4.

Figure 4-4. Sector Erase Abor t Flo wchar t
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0

1
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NOTE
TheFCBEFflagwill notsetafterlaunchingthesectoreraseabortcommand.
If anattemptis madeto startanew commandwrite sequencewith asector
eraseabortoperationactive, theFACCERRflag in theFSTAT registerwill
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 complete program/erase cycle.

4.5.6 Access Err ors

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.
FACCERRmustbeclearedby writing a1 to FACCERRin FSTAT beforeany commandcanbeprocessed.

• Writing to aFlashaddressbeforetheinternalFlashandEEPROM clockfrequency hasbeensetby
writing to the FCDIV register.

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

• Writing a second time to aFlash address before launching the previous command. (There is only
one write toFlash for every command.)

• Writing asecondtimeto FCMD beforelaunchingthepreviouscommand.(Thereis only onewrite
to FCMD for every command.)

• Writing to any Flash control register other than FCMD after writing to aFlash address.

• Writing any command code other than the six allowed 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 thebyteprogram,burstprogram,sectoreraseor sectoreraseabortcommandcode(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
is secure.)

• Writing 0 to FCBEF to cancel a partial command.
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4.5.7 Bloc k Protection

The block protection feature prevents the protected region ofFlash or EEPROM from program or erase
changes.Block protectionis controlledthroughtheFlashandEEPROM protectionregister(FPROT). The
EPS bits determine the protected region of EEPROM and the FPS bits determine the protected region of
Flash. SeeSection 4.5.11.4, “Flash and EEPROM Protection Register (FPROT and NVPROT).”

After exit from reset, FPROT is loaded with the contents of the NVPROT location, which is in the
nonvolatileregisterblockof theFlashmemory. Any FPROT write thatattemptsto decreasethesizeof the
protected region will be ignored.  Because NVPROT is within the last sector ofFlash, if any amount of
memory is protected, NVPROT is itself protected and cannot be unprotected (intentionally or
unintentionally) by the application software. FPROT can be written through background debug
commands, which provides a way to erase and reprogram protectedFlash memory.

One use for block protection is to block protect an area ofFlash memory for a bootloader program. this
bootloaderprogramcancall aroutineoutsideof Flashthatcanbeusedto sectorerasetherestof theFlash
memory and reprogram it. The bootloader is protected even if MCU power is lost during an erase and
reprogram operation.

4.5.8 Vector Redirection

While any Flash is block protected, the reset and interrupt vectors will be protected. Vector redirection
allows users to modify interrupt vector information without unprotecting bootloader and reset vector
space. Vector redirection is enabled by programming the FNORED bit in the NVOPT register located at
address 0xFFBF to 0. For redirection to occur, at least some portion of theFlash memory must be block
protected by programming the NVPROT register located at address 0xFFBD. All interrupt vectors
(memory locations 0xFFC0–0xFFFD) are redirected, though the reset vector (0xFFFE:0xFFFF) is not.

For example, if 1536 bytes ofFlash are protected, the protected address region is from 0xFA00 through
0xFFFF. The interrupt vectors (0xFFC0–0xFFFD) are redirected to the locations 0xF9C0–0xF9FD. If
vectorredirectionis enabledandaninterruptoccurs,thevaluesin thelocations0xF9E0:0xF9E1areused
for thevectorinsteadof thevaluesin thelocations0xFFE0:0xFFE1.Thisallowstheuserto reprogramthe
unprotected portion of theFlash with new program code including new interrupt vector values while
leaving the protected area, which includes the default vector locations, unchanged.

4.5.9 Security

TheMC9S08DN60 Series includes circuitry to prevent unauthorized access to the contents ofFlash,
EEPROM, and RAM memory. When security is engaged,Flash, EEPROM, and RAM are considered
secure resources. Direct-page registers, high-page registers, and the background debug controller are
considered unsecured resources. Programs executing within secure memory have normal access to any
MCU memory locations and resources. Attempts to access a secure memory location with a program
executingfromanunsecuredmemoryspaceor throughthebackgrounddebuginterfaceareblocked(writes
are ignored and reads return all 0s).

Securityis engagedor disengagedbasedonthestateof two registerbits (SEC[1:0])in theFOPTregister.
During reset, the contents of the nonvolatile location NVOPT are copied fromFlash into the working
FOPTregisterin high-pageregisterspace.A userengagessecurityby programmingtheNVOPTlocation,
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which can be performed at the same time theFlash memory is programmed. The 1:0 state disengages
security; the other three combinations engage security. Notice the erased state (1:1) makes the MCU
secure.Duringdevelopment,whenevertheFlashis erased,it is goodpracticeto immediatelyprogramthe
SEC0bit to0 in NVOPTsoSEC= 1:0.Thiswouldallow theMCU to remainunsecuredafterasubsequent
reset.

The on-chip debug module cannot be enabled while the MCU is secure. The separate background debug
controller can be used for background memory access commands, but the MCU cannot enter active
background mode except by holding BKGD low at the rising edge of reset.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
securitykey. If thenonvolatileKEYEN bit in NVOPT/FOPTis 0, thebackdoorkey is disabledandthere
is no way to disengage security without completely erasing allFlash locations. If KEYEN is 1, a secure
user program can temporarily disengage security by:

1. Writing 1 to KEYACCin theFCNFGregister. ThismakestheFlashmoduleinterpretwritesto the
backdoor comparison key locations (NVBACKKEY through NVBACKKEY+7) as values to be
compared against the key rather than as the first step in aFlash program or erase command.

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY+7 locations.
These writes must be performed in order starting with the value for NVBACKKEY and ending
with NVBACKKEY+7. STHX must not be used for these writes because these writes cannot be
performed on adjacent bus cycles. User software normally would get the key codes from outside
the MCU system through a communication interface such as a serial I/O.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was written matches the key
stored in theFlash locations, SEC bits are automatically changed to 1:0 and security will be
disengaged until the next reset.

Thesecuritykey canbewrittenonly from securememory(eitherRAM, EEPROM, or Flash),soit cannot
be entered through background commands without the cooperation of a secure user program.

The backdoor comparison key (NVBACKKEY through NVBACKKEY+7) is located inFlash memory
locations in the nonvolatile register space so users can program these locations exactly as they would
program any otherFlash memory location. The nonvolatile registers are in the same 768-byte block of
Flash as the reset and interrupt vectors, so block protecting that space also block protects the backdoor
comparisonkey. Block protectscannotbechangedfrom userapplicationprograms,soif thevectorspace
is block protected, the backdoor security key mechanism cannot permanently change the block protect,
security settings, or the backdoor key.

Security can always be disengaged through the background debug interface by taking these steps:

1. Disable any block protections by writing FPROT. FPROT can be written only with background
debug commands, not from application software.

2. Mass eraseFlash if necessary.

3. BlankcheckFlash.ProvidedFlashis completelyerased,securityis disengageduntil thenext reset.

To avoid returning to secure mode after the next reset, program NVOPT so SEC= 1:0.
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4.5.10 EEPROM Mapping

Only half of theEEPROM is in thememorymap.TheEPGSELbit in FCNFGregisterselectswhichhalf
of thearraycanbeaccessedin foregroundwhile theotherhalf cannotbeaccessedin background.There
aretwo mappingmodeoptionsthatcanbeselectedto configurethe8-byteEEPROM sectors:4-bytemode
and 8-byte mode. Each mode is selected by the EPGMOD bit in the FOPT register.

In 4-bytesectormode(EPGMOD= 0), each8-bytesectorsplitsfour byteson foregroundandfour bytes
on background but on the same addresses. The EPGSEL bit selects which four bytes can be accessed.
During a sector erase, the entire 8-byte sector (four bytes in foreground and four bytes in background) is
erased.

In 8-byte sector mode (EPGMOD = 1), each entire 8-byte sector is in a single page. The EPGSEL bit
selects which sectors are on background. During a sector erase, the entire 8-byte sector in foreground is
erased.

4.5.11 Flash and EEPR OM Register s and Contr ol Bits

TheFlash and EEPROM modules have seven 8-bit registers in the high-page register space and three
locations in the nonvolatile register space inFlash memory. Two of those locations are copied into two
corresponding high-page control registers at reset. There is also an 8-byte comparison key in Flash
memory. RefertoTable4-3andTable4-4for theabsoluteaddressassignmentsfor all FlashandEEPROM
registers. This section refers to registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to translate these names into the
appropriate absolute addresses.

4.5.11.1 Flash and EEPR OM Cloc k Divider Register (FCDIV)

Bit 7 of this registeris aread-onlyflag.Bits 6:0maybereadatany timebut canbewrittenonly onetime.
Beforeany eraseor programmingoperationsarepossible,write to this registerto setthefrequency of the
clock for the nonvolatile memory system within acceptable limits.

7 6 5 4 3 2 1 0

R DIVLD
PRDIV8 DIV

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-5. Flash and EEPR OM Cloc k Divider Register (FCDIV)
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if PRDIV8 = 0 — fFCLK  = fBus ÷ (DIV + 1) Eqn. 4-1

if PRDIV8 = 1 — fFCLK  = fBus ÷ (8 × (DIV + 1)) Eqn. 4-2

Table4-7 shows the appropriate values for PRDIV8 and DIV for selected bus frequencies.

4.5.11.2 Flash and EEPR OM Options Register (FOPT and NV OPT)

Duringreset,thecontentsof thenonvolatilelocationNVOPTarecopiedfrom Flashinto FOPT. To change
thevaluein thisregister, eraseandreprogramtheNVOPTlocationin Flashmemoryasusualandthenissue
a new MCU reset.

Table 4-6. FCDIV Register Field Descriptions

Field Description

7
DIVLD

Divisor Loaded Status Flag — When set, this read-only status flag indicates that the FCDIV register has been
written since reset. Reset clears this bit and the first write to this register causes this bit to become set regardless
of the data written.
0 FCDIV has not been written since reset; erase and program operations disabled for Flash and EEPROM.
1 FCDIV has been written since reset; erase and program operations enabled for Flash and EEPROM.

6
PRDIV8

Prescale (Divide) Flash and EEPR OM Cloc k by 8 (This bit is write once.)
0 Clock input to the Flash and EEPROM clock divider is the bus rate clock.
1 Clock input to the Flash and EEPROM clock divider is the bus rate clock divided by 8.

5:0
DIV

Divisor f or Flash and EEPR OM Cloc k Divider  — These bits are write once. The Flash and EEPROM clock
divider divides the bus rate clock (or the bus rate clock divided by 8 if PRDIV8 = 1) by the value in the 6-bit DIV
field plus one. The resulting frequency of the internal Flash and EEPROM clock must fall within the range of
200 kHz to 150 kHz for proper Flash and EEPROM operations. Program/Erase timing pulses are one cycle of
this internal Flash and EEPROM clock which corresponds to a range of 5 µs to 6.7 µs. The automated
programming logic uses an integer number of these pulses to complete an erase or program operation. See
Equation 4-1 and Equation 4-2.

Table 4-7. Flash and EEPR OM Cloc k Divider Settings

fBus
PRDIV8
(Binar y)

DIV
(Decimal)

fFCLK
Program/Erase Timing Pulse

(5 µs Min, 6.7  µs Max)

20 MHz 1 12 192.3 kHz 5.2 µs

10 MHz 0 49 200 kHz 5 µs

8 MHz 0 39 200 kHz 5 µs

4 MHz 0 19 200 kHz 5 µs

2 MHz 0 9 200 kHz 5 µs

1 MHz 0 4 200 kHz 5 µs

200 kHz 0 0 200 kHz 5 µs

150 kHz 0 0 150 kHz 6.7 µs
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7 6 5 4 3 2 1 0

R KEYEN FNORED EPGMOD 0 0 0 SEC

W

Reset F F F 0 0 0 F F

= Unimplemented or Reserved F = loaded from nonvolatile location NVOPT during reset

Figure 4-6. Flash and EEPR OM Options Register (FOPT)

Table 4-8. FOPT Register Field Descriptions

Field Description

7
KEYEN

Backdoor K ey Mechanism Enab le — When this bit is 0, the backdoor key mechanism cannot be used to
disengage security. The backdoor key mechanism is accessible only from user (secured) firmware. BDM
commands cannot be used to write key comparison values that would unlock the backdoor key. For more detailed
information about the backdoor key mechanism, refer to Section 4.5.9, “Security.”
0 No backdoor key access allowed.
1 If user firmware writes an 8-byte value that matches the nonvolatile backdoor key (NVBACKKEY through

NVBACKKEY+7 in that order), security is temporarily disengaged until the next MCU reset.

6
FNORED

Vector Redirection Disab le — When this bit is 1, then vector redirection is disabled.
0 Vector redirection enabled.
1 Vector redirection disabled.

5
EPGMOD

EEPROM Sector Mode — When this bit is 0, each sector is split into two pages (4-byte mode). When this bit is
1, each sector is in a single page (8-byte mode).
0 Half of each EEPROM sector is in Page 0 and the other half is in Page 1.
1 Each sector is in a single page.

1:0
SEC

Security State Code — This 2-bit field determines the security state of the MCU as shown in Table 4-9. When
the MCU is secure, the contents of RAM, EEPROM and Flash memory cannot be accessed by instructions from
any unsecured source including the background debug interface. SEC changes to 1:0 after successful backdoor
key entry or a successful blank check of Flash. For more detailed information about security, refer to Section
4.5.9, “Security.”

Table 4-9. Security States 1

1 SEC changes to 1:0 after successful backdoor key entry
or a successful blank check of Flash.

SEC[1:0] Description

0:0 secure

0:1 secure

1:0 unsecured

1:1 secure
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4.5.11.3 Flash and EEPR OM Configuration Register (FCNFG)

4.5.11.4 Flash and EEPR OM Protection Register (FPR OT and NVPROT)

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

During the reset sequence, the FPROT register is loaded from the nonvolatile location NVPROT. To
changetheprotectionthatwill beloadedduringtheresetsequence,thesectorcontainingNVPROT must
be unprotected and erased, then NVPROT can be reprogrammed.

FPROT bits are readable at any time and writable as long as the size of the protected region is being
increased.Any write to FPROT thatattemptsto decreasethesizeof theprotectedmemorywill beignored.

Trying to alter data in any protected area will 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 sectors is protected.

Figure 4-8. Flash and EEPR OM Protection Register (FPR OT)

7 6 5 4 3 2 1 0

R 0
EPGSEL KEYACC Reserved1

1 User must write a 1 to this bit. Failing to do so may result in unexpected behavior.

0 0 0 1

W

Reset 0 0 0 1 0 0 0 1

= Unimplemented or Reserved

Figure 4-7. Flash Configuration Register (FCNFG)

Table 4-10. FCNFG Register Field Descriptions

Field Description

6
EPGSEL

EEPROM Page Select — This bit selects which EEPROM page is accessed in the memory map.
0 Page 0 is 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
KEYACC

Enable Writing of Access K ey — This bit enables writing of the backdoor comparison key. For more detailed
information about the backdoor key mechanism, refer to Section 4.5.9, “Security.”
0 Writes to 0xFFB0–0xFFB7 are interpreted as the start of a Flash programming or erase command.
1 Writes to NVBACKKEY (0xFFB0–0xFFB7) are interpreted as comparison key writes.

7 6 5 4 3 2 1 0

R
EPS1

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

FPS1

W

Reset This register is loaded from nonvolatile location NVPROT during reset.
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Table 4-11. FPROT Register Field Descriptions

Field Description

7:6
EPS

EEPROM Protect Select Bits  — This 2-bit field determines the protected EEPROM locations that cannot be
erased or programmed. See Table 4-12.

5:0
FPS

Flash Protect Select Bits — This 6-bit field determines the protected Flash locations that cannot be erased or
programmed. SeeTable 4-13.

Table 4-12. EEPROM Bloc k Protection

EPS Address Area Pr otected Memor y Size Protected (b ytes) Number of Sector s Protected

0x3 N/A 0 0

0x2 0x17F0 - 0x17FF 32 4

0x1 0x17E0 - 0x17FF 64 8

0x0 0x17C0–0x17FF 128 16

Table 4-13. Flash Bloc k Protection

FPS Address Area Pr otected Memor y Size Protected (b ytes) Number of Sector s Protected

0x3F N/A 0 0

0x3E 0xFA00–0xFFFF 1.5K 2

0x3D 0xF400–0xFFFF 3K 4

0x3C 0xEE00–0xFFFF 4.5K 6

0x3B 0xE800–0xFFFF 6K 8

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

0x37 0xD000–0xFFFF 12K 16

0x36 0xCA00–0xFFFF 13.5K 18

0x35 0xC400–0xFFFF 15K 20

0x34 0xBE00–0xFFFF 16.5K 22

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

0x2C 0x8E00–0xFFFF 28.5K 38

0x2B 0x8800–0xFFFF 30K 40

0x2A 0x8200–0xFFFF 31.5K 42

0x29 0x7C00–0xFFFF 33K 44

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

0x22 0x5200–0xFFFF 43.5K 58

0x21 0x4C00–0xFFFF 45K 60

0x20 0x4600–0xFFFF 46.5K 62

0x19 0x4000–0xFFFF 48K 64

... ... ... ...
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4.5.11.5 Flash and EEPR OM Status Register (FST AT)

0x1B 0x2800–0xFFFF 54K 72

0x1A 0x2200–0xFFFF 55.5K 74

0x19 0x1C00–0xFFFF 57K 76

0x18–0x00 0x0000–0xFFFF 64K 86

7 6 5 4 3 2 1 0

R
FCBEF

FCCF
FPVIOL FACCERR

0 FBLANK 0 0

W

Reset 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-9. Flash and EEPR OM Status Register (FST AT)

Table 4-14. FSTAT Register Field Descriptions

Field Description

7
FCBEF

Command Buff er Empty Fla g — The FCBEF bit is used to launch commands. It also indicates that the
command buffer is empty so that a new command sequence can be executed when performing burst
programming. The FCBEF bit is cleared by writing a 1 to it or when a burst program command is transferred to
the array for programming. Only burst program commands can be buffered.
0 Command buffer is full (not ready for additional commands).
1 A new burst program command can be written to the command buffer.

6
FCCF

Command Complete Flag — FCCF is set automatically when the command buffer is empty and no command
is being processed. FCCF is cleared automatically when a new command is started (by writing 1 to FCBEF to
register a command). Writing to FCCF has no meaning or effect.
0 Command in progress
1 All commands complete

5
FPVIOL

Protection Violation Flag — FPVIOL is set automatically when a command that attempts to erase or program
a location in a protected block is launched (the erroneous command is ignored). FPVIOL is cleared by writing a
1 to FPVIOL.
0 No protection violation.
1 An attempt was made to erase or program a protected location.

Table 4-13. Flash Bloc k Protection (contin ued)

FPS Address Area Pr otected Memor y Size Protected (b ytes) Number of Sector s Protected
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4.5.11.6 Flash and EEPR OM Command Register (FCMD)

Only six command codes are recognized in normal user modes, as shown in Table4-15. All other
command codes are illegal and generate an access error. Refer toSection 4.5.3, “Program and Erase
Command Execution,” for a detailed discussion ofFlash and EEPROM programming and erase
operations.

It is not necessary to perform a blank check command after a mass erase operation. Only blank check is
required as part of the security unlocking mechanism.

4
FACCERR

Access Error Flag — FACCERR is set automatically when the proper command sequence is not obeyed exactly
(the erroneous command is ignored), if a program or erase operation is attempted before the FCDIV register has
been initialized, or if the MCU enters stop while a command was in progress. For a more detailed discussion of
the exact actions that are considered access errors, see Section 4.5.6, “Access Errors.” FACCERR is cleared by
writing a 1 to FACCERR. Writing a 0 to FACCERR has no meaning or effect.
0 No access error.
1 An access error has occurred.

2
FBLANK

Verified as All Blank (erased) Flag — FBLANK is set automatically at the conclusion of a blank check command
if the entire Flash or EEPROM array was verified to be erased. FBLANK is cleared by clearing FCBEF to write a
new valid command. Writing to FBLANK has no meaning or effect.
0 After a blank check command is completed and FCCF = 1, FBLANK = 0 indicates the Flash or EEPROM array

is not completely erased.
1 After a blank check command is completed and FCCF = 1, FBLANK = 1 indicates the Flash or EEPROM array

is completely erased (all 0xFFFF).

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W FCMD

Reset 0 0 0 0 0 0 0 0

Figure 4-10. Flash and EEPR OM Command Register (FCMD)

Table 4-15. Flash and EEPR OM Commands

Command FCMD Equate File Label

Blank check 0x05 mBlank

Byte program 0x20 mByteProg

Burst program 0x25 mBurstProg

Sector erase 0x40 mSectorErase

Mass erase 0x41 mMassErase

Sector erase abort 0x47 mEraseAbort

Table 4-14. FSTAT Register Field Descriptions  (contin ued)

Field Description
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Chapter 5
Resets, Interrupts, and General System Contr ol

5.1 Intr oduction
Thissectiondiscussesbasicresetandinterruptmechanismsandtheirvarioussourcesin theMC9S08DN60
Series. Some interrupt sources from peripheral modules are discussed in greater detail within other
sections of this data sheet. This section gathers basic information about all reset and interrupt sources in
oneplacefor easyreference.A few resetandinterruptsources,includingthecomputeroperatingproperly
(COP) watchdog, are not part of on-chip peripheral systems with their own chapters.

5.2 Features
Reset and interrupt features include:

• Multiple sources of reset for flexible system configuration and reliable operation
• Reset status register (SRS) to indicate source of most recent reset
• Separate interrupt vector for each module (reduces polling overhead); seeTable5-1

5.3 MCU Reset
ResettingtheMCU providesawayto startprocessingfrom aknown setof initial conditions.Duringreset,
most control and status registers are forced to initial values and the program counter is loaded from the
reset vector (0xFFFE:0xFFFF). On-chip peripheral modules are disabled and I/O pins are initially
configured as general-purpose high-impedance inputs with pull-up devices disabled. The I bit in the
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to
initialize the stack pointer (SP) and system control settings. (See the CPU chapter for information on the
Interrupt (I) bit.) SP is forced to 0x00FF at reset.

TheMC9S08DN60 Series has eight sources for reset:

• Power-on reset (POR)
• External pin reset (PIN)
• Computer operating properly (COP) timer
• Illegal opcode detect (ILOP)
• Illegal address detect (ILAD)
• Low-voltage detect (LVD)
• Loss of clock (LOC)
• Background debug forced reset (BDFR)

Each of these sources, with the exception of the background debug forced reset, has an associated bit in
the system reset status register (SRS).
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5.4 Computer Operating Pr operl y (COP) Watchdog
The COP watchdog is intended to force a system reset when the application software fails to execute as
expected. To prevent a system reset from the COP timer (when it is enabled), application software must
resettheCOPcounterperiodically. If theapplicationprogramgetslostandfails to resettheCOPcounter
before it times out, a system reset is generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled (seeSection 5.8.4, “System Options Register 1 (SOPT1),”
for additional information). If the COP watchdog is not used in an application, it can be disabled by
clearing COPT bits in SOPT1.

The COP counter is reset by writing 0x55 and 0xAA (in this order) to the address of SRS during the
selectedtimeoutperiod.Writesdonotaffect thedatain theread-onlySRS.As soonasthewrite sequence
is done,theCOPtimeoutperiodis restarted.If theprogramfails to dothisduringthetime-outperiod,the
MCU will reset. Also, if any value other than 0x55 or 0xAA is written to SRS, the MCU is immediately
reset.

The COPCLKS bit in SOPT2 (seeSection 5.8.5, “System Options Register 2 (SOPT2),” for additional
information)selectstheclocksourceusedfor theCOPtimer. Theclocksourceoptionsareeitherthebus
clock or an internal 1-kHz clock source. With each clock source, there are three associated time-outs
controlledby theCOPTbits in SOPT1.Table5-6summariesthecontrolfunctionsof theCOPCLKSand
COPTbits.TheCOPwatchdogdefaultstooperationfromthe1-kHzclocksourceandthelongesttime-out
(210 cycles).

When the bus clock source is selected, windowed COP operation is available by setting COPW in the
SOPT2register. In thismode,writesto theSRSregisterto cleartheCOPtimermustoccurin thelast25%
of the selected timeout period. A premature write immediately resets the MCU. When the 1-kHz clock
source is selected, windowed COP operation is not available.

TheCOPcounteris initializedby thefirst writesto theSOPT1andSOPT2registersandafterany system
reset. Subsequent writes to SOPT1 and SOPT2 have no effect on COP operation. Even if the application
will use the reset default settings of COPT, COPCLKS, and COPW bits, the user should write to the
write-onceSOPT1andSOPT2registersduringresetinitializationto lock in thesettings.Thiswill prevent
accidental changes if the application program gets lost.

Thewrite toSRSthatservices(clears)theCOPcountershouldnotbeplacedin aninterruptserviceroutine
(ISR) because the ISR could continue to be executed periodically even if the main application program
fails.

If thebusclocksourceis selected,theCOPcounterdoesnot incrementwhile theMCU is in background
debug mode or while the system is in stop mode. The COP counter resumes when the MCU exits
background debug mode or stop mode.

If the 1-kHz clock source is selected, the COP counter is re-initialized to zero upon entry to either
background debug mode or stop mode and begins from zero upon exit from background debug mode or
stop mode.
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5.5 Interrupts
Interruptsprovideaway to save thecurrentCPUstatusandregisters,executeaninterruptserviceroutine
(ISR), and then restore the CPU status so processing resumes where it left off before the interrupt. Other
thanthesoftwareinterrupt(SWI),whichisaprograminstruction,interruptsarecausedbyhardwareevents
such as an edge on the IRQ pin or a timer-overflow event. The debug module can also generate an SWI
under certain circumstances.

If aneventoccursin anenabledinterruptsource,anassociatedread-onlystatusflagwill becomeset.The
CPUwill notrespondunlessthelocalinterruptenableis a1 to enabletheinterruptandtheI bit in theCCR
is 0 to allow interrupts. The global interrupt mask (I bit) in the CCR is initially set after reset which
preventsall maskableinterruptsources.Theuserprograminitializesthestackpointerandperformsother
system setup before clearing the I bit to allow the CPU to respond to interrupts.

WhentheCPUreceivesaqualifiedinterruptrequest,it completesthecurrentinstructionbeforeresponding
to theinterrupt.Theinterruptsequenceobeysthesamecycle-by-cyclesequenceastheSWI instructionand
consists of:

• Saving the CPU registers on the stack

• Setting the I bit in the CCR to mask further interrupts

• Fetching the interrupt vector for the highest-priority interrupt that is currently pending

• Filling the instruction queue with the first three bytes of program information starting from the
address fetched from the interrupt vector locations

While theCPUis respondingto theinterrupt,theI bit isautomaticallysettoavoid thepossibilityof another
interruptinterruptingtheISRitself (this is callednestingof interrupts).Normally, theI bit is restoredto 0
whentheCCRis restoredfrom thevaluestackedonentryto theISR.In rarecases,theI bit canbecleared
inside an ISR (after clearing the status flag that generated the interrupt) so that other interrupts can be
servicedwithoutwaitingfor thefirst serviceroutinetofinish.Thispracticeisnotrecommendedfor anyone
otherthanthemostexperiencedprogrammersbecauseit canleadto subtleprogramerrorsthataredifficult
to debug.

Theinterruptserviceroutineendswith areturn-from-interrupt(RTI) instructionwhichrestorestheCCR,
A, X, and PC registers to their pre-interrupt values by reading the previously saved information from the
stack.

NOTE
For compatibility with M68HC08 devices, the H register is not
automatically saved and restored. It is good programming practice to push
H ontothestackatthestartof theinterruptserviceroutine(ISR)andrestore
it immediately before the RTI that is used to return from the ISR.

If morethanoneinterruptis pendingwhentheI bit is cleared,thehighestpriority sourceis servicedfirst
(seeTable5-1).
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5.5.1 Interrupt Stac k Frame

Figure5-1 shows the contents and organization of a stack frame. Before the interrupt, the stack pointer
(SP)pointsat thenext availablebytelocationonthestack.Thecurrentvaluesof CPUregistersarestored
onthestackstartingwith thelow-orderbyteof theprogramcounter(PCL)andendingwith theCCR.After
stacking,theSPpointsat thenext availablelocationonthestackwhich is theaddressthatis onelessthan
theaddresswheretheCCRwas saved.ThePCvaluethatis stackedis theaddressof theinstructionin the
main program that would have executed next if the interrupt had not occurred.

Figure 5-1. Interrupt Stac k Frame

When anRTI instructionis executed,thesevaluesarerecoveredfrom thestackin reverseorder. As partof
the RTI sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address recovered from the stack.

The status flag corresponding to the interrupt source must be acknowledged (cleared) before returning
from the ISR. Typically, the flag is cleared at the beginning of the ISR so that if another interrupt is
generatedby thissamesource,it will beregisteredsoit canbeservicedaftercompletionof thecurrentISR.

5.5.2 External Interrupt Request (IRQ) Pin

Externalinterruptsaremanagedby theIRQ statusandcontrolregister, IRQSC.WhentheIRQ functionis
enabled,synchronouslogic monitorsthepin for edge-onlyor edge-and-level events.WhentheMCU is in
stopmodeandsystemclocksareshutdown, aseparateasynchronouspathis usedsotheIRQ (if enabled)
can wake the MCU.

5.5.2.1 Pin Configuration Options

TheIRQ pin enable(IRQPE)controlbit in IRQSCmustbe1 in orderfor theIRQ pin to actastheinterrupt
request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels detected
(IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an event
causes an interrupt or only sets the IRQF flag which can be polled by software.
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TheIRQ pin, whenenabled,defaultsto useaninternalpull device (IRQPDD= 0), thedevice is apull-up
or pull-down dependingonthepolaritychosen.If theuserdesiresto useanexternalpull-upor pull-down,
the IRQPDD can be written to a 1 to turn off the internal device.

BIH andBIL instructionsmaybeusedto detectthelevel ontheIRQ pin whenthepin is configuredto act
as the IRQ input.

NOTE
This pin does not contain a clamp diode to VDD and should not be driven
aboveVDD. ThevoltagemeasuredontheinternallypulledupIRQ pin may
beaslow asVDD – 0.7V. Theinternalgatesconnectedto thispin arepulled
all the way to VDD.

5.5.2.2 Edge and Le vel Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In the
edgeandlevel detectionmode,theIRQFstatusflagbecomessetwhenan edgeis detected(whentheIRQ
pin changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be
cleared) as long as the IRQ pin remains at the asserted level.

5.5.3 Interrupt V ector s, Sour ces, and Local Masks

Table5-1 provides a summary of all interrupt sources. Higher-priority sources are located toward the
bottom of the table. The high-order byte of the address for the interrupt service routine is located at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routine is located at the next higher address.

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enable is 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is 0, the CPU will finish the current instruction; stack the PCL, PCH, X, A, and CCR CPU
registers; set the I bit; and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continues in the interrupt service routine.
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5.6 Low-Volta ge Detect (LVD) System
TheMC9S08DN60Seriesincludesasystemto protectagainstlow-voltageconditionsin orderto protect
memory contents and control MCU system states during supply voltage variations. The system is

Table 5-1. Vector Summar y1

1 Vector priority is shown from lowest (first row) to highest (last row). For example, Vreset is the highest priority vector.

Vector
No.

Address
(High/Lo w)

Vector
Name

Module Sour ce Enable Description

31 0xFFC0/0xFFC1 Vacmp2 ACMP2 ACF ACIE Analog comparator 2
30 0xFFC2/0xFFC3 Vacmp1 ACMP1 ACF ACIE Analog comparator 1

29–26 0xFFC4/0xFFC5–
0xFFCA/0xFFCB

(Reserved)

25 0xFFCC/0xFFCD Vrtc RTC RTIF RTIE Real-time interrupt
24 0xFFCE/0xFFCF Viic IIC IICIS IICIE IIC control
23 0xFFD0/0xFFD1 Vadc ADC COCO AIEN ADC
22 0xFFD2/0xFFD3 Vport Port A,B,D PTAIF, PTBIF,

PTDIF
PTAIE, PTBIE, PTDIE Port Pins

21–19 0xFFD4/0xFFD5–
0xFFD8/0xFFD9

(Reserved)

18 0xFFDA/0xFFDB Vsci1tx SCI1 TDRE, TC TIE, TCIE SCI1 transmit
17 0xFFDC/0xFFDD Vsci1rx SCI1 IDLE, LBKDIF,

RDRF, RXEDGIF
ILIE, LBKDIE, RIE,

RXEDGIE
SCI1 receive

16 0xFFDE/0xFFDF Vsci1err SCI1 OR, NF,
FE, PF

ORIE, NFIE,
FEIE, PFIE

SCI1 error

15 0xFFE0/0xFFE1 Vspi SPI SPIF, MODF,
SPTEF

SPIE, SPIE, SPTIE SPI

14 0xFFE2/0xFFE3 Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
13 0xFFE4/0xFFE5 Vtpm2ch1 TPM2 CH1F CH1IE TPM2 channel 1
12 0xFFE6/0xFFE7 Vtpm2ch0 TPM2 CH0F CH0IE TPM2 channel 0
11 0xFFE8/0xFFE9 Vtpm1ovf TPM1 TOF TOIE TPM1 overflow
10 0xFFEA/0xFFEB Vtpm1ch5 TPM1 CH5F CH5IE TPM1 channel 5
9 0xFFEC/0xFFED Vtpm1ch4 TPM1 CH4F CH4IE TPM1 channel 4
8 0xFFEE/0xFFEF Vtpm1ch3 TPM1 CH3F CH3IE TPM1 channel 3
7 0xFFF0/0xFFF1 Vtpm1ch2 TPM1 CH2F CH2IE TPM1 channel 2
6 0xFFF2/0xFFF3 Vtpm1ch1 TPM1 CH1F CH1IE TPM1 channel 1
5 0xFFF4/0xFFF5 Vtpm1ch0 TPM1 CH0F CH0IE TPM1 channel 0
4 0xFFF6/0xFFF7 Vlol MCG LOLS LOLIE MCG loss of lock
3 0xFFF8/0xFFF9 Vlvd System

control
LVWF LVWIE Low-voltage warning

2 0xFFFA/0xFFFB Virq IRQ IRQF IRQIE IRQ pin
1 0xFFFC/0xFFFD Vswi Core SWI Instruction — Software interrupt
0 0xFFFE/0xFFFF Vreset System

control
COP,
LOC,
LVD,

RESET,
ILOP,
ILAD,
POR,
BDFR

COPE
CME

LVDRE
—
—
—
—
—

Watchdog timer
Loss-of-clock

Low-voltage detect
External pin

Illegal opcode
Illegal address
Power-on-reset

BDM-forced reset
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comprised of a power-on reset (POR) circuit and a LVD circuit with trip voltages for warning and
detection. The LVD circuit is enabled when LVDE in SPMSC1 is set to 1. The LVD is disabled upon
enteringany of thestopmodesunlessLVDSE is setin SPMSC1.If LVDSEandLVDE arebothset,then
the MCU cannot enter stop2 (it will enter stop3 instead), and the current consumption in stop3 with the
LVD enabled will be higher.

5.6.1 Power-On Reset Operation

When power is initially applied to the MCU, or when the supply voltage drops below the power-on reset
rearm voltage level, VPOR, the POR circuit will cause a reset condition. As the supply voltage rises, the
LVD circuit will hold the MCU in reset until the supply has risen above the low-voltage detection low
threshold, VLVDL . Both the POR bit and the LVD bit in SRS are set following a POR.

5.6.2 Low-Volta ge Detection (L VD) Reset Operation

The LVD can be configured to generate a reset upon detection of a low-voltage condition by setting
LVDRE to 1.Thelow-voltagedetectionthresholdis determinedby theLVDV bit. After anLVD resethas
occurred, the LVD system will hold the MCU in reset until the supply voltage has risen above the
low-voltage detection threshold. The LVD bit in the SRS register is set following either an LVD reset or
POR.

5.6.3 Low-Volta ge Warning (L VW) Interrupt Operation

The LVD system has a low-voltage warning flag to indicate to the user that the supply voltage is
approaching the low-voltage condition. When a low-voltage warning condition is detected and is
configuredfor interruptoperation(LVWIE setto 1), LVWF in SPMSC1will besetandanLVW interrupt
request will occur.

5.7 MCLK Output
ThePTA0 pin is sharedwith theMCLK clockoutput.If theMCSELbitsareall zeroes,theMCLK clock
is disabled.Settingany of theMCSELbitscausesthePTA0 pin to outputadividedversionof theinternal
MCU busclock regardlessof thestateof theportdatadirectioncontrolbit for thepin. Thedivide ratio is
determinedby theMCSELbits.Theslew rateanddrivestrengthfor thepin arecontrolledby PTASE0and
PTADS0,respectively. Themaximumclockoutputfrequency is limited if slew ratecontrolis enabled,see
the electrical specifications for the maximum frequency under different conditions.
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5.8 Reset, Interrupt, and System Contr ol Register s and Contr ol Bits
One8-bit registerin thedirectpageregisterspaceandeight8-bit registersin thehigh-pageregisterspace
are related to reset and interrupt systems.

Refer toTable4-2 andTable4-3 in Chapter4, “Memory,” of this data sheet for the absolute address
assignments for all registers. This section refers to 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.

Somecontrolbits in theSOPT1andSPMSC2registersarerelatedto modesof operation.Althoughbrief
descriptions of these bits are provided here, the related functions are discussed in greater detail in
Chapter3, “Modes of Operation.”
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5.8.1 Interrupt Pin Request Status and Contr ol 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 Contr ol Register (IRQSC)

Table 5-2. IRQSC Register Field Descriptions

Field Description

6
IRQPDD

Interrupt Request (IRQ) Pull De vice Disab le— 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) Edg e 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 Ackno wledg e — 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 Enab le — 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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5.8.2 System Reset Status Register (SRS)

Thishighpageregisterincludesread-onlystatusflagsto indicatethesourceof themostrecentreset.When
adebughostforcesresetby writing 1 to BDFRin theSBDFRregister, noneof thestatusbits in SRSwill
beset.Writing any valueto this registeraddresscausesaCOPresetwhentheCOPis enabledexceptthe
values 0x55 and 0xAA. Writing a 0x55-0xAA sequence to this address clears the COP watchdog timer
without affecting the contents of this register. The reset state of these bits depends on what caused the
MCU to reset.

Figure 5-3. System Reset Status (SRS)

7 6 5 4 3 2 1 0

R POR PIN COP ILOP ILAD LOC LVD 0

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

POR: 1 0 0 0 0 0 1 0

LVD: u 0 0 0 0 0 1 0

Any other
reset:

0 Note(1)

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

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

Table 5-3. SRS Register Field Descriptions

Field Description

7
POR

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

6
PIN

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

5
COP

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

4
ILOP

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

3
ILAD

Illegal Address — Reset was caused by an attempt to access either data or an instruction at an unimplemented
memory address.
0 Reset not caused by an illegal address.
1 Reset caused by an illegal address.
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5.8.3 System Bac kgr ound Deb ug For ce Reset Register (SBDFR)

This high page register contains a single write-only control bit. A serial background command such as
WRITE_BYTEmustbeusedto write to SBDFR.Attemptsto write this registerfrom auserprogramare
ignored. Reads always return 0x00.

Figure 5-4. System Bac kgr ound Deb ug For ce Reset Register (SBDFR)

2
LOC

Loss of Cloc k — Reset was caused by a loss of external clock.
0 Reset not caused by loss of external clock
1 Reset caused by loss of external clock

1
LVD

Low-Volta ge Detect — If the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset will
occur. This bit is also set by POR.
0 Reset not caused by LVD trip or POR.
1 Reset caused by LVD trip or POR.

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W BDFR1

1 BDFR is writable only through serial background debug commands, not from user programs.

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Table 5-4. SBDFR Register Field Descriptions

Field Description

0
BDFR

Backgr ound Debug Force Reset — A serial background command such as WRITE_BYTE can be used to allow
an external debug host to force a target system reset. Writing 1 to this bit forces an MCU reset. This bit cannot
be written from a user program.

Table 5-3. SRS Register Field Descriptions

Field Description
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5.8.4 System Options Register 1 (SOPT1)

Thishighpageregisteris awrite-onceregisterso onlythefirst write afterresetis honored.It canberead
at any time. Any subsequent attempt to write to SOPT1 (intentionally or unintentionally) is ignored to
avoid accidentalchangesto thesesensitivesettings.This registershouldbewrittenduringtheuser’s reset
initialization program to set the desired controls even if the desired settings are the same as the reset
settings.

7 6 5 4 3 2 1 0

R
COPT STOPE Reserved IICPS

0 0 0

W

Reset: 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 5-5. System Options Register 1 (SOPT1)

Table 5-5. SOPT1 Register Field Descriptions

Field Description

7:6
COPT[1:0]

COP Watchdog Timeout  — These write-once bits select the timeout period of the COP. COPT along with
COPCLKS in SOPT2 defines the COP timeout period. See Table 5-6.

5
STOPE

Stop Mode Enab le — This write-once bit is used to enable stop mode. If stop mode is disabled and a user
program attempts to execute a STOP instruction, an illegal opcode reset is forced.
0 Stop mode disabled.
1 Stop mode enabled.

3
IICPS

IIC Pin Select — This write-once bit selects the location of the SCL and SDA pins of the IIC module.
0 SCL on PTF2, SDA on PTF3.
1 SCL on PTE4, SDA on PTE5.

Table 5-6. COP Configuration Options

Contr ol Bits
Cloc k Sour ce

COP Windo w1 Opens
(COPW = 1)

1 Windowed COP operation requires the user to clear the COP timer in the last 25% of the selected timeout period. This column
displays the minimum number of clock counts required before the COP timer can be reset when in windowed COP mode
(COPW = 1).

COP Overflo w Count
COPCLKS COPT[1:0]

N/A 0:0 N/A N/A COP is disabled

0 0:1 1 kHz N/A 25 cycles (32 ms2)

2 Values shown in milliseconds based on tLPO = 1 ms. See tLPO in the appendix Section A.12.1, “Control Timing,” for the
tolerance of this value.

0 1:0 1 kHz N/A 28 cycles (256 ms1)

0 1:1 1 kHz N/A 210 cycles (1.024 s1)

1 0:1 Bus 6144 cycles 213 cycles

1 1:0 Bus 49,152 cycles 216 cycles

1 1:1 Bus 196,608 cycles 218 cycles
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5.8.5 System Options Register 2 (SOPT2)

This high page register contains bits to configure MCU specific features on theMC9S08DN60 Series
devices.

7 6 5 4 3 2 1 0

R
COPCLKS1

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

COPW1
0

ADHTS
0

MCSEL
W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 5-6.  System Options Register 2 (SOPT2)

Table 5-7. SOPT2 Register Field Descriptions

Field Description

7
COPCLKS

COP Watchdog Cloc k Select — This write-once bit selects the clock source of the COP watchdog. See
Table 5-6 for details.
0 Internal 1-kHz clock is source to COP.
1 Bus clock is source to COP.

6
COPW

COP Windo w — This write-once bit selects the COP operation mode. When set, the 0x55-0xAA write sequence
to the SRS register must occur in the last 25% of the selected period. Any write to the SRS register during the
first 75% of the selected period will reset the MCU.
0 Normal COP operation.
1 Window COP operation.

4
ADHTS

ADC Hardware Trig ger Select — This bit selects which hardware trigger initiates conversion for the analog to
digital converter when the ADC hardware trigger is enabled (ADCTRG is set in ADCSC2 register).
0 Real Time Counter (RTC) overflow.
1 External Interrupt Request (IRQ) pin.

2:0
MCSEL

MCLK Divide Select — These bits enable the MCLK output on PTA0 pin and select the divide ratio for the MCLK
output according to the formula below when the MCSEL bits are not equal to all zeroes. In case that the MCSEL
bits are all zeroes, the MCLK output is disabled.

MCLK frequency = Bus Clock frequency  (2 * MCSEL)
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5.8.6 System De vice Identification Register (SDIDH, SDIDL)

These high page read-only registers are included so host development systems can identify the HCS08
derivativeandrevisionnumber. Thisallowsthedevelopmentsoftwareto recognizewherespecificmemory
blocks, registers, and control bits are located in a target MCU.

Figure 5-7. System De vice Identification Register — High (SDIDH)

7 6 5 4 3 2 1 0

R Reserved ID11 ID10 ID9 ID8

W

Reset: 01

1 The revision number that is hard coded into these bits reflects the current silicon revision level.

01 01 01 0 0 0 0

= Unimplemented or Reserved

Table 5-8. SDIDH Register Field Descriptions

Field Description

3:0
ID[11:8]

Part Identification Number — MC9S08DN60 Series MCUs are hard-coded to the value 0x00E. See also ID bits
in Table 5-9.

7 6 5 4 3 2 1 0

R ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0

W

Reset: 0 0 0 0 1 1 1 0

= Unimplemented or Reserved

Figure 5-8. System De vice Identification Register — Lo w (SDIDL)

Table 5-9. SDIDL Register Field Descriptions

Field Description

7:0
ID[7:0]

Part Identification Number — MC9S08DN60 Series MCUs are hard-coded to the value 0x00E. See also ID bits
in Table 5-8.
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5.8.7 System P ower Mana gement Status and Contr ol 1 Register
(SPMSC1)

This high page register contains status and control bits to support the low-voltage detect function, and to
enable the bandgap voltage reference for use by the ADC and ACMP modules. This register should be
writtenduringtheuser’s resetinitializationprogramto setthedesiredcontrolsevenif thedesiredsettings
are the same as the reset settings.

Figure 5-9. System P ower Mana gement Status and Contr ol 1 Register (SPMSC1)

7 6 5 4 3 2 1 0

R LVWF1

1 LVWF will be set in the case when VSupply transitions below the trip point or after reset and VSupply is already below VLVW.

0
LVWIE LVDRE2

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

LVDSE LVDE2
0

BGBE
W LVWACK

Reset: 0 0 0 1 1 1 0 0

= Unimplemented or Reserved

Table 5-10. SPMSC1 Register Field Descriptions

Field Description

7
LVWF

Low-Volta ge Warning Fla g — The LVWF bit indicates the low-voltage warning status.
0 low-voltage warning is not present.
1 low-voltage warning is present or was present.

6
LVWACK

Low-Volta ge Warning Ackno wledg e — If LVWF = 1, a low-voltage condition has occurred. To acknowledge this
low-voltage warning, write 1 to LVWACK, which will automatically clear LVWF to 0 if the low-voltage warning is
no longer present.

5
LVWIE

Low-Volta ge Warning Interrupt Enab le — This bit enables hardware interrupt requests for LVWF.
0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.

4
LVDRE

Low-Volta ge Detect Reset Enab le — This write-once bit enables LVD events to generate a hardware reset
(provided LVDE = 1).
0 LVD events do not generate hardware resets.
1 Force an MCU reset when an enabled low-voltage detect event occurs.

3
LVDSE

Low-Volta ge Detect Stop Enable — Provided LVDE = 1, this read/write bit determines whether the low-voltage
detect function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.

2
LVDE

Low-Volta ge Detect Enable — This write-once bit enables low-voltage detect logic and qualifies the operation
of other bits in this register.
0 LVD logic disabled.
1 LVD logic enabled.

0
BGBE

Bandgap Buff er Enable — This bit enables an internal buffer for the bandgap voltage reference for use by the
ADC and ACMP modules on one of its internal channels.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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5.8.8 System P ower Mana gement Status and Contr ol 2 Register
(SPMSC2)

This register is used to report the status of the low-voltage warning function, and to configure the stop
mode behavior of the MCU. This register 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.

Figure 5-10. System P ower Mana gement Status and Contr ol 2 Register (SPMSC2)

7 6 5 4 3 2 1 0

R 0 0
LVDV1

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

LVWV
PPDF 0 0

PPDC2

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

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

Table 5-11. SPMSC2 Register Field Descriptions

Field Description

5
LVDV

Low-Volta ge Detect Volta ge Select — This write-once bit selects the low-voltage detect (LVD) trip point setting.
It also selects the warning voltage range. See Table 5-12.

4
LVWV

Low-Volta ge Warning Volta ge Select — This bit selects the low-voltage warning (LVW) trip point voltage. See
Table 5-12.

3
PPDF

Partial Power Do wn Fla g — This read-only status bit indicates that the MCU has recovered from stop2 mode.
0 MCU has not recovered from stop2 mode.
1 MCU recovered from stop2 mode.

2
PPDACK

Partial Power Do wn Ac kno wledg e — Writing a 1 to PPDACK clears the PPDF bit.

0
PPDC

Partial Power Do wn Contr ol  — This write-once bit controls whether stop2 or stop3 mode is selected.
0 Stop3 mode enabled.
1 Stop2, partial power down, mode enabled.

Table 5-12. LVD and LVW Trip Point T ypical V alues 1

1 See Electrical Characteristics appendix for minimum and maximum values.

LVDV:LVWV LVW Trip Point LVD Trip Point

0:0 VLVW0 = 2.74 V VLVD0 = 2.56 V

0:1 VLVW1 = 2.92 V

1:0 VLVW2 = 4.3 V VLVD1 = 4.0 V

1:1 VLVW3 = 4.6 V
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Chapter 6
Parallel Input/Output Contr ol
This section explains software controls related to parallel input/output (I/O) and pin control. The
MC9S08DN60 Series has seven parallel I/O ports which include a total of up to 53 I/O pins and one
input-only pin. SeeChapter2, “Pins and Connections,” for more information about pin assignments and
external hardware considerations of these pins.

Many of thesepinsaresharedwith on-chipperipheralssuchastimersystems,communicationsystems,or
pin interrupts as shown in Table2-1. The peripheral modules have priority over the general-purpose I/O
functions so that when a peripheral is enabled, the I/O functions associated with the shared pins are
disabled.

After reset, the shared peripheral functions are disabled and the pins are configured as inputs
(PTxDDn= 0).Thepin controlfunctionsfor eachpin areconfiguredasfollows:slew ratecontrolenabled
(PTxSEn = 1), low drive strength selected (PTxDSn = 0), and internal pull-ups disabled (PTxPEn = 0).

NOTE
Not all general-purpose I/O pins are available on all packages. To avoid
extra current drain from floating input pins, the user’s reset initialization
routine in the application program must either enable on-chip pull-up
devices or change the direction of unconnected pins to outputs so the pins
do not float.

6.1 Por t Data and Data Direction
Reading and writing of parallel I/Os are performed through the port data registers. The direction, either
inputor output,is controlledthroughtheportdatadirectionregisters.TheparallelI/O port functionfor an
individual pin is illustrated in the block diagram shown in Figure6-1.

The data direction control bit (PTxDDn) determines whether the output buffer for the associated pin is
enabled,andalso controlsthesourcefor portdataregisterreads.Theinputbuffer for theassociatedpin is
always enabled unless the pin is enabled as an analog function or is an output-only pin.

Whenashareddigital functionis enabledfor apin, theoutputbuffer is controlledby thesharedfunction.
However, thedatadirectionregisterbit will continuetocontrolthesourcefor readsof theportdataregister.

Whenasharedanalogfunctionis enabledfor apin, boththeinputandoutputbuffersaredisabled.A value
of 0 is read for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled.
In general, whenever a pin is shared with both an alternate digital function and an analog function, the
analog function has priority such that if both the digital and analog functions are enabled, the analog
function controls the pin.
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It is agoodprogrammingpracticeto write to theportdataregisterbeforechangingthedirectionof aport
pin to become an output. This ensures that the pin will not be driven momentarily with an old data value
that happened to be in the port data register.

Figure 6-1. Parallel I/O Bloc k Diagram

6.2 Pull-up, Slew Rate , and Drive Strength
Associatedwith theparallelI/O portsisasetof registerslocatedin thehighpageregisterspacethatoperate
independentlyof theparallelI/O registers.Theseregistersareusedto controlpull-ups,slew rate,anddrive
strength for the pins.

An internalpull-updevicecanbeenabledfor eachportpin by settingthecorrespondingbit in thepull-up
enableregister(PTxPEn).Thepull-updeviceisdisabledif thepin isconfiguredasanoutputby theparallel
I/O control logic or any shared peripheral function regardless of the state of the corresponding pull-up
enable register bit. The pull-up device is also disabled if the pin is controlled by an analog function.

Slew ratecontrolcanbeenabledfor eachportpin by settingthecorrespondingbit in theslew ratecontrol
register(PTxSEn).Whenenabled,slew controllimits therateatwhichanoutputcantransitionin orderto
reduce EMC emissions. Slew rate control has no effect on pins that are configured as inputs.

NOTE
Slew rateresetdefault valuesmaydiffer betweenengineeringsamplesand
final production parts. Always initialize slew rate control to the desired
value to ensure correct operation.

An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTxDSn). When high drive is selected, a pin is capable of sourcing and
sinkinggreatercurrent.EventhougheveryI/O pin canbeselectedashighdrive,theusermustensurethat
thetotalcurrentsourceandsink limits for theMCU arenotexceeded.Drivestrengthselectionis intended
to affect theDC behavior of I/O pins.However, theAC behavior is alsoaffected.High driveallowsapin

QD

QD

1

0

Port Read

PTxDDn

PTxDn

Output Enable

Output Data

Input DataSynchronizer
Data

BUSCLK
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to drive a greater load with the same switching speed as a low drive enabled pin into a smaller load.
Because of this, the EMC emissions may be affected by enabling pins as high drive.

6.3 Pin Interrupts
PortA, portB, andportD pinscanbeconfiguredasexternalinterruptinputsandasanexternalmeansof
waking the MCU from stop or wait low-power modes.

The block diagram for each port interrupt logic is shown Figure6-2.

Figure 6-2. Por t Interrupt Bloc k Diagram

Writing to the PTxPSn bits in the port interrupt pin select register (PTxPS) independently enables or
disableseachportpin. Eachport canbeconfiguredasedgesensitiveor edgeandlevel sensitivebasedon
thePTxMODbit in theport interruptstatusandcontrolregister(PTxSC).Edgesensitivity canbesoftware
programmed to be either falling or rising; the level can be either low or high. The polarity of the edge or
edge and level sensitivity is selected using the PTxESn bits in the port interrupt edge select register
(PTxES).

Synchronous logic is used to detect edges. Prior to detecting an edge, enabled port inputs must be at the
deassertedlogic level.A falling edgeis detectedwhenanenabledport inputsignalis seenasalogic 1 (the
deassertedlevel) duringonebuscycleandthenalogic 0 (theassertedlevel) duringthenext cycle.A rising
edge is detected when the input signal is seen as a logic 0 during one bus cycle and then a logic 1 during
the next cycle.

6.3.1 Edge Only Sensitivity

A validedgeonanenabledportpinwill setPTxIFin PTxSC.If PTxIEin PTxSCisset,aninterruptrequest
will be presented to the CPU. Clearing of PTxIF is accomplished by writing a 1 to PTxACK in PTxSC.

6.3.2 Edge and Le vel Sensitivity

A validedgeor levelonanenabledportpinwill setPTxIFin PTxSC.If PTxIEin PTxSCisset,aninterrupt
request will be presented to the CPU. Clearing of PTxIF is accomplished by writing a 1 to PTxACK in
PTxSCprovidedall enabledport inputsareattheirdeassertedlevels.PTxIFwill remainsetif any enabled
port pin is asserted while attempting to clear by writing a 1 to PTxACK.

PTxESn

D Q

CK

CLR

VDD

PTxMOD

PTxIE

PORT
INTERRUPT FF

PTxACK

RESET

SYNCHRONIZER

PTxIF

STOP BYPASSSTOP

BUSCLK

PTxPSn
0

1

S

PTxPS0
0

1

S

PTxES0

PTxn

PTxn

PTx

INTERRUPT

REQUEST
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6.3.3 Pull-up/Pull-do wn Resistor s

Theport interruptpinscanbeconfiguredto useaninternalpull-up/pull-down resistorusingtheassociated
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 aninterruptpin is first enabled,it is possibleto getafalseinterruptflag.To preventafalseinterrupt
request during pin interrupt initialization, the user should do the following:

1. Mask interrupts by clearing PTxIE in PTxSC.

2. Select the pin polarity by setting the appropriate PTxESn bits in PTxES.

3. If using internal pull-up/pull-down device, configure the associated pull enable bits in PTxPE.

4. Enable the interrupt pins by setting the appropriate PTxPSn bits in PTxPS.

5. Write to PTxACK in PTxSC to clear any false interrupts.

6. Set PTxIE in PTxSC to enable interrupts.

6.4 Pin Beha vior 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 mode is a partial power-down mode, whereby I/O latches are maintained in their state as
beforetheSTOPinstructionwasexecuted.CPUregisterstatusandthestateof I/O registersshould
besavedin RAM beforetheSTOPinstructionis executedto placetheMCU in stop2mode.Upon
recoveryfromstop2mode,beforeaccessingany I/O, theusershouldexamine thestateof thePPDF
bit in theSPMSC2register. If thePPDFbit is 0, I/O mustbeinitializedasif apoweron resethad
occurred.If thePPDFbit is 1,peripheralsmayrequireinitializationto berestoredto theirpre-stop
condition.Thiscanbedoneusingdatapreviouslystoredin RAM if it was savedbeforetheSTOP
instructionwasexecuted.Theusermustthenwrite a1 to thePPDACK bit in theSPMSC2register.
Access to I/O is now permitted again in the user application program.

• In stop3 mode, all I/O is maintained because internal logic circuity stays powered up. Upon
recovery, normal I/O function is available to the user.

6.5 Parallel I/O and Pin Contr ol Register s
This section provides information about the registers associated with the parallel I/O ports. The data and
datadirectionregistersarelocatedin pagezeroof thememorymap.Thepull up,slew rate,drivestrength,
and interrupt control registers are located in the high page section of the memory map.

Referto tablesin Chapter4, “Memory,” for theabsoluteaddressassignmentsfor all parallelI/O andtheir
pin control registers. This section refers to registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to translate these names into the
appropriate absolute addresses.
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6.5.1 Por t A Register s

Port A is controlled by the registers listed below.

6.5.1.1 Por t A Data Register (PT AD)

6.5.1.2 Por t A Data Direction Register (PT ADD)

7 6 5 4 3 2 1 0

R
PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTAD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-3. Por t A Data Register (PT AD)

Table 6-1. PTAD Register Field Descriptions

Field Description

7:0
PTAD[7:0]

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

7 6 5 4 3 2 1 0

R
PTADD7 PTADD6 PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-4. Por t A Data Direction Register (PT ADD)

Table 6-2. PTADD Register Field Descriptions

Field Description

7:0
PTADD[7:0]

Data Direction for Por t A Bits — These read/write bits control the direction of port A pins and what is read for
PTAD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port A bit n and PTAD reads return the contents of PTADn.
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6.5.1.3 Por t A Pull Enab le Register (PT APE)

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

6.5.1.4 Por t A Sle w Rate Enab le Register (PT ASE)

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

7 6 5 4 3 2 1 0

R
PTAPE7 PTAPE6 PTAPE5 PTAPE4 PTAPE3 PTAPE2 PTAPE1 PTAPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-5. Internal Pull Enab le for Por t A Register (PT APE)

Table 6-3. PTAPE Register Field Descriptions

Field Description

7:0
PTAPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTASE7 PTASE6 PTASE5 PTASE4 PTASE3 PTASE2 PTASE1 PTASE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-6. Slew Rate Enab le for Por t A Register (PT ASE)

Table 6-4. PTASE Register Field Descriptions

Field Description

7:0
PTASE[7:0]

Output Slew Rate Enable for Por t A Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port A bit n.
1 Output slew rate control enabled for port A bit n.
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6.5.1.5 Por t A Drive Strength Selection Register (PT ADS)

6.5.1.6 Por t A Interrupt Status and Contr ol Register (PT ASC)

7 6 5 4 3 2 1 0

R
PTADS7 PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADS1 PTADS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-7. Drive Strength Selection f or Por t A Register (PT ADS)

Table 6-5. PTADS Register Field Descriptions

Field Description

7:0
PTADS[7:0]

Output Drive Strength Selection f or Por t A Bits  — Each of these control bits selects between low and high
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.

7 6 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. Por t A Interrupt Status and Contr ol Register (PT ASC)

Table 6-6. PTASC Register Field Descriptions

Field Description

3
PTAIF

Por t A Interrupt Fla g — PTAIF indicates when a port A interrupt is detected. Writes have no effect on PTAIF.
0 No port A interrupt detected.
1 Port A interrupt detected.

2
PTAACK

Por t A Interrupt Ac kno wledg e — Writing a 1 to PTAACK is part of the flag clearing mechanism. PTAACK
always reads as 0.

1
PTAIE

Por t A Interrupt Enab le — PTAIE determines whether a port A interrupt is requested.
0 Port A interrupt request not enabled.
1 Port A interrupt request enabled.

0
PTAMOD

Por t A Detection Mode  — PTAMOD (along with the PTAES bits) controls the detection mode of the port A
interrupt pins.
0 Port A pins detect edges only.
1 Port A pins detect both edges and levels.
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6.5.1.7 Por t A Interrupt Pin Select Register (PT APS)

6.5.1.8 Por t A Interrupt Edg e Select Register (PT AES)

7 6 5 4 3 2 1 0

R
PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-9. Por t A Interrupt Pin Select Register (PT APS)

Table 6-7. PTAPS Register Field Descriptions

Field Description

7:0
PTAPS[7:0]

Por t A Interrupt Pin Selects  — Each of the PTAPSn bits enable the corresponding port A interrupt pin.
0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.

7 6 5 4 3 2 1 0

R
PTAES7 PTAES6 PTAES5 PTAES4 PTAES3 PTAES2 PTAES1 PTAES0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-10. Por t A Edg e Select Register (PT AES)

Table 6-8. PTAES Register Field Descriptions

Field Description

7:0
PTAES[7:0]

Por t A Edg e Selects  — Each of the PTAESn bits serves a dual purpose by selecting the polarity of the active
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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6.5.2 Por t B Register s

Port B is controlled by the registers listed below.

6.5.2.1 Por t B Data Register (PTBD)

6.5.2.2 Por t B Data Direction Register (PTBDD)

7 6 5 4 3 2 1 0

R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-11. Por t B Data Register (PTBD)

Table 6-9. PTBD Register Field Descriptions

Field Description

7:0
PTBD[7:0]

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

7 6 5 4 3 2 1 0

R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-12. Por t B Data Direction Register (PTBDD)

Table 6-10. PTBDD Register Field Descriptions

Field Description

7:0
PTBDD[7:0]

Data Direction for Por t B Bits — These read/write bits control the direction of port B pins and what is read for
PTBD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.
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6.5.2.3 Por t B Pull Enab le Register (PTBPE)

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

6.5.2.4 Por t B Sle w Rate Enab le Register (PTBSE)

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

7 6 5 4 3 2 1 0

R
PTBPE7 PTBPE6 PTBPE5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-13. Internal Pull Enab le for Por t B Register (PTBPE)

Table 6-11. PTBPE Register Field Descriptions

Field Description

7:0
PTBPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTBSE7 PTBSE6 PTBSE5 PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-14. Slew Rate Enab le for Por t B Register (PTBSE)

Table 6-12. PTBSE Register Field Descriptions

Field Description

7:0
PTBSE[7:0]

Output Slew Rate Enable for Por t B Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port B bit n.
1 Output slew rate control enabled for port B bit n.
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6.5.2.5 Por t B Drive Strength Selection Register (PTBDS)

6.5.2.6 Por t B Interrupt Status and Contr ol Register (PTBSC)

7 6 5 4 3 2 1 0

R
PTBDS7 PTBDS6 PTBDS5 PTBDS4 PTBDS3 PTBDS2 PTBDS1 PTBDS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-15. Drive Strength Selection f or Por t B Register (PTBDS)

Table 6-13. PTBDS Register Field Descriptions

Field Description

7:0
PTBDS[7:0]

Output Drive Strength Selection f or Por t B Bits  — Each of these control bits selects between low and high
output drive for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port B bit n.
1 High output drive strength selected for port B bit n.

7 6 5 4 3 2 1 0

R 0 0 0 0 PTBIF 0
PTBIE PTBMOD

W PTBACK

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-16. Por t B Interrupt Status and Contr ol Register (PTBSC)

Table 6-14. PTBSC Register Field Descriptions

Field Description

3
PTBIF

Por t B Interrupt Fla g — PTBIF indicates when a Port B interrupt is detected. Writes have no effect on PTBIF.
0 No Port B interrupt detected.
1 Port B interrupt detected.

2
PTBACK

Por t B Interrupt Ac kno wledg e — Writing a 1 to PTBACK is part of the flag clearing mechanism. PTBACK
always reads as 0.

1
PTBIE

Por t B Interrupt Enab le — PTBIE determines whether a port B interrupt is requested.
0 Port B interrupt request not enabled.
1 Port B interrupt request enabled.

0
PTBMOD

Por t B Detection Mode  — PTBMOD (along with the PTBES bits) controls the detection mode of the port B
interrupt pins.
0 Port B pins detect edges only.
1 Port B pins detect both edges and levels.
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6.5.2.7 Por t B Interrupt Pin Select Register (PTBPS)

6.5.2.8 Por t B Interrupt Edg e Select Register (PTBES)

7 6 5 4 3 2 1 0

R
PTBPS7 PTBPS6 PTBPS5 PTBPS4 PTBPS3 PTBPS2 PTBPS1 PTBPS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-17. Por t B Interrupt Pin Select Register (PTBPS)

Table 6-15. PTBPS Register Field Descriptions

Field Description

7:0
PTBPS[7:0]

Por t B Interrupt Pin Selects  — Each of the PTBPSn bits enable the corresponding port B interrupt pin.
0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.

7 6 5 4 3 2 1 0

R
PTBES7 PTBES6 PTBES5 PTBES4 PTBES3 PTBES2 PTBES1 PTBES0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-18. Por t B Edg e Select Register (PTBES)

Table 6-16. PTBES Register Field Descriptions

Field Description

7:0
PTBES[7:0]

Por t B Edg e Selects  — Each of the PTBESn bits serves a dual purpose by selecting the polarity of the active
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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6.5.3 Por t C Register s

Port C is controlled by the registers listed below.

6.5.3.1 Por t C Data Register (PTCD)

6.5.3.2 Por t C Data Direction Register (PTCDD)

7 6 5 4 3 2 1 0

R
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-19. Por t C Data Register (PTCD)

Table 6-17. PTCD Register Field Descriptions

Field Description

7:0
PTCD[7:0]

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

7 6 5 4 3 2 1 0

R
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-20. Por t C Data Direction Register (PTCDD)

Table 6-18. PTCDD Register Field Descriptions

Field Description

7:0
PTCDD[7:0]

Data Direction for Por t C Bits — These read/write bits control the direction of port C pins and what is read for
PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
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6.5.3.3 Por t C Pull Enab le Register (PTCPE)

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

6.5.3.4 Por t C Slew Rate Enab le Register (PTCSE)

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

7 6 5 4 3 2 1 0

R
PTCPE7 PTCPE6 PTCPE5 PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-21. Internal Pull Enab le for Por t C Register (PTCPE)

Table 6-19. PTCPE Register Field Descriptions

Field Description

7:0
PTCPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTCSE7 PTCSE6 PTCSE5 PTCSE4 PTCSE3 PTCSE2 PTCSE1 PTCSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-22. Slew Rate Enab le for Por t C Register (PTCSE)

Table 6-20. PTCSE Register Field Descriptions

Field Description

7:0
PTCSE[7:0]

Output Slew Rate Enable for Por t C Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTC pin. For port C pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port C bit n.
1 Output slew rate control enabled for port C bit n.
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6.5.3.5 Por t C Drive Strength Selection Register (PTCDS)

7 6 5 4 3 2 1 0

R
PTCDS7 PTCDS6 PTCDS5 PTCDS4 PTCDS3 PTCDS2 PTCDS1 PTCDS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-23. Drive Strength Selection f or Por t C Register (PTCDS)

Table 6-21. PTCDS Register Field Descriptions

Field Description

7:0
PTCDS[7:0]

Output Drive Strength Selection f or Por t C Bits  — Each of these control bits selects between low and high
output drive for the associated PTC pin. For port C pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port C bit n.
1 High output drive strength selected for port C bit n.
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6.5.4 Por t D Register s

Port D is controlled by the registers listed below.

6.5.4.1 Por t D Data Register (PTDD)

6.5.4.2 Por t D Data Direction Register (PTDDD)

7 6 5 4 3 2 1 0

R
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-24. Por t D Data Register (PTDD)

Table 6-22. PTDD Register Field Descriptions

Field Description

7:0
PTDD[7:0]

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

7 6 5 4 3 2 1 0

R
PTDDD7 PTDDD6 PTDDD5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-25. Por t D Data Direction Register (PTDDD)

Table 6-23. PTDDD Register Field Descriptions

Field Description

7:0
PTDDD[7:0]

Data Direction for Por t D Bits — These read/write bits control the direction of port D pins and what is read for
PTDD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port D bit n and PTDD reads return the contents of PTDDn.
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6.5.4.3 Por t D Pull Enab le Register (PTDPE)

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

6.5.4.4 Por t D Slew Rate Enab le Register (PTDSE)

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

7 6 5 4 3 2 1 0

R
PTDPE7 PTDPE6 PTDPE5 PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-26. Internal Pull Enab le for Por t D Register (PTDPE)

Table 6-24. PTDPE Register Field Descriptions

Field Description

7:0
PTDPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTDSE7 PTDSE6 PTDSE5 PTDSE4 PTDSE3 PTDSE2 PTDSE1 PTDSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-27. Slew Rate Enab le for Por t D Register (PTDSE)

Table 6-25. PTDSE Register Field Descriptions

Field Description

7:0
PTDSE[7:0]

Output Slew Rate Enable for Por t D Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port D bit n.
1 Output slew rate control enabled for port D bit n.
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6.5.4.5 Por t D Drive Strength Selection Register (PTDDS)

6.5.4.6 Por t D Interrupt Status and Contr ol Register (PTDSC)

7 6 5 4 3 2 1 0

R
PTDDS7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDS1 PTDDS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-28. Drive Strength Selection f or Por t D Register (PTDDS)

Table 6-26. PTDDS Register Field Descriptions

Field Description

7:0
PTDDS[7:0]

Output Drive Strength Selection f or Por t D Bits  — Each of these control bits selects between low and high
output drive for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port D bit n.
1 High output drive strength selected for port D bit n.

7 6 5 4 3 2 1 0

R 0 0 0 0 PTDIF 0
PTDIE PTDMOD

W PTDACK

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-29. Por t D Interrupt Status and Contr ol Register (PTDSC)

Table 6-27. PTDSC Register Field Descriptions

Field Description

3
PTDIF

Por t D Interrupt Fla g — PTDIF indicates when a port D interrupt is detected. Writes have no effect on PTDIF.
0 No port D interrupt detected.
1 Port D interrupt detected.

2
PTDACK

Por t D Interrupt Ac kno wledg e — Writing a 1 to PTDACK is part of the flag clearing mechanism. PTDACK
always reads as 0.

1
PTDIE

Por t D Interrupt Enab le — PTDIE determines whether a port D interrupt is requested.
0 Port D interrupt request not enabled.
1 Port D interrupt request enabled.

0
PTDMOD

Por t A Detection Mode  — PTDMOD (along with the PTDES bits) controls the detection mode of the port D
interrupt pins.
0 Port D pins detect edges only.
1 Port D pins detect both edges and levels.
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6.5.4.7 Por t D Interrupt Pin Select Register (PTDPS)

6.5.4.8 Por t D Interrupt Edg e Select Register (PTDES)

7 6 5 4 3 2 1 0

R
PTDPS7 PTDPS6 PTDPS5 PTDPS4 PTDPS3 PTDPS2 PTDPS1 PTDPS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-30. Por t D Interrupt Pin Select Register (PTDPS)

Table 6-28. PTDPS Register Field Descriptions

Field Description

7:0
PTDPS[7:0]

Por t D Interrupt Pin Selects  — Each of the PTDPSn bits enable the corresponding port D interrupt pin.
0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.

7 6 5 4 3 2 1 0

R
PTDES7 PTDES6 PTDES5 PTDES4 PTDES3 PTDES2 PTDES1 PTDES0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-31. Por t D Edg e Select Register (PTDES)

Table 6-29. PTDES Register Field Descriptions

Field Description

7:0
PTDES[7:0]

Por t D Edg e Selects  — Each of the PTDESn bits serves a dual purpose by selecting the polarity of the active
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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6.5.5 Por t E Register s

Port E is controlled by the registers listed below.

6.5.5.1 Por t E Data Register (PTED)

6.5.5.2 Por t E Data Direction Register (PTEDD)

7 6 5 4 3 2 1 0

R
PTED7 PTED6 PTED5 PTED4 PTED3 PTED2 PTED11

1 Reads of this bit always return the pin value of the associated pin, regardless of the value stored in the port data direction bit.

PTED0
W

Reset: 0 0 0 0 0 0 0 0

Figure 6-32. Por t E Data Register (PTED)

Table 6-30. PTED Register Field Descriptions

Field Description

7:0
PTED[7:0]

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

7 6 5 4 3 2 1 0

R
PTEDD7 PTEDD6 PTEDD5 PTEDD4 PTEDD3 PTEDD2 PTEDD11

1 PTEDD1 has no effect on the input-only PTE1 pin.

PTEDD0
W

Reset: 0 0 0 0 0 0 0 0

Figure 6-33. Por t E Data Direction Register (PTEDD)

Table 6-31. PTEDD Register Field Descriptions

Field Description

7:0
PTEDD[7:0]

Data Direction for Por t E Bits — These read/write bits control the direction of port E pins and what is read for
PTED reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port E bit n and PTED reads return the contents of PTEDn.
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6.5.5.3 Por t E Pull Enab le Register (PTEPE)

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

6.5.5.4 Por t E Slew Rate Enab le Register (PTESE)

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

7 6 5 4 3 2 1 0

R
PTEPE7 PTEPE6 PTEPE5 PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-34. Internal Pull Enab le for Por t E Register (PTEPE)

Table 6-32. PTEPE Register Field Descriptions

Field Description

7:0
PTEPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTESE7 PTESE6 PTESE5 PTESE4 PTESE3 PTESE2 PTESE11

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

PTESE0
W

Reset: 0 0 0 0 0 0 0 0

Figure 6-35. Slew Rate Enab le for Por t E Register (PTESE)

Table 6-33. PTESE Register Field Descriptions

Field Description

7:0
PTESE[7:0]

Output Slew Rate Enable for Por t E Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port E bit n.
1 Output slew rate control enabled for port E bit n.
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6.5.5.5 Por t E Drive Strength Selection Register (PTEDS)

7 6 5 4 3 2 1 0

R
PTEDS7 PTEDS6 PTEDS5 PTEDS4 PTEDS3 PTEDS2 PTEDS11

1 PTEDS1 has no effect on the input-only PTE1 pin.

PTEDS0
W

Reset: 0 0 0 0 0 0 0 0

Figure 6-36. Drive Strength Selection f or Por t E Register (PTEDS)

Table 6-34. PTEDS Register Field Descriptions

Field Description

7:0
PTEDS[7:0]

Output Drive Strength Selection f or Por t E Bits  — Each of these control bits selects between low and high
output drive for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port E bit n.
1 High output drive strength selected for port E bit n.
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6.5.6 Por t F Register s

Port F is controlled by the registers listed below.

6.5.6.1 Por t F Data Register (PTFD)

6.5.6.2 Por t F Data Direction Register (PTFDD)

7 6 5 4 3 2 1 0

R
PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFD0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-37. Por t F Data Register (PTFD)

Table 6-35. PTFD Register Field Descriptions

Field Description

7:0
PTFD[7:0]

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

7 6 5 4 3 2 1 0

R
PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDD0

W

Reset: 0 0 0 0 0 0 0 0

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

Table 6-36. PTFDD Register Field Descriptions

Field Description

7:0
PTFDD[7:0]

Data Direction for Por t F Bits — These read/write bits control the direction of port F pins and what is read for
PTFD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port F bit n and PTFD reads return the contents of PTFDn.
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6.5.6.3 Por t F Pull Enab le Register (PTFPE)

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

6.5.6.4 Por t F Slew Rate Enab le Register (PTFSE)

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

7 6 5 4 3 2 1 0

R
PTFPE7 PTFPE6 PTFPE5 PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-39. Internal Pull Enab le for Por t F Register (PTFPE)

Table 6-37. PTFPE Register Field Descriptions

Field Description

7:0
PTFPE[7:0]

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

7 6 5 4 3 2 1 0

R
PTFSE7 PTFSE6 PTFSE5 PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-40. Slew Rate Enab le for Por t F Register (PTFSE)

Table 6-38. PTFSE Register Field Descriptions

Field Description

7:0
PTFSE[7:0]

Output Slew Rate Enable for Por t F Bits — Each of these control bits determines if the output slew rate control
is enabled for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port F bit n.
1 Output slew rate control enabled for port F bit n.
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6.5.6.5 Por t F Drive Strength Selection Register (PTFDS)

7 6 5 4 3 2 1 0

R
PTFDS7 PTFDS6 PTFDS5 PTFDS4 PTFDS3 PTFDS2 PTFDS1 PTFDS0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-41. Drive Strength Selection f or Por t F Register (PTFDS)

Table 6-39. PTFDS Register Field Descriptions

Field Description

7:0
PTFDS[7:0]

Output Drive Strength Selection f or Por t F Bits  — Each of these control bits selects between low and high
output drive for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port F bit n.
1 High output drive strength selected for port F bit n.
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6.5.7 Por t G Register s

Port G is controlled by the registers listed below.

6.5.7.1 Por t G Data Register (PTGD)

6.5.7.2 Por t G Data Direction Register (PTGDD)

7 6 5 4 3 2 1 0

R 0 0
PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGD0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-42. Por t G Data Register (PTGD)

Table 6-40. PTGD Register Field Descriptions

Field Description

5:0
PTGD[5:0]

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

7 6 5 4 3 2 1 0

R 0 0
PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDD0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-43. Por t G Data Direction Register (PTGDD)

Table 6-41. PTGDD Register Field Descriptions

Field Description

5:0
PTGDD[5:0]

Data Direction for Por t G Bits — These read/write bits control the direction of port G pins and what is read for
PTGD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port G bit n and PTGD reads return the contents of PTGDn.
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6.5.7.3 Por t G Pull Enab le Register (PTGPE)

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

6.5.7.4 Por t G Slew Rate Enab le Register (PTGSE)

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

7 6 5 4 3 2 1 0

R 0 0
PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPE0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-44. Internal Pull Enab le for Por t G Register (PTGPE)

Table 6-42. PTGPE Register Field Descriptions

Field Description

5:0
PTGPE[5:0]

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

7 6 5 4 3 2 1 0

R 0 0
PTGSE5 PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSE0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-45. Slew Rate Enab le for Por t G Register (PTGSE)

Table 6-43. PTGSE Register Field Descriptions

Field Description

5:0
PTGSE[5:0]

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

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 6 Parallel Input/Output Contr ol

MC9S08DN60 Series Data Sheet, Rev 2

106 Freescale Semiconductor

6.5.7.5 Por t G Drive Strength Selection Register (PTGDS)

7 6 5 4 3 2 1 0

R 0 0
PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDS0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-46. Drive Strength Selection f or Por t G Register (PTGDS)

Table 6-44. PTGDS Register Field Descriptions

Field Description

5:0
PTGDS[5:0

Output Drive Strength Selection f or Por t G Bits  — Each of these control bits selects between low and high
output drive for the associated PTG pin. For port G pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port G bit n.
1 High output drive strength selected for port G bit n.
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Chapter 7
Central Pr ocessor Unit (S08CPUV3)

7.1 Intr oduction
This section provides summary information about the registers, addressing modes, and instruction set of
the CPU of the HCS08 Family. For a more detailed discussion, refer to theHCS08 Family Reference
Manual, volume 1, Freescale Semiconductor document order number HCS08RMV1/D.

The HCS08 CPU is fully source- and object-code-compatible with the M68HC08 CPU. Several
instructionsandenhancedaddressingmodeswereaddedto improveC compilerefficiency andto support
anew backgrounddebugsystemwhich replacesthemonitormodeof earlierM68HC08microcontrollers
(MCU).

7.1.1 Features

Features of the HCS08 CPU include:

• Object code fully upward-compatible with M68HC05 and M68HC08 Families

• All registers and memory are mapped to a single 64-Kbyte address space

• 16-bit stack pointer (any size stack anywhere in 64-Kbyte address space)

• 16-bit index register (H:X) with powerful indexed addressing modes

• 8-bit accumulator (A)

• Many instructions treat X as a second general-purpose 8-bit register

• Seven addressing modes:

— Inherent — Operands in internal registers

— Relative — 8-bit signed offset to branch destination

— Immediate — Operand in next object code byte(s)

— Direct — Operand in memory at 0x0000–0x00FF

— Extended — Operand anywhere in 64-Kbyte address space

— Indexed relative to H:X — Five submodes including auto increment

— Indexed relative to SP — Improves C efficiency dramatically

• Memory-to-memory data move instructions with four address mode combinations

• Overflow, half-carry, negative, zero, and carry condition codes support conditional branching on
the results of signed, unsigned, and binary-coded decimal (BCD) operations

• Efficient bit manipulation instructions

• Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions

• STOP and WAIT instructions to invoke low-power operating modes
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7.2 Programmer’ s Model and CPU Register s
Figure7-1 shows the five CPU registers. CPU registers are not part of the memory map.

Figure 7-1. CPU Register s

7.2.1 Accum ulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit
(ALU) is connectedto theaccumulatorandtheALU resultsareoftenstoredinto theA accumulatorafter
arithmeticandlogicaloperations.Theaccumulatorcanbeloadedfrom memoryusingvariousaddressing
modes to specify the address where the loaded data comes from, or the contents of A can be stored to
memory using various addressing modes to specify the address where data from A will be stored.

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

7.2.2 Index Register (H:X)

This16-bitregisteris actuallytwoseparate8-bit registers(H andX), whichoftenwork togetherasa16-bit
addresspointerwhereH holdstheupperbyteof anaddressandX holdsthelowerbyteof theaddress.All
indexed addressing mode instructions use the full 16-bit value in H:X as an index reference pointer;
however, for compatibility with the earlier M68HC05 Family, some instructions operate only on the
low-order 8-bit half (X).

Many instructions treat X as a second general-purpose 8-bit register that can be used to hold 8-bit data
values.X canbecleared,incremented,decremented,complemented,negated,shifted,or rotated.Transfer
instructionsallow datatobetransferredfromA or transferredtoA wherearithmeticandlogicaloperations
can then be performed.

For compatibilitywith theearlierM68HC05Family, H is forcedto 0x00duringreset.Resethasnoeffect
on the contents of X.

SP

PC

CONDITION CODE REGISTER

CARRY

ZERO

NEGATIVE

INTERRUPT MASK

HALF-CARRY (FROM BIT 3)

TWO’S COMPLEMENT OVERFLOW

H X

0

0

0

7

15

15

7 0

ACCUMULATOR  A

INDEX REGISTER (LOW)INDEX REGISTER (HIGH)

STACK POINTER

8 7

PROGRAM COUNTER

16-BIT INDEX REGISTER H:X

CCRCV 1 1 H I N Z
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7.2.3 Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(LIFO) stack. The stack may be located anywhere in the 64-Kbyte address space that has RAM and can
be any sizeupto theamountof availableRAM. Thestackis usedto automaticallysavethereturnaddress
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AIS (addimmediateto stackpointer)instructionaddsan8-bit signedimmediatevalueto SP. This is most
often used to allocate or deallocate space for local variables on the stack.

SP is forced to 0x00FF at reset for compatibility with the earlier M68HC05 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to 0x00FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HC05 Family and
is seldom used in new HCS08 programs because it only affects the low-order half of the stack pointer.

7.2.4 Program Counter (PC)

Theprogramcounteris a16-bit registerthatcontainstheaddressof thenext instructionor operandto be
fetched.

During normal program execution, the program counter automatically increments to the next sequential
memory location every time an instruction or operand is fetched. Jump, branch, interrupt, and return
operations load the program counter with an address other than that of the next sequential location. This
is called a change-of-flow.

During reset, the program counter is loaded with the reset vector that is located at 0xFFFE and 0xFFFF.
The vector stored there is the address of the first instruction that will be executed after exiting the reset
state.

7.2.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (I) and five flags that indicate the results of
theinstructionjustexecuted.Bits 6 and5 aresetpermanentlyto 1.Thefollowing paragraphsdescribethe
functions of the condition code bits in general terms. For a more detailed explanation of how each
instruction sets the CCR bits, refer to theHCS08 Family Reference Manual, volume 1, Freescale
Semiconductor document order number HCS08RMv1.
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Figure 7-2. Condition Code Register

Table 7-1. CCR Register Field Descriptions

Field Description

7
V

Two’s Complement Overflo w Flag — The CPU sets the overflow flag when a two’s complement overflow occurs.
The signed branch instructions BGT, BGE, BLE, and BLT use the overflow flag.
0 No overflow
1 Overflow

4
H

Half-Carr y Flag — The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during
an add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for binary-coded
decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and C condition code bits to
automatically add a correction value to the result from a previous ADD or ADC on BCD operands to correct the
result to a valid BCD value.
0 No carry between bits 3 and 4
1 Carry between bits 3 and 4

3
I

Interrupt Mask Bit  — When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts
are enabled when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the first instruction of the interrupt service
routine is executed.
Interrupts are not recognized at the instruction boundary after any instruction that clears I (CLI or TAP). This
ensures that the next instruction after a CLI or TAP will always be executed without the possibility of an intervening
interrupt, provided I was set.
0 Interrupts enabled
1 Interrupts disabled

2
N

Negative Fla g — The CPU sets the negative flag when an arithmetic operation, logic operation, or data
manipulation produces a negative result, setting bit 7 of the result. Simply loading or storing an 8-bit or 16-bit value
causes N to be set if the most significant bit of the loaded or stored value was 1.
0 Non-negative result
1 Negative result

1
Z

Zero Flag — The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation
produces a result of 0x00 or 0x0000. Simply loading or storing an 8-bit or 16-bit value causes Z to be set if the
loaded or stored value was all 0s.
0 Non-zero result
1 Zero result

0
C

Carry/Borr ow Flag — The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit
7 of the accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test and
branch, shift, and rotate — also clear or set the carry/borrow flag.
0 No carry out of bit 7
1 Carry out of bit 7

CONDITION CODE REGISTER

CARRY

ZERO

NEGATIVE

INTERRUPT MASK

HALF-CARRY (FROM BIT 3)

TWO’S COMPLEMENT OVERFLOW

7 0

CCRCV 1 1 H I N Z
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7.3 Addressing Modes
AddressingmodesdefinethewaytheCPUaccessesoperandsanddata.In theHCS08,all memory, status
andcontrolregisters,andinput/output(I/O) portsshareasingle64-Kbytelinearaddressspacesoa16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructionsthataccessvariablesin RAM canalsobeusedtoaccessI/O andcontrolregistersornonvolatile
program space.

Someinstructionsusemorethanoneaddressingmode.For instance,moveinstructionsuseoneaddressing
mode to specify the source operand and a second addressing mode to specify the destination address.
InstructionssuchasBRCLR,BRSET, CBEQ,andDBNZ useoneaddressingmodeto specifythelocation
of an operand for a test and then use relative addressing mode to specify the branch destination address
whenthetestedconditionis true.For BRCLR,BRSET, CBEQ,andDBNZ, theaddressingmodelistedin
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode is implied for the branch destination.

7.3.1 Inherent Ad dressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU
registers so the CPU does not need to access memory to get any operands.

7.3.2 Relative Ad dressing Mode (REL)

Relativeaddressingmodeis usedto specifythedestinationlocationfor branchinstructions.A signed8-bit
offsetvalueis locatedin thememorylocationimmediatelyfollowing theopcode.Duringexecution,if the
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Ad dressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction is included in the object
codeimmediatelyfollowing theinstructionopcodein memory. In thecaseof a16-bit immediateoperand,
the high-order byte is located in the next memory location after the opcode, and the low-order byte is
located in the next memory location after that.

7.3.4 Direct Ad dressing Mode (DIR)

In directaddressingmode,theinstructionincludesthelow-ordereightbitsof anaddressin thedirectpage
(0x0000–0x00FF).Duringexecutiona16-bitaddressis formedby concatenatinganimplied0x00for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where
thedesiredoperandis located.This is fasterandmorememoryefficient thanspecifyingacomplete16-bit
address for the operand.
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7.3.5 Extended Ad dressing Mode (EXT)

In extended addressing mode, the full 16-bit address of the operand is located in the next two bytes of
program memory after the opcode (high byte first).

7.3.6 Indexed Ad dressing Mode

Indexedaddressingmodehassevenvariationsincludingfivethatusethe16-bitH:X index registerpairand
two that use the stack pointer as the base reference.

7.3.6.1 Indexed, No Offset (IX)

Thisvariationof indexedaddressingusesthe16-bit valuein theH:X index registerpairastheaddressof
the operand needed to complete the instruction.

7.3.6.2 Indexed, No Offset with P ost Increment (IX+)

Thisvariationof indexedaddressingusesthe16-bit valuein theH:X index registerpairastheaddressof
the operand needed to complete the instruction. The index register pair is then incremented
(H:X = H:X + 0x0001) after the operand has been fetched. This addressing mode is only used for MOV
and CBEQ instructions.

7.3.6.3 Indexed, 8-Bit Offset (IX1)

Thisvariationof indexedaddressingusesthe16-bit valuein theH:X index registerpairplusanunsigned
8-bit offset included in the instruction as the address of the operand needed to complete the instruction.

7.3.6.4 Indexed, 8-Bit Offset with P ost Increment (IX1+)

Thisvariationof indexedaddressingusesthe16-bit valuein theH:X index registerpairplusanunsigned
8-bit offset included in the instruction as the address of the operand needed to complete the instruction.
Theindex registerpairis thenincremented(H:X = H:X + 0x0001)aftertheoperandhasbeenfetched.This
addressing mode is used only for the CBEQ instruction.

7.3.6.5 Indexed, 16-Bit Offset (IX2)

Thisvariationof indexedaddressingusesthe16-bitvaluein theH:X index registerpairplusa16-bitoffset
included in the instruction as the address of the operand needed to complete the instruction.

7.3.6.6 SP-Relative , 8-Bit Offset (SP1)

Thisvariationof indexedaddressingusesthe16-bitvaluein thestackpointer(SP)plusanunsigned8-bit
offset included in the instruction as the address of the operand needed to complete the instruction.
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7.3.6.7 SP-Relative , 16-Bit Offset (SP2)

This variation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus a 16-bit offset
included in the instruction as the address of the operand needed to complete the instruction.

7.4 Special Operations
The CPU performs a few special operations that are similar to instructions but do not have opcodes like
otherCPUinstructions.In addition,afew instructionssuchasSTOPandWAIT directlyaffectotherMCU
circuitry. This section provides additional information about these operations.

7.4.1 Reset Sequence

Reset can be caused by a power-on-reset (POR) event, internal conditions such as the COP (computer
operating properly) watchdog, or by assertion of an external active-low reset pin. When a reset event
occurs, the CPU immediately stops whatever it is doing (the MCU does not wait for an instruction
boundary before responding to a reset event). For a more detailed discussion about how the MCU
recognizes resets and determines the source, refer to theResets, Interrupts, and System Configuration
chapter.

Thereseteventis consideredconcludedwhenthesequenceto determinewhethertheresetcamefrom an
internalsourceis doneandwhentheresetpin is no longerasserted.At theconclusionof aresetevent,the
CPU performs a 6-cycle sequence to fetch the reset vector from 0xFFFE and 0xFFFF and to fill the
instruction queue in preparation for execution of the first program instruction.

7.4.2 Interrupt Sequence

When an interrupt is requested, the CPU completes the current instruction before responding to the
interrupt.At thispoint, theprogramcounteris pointingat thestartof thenext instruction,which is where
the CPU should return after servicing the interrupt. The CPU responds to an interrupt by performing the
samesequenceof operationsasfor asoftwareinterrupt(SWI) instruction,excepttheaddressusedfor the
vector fetch is determined by the highest priority interrupt that is pending when the interrupt sequence
started.

The CPU sequence for an interrupt is:

1. Store the contents of PCL, PCH, X, A, and CCR on the stack, in that order.

2. Set the I bit in the CCR.

3. Fetch the high-order half of the interrupt vector.

4. Fetch the low-order half of the interrupt vector.

5. Delay for one free bus cycle.

6. Fetch three bytes of program information starting at the address indicated by the interrupt vector
to fill the instruction queue in preparation for execution of the first instruction in the interrupt
service routine.

After the CCR contents are pushed onto the stack, the I bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the I bit with an instruction in the
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interrupt service routine, this would allow nesting of interrupts (which is not recommended because it
leads to programs that are difficult to debug and maintain).

For compatibilitywith theearlierM68HC05MCUs,thehigh-orderhalf of theH:X index registerpair(H)
is not saved on the stack as part of the interrupt sequence. The user must use a PSHH instruction at the
beginning of the service routine to save H and then use a PULH instruction just before the RTI that ends
theinterruptserviceroutine.It isnotnecessarytosaveH if youarecertainthattheinterruptserviceroutine
does not use any instructions or auto-increment addressing modes that might change the value of H.

The software interrupt (SWI) instruction is like a hardware interrupt except that it is not masked by the
global I bit in the CCR and it is associated with an instruction opcode within the program so it is not
asynchronous to program execution.

7.4.3 Wait Mode Operation

The WAIT instruction enables interrupts by clearing the I bit in the CCR. It then halts the clocks to the
CPU to reduce overall power consumption while the CPU is waiting for the interrupt or reset event that
will waketheCPUfrom wait mode.When aninterruptor reseteventoccurs,theCPUclockswill resume
and the interrupt or reset event will be processed normally.

If aserialBACKGROUND commandis issuedto theMCU throughthebackgrounddebuginterfacewhile
theCPUis in wait mode,CPUclockswill resumeandtheCPUwill enteractivebackgroundmodewhere
otherserialbackgroundcommandscanbeprocessed.Thisensuresthatahostdevelopmentsystemcanstill
gain access to a target MCU even if it is in wait mode.

7.4.4 Stop Mode Operation

Usually, all system clocks, including the crystal oscillator (when used), are halted during stop mode to
minimize power consumption. In such systems, external circuitry is needed to control the time spent in
stop mode and to issue a signal to wake up the target MCU when it is time to resume processing. Unlike
the earlier M68HC05 and M68HC08 MCUs, the HCS08 can be configured to keep a minimum set of
clocks running in stop mode. This optionally allows an internal periodic signal to wake the target MCU
from stop mode.

When a host debug system is connected to the background debug pin (BKGD) and the ENBDM control
bit hasbeensetbyaserialcommandthroughthebackgroundinterface(orbecausetheMCU wasresetinto
activebackgroundmode),theoscillatoris forcedto remainactivewhentheMCU entersstopmode.In this
case,if aserialBACKGROUND commandis issuedto theMCU throughthebackgrounddebuginterface
while theCPUis in stopmode,CPUclockswill resumeandtheCPUwill enteractivebackgroundmode
whereotherserialbackgroundcommandscanbeprocessed.Thisensuresthatahostdevelopmentsystem
can still gain access to a target MCU even if it is in stop mode.

Recoveryfrom stopmodedependsontheparticularHCS08andwhethertheoscillatorwasstoppedin stop
mode. Refer to theModes of Operationchapter for more details.
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7.4.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACE1, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGNDopcode.Whentheprogramreachesthisbreakpointaddress,theCPUis forcedtoactivebackground
mode rather than continuing the user program.
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7.5 HCS08 Instruction Set Summar y
Table7-2 provides a summary of the HCS08 instruction set in all possible addressing modes. The table
shows operand construction, execution time in internal bus clock cycles, and cycle-by-cycle details for
each addressing mode variation of each instruction.

Table 7-2.  Instruction Set Summar y (Sheet 1 of 9)

Source
Form Operation

A
d

dr
es

s
M

od
e

Object Code

C
yc

le
s

Cyc-b y-Cyc
Details

Affect
on CCR

V 1 1 H I N Z C

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

Add with Carry
A ← (A) + (M) + (C)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A9
B9
C9
D9
E9
F9

9E D9
9E E9

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

� 1 1 � – �  �  �

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

Add without Carry
A ← (A) + (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

AB
BB
CB
DB
EB
FB

9E DB
9E EB

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

� 1 1 � – �  �  �

AIS  #opr8i
Add Immediate Value (Signed) to
Stack Pointer
SP ← (SP) + (M)

IMM A7 ii 2 pp – 1 1 – – – – –

AIX  #opr8i
Add Immediate Value (Signed) to
Index Register (H:X)
H:X ← (H:X) + (M)

IMM AF ii 2 pp – 1 1 – – – – –

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

Logical AND
A ← (A) & (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A4
B4
C4
D4
E4
F4

9E D4
9E E4

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 – – � � –

ASL opr8a
ASLA
ASLX
ASL oprx8,X
ASL  ,X
ASL oprx8,SP

Arithmetic Shift Left

(Same as LSL)

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 – – �  �  �

ASR opr8a
ASRA
ASRX
ASR oprx8,X
ASR  ,X
ASR oprx8,SP

Arithmetic Shift Right
DIR
INH
INH
IX1
IX
SP1

37
47
57
67
77

9E 67

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

� 1 1 – – �  �  �

C

b0b7

0

b0b7

C
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BCC rel
Branch if Carry Bit Clear
(if C = 0)

REL 24 rr 3 ppp – 1 1 – – – – –

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

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

11
13
15
17
19
1B
1D
1F

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp

– 1 1 – – – – –

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

REL 25 rr 3 ppp – 1 1 – – – – –

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

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

REL 90 rr 3 ppp – 1 1 – – – – –

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

INH 82 5+ fp...ppp – 1 1 – – – – –

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

REL 92 rr 3 ppp – 1 1 – – – – –

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

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

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

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

REL 24 rr 3 ppp – 1 1 – – – – –

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

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

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

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

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A5
B5
C5
D5
E5
F5

9E D5
9E E5

ii
dd
hh ll
ee ff
ff

ee ff
ff

2
3
4
4
3
3
5
4

pp
rpp
prpp
prpp
rpp
rfp
pprpp
prpp

0 1 1 – – � � –

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

REL 93 rr 3 ppp – 1 1 – – – – –

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

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

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

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

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

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

BNE rel Branch if Not Equal (if Z = 0) REL 26 rr 3 ppp – 1 1 – – – – –
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BPL rel Branch if Plus (if N = 0) REL 2A rr 3 ppp – 1 1 – – – – –

BRA rel Branch Always (if I = 1) REL 20 rr 3 ppp – 1 1 – – – – –

BRCLR n,opr8a,rel Branch if Bit n  in Memory Clear (if (Mn) = 0)

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

01
03
05
07
09
0B
0D
0F

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp

– 1 1 – – – – �

BRN rel Branch Never (if I = 0) REL 21 rr 3 ppp – 1 1 – – – – –

BRSET n,opr8a,rel Branch if Bit n in Memory Set (if (Mn) = 1)

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

00
02
04
06
08
0A
0C
0E

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp

– 1 1 – – – – �

BSET n,opr8a Set Bit n in Memory (Mn ← 1)

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

10
12
14
16
18
1A
1C
1E

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp

– 1 1 – – – – –

BSR rel

Branch to Subroutine
PC ← (PC) + $0002

 push (PCL); SP ← (SP) – $0001
push (PCH); SP ← (SP) – $0001

PC ← (PC) + rel

REL AD rr 5 ssppp – 1 1 – – – – –

CBEQ  opr8a,rel
CBEQA  #opr8i,rel
CBEQX  #opr8i,rel
CBEQ  oprx8,X+,rel
CBEQ ,X+,rel
CBEQ oprx8,SP,rel

Compare and... Branch if (A) = (M)
Branch if (A) = (M)
Branch if (X) = (M)
Branch if (A) = (M)
Branch if (A) = (M)
Branch if (A) = (M)

DIR
IMM
IMM
IX1+
IX+
SP1

31
41
51
61
71

9E 61

dd rr
ii rr
ii rr
ff rr
rr
ff rr

5
4
4
5
5
6

rpppp
pppp
pppp
rpppp
rfppp
prpppp

– 1 1 – – – – –

CLC Clear Carry Bit (C ← 0) INH 98 1 p – 1 1 – – – – 0

CLI Clear Interrupt Mask Bit (I ← 0) INH 9A 1 p – 1 1 – 0 – – –

CLR opr8a
CLRA
CLRX
CLRH
CLR oprx8,X
CLR  ,X
CLR oprx8,SP

Clear M ← $00
A ← $00
X ← $00
H ← $00
M ← $00
M ← $00
M ← $00

DIR
INH
INH
INH
IX1
IX
SP1

3F
4F
5F
8C
6F
7F

9E 6F

dd

ff

ff

5
1
1
1
5
4
6

rfwpp
p
p
p
rfwpp
rfwp
prfwpp

0 1 1 – – 0 1 –
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CMP  #opr8i
CMP opr8a
CMP opr16a
CMP oprx16,X
CMP oprx8,X
CMP   ,X
CMP oprx16,SP
CMP oprx8,SP

Compare Accumulator with Memory
A – M
(CCR Updated But Operands Not Changed)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A1
B1
C1
D1
E1
F1

9E D1
9E E1

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

� 1 1 – – �  �  �

COM opr8a
COMA
COMX
COM oprx8,X
COM  ,X
COM oprx8,SP

Complement M ← (M)= $FF – (M)
(One’s Complement) A ← (A) = $FF – (A)

X ← (X) = $FF – (X)
M ← (M) = $FF – (M)
M ← (M) = $FF – (M)
M ← (M) = $FF – (M)

DIR
INH
INH
IX1
IX
SP1

33
43
53
63
73

9E 63

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

0 1 1 – – � � 1

CPHX opr16a
CPHX #opr16i
CPHX opr8a
CPHX oprx8,SP

Compare Index Register (H:X) with Memory
(H:X) – (M:M + $0001)
(CCR Updated But Operands Not Changed)

EXT
IMM
DIR
SP1

3E
65
75

9E F3

hh ll
jj kk
dd
ff

6
3
5
6

prrfpp
ppp
rrfpp
prrfpp

� 1 1 – – �  �  �

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

Compare X (Index Register Low) with
Memory
X – M
(CCR Updated But Operands Not Changed)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A3
B3
C3
D3
E3
F3

9E D3
9E E3

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

� 1 1 – – �  �  �

DAA
Decimal Adjust Accumulator
After ADD or ADC of BCD Values

INH 72 1 p U 1 1 – – �  �  �

DBNZ opr8a,rel
DBNZA rel
DBNZX rel
DBNZ oprx8,X,rel
DBNZ  ,X,rel
DBNZ oprx8,SP,rel

Decrement A, X, or M and Branch if Not Zero
(if (result) ≠ 0)
DBNZX Affects X Not H

DIR
INH
INH
IX1
IX
SP1

3B
4B
5B
6B
7B

9E 6B

dd rr
rr
rr
ff rr
rr
ff rr

7
4
4
7
6
8

rfwpppp
fppp
fppp
rfwpppp
rfwppp
prfwpppp

– 1 1 – – – – –

DEC opr8a
DECA
DECX
DEC oprx8,X
DEC  ,X
DEC oprx8,SP

Decrement M ← (M) – $01
A ← (A) – $01
X ← (X) – $01
M ← (M) – $01
M ← (M) – $01
M ← (M) – $01

DIR
INH
INH
IX1
IX
SP1

3A
4A
5A
6A
7A

9E 6A

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

� 1 1 – – � � –

DIV
 Divide
A ← (H:A)÷(X); H ← Remainder

INH 52 6 fffffp – 1 1 – – – � �

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

Exclusive OR Memory with Accumulator
A ← (A ⊕ M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A8
B8
C8
D8
E8
F8

9E D8
9E E8

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 – – � � –

Table 7-2.  Instruction Set Summar y (Sheet 4 of 9)

Source
Form Operation

A
d

dr
es

s
M

od
e

Object Code

C
yc

le
s

Cyc-b y-Cyc
Details

Affect
on CCR

V 1 1 H I N Z C

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 7 Central Pr ocessor Unit (S08CPUV3)

MC9S08DN60 Series Data Sheet, Rev 2

120 Freescale Semiconductor

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 � �
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MOV opr8a,opr8a
MOV opr8a,X+
MOV  #opr8i,opr8a
MOV  ,X+,opr8a

Move
(M)destination ← (M)source
In IX+/DIR and DIR/IX+ Modes,
H:X ← (H:X) + $0001

DIR/DIR
DIR/IX+
IMM/DIR
IX+/DIR

4E
5E
6E
7E

dd dd
dd
ii dd
dd

5
5
4
5

rpwpp
rfwpp
pwpp
rfwpp

0 1 1 – – � � –

MUL
Unsigned multiply
X:A ← (X) × (A)

INH 42 5 ffffp – 1 1 0 – – – 0

NEG opr8a
NEGA
NEGX
NEG oprx8,X
NEG  ,X
NEG oprx8,SP

Negate M ← – (M) = $00 – (M)
(Two’s Complement) A ← – (A) = $00 – (A)

X ← – (X) = $00 – (X)
M ← – (M) = $00 – (M)
M ← – (M) = $00 – (M)
M ← – (M) = $00 – (M)

DIR
INH
INH
IX1
IX
SP1

30
40
50
60
70

9E 60

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

� 1 1 – – �  �  �

NOP No Operation — Uses 1 Bus Cycle INH 9D 1 p – 1 1 – – – – –

NSA
Nibble Swap Accumulator
A ← (A[3:0]:A[7:4])

INH 62 1 p – 1 1 – – – – –

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

Inclusive OR Accumulator and Memory
A ← (A) | (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

AA
BA
CA
DA
EA
FA

9E DA
9E EA

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 – – � � –

PSHA
Push Accumulator onto Stack
Push (A); SP ← (SP) – $0001

INH 87 2 sp – 1 1 – – – – –

PSHH
Push H (Index Register High) onto Stack
Push (H); SP ← (SP) – $0001

INH 8B 2 sp – 1 1 – – – – –

PSHX
Push X (Index Register Low) onto Stack
Push (X); SP ← (SP) – $0001

INH 89 2 sp – 1 1 – – – – –

PULA
Pull Accumulator from Stack
SP ← (SP + $0001); Pull (A)

INH 86 3 ufp – 1 1 – – – – –

PULH
Pull H (Index Register High) from Stack
SP ← (SP + $0001); Pull (H)

INH 8A 3 ufp – 1 1 – – – – –

PULX
Pull X (Index Register Low) from Stack
SP ← (SP + $0001); Pull (X)

INH 88 3 ufp – 1 1 – – – – –

ROL opr8a
ROLA
ROLX
ROL oprx8,X
ROL  ,X
ROL oprx8,SP

Rotate Left through Carry DIR
INH
INH
IX1
IX
SP1

39
49
59
69
79

9E 69

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

� 1 1 – – �  �  �

ROR opr8a
RORA
RORX
ROR oprx8,X
ROR  ,X
ROR oprx8,SP

Rotate Right through Carry DIR
INH
INH
IX1
IX
SP1

36
46
56
66
76

9E 66

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

� 1 1 – – �  �  �

Table 7-2.  Instruction Set Summar y (Sheet 6 of 9)
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RSP
Reset Stack Pointer (Low Byte)
SPL ← $FF
(High Byte Not Affected)

INH 9C 1 p – 1 1 – – – – –

RTI

Return from Interrupt
SP ← (SP) + $0001;  Pull (CCR)
SP ← (SP) + $0001;  Pull (A)
SP ← (SP) + $0001;  Pull (X)
SP ← (SP) + $0001;  Pull (PCH)
SP ← (SP) + $0001;  Pull (PCL)

INH 80 9 uuuuufppp � 1 1 � � �  �  �

RTS
Return from Subroutine
SP ← SP + $0001; Pull (PCH)
SP ← SP + $0001; Pull (PCL)

INH 81 5 ufppp – 1 1 – – – – –

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

Subtract with Carry
A ← (A) – (M) – (C)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A2
B2
C2
D2
E2
F2

9E D2
9E E2

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

� 1 1 – – �  �  �

SEC
Set Carry Bit
(C ← 1)

INH 99 1 p – 1 1 – – – – 1

SEI
Set Interrupt Mask Bit
(I ← 1)

INH 9B 1 p – 1 1 – 1 – – –

STA opr8a
STA opr16a
STA oprx16,X
STA oprx8,X
STA   ,X
STA oprx16,SP
STA oprx8,SP

Store Accumulator in Memory
M ← (A)

DIR
EXT
IX2
IX1
IX
SP2
SP1

B7
C7
D7
E7
F7

9E D7
9E E7

dd
hh ll
ee ff
ff

ee ff
ff

3
4
4
3
2
5
4

wpp
pwpp
pwpp
wpp
wp
ppwpp
pwpp

0 1 1 – – � � –

STHX opr8a
STHX opr16a
STHX oprx8,SP

Store H:X (Index Reg.)
(M:M + $0001) ← (H:X)

DIR
EXT
SP1

35
96

9E FF

dd
hh ll
ff

4
5
5

wwpp
pwwpp
pwwpp

0 1 1 – – � � –

STOP
Enable Interrupts:  Stop Processing
Refer to MCU Documentation
I bit ← 0; Stop Processing

INH 8E 2 fp... – 1 1 – 0 – – –

STX opr8a
STX opr16a
STX oprx16,X
STX oprx8,X
STX   ,X
STX oprx16,SP
STX oprx8,SP

Store X (Low 8 Bits of Index Register)
in Memory
M ← (X)

DIR
EXT
IX2
IX1
IX
SP2
SP1

BF
CF
DF
EF
FF

9E DF
9E EF

dd
hh ll
ee ff
ff

ee ff
ff

3
4
4
3
2
5
4

wpp
pwpp
pwpp
wpp
wp
ppwpp
pwpp

0 1 1 – – � � –

Table 7-2.  Instruction Set Summar y (Sheet 7 of 9)
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SUB  #opr8i
SUB opr8a
SUB opr16a
SUB oprx16,X
SUB oprx8,X
SUB   ,X
SUB oprx16,SP
SUB oprx8,SP

Subtract
A ← (A) – (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A0
B0
C0
D0
E0
F0

9E D0
9E E0

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

� 1 1 – – �  �  �

SWI

Software Interrupt
PC ← (PC) + $0001
Push (PCL); SP ← (SP) – $0001
Push (PCH); SP ← (SP) – $0001
Push (X); SP ← (SP) – $0001
Push (A); SP ← (SP) – $0001
Push (CCR); SP ← (SP) – $0001
I ← 1;
PCH ← Interrupt Vector High Byte
PCL ← Interrupt Vector Low Byte

INH 83 11 sssssvvfppp – 1 1 – 1 – – –

TAP
Transfer Accumulator to CCR
CCR ← (A)

INH 84 1 p � 1 1 � � �  �  �

TAX
Transfer Accumulator to X (Index Register
Low)
X ← (A)

INH 97 1 p – 1 1 – – – – –

TPA
Transfer CCR to Accumulator
A ← (CCR)

INH 85 1 p – 1 1 – – – – –

TST opr8a
TSTA
TSTX
TST oprx8,X
TST  ,X
TST oprx8,SP

Test for Negative or Zero (M) – $00
(A) – $00
(X) – $00
(M) – $00
(M) – $00
(M) – $00

DIR
INH
INH
IX1
IX
SP1

3D
4D
5D
6D
7D

9E 6D

dd

ff

ff

4
1
1
4
3
5

rfpp
p
p
rfpp
rfp
prfpp

0 1 1 – – � � –

TSX
Transfer SP to Index Reg.
H:X ← (SP) + $0001

INH 95 2 fp – 1 1 – – – – –

TXA
Transfer X (Index Reg. Low) to Accumulator
A ← (X)

INH 9F 1 p – 1 1 – – – – –

Table 7-2.  Instruction Set Summar y (Sheet 8 of 9)
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TXS
Transfer Index Reg. to SP
SP ← (H:X) – $0001

INH 94 2 fp – 1 1 – – – – –

WAIT
Enable Interrupts; Wait for Interrupt
I bit ← 0; Halt CPU

INH 8F 2+ fp... – 1 1 – 0 – – –

Sour ce Form: Everything in the source forms columns, except expressions in italic characters, is literal information which must appear in the
assembly source file exactly as shown. The initial 3- to 5-letter mnemonic and the characters (# , ( ) and +) are always a literal characters.
n Any label or expression that evaluates to a single integer in the range 0-7.
opr8i Any label or expression that evaluates to an 8-bit immediate value.
opr16i Any label or expression that evaluates to a 16-bit immediate value.
opr8a Any label or expression that evaluates to an 8-bit direct-page address ($00xx).
opr16a Any label or expression that evaluates to a 16-bit address.
oprx8 Any label or expression that evaluates to an unsigned 8-bit value, used for indexed addressing.
oprx16 Any label or expression that evaluates to a 16-bit value, used for indexed addressing.
rel Any label or expression that refers to an address that is within –128 to +127 locations from the start of the next instruction.

Operation Symbols:
A Accumulator
CCR Condition code register
H Index register high byte
M Memory location
n Any bit
opr Operand (one or two bytes)
PC Program counter
PCH Program counter high byte
PCL Program counter low byte
rel Relative program counter offset byte
SP Stack pointer
SPL Stack pointer low byte
X Index register low byte
& Logical AND
| Logical OR
⊕ Logical EXCLUSIVE OR
( ) Contents of
+ Add
– Subtract, Negation (two’s complement)
× Multiply
÷ Divide
# Immediate value
← Loaded with
: Concatenated with

Addressing Modes:
DIR Direct addressing mode
EXT Extended addressing mode
IMM Immediate addressing mode
INH Inherent addressing mode
IX Indexed, no offset addressing mode
IX1 Indexed, 8-bit offset addressing mode
IX2 Indexed, 16-bit offset addressing mode
IX+ Indexed, no offset, post increment addressing mode
IX1+ Indexed, 8-bit offset, post increment addressing mode
REL Relative addressing mode
SP1 Stack pointer, 8-bit offset addressing mode
SP2 Stack pointer 16-bit offset addressing mode

Cycle-by-Cyc le Codes:
f Free cycle. This indicates a cycle where the CPU

does not require use of the system buses. An f
cycle is always one cycle of the system bus clock
and is always a read cycle.

p Progryam fetch; read from next consecutive
location in program memory

r Read 8-bit operand
s Push (write) one byte onto stack
u Pop (read) one byte from stack
v Read vector from $FFxx (high byte first)
w Write 8-bit operand

CCR Bits:
V Overflow bit
H Half-carry bit
I Interrupt mask
N Negative bit
Z Zero bit
C Carry/borrow bit

CCR Effects:
� Set or cleared
– Not affected
U Undefined

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

Source
Form Operation

A
d

dr
es

s
M

od
e

Object Code

C
yc

le
s

Cyc-b y-Cyc
Details

Affect
on CCR

V 1 1 H I N Z C

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 7 Central Pr ocessor Unit (S08CPUV3)

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 125

Table 7-3. Opcode Map (Sheet 1 of 2)
Bit-Manipulation Branc h Read-Modify-Write Contr ol Register/Memor y

00 5
BRSET0
3 DIR

10 5
BSET0

2 DIR

20 3
BRA

2 REL

30 5
NEG

2 DIR

40 1
NEGA

1 INH

50 1
NEGX

1 INH

60 5
NEG

2 IX1

70 4
NEG

1 IX

80 9
RTI

1 INH

90 3
BGE

2 REL

A0 2
SUB

2 IMM

B0 3
SUB

2 DIR

C0 4
SUB

3 EXT

D0 4
SUB

3 IX2

E0 3
SUB

2 IX1

F0 3
SUB

1 IX
01 5
BRCLR0
3 DIR

11 5
BCLR0

2 DIR

21 3
BRN

2 REL

31 5
CBEQ

3 DIR

41 4
CBEQA

3 IMM

51 4
CBEQX

3 IMM

61 5
CBEQ

3 IX1+

71 5
CBEQ

2 IX+

81 6
RTS

1 INH

91 3
BLT

2 REL

A1 2
CMP

2 IMM

B1 3
CMP

2 DIR

C1 4
CMP

3 EXT

D1 4
CMP

3 IX2

E1 3
CMP

2 IX1

F1 3
CMP

1 IX
02 5
BRSET1
3 DIR

12 5
BSET1

2 DIR

22 3
BHI

2 REL

32 5
LDHX

3 EXT

42 5
MUL

1 INH

52 6
DIV

1 INH

62 1
NSA

1 INH

72 1
DAA

1 INH

82 5+
BGND

1 INH

92 3
BGT

2 REL

A2 2
SBC

2 IMM

B2 3
SBC

2 DIR

C2 4
SBC

3 EXT

D2 4
SBC

3 IX2

E2 3
SBC

2 IX1

F2 3
SBC

1 IX
03 5
BRCLR1
3 DIR

13 5
BCLR1

2 DIR

23 3
BLS

2 REL

33 5
COM

2 DIR

43 1
COMA

1 INH

53 1
COMX

1 INH

63 5
COM

2 IX1

73 4
COM

1 IX

83 11
SWI

1 INH

93 3
BLE

2 REL

A3 2
CPX

2 IMM

B3 3
CPX

2 DIR

C3 4
CPX

3 EXT

D3 4
CPX

3 IX2

E3 3
CPX

2 IX1

F3 3
CPX

1 IX
04 5
BRSET2
3 DIR

14 5
BSET2

2 DIR

24 3
BCC

2 REL

34 5
LSR

2 DIR

44 1
LSRA

1 INH

54 1
LSRX

1 INH

64 5
LSR

2 IX1

74 4
LSR

1 IX

84 1
TAP

1 INH

94 2
TXS

1 INH

A4 2
AND

2 IMM

B4 3
AND

2 DIR

C4 4
AND

3 EXT

D4 4
AND

3 IX2

E4 3
AND

2 IX1

F4 3
AND

1 IX
05 5
BRCLR2
3 DIR

15 5
BCLR2

2 DIR

25 3
BCS

2 REL

35 4
STHX

2 DIR

45 3
LDHX

3 IMM

55 4
LDHX

2 DIR

65 3
CPHX

3 IMM

75 5
CPHX

2 DIR

85 1
TPA

1 INH

95 2
TSX

1 INH

A5 2
BIT

2 IMM

B5 3
BIT

2 DIR

C5 4
BIT

3 EXT

D5 4
BIT

3 IX2

E5 3
BIT

2 IX1

F5 3
BIT

1 IX
06 5
BRSET3
3 DIR

16 5
BSET3

2 DIR

26 3
BNE

2 REL

36 5
ROR

2 DIR

46 1
RORA

1 INH

56 1
RORX

1 INH

66 5
ROR

2 IX1

76 4
ROR

1 IX

86 3
PULA

1 INH

96 5
STHX

3 EXT

A6 2
LDA

2 IMM

B6 3
LDA

2 DIR

C6 4
LDA

3 EXT

D6 4
LDA

3 IX2

E6 3
LDA

2 IX1

F6 3
LDA

1 IX
07 5
BRCLR3
3 DIR

17 5
BCLR3

2 DIR

27 3
BEQ

2 REL

37 5
ASR

2 DIR

47 1
ASRA

1 INH

57 1
ASRX

1 INH

67 5
ASR

2 IX1

77 4
ASR

1 IX

87 2
PSHA

1 INH

97 1
TAX

1 INH

A7 2
AIS

2 IMM

B7 3
STA

2 DIR

C7 4
STA

3 EXT

D7 4
STA

3 IX2

E7 3
STA

2 IX1

F7 2
STA

1 IX
08 5
BRSET4
3 DIR

18 5
BSET4

2 DIR

28 3
BHCC

2 REL

38 5
LSL

2 DIR

48 1
LSLA

1 INH

58 1
LSLX

1 INH

68 5
LSL

2 IX1

78 4
LSL

1 IX

88 3
PULX

1 INH

98 1
CLC

1 INH

A8 2
EOR

2 IMM

B8 3
EOR

2 DIR

C8 4
EOR

3 EXT

D8 4
EOR

3 IX2

E8 3
EOR

2 IX1

F8 3
EOR

1 IX
09 5
BRCLR4
3 DIR

19 5
BCLR4

2 DIR

29 3
BHCS

2 REL

39 5
ROL

2 DIR

49 1
ROLA

1 INH

59 1
ROLX

1 INH

69 5
ROL

2 IX1

79 4
ROL

1 IX

89 2
PSHX

1 INH

99 1
SEC

1 INH

A9 2
ADC

2 IMM

B9 3
ADC

2 DIR

C9 4
ADC

3 EXT

D9 4
ADC

3 IX2

E9 3
ADC

2 IX1

F9 3
ADC

1 IX
0A 5
BRSET5
3 DIR

1A 5
BSET5

2 DIR

2A 3
BPL

2 REL

3A 5
DEC

2 DIR

4A 1
DECA

1 INH

5A 1
DECX

1 INH

6A 5
DEC

2 IX1

7A 4
DEC

1 IX

8A 3
PULH

1 INH

9A 1
CLI

1 INH

AA 2
ORA

2 IMM

BA 3
ORA

2 DIR

CA 4
ORA

3 EXT

DA 4
ORA

3 IX2

EA 3
ORA

2 IX1

FA 3
ORA

1 IX
0B 5
BRCLR5
3 DIR

1B 5
BCLR5

2 DIR

2B 3
BMI

2 REL

3B 7
DBNZ

3 DIR

4B 4
DBNZA

2 INH

5B 4
DBNZX

2 INH

6B 7
DBNZ

3 IX1

7B 6
DBNZ

2 IX

8B 2
PSHH

1 INH

9B 1
SEI

1 INH

AB 2
ADD

2 IMM

BB 3
ADD

2 DIR

CB 4
ADD

3 EXT

DB 4
ADD

3 IX2

EB 3
ADD

2 IX1

FB 3
ADD

1 IX
0C 5
BRSET6
3 DIR

1C 5
BSET6

2 DIR

2C 3
BMC

2 REL

3C 5
INC

2 DIR

4C 1
INCA

1 INH

5C 1
INCX

1 INH

6C 5
INC

2 IX1

7C 4
INC

1 IX

8C 1
CLRH

1 INH

9C 1
RSP

1 INH

BC 3
JMP

2 DIR

CC 4
JMP

3 EXT

DC 4
JMP

3 IX2

EC 3
JMP

2 IX1

FC 3
JMP

1 IX
0D 5
BRCLR6
3 DIR

1D 5
BCLR6

2 DIR

2D 3
BMS

2 REL

3D 4
TST

2 DIR

4D 1
TSTA

1 INH

5D 1
TSTX

1 INH

6D 4
TST

2 IX1

7D 3
TST

1 IX

9D 1
NOP

1 INH

AD 5
BSR

2 REL

BD 5
JSR

2 DIR

CD 6
JSR

3 EXT

DD 6
JSR

3 IX2

ED 5
JSR

2 IX1

FD 5
JSR

1 IX
0E 5
BRSET7
3 DIR

1E 5
BSET7

2 DIR

2E 3
BIL

2 REL

3E 6
CPHX

3 EXT

4E 5
MOV

3 DD

5E 5
MOV

2 DIX+

6E 4
MOV

3 IMD

7E 5
MOV

2 IX+D

8E 2+
STOP

1 INH

9E
Page 2

AE 2
LDX

2 IMM

BE 3
LDX

2 DIR

CE 4
LDX

3 EXT

DE 4
LDX

3 IX2

EE 3
LDX

2 IX1

FE 3
LDX

1 IX
0F 5
BRCLR7
3 DIR

1F 5
BCLR7

2 DIR

2F 3
BIH

2 REL

3F 5
CLR

2 DIR

4F 1
CLRA

1 INH

5F 1
CLRX

1 INH

6F 5
CLR

2 IX1

7F 4
CLR

1 IX

8F 2+
WAIT

1 INH

9F 1
TXA

1 INH

AF 2
AIX

2 IMM

BF 3
STX

2 DIR

CF 4
STX

3 EXT

DF 4
STX

3 IX2

EF 3
STX

2 IX1

FF 2
STX

1 IX

INH Inherent REL Relative SP1 Stack Pointer , 8-Bit Offset
IMM Immediate IX Indexed, No Offset SP2 Stack Pointer , 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended IX2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+ to DIR DIX+ DIR to IX+ Post Increment Opcode in

Hexadecimal

Number of Bytes

F0 3
SUB

1 IX

HCS08 Cycles
Instruction Mnemonic
Addressing Mode
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Bit-Manipulation Branc h Read-Modify-Write Contr ol Register/Memor y
9E60 6

NEG
3 SP1

9ED0 5
SUB

4 SP2

9EE0 4
SUB

3 SP1
9E61 6

CBEQ
4 SP1

9ED1 5
CMP

4 SP2

9EE1 4
CMP

3 SP1
9ED2 5

SBC
4 SP2

9EE2 4
SBC

3 SP1
9E63 6

COM
3 SP1

9ED3 5
CPX

4 SP2

9EE3 4
CPX

3 SP1

9EF3 6
CPHX

3 SP1
9E64 6

LSR
3 SP1

9ED4 5
AND

4 SP2

9EE4 4
AND

3 SP1
9ED5 5

BIT
4 SP2

9EE5 4
BIT

3 SP1
9E66 6

ROR
3 SP1

9ED6 5
LDA

4 SP2

9EE6 4
LDA

3 SP1
9E67 6

ASR
3 SP1

9ED7 5
STA

4 SP2

9EE7 4
STA

3 SP1
9E68 6

LSL
3 SP1

9ED8 5
EOR

4 SP2

9EE8 4
EOR

3 SP1
9E69 6

ROL
3 SP1

9ED9 5
ADC

4 SP2

9EE9 4
ADC

3 SP1
9E6A 6

DEC
3 SP1

9EDA 5
ORA

4 SP2

9EEA 4
ORA

3 SP1
9E6B 8

DBNZ
4 SP1

9EDB 5
ADD

4 SP2

9EEB 4
ADD

3 SP1
9E6C 6

INC
3 SP1
9E6D 5

TST
3 SP1

9EAE 5
LDHX

2 IX

9EBE 6
LDHX

4 IX2

9ECE 5
LDHX

3 IX1

9EDE 5
LDX

4 SP2

9EEE 4
LDX

3 SP1

9EFE 5
LDHX

3 SP1
9E6F 6

CLR
3 SP1

9EDF 5
STX

4 SP2

9EEF 4
STX

3 SP1

9EFF 5
STHX

3 SP1

INH Inherent REL Relative SP1 Stack Pointer , 8-Bit Offset
IMM Immediate IX Indexed, No Offset SP2 Stack Pointer , 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended IX2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+ to DIR DIX+ DIR to IX+ Post Increment

Note: All Sheet 2 Opcodes are Preceded b y the Page 2 Prebyte (9E) Prebyte (9E) and Opcode in
Hexadecimal

Number of Bytes

9E60 6
NEG

3 SP1

HCS08 Cycles
Instruction Mnemonic
Addressing Mode

Table 7-3. Opcode Map (Sheet 2 of 2)
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Chapter 8
Multi-Purpose Cloc k Generator (S08MCGV1)

8.1 Intr oduction
The multi-purpose clock generator (MCG) module provides several clock source choices for the MCU.
Themodulecontainsa frequency-lockedloop(FLL) andaphase-lockedloop(PLL) thatarecontrollable
byeitheraninternaloranexternalreferenceclock.Themodulecanselect eitherof theFLL orPLL clocks,
or either of the internal or external reference clocks as a source for the MCU system clock. Whichever
clock source is chosen, it is passed through a reduced bus divider which allows a lower output clock
frequency to bederived.TheMCG also controlsanexternaloscillator(XOSC)for theuseof acrystalor
resonator as the external reference clock.

All devices in theMC9S08DN60 Series feature the MCG module.

NOTE
Referto Section1.3,“SystemClockDistribution,” for detailedview of the
distribution clock sources throughout the chip.
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ANALOG COMPARATOR
(ACMP1)

ACMP1O

ACMP1-
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Figure 8-1. MC9S08DN60 Bloc k Diagram
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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

— Nine trim 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

• Reference divider is provided

• Clock source selected can be divided down by 1, 2, 4, or 8

• BDC clock (MCGLCLK) is provided as a constant divide by 2 of the DCO output whether in an
FLL or PLL mode.
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Figure 8-2. Multi-Purpose Cloc k Generator (MCG) Bloc k Diagram
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8.1.2 Modes of Operation

There are nine modes of operation for the MCG:

• FLL Engaged Internal (FEI)

• FLL Engaged External (FEE)

• FLL Bypassed Internal (FBI)

• FLL Bypassed External (FBE)

• PLL Engaged External (PEE)

• PLL Bypassed External (PBE)

• Bypassed Low Power Internal (BLPI)

• Bypassed Low Power External (BLPE)

• Stop

For details seeSection8.4.1, “Operational Modes".

8.2 External Signal Description
There are no MCG signals that connect off chip.
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8.3 Register Definition

8.3.1 MCG Contr ol Register 1 (MCGC1)

7 6 5 4 3 2 1 0

R
CLKS RDIV IREFS IRCLKEN IREFSTEN

W

Reset: 0 0 0 0 0 1 0 0

Figure 8-3. MCG Contr ol Register 1 (MCGC1)

Table 8-1. MCG Contr ol Register 1 Field Descriptions

Field Description

7:6
CLKS

Cloc k Sour ce Select  — Selects the system clock source.
00 Encoding 0 — Output of FLL or PLL is selected.
01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Reserved, defaults to 00.

5:3
RDIV

Reference Divider  — Selects the amount to divide down the reference clock selected by the IREFS bit. If the
FLL is selected, the resulting frequency must be in the range 31.25 kHz to 39.0625 kHz. If the PLL is selected,
the resulting frequency must be in the range 1 MHz to 2 MHz.
000 Encoding 0 — Divides reference clock by 1 (reset default)
001 Encoding 1 — Divides reference clock by 2
010 Encoding 2 — Divides reference clock by 4
011 Encoding 3 — Divides reference clock by 8
100 Encoding 4 — Divides reference clock by 16
101 Encoding 5 — Divides reference clock by 32
110 Encoding 6 — Divides reference clock by 64
111 Encoding 7 — Divides reference clock by 128

2
IREFS

Internal Ref erence Select  — Selects the reference clock source.
1 Internal reference clock selected
0 External reference clock selected

1
IRCLKEN

Internal Ref erence Cloc k Enab le — Enables the internal reference clock for use as MCGIRCLK.
1 MCGIRCLK active
0 MCGIRCLK inactive

0
IREFSTEN

Internal Reference Stop Enable — Controls whether or not the internal reference clock remains enabled when
the MCG enters stop mode.
1 Internal reference clock stays enabled in stop if IRCLKEN is set or if MCG is in FEI, FBI, or BLPI mode before

entering stop
0 Internal reference clock is disabled in stop
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8.3.2 MCG Contr ol Register 2 (MCGC2)

7 6 5 4 3 2 1 0

R
BDIV RANGE HGO LP EREFS ERCLKEN EREFSTEN

W

Reset: 0 1 0 0 0 0 0 0

Figure 8-4. MCG Contr ol Register 2 (MCGC2)

Table 8-2. MCG Contr ol Register 2 Field Descriptions

Field Description

7:6
BDIV

Bus Frequenc y Divider — Selects the amount to divide down the clock source selected by the CLKS bits in the
MCGC1 register. This controls the bus frequency.
00 Encoding 0 — Divides selected clock by 1
01 Encoding 1 — Divides selected clock by 2 (reset default)
10 Encoding 2 — Divides selected clock by 4
11 Encoding 3 — Divides selected clock by 8

5
RANGE

Frequenc y Rang e Select  — Selects the frequency range for the external oscillator or external clock source.
1 High frequency range selected for the external oscillator of 1 MHz to 16 MHz (1 MHz to 40 MHz for external

clock source)
0 Low frequency range selected for the external oscillator of 32 kHz to 100 kHz (32 kHz to 1 MHz for external

clock source)

4
HGO

High Gain Oscillator Select  — Controls the external oscillator mode of operation.
1 Configure external oscillator for high gain operation
0 Configure external oscillator for low power operation

3
LP

Low Power Select  — Controls whether the FLL (or PLL) is disabled in bypassed modes.
1 FLL (or PLL) is disabled in bypass modes (lower power).
0 FLL (or PLL) is not disabled in bypass modes.

2
EREFS

External Ref erence Select  — Selects the source for the external reference clock.
1 Oscillator requested
0 External Clock Source requested

1
ERCLKEN

External Ref erence Enab le — Enables the external reference clock for use as MCGERCLK.
1 MCGERCLK active
0 MCGERCLK inactive

0
EREFSTEN

External Reference Stop Enable — Controls whether or not the external reference clock remains enabled when
the MCG enters stop mode.
1 External reference clock stays enabled in stop if ERCLKEN is set or if MCG is in FEE, FBE, PEE, PBE, or

BLPE mode before entering stop
0 External reference clock is disabled in stop
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8.3.3 MCG Trim Register (MCGTRM)

7 6 5 4 3 2 1 0

R
TRIM

W

POR: 1 0 0 0 0 0 0 0

Reset: U U U U U U U U

Figure 8-5. MCG Trim Register (MCGTRM)

Table 8-3. MCG Trim Register Field Descriptions

Field Description

7:0
TRIM

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

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

If a TRIM[7:0] value stored in nonvolatile memory is to be used, it’s the user’s responsibility to copy that value
from the nonvolatile memory location to this register.
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8.3.4 MCG Status and Contr ol Register (MCGSC)

7 6 5 4 3 2 1 0

R LOLS LOCK PLLST IREFST CLKST OSCINIT
FTRIM

W

POR:
Reset:

0
0

0
0

0
0

1
1

0
0

0
0

0
0

0
U

Figure 8-6. MCG Status and Contr ol Register (MCGSC)

Table 8-4. MCG Status and Contr ol Register Field Descriptions

Field Description

7
LOLS

Loss of Loc k Status — This bit is a sticky indication of lock status for the FLL or PLL. LOLS is set when lock
detection is enabled and after acquiring lock, the FLL or PLL output frequency has fallen outside the lock exit
frequency tolerance, Dunl. LOLIE determines whether an interrupt request is made when set. LOLS is cleared by
reset or by writing a logic 1 to LOLS when LOLS is set. Writing a logic 0 to LOLS has no effect.
0 FLL or PLL has not lost lock since LOLS was last cleared.
1 FLL or PLL has lost lock since LOLS was last cleared.

6
LOCK

Loc k Status — Indicates whether the FLL or PLL has acquired lock. Lock detection is disabled when both the
FLL and PLL are disabled. If the lock status bit is set then changing the value of any of the following bits IREFS,
PLLS, RDIV[2:0], TRIM[7:0] (if in FEI or FBI modes), or VDIV[3:0] (if in PBE or PEE modes), will cause the lock
status bit to clear and stay cleared until the FLL or PLL has reacquired lock. Stop mode entry will also cause the
lock status bit to clear and stay cleared until the FLL or PLL has reacquired lock. Entry into BLPI or BLPE mode
will also cause the lock status bit to clear and stay cleared until the MCG has exited these modes and the FLL
or PLL has reacquired lock.
0 FLL or PLL is currently unlocked.
1 FLL or PLL is currently locked.

5
PLLST

PLL Select Status  — The PLLST bit indicates the current source for the PLLS clock. The PLLST bit does not
update immediately after a write to the PLLS bit due to internal synchronization between clock domains.
0 Source of PLLS clock is FLL clock.
1 Source of PLLS clock is PLL clock.

4
IREFST

Internal Reference Status — The IREFST bit indicates the current source for the reference clock. The IREFST
bit does not update immediately after a write to the IREFS bit due to internal synchronization between clock
domains.
0 Source of reference clock is external reference clock (oscillator or external clock source as determined by the

EREFS bit in the MCGC2 register).
1 Source of reference clock is internal reference clock.

3:2
CLKST

Cloc k Mode Status  — The CLKST bits indicate the current clock mode. The CLKST bits do not update
immediately after a write to the CLKS bits due to internal synchronization between clock domains.
00 Encoding 0 — Output of FLL is selected.
01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Output of PLL is selected.
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8.3.5 MCG Contr ol Register 3 (MCGC3)

1
OSCINIT

OSC Initialization — If the external reference clock is selected by ERCLKEN or by the MCG being in FEE, FBE,
PEE, PBE, or BLPE mode, and if EREFS is set, then this bit is set after the initialization cycles of the external
oscillator clock have completed. This bit is only cleared when either EREFS is cleared or when the MCG is in
either FEI, FBI, or BLPI mode and ERCLKEN is cleared.

0
FTRIM

MCG Fine Trim  — Controls the smallest adjustment of the internal reference clock frequency. Setting FTRIM
will increase the period and clearing FTRIM will decrease the period by the smallest amount possible.

If an FTRIM value stored in nonvolatile memory is to be used, it’s the user’s responsibility to copy that value from
the nonvolatile memory location to this register’s FTRIM bit.

7 6 5 4 3 2 1 0

R
LOLIE PLLS CME

0
VDIV

W

Reset: 0 0 0 0 0 0 0 1

Figure 8-7. MCG PLL Register (MCGPLL)

Table 8-5. MCG PLL Register Field Descriptions

Field Description

7
LOLIE

Loss of Loc k Interrupt Enable — Determines if an interrupt request is made following a loss of lock indication.
The LOLIE bit only has an effect when LOLS is set.
0 No request on loss of lock.
1 Generate an interrupt request on loss of lock.

6
PLLS

PLL Select  — Controls whether the PLL or FLL is selected. If the PLLS bit is clear, the PLL is disabled in all
modes. If the PLLS is set, the FLL is disabled in all modes.
1 PLL is selected
0 FLL is selected

Table 8-4. MCG Status and Contr ol Register Field Descriptions (contin ued)

Field Description
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5
CME

Cloc k Monitor Enable — Determines if a reset request is made following a loss of external clock indication. The
CME bit should only be set to a logic 1 when either the MCG is in an operational mode that uses the external
clock (FEE, FBE, PEE, PBE, or BLPE) or the external reference is enabled (ERCLKEN=1 in the MCGC2
register). Whenever the CME bit is set to a logic 1, the value of the RANGE bit in the MCGC2 register should not
be changed.
0 Clock monitor is disabled.
1 Generate a reset request on loss of external clock.

3:0
VDIV

VCO Divider — Selects the amount to divide down the VCO output of PLL. The VDIV bits establish the
multiplication factor (M) applied to the reference clock frequency.
0000 Encoding 0 — Reserved.
0001 Encoding 1 — Multiply by 4.
0010 Encoding 2 — Multiply by 8.
0011 Encoding 3 — Multiply by 12.
0100 Encoding 4 — Multiply by 16.
0101 Encoding 5 — Multiply by 20.
0110 Encoding 6 — Multiply by 24.
0111 Encoding 7 — Multiply by 28.
1000 Encoding 8 — Multiply by 32.
1001 Encoding 9 — Multiply by 36.
1010 Encoding 10 — Multiply by 40.
1011 Encoding 11 — Reserved (default to M=40).
11xx Encoding 12-15 — Reserved (default to M=40).

Table 8-5. MCG PLL Register Field Descriptions (contin ued)

Field Description

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 8 Multi-Purpose Cloc k Generator (S08MCGV1)

MC9S08DN60 Series Data Sheet, Rev 2

138 Freescale Semiconductor

8.4 Functional Description

8.4.1 Operational Modes

Figure 8-8. Cloc k Switc hing Modes
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Theninestatesof theMCG areshown asastatediagramandaredescribedbelow. Thearrowsindicatethe
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 bitsarewrittento 000.Sincetheinternalreferenceclockfrequency shouldalreadybein the
range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.

In FLL engagedinternalmode,theMCGOUTclockis derivedfrom theFLL clock,whichis controlledby
the internal reference clock. The FLL clock frequency locks to 1024 times the reference frequency, as
selectedby theRDIV bits.TheMCGLCLK isderivedfromtheFLL andthePLL isdisabledin alow 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 bitsarewrittento dividereferenceclockto bewithin therangeof 31.25kHz to 39.0625kHz

In FLL engagedexternalmode,theMCGOUTclockis derivedfrom theFLL clockwhichis controlledby
the external reference clock. The external reference clock which is enabled can be an external
crystal/resonatoror it canbeanotherexternalclocksource.TheFLL clock frequencylocksto 1024times
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
andtheFLL is operationalbut its outputclockis notused.Thismodeis usefulto allow theFLL 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 bitsarewrittento 000.Sincetheinternalreferenceclockfrequency shouldalreadybein the
range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.
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• LP bit is written to 0

In FLL bypassedinternalmode,theMCGOUTclockisderivedfromtheinternalreferenceclock.TheFLL
clock is controlled by the internal reference clock, and the FLL clock frequency locks to 1024 times the
referencefrequency, asselectedby theRDIV bits.TheMCGLCLK is derivedfrom theFLL andthePLL
is disabled in a low power state.

8.4.1.4 FLL Bypassed External (FBE)

In FLL bypassedexternal(FBE)mode,theMCGOUTclock is derivedfrom theexternalreferenceclock
andtheFLL is operationalbut its outputclockis notused.Thismodeis usefulto allow theFLL to acquire
its target frequency while the MCGOUT clock is driven from the external reference clock.

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

• CLKS bits are written to 10

• IREFS bit is written to 0

• PLLS bit is written to 0

• RDIV bitsarewrittento dividereferenceclockto bewithin therangeof 31.25kHz to 39.0625kHz

• LP bit is written to 0

In FLL bypassed external mode, the MCGOUT clock is derived from the external reference clock. The
externalreferenceclockwhichis enabledcanbe anexternalcrystal/resonatoror it canbeanotherexternal
clock source.The FLL clock is controlled by the external reference clock, and the FLL clock frequency
locksto1024timesthereferencefrequency, asselectedby theRDIV bits.TheMCGLCLK isderivedfrom
the FLL and the PLL is disabled in a low power state.

NOTE
It is possible to briefly operate in FBE mode with an FLL reference clock
frequency thatisgreaterthanthespecifiedmaximumfrequency. Thiscanbe
necessaryin applicationsthatoperatein PEEmodeusinganexternalcrystal
with a frequency above 5 MHz. Please see8.5.2.4, “Example # 4: Moving
fromFEI toPEEMode:ExternalCrystal= 8MHz, BusFrequency = 8MHz
for a detailed example.

8.4.1.5 PLL Engaged External (PEE)

The PLL engaged external (PEE) 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 1

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

In PLL engagedexternalmode,theMCGOUTclockis derivedfrom thePLL clockwhichis controlledby
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 clock frequency locks to a
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multiplicationfactor, asselectedby theVDIV bits,timesthereferencefrequency, asselectedby theRDIV
bits.If BDM is enabledthentheMCGLCLK is derivedfrom theDCO(open-loopmode)dividedby two.
If BDM is not enabled then the FLL is disabled in a low power state.

8.4.1.6 PLL Bypassed External (PBE)

In PLL bypassedexternal(PBE)mode,theMCGOUTclock is derivedfrom theexternalreferenceclock
andthePLL is operationalbut its outputclockis notused.Thismodeis usefulto allow thePLL to acquire
its target frequency while the MCGOUT clock is driven from the external reference clock.

The PLL bypassed external mode is entered when all the following conditions occur:

• CLKS bits are written to 10

• IREFS bit is written to 0

• PLLS bit is written to 1

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

• LP bit is written to 0

In PLL bypassed external mode, the MCGOUT clock is derived from the external reference clock. The
externalreferenceclockwhichis enabledcanbe anexternalcrystal/resonatoror it canbeanotherexternal
clocksource.ThePLL clockfrequency lockstoamultiplicationfactor, asselectedby theVDIV bits,times
thereferencefrequency, asselectedby theRDIV bits. If BDM is enabledthentheMCGLCLK is derived
from theDCO(open-loopmode)dividedby two. If BDM is notenabledthentheFLL is disabledin 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:

• CLKS bits are written to 01

• IREFS bit is written to 1

• PLLS bit is written to 0 or 1

• LP bit is written to 1

• BDM mode is not active

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

ThePLL andtheFLL aredisabledatall timesin BLPI modeandtheMCGLCLK will notbeavailablefor
BDC communications If the BDM becomes active the mode will switch to one of the bypassed internal
modes as determined by the state of the PLLS bit.

8.4.1.8 Bypassed Low Power External (BLPE)

The bypassed low power external (BLPE) mode is entered when all the following conditions occur:

• CLKS bits are written to 10

• IREFS bit is written to 0

• PLLS bit is written to 0 or 1
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• LP bit is written to 1

• BDM mode is not active

In bypassedlow powerexternalmode,theMCGOUTclock is derivedfrom theexternalreferenceclock.
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

Stopmodeis enteredwhenevertheMCU entersaSTOPstate.In thismode,theFLL andPLL aredisabled
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 Switc hing

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
rangerequiredby thestateof thePLLSbit (31.25kHz to 39.0625kHz if theFLL is selected,or 1 MHz to
2 MHz if thePLL is selected).After achangein theIREFSvaluetheFLL or PLL will begin lockingagain
after the switch is completed. The completion of the switch is shown by the IREFST bit .

For thespecialcaseof enteringstopmodeimmediatelyafterswitchingto FBEmode,if theexternalclock
andtheinternalclockaredisabledin stopmode,(EREFSTEN= 0 andIREFSTEN= 0), it is necessaryto
allow 100usaftertheIREFSTbit is clearedto allow theinternalreferenceto shutdown.For mostcasesthe
delay due to instruction execution times will be sufficient.

TheCLKS bitscanalsobechangedatanytime,but in orderfor theMCGLCLK to beconfiguredcorrectly
theRDIV bits mustbechangedsimultaneouslysothatthereferencefrequency staysin therangerequired
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 seeFigure8-8.
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8.4.3 Bus Frequenc y Divider

The BDIV bits can be changed at anytime and the actual switch to the new frequency will occur
immediately.

8.4.4 Low Power Bit Usa ge

Thelow powerbit (LP) is providedto allow theFLL or PLL to bedisabledandthusconservepowerwhen
thesesystemsarenotbeingused.However, in some applicationsit maybedesirableto enabletheFLL or
PLL andallow it to lock for maximumaccuracy beforeswitchingto anengagedmode.Do thisby writing
the LP bit to 0.

8.4.5 Internal Ref erence Cloc k

WhenIRCLKEN is settheinternalreferenceclocksignalwill bepresentedasMCGIRCLK, whichcanbe
usedasanadditionalclocksource.TheMCGIRCLK frequency canbere-targetedby trimmingtheperiod
of theinternalreferenceclock.Thiscanbedoneby writing anew valueto theTRIM bitsin theMCGTRM
register. Writing a larger value will decrease the MCGIRCLK frequency, and writing a smaller value to
theMCGTRM registerwill increasetheMCGIRCLK frequency. TheTRIM bitswill effecttheMCGOUT
frequency if the MCG is in FLL engaged internal (FEI), FLL bypassed internal (FBI), or bypassed low
powerinternal(BLPI) mode.TheTRIM andFTRIM valueis initializedbyPORbut isnotaffectedbyother
resets.

Until MCGIRCLK is trimmed, programming low reference divider (RDIV) factors may result in
MCGOUT frequencies that exceed the maximum chip-level frequency and violate the chip-level clock
timing specifications (see theDevice Overview chapter).

If IREFSTENandIRCLKEN bitsarebothset,theinternalreferenceclockwill keeprunningduringstop
mode in order to provide a fast recovery upon exiting stop.

8.4.6 External Ref erence Cloc k

TheMCG modulecansupportanexternalreferenceclockwith frequenciesbetween31.25kHz to 5 MHz
in FEE and FBE modes, 1 MHz to 16 MHz in PEE and PBE modes, and 0 to 40 MHz in BLPE mode.
WhenERCLKENis set,theexternalreferenceclocksignalwill bepresentedasMCGERCLK,whichcan
be used as an additional clock source. When IREFS = 1, the external reference clock will not be used by
theFLL or PLL andwill only beusedasMCGERCLK.In thesemodes,thefrequency canbeequalto the
maximum frequency the chip-level timing specifications will support (see theDevice Overview chapter).

If EREFSTEN and ERCLKEN bits are both set or the MCG is in FEE, FBE, PEE, PBE or BLPE mode,
the external reference clock will keep running during stop mode in order to provide a fast recovery upon
exiting stop.

If CME bit is written to 1, the clock monitor is enabled. If the external reference falls below a certain
frequency (floc_highor floc_low dependingontheRANGEbit in theMCGC2),theMCU will reset.TheLOC
bit in the System Reset Status (SRS) register will be set to indicate the error.
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8.4.7 Fixed Frequenc y Cloc k

TheMCG presentsthedividedreferenceclockasMCGFFCLKfor useasanadditionalclocksource.The
MCGFFCLKfrequency mustbenomorethan1/4of theMCGOUTfrequency to bevalid.Becauseof this
requirement,theMCGFFCLK is notvalid in bypassmodesfor thefollowing combinationsof BDIV and
RDIV values:

• BDIV=00 (divide by 1), RDIV< 010

BDIV=01 (divide by 2), RDIV< 011

8.5 Initialization / Application Inf ormation
This section describes how to initialize and configure the MCG module in application. The following
sectionsincludeexampleson how to initialize theMCG andproperlyswitchbetweenthevariousavailable
modes.

8.5.1 MCG Module Initialization Sequence

The MCG comes out of reset configured for FEI mode with the BDIV set for divide-by-2. The internal
reference will stabilize in tirefst microseconds before the FLL can acquire lock. As soon as the internal
reference is stable, the FLL will acquire lock in tfll_lock milliseconds.

Upon POR, the internal reference will require trimming to guarantee an accurate clock. Freescale
recommends usingFlash location 0xFFAE for storing the fine trim bit, FTRIM in the MCGSC register,
and 0xFFAF for storing the 8-bit trim value in the MCGTRM register. The MCU will not automatically
copy the values in theseFlash locations to the respective registers. Therefore, user code must copy these
values fromFlash to the registers.

NOTE
The BDIV value should not be changed to divide-by-1 without first
trimming the internal reference. Failure to do so could result in the MCU
running out of specification.

8.5.1.1 Initializing the MCG

BecausetheMCG comesoutof resetin FEI mode,theonly MCG modeswhichcanbedirectly switched
to upon reset are FEE, FBE, and FBI modes (seeFigure8-8). Reaching any of the other modes requires
first configuringtheMCG for oneof thesethreeinitial modes.Caremustbetakento checkrelevantstatus
bits in the MCGSC register reflecting all configuration changes within each mode.

To change from FEI mode to FEE or FBE modes, follow this procedure:

1. Enable the external clock source by setting the appropriate bits in MCGC2.

2. Write to MCGC1 to select the clock mode.

— If enteringFEE,setRDIV appropriately, cleartheIREFSbit toswitchto theexternalreference,
and leave the CLKS bits at %00 so that the output of the FLL is selected as the system clock
source.
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— If enteringFBE,cleartheIREFSbit to switchto theexternalreferenceandchangetheCLKS
bits to %10 so that the external reference clock is selected as the system clock source. The
RDIV bitsshouldalsobesetappropriatelyhereaccordingto theexternalreferencefrequency
because although the FLL is bypassed, it is still on in FBE mode.

— The internal reference can optionally be kept running by setting the IRCLKEN bit. This is
useful if the application will switch back and forth between internal and external modes. For
minimumpowerconsumption,leavetheinternalreferencedisabledwhile in anexternalclock
mode.

3. After theproperconfigurationbitshavebeenset,wait for theaffectedbits in theMCGSCregister
to be changed appropriately, reflecting that the MCG has moved into the proper mode.

— If ERCLKEN was set in step 1 or the MCG is in FEE, FBE, PEE, PBE, or BLPE mode, and
EREFSwasalsosetin step1, wait herefor theOSCINITbit to becomesetindicatingthatthe
externalclocksourcehasfinishedits initializationcyclesandstabilized.Typicalcrystalstartup
times are given in Appendix A, “Electrical Characteristics”.

— If in FEEmode,checkto makesuretheIREFSTbit is clearedandtheLOCK bit is setbefore
moving on.

— If in FBE mode, check to make sure the IREFST bit is cleared, the LOCK bit is set, and the
CLKST bits have changed to %10 indicating the external reference clock has been
appropriatelyselected.AlthoughtheFLL is bypassedin FBEmode,it is still onandwill lock
in FBE mode.

To change from FEI clock mode to FBI clock mode, follow this procedure:

1. Change the CLKS bits to %01 so that the internal reference clock is selected as the system clock
source.

2. Wait for the CLKST bits in the MCGSC register to change to %01, indicating that the internal
reference clock has been appropriately selected.

8.5.2 MCG Mode Switc hing

When switching between operational modes of the MCG, certain configuration bits must be changed in
orderto properlymovefrom onemodeto another. Eachtimeany of thesebitsarechanged(PLLS,IREFS,
CLKS, or EREFS), the corresponding bits in the MCGSC register (PLLST, IREFST, CLKST, or
OSCINIT) must be checked before moving on in the application software.

Additionally, care must be taken to ensure that the reference clock divider (RDIV) is set properly for the
modebeingswitchedto. For instance,in PEEmode,if usinga4 MHz crystal,RDIV mustbesetto %001
(divide-by-2) or %010 (divide -by-4) in order to divide the external reference down to the required
frequency between 1 and 2 MHz.

TheRDIV andIREFSbitsshouldalwaysbesetproperlybeforechangingthePLLSbit sothattheFLL or
PLL clock has an appropriate reference clock frequency to switch to.
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Thetablebelow showsMCGOUTfrequency calculationsusingRDIV, BDIV, andVDIV settingsfor each
clock mode. The bus frequency is equal to MCGOUT divided by 2.

1 R is the reference divider selected by the RDIV bits, B is the bus frequency divider selected by the BDIV bits,
and M is the multiplier selected by the VDIV bits.

Thissectionwill include3 modeswitchingexamplesusinga4 MHz externalcrystal.If usinganexternal
clock source less than 1 MHz, the MCG should not be configured for any of the PLL modes (PEE and
PBE).

8.5.2.1 Example # 1: Mo ving fr om FEI to PEE Mode: External Cr ystal = 4 MHz,
Bus Frequenc y = 8 MHz

In this example, the MCG will move through the proper operational modes from FEI to PEE mode until
the4 MHz crystalreferencefrequency is setto achieve abusfrequency of 8 MHz. BecausetheMCG is in
FEI modeoutof reset,thisexamplealsoshowshow to initialize theMCG for PEEmodeoutof reset.First,
the code sequence will be described. Then a flowchart will be included which illustrates the sequence.

1. First, FEI must transition to FBE mode:

a) MCGC2 = 0x36 (%00110110)

– BDIV (bits 7 and 6) set to %00, or divide-by-1

– RANGE(bit 5) setto 1 becausethefrequency of 4 MHz is within thehigh 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.

Table 8-6. MCGOUT Frequenc y Calculation Options

Cloc k Mode fMCGOUT
1 Note

FEI (FLL engaged internal) (fint * 1024 ) / B Typical fMCGOUT = 16 MHz
immediately after reset. RDIV
bits set to %000.

FEE (FLL engaged external) (fext / R *1024) / B fext / R must be in the range of
31.25 kHz to 39.0625 kHz

FBE (FLL bypassed external) fext / B fext / R must be in the range of
31.25 kHz to 39.0625 kHz

FBI (FLL bypassed internal) fint / B Typical fint = 32 kHz

PEE (PLL engaged external) [(fext / R) * M] / B fext / R must be in the range of 1
MHz to 2 MHz

PBE (PLL bypassed external) fext / B fext / R must be in the range of 1
MHz to 2 MHz

BLPI (Bypassed low power internal) fint / B

BLPE (Bypassed low power external) fext / B
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c) MCGC1 = 0xB8 (%10111000)

– CLKS (bits 7 and 6) set to %10 in order to select external reference clock as system clock
source

– RDIV (bits5-3)setto %111,or divide-by-128because4 MHz / 128= 31.25kHz which is
in the 31.25 kHz to 39.0625 kHz range required by the FLL

– IREFS (bit 2) cleared to 0, selecting the external reference clock

d) Loop until IREFST (bit 4) in MCGSC is 0, indicating the external reference is the current
source for the reference clock

e) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, FBE must transition either directly to PBE mode or first through BLPE mode and then to
PBE mode:

a) BLPE: If a transition through BLPE mode is desired, first set LP (bit 3) in MCGC2 to 1.

b) BLPE/PBE: MCGC1 = 0x90 (%10010000)

– RDIV (bits5-3) setto %010,or divide-by-4because4 MHz / 4 = 1 MHz which is in the1
MHz to 2 MHz range required by the PLL. In BLPE mode, the configuration of the RDIV
doesnotmatterbecauseboththeFLL andPLL aredisabled.Changingthemonlysetsupthe
the dividers for PLL usage in PBE mode

c) BLPE/PBE: MCGC3 = 0x44 (%01000100)

– PLLS (bit 6) set to 1, selects the PLL. In BLPE mode, changing this bit only prepares the
MCG for PLL usage in PBE mode

– VDIV (bits3-0)setto %0100,or multiply-by-16because1 MHz reference* 16 = 16MHz.
In BLPE mode, the configuration of the VDIV bits does not matter because the PLL is
disabled. Changing them only sets up the multiply value for PLL usage in PBE mode

d) BLPE: If transitioningthroughBLPEmode,clearLP (bit 3) in MCGC2to 0 hereto switchto
PBE mode

e) PBE: Loop until PLLST (bit 5) in MCGSC is set, indicating that the current source for the
PLLS clock is the PLL

f) PBE:Thenloopuntil LOCK (bit 6) in MCGSCis set,indicatingthatthePLL hasacquiredlock

3. Last, PBE mode transitions into PEE mode:

a) MCGC1 = 0x10 (%00010000)

– CLKS (bits7 and 6) in MCGSC1 set to %00 in order to select the output of the PLL as the
system clock source

– Loop until CLKST (bits 3 and 2) in MCGSC are %11, indicating that the PLL output is
selected to feed MCGOUT in the current clock mode

b) Now, With an RDIV of divide-by-4, a BDIV of divide-by-1, and a VDIV of multiply-by-16,
MCGOUT= [(4 MHz / 4) * 16] / 1= 16MHz, andthebusfrequency isMCGOUT/ 2,or8MHz
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Figure 8-9. Flowchar t of FEI to PEE Mode T ransition using a 4 MHz cr ystal
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8.5.2.2 Example # 2: Moving from PEE to BLPI Mode: External Crystal = 4 MHz,
Bus Frequenc y =16 kHz

In thisexample,theMCG will movethroughtheproperoperationalmodesfrom PEEmodewith a4 MHz
crystal configured for an 8 MHz bus frequency (see previous example) to BLPI mode with a 16 kHz bus
frequency.First, the code sequence will be described. Then a flowchart will be included which illustrates
the sequence.

1. First, PEE must transition to PBE mode:

a) MCGC1 = 0x90 (%10010000)

– CLKS (bits 7 and 6) set to %10 in order to switch the system clock source to the external
reference clock

b) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, PBE must transition either directly to FBE mode or first through BLPE mode and then to
FBE mode:

a) BLPE: If a transition through BLPE mode is desired, first set LP (bit 3) in MCGC2 to 1

b) BLPE/FBE: MCGC1 = 0xB8 (%10111000)

– RDIV (bits5-3)setto %111,or divide-by-128because4 MHz / 128= 31.25kHz which is
in the 31.25 kHz to 39.0625 kHz range required by the FLL. In BLPE mode, the
configuration of the RDIV does not matter because both the FLL and PLL are disabled.
Changing them only sets up the dividers for FLL usage in FBE mode

c) BLPE/FBE: MCGC3 = 0x04 (%00000100)

– PLLS(bit 6) clearto 0 to selecttheFLL. In BLPEmode,changingthisbit only preparesthe
MCG for FLL usage in FBE mode. With PLLS = 0, the VDIV value does not matter.

d) BLPE: If transitioningthroughBLPEmode,clearLP (bit 3) in MCGC2to 0 hereto switchto
FBE mode

e) FBE: Loop until PLLST (bit 5) in MCGSC is clear, indicating that the current source for the
PLLS clock is the FLL

f) FBE: Optionally, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has
acquired lock. Although the FLL is bypassed in FBE mode, it is still enabled and running.

3. Next, FBE mode transitions into FBI mode:

a) MCGC1 = 0x44 (%01000100)

– CLKS (bits7 and 6) in MCGSC1 set to %01 in order to switch the system clock to the
internal reference clock

– IREFS (bit 2) set to 1 to select the internal reference clock as the reference clock source

– RDIV (bits5-3)setto %000,or divide-by-1becausethetrimmedinternalreferenceshould
be within the 31.25 kHz to 39.0625 kHz range required by the FLL

b) Loop until IREFST (bit 4) in MCGSC is 1, indicating the internal reference clock has been
selected as the reference clock source

c) Loop until CLKST (bits 3 and 2) in MCGSC are %01, indicating that the internal reference
clock is selected to feed MCGOUT
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4. Lastly, FBI transitions into FBILP mode.

a) MCGC2 = 0x08 (%00001000)

– LP (bit 3) in MCGSC is 1

Figure 8-10. Flowchar t of PEE to BLPI Mode T ransition using a 4 MHz cr ystal
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8.5.2.3 Example #3: Mo ving fr om BLPI to FEE Mode: External Cr ystal = 4 MHz,
Bus Frequenc y = 16 MHz

In thisexample,theMCG will move throughtheproperoperationalmodesfrom BLPI modeata16kHz
bus frequency running off of the internal reference clock (see previous example) to FEE mode using a 4
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 (bit 3) in MCGSC is 0

b) Optionally, loopuntil LOCK (bit 6) in theMCGSCis set,indicatingthattheFLL hasacquired
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) setto 1 becausethefrequency of 4 MHz is within thehigh 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.

c) MCGC1 = 0x38 (%00111000)

– CLKS (bits 7 and 6) set to %00 in order to select the output of the FLL as system clock
source

– RDIV (bits5-3)setto %111,or divide-by-128because4 MHz / 128= 31.25kHz 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(bit 4) in MCGSCis0, indicatingtheexternalreferenceclockis thecurrent
source for the reference clock

e) Optionally, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has
reacquired lock.

f) Loopuntil CLKST (bits3 and2) in MCGSCare%00,indicatingthattheoutputof theFLL is
selected to feed MCGOUT
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Figure 8-11. Flowchar t of BLPI to FEE Mode T ransition using a 4 MHz cr ystal
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external crystal and a maximum reference divider factor of 128, the resulting frequency of the reference
clock for the FLL is 62.5 kHz (greater than the 39.0625 kHz maximum allowed).

Care must be taken in the software to minimize the amount of time spent in this state where the FLL is
operating in this condition.

Thefollowing codesequencedescribeshow to movefrom FEI modeto PEEmodeuntil the8 MHz crystal
referencefrequency is setto achieve abusfrequency of 8 MHz. BecausetheMCG is in FEI modeoutof
reset, this example also shows how to initialize the MCG for PEE mode out of reset. First, the code
sequence will be described. Then a flowchart will be included which illustrates the sequence.

1. First, FEI must transition to FBE mode:

a) MCGC2 = 0x36 (%00110110)

– BDIV (bits 7 and 6) set to %00, or divide-by-1

– RANGE(bit 5) setto 1 becausethefrequency of 8 MHz is within thehigh 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.

c) Block Interrupts (If applicable by setting the interrupt bit in the CCR).

d) MCGC1 = 0xB8 (%10111000)

– CLKS (bits 7 and 6) set to %10 in order to select external reference clock as system clock
source

– RDIV (bits 5-3) set to %111, or divide-by-128.

NOTE
8MHz / 128= 62.5kHzwhichisgreaterthanthe31.25kHz to39.0625kHz
range required by the FLL. Therefore after the transition to FBE is
complete, software must progress through to BLPE mode immediately by
setting the LP bit in MCGC2.

– IREFS (bit 2) cleared to 0, selecting the external reference clock

e) Loop until IREFST (bit 4) in MCGSC is 0, indicating the external reference is the current
source for the reference clock

f) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, FBE mode transitions into BLPE mode:

a) MCGC2 = 0x3E (%00111110)

– LP (bit 3) in MCGC2 to 1 (BLPE mode entered)

NOTE
Theremustbenoextrasteps(includinginterrupts)betweensteps1dand 2a.

b) Enable Interrupts (if applicable by clearing the interrupt bit in the CCR).
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c) MCGC1 = 0x98 (%10011000)

– RDIV (bits 5-3) set to %011, or divide-by-8 because 8 MHz / 8= 1 MHz which is in the 1
MHz to 2 MHz range required by the PLL. In BLPE mode, the configuration of the RDIV
doesnotmatterbecauseboththeFLL andPLL aredisabled.Changingthemonlysetsupthe
the dividers for PLL usage in PBE mode

d) MCGC3 = 0x44 (%01000100)

– PLLS (bit 6) set to 1, selects the PLL. In BLPE mode, changing this bit only prepares the
MCG for PLL usage in PBE mode

– VDIV (bits3-0)setto %0100,or multiply-by-16because1 MHz reference* 16 = 16MHz.
In BLPE mode, the configuration of the VDIV bits does not matter because the PLL is
disabled. Changing them only sets up the multiply value for PLL usage in PBE mode

e) Loop until PLLST (bit 5) in MCGSC is set, indicating that the current source for the PLLS
clock is the PLL

3. Then, BLPE mode transitions into PBE mode:

a) Clear LP (bit 3) in MCGC2 to 0 here to switch to PBE mode

b) Then loop until LOCK (bit 6) in MCGSC is set, indicating that the PLL has acquired lock

4. Last, PBE mode transitions into PEE mode:

a) MCGC1 = 0x18 (%00011000)

– CLKS (bits7 and 6) in MCGSC1 set to %00 in order to select the output of the PLL as the
system clock source

– Loop until CLKST (bits 3 and 2) in MCGSC are %11, indicating that the PLL output is
selected to feed MCGOUT in the current clock mode

b) Now, With an RDIV of divide-by-8, a BDIV of divide-by-1, and a VDIV of multiply-by-16,
MCGOUT= [(8 MHz / 8) * 16] / 1= 16MHz, andthebusfrequency isMCGOUT/ 2,or8MHz
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Figure 8-12. Flowchar t of FEI to PEE Mode T ransition using a 8 MHz cr ystal
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8.5.3 Calibrating the Internal Ref erence Cloc k (IRC)

The IRC is calibrated by writing to the MCGTRM register first, then using the FTRIM bit to “fine tune”
thefrequency. Wewill referto thistotal9-bit value asthetrim value,rangingfrom 0x000to 0x1FF, where
the FTRIM bit is the LSB.

Thetrim valueafteraPORis always0x100(MCGTRM = 0x80andFTRIM = 0). Writing a largervalue
will decrease the frequency and smaller values will increase the frequency. The trim value is linear with
theperiod,exceptthatslightvariationsin waferfabprocessingproduceslightnon-linearitiesbetweentrim
valueandperiod.Thesenon-linearitiesarewhy aniterative trimmingapproachto searchfor thebesttrim
value is recommended. In example #4 later in this section, this approach will be demonstrated.

After atrim valuehasbeenfoundfor adevice,thisvaluecanbestoredin Flashmemoryto savethevalue.
If power is removed from the device, the IRC can easily be re-trimmed by copying the saved value from
Flash to the MCG registers. Freescale identifies recommendedFlash locations for storing the trim value
for eachMCU. Consultthememorymapin thedatasheetfor theselocations.Ondevicesthatarefactory
trimmed, the factory trim value will be stored in these locations.

8.5.3.1 Example #5: Internal Ref erence Cloc k Trim

For applicationsthatrequireatight frequency tolerance,a trimmingprocedureis providedthatwill allow
averyaccurateinternalclocksource.Thissectionoutlinesoneexampleof trimmingtheinternaloscillator.
Many other possible trimming procedures are valid and can be used.

In the example below, the MCG trim will be calibrated for the 9-bit MCGTRM and FTRIM collective
value. This value will be referred to as TRMVAL.
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Figure 8-13. Trim Pr ocedure

In this particular case, the MCU has been attached to a PCB and the entire assembly is undergoing final
testwith automatedtestequipment.A separatesignalor messageis providedto theMCU operatingunder
user provided software control. The MCU initiates a trim procedure as outlined inFigure8-13 while the
tester supplies a precision reference signal.

If theintendedbusfrequency is nearthemaximumallowedfor thedevice,it is recommendedto trim using
areferencedividervalue(RDIV setting)of twicethefinal value.After thetrim procedureis complete,the
referencedividercanberestored.Thiswill preventaccidentalovershootof themaximumclockfrequency.
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Chapter 9
Analog Comparator (S08A CMPV3)

9.1 Intr oduction
Theanalogcomparatormodule(ACMP)providesacircuit for comparingtwo analoginputvoltagesor for
comparingoneanaloginputvoltageto aninternalreferencevoltage.Thecomparatorcircuit is designedto
operate across the full range of the supply voltage (rail-to-rail operation).

All MC9S08DN60SeriesMCUshavetwo full functionACMPsin a64-pinpackage.MCUsin the48-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
MC9S08DN60 Series devices operate at a higher voltage range (2.7 V to
5.5V) and do not include stop1 mode. Please ignore references to stop1.

9.1.1 ACMP Configuration Inf ormation

Whenusingthebandgapreferencevoltagefor input to ACMP+,theusermustenablethebandgapbuffer
by setting BGBE =1 in SPMSC1 seeSection5.8.7, “System Power Management Status and Control 1
Register (SPMSC1).” For value of bandgap voltage reference seeSectionA.6, “DC Characteristics.”
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Figure 9-1. MC9S08DN60 Bloc k Diagram
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9.1.2 Features

The ACMP has the following features:

• Full rail to rail supply operation.

• Selectable interrupt on rising edge, falling edge, or either rising or falling edges of comparator
output.

• Option to compare to fixed internal bandgap reference voltage.

• Option to allow comparator output to be visible on a pin, ACMPxO.

9.1.3 Modes of Operation

This section defines the ACMP operation in wait, stop, and background debug modes.

9.1.3.1 ACMP in Wait Mode

The ACMP continues to run in wait mode if enabled before executing the appropriate instruction.
Therefore, the ACMP can be used to bring the MCU out of wait mode if the ACMP interrupt is enabled
(ACIE is set).For lowestpossiblecurrentconsumption,theACMP shouldbedisabledby softwareif not
required as an interrupt source during wait mode.

9.1.3.2 ACMP in Stop Modes

TheACMPis disabledin all stopmodes,regardlessof thesettingsbeforeexecutingthestopinstruction..
Therefore, the ACMP cannot be used as a wake up source from stop modes..

During stop2 mode, the ACMP module is fully powered down. Upon wake-up from stop2 mode, the
ACMP module is in the reset state.

During stop3 mode, clocks to the ACMP module are halted. No registers are affected. In addition, the
ACMP comparator circuit enters a low-power state. No compare operation occurs while in stop3.

If stop3is exitedwith a reset,theACMPis put into its resetstate.If stop3is exitedwith aninterrupt,the
ACMP continues from the state it was in when stop3 was entered.

9.1.3.3 ACMP in Active Bac kgr ound Mode

When the microcontroller is in active background mode, the ACMP continues to operate normally.
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9.1.4 Bloc k Diagram

The block diagram for the analog comparator module is shown Figure9-2.

Figure 9-2. Analog Comparator (A CMP) Bloc k Diagram

9.2 External Signal Description
TheACMPhastwo analoginputpins,ACMPx+andACMPx− and onedigital output pinACMPxO.Each
of these pins can accept an input voltage that varies across the full operating voltage range of the MCU.
As shown in Figure9-2, the ACMPx- pin is connected to the inverting input of the comparator, and the
ACMPx+pin isconnectedto thecomparatornon-invertinginputif ACBGSisa0.Asshown in Figure9-2,
the ACMPxO pin can be enabled to drive an external pin.

The signal properties of ACMP are shown in Table9-1.

Table 9-1. Signal Pr oper ties

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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9.3 Memor y Map/Register Definition
The ACMP includes one register:

• An 8-bit status and control register

Referto thedirect-pageregistersummaryin thememorysectionof thisdocumentfor theabsoluteaddress
assignmentsfor theACMPregister.Thissectionrefersto registerandcontrolbitsonly by theirnamesand
relative address offsets.

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

9.3.1 ACMPx Status and Contr ol Register (A CMPxSC)

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

Table 9-2. ACMP Register Summar y

Name 7 6 5 4 3 2 1 0

ACMPxSC
R

ACME ACBGS ACF ACIE
ACO

ACOPE ACMOD
W

7 6 5 4 3 2 1 0

R
ACME ACBGS ACF ACIE

ACO
ACOPE ACMOD

W

Reset: 0 0 0 0 0 0 0 0

Figure 9-3. ACMPx Status and Contr ol Register (A CMPxSC)

Table 9-3. ACMPxSC Field Descriptions

Field Description

7
ACME

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

6
ACBGS

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

5
ACF

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

4
ACIE

Analog Comparator Interrupt Enable. Enables the interrupt from the ACMP. When ACIE is set, an interupt is
asserted when ACF is set.
0 Interrupt disabled
1 Interrupt enabled
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9.4 Functional Description
The analog comparator can compare two analog input voltages applied to ACMPx+ and ACMPx−, or it
can compare an analog input voltage applied to ACMPx− with an internal bandgap reference voltage.
ACBGS selects between the bandgap reference voltage or the ACMPx+ pin as the input to the
non-invertinginputof theanalogcomparator.Thecomparatoroutputis highwhenthenon-invertinginput
is greaterthantheinvertinginput,andis low whenthenon-invertinginput is lessthantheinvertinginput.
ACMODselectstheconditionthatcausesACFtobeset.ACFcanbesetonarisingedgeof thecomparator
output,afallingedgeof thecomparatoroutput,orarisingorafallingedge(toggle).Thecomparatoroutput
can be read directly through ACO. The comparator output can be driven onto the ACMPxO pin using
ACOPE.

3
ACO

Analog Comparator Output. Reading ACO returns the current value of the analog comparator output. ACO is
reset to a 0 and reads as a 0 when the ACMP is disabled (ACME = 0).

2
ACOPE

Analog Comparator Output Pin Enable. Enables the comparator output to be placed onto the external pin,
ACMPxO.
0 Analog comparator output not available on ACMPxO
1 Analog comparator output is driven out on ACMPxO

1:0
ACMOD

Analog Comparator Mode. ACMOD selects the type of compare event which sets ACF.
00 Encoding 0 — Comparator output falling edge
01 Encoding 1 — Comparator output rising edge
10 Encoding 2 — Comparator output falling edge
11 Encoding 3 — Comparator output rising or falling edge

Table 9-3. ACMPxSC Field Descriptions (contin ued)

Field Description
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Chapter 10
Analog-to-Digital Con ver ter (S08ADC12V1)

10.1 Intr oduction
The12-bitanalog-to-digitalconverter(ADC) is asuccessiveapproximationADC designedfor operation
within an integrated microcontroller system-on-chip.

NOTE
MC9S08DN60 Series devices operate at a higher voltage range (2.7 V to
5.5V) and do not include stop1 mode. Please ignore references to stop1.

10.1.1 Analog P ower and Gr ound Signal Names

References to VDDAD and VSSAD in this chapter correspond to signals VDDA and VSSA, respectively.

10.1.2 Channel Assignments

NOTE
The ADC channel assignments for theMC9S08DN60 Series devices are
shown in Table10-1. Reserved channels convert to an unknown value.

This chapter shows bits for all S08ADC12V1 channels.MC9S08DN60
Series MCUs do not use all of these channels. All bits corresponding to
channels that are not available on a device are reserved.
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10.1.3 Alternate Cloc k

The ADC module is capable of performing conversions using the MCU bus clock, the bus clock divided
by two, thelocalasynchronousclock(ADACK) within themodule,or thealternateclock,ALTCLK. The
alternateclockfor theMC9S08DN60SeriesMCU devicesis theexternalreferenceclock(MCGERCLK).

Theselectedclocksourcemustrunata frequency suchthattheADC conversionclock (ADCK) runsata
frequency within its specified range (fADCK) after being divided down from the ALTCLK input as
determined by the ADIV bits.

ALTCLK is activewhile theMCU is in wait modeprovidedtheconditionsdescribedabovearemet.This
allows ALTCLK to be used as the conversion clock source for the ADC while the MCU is in wait mode.

ALTCLK cannot be used as the ADC conversion clock source while the MCU is in either stop2 or stop3.

10.1.4 Hardware Trig ger

The ADC hardware trigger, ADHWT, is the output from the real time counter (RTC). The RTC counter
can be clocked by either MCGERCLK or a nominal 1 kHz clock source.

Table 10-1. ADC Channel Assignment

Notes:
1 For information, see Section 10.1.5, “Temperature Sensor”.
2 Requires BGBE =1 in SPMSC1 see Section 5.8.8, “System Power Management Status and Control 2 Register

(SPMSC2)”. For value of bandgap voltage reference see A.6, “DC Characteristics”.

ADCH Channel Input

00000 AD0 PTA0/ADP0/MCLK

00001 AD1 PTA1/ADP1/ACMP1+

00010 AD2 PTA2/ADP2/ACMP1P-

00011 AD3 PTA3/ADP3/ACMP1O

00100 AD4 PTA4/ADP4

00101 AD5 PTA5/ADP5

00110 AD6 PTA6/ADP6

00111 AD7 PTA7/ADP7

01000 AD8 PTB0/ADP8

01001 AD9 PTB1/ADP9

01010 AD10 PTB2/ADP10

01011 AD11 PTB3/ADP11

01100 AD12 PTB4/ADP12

01101 AD13 PTB5/ADP13

01110 AD14 PTB6/ADP14

01111 AD15 PTB7/ADP15

10000– AD16 through AD25 Reserved

11001

11010 AD26 Temperature Sensor1

11011 AD27 Internal Bandgap2

11100 Reserved Reserved

11101 VREFH VREFH

11110 VREFL VREFL

11111 Module Disabled None

ADCH Channel Input
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The period of the RTC is determined by the input clock frequency, the RTCPS bits, and the RTCMOD
register. When the ADC hardware trigger is enabled, a conversion is initiated upon an RTC counter
overflow.

The RTC can be configured to cause a hardware trigger in MCU run, wait, and stop3.

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
VBG the user can determine VDD. For value of bandgap voltage, seeSectionA.6, “DC
Characteristics”.

• Convert the temperature sensor channel (AD26)

— By using the calculated value of VDD, convert the digital value of AD26 into a voltage,VTEMP

Equation10-1 provides an approximate transfer function of the temperature sensor.

Temp = 25 - ((VTEMP -VTEMP25) ÷ m) Eqn. 10-1

where:

— VTEMP is the voltage of the temperature sensor channel at the ambient temperature.

— VTEMP25 is the voltage of the temperature sensor channel at 25°C.

— m is the hot or cold voltage versus temperature slope in V/°C.

For temperature calculations, use the VTEMP25 and m values from the ADC Electricals table.

In application code, the user reads the temperature sensor channel, calculates VTEMP, and compares to
VTEMP25. If VTEMP is greaterthanVTEMP25thecoldslopevalueis appliedin Equation10-1. If VTEMP is
less than VTEMP25 the hot slope value is applied inEquation10-1. 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
hasbeencompleted,theuserwill needto calculatetheslopefor bothhotandcold.In applicationcode,the
userwouldthencalculatethetemperatureusingEquation10-1asdetailedaboveandthendetermineif the
temperatureis aboveor below 25°C.Oncedeterminedif thetemperatureis aboveor below 25°C, theuser
can recalculate the temperature using the hot or cold slope value obtained during calibration.
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Figure 10-1. MC9S08DN60 Bloc k Diagram Emphasizing the ADC Module and Pins
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10.1.6 Features

Features of the ADC module include:

• Linearsuccessive approximation algorithm with 12bits resolution.

• Up to 28 analog inputs.

• Output formatted in 12-, 10- or 8-bit right-justified format.

• Singleor continuous conversion (automatic return to idle after single conversion).

• Configurable sample time and conversion speed/power.

• Conversion complete flag and interrupt.

• Input clock selectable from up to four sources.

• Operation in wait or stop3 modes for lower noise operation.

• Asynchronous clock source for lower noise operation.

• Selectable asynchronous hardware conversion trigger.

• Automaticcomparewith interruptfor less-than,or greater-thanor equal-to,programmablevalue.

10.1.7 Bloc k Diagram

Figure10-2 provides a block diagram of the ADC module
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Figure 10-2. ADC Bloc k Diagram

10.2 External Signal Description
TheADC modulesupportsup to 28separateanaloginputs.It alsorequiresfour supply/reference/ground
connections.

Table 10-2. Signal Pr oper ties

Name Function
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10.2.1 Analog P ower (VDDAD)

The ADC analog portion usesVDDAD as its power connection. In some packages, VDDAD is connected
internally to VDD. If externally available, connect the VDDAD pin to the same voltage potential as VDD.
External filtering may be necessary to ensure cleanVDDAD for good results.

10.2.2 Analog Gr ound (V SSAD)

The ADC analog portion usesVSSAD as its ground connection. In some packages, VSSAD is connected
internally to VSS. If externally available, connect theVSSAD pin to the same voltage potential as VSS.

10.2.3 Volta ge Reference High (V REFH)

VREFH is thehighreferencevoltagefor theconverter. In somepackages,VREFH is connectedinternallyto
VDDAD. If externally available, VREFH may be connected to the same potential as VDDAD, or may be
drivenby anexternalsourcethatis betweentheminimumVDDAD specandtheVDDAD potential(VREFH
must never exceed VDDAD).

10.2.4 Volta ge Reference Lo w (VREFL)

VREFL is thelow referencevoltagefor theconverter. In somepackages,VREFL is connectedinternallyto
VSSAD. If externally available, connect the VREFL pin to the same voltage potential asVSSAD.

10.2.5 Analog Channel Inputs (ADx)

TheADC modulesupportsupto 28separateanaloginputs.An inputis selectedfor conversionthroughthe
ADCH channel select bits.

10.3 Register Definition

These memory mapped registers control and monitor operation of the ADC:

• Status and control register, ADCSC1

• Status and control register, ADCSC2

• Data result registers, ADCRH and ADCRL

• Compare value registers, ADCCVH and ADCCVL

• Configuration register, ADCCFG

• Pin enable registers, APCTL1, APCTL2, APCTL3

10.3.1 Status and Contr ol Register 1 (ADCSC1)

Thissectiondescribesthefunctionof theADC statusandcontrolregister(ADCSC1).Writing ADCSC1
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to a value other
than all 1s).
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7 6 5 4 3 2 1 0

R COCO
AIEN ADCO ADCH

W

Reset: 0 0 0 1 1 1 1 1

= Unimplemented or Reserved

Figure 10-3.  Status and Contr ol Register (ADCSC1)

Table 10-3. ADCSC1 Register Field Descriptions

Field Description

7
COCO

Conversion Complete Fla g — The COCO flag is a read-only bit which is set each time a conversion is
completed when the compare function is disabled (ACFE = 0). When the compare function is enabled (ACFE =
1) the COCO flag is set upon completion of a conversion only if the compare result is true. This bit is cleared
whenever ADCSC1 is written or whenever ADCRL is read.
0 Conversion not completed
1 Conversion completed

6
AIEN

Interrupt Enab le — AIEN is used to enable conversion complete interrupts. When COCO becomes set while
AIEN is high, an interrupt is asserted.
0 Conversion complete interrupt disabled
1 Conversion complete interrupt enabled

5
ADCO

Contin uous Con version Enab le — ADCO is used to enable continuous conversions.
0 One conversion following a write to the ADCSC1 when software triggered operation is selected, or one

conversion following assertion of ADHWT when hardware triggered operation is selected.
1 Continuous conversions initiated following a write to ADCSC1 when software triggered operation is selected.

Continuous conversions are initiated by an ADHWT event when hardware triggered operation is selected.

4:0
ADCH

Input Channel Select — The ADCH bits form a 5-bit field which is used to select one of the input channels. The
input channels are detailed in Figure 10-4.
The successive approximation converter subsystem is turned off when the channel select bits are all set to 1.
This feature allows for explicit disabling of the ADC and isolation of the input channel from all sources.
Terminating continuous conversions this way will prevent an additional, single conversion from being performed.
It is not necessary to set the channel select bits to all 1s to place the ADC in a low-power state when continuous
conversions are not enabled because the module automatically enters a low-power state when a conversion
completes.

Figure 10-4. Input Channel Select

ADCH Input Select ADCH Input Select

00000 AD0 10000 AD16

00001 AD1 10001 AD17

00010 AD2 10010 AD18

00011 AD3 10011 AD19

00100 AD4 10100 AD20

00101 AD5 10101 AD21

00110 AD6 10110 AD22

00111 AD7 10111 AD23
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10.3.2 Status and Contr ol Register 2 (ADCSC2)

TheADCSC2registeris usedto controlthecomparefunction,conversiontriggerand conversionactiveof
the ADC module.

Figure 10-5. Status and Contr ol Register 2 (ADCSC2)

01000 AD8 11000 AD24

01001 AD9 11001 AD25

01010 AD10 11010 AD26

01011 AD11 11011 AD27

01100 AD12 11100 Reserved

01101 AD13 11101 VREFH

01110 AD14 11110 VREFL

01111 AD15 11111 Module disabled

7 6 5 4 3 2 1 0

R ADACT
ADTRG ACFE ACFGT

0 0
R1

1 Bits 1 and 0 are reserved bits that must always be written to 0.

R1

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Table 10-4. ADCSC2 Register Field Descriptions

Field Description

7
ADACT

Conversion Active  — ADACT indicates that a conversion is in progress. ADACT is set when a conversion is
initiated and cleared when a conversion is completed or aborted.
0 Conversion not in progress
1 Conversion in progress

6
ADTRG

Conversion Trig ger Select — ADTRG is used to select the type of trigger to be used for initiating a conversion.
Two types of trigger are selectable: software trigger and hardware trigger. When software trigger is selected, a
conversion is initiated following a write to ADCSC1. When hardware trigger is selected, a conversion is initiated
following the assertion of the ADHWT input.
0 Software trigger selected
1 Hardware trigger selected

Figure 10-4. Input Channel Select (contin ued)

ADCH Input Select ADCH Input Select

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 10 Analog-to-Digital Con ver ter (S08ADC12V1)

MC9S08DN60 Series Data Sheet, Rev 2

174 Freescale Semiconductor

10.3.3 Data Result High Register (ADCRH)

In 12-bit operation, ADCRH contains the upper four bits of the result of a 12-bit conversion.

In 10-bitmode,ADCRH containstheuppertwo bitsof theresultof a10-bitconversion.Whenconfigured
for 10-bit mode, ADR11 – ADR10 are equal to zero. When configured for 8-bit mode, ADR11 – ADR8
are equal to zero.

In both 12-bit and 10-bit mode, ADCRH is updated each time a conversion completes except when
automatic compare is enabled and the compare condition is not met. In 12-bit and 10-bit mode, reading
ADCRH prevents the ADC from transferring subsequent conversion results into the result registers until
ADCRL is read.If ADCRL is not readuntil afterthenext conversionis completed,thentheintermediate
conversion result is lost. In 8-bit mode there is no interlocking with ADCRL.

In the case that the MODE bits are changed, any data in ADCRH becomes invalid.

10.3.4 Data Result Lo w Register (ADCRL)

ADCRL containsthelowereightbitsof theresultof a12-bitor 10-bit conversion,andall eightbitsof an
8-bit conversion. This register is updated each time a conversion completes except when automatic
compare is enabled and the compare condition is not met. In 12-bit and 10-bit mode, reading ADCRH
preventstheADC from transferringsubsequentconversionresultsinto theresultregistersuntil ADCRL is
read.If ADCRL is not readuntil theafternext conversionis completed,thentheintermediateconversion
results will be lost. In 8-bit mode, there is no interlocking with ADCRH. In the case that the MODE bits
are changed, any data in ADCRL becomes invalid.

5
ACFE

Compare Function Enab le — ACFE is used to enable the compare function.
0 Compare function disabled
1 Compare function enabled

4
ACFGT

Compare Function Greater Than Enable — ACFGT is used to configure the compare function to trigger when
the result of the conversion of the input being monitored is greater than or equal to the compare value. The
compare function defaults to triggering when the result of the compare of the input being monitored is less than
the compare value.
0 Compare triggers when input is less than compare level
1 Compare triggers when input is greater than or equal to compare level

7 6 5 4 3 2 1 0

R 0 0 0 0 ADR11 ADR10 ADR9 ADR8

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-6.  Data Result High Register (ADCRH)

Table 10-4. ADCSC2 Register Field Descriptions (contin ued)

Field Description
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10.3.5 Compare V alue High Register (ADCCVH)

In 12-bitmode,theADCCVH registerholdstheupperfour bitsof the12-bitcomparevalue.Thesebitsare
compared to the upper four bits of the result following a conversion in 12-bit mode when the compare
function is enabled.

In 10-bit mode, the ADCCVH register holds the upper two bits of the 10-bit compare value (ADCV9 –
ADCV8). Thesebitsarecomparedto theuppertwobitsof theresultfollowingaconversionin 10-bitmode
when the compare function is enabled.

In 8-bit mode, ADCCVH is not used during compare.

10.3.6 Compare V alue Lo w Register (ADCCVL)

Thisregisterholdsthelower8 bitsof the12-bitor 10-bitcomparevalue,or all 8 bitsof the8-bit compare
value.BitsADCV7:ADCV0 arecomparedto thelower8bitsof theresultfollowingaconversionin 12-bit,
10-bit or 8-bit mode.

10.3.7 Configuration Register (ADCCFG)

ADCCFGis usedto selectthemodeof operation,clocksource,clockdivide,andconfigurefor low power
or long sample time.

7 6 5 4 3 2 1 0

R ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADR0

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-7.  Data Result Lo w Register (ADCRL)

7 6 5 4 3 2 1 0

R 0 0 0 0
ADCV11 ADCV10 ADCV9 ADCV8

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-8.  Compare V alue High Register (ADCCVH)

7 6 5 4 3 2 1 0

R
ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCV0

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-9.  Compare V alue Lo w Register(ADCCVL)
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7 6 5 4 3 2 1 0

R
ADLPC ADIV ADLSMP MODE ADICLK

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-10. Configuration Register (ADCCFG)

Table 10-5. ADCCFG Register Field Descriptions

Field Description

7
ADLPC

Low Power Configuration  — ADLPC controls the speed and power configuration of the successive
approximation converter. This is used to optimize power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration: {FC31}The power is reduced at the expense of maximum clock speed.

6:5
ADIV

Cloc k Divide Select  — ADIV select the divide ratio used by the ADC to generate the internal clock ADCK.
Table 10-6 shows the available clock configurations.

4
ADLSMP

Long Sample Time Configuration — ADLSMP selects between long and short sample time. This adjusts the
sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when
continuous conversions are enabled if high conversion rates are not required.
0 Short sample time
1 Long sample time

3:2
MODE

Conversion Mode Selection  — MODE bits are used to select between 12-, 10- or 8-bit operation. See
Table 10-7.

1:0
ADICLK

Input Cloc k Select  — ADICLK bits select the input clock source to generate the internal clock ADCK. See
Table 10-8.

Table 10-6. Cloc k Divide Select

ADIV Divide Ratio  Cloc k Rate

00 1  Input clock

01 2  Input clock ÷ 2

10 4  Input clock ÷ 4

11 8  Input clock ÷ 8

Table 10-7. 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
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10.3.8 Pin Contr ol 1 Register (APCTL1)
The pin control registers are used to disable the I/O port control of MCU pins used as analog inputs.
APCTL1 is used to control the pins associated with channels 0–7 of the ADC module.

Table 10-8. Input Cloc k Select

ADICLK Selected Cloc k Sour ce

00 Bus clock

01 Bus clock divided by 2

10 Alternate clock (ALTCLK)

11 Asynchronous clock (ADACK)

7 6 5 4 3 2 1 0

R
ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPC0

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-11.  Pin Contr ol 1 Register (APCTL1)

Table 10-9. APCTL1 Register Field Descriptions

Field Description

7
ADPC7

ADC Pin Contr ol 7  — ADPC7 is used to control the pin associated with channel AD7.
0 AD7 pin I/O control enabled
1 AD7 pin I/O control disabled

6
ADPC6

ADC Pin Contr ol 6  — ADPC6 is used to control the pin associated with channel AD6.
0 AD6 pin I/O control enabled
1 AD6 pin I/O control disabled

5
ADPC5

ADC Pin Contr ol 5  — ADPC5 is used to control the pin associated with channel AD5.
0 AD5 pin I/O control enabled
1 AD5 pin I/O control disabled

4
ADPC4

ADC Pin Contr ol 4  — ADPC4 is used to control the pin associated with channel AD4.
0 AD4 pin I/O control enabled
1 AD4 pin I/O control disabled

3
ADPC3

ADC Pin Contr ol 3  — ADPC3 is used to control the pin associated with channel AD3.
0 AD3 pin I/O control enabled
1 AD3 pin I/O control disabled

2
ADPC2

ADC Pin Contr ol 2  — ADPC2 is used to control the pin associated with channel AD2.
0 AD2 pin I/O control enabled
1 AD2 pin I/O control disabled
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10.3.9 Pin Contr ol 2 Register (APCTL2)

APCTL2 is used to control channels 8–15 of the ADC module.

1
ADPC1

ADC Pin Contr ol 1  — ADPC1 is used to control the pin associated with channel AD1.
0 AD1 pin I/O control enabled
1 AD1 pin I/O control disabled

0
ADPC0

ADC Pin Contr ol 0  — ADPC0 is used to control the pin associated with channel AD0.
0 AD0 pin I/O control enabled
1 AD0 pin I/O control disabled

7 6 5 4 3 2 1 0

R
ADPC15 ADPC14 ADPC13 ADPC12 ADPC11 ADPC10 ADPC9 ADPC8

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-12.  Pin Contr ol 2 Register (APCTL2)

Table 10-10. APCTL2 Register Field Descriptions

Field Description

7
ADPC15

ADC Pin Contr ol 15  — ADPC15 is used to control the pin associated with channel AD15.
0 AD15 pin I/O control enabled
1 AD15 pin I/O control disabled

6
ADPC14

ADC Pin Contr ol 14  — ADPC14 is used to control the pin associated with channel AD14.
0 AD14 pin I/O control enabled
1 AD14 pin I/O control disabled

5
ADPC13

ADC Pin Contr ol 13  — ADPC13 is used to control the pin associated with channel AD13.
0 AD13 pin I/O control enabled
1 AD13 pin I/O control disabled

4
ADPC12

ADC Pin Contr ol 12  — ADPC12 is used to control the pin associated with channel AD12.
0 AD12 pin I/O control enabled
1 AD12 pin I/O control disabled

3
ADPC11

ADC Pin Contr ol 11  — ADPC11 is used to control the pin associated with channel AD11.
0 AD11 pin I/O control enabled
1 AD11 pin I/O control disabled

2
ADPC10

ADC Pin Contr ol 10  — ADPC10 is used to control the pin associated with channel AD10.
0 AD10 pin I/O control enabled
1 AD10 pin I/O control disabled

Table 10-9. APCTL1 Register Field Descriptions (contin ued)

Field Description
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10.3.10 Pin Contr ol 3 Register (APCTL3)

APCTL3 is used to control channels 16–23 of the ADC module.

1
ADPC9

ADC Pin Contr ol 9  — ADPC9 is used to control the pin associated with channel AD9.
0 AD9 pin I/O control enabled
1 AD9 pin I/O control disabled

0
ADPC8

ADC Pin Contr ol 8 — ADPC8 is used to control the pin associated with channel AD8.
0 AD8 pin I/O control enabled
1 AD8 pin I/O control disabled

7 6 5 4 3 2 1 0

R
ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-13.  Pin Contr ol 3 Register (APCTL3)

Table 10-11. APCTL3 Register Field Descriptions

Field Description

7
ADPC23

ADC Pin Contr ol 23  — ADPC23 is used to control the pin associated with channel AD23.
0 AD23 pin I/O control enabled
1 AD23 pin I/O control disabled

6
ADPC22

ADC Pin Contr ol 22  — ADPC22 is used to control the pin associated with channel AD22.
0 AD22 pin I/O control enabled
1 AD22 pin I/O control disabled

5
ADPC21

ADC Pin Contr ol 21  — ADPC21 is used to control the pin associated with channel AD21.
0 AD21 pin I/O control enabled
1 AD21 pin I/O control disabled

4
ADPC20

ADC Pin Contr ol 20  — ADPC20 is used to control the pin associated with channel AD20.
0 AD20 pin I/O control enabled
1 AD20 pin I/O control disabled

3
ADPC19

ADC Pin Contr ol 19  — ADPC19 is used to control the pin associated with channel AD19.
0 AD19 pin I/O control enabled
1 AD19 pin I/O control disabled

2
ADPC18

ADC Pin Contr ol 18  — ADPC18 is used to control the pin associated with channel AD18.
0 AD18 pin I/O control enabled
1 AD18 pin I/O control disabled

Table 10-10. APCTL2 Register Field Descriptions (contin ued)

Field Description
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10.4 Functional Description
TheADC moduleis disabledduringresetor whentheADCH bitsareall high.Themoduleis idle whena
conversion has completed and another conversion has not been initiated. When idle, the module is in its
lowest power state.

TheADC canperformananalog-to-digitalconversiononany of thesoftwareselectablechannels.In 12-bit
and 10-bit mode, the selected channel voltage is converted by a successive approximation algorithm into
a 12-bit 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)
is thensetandaninterruptis generatedif theconversioncompleteinterrupthasbeenenabled(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
in conjunction with any of the conversion modes and configurations.

10.4.1 Cloc k Select and Divide Contr ol

One of four clock sources can be selected as the clock source for the ADC module. This clock source is
then divided by a configurable value to generate the input clock to the converter (ADCK). The clock is
selected from one of the following sources by means of the ADICLK bits.

• The bus clock, which is equal to the frequency at which software is executed. This is the default
selection following reset.

• Thebusclockdividedby 2.For higherbusclockrates,thisallowsamaximumdivideby 16of the
bus clock.

• ALTCLK, as defined for this MCU (See module section introduction).

• Theasynchronousclock(ADACK) – Thisclock is generatedfrom aclocksourcewithin theADC
module.Whenselectedastheclocksourcethisclock remainsactivewhile theMCU is in wait or
stop3 mode and allows conversions in these modes for lower noise operation.

Whicheverclockis selected,its frequency mustfall within thespecifiedfrequency rangefor ADCK. If the
availableclocksaretooslow, theADC will notperformaccordingto specifications.If theavailableclocks

1
ADPC17

ADC Pin Contr ol 17  — ADPC17 is used to control the pin associated with channel AD17.
0 AD17 pin I/O control enabled
1 AD17 pin I/O control disabled

0
ADPC16

ADC Pin Contr ol 16  — ADPC16 is used to control the pin associated with channel AD16.
0 AD16 pin I/O control enabled
1 AD16 pin I/O control disabled

Table 10-11. APCTL3 Register Field Descriptions (contin ued)

Field Description
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are too fast, then the clock must be divided to the appropriate frequency. This divider is specified by the
ADIV bits and can be divide-by 1, 2, 4, or 8.

10.4.2 Input Select and Pin Contr ol

Thepin controlregisters(APCTL3,APCTL2,andAPCTL1)areusedto disabletheI/O portcontrolof the
pinsusedasanaloginputs.Whenapin controlregisterbit is set,thefollowing conditionsareforcedfor the
associated MCU pin:

• The output buffer is forced to its high impedance state.

• The input buffer is disabled. A read of the I/O port returns a zero for any pin with its input buffer
disabled.

• The pullup is disabled.

10.4.3 Hardware Trig ger

The ADC module has a selectable asynchronous hardware conversion trigger, ADHWT, that is enabled
whentheADTRG bit is set.Thissourceis notavailableonall MCUs.Consultthemoduleintroductionfor
information on the ADHWT source specific to this MCU.

WhenADHWT sourceis availableandhardwaretriggeris enabled(ADTRG=1),aconversionis initiated
ontherisingedgeof ADHWT. If aconversionis in progresswhenarisingedgeoccurs,therisingedgeis
ignored.In continuousconvertconfiguration,only theinitial risingedgeto launchcontinuousconversions
is observed.Thehardwaretriggerfunctionoperatesin conjunctionwith any of theconversionmodesand
configurations.

10.4.4 Conversion Contr ol

Conversions can be performed in 12-bit mode, 10-bit mode or 8-bit mode as determined by the MODE
bits. Conversions can be initiated by either a software or hardware trigger. In addition, the ADC module
can be configured for low power operation, long sample time, continuous conversion, and automatic
compare of the conversion result to a software determined compare value.

10.4.4.1 Initiating Con versions

A conversion is initiated:

• Following a write to ADCSC1 (with ADCH bits not all 1s) if software triggered operation is
selected.

• Following a hardware trigger (ADHWT) event if hardware triggered operation is selected.

• Following the transfer of the result to the data registers when continuous conversion is enabled.

If continuousconversionsareenabledanew conversionis automaticallyinitiatedafterthecompletionof
the current conversion. In software triggered operation, continuous conversions begin after ADCSC1 is
writtenandcontinueuntil aborted.In hardwaretriggeredoperation,continuousconversionsbegin aftera
hardware trigger event and continue until aborted.
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10.4.4.2 Completing Con versions

A conversion is completed when the result of the conversion is transferred into the data result registers,
ADCRH andADCRL. Thisis indicatedby thesettingof COCO.An interruptis generatedif AIEN is high
at the time that COCO is set.

A blocking mechanism prevents a new result from overwriting previous data in ADCRH and ADCRL if
thepreviousdatais in theprocessof beingreadwhile in 12-bitor 10-bitMODE (theADCRH registerhas
beenreadbut theADCRL registerhasnot).Whenblockingis active, thedatatransferis blocked,COCO
is not set, and the new result is lost. In the case of single conversions with the compare function enabled
andthecompareconditionfalse,blockinghasnoeffectandADC operationis terminated.In all othercases
of operation, when a data transfer is blocked, another conversion is initiated regardless of the state of
ADCO (single or continuous conversions enabled).

If single conversions are enabled, the blocking mechanism could result in several discarded conversions
and excess power consumption. To avoid this issue, the data registers must not be read after initiating a
single conversion until the conversion completes.

10.4.4.3 Abor ting Con versions

Any conversion in progress will be aborted when:

• A write to ADCSC1 occurs (the current conversion will be aborted and a new conversion will be
initiated, if ADCH are not all 1s).

• A write to ADCSC2, ADCCFG, ADCCVH, or ADCCVL occurs. This indicates a mode of
operation change has occurred and the current conversion is therefore invalid.

• The MCU is reset.

• The MCU enters stop mode with ADACK not enabled.

Whenaconversionis aborted,thecontentsof thedataregisters,ADCRH andADCRL, arenotalteredbut
continueto bethevaluestransferredafterthecompletionof thelastsuccessfulconversion.In thecasethat
the conversion was aborted by a reset, ADCRH and ADCRL return to their reset states.

10.4.4.4 Power Contr ol

The ADC module remains in its idle state until a conversion is initiated.If ADACK is selected as the
conversion clock source, the ADACK clock generator is also enabled.

PowerconsumptionwhenactivecanbereducedbysettingADLPC.Thisresultsin alowermaximumvalue
for fADCK (see the electrical specifications).

10.4.4.5 Sample Time and T otal Con version Time

The total conversion time depends on the sample time (as determined by ADLSMP), the MCU bus
frequency, theconversionmode(8-bit,10-bitor12-bit),andthefrequency of theconversionclock(fADCK).
After themodulebecomesactive,samplingof theinputbegins.ADLSMP is usedto selectbetweenshort
(3.5ADCK cycles)andlong(23.5ADCK cycles)sampletimes.Whensamplingis complete,theconverter
is isolatedfrom theinputchannelandasuccessiveapproximationalgorithmis performedto determinethe
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digital value oftheanalogsignal.Theresultof theconversionis transferredto ADCRH andADCRL upon
completion of the conversion algorithm.

If the bus frequency is less than the fADCK frequency, precise sample time for continuous conversions
cannotbeguaranteedwhenshortsampleis enabled(ADLSMP=0).If thebusfrequency is lessthan1/11th
of thefADCK frequency, precisesampletimefor continuousconversionscannotbeguaranteedwhenlong
sample is enabled (ADLSMP=1).

The maximum total conversion time for different conditions is summarized inTable10-12.

Themaximumtotalconversiontimeisdeterminedby theclocksourcechosenandthedivideratioselected.
Theclocksourceis selectableby theADICLK bits,andthedivideratio is specifiedby theADIV bits.For
example,in 10-bitmode,with thebusclockselectedastheinputclocksource,theinputclockdivide-by-1
ratio selected, and a bus frequency of 8 MHz, then the conversion time for a single conversion is:

NOTE
The ADCK frequency must be between fADCK minimum and fADCK
maximum to meet ADC specifications.

Table 10-12. Total Con version Time vs. Contr ol Conditions

Conversion T ype ADICLK ADLSMP Max Total Con version Time

Single or first continuous 8-bit 0x, 10 0 20 ADCK cycles + 5 bus clock cycles

Single or first continuous 10-bit or 12-bit 0x, 10 0 23 ADCK cycles + 5 bus clock cycles

Single or first continuous 8-bit 0x, 10 1 40 ADCK cycles + 5 bus clock cycles

Single or first continuous 10-bit or 12-bit 0x, 10 1 43 ADCK cycles + 5 bus clock cycles

Single or first continuous 8-bit 11 0 5 µs + 20 ADCK + 5 bus clock cycles

Single or first continuous 10-bit or 12-bit 11 0 5 µs + 23 ADCK + 5 bus clock cycles

Single or first continuous 8-bit 11 1 5 µs + 40 ADCK + 5 bus clock cycles

Single or first continuous 10-bit or 12-bit 11 1 5 µs + 43 ADCK + 5 bus clock cycles

Subsequent continuous 8-bit;
fBUS > fADCK

xx 0 17 ADCK cycles

Subsequent continuous 10-bit or 12-bit;
fBUS > fADCK

xx 0 20 ADCK cycles

Subsequent continuous 8-bit;
fBUS > fADCK/11

xx 1 37 ADCK cycles

Subsequent continuous 10-bit or 12-bit;
fBUS > fADCK/11

xx 1 40 ADCK cycles

23 ADCK cyc
Conversion time = 8 MHz/1

Number of bus cycles = 3.5 µs x 8 MHz = 28 cycles

5 bus cyc
8 MHz+ = 3.5 µs
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10.4.5 Automatic Compare Function

The compare function can be configured to check for either an upper limit or lower limit. After the input
is sampled and converted, the result is added to the two’s complement of the compare value (ADCCVH
andADCCVL). Whencomparingto anupperlimit (ACFGT= 1), if theresultis greater-thanor equal-to
thecomparevalue,COCOis set.Whencomparingto a lower limit (ACFGT= 0), if theresultis lessthan
thecomparevalue,COCOisset.Thevaluegeneratedby theadditionof theconversionresultandthetwo’s
complement of the compare value is transferred to ADCRH and ADCRL.

Upon completion of a conversion while the compare function is enabled, if the compare condition is not
true,COCOis notsetandnodatais transferredto theresultregisters.An ADC interruptis generatedupon
the setting of COCO if the ADC interrupt is enabled (AIEN = 1).

NOTE
Thecomparefunctioncanbeusedtomonitorthevoltageonachannelwhile
theMCU is in eitherwait or stop3mode.TheADC interruptwill wake the
MCU when the compare condition is met.

10.4.6 MCU Wait Mode Operation

The WAIT instruction puts the MCU in a lower power-consumption standby mode from which recovery
is very fast because the clock sources remain active. If a conversion is in progress when the MCU enters
wait mode,it continuesuntil completion.Conversionscanbeinitiatedwhile theMCU is in wait modeby
means of the hardware trigger or if continuous conversions are enabled.

Thebusclock,busclockdividedby two, andADACK areavailableasconversionclocksourceswhile in
wait mode. The use of ALTCLK as the conversion clock source in wait is dependent on the definition of
ALTCLK for this MCU. Consult the module introduction for information on ALTCLK specific to this
MCU.

A conversioncompleteeventsetstheCOCOandgeneratesanADC interruptto waketheMCU from wait
mode if the ADC interrupt is enabled (AIEN = 1).

10.4.7 MCU Stop3 Mode Operation

The STOP instruction is used to put the MCU in a low power-consumption standby mode during which
most or all clock sources on the MCU are disabled.

10.4.7.1 Stop3 Mode With AD ACK Disab led

If theasynchronousclock,ADACK, is notselectedastheconversionclock,executingaSTOPinstruction
aborts the current conversion and places the ADC in its idle state. The contents of ADCRH and ADCRL
are unaffected by stop3 mode. After exiting from stop3 mode, a software or hardware trigger is required
to resume conversions.
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10.4.7.2 Stop3 Mode With AD ACK Enab led

If ADACK is selected as the conversion clock, the ADC continues operation during stop3 mode. For
guaranteedADC operation,theMCU’svoltageregulatormustremainactiveduringstop3mode.Consult
the module introduction for configuration information for this MCU.

If aconversionis in progresswhentheMCU entersstop3mode,it continuesuntil completion.Conversions
can be initiated while the MCU is in stop3 mode by means of the hardware trigger or if continuous
conversions are enabled.

A conversioncompleteeventsetstheCOCOandgeneratesanADC interrupttowaketheMCU fromstop3
mode if the ADC interrupt is enabled (AIEN = 1).

NOTE
It is possiblefor theADC moduleto wakethesystemfrom low powerstop
and cause the MCU to begin consuming run-level currents without
generating a system level interrupt. To prevent this scenario, software
should ensure that the data transfer blocking mechanism (discussed in
Section10.4.4.2,“CompletingConversions) is clearedwhenenteringstop3
and continuing ADC conversions.

10.4.8 MCU Stop1 and Stop2 Mode Operation

TheADC moduleis automaticallydisabledwhentheMCU enterseitherstop1or stop2mode.All module
registers contain their reset values following exit from stop1 or stop2. Therefore the module must be
re-enabled and re-configured following exit from stop1 or stop2.

10.5 Initialization Inf ormation
This section gives an example which provides some basic direction on how a user would initialize and
configure the ADC module. The user has the flexibility of choosing between configuring the module for
8-, 10-, or 12-bit resolution, single or continuous conversion, and a polled or interrupt approach, among
many otheroptions.Referto Table10-6, Table10-7, andTable10-8for informationusedin thisexample.

NOTE
Hexadecimalvaluesdesignatedbyapreceding0x,binaryvaluesdesignated
by a preceding %, and decimal values have no preceding character.

10.5.1 ADC Module Initialization Example

10.5.1.1 Initialization Sequence

Before the ADC module can be used to complete conversions, an initialization procedure must be
performed. A typical sequence is as follows:

1. Update the configuration register (ADCCFG) to select the input clock source and the divide ratio
usedto generatetheinternalclock,ADCK. Thisregisteris alsousedfor selectingsampletimeand
low-power configuration.
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2. Update status and control register 2 (ADCSC2) to select the conversion trigger (hardware or
software) and compare function options, if enabled.

3. Update status and control register 1 (ADCSC1) to select whether conversions will be continuous
orcompletedonlyonce,andtoenableordisableconversioncompleteinterrupts.Theinputchannel
on which conversions will be performed is also selected here.

10.5.1.2 Pseudo — Code Example

In this example, the ADC module will be set up with interrupts enabled to perform a single 10-bit
conversionat low powerwith alongsampletimeoninputchannel1,wheretheinternalADCK clockwill
be derived from the bus clock divided by 1.

ADCCFG = 0x98 (%10011000)

Bit 7 ADLPC 1 Configures for low power (lowers maximum clock speed)
Bit 6:5 ADIV 00 Sets the ADCK to the input clock÷ 1
Bit 4 ADLSMP 1 Configures for long sample time
Bit 3:2 MODE 10 Sets mode at 10-bit conversions
Bit 1:0 ADICLK 00 Selects bus clock as input clock source

ADCSC2 = 0x00 (%00000000)

Bit 7 ADACT 0 Flag indicates if a conversion is in progress
Bit 6 ADTRG 0 Software trigger selected
Bit 5 ACFE 0 Compare function disabled
Bit 4 ACFGT 0 Not used in this example
Bit 3:2 00 Unimplemented or reserved, always reads zero
Bit 1:0 00 Reserved for Freescale’s internal use; always write zero

ADCSC1 = 0x41 (%01000001)

Bit 7 COCO 0 Read-only flag which is set when a conversion completes
Bit 6 AIEN 1 Conversion complete interrupt enabled
Bit 5 ADCO 0 One conversion only (continuous conversions disabled)
Bit 4:0 ADCH 00001 Input channel 1 selected as ADC input channel

ADCRH/L = 0xxx

Holds results of conversion. Read high byte (ADCRH) before low byte (ADCRL) so that conversion
data cannot be overwritten with data from the next conversion.

ADCCVH/L = 0xxx

Holds compare value when compare function enabled

APCTL1=0x02

AD1 pin I/O control disabled. All other AD pins remain general purpose I/O pins

APCTL2=0x00

All other AD pins remain general purpose I/O pins
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Figure 10-14. Initialization Flo wchar t for Example

10.6 Application Inf ormation
Thissectioncontainsinformationfor usingtheADC modulein applications.TheADC hasbeendesigned
to be integrated into a microcontroller for use in embedded control applications requiring an A/D
converter.

10.6.1 External Pins and Routing

Thefollowing sectionsdiscusstheexternalpinsassociatedwith theADC moduleandhow they shouldbe
used for best results.

10.6.1.1 Analog Suppl y Pins

The ADC module has analog power and ground supplies (VDDAD and VSSAD) which are available as
separatepinsonsomedevices.Onotherdevices,VSSADis sharedonthesamepinastheMCU digitalVSS,
andonothers,bothVSSADandVDDAD aresharedwith theMCU digital supplypins.In thesecases,there
are separate pads for the analog supplies which are bonded to the same pin as the corresponding digital
supply so that some degree of isolation between the supplies is maintained.

Whenavailableonaseparatepin, bothVDDAD andVSSADmustbeconnectedto thesamevoltagepotential
as their corresponding MCU digital supply (VDD and VSS) and must be routed carefully for maximum
noise immunity and bypass capacitors placed as near as possible to the package.

YES

NO

RESET

INITIALIZE ADC
ADCCFG = $98

ADCSC1 = $41
ADCSC2 = $00

CHECK
COCO=1?

READ ADCRH
THEN ADCRL TO
CLEAR COCO BIT

CONTINUE
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In cases where separate power supplies are used for analog and digital power, the ground connection
betweenthesesuppliesmustbeattheVSSADpin.Thisshouldbetheonlygroundconnectionbetweenthese
supplies if possible. The VSSAD pin makes a good single point ground location.

10.6.1.2 Analog Ref erence Pins

In additionto theanalogsupplies,theADC modulehasconnectionsfor two referencevoltageinputs.The
high reference is VREFH, which may be shared on the same pin as VDDAD on some devices. The low
reference is VREFL, which may be shared on the same pin as VSSAD on some devices.

When available on a separate pin, VREFH may be connected to the same potential as VDDAD, or may be
drivenby anexternalsourcethatis betweentheminimumVDDAD specandtheVDDAD potential(VREFH
must never exceed VDDAD). When available on a separate pin, VREFL must be connected to the same
voltage potential asVSSAD. Both VREFH and VREFL must be routed carefully for maximum noise
immunity and bypass capacitors placed as near as possible to the package.

AC currentin theform of currentspikes requiredto supplychargeto thecapacitorarrayateachsuccessive
approximationstepisdrawn throughtheVREFHandVREFL loop.Thebestexternalcomponenttomeetthis
currentdemandis a0.1µF capacitorwith goodhighfrequency characteristics.Thiscapacitoris connected
betweenVREFHandVREFL andmustbeplacedasnearaspossibleto thepackagepins.Resistancein the
path is not recommended because the current will cause a voltage drop which could result in conversion
errors. Inductance in this path must be minimum (parasitic only).

10.6.1.3 Analog Input Pins

Theexternalanaloginputsaretypically sharedwith digital I/O pinsonMCU devices.Thepin I/O control
is disabled by setting the appropriate control bit in one of the pin control registers. Conversions can be
performed on inputs without the associated pin control register bit set. It is recommended that the pin
controlregisterbit alwaysbesetwhenusingapinasananaloginput.Thisavoidsproblemswith contention
because the output buffer will be in its high impedance state and the pullup is disabled. Also, the input
buffer drawsDC currentwhenits input is notateitherVDD or VSS. Settingthepin controlregisterbits for
all pins used as analog inputs should be done to achieve lowest operating current.

Empirical data shows that capacitors on the analog inputs improve performance in the presence of noise
or whenthesourceimpedanceis high.Useof 0.01µF capacitorswith goodhigh-frequency characteristics
is sufficient.Thesecapacitorsarenotnecessaryin all cases,but whenusedthey mustbeplacedasnearas
possible to the package pins and be referenced toVSSA.

For proper conversion, the input voltage must fall between VREFHand VREFL. If the input is equal to or
exceeds VREFH, the converter circuit converts the signal to $FFF (full scale 12-bit representation), $3FF
(full scale10-bitrepresentation)or $FF(full scale8-bit representation).If theinput is equalto or lessthan
VREFL, theconvertercircuit convertsit to$000.InputvoltagesbetweenVREFHandVREFLarestraight-line
linear conversions. There will be a brief current associated with VREFL when the sampling capacitor is
charging.Theinput is sampledfor 3.5cyclesof theADCK sourcewhenADLSMP is low, or 23.5cycles
when ADLSMP is high.

For minimal lossof accuracy dueto currentinjection,pinsadjacentto theanaloginputpinsshouldnotbe
transitioning during conversions.

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 10 Analog-to-Digital Con ver ter (S08ADC12V1)

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 189

10.6.2 Sour ces of Err or

Several sources of error exist for A/D conversions. These are discussed in the following sections.

10.6.2.1 Sampling Err or

For properconversions,theinputmustbesampledlongenoughto achievetheproperaccuracy. Giventhe
maximuminputresistanceof approximately7kΩ andinputcapacitanceof approximately5.5pF, sampling
to within 1/4LSB (at12-bitresolution)canbeachievedwithin theminimumsamplewindow (3.5cycles@
8 MHz maximum ADCK frequency) provided the resistance of the external analog source (RAS) is kept
below 2 kΩ.

Higher source resistances or higher-accuracy sampling is possible by setting ADLSMP (to increase the
sample window to 23.5 cycles) or decreasing ADCK frequency to increase sample time.

10.6.2.2 Pin Leaka ge Error

LeakageontheI/O pinscancauseconversionerrorif theexternalanalogsourceresistance(RAS) is high.
If thiserrorcannotbetoleratedby theapplication,keepRAS lowerthanVDDAD / (2N*I LEAK) for lessthan
1/4LSB leakage error (N = 8 in 8-bit, 10 in 10-bit or 12 in 12-bit mode).

10.6.2.3 Noise-Induced Err ors

System noise which occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC accuracy numbers are guaranteed as specified only if the following conditions are
met:

• There is a 0.1µF low-ESR capacitor from VREFH to VREFL.

• There is a 0.1µF low-ESR capacitor from VDDAD to VSSAD.

• If inductive isolationis usedfrom theprimarysupply, anadditional1 µF capacitoris placedfrom
VDDAD to VSSAD.

• VSSAD (and VREFL, if connected) is connected to VSS at a quiet point in the ground plane.

• Operate the MCU in wait or stop3 mode before initiating (hardware triggered conversions) or
immediately after initiating (hardware or software triggered conversions) the ADC conversion.

— Forsoftwaretriggeredconversions,immediatelyfollow thewrite to theADCSC1with aWAIT
instruction or STOP instruction.

— For stop3modeoperation,selectADACK astheclocksource.Operationin stop3reducesVDD
noise but increases effective conversion time due to stop recovery.

• There is no I/O switching, input or output, on the MCU during the conversion.

Therearesomesituationswhereexternalsystemactivity causesradiatedor conductednoiseemissionsor
excessive VDD noise is coupled into the ADC. In these situations, or when the MCU cannot be placed in
wait or stop3or I/O activity cannotbehalted,theserecommendedactionsmayreducetheeffectof noise
on the accuracy:

• Place a 0.01µF capacitor (CAS) on the selected input channel to VREFL or VSSAD (this will
improve noise issues but will affect sample rate based on the external analog source resistance).
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• Average the result by converting the analog input many times in succession and dividing the sum
of the results. Four samples are required to eliminate the effect of a 1LSB, one-time error.

• Reduce the effect of synchronous noise by operating off the asynchronous clock (ADACK) and
averaging. Noise that is synchronous to ADCK cannot be averaged out.

10.6.2.4 Code Width and Quantization Err or

The ADC quantizes the ideal straight-line transfer function into 4096 steps (in 12-bit mode). Each step
ideally has the same height (1 code) and width. The width is defined as the delta between the transition
pointsto onecodeandthenext. Theidealcodewidth for anN bit converter(in thiscaseN canbe8, 10or
12), defined as 1LSB, is:

1LSB  = (VREFH - VREFL) / 2N Eqn. 10-2

Thereis aninherentquantizationerrordueto thedigitizationof theresult.For 8-bit or 10-bitconversions
the code will transition when the voltage is at the midpoint between the points where the straight line
transfer function is exactly represented by the actual transfer function. Therefore, the quantization error
will be ± 1/2LSB in 8- or 10-bit mode. As a consequence, however, the code width of the first ($000)
conversion is only 1/2LSB and the code width of the last ($FF or $3FF) is 1.5LSB.

For 12-bit conversions the code transitions only after the full code width is present, so the quantization
error is -1LSB to 0LSB and the code width of each step is 1LSB.

10.6.2.5 Linearity Err ors

The ADC may also exhibit non-linearity of several forms. Every effort has been made to reduce these
errors but the system should be aware of them because they affect overall accuracy. These errors are:

• Zero-scaleerror(EZS) (sometimescalledoffset)— Thiserroris definedasthedifferencebetween
the actual code width of the first conversion and the ideal code width (1/2LSB in 8-bit or 10-bit
modesand1LSB in 12-bitmode).Note,if thefirst conversionis $001,thenthedifferencebetween
the actual $001 code width and its ideal (1LSB) is used.

• Full-scale error (EFS) — This error is defined as the difference between the actual code width of
the last conversion and the ideal code width (1.5LSB in 8-bit or 10-bit modes and 1LSB in 12-bit
mode).Note,if thelastconversionis$3FE,thenthedifferencebetweentheactual$3FEcodewidth
and its ideal (1LSB) is used.

• Differentialnon-linearity(DNL) — Thiserroris definedastheworst-casedifferencebetweenthe
actual code width and the ideal code width for all conversions.

• Integralnon-linearity(INL) — Thiserroris definedasthehighest-valuethe(absolutevalue ofthe)
running sum of DNL achieves. More simply, this is the worst-case difference of the actual
transition voltage to a given code and its corresponding ideal transition voltage, for all codes.

• Totalunadjustederror(TUE) — Thiserroris definedasthedifferencebetweentheactualtransfer
function and the ideal straight-line transfer function, and therefore includes all forms of error.

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 10 Analog-to-Digital Con ver ter (S08ADC12V1)

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 191

10.6.2.6 Code Jitter , Non-Monotonicity and Missing Codes

Analog-to-digital converters are susceptible to three special forms of error. These are code jitter,
non-monotonicity, and missing codes.

Code jitter is when, at certain points, a given input voltage converts to one of two values when sampled
repeatedly. Ideally, when the input voltage is infinitesimally smaller than the transition voltage, the
converteryieldsthelowercode(andvice-versa).However, evenverysmallamountsof systemnoisecan
cause the converter to be indeterminate (between two codes) for a range of input voltages around the
transitionvoltage.Thisrangeisnormallyaround1/2LSB in 8-bit or10-bitmode,oraround2LSB in 12-bit
mode, and will increase with noise.

This error may be reduced by repeatedly sampling the input and averaging the result. Additionally the
techniques discussed inSection10.6.2.3 will reduce this error.

Non-monotonicity is defined as when, except for code jitter, the converter converts to a lower code for a
higher input voltage. Missing codes are those values which are never converted for any input value.

In 8-bit or 10-bit mode, the ADC is guaranteed to be monotonic and to have no missing codes.
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Chapter 11
Inter -Integrated Cir cuit (S08IICV2)

11.1 Intr oduction
Theinter-integratedcircuit (IIC) providesamethodof communicationbetweenanumberof devices.The
interface is designed to operate up to 100kbps with maximum bus loading and timing. The device is
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

All MC9S08DN60 Series MCUs feature the IIC, as shown in the following block diagram.

NOTE
Drive strength must be disabled (DSE=0) for the IIC pins when using the
IIC module for correct operation.
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Figure 11-1. MC9S08DN60 Bloc k
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11.1.1 Features

The IIC includes these distinctive features:

• Compatible with IIC bus standard

• Multi-master operation

• Software programmable for one of 64 different serial clock frequencies

• Software selectable acknowledge bit

• Interrupt driven byte-by-byte data transfer

• Arbitration lost interrupt with automatic mode switching from master to slave

• Calling address identification interrupt

• Start and stop signal generation/detection

• Repeated start signal generation

• Acknowledge bit generation/detection

• Bus busy detection

• General call recognition

• 10-bit address extension

11.1.2 Modes of Operation

A brief description of the IIC in the various MCU modes is given here.

• Run mode — This is the basic mode of operation. To conserve power in this mode, disable the
module.

• Wait mode— Themodulecontinuesto operatewhile theMCU is in wait modeandcanprovidea
wake-up interrupt.

• Stop mode — The IIC is inactive in stop3 mode for reduced power consumption. The stop
instruction does not affect IIC register states. Stop2 resets the register contents.
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11.1.3 Bloc k Diagram

Figure11-2 is a block diagram of the IIC.

Figure 11-2. IIC Functional Bloc k Diagram

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

11.2.1 SCL — Serial Cloc k Line

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

11.2.2 SDA — Serial Data Line

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

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

Input
Sync

In/Out
Data
Shift

Register

Address
Compare

Interrupt

Clock
Control

Start
Stop

Arbitration
Control

CTRL_REG FREQ_REG ADDR_REG STATUS_REG DATA_REG

ADDR_DECODE DATA_MUX

Data Bus

SCL SDA

Address
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Referto thedirect-pageregistersummaryin thememorychapterof thisdocumentfor theabsoluteaddress
assignments for all IIC registers. This section refers to 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.

11.3.1 IIC Address Register (IICA)

11.3.2 IIC Frequenc y Divider Register (IICF)

7 6 5 4 3 2 1 0

R
AD7 AD6 AD5 AD4 AD3 AD2 AD1

0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-3. IIC Address Register (IICA)

Table 11-1. IICA Field Descriptions

Field Description

7–1
AD[7:1]

Slave Address. The AD[7:1] field contains the slave address to be used by the IIC module. This field is used on
the 7-bit address scheme and the lower seven bits of the 10-bit address scheme.

7 6 5 4 3 2 1 0

R
MULT ICR

W

Reset 0 0 0 0 0 0 0 0

Figure 11-4. IIC Frequenc y Divider Register (IICF)
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For example,if thebusspeedis 8 MHz, thetablebelow showsthepossibleholdtimevalueswith different
ICR and MULT selections to achieve an IIC baud rate of 100kbps.

Table 11-2. IICF Field Descriptions

Field Description

7–6
MULT

IIC Multiplier Factor. The MULT bits define the multiplier factor, mul. This factor, along with the SCL divider,
generates the IIC baud rate. The multiplier factor mul as defined by the MULT bits is provided below.
00 mul = 01
01 mul = 02
10 mul = 04
11 Reserved

5–0
ICR

IIC Clock Rate. The ICR bits are used to prescale the bus clock for bit rate selection. These bits and the MULT
bits determine the IIC baud rate, the SDA hold time, the SCL Start hold time, and the SCL Stop hold time.
Table 11-4 provides the SCL divider and hold values for corresponding values of the ICR.

The SCL divider multiplied by multiplier factor mul generates IIC baud rate.

Eqn. 11-1

SDA hold time is the delay from the falling edge of SCL (IIC clock) to the changing of SDA (IIC data).

SDA hold time = bus period (s) × mul × SDA hold value Eqn. 11-2

SCL start hold time is the delay from the falling edge of SDA (IIC data) while SCL is high (Start condition) to the
falling edge of SCL (IIC clock).

SCL Start hold time = bus period (s) × mul × SCL Start hold value Eqn. 11-3

SCL stop hold time is the delay from the rising edge of SCL (IIC clock) to the rising edge of SDA
SDA (IIC data) while SCL is high (Stop condition).

SCL Stop hold time = bus period (s) × mul × SCL Stop hold value Eqn. 11-4

Table 11-3. Hold Time V alues f or 8 MHz Bus Speed

MULT ICR
Hold Times ( µs)

SDA SCL Star t SCL Stop

0x2 0x00 3.500 4.750 5.125

0x1 0x07 2.500 4.250 5.125

0x1 0x0B 2.250 4.000 5.250

0x0 0x14 2.125 4.000 5.250

0x0 0x18 1.125 3.000 5.500

IIC baud rate
bus speed (Hz)

mul SCLdivider×
---------------------------------------------=
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Table 11-4. IIC Divider and Hold V alues

ICR
(hex)

SCL
Divider

SDA Hold
Value

SCL Hold
(Star t)
Value

SDA Hold
(Stop)
Value

ICR
(hex)

SCL
Divider

SDA Hold
Value

SCL Hold
(Star t)
Value

SCL Hold
(Stop)
Value

00 20 7 6 11 20 160 17 78 81

01 22 7 7 12 21 192 17 94 97

02 24 8 8 13 22 224 33 110 113

03 26 8 9 14 23 256 33 126 129

04 28 9 10 15 24 288 49 142 145

05 30 9 11 16 25 320 49 158 161

06 34 10 13 18 26 384 65 190 193

07 40 10 16 21 27 480 65 238 241

08 28 7 10 15 28 320 33 158 161

09 32 7 12 17 29 384 33 190 193

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

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

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

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

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

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

10 48 9 18 25 30 640 65 318 321

11 56 9 22 29 31 768 65 382 385

12 64 13 26 33 32 896 129 446 449

13 72 13 30 37 33 1024 129 510 513

14 80 17 34 41 34 1152 193 574 577

15 88 17 38 45 35 1280 193 638 641

16 104 21 46 53 36 1536 257 766 769

17 128 21 58 65 37 1920 257 958 961

18 80 9 38 41 38 1280 129 638 641

19 96 9 46 49 39 1536 129 766 769

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

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

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

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

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

1F 240 33 118 121 3F 3840 513 1918 1921
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11.3.3 IIC Contr ol Register (IICC1)

7 6 5 4 3 2 1 0

R
IICEN IICIE MST TX TXAK

0 0 0

W RSTA

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-5. IIC Contr ol Register (IICC1)

Table 11-5. IICC1 Field Descriptions

Field Description

7
IICEN

IIC Enable. The IICEN bit determines whether the IIC module is enabled.
0 IIC is not enabled
1 IIC is enabled

6
IICIE

IIC Interrupt Enable. The IICIE bit determines whether an IIC interrupt is requested.
0 IIC interrupt request not enabled
1 IIC interrupt request enabled

5
MST

Master Mode Select. The MST bit changes from a 0 to a 1 when a start signal is generated on the bus and master
mode is selected. When this bit changes from a 1 to a 0 a stop signal is generated and the mode of operation
changes from master to slave.
0 Slave mode
1 Master mode

4
TX

Transmit Mode Select. The TX bit selects the direction of master and slave transfers. In master mode, this bit
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
TXAK

Transmit Acknowledge Enable. This bit specifies the value driven onto the SDA during data acknowledge 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
RSTA

Repeat start. Writing a 1 to this bit generates a repeated start condition provided it is the current master. This bit
is always read as cleared. Attempting a repeat at the wrong time results in loss of arbitration.
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11.3.4 IIC Status Register (IICS)

7 6 5 4 3 2 1 0

R TCF
IAAS

BUSY
ARBL

0 SRW
IICIF

RXAK

W

Reset 1 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-6. IIC Status Register (IICS)

Table 11-6. IICS Field Descriptions

Field Description

7
TCF

Transfer Complete Flag. This bit is set on the completion of a byte transfer. This bit is only valid during or
immediately following a transfer to the IIC module or from the IIC 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
IAAS

Addressed as a Slave. The IAAS bit is set when the calling address matches the programmed slave address or
when the GCAEN bit is set and a general call is received. Writing the IICC register clears this bit.
0 Not addressed
1 Addressed as a slave

5
BUSY

Bus Busy. The BUSY bit indicates the status of the bus regardless of slave or master mode. The BUSY bit is set
when a start signal is detected and cleared when a stop signal is detected.
0 Bus is idle
1 Bus is busy

4
ARBL

Arbitration Lost. This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared
by software by writing a 1 to it.
0 Standard bus operation
1 Loss of arbitration

2
SRW

Slave Read/Write. When addressed as a slave, the SRW bit indicates the value of the R/W command bit of the
calling address sent to the master.
0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave

1
IICIF

IIC Interrupt Flag. The IICIF bit is set when an interrupt is pending. This bit must be cleared by software, by 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
• Arbitration lost

0 No interrupt pending
1 Interrupt pending

0
RXAK

Receive Acknowledge. When the RXAK bit is low, it indicates an acknowledge signal has been received after 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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11.3.5 IIC Data I/O Register (IICD)

NOTE
When transitioning out of master receive mode, the IIC mode should be
switched before reading the IICD register to prevent an inadvertent
initiation of a master receive data transfer.

In slave mode, the same functions are available after an address match has occurred.

The TX bit in IICC must correctly reflect the desired direction of transfer in master and slave modes for
thetransmissionto begin. For instance,if theIIC is configuredfor mastertransmitbut amasterreceive is
desired, reading the IICD does not initiate the receive.

Reading the IICD returns the last byte received while the IIC is configured in master receive or slave
receive modes. The IICD does not reflect every byte transmitted on the IIC bus, nor can software verify
that a byte has been written to the IICD correctly by reading it back.

In mastertransmitmode,thefirst byteof datawritten to IICD following assertionof MST is usedfor the
addresstransferandshouldcompriseof thecallingaddress(in bit 7 tobit 1)concatenatedwith therequired
R/W bit (in position bit 0).

11.3.6 IIC Contr ol Register 2 (IICC2)

7 6 5 4 3 2 1 0

R
DATA

W

Reset 0 0 0 0 0 0 0 0

Figure 11-7. IIC Data I/O Register (IICD)

Table 11-7. IICD Field Descriptions

Field Description

7–0
DATA

Data — In master transmit mode, when data is written to the IICD, a data transfer is initiated. The most significant
bit is sent first. In master receive mode, reading this register initiates receiving of the next byte of data.

7 6 5 4 3 2 1 0

R
GCAEN ADEXT

0 0 0
AD10 AD9 AD8

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-8. IIC Contr ol Register (IICC2)
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11.4 Functional Description
This section provides a complete functional description of the IIC module.

11.4.1 IIC Protocol

TheIIC bussystemusesaserialdataline (SDA) andaserialclockline (SCL)for datatransfer.All devices
connectedto it musthaveopendrainor opencollectoroutputs.A logic AND functionis exercisedonboth
lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, a standard communication is composed of four parts:

• Start signal

• Slave address transmission

• Data transfer

• Stop signal

Thestopsignalshouldnotbeconfusedwith theCPUstopinstruction.TheIIC bussystemcommunication
is described briefly in the following sections and illustrated in Figure11-9.

Table 11-8. IICC2 Field Descriptions

Field Description

7
GCAEN

General Call Address Enable. The GCAEN bit enables or disables general call address.
0 General call address is disabled
1 General call address is enabled

6
ADEXT

Address Extension. The ADEXT bit controls the number of bits used for the slave address.
0 7-bit address scheme
1 10-bit address scheme

2–0
AD[10:8]

Slave Address. The AD[10:8] field contains the upper three bits of the slave address in the 10-bit address
scheme. This field is only valid when the ADEXT bit is set.
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Figure 11-9. IIC Bus Transmission Signals

11.4.1.1 Star t Signal

When the bus is free, no master device is engaging the bus (SCL and SDA lines are at logical high), a
master may initiate communication by sending a start signal. As shown in Figure11-9, a start signal is
definedasahigh-to-low transitionof SDA while SCLis high.Thissignaldenotesthebeginningof anew
data transfer (each data transfer may contain several bytes of data) and brings all slaves out of their idle
states.

11.4.1.2 Slave Ad dress T ransmission

The first byte of data transferred immediately after the start signal is the slave address transmitted by the
master. This is a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the slave.

Only theslavewith acallingaddressthatmatchestheonetransmittedby themasterrespondsby sending
back an acknowledge bit. This is done by pulling the SDA low at the ninth clock (see Figure11-9).

No twoslavesin thesystemmayhavethesameaddress.If theIIC moduleis themaster, it mustnottransmit
anaddressequalto its own slaveaddress.TheIIC cannotbemasterandslaveat thesametime.However,
if arbitrationis lostduringanaddresscycle,theIIC revertsto slavemodeandoperatescorrectlyevenif it
is being addressed by another master.
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Ack
Bit

1 2 3 4 5 6 7 8

msb lsb
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Stop
Signal
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11.4.1.3 Data Transf er

Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a direction
specified by the R/W bit sent by the calling master.

All transfersthatcomeafteranaddresscyclearereferredtoas datatransfers,evenif they carrysub-address
information for the slave device

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown in Figure11-9. There is one clock pulse on SCL for each data bit, the msb being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device.An acknowledgeis signalledby pulling theSDA low attheninthclock.In summary, one
complete data transfer needs nine clock pulses.

If theslavereceiverdoesnotacknowledgethemasterin theninthbit time,theSDA line mustbeleft high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If themasterreceiverdoesnotacknowledgetheslave transmitterafteradatabytetransmission,theslave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

• Relinquishes the bus by generating a stop signal.

• Commences a new calling by generating a repeated start signal.

11.4.1.4 Stop Signal

The master can terminate the communication by generating a stop signal to free the bus. However, the
master may generate a start signal followed by a calling command without generating a stop signal first.
This is called repeated start. A stop signal is defined as a low-to-high transition of SDA while SCL at
logical 1 (see Figure11-9).

The master can generate a stop even if the slave has generated an acknowledge at which point the slave
must release the bus.

11.4.1.5 Repeated Star t Signal

As shown in Figure11-9, a repeated start signal is a start signal generated without first generating a stop
signal to terminate the communication. This is used by the master to communicate with another slave or
with the same slave in different mode (transmit/receive mode) without releasing the bus.

11.4.1.6 Arbitration Pr ocedure

The IIC bus is a true multi-master bus that allows more than one master to be connected on it. If two or
moremasterstry to controlthebusatthesametime,aclocksynchronizationproceduredeterminesthebus
clock,for whichthelow periodis equalto thelongestclocklow periodandthehighis equalto theshortest
oneamongthemasters.Therelativepriority of thecontendingmastersis determinedby adataarbitration
procedure,abusmasterlosesarbitrationif it transmitslogic 1 while anothermastertransmitslogic 0.The
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case,
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thetransitionfrom masterto slavemodedoesnotgenerateastopcondition.Meanwhile,astatusbit is set
by hardware to indicate loss of arbitration.

11.4.1.7 Cloc k Sync hronization

Becausewire-AND logic is performedontheSCLline,ahigh-to-low transitionontheSCLline affectsall
thedevicesconnectedonthebus.Thedevicesstartcountingtheir low periodandafteradevice’sclockhas
gone low, it holds the SCL line low until the clock high state is reached. However, the change of low to
high in thisdeviceclockmaynotchangethestateof theSCLline if anotherdeviceclock is still within its
low period. Therefore, synchronized clock SCL is held low by the device with the longest low period.
Devices with shorter low periods enter a high wait state during this time (see Figure11-10). When all
devices concerned have counted off their low period, the synchronized clock SCL line is released and
pulledhigh.Thereis thennodifferencebetweenthedeviceclocksandthestateof theSCLline andall the
devices start counting their high periods. The first device to complete its high period pulls the SCL line
low again.

Figure 11-10. IIC Cloc k Sync hronization

11.4.1.8 Handshaking

Theclocksynchronizationmechanismcanbeusedasahandshakein datatransfer.Slavedevicesmayhold
theSCLlow aftercompletionof onebytetransfer(9 bits).In suchacase,it haltsthebusclockandforces
the master clock into wait states until the slave releases the SCL line.

11.4.1.9 Cloc k Stretc hing

Theclocksynchronizationmechanismcanbeusedby slavesto slow down thebit rateof a transfer.After
the master has driven SCL low the slave can drive SCL low for the required period and then release it. If
theslaveSCLlow periodis greaterthanthemasterSCLlow periodthentheresultingSCLbussignallow
period is stretched.

SCL1

SCL2

SCL

Internal Counter Reset

Delay Start Counting High Period
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11.4.2 10-bit Ad dress

For 10-bitaddressing,0x11110is usedfor thefirst 5 bitsof thefirst addressbyte.Variouscombinationsof
read/write formats are possible within a transfer that includes 10-bit addressing.

11.4.2.1 Master -Transmitter Ad dresses a Sla ve-Receiver

The transfer direction is not changed (seeTable11-9). When a 10-bit address follows a start condition,
each slave compares the first seven bits of the first byte of the slave address (11110XX) with its own
address and tests whether the eighth bit (R/W direction bit) is 0. More than one device can find a match
and generate an acknowledge (A1). Then, each slave that finds a match compares the eight bits of the
second byte of the slave address with its own address. Only one slave finds a match and generates an
acknowledge(A2). Thematchingslaveremainsaddressedby themasteruntil it receivesastopcondition
(P) or a repeated start condition (Sr) followed by a different slave address.

After the master-transmitter has sent the first byte of the 10-bit address, the slave-receiver sees an IIC
interrupt. Software must ensure the contents of IICD are ignored and not treated as valid data for this
interrupt.

11.4.2.2 Master -Receiver Ad dresses a Sla ve-Transmitter

The transfer direction is changed after the second R/W bit (seeTable11-10). Up to and including
acknowledge bit A2, the procedure is the same as that described for a master-transmitter addressing a
slave-receiver. After the repeated start condition (Sr), a matching slave remembers that it was addressed
before. This slave then checks whether the first seven bits of the first byte of the slave address following
Srarethesameasthey wereafterthestartcondition(S)andtestswhethertheeighth(R/W) bit is 1. If there
is amatch, theslaveconsidersthatit hasbeenaddressedasa transmitterandgeneratesacknowledgeA3.
Theslave-transmitterremainsaddresseduntil it receivesastopcondition(P)or arepeatedstartcondition
(Sr) followed by a different slave address.

After arepeatedstartcondition(Sr),all otherslavedevicesalsocomparethefirst sevenbitsof thefirstbyte
of the slave address with their own addresses and test the eighth (R/W) bit. However, none of them are
addressedbecauseR/W = 1 (for 10-bitdevices)or the11110XXslaveaddress(for 7-bit devices)doesnot
match.

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter sees an IIC
interrupt. Software must ensure the contents of IICD are ignored and not treated as valid data for this
interrupt.

S
Slave Address 1st 7 bits R/W

A1
Slave Address 2nd byte

A2 Data A ... Data A/A P
11110 + AD10 + AD9 0 AD[8:1]

Table 11-9. Master -Transmitter Ad dresses Sla ve-Receiver with a 10-bit Ad dress

S

Slave Address
1st 7 bits

R/W
A1

Slave Address
2nd byte A2 Sr

Slave Address
1st 7 bits

R/W
A3 Data A ... Data A P

11110 + AD10 + AD9 0 AD[8:1] 11110 + AD10 + AD9 1

Table 11-10. Master -Receiver Ad dresses a Sla ve-Transmitter with a 10-bit Ad dress
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11.4.3 General Call Ad dress

Generalcallscanberequestedin 7-bit addressor 10-bitaddress.If theGCAENbit is set,theIIC matches
thegeneralcall addressaswell asits own slaveaddress.WhentheIIC respondsto ageneralcall, it actsas
aslave-receiverandtheIAAS bit is setaftertheaddresscycle.SoftwaremustreadtheIICD registerafter
thefirst bytetransferto determinewhethertheaddressmatchesis its own slaveaddressor ageneralcall.
If thevalueis 00,thematchis ageneralcall. If theGCAENbit is clear, theIIC ignoresany datasupplied
from a general call address by not issuing an acknowledgement.

11.5 Resets
The IIC is disabled after reset. The IIC cannot cause an MCU reset.

11.6 Interrupts
The IIC generates a single interrupt.

An interruptfrom theIIC is generatedwhenany of theeventsin Table11-11occur, providedtheIICIE bit
is set.Theinterruptis drivenby bit IICIF (of theIIC statusregister)andmaskedwith bit IICIE (of theIIC
controlregister).TheIICIF bit mustbeclearedby softwareby writing a1 to it in theinterruptroutine.You
can determine the interrupt type by reading the status register.

11.6.1 Byte Transf er Interrupt

TheTCF(transfercompleteflag)bit is setat thefalling edgeof theninthclockto indicatethecompletion
of byte transfer.

11.6.2 Address Detect Interrupt

When the calling address matches the programmed slave address (IIC address register) or when the
GCAEN bit is set and a general call is received, the IAAS bit in the status register is set. The CPU is
interrupted,providedtheIICIE is set.TheCPUmustchecktheSRW bit andsetits Tx modeaccordingly.

11.6.3 Arbitration Lost Interrupt

TheIIC is a truemulti-masterbusthat allowsmorethanonemasterto beconnectedon it. If two or more
masterstry to controlthebusatthesametime,therelativepriority of thecontendingmastersis determined
by a data arbitration procedure. The IIC module asserts this interrupt when it loses the data arbitration
process and the ARBL bit in the status register is set.

Table 11-11. Interrupt Summar y

Interrupt Sour ce Status Flag Local Enab le

Complete 1-byte transfer TCF IICIF IICIE

Match of received calling address IAAS IICIF IICIE

Arbitration Lost ARBL IICIF IICIE
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Arbitration is lost in the following circumstances:

• SDA sampled as a low when the master drives a high during an address or data transmit cycle.

• SDA sampledasa low whenthemasterdrivesahighduringtheacknowledgebit of adatareceive
cycle.

• A start cycle is attempted when the bus is busy.

• A repeated start cycle is requested in slave mode.

• A stop condition is detected when the master did not request it.

This bit must be cleared by software writing a 1 to it.
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11.7 Initialization/Application Inf ormation

Figure 11-11. IIC Module Quic k Star t

Module Initialization (Sla ve)
1. Write: IICC2

— to enable or disable general call
— to select 10-bit or 7-bit addressing mode

2. Write: IICA
— to set the slave address

3. Write: IICC1
— to enable IIC and interrupts

4. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
5. Initialize RAM variables used to achieve the routine shown in Figure 11-12

Module Initialization (Master)
1. Write: IICF

— to set the IIC baud rate (example provided in this chapter)
2. Write: IICC1

— to enable IIC and interrupts
3. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
4. Initialize RAM variables used to achieve the routine shown in Figure 11-12
5. Write: IICC1

— to enable TX
6. Write: IICC1

— to enable MST (master mode)
7. Write: IICD

— with the address of the target slave. (The lsb of this byte determines whether the communication is
master receive or transmit.)

Module Use
The routine shown in Figure 11-12 can handle both master and slave IIC operations. For slave operation, an
incoming IIC message that contains the proper address begins IIC communication. For master operation,
communication must be initiated by writing to the IICD register.

0

IICF

IICA

Baud rate = BUSCLK / (2 x MULT x (SCL DIVIDER))

TX TXAK RSTA 0 0IICC1 IICEN IICIE MST

Module configuration

ARBL 0 SRW IICIF RXAKIICS TCF IAAS BUSY

Module status flags

Register Model

AD[7:1]

When addressed as a slave (in slave mode), the module responds to this address

MULT ICR

IICD DATA

Data register; Write to transmit IIC data read to read IIC data

0 AD10 AD9 AD8IICC2 GCAEN ADEXT

Address configuration

00
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Figure 11-12. Typical IIC Interrupt Routine

Clear

Master
Mode

?

Tx/Rx
?

Last Byte
Transmitted

?

RXAK=0
?

End of
Addr Cycle
(Master Rx)

?

Write Next
Byte to IICD

Switch to
Rx Mode

Dummy Read
from IICD

Generate
Stop Signal

Read Data
from IICD
and Store

Set TXACK =1
Generate

Stop Signal

2nd Last
Byte to Be Read

?

Last
Byte to Be Read

?

Arbitration
Lost

?

Clear ARBL

IAAS=1
?

IAAS=1
?

SRW=1
?

TX/RX
?

Set TX
Mode

Write Data
to IICD

Set RX
Mode

Dummy Read
from IICD

ACK from
Receiver

?

Tx Next
Byte

Read Data
from IICD
and Store

Switch to
Rx Mode

Dummy Read
from IICD

RTI

Y N

Y

Y Y

Y

Y

Y

Y

Y

Y

N

N

N

NN

N

N

N

N

Y

TX RX

RX

TX(Write)

(Read)

N

IICIF

Address Transfer Data Transfer

(MST = 0)

(MST = 0)

See Note 1

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

See Note 2
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Chapter 12
Serial Peripheral Interface (S08SPIV3)

12.1 Intr oduction
Theserialperipheralinterface(SPI)moduleprovidesfor full-duplex, synchronous,serialcommunication
between the MCU and peripheral devices. These peripheral devices can include other microcontrollers,
analog-to-digital converters, shift registers, sensors, memories, etc.

The SPI runs at a baud rate up to the bus clock divided by two in master mode and bus clock divided by
four in slave mode.

All devicesin theMC9S08DN60SeriesMCUscontainoneSPImodule,asshown in thefollowing block
diagram.

NOTE
EnsurethattheSPIshouldnotbedisabled(SPE=0)atthesametimeasabit
change to the CPHA bit.  These changes should be performed as separate
operations or unexpected behavior may occur.
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SDA
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- VDD and VSS pins are each internally connected to two pads in 32-pin package

Figure 12-1. MC9S08DN60 Bloc k Diagram
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12.1.1 Features

Features of the SPI module include:

• Master or slave mode operation

• Full-duplex or single-wire bidirectional option

• Programmable transmit bit rate

• Double-buffered transmit and receive

• Serial clock phase and polarity options

• Slave select output

• Selectable MSB-first or LSB-first shifting

12.1.2 Bloc k Diagrams

ThissectionincludesblockdiagramsshowingSPIsystemconnections,theinternalorganizationof theSPI
module, and the SPI clock dividers that control the master mode bit rate.

12.1.2.1 SPI System Bloc k Diagram

Figure12-2 shows the SPI modules of two MCUs connected in a master-slave arrangement. The master
deviceinitiatesall SPIdatatransfers.Duringatransfer, themastershiftsdataout(ontheMOSI pin) to the
slave while simultaneously shifting data in (on the MISO pin) from the slave. The transfer effectively
exchangesthedatathatwasin theSPIshift registersof thetwo SPIsystems.TheSPSCKsignalis aclock
output from the master and an input to the slave. The slave device must be selected by a low level on the
slaveselectinput (SSpin). In thissystem,themasterdevicehasconfiguredits SSpin asanoptionalslave
select output.

Figure 12-2. SPI System Connections

7 6 5 4 3 2 1 0

SPI SHIFTER

CLOCK

GENERATOR

7 6 5 4 3 2 1 0

SPI SHIFTER

SS

SPSCK

MISO

MOSI

SS

SPSCK

MISO

MOSI

MASTER SLAVE
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The most common uses of the SPI system include connecting simple shift registers for adding input or
output ports or connecting small peripheral devices such as serial A/D or D/A converters. Although
Figure12-2showsasystemwheredatais exchangedbetweentwo MCUs,many practicalsystemsinvolve
simplerconnectionswheredatais unidirectionallytransferredfrom themasterMCU to aslaveor from a
slave to the master MCU.

12.1.2.2 SPI Module Bloc k Diagram

Figure12-3is ablockdiagramof theSPImodule.Thecentralelementof theSPIis theSPIshift register.
Data is written to the double-buffered transmitter (write to SPID) and gets transferred to the SPI shift
register at the start of a data transfer. After shifting in a byte of data, the data is transferred into the
double-buffered receiver where it can be read (read from SPID). Pin multiplexing logic controls
connections between MCU pins and the SPI module.

WhentheSPIis configuredasamaster, theclockoutputis routedto theSPSCKpin, theshifteroutputis
routed to MOSI, and the shifter input is routed from the MISO pin.

When the SPI is configured as a slave, the SPSCK pin is routed to the clock input of the SPI, the shifter
output is routed to MISO, and the shifter input is routed from the MOSI pin.

In theexternalSPIsystem,simplyconnectall SPSCKpinsto eachother, all MISO pinstogether, andall
MOSI pins together. Peripheral devices often use slightly different names for these pins.
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Figure 12-3. SPI Module Bloc k Diagram

12.1.3 SPI Baud Rate Generation

As shown in Figure12-4, the clock source for the SPI baud rate generator is the bus clock. The three
prescale bits (SPPR2:SPPR1:SPPR0) choose a prescale divisor of 1, 2, 3, 4, 5, 6, 7, or 8. The three rate
select bits (SPR2:SPR1:SPR0) divide the output of the prescaler stage by 2, 4, 8, 16, 32, 64, 128, or 256
to get the internal SPI master mode bit-rate clock.
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Figure 12-4. SPI Baud Rate Generation

12.2 External Signal Description
TheSPIoptionallysharesfour portpins.Thefunctionof thesepinsdependsonthesettingsof SPIcontrol
bits.WhentheSPIis disabled(SPE= 0), thesefour pinsrevert to beinggeneral-purposeport I/O pinsthat
are not controlled by the SPI.

12.2.1 SPSCK — SPI Serial Cloc k

WhentheSPIis enabledasaslave,thispin is theserialclock input.WhentheSPIis enabledasamaster,
this pin is the serial clock output.

12.2.2 MOSI — Master Data Out, Sla ve Data In

When the SPI is enabled as a master and SPI pin control zero (SPC0) is 0 (not bidirectional mode), this
pin is the serial data output. When the SPI is enabled as a slave and SPC0= 0, this pin is the serial data
input.If SPC0= 1 to selectsingle-wirebidirectionalmode,andmastermodeis selected,thispin becomes
thebidirectionaldataI/O pin (MOMI). Also, thebidirectionalmodeoutputenablebit determineswhether
the pin acts as an input (BIDIROE= 0) or an output (BIDIROE= 1). If SPC0= 1 and slave mode is
selected, this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

12.2.3 MISO — Master Data In, Sla ve Data Out

When the SPI is enabled as a master and SPI pin control zero (SPC0) is 0 (not bidirectional mode), this
pin is the serial data input. When the SPI is enabled as a slave and SPC0= 0, this pin is the serial data
output.If SPC0= 1 to selectsingle-wirebidirectionalmode,andslavemodeis selected,thispin becomes
thebidirectionaldataI/O pin (SISO)andthebidirectionalmodeoutputenablebit determineswhetherthe
pinactsasaninput(BIDIROE= 0) oranoutput(BIDIROE= 1). If SPC0= 1andmastermodeisselected,
this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

12.2.4 SS — Slave Select

WhentheSPIis enabledasaslave, thispin is thelow-trueslaveselectinput.WhentheSPIis enabledas
amasterandmodefaultenableis off (MODFEN = 0), thispin is notusedby theSPIandrevertsto being
a general-purpose port I/O pin. When the SPI is enabled as a master and MODFEN= 1, the slave select
outputenablebit determineswhetherthispin actsasthemodefault input(SSOE= 0) or astheslaveselect
output (SSOE= 1).
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12.3 Modes of Operation

12.3.1 SPI in Stop Modes

The SPI is disabled in all stop modes, regardless of the settings before executing the STOP instruction.
Duringeitherstop1or stop2mode,theSPImodulewill befully powereddown.Uponwake-upfrom stop1
or stop2mode,theSPImodulewill bein theresetstate. Duringstop3mode,clocksto theSPImoduleare
halted. No registers are affected. If stop3 is exited with a reset, the SPI will be put into its reset state. If
stop3 is exited with an interrupt, the SPI continues from the state it was in when stop3 was entered.

12.4 Register Definition
The SPI has five 8-bit registers to select SPI options, control baud rate, report SPI status, and for
transmit/receive data.

Referto thedirect-pageregistersummaryin theMemorychapterof thisdatasheetfor theabsoluteaddress
assignmentsfor all SPIregisters.Thissectionrefersto registersandcontrolbitsonly by theirnames,and
a Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

12.4.1 SPI Contr ol Register 1 (SPIC1)

This read/write register includes the SPI enable control, interrupt enables, and configuration options.

7 6 5 4 3 2 1 0

R
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

W

Reset 0 0 0 0 0 1 0 0

Figure 12-5. SPI Contr ol Register 1 (SPIC1)

Table 12-1. SPIC1 Field Descriptions

Field Description

7
SPIE

SPI Interrupt Enab le (for SPRF and MODF)  — This is the interrupt enable for SPI receive buffer full (SPRF)
and mode fault (MODF) events.
0 Interrupts from SPRF and MODF inhibited (use polling)
1 When SPRF or MODF is 1, request a hardware interrupt

6
SPE

SPI System Enable — Disabling the SPI halts any transfer that is in progress, clears data buffers, and initializes
internal state machines. SPRF is cleared and SPTEF is set to indicate the SPI transmit data buffer is empty.
0 SPI system inactive
1 SPI system enabled

5
SPTIE

SPI Transmit Interrupt Enab le — This is the interrupt enable bit for SPI transmit buffer empty (SPTEF).
0 Interrupts from SPTEF inhibited (use polling)
1 When SPTEF is 1, hardware interrupt requested
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NOTE

EnsurethattheSPIshouldnotbedisabled(SPE=0)atthesametimeasabit changeto theCPHAbit. These
changes should be performed as separate operations or unexpected behavior may occur.

12.4.2 SPI Contr ol Register 2 (SPIC2)

This read/write register is used to control optional features of the SPI system. Bits 7, 6, 5, and 2 are not
implemented and always read 0.

4
MSTR

Master/Sla ve Mode Select
0 SPI module configured as a slave SPI device
1 SPI module configured as a master SPI device

3
CPOL

Cloc k Polarity — This bit effectively places an inverter in series with the clock signal from a master SPI or to a
slave SPI device. Refer to Section 12.5.1, “SPI Clock Formats” for more details.
0 Active-high SPI clock (idles low)
1 Active-low SPI clock (idles high)

2
CPHA

Cloc k Phase  — This bit selects one of two clock formats for different kinds of synchronous serial peripheral
devices. Refer to Section 12.5.1, “SPI Clock Formats” for more details.
0 First edge on SPSCK occurs at the middle of the first cycle of an 8-cycle data transfer
1 First edge on SPSCK occurs at the start of the first cycle of an 8-cycle data transfer

1
SSOE

Slave Select Output Enab le — This bit is used in combination with the mode fault enable (MODFEN) bit in
SPCR2 and the master/slave (MSTR) control bit to determine the function of the SS pin as shown in Table 12-2.

0
LSBFE

LSB Fir st (Shifter Direction)
0 SPI serial data transfers start with most significant bit
1 SPI serial data transfers start with least significant bit

Table 12-2. SS Pin Function

MODFEN SSOE Master Mode Slave Mode

0 0 General-purpose I/O (not SPI) Slave select input

0 1 General-purpose I/O (not SPI) Slave select input

1 0 SS input for mode fault Slave select input

1 1 Automatic SS output Slave select input

7 6 5 4 3 2 1 0

R 0 0 0
MODFEN BIDIROE

0
SPISWAI SPC0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-6. SPI Contr ol Register 2 (SPIC2)

Table 12-1. SPIC1 Field Descriptions (contin ued)

Field Description
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12.4.3 SPI Baud Rate Register (SPIBR)

Thisregisteris usedto settheprescalerandbit ratedivisor for anSPImaster. Thisregistermaybereador
written at any time.

Table 12-3. SPIC2 Register Field Descriptions

Field Description

4
MODFEN

Master Mode-Fault Function Enable — When the SPI is configured for slave mode, this bit has no meaning or
effect. (The SS pin is the slave select input.) In master mode, this bit determines how the SS pin is used (refer
to Table 12-2 for more details).
0 Mode fault function disabled, master SS pin reverts to general-purpose I/O not controlled by SPI
1 Mode fault function enabled, master SS pin acts as the mode fault input or the slave select output

3
BIDIROE

Bidirectional Mode Output Enab le — When bidirectional mode is enabled by SPI pin control 0 (SPC0) = 1,
BIDIROE determines whether the SPI data output driver is enabled to the single bidirectional SPI I/O pin.
Depending on whether the SPI is configured as a master or a slave, it uses either the MOSI (MOMI) or MISO
(SISO) pin, respectively, as the single SPI data I/O pin. When SPC0 = 0, BIDIROE has no meaning or effect.
0 Output driver disabled so SPI data I/O pin acts as an input
1 SPI I/O pin enabled as an output

1
SPISWAI

SPI Stop in W ait Mode
0 SPI clocks continue to operate in wait mode
1 SPI clocks stop when the MCU enters wait mode

0
SPC0

SPI Pin Contr ol 0 — The SPC0 bit chooses single-wire bidirectional mode. If MSTR = 0 (slave mode), the SPI
uses the MISO (SISO) pin for bidirectional SPI data transfers. If MSTR = 1 (master mode), the SPI uses the
MOSI (MOMI) pin for bidirectional SPI data transfers. When SPC0 = 1, BIDIROE is used to enable or disable the
output driver for the single bidirectional SPI I/O pin.
0 SPI uses separate pins for data input and data output
1 SPI configured for single-wire bidirectional operation

7 6 5 4 3 2 1 0

R 0
SPPR2 SPPR1 SPPR0

0
SPR2 SPR1 SPR0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-7. SPI Baud Rate Register (SPIBR)

Table 12-4. SPIBR Register Field Descriptions

Field Description

6:4
SPPR[2:0]

SPI Baud Rate Prescale Divisor — This 3-bit field selects one of eight divisors for the SPI baud rate prescaler
as shown in Table 12-5. The input to this prescaler is the bus rate clock (BUSCLK). The output of this prescaler
drives the input of the SPI baud rate divider (see Figure 12-4).

2:0
SPR[2:0]

SPI Baud Rate Divisor — This 3-bit field selects one of eight divisors for the SPI baud rate divider as shown in
Table 12-6. The input to this divider comes from the SPI baud rate prescaler (see Figure 12-4). The output of this
divider is the SPI bit rate clock for master mode.

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 12 Serial P eripheral Interface (S08SPIV3)

MC9S08DN60 Series Data Sheet, Re v 2

222 Freescale Semiconductor

12.4.4 SPI Status Register (SPIS)

This registerhasthreeread-onlystatusbits.Bits 6, 3, 2, 1,and0 arenot implementedandalwaysread0.
Writes have no meaning or effect.

Table 12-5. SPI Baud Rate Prescaler Divisor

SPPR2:SPPR1:SPPR0 Prescaler Divisor

0:0:0 1

0:0:1 2

0:1:0 3

0:1:1 4

1:0:0 5

1:0:1 6

1:1:0 7

1:1:1 8

Table 12-6. SPI Baud Rate Divisor

SPR2:SPR1:SPR0 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

7 6 5 4 3 2 1 0

R SPRF 0 SPTEF MODF 0 0 0 0

W

Reset 0 0 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 12-8. SPI Status Register (SPIS)
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12.4.5 SPI Data Register (SPID)

Readsof this registerreturnthedatareadfrom thereceivedatabuffer. Writesto this registerwrite 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.

Datamaybereadfrom SPIDany timeafterSPRFis setandbeforeanothertransferis finished.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 is lost.

Table 12-7. SPIS Register Field Descriptions

Field Description

7
SPRF

SPI Read Buff er Full Flag — SPRF is set at the completion of an SPI transfer to indicate that received data may
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
SPTEF

SPI Transmit Buff er Empty Flag — This bit is set when there is room in the transmit data buffer. It is cleared by
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
MODF

Master Mode F ault Fla g — MODF is set if the SPI is configured as a master and the slave select input goes
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

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)
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12.5 Functional Description
An SPI transfer is initiated by checking for the SPI transmit buffer empty flag (SPTEF= 1) and then
writing abyteof datato theSPIdataregister(SPID)in themasterSPIdevice.WhentheSPIshift register
is available,thisbyteof datais movedfrom thetransmitdatabuffer to theshifter, SPTEFis setto indicate
thereis roomin thebuffer to queueanothertransmitcharacterif desired,andtheSPIserialtransferstarts.

DuringtheSPItransfer, datais sampled(read)ontheMISO pin atoneSPSCKedgeandshifted,changing
thebit valueontheMOSI pin,one-halfSPSCKcyclelater. After eightSPSCKcycles,thedatathatwasin
theshift registerof themasterhasbeenshiftedout theMOSI pin to theslavewhile eightbitsof datawere
shiftedin theMISO pin into themaster’sshift register. At theendof this transfer, thereceiveddatabyteis
moved from the shifter into the receive data buffer and SPRF is set to indicate the data can be read by
reading SPID. If another byte of data is waiting in the transmit buffer at the end of a transfer, it is moved
into the shifter, SPTEF is set, and a new transfer is started.

Normally, SPI data is transferred most significant bit (MSB) first. If the least significant bit first enable
(LSBFE) bit is set, SPI data is shifted LSB first.

When the SPI is configured as a slave, itsSS pin must be driven low before a transfer starts andSS must
stay low throughout the transfer. If a clock format where CPHA= 0 is selected,SS must be driven to a
logic 1 betweensuccessivetransfers.If CPHA= 1, SSmayremainlow betweensuccessivetransfers.See
Section12.5.1, “SPI Clock Formats” for more details.

Because the transmitter and receiver are double buffered, a second byte, in addition to the byte currently
being shifted out, can be queued into the transmit data buffer, and a previously received character can be
in the receive data buffer while a new character is being shifted in. The SPTEF flag indicates when the
transmit buffer has room for a new character. The SPRF flag indicates when a received character is
available in the receive data buffer. The received character must be read out of the receive buffer (read
SPID) before the next transfer is finished or a receive overrun error results.

In the case of a receive overrun, the new data is lost because the receive buffer still held the previous
character and was not ready to accept the new data. There is no indication for such an overrun condition
so the application system designer must ensure that previous data has been read from the receive buffer
before a new transfer is initiated.

12.5.1 SPI Cloc k Formats

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the SPI
system has a clock polarity (CPOL) bit and a clock phase (CPHA) control bit to select one of four clock
formats for data transfers. CPOL selectively inserts an inverter in series with the clock. CPHA chooses
between two different clock phase relationships between the clock and data.

Figure12-10 shows the clock formats when CPHA = 1. At the top of the figure, the eight bit times are
shownfor referencewith bit 1startingatthefirstSPSCKedgeandbit 8endingone-halfSPSCKcycleafter
the sixteenth SPSCK edge. The MSB first and LSB first lines show the order of SPI data bits depending
on thesettingin LSBFE.Bothvariationsof SPSCKpolarityareshown, but only oneof thesewaveforms
appliesfor aspecifictransfer, dependingonthevaluein CPOL.TheSAMPLEIN waveformappliesto the
MOSI input of a slave or the MISO input of a master. The MOSI waveform applies to the MOSI output
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pin from a master and the MISOwaveform applies to the MISO output from a slave. TheSS OUT
waveformappliesto theslaveselectoutputfromamaster(providedMODFENandSSOE= 1).Themaster
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. TheSSIN waveform applies to the slave select input of a
slave.

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

WhenCPHA= 1, theslavebeginsto driveits MISO outputwhenSSgoesto activelow, but thedatais 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 MISO output of the slave. 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 SPSCKedge,theSPIshiftershiftsonebit positionwhichshiftsin thebit valuethatwasjustsampled,
andshiftstheseconddatabit valueout theotherendof theshifterto theMOSI andMISO outputsof the
master and slave, respectively. When CHPA = 1, the slave’s SS input is not required to go to its inactive
high level between transfers.

Figure12-11 shows the clock formats when CPHA = 0. At the top of the figure, the eight bit times are
shown for referencewith bit 1 startingastheslave is selected(SSIN goeslow), andbit 8 endsat thelast
SPSCKedge.TheMSB first andLSB first linesshow theorderof SPIdatabitsdependingon thesetting

BIT TIME #
(REFERENCE)

MSB FIRST
LSB FIRST

SPSCK
(CPOL = 0)

SPSCK
(CPOL = 1)

SAMPLE IN
(MISO OR MOSI)

MOSI
(MASTER OUT)

MISO
(SLAVE OUT)

SS OUT
(MASTER)

SS IN
(SLAVE)

BIT 7
BIT 0

BIT 6
BIT 1

BIT 2
BIT 5

BIT 1
BIT 6

BIT 0
BIT 7

1 2 6 7 8

...

...

...
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in LSBFE. Both variations of SPSCK polarity are shown, but only one of these waveforms applies for a
specifictransfer, dependingonthevaluein CPOL.TheSAMPLEIN waveformappliesto theMOSI input
of a slave or the MISO input of a master. The MOSIwaveform applies to the MOSI output pin from a
masterandtheMISO waveformappliesto theMISO outputfrom aslave.TheSSOUT waveformapplies
to theslaveselectoutputfrom amaster(providedMODFENandSSOE= 1). ThemasterSSoutputgoes
to active low at thestartof thefirst bit timeof thetransferandgoesbackhighone-halfSPSCKcycleafter
the end of the eighth bit time of the transfer. TheSSIN waveform applies to the slave select input of a
slave.

Figure 12-11. SPI Cloc k Formats (CPHA = 0)

When CPHA= 0, the slave begins to drive its MISO output with the first data bit value (MSB or LSB
dependingonLSBFE)whenSSgoesto active low. Thefirst SPSCKedgecausesboththemasterandthe
slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the second SPSCK
edge,theSPIshiftershiftsonebit positionwhichshiftsin thebit valuethatwasjustsampledandshiftsthe
second data bit value out the other end of the shifter to the MOSI and MISO outputs of the master and
slave, respectively. When CPHA= 0, the slave’sSS input must go to its inactive high level between
transfers.

BIT TIME #
(REFERENCE)

MSB FIRST
LSB FIRST

SPSCK
(CPOL = 0)

SPSCK
(CPOL = 1)

SAMPLE IN
(MISO OR MOSI)

MOSI
(MASTER OUT)

MISO
(SLAVE OUT)

SS OUT
(MASTER)

SS IN
(SLAVE)

BIT 7
BIT 0

BIT 6
BIT 1

BIT 2
BIT 5

BIT 1
BIT 6

BIT 0
BIT 7

1 2 6 7 8...

...

...
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12.5.2 SPI Interrupts

Therearethreeflagbits,two interruptmaskbits,and oneinterruptvectorassociatedwith theSPIsystem.
TheSPIinterruptenablemask(SPIE)enablesinterruptsfrom theSPIreceiver full flag(SPRF)andmode
fault flag (MODF). The SPI transmit interrupt enable mask (SPTIE) enables interrupts from the SPI
transmitbuffer emptyflag(SPTEF).Whenoneof theflagbits is set,andtheassociatedinterruptmaskbit
is set,ahardwareinterruptrequestis sentto theCPU.If theinterruptmaskbitsarecleared,softwarecan
poll the associated flag bits instead of using interrupts. The SPI interrupt service routine (ISR) should
checktheflagbits to determinewhateventcausedtheinterrupt.Theserviceroutineshouldalsoclearthe
flag bit(s) before returning from the ISR (usually near the beginning of the ISR).

12.5.3 Mode Fault Detection

A mode fault occurs and the mode fault flag (MODF) becomes set when a master SPI device detects an
error on theSS pin (provided theSS pin is configured as the mode fault input signal). TheSS pin is
configured to be the mode fault input signal when MSTR= 1, mode fault enable is set (MODFEN= 1),
and slave select output enable is clear (SSOE= 0).

Themodefault detectionfeaturecanbeusedin asystemwheremorethanoneSPIdevicemightbecome
amasterat thesametime.Theerroris detectedwhenamaster’sSSpin is low, indicatingthatsomeother
SPIdevice is trying to addressthismasterasif it wereaslave.Thiscouldindicateaharmfuloutputdriver
conflict,sothemodefault logic is designedto disableall SPIoutputdriverswhensuchanerroris detected.

When a mode fault is detected, MODF is set and MSTR is cleared to change the SPI configuration back
to slave mode. The output drivers on the SPSCK, MOSI, and MISO (if not bidirectional mode) are
disabled.

MODF is cleared by reading it while it is set, then writing to the SPI control register 1 (SPIC1). User
software should verify the error condition has been corrected before changing the SPI back to master
mode.
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Chapter 13
Serial Comm unications Interface (S08SCIV4)

13.1 Intr oduction
All MCUs in theMC9S08DN60 Series include SCI1.

NOTE
MC9S08DN60 Series devices operate at a higher voltage range (2.7 V to
5.5V) and do not include stop1 mode. Please ignore references to stop1.
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Figure 13-1. MC9S08DN60 Bloc k Diagram
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13.1.1 Features

Features of SCI module include:

• Full-duplex, standard non-return-to-zero (NRZ) format

• Double-buffered transmitter and receiver with separate enables

• Programmable baud rates (13-bit modulo divider)

• Interrupt-driven or polled operation:

— Transmit data register empty and transmission complete

— Receive data register full

— Receive overrun, parity error, framing error, and noise error

— Idle receiver detect

— Active edge on receive pin

— Break detect supporting LIN

• Hardware parity generation and checking

• Programmable 8-bit or 9-bit character length

• Receiver wakeup by idle-line or address-mark

• Optional 13-bit break character generation / 11-bit break character detection

• Selectable transmitter output polarity

13.1.2 Modes of Operation

SeeSection13.3, “Functional Description,” For details concerning SCI operation in these modes:

• 8- and 9-bit data modes

• Stop mode operation

• Loop mode

• Single-wire mode
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13.1.3 Bloc k Diagram

Figure13-2 shows the transmitter portion of the SCI.

Figure 13-2. SCI Transmitter Block Dia gram
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Figure13-3 shows the receiver portion of the SCI.

Figure 13-3. SCI Receiver Bloc k Diagram
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13.2 Register Definition
The SCI has eight 8-bit registers to control baud rate, select SCI options, report SCI status, and for
transmit/receive data.

Referto thedirect-pageregistersummaryin theMemorychapterof thisdatasheetfor theabsoluteaddress
assignments for all SCI registers. This section refers to 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.

13.2.1 SCI Baud Rate Register s (SCI1BDH, SCI1BDL)

Thispairof registerscontrolstheprescaledivisor for SCIbaudrategeneration.To updatethe13-bitbaud
ratesetting[SBR12:SBR0],first write to SCI1BDHto buffer thehighhalf of thenew valueandthenwrite
to SCI1BDL. The working value inSCI1BDH does not change untilSCI1BDL is written.

SCI1BDLis resetto anon-zerovalue,soafterresetthebaudrategeneratorremainsdisableduntil thefirst
time the receiver or transmitter is enabled (RE or TE bits inSCI1C2 are written to 1).

7 6 5 4 3 2 1 0

R
LBKDIE RXEDGIE

0
SBR12 SBR11 SBR10 SBR9 SBR8

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-4. SCI Baud Rate Register (SCI1BDH)

Table 13-1. SCI1BDH Field Descriptions

Field Description

7
LBKDIE

LIN Break Detect Interrupt Enab le (for LBKDIF)
0 Hardware interrupts from LBKDIF disabled (use polling).
1 Hardware interrupt requested when LBKDIF flag is 1.

6
RXEDGIE

RxD Input Active Edg e Interrupt Enab le (for RXEDGIF)
0 Hardware interrupts from RXEDGIF disabled (use polling).
1 Hardware interrupt requested when RXEDGIF flag is 1.

4:0
SBR[12:8]

Baud Rate Modulo Divisor  — The 13 bits in SBR[12:0] are referred to collectively as BR, and they set the
modulo divide rate for the SCI baud rate generator. When BR = 0, the SCI baud rate generator is disabled to
reduce supply current. When BR = 1 to 8191, the SCI baud rate = BUSCLK/(16×BR). See also BR bits in
Table 13-2.
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13.2.2 SCI Contr ol Register 1 (SCI1C1)

This read/write register is used to control various optional features of the SCI system.

7 6 5 4 3 2 1 0

R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0

W

Reset 0 0 0 0 0 1 0 0

Figure 13-5. SCI Baud Rate Register (SCI1BDL)

Table 13-2. SCI1BDL Field Descriptions

Field Description

7:0
SBR[7:0]

Baud Rate Modulo Divisor  — These 13 bits in SBR[12:0] are referred to collectively as BR, and they set the
modulo divide rate for the SCI baud rate generator. When BR = 0, the SCI baud rate generator is disabled to
reduce supply current. When BR = 1 to 8191, the SCI baud rate = BUSCLK/(16×BR). See also BR bits in
Table 13-1.

7 6 5 4 3 2 1 0

R
LOOPS SCISWAI RSRC M WAKE ILT PE PT

W

Reset 0 0 0 0 0 0 0 0

Figure 13-6. SCI Contr ol Register 1 (SCI1C1)

Table 13-3. SCI1C1 Field Descriptions

Field Description

7
LOOPS

Loop Mode Select  — Selects between loop back modes and normal 2-pin full-duplex modes. When
LOOPS = 1, the transmitter output is internally connected to the receiver input.
0 Normal operation — RxD and TxD use separate pins.
1 Loop mode or single-wire mode where transmitter outputs are internally connected to receiver input. (See

RSRC bit.) RxD pin is not used by SCI.

6
SCISWAI

SCI Stops in W ait Mode
0 SCI clocks continue to run in wait mode so the SCI can be the source of an interrupt that wakes up the CPU.
1 SCI clocks freeze while CPU is in wait mode.

5
RSRC

Receiver Sour ce Select  — This bit has no meaning or effect unless the LOOPS bit is set to 1. When
LOOPS = 1, the receiver input is internally connected to the TxD pin and RSRC determines whether this
connection is also connected to the transmitter output.
0 Provided LOOPS = 1, RSRC = 0 selects internal loop back mode and the SCI does not use the RxD pins.
1 Single-wire SCI mode where the TxD pin is connected to the transmitter output and receiver input.

4
M

9-Bit or 8-Bit Mode Select
0 Normal — start + 8 data bits (LSB first) + stop.
1 Receiver and transmitter use 9-bit data characters

start + 8 data bits (LSB first) + 9th data bit + stop.
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13.2.3 SCI Contr ol Register 2 (SCI1C2)

This register can be read or written at any time.

3
WAKE

Receiver W akeup Method Select  — Refer to Section 13.3.3.2, “Receiver Wakeup Operation” for more
information.
0 Idle-line wakeup.
1 Address-mark wakeup.

2
ILT

Idle Line T ype Select  — Setting this bit to 1 ensures that the stop bit and logic 1 bits at the end of a character
do not count toward the 10 or 11 bit times of logic high level needed by the idle line detection logic. Refer to
Section 13.3.3.2.1, “Idle-Line Wakeup” for more information.
0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.

1
PE

Parity Enable — Enables hardware parity generation and checking. When parity is enabled, the most significant
bit (MSB) of the data character (eighth or ninth data bit) is treated as the parity bit.
0 No hardware parity generation or checking.
1 Parity enabled.

0
PT

Parity Type — Provided parity is enabled (PE = 1), this bit selects even or odd parity. Odd parity means the total
number of 1s in the data character, including the parity bit, is odd. Even parity means the total number of 1s in
the data character, including the parity bit, is even.
0 Even parity.
1 Odd parity.

7 6 5 4 3 2 1 0

R
TIE TCIE RIE ILIE TE RE RWU SBK

W

Reset 0 0 0 0 0 0 0 0

Figure 13-7. SCI Contr ol Register 2 (SCI1C2)

Table 13-4. SCI1C2 Field Descriptions

Field Description

7
TIE

Transmit Interrupt Enab le (for TDRE)
0 Hardware interrupts from TDRE disabled (use polling).
1 Hardware interrupt requested when TDRE flag is 1.

6
TCIE

Transmission Complete Interrupt Enab le (for TC)
0 Hardware interrupts from TC disabled (use polling).
1 Hardware interrupt requested when TC flag is 1.

5
RIE

Receiver Interrupt Enab le (for RDRF)
0 Hardware interrupts from RDRF disabled (use polling).
1 Hardware interrupt requested when RDRF flag is 1.

4
ILIE

Idle Line Interrupt Enab le (for IDLE)
0 Hardware interrupts from IDLE disabled (use polling).
1 Hardware interrupt requested when IDLE flag is 1.

Table 13-3. SCI1C1 Field Descriptions (contin ued)

Field Description
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13.2.4 SCI Status Register 1 (SCI1S1)

Thisregisterhaseightread-onlystatusflags.Writeshavenoeffect.Specialsoftwaresequences(whichdo
not involve writing to this register) are used to clear these status flags.

3
TE

Transmitter Enab le
0 Transmitter off.
1 Transmitter on.
TE must be 1 in order to use the SCI transmitter. When TE = 1, the SCI forces the TxD pin to act as an output
for the SCI system.
When the SCI is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the direction of
traffic on the single SCI communication line (TxD pin).
TE also can be used to queue an idle character by writing TE = 0 then TE = 1 while a transmission is in progress.
Refer to Section 13.3.2.1, “Send Break and Queued Idle” for more details.
When TE is written to 0, the transmitter keeps control of the port TxD pin until any data, queued idle, or queued
break character finishes transmitting before allowing the pin to revert to a general-purpose I/O pin.

2
RE

Receiver Enab le — When the SCI receiver is off, the RxD pin reverts to being a general-purpose port I/O pin.
If LOOPS = 1 the RxD pin reverts to being a general-purpose I/O pin even if RE = 1.
0 Receiver off.
1 Receiver on.

1
RWU

Receiver W akeup Contr ol  — This bit can be written to 1 to place the SCI receiver in a standby state where it
waits for automatic hardware detection of a selected wakeup condition. The wakeup condition is either an idle
line between messages (WAKE = 0, idle-line wakeup), or a logic 1 in the most significant data bit in a character
(WAKE = 1, address-mark wakeup). Application software sets RWU and (normally) a selected hardware
condition automatically clears RWU. Refer to Section 13.3.3.2, “Receiver Wakeup Operation” for more details.
0 Normal SCI receiver operation.
1 SCI receiver in standby waiting for wakeup condition.

0
SBK

Send Break — Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional
break characters of 10 or 11 (13 or 14 if BRK13 = 1) bit times of logic 0 are queued as long as SBK = 1.
Depending on the timing of the set and clear of SBK relative to the information currently being transmitted, a
second break character may be queued before software clears SBK. Refer to Section 13.3.2.1, “Send Break and
Queued Idle” for more details.
0 Normal transmitter operation.
1 Queue break character(s) to be sent.

7 6 5 4 3 2 1 0

R TDRE TC RDRF IDLE OR NF FE PF

W

Reset 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-8. SCI Status Register 1 (SCI1S1)

Table 13-4. SCI1C2 Field Descriptions (contin ued)

Field Description
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Table 13-5. SCI1S1 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
SCI1S1 with TDRE = 1 and then write to the SCI data register (SCI1D).
0 Transmit data register (buffer) full.
1 Transmit data register (buffer) empty.

6
TC

Transmission Complete Fla g — 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 SCI1S1 with TC = 1 and then doing one of the following three things:

• Write to the SCI data register (SCI1D) to transmit new data
• Queue a preamble by changing TE from 0 to 1
• Queue a break character by writing 1 to SBK in SCI1C2

5
RDRF

Receive Data Register Full Flag — RDRF becomes set when a character transfers from the receive shifter into
the receive data register (SCI1D). To clear RDRF, read SCI1S1 with RDRF = 1 and then read the SCI data
register (SCI1D).
0 Receive data register empty.
1 Receive data register full.

4
IDLE

Idle Line Fla g — 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 SCI1S1 with IDLE = 1 and then read the SCI data register (SCI1D). 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 SCI1D yet. In this case, the new
character (and all associated error information) is lost because there is no room to move it into SCI1D. To clear
OR, read SCI1S1 with OR = 1 and then read the SCI data register (SCI1D).
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 SCI1S1 and then read the SCI data register (SCI1D).
0 No noise detected.
1 Noise detected in the received character in SCI1D.
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13.2.5 SCI Status Register 2 (SCI1S2)

This register has one read-only status flag.

1
FE

Framing Error Flag — FE is set at the same time as RDRF when the receiver detects a logic 0 where the stop
bit was expected. This suggests the receiver was not properly aligned to a character frame. To clear FE, read
SCI1S1 with FE = 1 and then read the SCI data register (SCI1D).
0 No framing error detected. This does not guarantee the framing is correct.
1 Framing error.

0
PF

Parity Err or Fla g — PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in
the received character does not agree with the expected parity value. To clear PF, read SCI1S1 and then read
the SCI data register (SCI1D).
0 No parity error.
1 Parity error.

7 6 5 4 3 2 1 0

R
LBKDIF RXEDGIF

0
RXINV RWUID BRK13 LBKDE

RAF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-9. SCI Status Register 2 (SCI1S2)

Table 13-6. SCI1S2 Field Descriptions

Field Description

7
LBKDIF

LIN Break Detect Interrupt Flag — LBKDIF is set when the LIN break detect circuitry is enabled and a LIN break
character is detected. LBKDIF is cleared by writing a “1” to it.
0 No LIN break character has been detected.
1 LIN break character has been detected.

6
RXEDGIF

RxD Pin Active Edg e Interrupt Fla g — RXEDGIF is set when an active edge (falling if RXINV = 0, rising if
RXINV=1) on the RxD pin occurs. RXEDGIF is cleared by writing a “1” to it.
0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.

4
RXINV1

Receive Data In version  — Setting this bit reverses the polarity of the received data input.
0 Receive data not inverted
1 Receive data inverted

3
RWUID

Receive Wake Up Idle Detect — RWUID controls whether the idle character that wakes up the receiver sets the
IDLE bit.
0 During receive standby state (RWU = 1), the IDLE bit does not get set upon detection of an idle character.
1 During receive standby state (RWU = 1), the IDLE bit gets set upon detection of an idle character.

2
BRK13

Break Character Generation Length — BRK13 is used to select a longer transmitted break character length.
Detection of a framing error is not affected by the state of this bit.
0 Break character is transmitted with length of 10 bit times (11 if M = 1)
1 Break character is transmitted with length of 13 bit times (14 if M = 1)

Table 13-5. SCI1S1 Field Descriptions (contin ued)

Field Description
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Whenusinganinternaloscillatorin aLIN system,it is necessaryto raisethebreakdetectionthresholdby
one bit time. Under the worst case timing conditions allowed in LIN, it is possible that a 0x00 data
charactercanappearto be10.26bit timeslongataslavewhichis running14%fasterthanthemaster. This
would trigger normal break detection circuitry which is designed to detect a 10 bit break symbol. When
theLBKDE bit is set,framingerrorsareinhibitedandthebreakdetectionthresholdchangesfrom 10bits
to 11 bits, preventing false detection of a 0x00 data character as a LIN break symbol.

13.2.6 SCI Contr ol Register 3 (SCI1C3)

1
LBKDE

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

0
RAF

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

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

7 6 5 4 3 2 1 0

R R8
T8 TXDIR TXINV ORIE NEIE FEIE PEIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-10. SCI Contr ol Register 3 (SCI1C3)

Table 13-7. SCI1C3 Field Descriptions

Field Description

7
R8

Ninth Data Bit f or Receiver  — When the SCI is configured for 9-bit data (M = 1), R8 can be thought of as a
ninth receive data bit to the left of the MSB of the buffered data in the SCI1D register. When reading 9-bit data,
read R8 before reading SCI1D because reading SCI1D completes automatic flag clearing sequences which
could allow R8 and SCI1D to be overwritten with new data.

6
T8

Ninth Data Bit for Transmitter — When the SCI is configured for 9-bit data (M = 1), T8 may be thought of as a
ninth transmit data bit to the left of the MSB of the data in the SCI1D register. When writing 9-bit data, the entire
9-bit value is transferred to the SCI shift register after SCI1D is written so T8 should be written (if it needs to
change from its previous value) before SCI1D is written. If T8 does not need to change in the new value (such
as when it is used to generate mark or space parity), it need not be written each time SCI1D is written.

5
TXDIR

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

Table 13-6. SCI1S2 Field Descriptions (contin ued)

Field Description
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13.2.7 SCI Data Register (SCI1D)

This register is actually two separate registers. Reads return the contents of the read-only receive data
buffer and writes go to the write-only transmit data buffer. Reads and writes of this register are also
involved in the automatic flag clearing mechanisms for the SCI status flags.

13.3 Functional Description
The SCI allows full-duplex, asynchronous, NRZ serial communication among the MCU and remote
devices,includingotherMCUs.TheSCIcomprisesabaudrategenerator, transmitter, andreceiverblock.
Thetransmitterandreceiveroperateindependently, althoughthey usethesamebaudrategenerator. During
normaloperation,theMCU monitorsthestatusof theSCI,writesthedatato betransmitted,andprocesses
received data. The following describes each of the blocks of the SCI.

13.3.1 Baud Rate Generation

As shown in Figure13-12, the clock source for the SCI baud rate generator is the bus-rate clock.

4
TXINV1

Transmit Data In version  — Setting this bit reverses the polarity of the transmitted data output.
0 Transmit data not inverted
1 Transmit data inverted

3
ORIE

Overrun Interrupt Enab le — This bit enables the overrun flag (OR) to generate hardware interrupt requests.
0 OR interrupts disabled (use polling).
1 Hardware interrupt requested when OR = 1.

2
NEIE

Noise Err or Interrupt Enab le — This bit enables the noise flag (NF) to generate hardware interrupt requests.
0 NF interrupts disabled (use polling).
1 Hardware interrupt requested when NF = 1.

1
FEIE

Framing Err or Interrupt Enab le — This bit enables the framing error flag (FE) to generate hardware interrupt
requests.
0 FE interrupts disabled (use polling).
1 Hardware interrupt requested when FE = 1.

0
PEIE

Parity Err or Interrupt Enab le — This bit enables the parity error flag (PF) to generate hardware interrupt
requests.
0 PF interrupts disabled (use polling).
1 Hardware interrupt requested when PF = 1.

1 Setting TXINV inverts the TxD output for all cases: data bits, start and stop bits, break, and idle.

7 6 5 4 3 2 1 0

R R7 R6 R5 R4 R3 R2 R1 R0

W T7 T6 T5 T4 T3 T2 T1 T0

Reset 0 0 0 0 0 0 0 0

Figure 13-11. SCI Data Register (SCI1D)

Table 13-7. SCI1C3 Field Descriptions (contin ued)

Field Description
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Figure 13-12. SCI Baud Rate Generation

SCI communications require the transmitter and receiver (which typically derive baud rates from
independentclocksources)to usethesamebaudrate.Allowedtoleranceon thisbaudfrequency depends
onthedetailsof how thereceiversynchronizesto theleadingedgeof thestartbit andhow bit samplingis
performed.

TheMCU resynchronizesto bit boundariesoneveryhigh-to-low transition,but in theworstcase,thereare
no such transitions in the full 10- or 11-bit time character frame so any mismatch in baud rate is
accumulated for the whole character time. For a Freescale Semiconductor SCI system whose bus
frequency is drivenby acrystal,theallowedbaudratemismatchis about 4.5percentfor 8-bit dataformat
and about 4 percent for 9-bit data format. Although baud rate modulo divider settings do not always
produce baud rates that exactly match standard rates, it is normally possible to get within a few percent,
which is acceptable for reliable communications.

13.3.2 Transmitter Functional Description

This section describes the overall block diagram for the SCI transmitter, as well as specialized functions
for sending break and idle characters. The transmitter block diagram is shown in Figure13-2.

Thetransmitteroutput(TxD) idlestatedefaultsto logichigh(TXINV = 0 following reset).Thetransmitter
outputis invertedby settingTXINV = 1. Thetransmitteris enabledby settingtheTE bit in SCI1C2.This
queuesapreamblecharacterthatis onefull characterframeof theidle state.Thetransmitterthenremains
idle until datais availablein thetransmitdatabuffer. Programsstoredatainto thetransmitdatabuffer by
writing to the SCI data register (SCI1D).

The central element of the SCI transmitter is the transmit shift register that is either 10 or 11 bits long
depending on the setting in the M control bit. For the remainder of this section, we will assume M= 0,
selectingthenormal8-bit datamode.In 8-bit datamode,theshift registerholdsastartbit, eightdatabits,
and a stop bit. When the transmit shift register is available for a new SCI character, the value waiting in
thetransmitdataregisteris transferredto theshift register(synchronizedwith thebaudrateclock)andthe
transmit data register empty (TDRE) status flag is set to indicate another character may be written to the
transmit data buffer atSCI1D.

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

SBR12:SBR0

DIVIDE BY
Tx BAUD RATE

Rx SAMPLING CLOCK

(16 × BAUD RATE)
BAUD RATE GENERATOR

OFF IF [SBR12:SBR0] = 0

BUSCLK

BAUD RATE =
BUSCLK

[SBR12:SBR0] × 16

16

MODULO DIVIDE BY

(1 THROUGH 8191)
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Writing 0 toTEdoesnotimmediatelyreleasethepin tobeageneral-purposeI/O pin.Any transmitactivity
that is in progress must first be completed. This includes data characters in progress, queued idle
characters, and queued break characters.

13.3.2.1 Send Break and Queued Idle

The SBK control bit inSCI1C2 is used to send break characters which were originally used to gain the
attention of old teletype receivers. Break characters are a full 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 0 to the SBK bit. This action queues a break
characterto besentassoonastheshifteris available.If SBK is still 1 whenthequeuedbreakmovesinto
theshifter(synchronizedto thebaudrateclock),anadditionalbreakcharacteris queued.If thereceiving
deviceis anotherFreescaleSemiconductorSCI,thebreakcharacterswill bereceivedas0sin all eightdata
bits and a framing error (FE= 1) occurs.

Whenidle-linewakeupis used,afull charactertimeof idle (logic 1) is neededbetweenmessagesto wake
up any sleeping receivers. Normally, a program would wait for TDRE to become set to indicate the last
characterof amessagehasmovedto thetransmitshifter, thenwrite 0 andthenwrite 1 to theTE bit. This
actionqueuesanidle characterto besentassoonastheshifteris available.As longasthecharacterin the
shifterdoesnotfinishwhile TE = 0, theSCI transmitterneveractuallyreleasescontrolof theTxD pin. If
there is a possibility of the shifter finishing while TE =0, set the general-purpose I/O controls so the pin
thatis sharedwith TxD isanoutputdrivingalogic1.ThisensuresthattheTxD linewill look like anormal
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 BRK13 and M bits as shown below.

13.3.3 Receiver Functional Description

In this section, the receiver block diagram (Figure13-3) is used as a guide for the overall receiver
functionaldescription.Next, thedatasamplingtechniqueusedto reconstructreceiverdatais describedin
more detail. Finally, two variations of the receiver wakeup function are explained.

The receiver input is inverted by setting RXINV = 1. The receiver is enabled by setting the RE bit in
SCI1C2. Character frames consist of a start bit of logic 0, eight (or nine) data bits (LSB first), and a stop
bit of logic 1.For informationabout9-bit datamode,referto Section13.3.5.1,“8- and9-Bit DataModes.”
For the remainder of this discussion, we assume the SCI is configured for normal 8-bit data mode.

After receiving thestopbit into thereceiveshifter, andprovidedthereceivedataregisterisnotalreadyfull,
thedatacharacteris transferredto thereceivedataregisterandthereceivedataregisterfull (RDRF)status

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
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flagisset.If RDRFwasalreadysetindicatingthereceivedataregister(buffer)wasalreadyfull, theoverrun
(OR) status flag is set and the new data is lost. Because the SCI receiver is double-buffered, the program
hasonefull charactertimeafterRDRFissetbeforethedatain thereceivedatabuffermustbereadtoavoid
a receiver overrun.

Whenaprogramdetectsthatthereceivedataregisteris full (RDRF= 1), it getsthedatafrom thereceive
data register by readingSCI1D. The RDRF flag is cleared automatically by a 2-step sequence which is
normally satisfied in the course of the user’s program that handles receive data. Refer toSection13.3.4,
“Interrupts and Status Flags” for more details about flag clearing.

13.3.3.1 Data Sampling T echnique

TheSCIreceiverusesa16× baudrateclockfor sampling.Thereceiverstartsby takinglogic level samples
at 16 times the baud rate to search for a falling edge on the RxD serial data input pin. A falling edge is
defined as a logic 0 sample after three consecutive logic 1 samples. The 16× baud rate clock is used to
dividethebit timeinto 16segmentslabeledRT1 throughRT16.Whenafalling edgeis located,threemore
samples are taken at RT3, RT5, and RT7 to make sure this was a real start bit and not merely noise. If at
least two of these three samples are 0, the receiver assumes it is synchronized to a receive character.

The receiver then samples each bit time, including the start and stop bits, at RT8, RT9, and RT10 to
determinethelogic level for thatbit. Thelogic level is interpretedto bethatof themajorityof thesamples
takenduringthebit time.In thecaseof thestartbit, thebit is assumedto be0 if at leasttwo of thesamples
at RT3, RT5, and RT7 are 0 even if one or all of the samples taken at RT8, RT9, and RT10 are 1s. If any
sample in any bit time (including the start and stop bits) in a character frame fails to agree with the logic
level for that bit, the noise flag (NF) will be set when the received character is transferred to the receive
data buffer.

Thefallingedgedetectionlogiccontinuouslylooksfor fallingedges,andif an edgeisdetected,thesample
clock is resynchronized to bit times. This improves the reliability of the receiver in the presence of noise
or mismatched baud rates. It does not improve worst case analysis because some characters do not have
any extra falling edges anywhere in the character frame.

In thecaseof aframingerror, providedthereceivedcharacterwasnotabreakcharacter, thesamplinglogic
that searches for a falling edge is filled with three logic 1 samples so that a new start bit can be detected
almost immediately.

In thecaseof aframingerror, thereceiver is inhibitedfrom receiving any new charactersuntil theframing
error flag is cleared. The receive shift register continues to function, but a complete character cannot
transfer to the receive data buffer if FE is still set.

13.3.3.2 Receiver W akeup Operation

Receiver wakeup is a hardware mechanism that allows an SCI receiver to ignore the characters in a
message that is intended for a different SCI receiver. In such a system, all receivers evaluate the first
character(s) of each message, and as soon as they determine the message is intended for a different
receiver, they write logic 1 to the receiver wake up (RWU) control bit inSCI1C2. When RWU bit is set,
thestatusflagsassociatedwith thereceiver (with theexceptionof theidle bit, IDLE, whenRWUID bit is
set) are inhibited from setting, thus eliminating the software overhead for handling the unimportant
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message characters. At the end of a message, or at the beginning of the next message, all receivers
automatically force RWU to 0 so all receivers wake up in time to look at the first character(s) of the next
message.

13.3.3.2.1 Idle-Line W akeup

When WAKE = 0, the receiver is configured for idle-line wakeup. In this mode, RWU is cleared
automaticallywhenthereceiverdetectsafull charactertimeof theidle-linelevel.TheM controlbit selects
8-bit or 9-bit datamodethatdetermineshow many bit timesof idle areneededto constituteafull character
time (10 or 11 bit times because of the start and stop bits).

WhenRWU is one andRWUID is zero,theidle conditionthatwakesupthereceiverdoesnotsettheIDLE
flag. The receiver wakes up and waits for the first data character of the next message which will set the
RDRF flag and generate an interrupt if enabled. When RWUID is one, any idle condition sets the IDLE
flag and generates an interrupt if enabled, regardless of whether RWU is zero or one.

The idle-line type (ILT) control bit selects one of two ways to detect an idle line. When ILT = 0, the idle
bit counter starts after the start bit so the stop bit and any logic 1s at the end of a character count toward
thefull charactertimeof idle. WhenILT = 1, theidle bit counterdoesnot startuntil afterastopbit time,
so the idle detection is not affected by the data in the last character of the previous message.

13.3.3.2.2 Address-Mark W akeup

When WAKE = 1, the receiver is configured for address-mark wakeup. In this mode, RWU is cleared
automaticallywhenthereceiverdetectsa logic 1 in themostsignificantbit of areceivedcharacter(eighth
bit in M = 0 mode and ninth bit in M = 1 mode).

Address-mark wakeup allows messages to contain idle characters but requires that the MSB be reserved
for usein addressframes.Thelogic 1 MSB of anaddressframeclearstheRWU bit beforethestopbit is
received and sets the RDRF flag.In this case the character with the MSB set is received even though the
receiver was sleeping during most of this character time.

13.3.4 Interrupts and Status Fla gs

TheSCIsystemhasthreeseparateinterruptvectorsto reducetheamountof softwareneededto isolatethe
cause of the interrupt. One interrupt vector is associated with the transmitter for TDRE and TC events.
Anotherinterruptvectoris associatedwith thereceiverfor RDRF, IDLE, RXEDGIFandLBKDIF events,
andathird vectoris usedfor OR,NF, FE,andPFerrorconditions.Eachof theseteninterruptsourcescan
be separately masked by local interrupt enable masks. The flags can still be polled by software when the
local masks are cleared to disable generation of hardware interrupt requests.

TheSCItransmitterhastwo statusflagsthatoptionallycangeneratehardwareinterruptrequests.Transmit
data register empty (TDRE) indicates when there is room in the transmit data buffer to write another
transmit character toSCI1D. If the transmit interrupt enable (TIE) bit is set, a hardware interrupt will be
requested whenever TDRE= 1. Transmit complete (TC) indicates that the transmitter is finished
transmittingall data,preamble,andbreakcharactersandis idle with TxD at theinactive level.Thisflagis
often used in systems with modems to determine when it is safe to turn off the modem. If the transmit
complete interrupt enable (TCIE) bit is set, a hardware interrupt will be requested whenever TC= 1.
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Insteadof hardwareinterrupts,softwarepolling maybeusedto monitortheTDREandTC statusflagsif
the corresponding TIE or TCIE local interrupt masks are 0s.

Whenaprogramdetectsthatthereceivedataregisteris full (RDRF= 1), it getsthedatafrom thereceive
data register by readingSCI1D. The RDRF flag is cleared by readingSCI1S1 while RDRF= 1 and then
readingSCI1D.

When polling is used, this sequence is naturally satisfied in the normal course of the user program. If
hardwareinterruptsareused,SCI1S1mustbereadin theinterruptserviceroutine(ISR).Normally, this is
done in the ISR anyway to check for receive errors, so the sequence is automatically satisfied.

TheIDLE statusflagincludeslogic thatpreventsit from gettingsetrepeatedlywhentheRxD line remains
idle for anextendedperiodof time.IDLE is clearedby readingSCI1S1while IDLE = 1 andthenreading
SCI1D.After IDLE hasbeencleared,it cannotbecomesetagainuntil thereceiverhasreceivedatleastone
new character and has set RDRF.

If theassociatederrorwas detectedin thereceivedcharacterthatcausedRDRFto beset,theerrorflags—
noiseflag(NF), framingerror(FE),andparityerrorflag(PF)— getsetat thesametimeasRDRF. These
flags are not set in overrun cases.

If RDRF was already set when a new character is ready to be transferred from the receive shifter to the
receivedatabuffer, theoverrun(OR)flaggetssetinsteadthedataalongwith any associatedNF, FE,or PF
condition is lost.

At any time, an active edge on the RxD serial data input pin causes the RXEDGIF flag to set. The
RXEDGIFflag is clearedby writing a “1” to it. This functiondoesdependon thereceiverbeingenabled
(RE = 1).

13.3.5 Additional SCI Functions

The following sections describe additional SCI functions.

13.3.5.1 8- and 9-Bit Data Modes

The SCI system (transmitter and receiver) can be configured to operate in 9-bit data mode by setting the
M control bit inSCI1C1. In 9-bit mode, there is a ninth data bit to the left of the MSB of the SCI data
register. For the transmit data buffer, this bit is stored in T8 inSCI1C3. For the receiver, the ninth bit is
held in R8 inSCI1C3.

For coherent writes to the transmit data buffer, write to the T8 bit before writing toSCI1D.

If thebit valueto betransmittedastheninthbit of anew characteris thesameasfor thepreviouscharacter,
it is not necessary to write to T8 again. When data is transferred from the transmit data buffer to the
transmit shifter, the value in T8 is copied at the same time data is transferred fromSCI1D to the shifter.

9-bit datamodetypically is usedin conjunctionwith parityto allow eightbitsof dataplustheparity in the
ninth bit. Or it is used with address-mark wakeup so the ninth data bit can serve as the wakeup bit. In
custom protocols, the ninth bit can also serve as a software-controlled marker.
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13.3.5.2 Stop Mode Operation

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

In stop1andstop2modes,all SCIregisterdatais lostandmustbere-initializeduponrecovery from these
two stop modes. No SCI module registers are affected in stop3 mode.

Thereceiveinputactiveedgedetectcircuit is still activein stop3mode,but notin stop2.. An activeedge
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
stop3mode).Softwareshouldensurestopmodeis notenteredwhile thereis acharacterbeingtransmitted
out of or received into the SCI module.

13.3.5.3 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
connectionsin theexternalsystem,to helpisolatesystemproblems.In thismode,thetransmitteroutputis
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.

13.3.5.4 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.
Thereceiver is internallyconnectedto thetransmitteroutputandto theTxD pin. TheRxD pin is notused
and reverts to a general-purpose port I/O pin.

In single-wiremode,theTXDIR bit in SCI1C3controlsthedirectionof serialdataontheTxD pin.When
TXDIR = 0, the TxD pin is an input to the SCI receiver and the transmitter is temporarily disconnected
from theTxD pin soanexternaldevicecansendserialdatato thereceiver. WhenTXDIR = 1, theTxD 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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Chapter 14
Real-Time Counter (S08R TCV1)

14.1 Intr oduction
The RTC module consists of one 8-bit counter, one 8-bit comparator, several binary-based and
decimal-based prescaler dividers, three clock sources, and one programmable periodic interrupt. This
modulecanbeusedfor time-of-day, calendaror any taskschedulingfunctions.It canalsoserveasa cyclic
wake up from low power modes without the need of external components.

All devices in theMC9S08DN60 Series feature the RTC.

14.1.1 RTC Cloc k Signal Names

Referencesto ERCLK andIRCLK in thischaptercorrespondto signalsMCGERCLKandMCGIRCLK,
respectively.
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Figure 14-1. MC9S08DN60 Bloc k Diagram
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14.1.2 Features

Features of the RTC module include:

• 8-bit up-counter

— 8-bit modulo match limit

— Software controllable periodic interrupt on match

• Three software selectable clock sources for input to prescaler with selectable binary-based and
decimal-based divider values

— 1-kHz internal Low Power Oscillator (LPO)

— External clock (ERCLK)

— 32-kHz internal clock (IRCLK)

14.1.3 Modes of Operation

This section defines the operation in stop, wait and background debug modes.

Wait Mode

TheRTC continuesto run in wait modeif enabledbeforeexecutingtheWAIT instruction.Therefore,the
RTC can be used to bring the MCU out of wait mode if the real-time interrupt is enabled. For lowest
possiblecurrentconsumption,theRTC shouldbestoppedby softwareif notneededasaninterruptsource
during wait mode.

Stop Modes

The RTC continues to run in stop2 or stop3 mode if the RTC is enabled before executing the STOP
instruction. Therefore, the RTC can be used to bring the MCU out of stop modes with no external
components, if the real-time interrupt is enabled.

TheLPOclockcanbeusedin bothstop2andstop3modes.ERCLK andIRCLK clocksareonly available
in stop3 mode.

Power consumption is lower when all clock sources are disabled, but in that case the real-time interrupt
cannot wake up the MCU from stop modes.

Active Bac kgr ound Mode

TheRTCsuspendsall countingduringactivebackgroundmodeuntil themicrocontrollerreturnstonormal
useroperatingmode.Countingresumesfrom thesuspendedvalue aslongastheRTCMOD registeris not
written and the RTCPS and RTCLKS bits are not altered.

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 14 Real-Time Counter (S08R TCV1)

MC9S08DN60 Series Data Sheet, Rev 2

252 Freescale Semiconductor

14.1.4 Bloc k Diagram

The block diagram for the RTC module is shown in Figure14-2.

Figure 14-2. Real-Time Counter (R TC) Bloc k Diagram

14.2 External Signal Description
The RTC does not include any off-chip signals.

14.3 Register Definition
The RTC includes a status and control register, an 8-bit counter register, and an 8-bit modulo register.

Referto thedirect-pageregistersummaryin thememorysectionof thisdatasheetfor theabsoluteaddress
assignmentsfor all RTC registers.Thissectionrefersto registersandcontrolbitsonly by theirnamesand
relative address offsets.

Table14-1 is a summary of RTC registers.
Table 14-1. RTC Register Summar y

Name 7 6 5 4 3 2 1 0

RTCSC
R

RTIF RTCLKS RTIE RTCPS
W

RTCCNT
R RTCCNT

W

RTCMOD
R

RTCMOD
W

CLOCK
SOURCE
SELECT

PRESCALER
DIVIDE-BY

8-BIT COUNTER
(RTCCNT)

8-BIT MODULO
(RTCMOD)

8-BIT COMPARATOR

RTIF

RTIE

BACKGROUND

VDD

RTC
INTERRUPT
REQUEST

D Q

R
E

LPO

RTC
CLOCK

MODE

ERCLK

IRCLK

RTCLKS

Write 1 to
RTIF

RTCPSRTCLKS[0]
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14.3.1 RTC Status and Contr ol Register (R TCSC)

RTCSC contains the real-time interrupt status flag (RTIF), the clock select bits (RTCLKS), the real-time
interrupt enable bit (RTIE), and the prescaler select bits (RTCPS).

7 6 5 4 3 2 1 0

R
RTIF RTCLKS RTIE RTCPS

W

Reset: 0 0 0 0 0 0 0 0

Figure 14-3. RTC Status and Contr ol Register (R TCSC)

Table 14-2. RTCSC Field Descriptions

Field Description

7
RTIF

Real-Time Interrupt Fla g — This status bit indicates the RTC counter register reached the value in the RTC
modulo register. Writing a logic 0 has no effect. Writing a logic 1 clears the bit and the real-time interrupt request.
Reset clears RTIF to 0.
0 RTC counter has not reached the value in the RTC modulo register.
1 RTC counter has reached the value in the RTC modulo register.

6:5
RTCLKS

Real-Time Cloc k Sour ce Select  — These two read/write bits select the clock source input to the RTC
prescaler. Changing the clock source clears the prescaler and RTCCNT counters. When selecting a clock
source, ensure that the clock source is properly enabled (if applicable) to ensure correct operation of the RTC.
Reset clears RTCLKS to 00.
00 Real-time clock source is the 1-kHz low power oscillator (LPO)
01 Real-time clock source is the external clock (ERCLK)
1x  Real-time clock source is the internal clock (IRCLK)

4
RTIE

Real-Time Interrupt Enable — This read/write bit enables real-time interrupts. If RTIE is set, then an interrupt
is generated when RTIF is set. Reset clears RTIE to 0.
0 Real-time interrupt requests are disabled. Use software polling.
1 Real-time interrupt requests are enabled.

3:0
RTCPS

Real-Time Cloc k Prescaler Select — These four read/write bits select binary-based or decimal-based
divide-by values for the clock source. See Table 14-3. Changing the prescaler value clears the prescaler and
RTCCNT counters. Reset clears RTCPS to 0000.

Table 14-3. RTC Prescaler Divide-b y values

RTCLKS[0]

RTCPS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 OFF 23 25 26 27 28 29 210 1 2 22 10 24 102 5x102 103

1 OFF 210 211 212 213 214 215 216 103 2x103 5x103 104 2x104 5x104 105 2x105
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14.3.2 RTC Counter Register (R TCCNT)

RTCCNT is the read-only value of the current RTC count of the 8-bit counter.

14.3.3 RTC Modulo Register (R TCMOD)

7 6 5 4 3 2 1 0

R RTCCNT

W

Reset: 0 0 0 0 0 0 0 0

Figure 14-4. RTC Counter Register (R TCCNT)

Table 14-4. RTCCNT Field Description

Field Description

7:0
RTCCNT

RTC Count — These eight read-only bits contain the current value of the 8-bit counter. Writes have no effect to this
register. Reset, writing to RTCMOD, or writing different values to RTCLKS and RTCPS clear the count to 0x00.

7 6 5 4 3 2 1 0

R
RTCMOD

W

Reset: 0 0 0 0 0 0 0 0

Figure 14-5. RTC Modulo Register (R TCMOD)

Table 14-5. RTCMOD Field Descriptions

Field Description

7:0
RTCMOD

RTC Modulo  — These eight read/write bits contain the modulo value used to reset the count to 0x00 upon a
compare match and set the RTIF status bit. A value of 0x00 sets the RTIF bit on each rising edge of the prescaler
output. Writing to RTCMOD resets the prescaler and the RTCCNT counters to 0x00. Reset sets the modulo to
0x00.
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14.4 Functional Description
The RTC is composed of a main 8-bit up-counter with an 8-bit modulo register, a clock source selector,
and a prescaler block with binary-based and decimal-based selectable values. The module also contains
software selectable interrupt logic.

After any MCU reset,thecounteris stoppedandresetto 0x00,themodulusregisteris setto 0x00,andthe
prescaler is off. The 1-kHz internal oscillator clock is selected as the default clock source. To start the
prescaler, write any value other than zero to the prescaler select bits (RTCPS).

Three clock sources are software selectable: the low power oscillator clock (LPO), the external clock
(ERCLK) and the internal clock (IRCLK). The RTC clock select bits (RTCLKS) are used to select the
desired clock source. Ifa different value is written toRTCLKS, the prescaler and RTCCNT counters are
reset to 0x00.

RTCPSandtheRTCLKS[0] bit selectthedesireddivide-byvalue.If adifferentvalueis writtento RTCPS,
theprescalerandRTCCNTcountersareresetto 0x00.Table14-6showsdifferentprescalerperiodvalues.

Table 14-6. Prescaler P eriod

RTCPS

1-kHz internal clock

source prescaler period

(RTCLKS = 00)

1-MHz external clock

source prescaler period

(RTCLKS = 01)

32-kHz internal clock

source prescaler period

(RTCLKS = 10)

32-kHz internal clock

source prescaler period

(RTCLKS = 11)

0000 Off Off Off Off

0001 8 ms 1.024 ms 250 µs 32 ms

0010 32 ms 2.048 ms 1 ms 64 ms

0011 64 ms 4.096 ms 2 ms 128 ms

0100 128 ms 8.192 ms 4 ms 256 ms

0101 256 ms 16.4 ms 8 ms 512 ms

0110 512 ms 32.8 ms 16 ms 1.024 s

0111 1.024 s 65.5 ms 32 ms 2.048 s

1000 1 ms 1 ms 31.25 µs 31.25 ms

1001 2 ms 2 ms 62.5 µs 62.5 ms

1010 4 ms 5 ms 125 µs 156.25 ms

1011 10 ms 10 ms 312.5 µs 312.5 ms

1100 16 ms 20 ms 0.5 ms 0.625 s

1101 0.1 s 50 ms 3.125 ms 1.5625 s

1110 0.5 s 0.1 s 15.625 ms 3.125 s

1111 1 s 0.2 s 31.25 ms 6.25 s
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TheRTC moduloregister(RTCMOD) allowsthecomparevalueto besetto any valuefrom 0x00to 0xFF.
Whenthecounteris active,thecounterincrementsat theselectedrateuntil thecountmatchesthemodulo
value.Whenthesevaluesmatch, thecounterresetsto0x00andcontinuescounting.Thereal-timeinterrupt
flag(RTIF) is setwheneveramatchoccurs.Theflagsetsonthetransitionfrom themodulovalueto 0x00.
Writing to RTCMOD resets the prescaler and the RTCCNT counters to 0x00.

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

14.4.1 RTC Operation Example

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

Figure 14-6. RTC counter o verflo w example

In the example ofFigure14-6, the selected clock source is the internal clock source. The prescaler is set
to RTCPS= %0010or divide-by-4.Themodulovaluein theRTCMOD registeris setto 0x55.Whenthe
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 = 1.’b00the clock ofthe clock of  flip-flop is

14.5 Initialization/Application Inf ormation
Thissectionprovidesexamplecodeto givesomebasicdirectiontoauseron how to initializeandconfigure
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. Since 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
additionalpowerconsumption,theexternalclock(ERCLK) or theinternalclock(IRCLK) canbeselected
with appropriate prescaler and modulo values.

Internal
1-kHz

RTCCNT

RTC clock
(RTCPS=%0010)

RTCMOD 0x55

0x52 0x53 0x54 0x55 0x00 0x01

RTIF
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/* 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.

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

#pragma TRAP_PROC

void RTC_ISR(void)

{

/* Clear the interrupt flag */

RTCSC.byte = RTCSC.byte | 0x80;

/* RTC interrupts every 1 Second */

Seconds++;

/* 60 seconds in a minute */

if (Seconds > 59){

Minutes++;

Seconds = 0;

}

/* 60 minutes in an hour */

if (Minutes > 59){

Hours++;

Minutes = 0;

}

/* 24 hours in a day */

if (Hours > 23){

Days ++;

Hours = 0;

}

}
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Chapter 15
Timer Pulse-Width Modulator (S08TPMV3)

NOTE
Thischapterrefersto S08TPMversion3, whichappliesto the0M74K and
newer mask sets of this device. 3M05C and older mask set devices use
S08TPM version 2. If your device uses mask 3M05C or older, please refer
to AppendixB, “Timer Pulse-Width Modulator (TPMV2)on page 329 for
information pertaining to that module.

15.1 Intr oduction
The TPM uses one input/output (I/O) pin per channel, TPMxCHn, where x is the TPM number (for
example, 1 or 2) and n is the channel number (for example, 0–5). The TPM shares its I/O pins with
general-purpose I/O port pins (refer to thePins and Connections chapter for more information).

MC9S08DN60 Series MCUs have two TPM modules. In all packages, TPM2 is 2-channel. The number
of channels available on external pins in TPM1 depends on the package:

• Six channels in 64-pin and 48-pin packages

• Four channels in 32-pin packages.
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15.1.1 Features

The TPM includes these distinctive features:

• One to eightchannels:
— Each channel may be input capture, output compare, or edge-aligned PWM

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

— Set, clear, or toggle output compare action

— Selectable polarity on PWM outputs

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

• Timer clock source selectable as prescaled bus clock, fixed system clock, or an external clock pin
— Prescale taps for divide-by 1, 2, 4, 8, 16, 32, 64, or 128

— Fixed system clock source are synchronized to the bus clock by an on-chip synchronization
circuit

— External clock pin may be shared with any timer channel pin or a separated input pin

• 16-bit free-running or modulo up/down count operation

• Timer system enable

• One interrupt per channel plus terminal count interrupt

15.1.2 Modes of Operation

In general, TPM channels may be independently configured to operate in input capture, output compare,
or edge-aligned PWM modes. A control bit allows the whole TPM (all channels) to switch to
center-alignedPWM mode.Whencenter-alignedPWM modeis selected,inputcapture,outputcompare,
and edge-aligned PWM functions are not available on any channels of this TPM module.

Whenthemicrocontrolleris in activeBDM backgroundor BDM foregroundmode,theTPM temporarily
suspendsall countinguntil themicrocontrollerreturnsto normaluseroperatingmode.Duringstopmode,
all system clocks, including the main oscillator, are stopped; therefore, the TPM is effectively disabled
until clocks resume. During wait mode, the TPM continues to operate normally. Provided the TPM does
notneedto producearealtimereferenceor providetheinterruptsource(s)neededto waketheMCU from
wait mode, the user can save power by disabling TPM functions before entering wait mode.

• Input capture mode

WhenaselectededgeeventoccursontheassociatedMCU pin, thecurrentvalue ofthe16-bittimer
counter is captured into the channel value register and an interrupt flag bit is set. Rising edges,
falling edges, any edge, or no edge (disable channel) may be selected as the active edge which
triggers the input capture.

• Output compare mode

When the value in the timer counter register matches the channel value register, an interrupt flag
bit is set, and a selected output action is forced on the associated MCU pin. The output compare
action may be selected to force the pin to zero, force the pin to one, toggle the pin, or ignore the
pin (used for software timing functions).
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• Edge-aligned PWM mode

Thevalue ofa16-bitmoduloregisterplus1 setstheperiodof thePWM outputsignal.Thechannel
valueregistersetsthedutycycle of thePWM outputsignal.Theusermayalsochoosethepolarity
of the PWM output signal. Interrupts are available at the end of the period and at the duty-cycle
transition point. This type of PWM signal is called edge-aligned because the leading edges of all
PWMsignalsarealignedwith thebeginningof theperiod,whichis thesamefor all channelswithin
a TPM.

• Center-aligned PWM mode

Twice the value of a 16-bit modulo register sets the period of the PWM output, and the
channel-value register sets the half-duty-cycle duration. The timer counter counts up until it
reaches the modulo value and then counts down until it reaches zero. As the count matches the
channel value register while counting down, the PWM output becomes active. When the count
matchesthechannelvalueregisterwhilecountingup,thePWMoutputbecomesinactive.Thistype
of PWM signalis calledcenter-alignedbecausethecentersof theactivedutycycleperiodsfor all
channelsarealignedwith acountvalue ofzero.This typeof PWM is requiredfor typesof motors
used in small appliances.

This is a high-level description only. Detailed descriptions of operating modes are in later sections.

15.1.3 Bloc k Diagram

TheTPM usesoneinput/output(I/O) pin perchannel,TPMxCHn(timerchanneln) wheren is thechannel
number(1-8).TheTPM sharesits I/O pinswith generalpurposeI/O portpins(referto I/O pindescriptions
in full-chip specification for the specific chip implementation).

Figure15-2 shows the TPM structure. The central component of the TPM is the 16-bit counter that can
operate as a free-running counter or a modulo up/down counter. The TPM counter (when operating in
normal up-counting mode) provides the timing reference for the input capture, output compare, and
edge-aligned PWM functions. The timer counter modulo registers, TPMxMODH:TPMxMODL, control
themodulovalue ofthecounter(thevalues0x0000or 0xFFFFeffectively makethecounterfreerunning).
Software can read the counter value at any time without affecting the counting sequence. Any write to
either half of the TPMxCNT counter resets the counter, regardless of the data value written.
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Figure 15-2. TPM Bloc k Diagram
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The TPM channels are programmable independently as input capture, output compare, or edge-aligned
PWM channels.Alternately, theTPM canbeconfiguredto produceCPWMoutputsonall channels.When
the TPM is configured for CPWMs, the counter operates as an up/down counter; input capture, output
compare, and EPWM functions are not practical.

If achannelis configuredasinputcapture,aninternalpullupdevicemaybeenabledfor thatchannel.The
detailsof how amoduleinteractswith pin controlsdependsuponthechipimplementationbecausetheI/O
pinsandassociatedgeneralpurposeI/O controlsarenotpartof themodule.Referto thediscussionof the
I/O port logic in a full-chip specification.

Because center-aligned PWMs are usually used to drive 3-phase AC-induction motors and brushless DC
motors, they are typically used in sets of three or six channels.

15.2 Signal Description
Table15-1 shows the user-accessible signals for the TPM. The number of channels may be varied from
oneto eight.When anexternalclock is included,it canbesharedwith thesamepin asany TPM channel;
however, it could be connected to a separate input pin. Refer to the I/O pin descriptions in full-chip
specification for the specific chip implementation.

Referto documentationfor thefull-chip for detailsaboutresetstates,portconnections,andwhetherthere
is any pullup device on these pins.

TPM channelpinscanbeassociatedwith generalpurposeI/O pinsandhavepassivepullupdeviceswhich
can be enabled with a control bit when the TPM or general purpose I/O controls have configured the
associated pin as an input. When no TPM function is enabled to use a corresponding pin, the pin reverts
to being controlled by general purpose I/O controls, including the port-data and data-direction registers.
Immediatelyafterreset,noTPM functionsareenabled,soall associatedpinsrevertto generalpurposeI/O
control.

15.2.1 Detailed Signal Descriptions

Thissectiondescribeseachuser-accessiblepin signalin detail.AlthoughTable15-1groupedall channel
pinstogether, any TPM pin canbesharedwith theexternalclocksourcesignal.SinceI/O pin logic is not
part of the TPM, refer to full-chip documentation for a specific derivative for more details about the
interactionof TPM pin functionsandgeneralpurposeI/O controlsincludingportdata,datadirection,and
pullup controls.

Table 15-1. Signal Pr oper ties

Name Function

EXTCLK1

1 When preset, this signal can share any channel pin; however depending upon full-chip
implementation, this signal could be connected to a separate external pin.

External clock source which may be selected to drive the TPM counter.

TPMxCHn2

2 n=channel number (1 to 8)

I/O pin associated with TPM channel n
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15.2.1.1 EXTCLK — External Cloc k Sour ce

Control bits in the timer status and control register allow the user to select nothing (timer disable), the
bus-rateclock(thenormaldefaultsource),acrystal-relatedclock,or anexternalclockastheclockwhich
drives the TPM prescaler and subsequently the 16-bit TPM counter. The external clock source is
synchronizedin theTPM.Thebusclockclocksthesynchronizer;thefrequency of theexternalsourcemust
benomorethanone-fourththefrequency of thebus-rateclock, to meetNyquistcriteriaandallowing for
jitter.

The external clock signal shares the same pin as a channel I/O pin, so the channel pin will not be usable
for channelI/O functionwhenselectedastheexternalclocksource.It is theuser’s responsibilityto avoid
suchsettings.If thispin is usedasanexternalclocksource(CLKSB:CLKSA = 1:1), thechannelcanstill
be used in output compare mode as a software timer (ELSnB:ELSnA = 0:0).

15.2.1.2 TPMxCHn — TPM Channel n I/O Pin(s)

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the
channelconfiguration.TheTPM pinssharewith generalpurposeI/O pins,whereeachpin hasaportdata
registerbit, andadatadirectioncontrolbit, andtheporthasoptionalpassivepullupswhichmaybeenabled
whenever a port pin is acting as an input.

TheTPM channeldoesnotcontroltheI/O pin when(ELSnB:ELSnA= 0:0)or when(CLKSB:CLKSA =
0:0)soit normallyrevertsto generalpurposeI/O control.WhenCPWMS= 1 (andELSnB:ELSnAnot=
0:0),all channelswithin theTPM areconfiguredfor center-alignedPWM andtheTPMxCHnpinsareall
controlled by the TPM system. When CPWMS=0, the MSnB:MSnA control bits determine whether the
channel is configured for input capture, output compare, or edge-aligned PWM.

Whenachannelis configuredfor inputcapture(CPWMS=0,MSnB:MSnA= 0:0andELSnB:ELSnAnot
= 0:0), the TPMxCHn pin is forced to act as an edge-sensitive input to the TPM. ELSnB:ELSnA control
bitsdeterminewhatpolarityedgeor edgeswill triggerinput-captureevents.A synchronizerbasedon the
busclockis usedto synchronizeinputedgesto thebusclock.Thisimpliestheminimumpulsewidth—that
canbereliablydetected—onaninputcapturepin is four busclockperiods(with idealclockpulsesasnear
as two bus clocks can be detected). TPM uses this pin as an input capture input to override the port data
and data direction controls for the same pin.

When a channel is configured for output compare (CPWMS=0, MSnB:MSnA = 0:1 and ELSnB:ELSnA
not= 0:0), theassociateddatadirectioncontrolis overridden,theTPMxCHnpin is consideredanoutput
controlled by the TPM, and the ELSnB:ELSnA control bits determine how the pin is controlled. The
remainingthreecombinationsof ELSnB:ELSnAdeterminewhethertheTPMxCHnpin is toggled,cleared,
or set each time the 16-bit channel value register matches the timer counter.

Whentheoutputcomparetogglemodeis initially selected,thepreviousvalueonthepin is drivenoutuntil
the next output compare event—then the pin is toggled.
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When a channel is configured for edge-aligned PWM (CPWMS=0, MSnB=1 and ELSnB:ELSnA not =
0:0), thedatadirectionis overridden,theTPMxCHnpin is forcedto be anoutputcontrolledby theTPM,
and ELSnA controls the polarity of the PWM output signal on the pin. When ELSnB:ELSnA=1:0, the
TPMxCHn pin is forced high at the start of each new period (TPMxCNT=0x0000), and the pin is forced
low when the channel value register matches the timer counter. When ELSnA=1, the TPMxCHn pin is
forced low at the start of each new period (TPMxCNT=0x0000), and the pin is forced high when the
channel value register matches the timer counter.

Figure 15-3. High-True Pulse of an Edg e-Aligned PWM

Figure 15-4. Low-True Pulse of an Edg e-Aligned PWM
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WhentheTPM is configuredfor center-alignedPWM (andELSnB:ELSnAnot= 0:0), thedatadirection
for all channelsin thisTPM areoverridden,theTPMxCHnpinsareforcedto beoutputscontrolledby 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
registermatchesthetimercounter;theTPMxCHnpin is setwhenthetimercounteris countingdown,and
thechannelvalueregistermatchesthetimercounter.If ELSnA=1,thecorrespondingTPMxCHnpin is set
when the timer counter is counting up and the channel value register matches the timer counter; the
TPMxCHnpin is clearedwhenthetimercounteris countingdown andthechannelvalueregistermatches
the timer counter.

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

Figure 15-6. Low-True Pulse of a Center -Aligned PWM
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15.3 Register Definition
This section consists of register descriptions in address order.

15.3.1 TPM Status and Contr ol Register (TPMxSC)

TPMxSC contains the overflow status flag and control bits used to configure the interrupt enable, TPM
configuration, clock source, and prescale factor. These controls relate to all channels within this timer
module.

7 6 5 4 3 2 1 0

R TOF
TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

W 0

Reset 0 0 0 0 0 0 0 0

Figure 15-7. TPM Status and Contr ol Register (TPMxSC)

Table 15-2. TPMxSC Field Descriptions

Field Description

7
TOF

Timer overflow flag. This read/write flag is set when the TPM counter resets to 0x0000 after reaching the modulo
value programmed in the TPM counter modulo registers. Clear TOF by reading the TPM status and control
register when TOF is set and then writing a logic 0 to TOF. If another TPM overflow occurs before the clearing
sequence is complete, the sequence is reset so TOF would remain set after the clear sequence was completed
for the earlier TOF. This is done so a TOF interrupt request cannot be lost during the clearing sequence for a
previous TOF. Reset clears TOF. Writing a logic 1 to TOF has no effect.
0 TPM counter has not reached modulo value or overflow
1 TPM counter has overflowed

6
TOIE

Timer overflow interrupt enable. This read/write bit enables TPM overflow interrupts. If TOIE is set, an interrupt is
generated when TOF equals one. Reset clears TOIE.
0 TOF interrupts inhibited (use for software polling)
1 TOF interrupts enabled

5
CPWMS

Center-aligned PWM select. When present, this read/write bit selects CPWM operating mode. By default, the
TPM operates in up-counting mode for input capture, output compare, and edge-aligned PWM functions. Setting
CPWMS reconfigures the TPM to operate in up/down counting mode for CPWM functions. Reset clears CPWMS.
0 All channels operate as input capture, output compare, or edge-aligned PWM mode as selected by the

MSnB:MSnA control bits in each channel’s status and control register.
1 All channels operate in center-aligned PWM mode.

4–3
CLKS[B:A]

Clock source selects. As shown in Table 15-3, this 2-bit field is used to disable the TPM system or select one of
three clock sources to drive the counter prescaler. The fixed system clock source is only meaningful in systems
with a PLL-based system clock. When there is no PLL, the fixed-system clock source is the same as the bus rate
clock. The external source is synchronized to the bus clock by TPM module, and the fixed system clock source
(when a PLL is present) is synchronized to the bus clock by an on-chip synchronization circuit. When a PLL is
present but not enabled, the fixed-system clock source is the same as the bus-rate clock.

2–0
PS[2:0]

Prescale factor select. This 3-bit field selects one of 8 division factors for the TPM clock input as shown in
Table 15-4. This prescaler is located after any clock source synchronization or clock source selection so it affects
the clock source selected to drive the TPM system. The new prescale factor will affect the clock source on the
next system clock cycle after the new value is updated into the register bits.
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15.3.2 TPM-Counter Register s (TPMxCNTH:TPMxCNTL)

Thetwo read-onlyTPM counterregisterscontainthehighandlow bytesof thevaluein theTPM counter.
Readingeitherbyte(TPMxCNTHor TPMxCNTL) latchesthecontentsof bothbytesinto abuffer where
they remain latched until the other half is read. This allows coherent 16-bit reads in either big-endian or
little-endian order which makes this more friendly to various compiler implementations. The coherency
mechanism is automatically restarted by an MCU reset or any write to the timer status/control register
(TPMxSC).

ResetclearstheTPM counterregisters.Writing any valueto TPMxCNTHor TPMxCNTL alsoclearsthe
TPM counter (TPMxCNTH:TPMxCNTL) and resets the coherency mechanism, regardless of the data
involved in the write.

Table 15-3. TPM-Cloc k-Sour ce Selection

CLKSB:CLKSA TPM Cloc k Sour ce to Prescaler Input

00 No clock selected (TPM counter disable)

01 Bus rate clock

10 Fixed system clock

11 External source

Table 15-4. Prescale F actor Selection

PS2:PS1:PS0 TPM Cloc k Sour ce Divided-b y

000 1

001 2

010 4

011 8

100 16

101 32

110 64

111 128

7 6 5 4 3 2 1 0

R Bit 15 14 13 12 11 10 9 Bit 8

W Any write to TPMxCNTH clears the 16-bit counter

Reset 0 0 0 0 0 0 0 0

Figure 15-8. TPM Counter Register High (TPMxCNTH)
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WhenBDM is active,thetimercounteris frozen(this is thevaluethatwill bereadby user);thecoherency
mechanismis frozensuchthatthebuffer latchesremainin thestatethey werein whentheBDM became
active, even if one or both counter halves are read while BDM is active. This assures that if the user was
in themiddleof readinga16-bitregisterwhenBDM becameactive,it will readtheappropriatevaluefrom
the other half of the 16-bit value after returning to normal execution.

In BDM mode, writing any value toTPMxSC,TPMxCNTH orTPMxCNTL registers resets the read
coherency mechanism of the TPMxCNTH:L registers, regardless of the data involved in the write.

15.3.3 TPM Counter Modulo Register s (TPMxMODH:TPMxMODL)

The read/write TPM modulo registers contain the modulo value for the TPM counter. After the TPM
counterreachesthemodulovalue,theTPM counterresumescountingfrom 0x0000at thenext clock,and
theoverflow flag (TOF)becomesset.Writing to TPMxMODH or TPMxMODL inhibits theTOFbit and
overflow interruptsuntil theotherbyteis written.ResetsetstheTPM countermoduloregistersto 0x0000
which results in a free running timer counter (modulo disabled).

Writing to eitherbyte(TPMxMODH or TPMxMODL) latchesthevalueinto abuffer andtheregistersare
updated with the value of their write buffer according to the value of CLKSB:CLKSA bits, so:

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

• If (CLKSB:CLKSA not= 0:0),thentheregistersareupdatedafterbothbyteswerewritten,andthe
TPM counterchangesfrom (TPMxMODH:TPMxMODL - 1) to (TPMxMODH:TPMxMODL). If
theTPMcounterisafree-runningcounter, theupdateismade whentheTPMcounterchangesfrom
0xFFFE to 0xFFFF

The latching mechanism may be manually reset by writing to the TPMxSC address (whether BDM is
active or not).

When BDM is active, the coherency mechanism is frozen(unless reset by writing to TPMxSC register)
suchthatthebuffer latchesremainin thestatethey werein whentheBDM becameactive,evenif oneor
both halves of the modulo register are written while BDM is active. Any write to the modulo registers
bypasses the buffer latches and directly writes to the modulo register while BDM is active.

7 6 5 4 3 2 1 0

R Bit 7 6 5 4 3 2 1 Bit 0

W Any write to TPMxCNTL clears the 16-bit counter

Reset 0 0 0 0 0 0 0 0

Figure 15-9. TPM Counter Register Lo w (TPMxCNTL)

7 6 5 4 3 2 1 0

R
Bit 15 14 13 12 11 10 9 Bit 8

W

Reset 0 0 0 0 0 0 0 0

Figure 15-10. TPM Counter Modulo Register High (TPMxMODH)
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ResettheTPM counterbeforewriting to theTPM moduloregisterstoavoidconfusionaboutwhenthefirst
counter overflow will occur.

15.3.4 TPM Channel n Status and Contr ol Register (TPMxCnSC)

TPMxCnSC contains the channel-interrupt-status flag and control bits used to configure the interrupt
enable, channel configuration, and pin function.

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

7 6 5 4 3 2 1 0

R CHnF
CHnIE MSnB MSnA ELSnB ELSnA

0 0

W 0

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 15-12. TPM Channel n Status and Contr ol Register (TPMxCnSC)

Table 15-5. TPMxCnSC Field Descriptions

Field Description

7
CHnF

Channel n flag. When channel n is an input-capture channel, this read/write bit is set when an active edge occurs
on the channel n pin. When channel n is an output compare or edge-aligned/center-aligned PWM channel, CHnF
is set when the value in the TPM counter registers matches the value in the TPM channel n value registers. When
channel n is an edge-aligned/center-aligned PWM channel and the duty cycle is set to 0% or 100%, CHnF will
not be set even when the value in the TPM counter registers matches the value in the TPM channel n value
registers.
A corresponding interrupt is requested when CHnF is set and interrupts are enabled (CHnIE = 1). Clear CHnF by
reading TPMxCnSC while CHnF is set and then writing a logic 0 to CHnF. If another interrupt request occurs
before the clearing sequence is complete, the sequence is reset so CHnF remains set after the clear sequence
completed for the earlier CHnF. This is done so a CHnF interrupt request cannot be lost due to clearing a previous
CHnF.
Reset clears the CHnF bit. Writing a logic 1 to CHnF has no effect.
0 No input capture or output compare event occurred on channel n
1 Input capture or output compare event on channel n

6
CHnIE

Channel n interrupt enable. This read/write bit enables interrupts from channel n. Reset clears CHnIE.
0 Channel n interrupt requests disabled (use for software polling)
1 Channel n interrupt requests enabled

5
MSnB

Mode select B for TPM channel n. When CPWMS=0, MSnB=1 configures TPM channel n for edge-aligned PWM
mode. Refer to the summary of channel mode and setup controls in Table 15-6.
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15.3.5 TPM Channel V alue Register s (TPMxCnVH:TPMxCnVL)

These read/write registers contain the captured TPM counter value of the input capture function or the
output compare value for the output compare or PWM functions. The channel registers are cleared by
reset.

4
MSnA

Mode select A for TPM channel n. When CPWMS=0 and MSnB=0, MSnA configures TPM channel n for
input-capture mode or output compare mode. Refer to Table 15-6 for a summary of channel mode and setup
controls.
Note: If the associated port pin is not stable for at least two bus clock cycles before changing to input capture

mode, it is possible to get an unexpected indication of an edge trigger.

3–2
ELSnB
ELSnA

Edge/level select bits. Depending upon the operating mode for the timer channel as set by CPWMS:MSnB:MSnA
and shown in Table 15-6, these bits select the polarity of the input edge that triggers an input capture event, select
the level that will be driven in response to an output compare match, or select the polarity of the PWM output.
Setting ELSnB:ELSnA to 0:0 configures the related timer pin as a general purpose I/O pin not related to any timer
functions. This function is typically used to temporarily disable an input capture channel or to make the timer pin
available as a general purpose I/O pin when the associated timer channel is set up as a software timer that does
not require the use of a pin.

Table 15-6.  Mode, Edge, and Le vel Selection

CPWMS MSnB:MSnA ELSnB:ELSnA Mode Configuration

X XX 00 Pin not used for TPM - revert to general
purpose I/O or other peripheral control

0 00 01 Input capture Capture on rising edge
only

10 Capture on falling edge
only

11 Capture on rising or
falling edge

01 01 Output compare Toggle output on
compare

10 Clear output on
compare

11 Set output on compare

1X 10 Edge-aligned
PWM

High-true pulses (clear
output on compare)

X1 Low-true pulses (set
output on compare)

1 XX 10 Center-aligned
PWM

High-true pulses (clear
output on compare-up)

X1 Low-true pulses (set
output on compare-up)

Table 15-5. TPMxCnSC Field Descriptions (contin ued)

Field Description
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In inputcapturemode,readingeitherbyte(TPMxCnVHorTPMxCnVL) latchesthecontentsof bothbytes
into a buffer where they remain latched until the other half is read. This latching mechanism also resets
(becomesunlatched)whentheTPMxCnSCregisteris written(whetherBDM modeis activeor not).Any
write to the channel registers will be ignored during the input capture mode.

WhenBDM is active,thecoherency mechanismis frozen(unlessresetby writing to TPMxCnSCregister)
suchthatthebuffer latchesremainin thestatethey werein whentheBDM becameactive,evenif oneor
both halves of the channel register are read while BDM is active. This assures that if the user was in the
middle of reading a 16-bit register when BDM became active, it will read the appropriate value from the
other half of the 16-bit value after returning to normal execution. The value read from the TPMxCnVH
and TPMxCnVL registers in BDM mode is the value of these registers and not the value of their read
buffer.

In outputcompareor PWM modes,writing to eitherbyte(TPMxCnVHor TPMxCnVL) latchesthevalue
into a buffer. After both bytes are written, they are transferred as a coherent 16-bit value into the
timer-channel registers according to the value of CLKSB:CLKSA bits and the selected mode, so:

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

• If (CLKSB:CLKSA not= 0:0andin outputcomparemode)thentheregistersareupdatedafterthe
secondbyteis writtenandon thenext changeof theTPM counter(endof theprescalercounting).

• If (CLKSB:CLKSAnot= 0:0andin EPWMorCPWMmodes),thentheregistersareupdatedafter
thebothbyteswerewritten,andtheTPM counterchangesfrom (TPMxMODH:TPMxMODL - 1)
to (TPMxMODH:TPMxMODL). If the TPM counter is a free-running counter then the update is
made when the TPM counter changes from 0xFFFE to 0xFFFF.

The latching mechanism may be manually reset by writing to the TPMxCnSC register (whether BDM
mode is active or not). This latching mechanism allows coherent 16-bit writes in either big-endian or
little-endian order which is friendly to various compiler implementations.

When BDM is active, the coherency mechanism is frozen such that the buffer latches remain in the state
they were in when the BDM became active even if one or both halves of the channel register are written
while BDM is active. Any write to the channel registers bypasses the buffer latches and directly write to
thechannelregisterwhile BDM is active.Thevalueswritten to thechannelregisterwhile BDM is active

7 6 5 4 3 2 1 0

R
Bit 15 14 13 12 11 10 9 Bit 8

W

Reset 0 0 0 0 0 0 0 0

Figure 15-13. TPM Channel V alue Register High (TPMxCnVH)

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 15-14. TPM Channel V alue Register Lo w (TPMxCnVL)
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are used for PWM & output compare operation once normal execution resumes. Writes to the channel
registerswhile BDM is activedonot interferewith partialcompletionof acoherency sequence.After the
coherency mechanismhasbeenfully exercised,thechannelregistersareupdatedusingthebufferedvalues
written (while BDM was not active) by the user.

15.4 Functional Description
All TPM functionsareassociatedwith acentral16-bitcounterwhichallowsflexible selectionof theclock
source and prescale factor. There is also a 16-bit modulo register associated with the main counter.

The CPWMS control bit chooses between center-aligned PWM operation for all channels in the TPM
(CPWMS=1)or generalpurposetiming functions(CPWMS=0)whereeachchannelcanindependentlybe
configuredtooperatein inputcapture,outputcompare,oredge-alignedPWMmode.TheCPWMScontrol
bit is located in the main TPM status and control register because it affects all channels within the TPM
and influences the way the main counter operates. (In CPWM mode, the counter changes to an up/down
mode rather than the up-counting mode used for general purpose timer functions.)

The following sections describe the main counter and each of the timer operating modes (input capture,
output compare, edge-aligned PWM, and center-aligned PWM). Because details of pin operation and
interrupt activity depend upon the operating mode, these topics will be covered in the associated mode
explanation sections.

15.4.1 Counter

All timer functions are based on the main 16-bit counter (TPMxCNTH:TPMxCNTL). This section
discusses selection of the clock source, end-of-count overflow, up-counting vs. up/down counting, and
manual counter reset.

15.4.1.1 Counter Cloc k Sour ce

The 2-bit field, CLKSB:CLKSA, in the timer status and control register (TPMxSC) selects one of three
possibleclocksourcesorOFF(whicheffectivelydisablestheTPM).SeeTable15-3. After any MCU reset,
CLKSB:CLKSA=0:0 so no clock source is selected, and the TPM is in a very low power state. These
controlbitsmaybereador writtenatany timeanddisablingthetimer(writing 00to theCLKSB:CLKSA
field) does not affect the values in the counter or other timer registers.
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The bus rate clock is the main system bus clock for the MCU. This clock source requires no
synchronization because it is the clock that is used for all internal MCU activities including operation of
the CPU and buses.

In MCUs that have no PLL or the PLL is not engaged, the fixed system clock source is the same as the
bus-rate-clock source, and it does not go through a synchronizer. When a PLL is present and engaged, a
synchronizeris requiredbetweenthecrystaldivided-bytwo clocksourceandthetimercountersocounter
transitions will be properly aligned to bus-clock transitions. A synchronizer will be used at chip level to
synchronize the crystal-related source clock to the bus clock.

Theexternalclocksourcemaybeconnectedtoany TPM channelpin.Thisclocksourcealways hastopass
throughasynchronizerto assurethatcountertransitionsareproperlyalignedto busclocktransitions.The
bus-rateclockdrivesthesynchronizer;therefore,to meetNyquistcriteriaevenwith jitter, thefrequency of
theexternalclocksourcemustnotbefasterthanthebusratedivided-byfour.With idealclockstheexternal
clock can be as fast as bus clock divided by four.

WhentheexternalclocksourcesharestheTPM channelpin, thispin shouldnotbeusedfor otherchannel
timing functions. For example, it would be ambiguous to configure channel 0 for input capture when the
TPM channel 0 pin was also being used as the timer external clock source. (It is the user’s responsibility
to avoid suchsettings.)TheTPM channelcouldstill beusedin outputcomparemodefor softwaretiming
functions (pin controls set not to affect the TPM channel pin).

15.4.1.2 Counter Overflo w and Modulo Reset

An interrupt flag and enable are associated with the 16-bit main counter. The flag (TOF) is a
software-accessible indication that the timer counter has overflowed. The enable signal selects between
software polling (TOIE=0) where no hardware interrupt is generated, or interrupt-driven operation
(TOIE=1) where a static hardware interrupt is generated whenever the TOF flag is equal to one.

The conditions causing TOF to become set depend on whether the TPM is configured for center-aligned
PWM (CPWMS=1). In the simplest mode, there is no modulus limit and the TPM is not in CPWMS=1
mode.In thiscase,the16-bit timercountercountsfrom 0x0000through0xFFFFandoverflowsto 0x0000
on thenext countingclock.TOFbecomessetat thetransitionfrom 0xFFFFto 0x0000.Whenamodulus
limit is set,TOFbecomessetat thetransitionfrom thevaluesetin themodulusregisterto 0x0000.When
the TPM is in center-aligned PWM mode (CPWMS=1), the TOF flag gets set as the counter changes
direction at the end of the count value set in the modulus register (that is, at the transition from the value
set in the modulus register to the next lower count value). This corresponds to the end of a PWM period
(the 0x0000 count value corresponds to the center of a period).

Table 15-7. TPM Cloc k Sour ce Selection

CLKSB:CLKSA TPM Cloc k Sour ce to Prescaler Input

00 No clock selected (TPM counter disabled)

01 Bus rate clock

10 Fixed system clock

11 External source
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15.4.1.3 Counting Modes

Themaintimercounterhastwo countingmodes.Whencenter-alignedPWM is selected(CPWMS=1),the
counter operates in up/down counting mode. Otherwise, the counter operates as a simple up counter. As
an up counter, the timer counter counts from 0x0000 through its terminal count and then continues with
0x0000. The terminal count is 0xFFFF or a modulus value in TPMxMODH:TPMxMODL.

Whencenter-alignedPWM operationis specified,thecountercountsupfrom 0x0000throughits terminal
countandthendown to 0x0000whereit changesbackto upcounting.Both0x0000andtheterminalcount
valuearenormallengthcounts(onetimerclockperiodlong).In thismode,thetimeroverflow flag(TOF)
becomes set at the end of the terminal-count period (as the count changes to the next lower count value).

15.4.1.4 Manual Counter Reset

The main timer counter can be manually reset at any time by writing any value to either half of
TPMxCNTHor TPMxCNTL. Resettingthecounterin thismanneralsoresetsthecoherency mechanism
in case only half of the counter was read before resetting the count.

15.4.2 Channel Mode Selection

Provided CPWMS=0, the MSnB and MSnA control bits in the channel n status and control registers
determine the basic mode of operation for the corresponding channel. Choices include input capture,
output compare, and edge-aligned PWM.

15.4.2.1 Input Capture Mode

With theinput-capturefunction,theTPM cancapturethetimeatwhichanexternaleventoccurs.When an
activeedgeoccursonthepinof aninput-capturechannel,theTPMlatchesthecontentsof theTPMcounter
into thechannel-valueregisters(TPMxCnVH:TPMxCnVL).Risingedges,falling edges,or any edgemay
be chosen as the active edge that triggers an input capture.

In input capture mode, the TPMxCnVH and TPMxCnVL registers are read only.

When either half of the 16-bit capture register is read, the other half is latched into a buffer to support
coherent 16-bit accesses in big-endian or little-endian order. The coherency sequence can be manually
reset by writing to the channel status/control register (TPMxCnSC).

An input capture event sets a flag bit (CHnF) which may optionally generate a CPU interrupt request.

While in BDM, theinputcapturefunctionworksasconfiguredby theuser.When anexternaleventoccurs,
the TPM latches the contents of the TPM counter (which is frozen because of the BDM mode) into the
channel value registers and sets the flag bit.

15.4.2.2 Output Compare Mode

With the output-compare function, the TPM can generate timed pulses with programmable position,
polarity, duration,andfrequency. Whenthecounterreachesthevaluein thechannel-valueregistersof an
output-compare channel, the TPM can set, clear, or toggle the channel pin.
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In outputcomparemode,valuesaretransferredto thecorrespondingtimerchannelregistersonlyafterboth
8-bit halves of a 16-bit register have been written and according to the value of CLKSB:CLKSA bits, so:

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

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

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

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

15.4.2.3 Edge-Aligned PWM Mode

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

The output compare value in the TPM channel registers determines the pulse width (duty cycle) of the
PWM signal(Figure15-15). Thetimebetweenthemodulusoverflow andtheoutputcompareis thepulse
width. If ELSnA=0,thecounteroverflow forcesthePWM signalhigh,andtheoutputcompareforcesthe
PWM signallow. If ELSnA=1,thecounteroverflow forcesthePWM signallow, andtheoutputcompare
forces the PWM signal high.

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

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

BecausetheTPM maybeusedin an8-bit MCU, thesettingsin thetimerchannelregistersarebufferedto
ensurecoherent16-bitupdatesandto avoid unexpectedPWM pulsewidths.Writesto any of theregisters
TPMxCnVHandTPMxCnVL, actuallywrite to buffer registers.In edge-alignedPWM mode,valuesare
transferredto thecorrespondingtimer-channelregistersaccordingto thevalue ofCLKSB:CLKSAbits, so:

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

• If (CLKSB:CLKSA not= 0:0),theregistersareupdatedafterthebothbyteswerewritten,andthe
TPM counterchangesfrom (TPMxMODH:TPMxMODL - 1) to (TPMxMODH:TPMxMODL). If
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theTPM counteris afree-runningcounterthentheupdateis made whentheTPM counterchanges
from 0xFFFE to 0xFFFF.

15.4.2.4 Center -Aligned PWM Mode

Thistypeof PWM outputusestheup/down countingmodeof thetimercounter(CPWMS=1).Theoutput
compare value in TPMxCnVH:TPMxCnVL determines the pulse width (duty cycle) of the PWM signal
while theperiodis determinedby thevaluein TPMxMODH:TPMxMODL. TPMxMODH:TPMxMODL
shouldbekeptin therangeof 0x0001to0x7FFFbecausevaluesoutsidethisrangecanproduceambiguous
results. ELSnA will determine the polarity of the CPWM output.

pulse width = 2 x (TPMxCnVH:TPMxCnVL)

period = 2 x (TPMxMODH:TPMxMODL); TPMxMODH:TPMxMODL=0x0001-0x7FFF

If thechannel-valueregisterTPMxCnVH:TPMxCnVLis zeroor negative (bit 15set),thedutycyclewill
be 0%. If TPMxCnVH:TPMxCnVL is a positive value (bit 15 clear) and is greater than the (non-zero)
modulus setting, the duty cycle will be 100% because the duty cycle compare will never occur. This
impliestheusablerangeof periodssetby themodulusregisteris 0x0001through0x7FFE(0x7FFFif you
donotneedto generate100%dutycycle).This is notasignificantlimitation. Theresultingperiodwould
be much longer than required for normal applications.

TPMxMODH:TPMxMODL=0x0000 is a special case that should not be used with center-aligned PWM
mode.WhenCPWMS=0,thiscasecorrespondsto thecounterrunningfreefrom 0x0000through0xFFFF,
but when CPWMS=1 the counter needs a valid match to the modulus register somewhere other than at
0x0000 in order to change directions from up-counting to down-counting.

Theoutputcomparevaluein theTPM channelregisters(times2) determinesthepulsewidth (dutycycle)
of the CPWM signal (Figure15-16). If ELSnA=0, a compare occurred while counting up forces the
CPWM output signal low and a compare occurred while counting down forces the output high. The
counter counts up until it reaches the modulo setting in TPMxMODH:TPMxMODL, then counts down
until it reaches zero. This sets the period equal to two times TPMxMODH:TPMxMODL.

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

Center-alignedPWMoutputstypicallyproducelessnoisethanedge-alignedPWMsbecausefewerI/O pin
transitionsarelinedupat thesamesystemclockedge.This typeof PWM is alsorequiredfor sometypes
of motor drives.
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Input capture, output compare, and edge-aligned PWM functions do not make sense when the counter is
operatingin up/down countingmodesothis impliesthatall activechannelswithin aTPM mustbeusedin
CPWM mode when CPWMS=1.

TheTPM maybeusedin an8-bit MCU. Thesettingsin thetimerchannelregistersarebufferedto ensure
coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to any of the registers
TPMxMODH, TPMxMODL, TPMxCnVH, and TPMxCnVL, actually write to buffer registers.

In center-alignedPWM mode,theTPMxCnVH:L registersareupdatedwith thevalue oftheirwrite buffer
according to the value of CLKSB:CLKSA bits, so:

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

• If (CLKSB:CLKSA not= 0:0),theregistersareupdatedafterthebothbyteswerewritten,andthe
TPM counterchangesfrom (TPMxMODH:TPMxMODL - 1) to (TPMxMODH:TPMxMODL). If
theTPMcounterisafree-runningcounter, theupdateismade whentheTPMcounterchangesfrom
0xFFFE to 0xFFFF.

When TPMxCNTH:TPMxCNTL=TPMxMODH:TPMxMODL, the TPM can optionally generate a TOF
interrupt (at the end of this count).

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanismfor themoduloregisters.Writing to TPMxCnSCcancelsany valueswritten to the
channel value registers and resets the coherency mechanism for TPMxCnVH:TPMxCnVL.

15.5 Reset Over view

15.5.1 General

The TPM is reset whenever any MCU reset occurs.

15.5.2 Description of Reset Operation

ResetclearstheTPMxSCregisterwhichdisablesclocksto theTPManddisablestimeroverflow interrupts
(TOIE=0). CPWMS, MSnB, MSnA, ELSnB, and ELSnA are all cleared which configures all TPM
channelsfor input-captureoperationwith theassociatedpinsdisconnectedfrom I/O pin logic (soall MCU
pins related to the TPM revert to general purpose I/O pins).

15.6 Interrupts

15.6.1 General

TheTPM generatesanoptionalinterruptfor themaincounteroverflow andaninterruptfor eachchannel.
The meaning of channel interrupts depends on each channel’s mode of operation. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edge is
recognized.If thechannelis configuredfor outputcompareor PWM modes,theinterruptflag is seteach
time the main timer counter matches the value in the 16-bit channel value register.
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All TPM interruptsarelistedin Table15-8whichshowstheinterruptname,thenameof any localenable
thatcanblocktheinterruptrequestfrom leaving theTPM andgettingrecognizedby theseparateinterrupt
processing logic.

The TPM module will provide a high-true interrupt signal. Vectors and priorities are determined at chip
integrationtimein theinterruptmodulesoreferto theuser’sguidefor theinterruptmoduleor to thechip’s
complete documentation for details.

15.6.2 Description of Interrupt Operation

For each interrupt source in the TPM, a flag bit is set upon recognition of the interrupt condition such as
timer overflow, channel-input capture, or output-compare events. This flag may be read (polled) by
softwareto determinethatthe actionhasoccurred,or anassociatedenablebit (TOIE or CHnIE)canbeset
toenablehardwareinterruptgeneration.While theinterruptenablebit is set,astaticinterruptwill generate
whenever the associated interrupt flag equals one. The user’s software must perform a sequence of steps
to clear the interrupt flag before returning from the interrupt-service routine.

TPM interrupt flags are cleared by a two-step process including a read of the flag bit while it is set (1)
followedby awrite of zero(0) to thebit. If anew eventis detectedbetweenthesetwo steps,thesequence
is resetandtheinterruptflag remainssetafterthesecondstepto avoid thepossibilityof missingthenew
event.

15.6.2.1 Timer Overflo w Interrupt (T OF) Description

The meaning and details of operation for TOF interrupts varies slightly depending upon the mode of
operation of the TPM system (general purpose timing functions versus center-aligned PWM operation).
The flag is cleared by the two step sequence described above.

15.6.2.1.1 Normal Case

Normally TOF is set when the timer counter changes from 0xFFFF to 0x0000. When the TPM is not
configuredfor center-alignedPWM (CPWMS=0),TOFgetssetwhenthetimercounterchangesfrom the
terminalcount(thevaluein themoduloregister)to 0x0000.Thiscasecorrespondsto thenormalmeaning
of counter overflow.

Table 15-8. Interrupt Summar y

Interrupt
Local

Enable
Sour ce Description

TOF TOIE Counter overflow Set each time the timer counter reaches its terminal
count (at transition to next count value which is
usually 0x0000)

CHnF CHnIE Channel event An input capture or output compare event took
place on channel n
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15.6.2.1.2 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.

15.6.2.2 Channel Event Interrupt Description

Themeaningof channelinterruptsdependsonthechannel’scurrentmode(input-capture,output-compare,
edge-aligned PWM, or center-aligned PWM).

15.6.2.2.1 Input Capture Events

Whenachannelis configuredasaninputcapturechannel,theELSnB:ELSnAcontrolbitsselectnoedge
(off), risingedges,falling edgesor any edgeastheedgewhich triggersaninput captureevent.Whenthe
selected edge is detected, the interrupt flag is set. The flag is cleared by the two-step sequence described
in Section15.6.2, “Description of Interrupt Operation.”

15.6.2.2.2 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 describedSection15.6.2, “Description of Interrupt Operation.”

15.6.2.2.3 PWM End-of-Duty-Cyc le Events

For channels configured for PWM operation there are two possibilities. When the channel is configured
for edge-alignedPWM,thechannelflaggetssetwhenthetimercountermatchesthechannelvalueregister
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
describedSection15.6.2, “Description of Interrupt Operation.”

15.7 The diff erences fr om TPM v2 to TPM v3
1. Write to TPMxCnTH:L registers (Section15.3.2, “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)andtheprescalercounter. Instead,in theTPMv2only theTPMcounteriscleared
in this case.

2. Read of TPMxCNTH:L registers (Section15.3.2, “TPM-Counter Registers
(TPMxCNTH:TPMxCNTL))

— In TPM v3, any read of TPMxCNTH: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 TPMxCNTH:L registers during
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BDM mode returns the latched value of TPMxCNTH:L from the read buffer instead of the
frozen TPM counter value.

— This read coherency mechanism is cleared in TPM v3 in BDM mode if there is a write to
TPMxSC,TPMxCNTHorTPMxCNTL.Instead,in theseconditionstheTPMv2doesnotclear
this read coherency mechanism.

3. Read of TPMxCnVH:L registers (Section15.3.5, “TPM Channel Value Registers
(TPMxCnVH:TPMxCnVL))

— In TPM v3, any read of TPMxCnVH:L registers during BDM mode returns the value of the
TPMxCnVH:L register. In TPM v2, if only one byte of the TPMxCnVH:L registers was read
before the BDM mode became active, then any read of TPMxCnVH:L registers during BDM
mode returns the latched value of TPMxCNTH:L from the read buffer instead of the value in
the TPMxCnVH:L registers.

— This read coherency mechanism is cleared in TPM v3 in BDM mode if there is a write to
TPMxCnSC. Instead, in this condition the TPM v2 does not clear this read coherency
mechanism.

4. Write to TPMxCnVH:L registers

— Input Capture Mode (Section15.4.2.1, “Input Capture Mode)

In this mode the TPM v3 does not allow the writes to TPMxCnVH:L registers. Instead, the
TPM v2 allows these writes.

— Output Compare Mode (Section15.4.2.2, “Output Compare Mode)

In this mode and if (CLKSB:CLKSA not = 0:0), the TPM v3 updates the TPMxCnVH:L
registerswith thevalue oftheirwrite buffer at thenext changeof theTPM counter(endof the
prescalercounting)afterthesecondbyteis written.Instead,theTPM v2 alwaysupdatesthese
registers when their second byte is written.

— Edge-Aligned PWM (Section15.4.2.3, “Edge-Aligned PWM Mode)

In this mode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L
registerswith thevalue oftheirwrite buffer afterthatthebothbyteswerewrittenandwhenthe
TPM counterchangesfrom (TPMxMODH:L - 1) to (TPMxMODH:L). If theTPM counteris
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 (Section15.4.2.4, “Center-Aligned PWM Mode)

In this mode and if (CLKSB:CLKSA not = 00), the TPM v3 updates the TPMxCnVH:L
registerswith thevalue oftheirwrite buffer afterthatthebothbyteswerewrittenandwhenthe
TPM counterchangesfrom (TPMxMODH:L - 1) to (TPMxMODH:L). If theTPM counteris
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 (Section15.4.2.4, “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.
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— TPMxCnVH:L = (TPMxMODH:L - 1) [SE110-TPM case 2]

In thiscase,theTPM v3 producesalmost100%dutycycle.Instead,theTPM v2 produces0%
duty cycle.

— TPMxCnVH:L is changed from 0x0000 to a non-zero value [SE110-TPM case 3 and 5]

In thiscase,theTPM v3 waitsfor thestartof anew PWM periodto begin usingthenew 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 (Section15.3.3, “TPM Counter Modulo
Registers (TPMxMODH:TPMxMODL))

In the TPM v3 a write to TPMxSC register in BDM mode clears the write coherency mechanism
of TPMxMODH:L registers.Instead,in theTPMv2thiscoherency mechanismisnotclearedwhen
there is a write to TPMxSC register.
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Chapter 16
Development Suppor t

16.1 Intr oduction
Development support systems in the HCS08 include the background debug controller (BDC) and the
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that
provides a convenient interface for programming the on-chipFlash and other nonvolatile memories. The
BDC is alsotheprimarydebuginterfacefor developmentandallowsnon-intrusiveaccessto memorydata
and traditional debug features such as CPU register modify, breakpoints, and single instruction trace
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test
modes).Debugis donethroughcommandsfedinto thetargetMCU via thesingle-wirebackgrounddebug
interface. The debug module provides a means to selectively trigger and capture bus information so an
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis
without having external access to the address and data signals.

16.1.1 Forcing Active Bac kgr ound

The method for forcing active background mode depends on the specific HCS08 derivative. For the
MC9S08DN60,youcanforceactivebackgroundafterapower-onresetby holdingtheBKGD pin low as
the device exits the reset condition. You can also force active background by driving BKGD low
immediatelyafteraserialbackgroundcommandthatwritesaoneto theBDFRbit in theSBDFRregister.
If no debug pod is connected to the BKGD pin, the MCU will always reset into normal operating mode.
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16.1.2 Features

Features of the BDC module include:

• Single pin for mode selection and background communications
• BDC registers are not located in the memory map
• SYNC command to determine target communications rate
• Non-intrusive commands for memory access
• Active background mode commands for CPU register access
• GO and TRACE1 commands
• BACKGROUND command can wake CPU from stop or wait modes
• One hardware address breakpoint built into BDC
• Oscillator runs in stop mode, if BDC enabled
• COP watchdog disabled while in active background mode

Features of the ICE system include:

• Two trigger comparators: Two address + read/write (R/W) or one full address + data + R/W

• Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or
— Event-only data

• Two types of breakpoints:

— Tag breakpoints for instruction opcodes
— Force breakpoints for any address access

• Nine trigger modes:

— Basic: A-only, A OR B
— Sequence: A then B
— Full: A AND B data, A AND NOT B data
— Event (store data): Event-only B, A then event-only B
— Range: Inside range (A≤ address≤ B), outside range (address < A or address > B)

16.2 Backgr ound Debug Contr oller (BDC)
All MCUsin theHCS08Family containasingle-wirebackgrounddebuginterfacethatsupportsin-circuit
programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities. Unlike
debug interfacesonearlier8-bit MCUs,thissystemdoesnot interferewith normalapplicationresources.
It does not use any user memory or locations in the memory map and does not share any on-chip
peripherals.

BDC commands are divided into two groups:

• ActivebackgroundmodecommandsrequirethatthetargetMCU is in activebackgroundmode(the
user program is not running). Active background mode commands allow the CPU registers to be
reador written,andallow theuserto traceoneuserinstructionatatime,or GOto theuserprogram
from active background mode.
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• Non-intrusive commands can be executed at any time even while the user’s program is running.
Non-intrusivecommandsallow auserto readorwriteMCU memorylocationsoraccessstatusand
control registers within the background debug controller.

Typically, a relatively simple interface pod is used to translate commands from a host computer into
commandsfor thecustomserial interfaceto thesingle-wirebackgrounddebugsystem.Dependingonthe
developmenttool vendor, this interfacepodmayuseastandardRS-232serialport,aparallelprinterport,
or someothertypeof communicationssuchasauniversalserialbus(USB) to communicatebetweenthe
hostPCandthepod.Thepodtypically connectsto thetargetsystemwith ground,theBKGD pin,RESET,
and sometimes VDD. An open-drain connection to reset allows the host to force a target system reset,
which is useful to regain control of a lost target system or to control startup of a target system before the
on-chip nonvolatile memory has been programmed. Sometimes VDD can be used to allow the pod to use
powerfromthetargetsystemtoavoid theneedfor aseparatepowersupply. However, if thepodispowered
separately, it canbeconnectedtoarunningtargetsystemwithoutforcingatargetsystemresetorotherwise
disturbing the running application program.

Figure 16-1. BDM Tool Connector

16.2.1 BKGD Pin Description

BKGD is the single-wire background debug interface pin. The primary function of this pin is for
bidirectionalserialcommunicationof activebackgroundmodecommandsanddata.Duringreset,thispin
is used to select between starting in active background mode or starting the user’s application program.
Thispin is alsousedto requestatimedsyncresponsepulseto allow ahostdevelopmenttool todetermine
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.Thisprotocolassumesthehostknows thecommunicationclock ratethatis determined
by the target BDC clock rate. All communication is initiated and controlled by the host that drives a
high-to-low edgeto signalthebeginningof eachbit time.Commandsanddataaresentmostsignificantbit
first (MSB first). For a detailed description of the communications protocol, refer toSection16.2.2,
“Communication Details.”

If ahostis attemptingto communicatewith a targetMCU thathasanunknown BDC clock rate,aSYNC
commandmaybesentto thetargetMCU to requestatimedsyncresponsesignalfrom whichthehostcan
determine the correct communication speed.

BKGD is apseudo-open-drainpin andthereis anon-chippullupsonoexternalpullupresistoris required.
Unlike typicalopen-drainpins,theexternalRCtimeconstanton thispin, which is influencedby external
capacitance, plays almost no role in signal rise time. The custom protocol provides for brief, actively
driven speedup pulses to force rapid rise times on this pin without risking harmful drive level conflicts.
Refer toSection16.2.2, “Communication Details,” for more detail.
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Whennodebuggerpodis connectedto the6-pinBDM interfaceconnector, theinternalpulluponBKGD
choosesnormaloperatingmode.Whenadebug podis connectedto BKGD it is possibleto forcetheMCU
into active background mode after reset. The specific conditions for forcing active background depend
upon the HCS08 derivative (refer to the introduction to this Development Support section). It is not
necessary to reset the target MCU to communicate with it through the background debug interface.

16.2.2 Comm unication Details

The BDC serial interface requires the external controller to generate a falling edge on the BKGD pin to
indicate the start of each bit time. The external controller provides this falling edge whether data is
transmitted or received.

BKGD is apseudo-open-drainpin thatcanbedriveneitherby anexternalcontrolleror by theMCU. Data
is transferred MSB first at 16BDC clock cycles per bit (nominal speed). The interface times out if
512BDCclockcyclesoccurbetweenfallingedgesfromthehost.Any BDCcommandthatwasin progress
when this timeout occurs is aborted without affecting the memory or operating mode of the target MCU
system.

The custom serial protocol requires the debug pod to know the target BDC communication clock speed.

Theclockswitch(CLKSW) controlbit in theBDC statusandcontrolregisterallowstheuserto selectthe
BDC clock source. The BDC clock source can either be the bus or the alternate BDC clock source.

The BKGD pin can receive a high or low level or transmit a high or low level. The following diagrams
show timing for each of these cases. Interface timing is synchronous to clocks in the target BDC, but
asynchronousto theexternalhost.TheinternalBDCclocksignalisshown for referencein countingcycles.
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Figure16-2showsanexternalhosttransmittinga logic 1 or 0 to theBKGD pin of a targetHCS08MCU.
Thehostis asynchronousto thetargetsothereis a0-to-1cycledelayfrom thehost-generatedfalling edge
to where the target perceives the beginning of the bit time. Ten target BDC clock cycles later, the target
sensesthebit level ontheBKGD pin.Typically, thehostactively drivesthepseudo-open-drainBKGD pin
duringhost-to-targettransmissionsto speeduprisingedges.Becausethetargetdoesnotdrive theBKGD
pin duringthehost-to-targettransmissionperiod,thereis noneedto treattheline asanopen-drainsignal
during this period.

Figure 16-2. BDC Host-to-T arget Serial Bit Timing
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Figure16-3 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
enoughfor thetargetto recognizeit (at leasttwo targetBDC cycles).Thehostmustreleasethelow drive
beforethetargetMCU drivesabrief active-highspeeduppulsesevencyclesaftertheperceivedstartof the
bit time. The host should sample the bit level about 10cycles after it started the bit time.

Figure 16-3. BDC Target-to-Host Serial Bit Timing (Logic 1)
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Figure16-4 shows the host receiving a logic 0 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 start of the bit time as perceived by the target MCU. The host initiates the bit time but the
targetHCS08finishesit. Becausethetargetwantsthehostto receive alogic 0, it drivestheBKGD pin low
for 13 BDC clock cycles, then briefly drives it high to speed up the rising edge. The host samples the bit
level about 10 cycles after starting the bit time.

Figure 16-4. BDM Target-to-Host Serial Bit Timing (Logic 0)
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16.2.3 BDC Commands

BDC commands are sent serially from a host computer to the BKGD pin of the target HCS08 MCU. All
commandsanddataaresentMSB-firstusingacustomBDCcommunicationsprotocol.Activebackground
mode commands require that the target MCU is currently in the active background mode while
non-intrusivecommandsmaybeissuedatany timewhetherthetargetMCU is in activebackgroundmode
or running a user application program.

Table16-1 shows all HCS08 BDC commands, a shorthand description of their coding structure, and the
meaning of each command.

Coding Structure Nomenc lature

This nomenclature is used inTable16-1 to describe the coding structure of the BDC commands.

Commands begin with an 8-bit hexadecimal command code in the host-to-target
direction (most significant bit first)

/  = separates parts of the command
d = delay 16 target BDC clock cycles

AAAA = a 16-bit address in the host-to-target direction
RD = 8 bits of read data in the target-to-host direction
WD = 8 bits of write data in the host-to-target direction

RD16 = 16 bits of read data in the target-to-host direction
WD16 = 16 bits of write data in the host-to-target direction

SS = the contents of BDCSCR in the target-to-host direction (STATUS)
CC = 8 bits of write data for BDCSCR in the host-to-target direction (CONTROL)

RBKP = 16 bits of read data in the target-to-host direction (from BDCBKPT breakpoint
register)

WBKP = 16bitsof write datain thehost-to-targetdirection(for BDCBKPTbreakpointregister)
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Table 16-1. BDC Command Summar y

Command
Mnemonic

Active BDM/
Non-intrusive

Coding
Structure

Description

SYNC Non-intrusive n/a1

1 The SYNC command is a special operation that does not have a command code.

Request a timed reference pulse to determine
target BDC communication speed

ACK_ENABLE Non-intrusive D5/d
Enable acknowledge protocol. Refer to
Freescale document order no. HCS08RMv1/D.

ACK_DISABLE Non-intrusive D6/d
Disable acknowledge protocol. Refer to
Freescale document order no. HCS08RMv1/D.

BACKGROUND Non-intrusive 90/d
Enter active background mode if enabled
(ignore if ENBDM bit equals 0)

READ_STATUS Non-intrusive E4/SS Read BDC status from BDCSCR

WRITE_CONTROL Non-intrusive C4/CC Write BDC controls in BDCSCR

READ_BYTE Non-intrusive E0/AAAA/d/RD Read a byte from target memory

READ_BYTE_WS Non-intrusive E1/AAAA/d/SS/RD Read a byte and report status

READ_LAST Non-intrusive E8/SS/RD
Re-read byte from address just read and
report status

WRITE_BYTE Non-intrusive C0/AAAA/WD/d Write a byte to target memory

WRITE_BYTE_WS Non-intrusive C1/AAAA/WD/d/SS Write a byte and report status

READ_BKPT Non-intrusive E2/RBKP Read BDCBKPT breakpoint register

WRITE_BKPT Non-intrusive C2/WBKP Write BDCBKPT breakpoint register

GO Active BDM 08/d
Go to execute the user application program
starting at the address currently in the PC

TRACE1 Active BDM 10/d
Trace 1 user instruction at the address in the
PC, then return to active background mode

TAGGO Active BDM 18/d
Same as GO but enable external tagging
(HCS08 devices have no external tagging pin)

READ_A Active BDM 68/d/RD Read accumulator (A)

READ_CCR Active BDM 69/d/RD Read condition code register (CCR)

READ_PC Active BDM 6B/d/RD16 Read program counter (PC)

READ_HX Active BDM 6C/d/RD16 Read H and X register pair (H:X)

READ_SP Active BDM 6F/d/RD16 Read stack pointer (SP)

READ_NEXT Active BDM 70/d/RD
Increment H:X by one then read memory byte
located at H:X

READ_NEXT_WS Active BDM 71/d/SS/RD
Increment H:X by one then read memory byte
located at H:X. Report status and data.

WRITE_A Active BDM 48/WD/d Write accumulator (A)

WRITE_CCR Active BDM 49/WD/d Write condition code register (CCR)

WRITE_PC Active BDM 4B/WD16/d Write program counter (PC)

WRITE_HX Active BDM 4C/WD16/d Write H and X register pair (H:X)

WRITE_SP Active BDM 4F/WD16/d Write stack pointer (SP)

WRITE_NEXT Active BDM 50/WD/d
Increment H:X by one, then write memory byte
located at H:X

WRITE_NEXT_WS Active BDM 51/WD/d/SS
Increment H:X by one, then write memory byte
located at H:X. Also report status.
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The SYNC command is unlike other BDC commands because the host does not necessarily know the
correctcommunicationsspeedto usefor BDC communicationsuntil afterit hasanalyzedtheresponseto
the SYNC command.

To issue a SYNC command, the host:

• DrivestheBKGD pin low for at least128cyclesof theslowestpossibleBDC clock (Theslowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)

• DrivesBKGD highfor abrief speeduppulseto getafastrisetime(Thisspeeduppulseis typically
one cycle of the fastest clock in the system.)

• Removes all drive to the BKGD pin so it reverts to high impedance

• Monitors the BKGD pin for the sync response pulse

Thetarget,upondetectingtheSYNCrequestfrom thehost(which is amuchlongerlow timethanwould
ever occur during normal BDC communications):

• Waits for BKGD to return to a logic high

• Delays 16cycles to allow the host to stop driving the high speedup pulse

• Drives BKGD low for 128BDC clock cycles

• Drives a 1-cycle high speedup pulse to force a fast rise time on BKGD

• Removes all drive to the BKGD pin so it reverts to high impedance

Thehostmeasuresthelow timeof this128-cyclesyncresponsepulseanddeterminesthecorrectspeedfor
subsequent BDC communications. Typically, the host can determine the correct communication speed
within a few percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

16.2.4 BDC Hardware Breakpoint

The BDC includes one relatively simple hardware breakpoint that compares the CPU address bus to a
16-bitmatchvaluein theBDCBKPTregister. Thisbreakpointcangenerateaforcedbreakpointoratagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. This implies that
taggedbreakpointscanonlybeplacedattheaddressof aninstructionopcodewhile forcedbreakpointscan
be set at any address.

Thebreakpointenable(BKPTEN)controlbit in theBDC statusandcontrolregister(BDCSCR)is usedto
enable the breakpoint logic (BKPTEN= 1). When BKPTEN= 0, its default value after reset, the
breakpointlogic is disabledandnoBDC breakpointsarerequestedregardlessof thevaluesin otherBDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS= 1) or tagged (FTS= 0) type breakpoints.

Theon-chipdebugmodule(DBG) includescircuitry for twoadditionalhardwarebreakpointsthataremore
flexible than the simple breakpoint in the BDC module.
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16.3 On-Chip Deb ug System (DBG)
Because HCS08 devices do not have external address and data buses, the most important functions of an
in-circuit emulatorhavebeenbuilt ontothechipwith theMCU. Thedebugsystemconsistsof an8-stage
FIFOthatcanstoreaddressor databusinformation,andaflexible triggersystemtodecidewhentocapture
businformationandwhatinformationto capture.Thesystemreliesonthesingle-wirebackgrounddebug
system to access debug control registers and to read results out of the eight stage FIFO.

The debug module includes control and status registers that are accessible in the user’s memory map.
These registers are located in the high register space to avoid using valuable direct page memory space.

Mostof thedebugmodule’s functionsareusedduringdevelopment,anduserprogramsrarelyaccessany
of the control and status registers for the debug module. The one exception is that the debug system can
provide the means to implement a form of ROM patching. This topic is discussed in greater detail in
Section16.3.6, “Hardware Breakpoints.”

16.3.1 Comparator s A and B

Two 16-bitcomparators(A andB) canoptionallybequalifiedwith theR/W signalandanopcodetracking
circuit. Separatecontrolbitsallow youto ignoreR/W for eachcomparator. Theopcodetrackingcircuitry
optionally allows you to specify that a trigger will occur only if the opcode at the specified address is
actuallyexecutedasopposedto only beingreadfrom memoryinto theinstructionqueue.Thecomparators
are also capable of magnitude comparisons to support the inside range and outside range trigger modes.
Comparators are disabled temporarily during all BDC accesses.

The A comparator is always associated with the 16-bit CPU address. The B comparator compares to the
CPU address or the 8-bit CPU data bus, depending on the trigger mode selected. Because the CPU data
bus is separated into a read data bus and a write data bus, the RWAEN and RWA control bits have an
additional purpose, in full address plus data comparisons they are used to decide which of these buses to
usein thecomparatorB databuscomparisons.If RWAEN = 1 (enabled)andRWA = 0 (write), theCPU’s
write data bus is used. Otherwise, the CPU’s read data bus is used.

Thecurrentlyselectedtriggermodedetermineswhatthedebuggerlogic doeswhenacomparatordetects
a qualified match condition. A match can cause:

• Generation of a breakpoint to the CPU

• Storage of data bus values into the FIFO

• Starting to store change-of-flow addresses into the FIFO (begin type trace)

• Stopping the storage of change-of-flow addresses into the FIFO (end type trace)

16.3.2 Bus Capture Inf ormation and FIFO Operation

The usual way to use the FIFO is to setup the trigger mode and other control options, then arm the
debugger. When the FIFO has filled or the debugger has stopped storing data into the FIFO, you would
read the information out of it in the order it was stored into the FIFO. Status bits indicate the number of
wordsof valid informationthatarein theFIFOas datais storedinto it. If atracerunis manuallyhaltedby
writing 0 to ARM beforetheFIFOis full (CNT = 1:0:0:0),theinformationis shiftedby onepositionand
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thehostmustperform((8 – CNT) – 1) dummyreadsof theFIFOto advanceit to thefirst significantentry
in the FIFO.

In mosttriggermodes,theinformationstoredin theFIFOconsistsof 16-bitchange-of-flow addresses.In
thesecases,readDBGFHthenDBGFL to getonecoherentwordof informationoutof theFIFO.Reading
DBGFL(thelow-orderbyteof theFIFOdataport)causestheFIFOtoshift sothenext wordof information
is availableat theFIFOdataport. In theevent-onlytriggermodes(seeSection16.3.5,“TriggerModes”),
8-bit datainformationis storedinto theFIFO.In thesecases,thehigh-orderhalf of theFIFO(DBGFH) is
notusedanddatais readoutof theFIFOby simplyreadingDBGFL.EachtimeDBGFL is read,theFIFO
is shifted so the next data value is available through the FIFO data port at DBGFL.

In trigger modes where the FIFO is storing change-of-flow addresses, there is a delay between CPU
addressesandtheinputsideof theFIFO.Becauseof thisdelay, if thetriggereventitself isachange-of-flow
addressor achange-of-flow addressappearsduringthenext two buscyclesaftera triggereventstartsthe
FIFO,it will notbesavedinto theFIFO.In thecaseof anend-trace,if thetriggereventis achange-of-flow,
it will be saved as the last change-of-flow entry for that debug run.

TheFIFOcanalsobeusedto generateaprofileof executedinstructionaddresseswhenthedebuggeris not
armed. When ARM= 0, reading DBGFL causes the address of the most-recently fetched opcode to be
savedin theFIFO.To usetheprofiling feature,ahostdebuggerwould readaddressesoutof theFIFOby
reading DBGFH then DBGFL at regular periodic intervals. The first eight values would be discarded
because they correspond to the eight DBGFL reads needed to initially fill the FIFO. Additional periodic
readsof DBGFHandDBGFLreturndelayedinformationaboutexecutedinstructionssothehostdebugger
can develop a profile of executed instruction addresses.

16.3.3 Chang e-of-Flo w Inf ormation

To minimize the amount of information stored in the FIFO, only information related to instructions that
causeachangeto thenormalsequentialexecutionof instructionsis stored.With knowledgeof thesource
andobjectcodeprogramstoredin thetargetsystem,anexternaldebuggersystemcanreconstructthepath
of execution through many instructions from the change-of-flow information stored in the FIFO.

For conditional branch instructions where the branch is taken (branch condition was true), the source
addressis stored(theaddressof theconditionalbranchopcode).BecauseBRA andBRN instructionsare
not conditional, these events do not cause change-of-flow information to be stored in the FIFO.

IndirectJMPandJSRinstructionsusethecurrentcontentsof theH:X index registerpair to determinethe
destination address, so the debug system stores the run-time destination address for any indirect JMP or
JSR. For interrupts, RTI, or RTS, the destination address is stored in the FIFO as change-of-flow
information.

16.3.4 Tag vs. For ce Breakpoints and T rig gers

Taggingis atermthatrefersto identifyinganinstructionopcodeasit is fetchedinto theinstructionqueue,
but not taking any other action until and unless that instruction is actually executed by the CPU. This
distinction is important because any change-of-flow from a jump, branch, subroutine call, or interrupt
causessomeinstructionsthathavebeenfetchedinto theinstructionqueuetobethrownawaywithoutbeing
executed.
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A force-type breakpoint waits for the current instruction to finish and then acts upon the breakpoint
request. The usual action in response to a breakpoint is to go to active background mode rather than
continuing to the next instruction in the user application program.

Thetagvs.forceterminologyis usedin two contextswithin thedebugmodule.Thefirst context refersto
breakpoint requests from the debug module to the CPU. The second refers to match signals from the
comparators to the debugger control logic. When a tag-type break request is sent to the CPU, a signal is
enteredinto theinstructionqueuealongwith theopcodesothatif/whenthisopcodeeverexecutes,theCPU
will effectively replace the tagged opcode with a BGND opcode so the CPU goes to active background
moderatherthanexecutingthetaggedinstruction.WhentheTRGSELcontrolbit in theDBGT registeris
set to select tag-type operation, the output from comparator A or B is qualified by a block of logic in the
debugmodulethattracksopcodesandonlyproducesatriggerto thedebuggerif theopcodeatthecompare
addressisactuallyexecuted.Thereisseparateopcodetrackinglogic for eachcomparatorsomorethanone
compare event can be tracked through the instruction queue at a time.

16.3.5 Trig ger Modes

Thetriggermodecontrolstheoverall behavior of adebug run.The4-bit TRGfield in theDBGT register
selectsoneof ninetriggermodes.WhenTRGSEL= 1 in theDBGT register, theoutputof thecomparator
must propagate through an opcode tracking circuit before triggering FIFO actions. The BEGIN bit in
DBGT chooseswhethertheFIFObeginsstoringdatawhenthequalifiedtriggeris detected(begin trace),
or theFIFOstoresdatain acircularfashionfrom thetimeit is armeduntil thequalifiedtriggeris detected
(end trigger).

A debugrunis startedby writing a1 to theARM bit in theDBGCregister, whichsetstheARMF flagand
clearstheAF andBF flagsandtheCNT bits in DBGS.A begin-tracedebugrunendswhentheFIFOgets
full. An end-tracerunendswhentheselectedtriggereventoccurs.Any debugruncanbestoppedmanually
by writing a 0 to ARM or DBGEN in DBGC.

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

The BEGIN control bit is ignored in event-only trigger modes and all such debug runs are begin type
traces.WhenTRGSEL= 1 to selectopcodefetchtriggers,it is notnecessaryto useR/W in comparisons
because opcode tags would only apply to opcode fetches that are always read cycles. It would also be
unusual to specify TRGSEL= 1 while using a full mode trigger because the opcode value is normally
known at a particular address.

Thefollowing triggermodedescriptionsonlystatetheprimarycomparatorconditionsthatleadtoatrigger.
Either comparator can usually be further qualified with R/W by setting RWAEN (RWBEN) and the
corresponding RWA (RWB) value to be matched against R/W. The signal from the comparator with
optional R/W qualification is used to request a CPU breakpoint if BRKEN= 1 and TAG determines
whether the CPU request will be a tag request or a force request.
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A-Only — Trigger when the address matches the value in comparator A

A OR B — Trigger when the address matches either the value in comparator A or the value in
comparatorB

A Then B — Trigger when the address matches the value in comparator B but only after the address for
another cycle matched the value in comparator A. There can be any number of cycles after the A match
and before the B match.

A AND B Data (Full Mode) — This is called a full mode because address, data, and R/W (optionally)
mustmatchwithin thesamebuscycleto causeatriggerevent.ComparatorA checksaddress,thelow byte
of comparator B checks data, and R/W is checked against RWA if RWAEN = 1. The high-order half of
comparator B is not used.

In full triggermodesit is notusefulto specifyatag-typeCPUbreakpoint(BRKEN = TAG = 1),but if you
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

A AND NOT B Data (Full Mode) — Address must match comparator A, data must not match the low
half of comparatorB, andR/W mustmatchRWA if RWAEN = 1.All threeconditionsmustbemetwithin
the same bus cycle to cause a trigger.

In full triggermodesit is notusefulto specifyatag-typeCPUbreakpoint(BRKEN = TAG = 1),but if you
do, the comparator B data match is ignored for the purpose of issuing the tag request to the CPU and the
CPU breakpoint is issued when the comparator A address matches.

Event-Only B (Store Data) — Trigger events occur each time the address matches the value in
comparator B. Trigger events cause the data to be captured into the FIFO. The debug run ends when the
FIFO becomes full.

A Then Event-Only B (Store Data) — After theaddresshasmatchedthevaluein comparatorA, atrigger
eventoccurseachtimetheaddressmatchesthevaluein comparatorB. Triggereventscausethedatato be
captured into the FIFO. The debug run ends when the FIFO becomes full.

Inside Range (A ≤ Address ≤ B) — A triggeroccurswhentheaddressis greaterthanor equalto thevalue
in comparator A and less than or equal to the value in comparator B at the same time.

Outside Range (Address < A or Address > B) — A trigger occurs when the address is either less than
the value in comparator A or greater than the value in comparator B.
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16.3.6 Hardware Breakpoints

The BRKEN control bit in the DBGC register may be set to 1 to allow any of the trigger conditions
describedin Section16.3.5,“TriggerModes,” to beusedto generateahardwarebreakpointrequestto the
CPU.TAG in DBGCcontrolswhetherthebreakpointrequestwill betreatedasatag-typebreakpointor a
force-typebreakpoint.A tagbreakpointcausesthecurrentopcodeto bemarkedasit enterstheinstruction
queue.If ataggedopcodereachestheendof thepipe,theCPUexecutesaBGNDinstructiontogotoactive
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 a serial WRITE_CONTROL command
through the BKGD pin, the CPU will execute an SWI instruction instead of going to active background
mode.

16.4 Register Definition

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

Referto thehigh-pageregistersummaryin thedeviceoverview chapterof thisdatasheetfor theabsolute
address assignments for all DBG registers. This section refers to 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.

16.4.1 BDC Register s and Contr ol Bits

The BDC has two registers:

• The BDC 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).

Someof thebits in theBDCSCRhavewrite limitations;otherwise,theseregistersmaybereador written
at any time. For example, the ENBDM control bit may not be written while the MCU is in active
backgroundmode.(Thispreventstheambiguousconditionof thecontrolbit forbiddingactivebackground
mode while the MCU is already in active background mode.) Also, the four status bits (BDMACT, WS,
WSF, andDVF) areread-onlystatusindicatorsandcanneverbewrittenby theWRITE_CONTROL serial
BDC command. The clock switch (CLKSW) control bit may be read or written at any time.
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16.4.1.1 BDC Status and Contr ol Register (BDCSCR)

ThisregistercanbereadorwrittenbyserialBDCcommands(READ_STATUSandWRITE_CONTROL)
but is not accessible to user programs because it is not located in the normal memory map of the MCU.

7 6 5 4 3 2 1 0

R
ENBDM

BDMACT
BKPTEN FTS CLKSW

WS WSF DVF

W

Normal
Reset

0 0 0 0 0 0 0 0

Reset in
Active BDM:

1 1 0 0 1 0 0 0

= Unimplemented or Reserved

Figure 16-5. BDC Status and Contr ol Register (BDCSCR)

Table 16-2. BDCSCR Register Field Descriptions

Field Description

7
ENBDM

Enable BDM (Permit Active Bac kgr ound Mode) — Typically, this bit is written to 1 by the debug host shortly
after the beginning of a debug session or whenever the debug host resets the target and remains 1 until a normal
reset clears it.
0 BDM cannot be made active (non-intrusive commands still allowed)
1 BDM can be made active to allow active background mode commands

6
BDMACT

Backgr ound Mode Active Status  — This is a read-only status bit.
0 BDM not active (user application program running)
1 BDM active and waiting for serial commands

5
BKPTEN

BDC Breakpoint Enab le — If this bit is clear, the BDC breakpoint is disabled and the FTS (force tag select)
control bit and BDCBKPT match register are ignored.
0 BDC breakpoint disabled
1 BDC breakpoint enabled

4
FTS

Force/Tag Select  — When FTS = 1, a breakpoint is requested whenever the CPU address bus matches the
BDCBKPT match register. When FTS = 0, a match between the CPU address bus and the BDCBKPT register
causes the fetched opcode to be tagged. If this tagged opcode ever reaches the end of the instruction queue,
the CPU enters active background mode rather than executing the tagged opcode.
0 Tag opcode at breakpoint address and enter active background mode if CPU attempts to execute that

instruction
1 Breakpoint match forces active background mode at next instruction boundary (address need not be an

opcode)

3
CLKSW

Select Sour ce for BDC Comm unications Cloc k — CLKSW defaults to 0, which selects the alternate BDC
clock source.
0 Alternate BDC clock source
1 MCU bus clock

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Chapter 16 De velopment Suppor t

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 301

16.4.1.2 BDC Breakpoint Matc h Register (BDCBKPT)

This 16-bit register holds the address for the hardware breakpoint in the BDC. The BKPTEN and FTS
control bits in BDCSCR are used to enable and configure the breakpoint logic. Dedicated serial BDC
commands (READ_BKPT and WRITE_BKPT) are used to read and write the BDCBKPT register but is
not accessible to user programs because it is not located in the normal memory map of the MCU.
Breakpointsarenormallysetwhile thetargetMCU is in activebackgroundmodebeforerunningtheuser
application program. For additional information about setup and use of the hardware breakpoint logic in
the BDC, refer toSection16.2.4, “BDC Hardware Breakpoint.”

16.4.2 System Bac kgr ound Deb ug For ce Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background mode command such as
WRITE_BYTEmustbeusedto write to SBDFR.Attemptsto write this registerfrom auserprogramare
ignored. Reads always return 0x00.

2
WS

Wait or Stop Status  — When the target CPU is in wait or stop mode, most BDC commands cannot function.
However, the BACKGROUND command can be used to force the target CPU out of wait or stop and into active
background mode where all BDC commands work. Whenever the host forces the target MCU into active
background mode, the host should issue a READ_STATUS command to check that BDMACT = 1 before
attempting other BDC commands.
0 Target CPU is running user application code or in active background mode (was not in wait or stop mode when

background became active)
1 Target CPU is in wait or stop mode, or a BACKGROUND command was used to change from wait or stop to

active background mode

1
WSF

Wait or Stop Failure Status — This status bit is set if a memory access command failed due to the target CPU
executing a wait or stop instruction at or about the same time. The usual recovery strategy is to issue a
BACKGROUND command to get out of wait or stop mode into active background mode, repeat the command
that failed, then return to the user program. (Typically, the host would restore CPU registers and stack values and
re-execute the wait or stop instruction.)
0 Memory access did not conflict with a wait or stop instruction
1 Memory access command failed because the CPU entered wait or stop mode

0
DVF

Data Valid F ailure Status  — This status bit is not used in the MC9S08DN60 Series because it does not have
any slow access memory.
0 Memory access did not conflict with a slow memory access
1 Memory access command failed because CPU was not finished with a slow memory access

Table 16-2. BDCSCR Register Field Descriptions (contin ued)

Field Description
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Figure 16-6. System Bac kgr ound Deb ug For ce Reset Register (SBDFR)

16.4.3 DBG Register s and Contr ol Bits

The debug module includes nine bytes of register space for three 16-bit registers and three 8-bit control
and status registers. These registers are located in the high register space of the normal memory map so
they areaccessibleto normalapplicationprograms.Theseregistersarerarelyif everaccessedby normal
user application programs with the possible exception of a ROM patching mechanism that uses the
breakpoint logic.

16.4.3.1 Debug Comparator A High Register (DBGCAH)

This register contains compare value bits for the high-order eight bits of comparator A. This register is
forced to 0x00 at reset and can be read at any time or written at any time unless ARM = 1.

16.4.3.2 Debug Comparator A Lo w Register (DBGCAL)

This register contains compare value bits for the low-order eight bits of comparator A. This register is
forced to 0x00 at reset and can be read at any time or written at any time unless ARM = 1.

16.4.3.3 Debug Comparator B High Register (DBGCBH)

This register contains compare value bits for the high-order eight bits of comparator B. This register is
forced to 0x00 at reset and can be read at any time or written at any time unless ARM = 1.

16.4.3.4 Debug Comparator B Lo w Register (DBGCBL)

This register contains compare value bits for the low-order eight bits of comparator B. This register is
forced to 0x00 at reset and can be read at any time or written at any time unless ARM = 1.

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W BDFR1

1 BDFR is writable only through serial background mode debug commands, not from user programs.

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Table 16-3. SBDFR Register Field Description

Field Description

0
BDFR

Backgr ound Debug Force Reset — A serial active background mode command such as WRITE_BYTE allows
an external debug host to force a target system reset. Writing 1 to this bit forces an MCU reset. This bit cannot
be written from a user program.
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16.4.3.5 Debug FIFO High Register (DBGFH)

Thisregisterprovidesread-onlyaccessto thehigh-ordereightbitsof theFIFO.Writesto thisregisterhave
nomeaningor effect.In theevent-onlytriggermodes,theFIFOonly storesdatainto thelow-orderbyteof
each FIFO word, so this register is not used and will read 0x00.

ReadingDBGFHdoesnotcausetheFIFOto shift to thenext word.Whenreading16-bitwordsoutof 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 Lo w Register (DBGFL)

Thisregisterprovidesread-onlyaccessto thelow-ordereightbitsof theFIFO.Writesto thisregisterhave
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 data is stored into the FIFO (high-order half of each
FIFOword is unused).Whenreading8-bit wordsoutof theFIFO,simply readDBGFL repeatedlyto get
successive bytes of data from the FIFO. It isn’t necessary to read DBGFH in this case.

Do notattemptto readdatafrom theFIFOwhile it is still armed(afterarmingbut beforetheFIFOis filled
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.

ReadingDBGFL while thedebuggeris notarmedcausestheaddressof themost-recentlyfetchedopcode
to bestoredto thelastlocationin theFIFO.By readingDBGFHthenDBGFL periodically, externalhost
softwarecandevelopaprofileof programexecution.After eightreadsfrom theFIFO,theninth readwill
returntheinformationthatwasstoredasaresultof thefirst read.Tousetheprofiling feature,readtheFIFO
eight times without using the data to prime the sequence and then begin using the data to get a delayed
pictureof whataddresseswerebeingexecuted.Theinformationstoredinto theFIFOonreadsof DBGFL
(while the FIFO is not armed) is the address of the most-recently fetched opcode.
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16.4.3.7 Debug Contr ol Register (DBGC)

This register can be read or written at any time.

7 6 5 4 3 2 1 0

R
DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN

W

Reset 0 0 0 0 0 0 0 0

Figure 16-7. Debug Contr ol Register (DBGC)

Table 16-4. DBGC Register Field Descriptions

Field Description

7
DBGEN

Debug Module Enab le — Used to enable the debug module. DBGEN cannot be set to 1 if the MCU is secure.
0 DBG disabled
1 DBG enabled

6
ARM

Arm Contr ol — Controls whether the debugger is comparing and storing information in the FIFO. A write is used
to set this bit (and ARMF) and completion of a debug run automatically clears it. Any debug run can be manually
stopped by writing 0 to ARM or to DBGEN.
0 Debugger not armed
1 Debugger armed

5
TAG

Tag/For ce Select  — Controls whether break requests to the CPU will be tag or force type requests. If
BRKEN = 0, this bit has no meaning or effect.
0 CPU breaks requested as force type requests
1 CPU breaks requested as tag type requests

4
BRKEN

Break Enable — Controls whether a trigger event will generate a break request to the CPU. Trigger events can
cause information to be stored in the FIFO without generating a break request to the CPU. For an end trace, CPU
break requests are issued to the CPU when the comparator(s) and R/W meet the trigger requirements. For a
begin trace, CPU break requests are issued when the FIFO becomes full. TRGSEL does not affect the timing of
CPU break requests.
0 CPU break requests not enabled
1 Triggers cause a break request to the CPU

3
RWA

R/W Comparison Value for Comparator A — When RWAEN = 1, this bit determines whether a read or a write
access qualifies comparator A. When RWAEN = 0, RWA and the R/W signal do not affect comparator A.
0 Comparator A can only match on a write cycle
1 Comparator A can only match on a read cycle

2
RWAEN

Enable R/W for Comparator A — Controls whether the level of R/W is considered for a comparator A match.
0 R/W is not used in comparison A
1 R/W is used in comparison A

1
RWB

R/W Comparison Value for Comparator B — When RWBEN = 1, this bit determines whether a read or a write
access qualifies comparator B. When RWBEN = 0, RWB and the R/W signal do not affect comparator B.
0 Comparator B can match only on a write cycle
1 Comparator B can match only on a read cycle

0
RWBEN

Enable R/W for Comparator B  — Controls whether the level of R/W is considered for a comparator B match.
0 R/W is not used in comparison B
1 R/W is used in comparison B
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16.4.3.8 Debug Trig ger Register (DBGT)

Thisregistercanbereadany time,but maybewrittenonly if ARM = 0,exceptbits4 and5 arehard-wired
to 0s.

7 6 5 4 3 2 1 0

R
TRGSEL BEGIN

0 0
TRG3 TRG2 TRG1 TRG0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 16-8. Debug Trig ger Register (DBGT)

Table 16-5. DBGT Register Field Descriptions

Field Description

7
TRGSEL

Trig ger Type  — Controls whether the match outputs from comparators A and B are qualified with the opcode
tracking logic in the debug module. If TRGSEL is set, a match signal from comparator A or B must propagate
through the opcode tracking logic and a trigger event is only signalled to the FIFO logic if the opcode at the match
address is actually executed.
0 Trigger on access to compare address (force)
1 Trigger if opcode at compare address is executed (tag)

6
BEGIN

Begin/End Trig ger Select — Controls whether the FIFO starts filling at a trigger or fills in a circular manner until
a trigger ends the capture of information. In event-only trigger modes, this bit is ignored and all debug runs are
assumed to be begin traces.
0 Data stored in FIFO until trigger (end trace)
1 Trigger initiates data storage (begin trace)

3:0
TRG[3:0]

Select Trig ger Mode  — Selects one of nine triggering modes, as described below.
0000 A-only
0001 A OR B
0010 A Then B
0011 Event-only B (store data)
0100 A then event-only B (store data)
0101 A AND B data (full mode)
0110 A AND NOT B data (full mode)
0111 Inside range: A ≤ address ≤ B
1000 Outside range: address < A or address > B
1001 – 1111 (No trigger)
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16.4.3.9 Debug Status Register (DBGS)

This is a read-only status register.

7 6 5 4 3 2 1 0

R AF BF ARMF 0 CNT3 CNT2 CNT1 CNT0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 16-9. Debug Status Register (DBGS)

Table 16-6. DBGS Register Field Descriptions

Field Description

7
AF

Trig ger Matc h A Fla g — AF is cleared at the start of a debug run and indicates whether a trigger match A
condition was met since arming.
0 Comparator A has not matched
1 Comparator A match

6
BF

Trig ger Matc h B Fla g — BF is cleared at the start of a debug run and indicates whether a trigger match B
condition was met since arming.
0 Comparator B has not matched
1 Comparator B match

5
ARMF

Arm Flag — While DBGEN = 1, this status bit is a read-only image of ARM in DBGC. This bit is set by writing 1
to the ARM control bit in DBGC (while DBGEN = 1) and is automatically cleared at the end of a debug run. A
debug run is completed when the FIFO is full (begin trace) or when a trigger event is detected (end trace). A
debug run can also be ended manually by writing 0 to ARM or DBGEN in DBGC.
0 Debugger not armed
1 Debugger armed

3:0
CNT[3:0]

FIFO Valid Count — These bits are cleared at the start of a debug run and indicate the number of words of valid
data in the FIFO at the end of a debug run. The value in CNT does not decrement as data is read out of the FIFO.
The external debug host is responsible for keeping track of the count as information is read out of the FIFO.
0000 Number of valid words in FIFO = No valid data
0001 Number of valid words in FIFO = 1
0010 Number of valid words in FIFO = 2
0011 Number of valid words in FIFO = 3
0100 Number of valid words in FIFO = 4
0101 Number of valid words in FIFO = 5
0110 Number of valid words in FIFO = 6
0111 Number of valid words in FIFO = 7
1000 Number of valid words in FIFO = 8
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Appendix A
Electrical Characteristics

A.1 Intr oduction
Thissectioncontainsthemostaccurateelectricalandtiming informationfor theMC9S08DN60Seriesof
microcontrollers available at the time of publication.

A.2 Parameter Classification
The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate:

NOTE
The classification is shown in the column labeled “C” in the parameter
tables where appropriate.

A.3 Absolute Maxim um Ratings
Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not
guaranteed. Stress beyond the limits specified inTableA-2 may affect device reliability or cause
permanentdamageto thedevice.For functionaloperatingconditions,referto theremainingtablesin this
section.

Table A-1. Parameter Classifications

P Thoseparametersareguaranteedduringproductiontestingoneachindividualdevice.

C
Those parameters are achieved by the design characterization by measuring a
statistically relevant sample size across process variations.

T
Thoseparametersareachievedby designcharacterizationonasmallsamplesizefrom
typical devices under typical conditions unless otherwise noted. All values shown in
the typical column are within this category.

D Those parameters are derived mainly from simulations.
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This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic voltage level (for instance, either VSS or VDD).

A.4 Thermal Characteristics
This section provides information about operating temperature range, power dissipation, and package
thermal resistance. Power dissipation on I/O pins is usually small compared to the power dissipation in
on-chip logic and it is user-determined rather than being controlled by the MCU design. In order to take
PI/O into account in power calculations, determine the difference between actual pin voltage and VSS or
VDD andmultiply by thepin currentfor eachI/O pin.Exceptin casesof unusuallyhighpin current(heavy
loads), the difference between pin voltage and VSS or VDD will be very small.

Table A-2. Absolute Maxim um Ratings

 Num  Rating  Symbol  Value  Unit

1 Supply voltage VDD –0.3 to + 5.8 V

2 Input voltage VIn – 0.3 to VDD + 0.3 V

3
Instantaneous maximum current Single pin limit

(applies to all port pins)1, 2, 3

1 Input must be current limited to the value specified. To determine the value of the required
current-limiting resistor, calculate resistance values for positive (VDD) and negative (VSS) clamp
voltages, then use the larger of the two resistance values.

2 All functional non-supply pins are internally clamped to VSS and VDD.
3 Power supply must maintain regulation within operating VDD range during instantaneous and operating

maximum current conditions. If positive injection current (VIn > VDD) is greater than IDD, the injection
current may flow out of VDD and could result in external power supply going out of regulation. Ensure
external VDD load will shunt current greater than maximum injection current. This will be the greatest
risk when the MCU is not consuming power. Examples are: if no system clock is present, or if the clock
rate is very low which would reduce overall power consumption.

ID ± 25 mA

4 Maximum current into VDD IDD 120 mA

5 Storage temperature Tstg –55 to +150 °C
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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 mostapplications,PI/O << Pint andcanbe neglected.An approximaterelationshipbetweenPD andTJ
(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
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whereK is aconstantpertainingto theparticularpart.K canbedeterminedfrom equation3 bymeasuring
PD (at equilibrium) for a known TA. Using this value of K, the values of PD and TJ can be obtained by
solving equations 1 and 2 iteratively for any value of TA.

A.5 ESD Protection and Latc h-Up Imm unity
Althoughdamagefrom electrostaticdischarge(ESD)is muchlesscommononthesedevicesthanonearly
CMOS circuits, normal handling precautions should be used to avoid exposure to static discharge.
Qualificationtestsareperformedto ensurethatthesedevicescanwithstandexposureto reasonablelevels
of static without suffering any permanent damage.

All ESD testing is in conformity with AEC-Q100 Stress Test Qualification for Automotive Grade
Integrated Circuits. During the device qualification ESD stresses were performed for the Human Body
Model (HBM) and the Charge Device Model (CDM).

A device is defined as a failure if after exposure to ESD pulses the device no longer meets the device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless specified otherwise in the device
specification.

Table A-4. ESD and Latc h-up Test Conditions

 Model  Description  Symbol  Value  Unit

Human Body

Series Resistance R1 1500 Ω

Storage Capacitance C 100 pF

Number of Pulse per pin – 3

Latch-up
Minimum input voltage limit –2.5 V

Maximum input voltage limit 7.5 V

Table A-5. ESD and Latc h-Up Pr otection Characteristics

 Num  Rating  Symbol  Min  Max  Unit

1 Human Body Model (HBM) VHBM +/- 2000 – V

2 Charge Device Model (CDM) VCDM +/- 500 – V

3 Latch-up Current at TA = 125°C ILAT +/- 100 – mA
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A.6 DC Characteristics
This section includes information about power supply requirements, I/O pin characteristics, and power
supply current in various operating modes.

Table A-6. DC Characteristics

 Num  C  Characteristic  Symbol  Condition  Min  Typ1  Max  Unit

1 — Operating Voltage VDD 2.7 — 5.5 V

P All I/O pins, low-drive strength 5 V, ILoad = –2 mA VDD – 1.5 — —

C 3 V, ILoad = –0.6 mA VDD – 1.5 — —

C Output high
voltage

5 V, ILoad = –0.4 mA VDD – 0.8 — —

2 C VOH 3 V, ILoad = –0.24 mA VDD – 0.8 — — V

P All I/O pins, high-drive strength 5 V, ILoad = –10 mA VDD – 1.5 — —

C 3 V, ILoad = –3 mA VDD – 1.5 — —

C 5 V, ILoad = –2 mA VDD – 0.8 — —

C 3 V, ILoad = –0.4 mA VDD – 0.8 — —

3 C Output
high current

Max total IOH for all ports IOHT 5 V 0 — -100 mA

3 V 0 — -60

P All I/O pins, low-drive strength 5 V, ILoad = 2 mA — — 1.5

C 3 V, ILoad = 0.6 mA — — 1.5

C Output low
voltage

5 V, ILoad = 0.4 mA — — 0.8

4 C VOL 3 V, ILoad = 0.24 mA — — 0.8 V

P All I/O pins, high-drive strength 5 V, ILoad = 10 mA — — 1.5

C 3 V, ILoad = 3 mA — — 1.5

C 5 V, ILoad = 2 mA — — 0.8

C 3 V, ILoad = 0.4 mA — — 0.8

5 C Output
low current

Max total IOL for all ports IOLT 5 V 0 — 100 mA

3 V 0 — 60

6 C Input high voltage; all digital inputs VIH 5V 0.65 x VDD — —
VC Input low voltage; all digital inputs VIL 5V — — 0.35 x VDD7

C Input hysteresis Vhys 0.06 x VDD mV8

9 P
Input leakage
current (Per pin)

all input only pins
|IIn|

VIn = VDD or VSS — 0.1 1 µA

10 P

Hi-Z (off-state) leakage
current (per pin)

all input/output
|IOZ|

VIn = VDD or VSS — 0.1 1 µA

11
P

Pullup resistors (or Pulldown2 resistors
when enabled)

RPU,
RPD

5 V 20 45 65
kΩ

C 3 V 20 45 65

12 T
Input Capacitance, all pins

CIn — — 8 pF

13 D RAM retention voltage VRAM 0.9 1.4 2.0 V
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14 D POR re-arm voltage3 VPOR 0.9 1.4 2.0 V

15 D POR re-arm time4 tPOR 10 — — µs

16 P

Low-voltage detection threshold —
high range

VDD falling
VDD rising

VLVD1
3.9
4.0

4.0
4.1

4.1
4.2

V

P

Low-voltage detection threshold —
low range

VDD falling
VDD rising

VLVD0
2.48
2.54

2.56
2.62

2.64
2.70

V
17

C

Low-voltage warning threshold —
high range 1

VDD falling
VDD rising

VLVW3
4.5
4.6

4.6
4.7

4.7
4.8

V
18

P

Low-voltage warning threshold —
high range 0

VDD falling
VDD rising

VLVW2
4.2
4.3

4.3
4.4

4.4
4.5

V
19

P

Low-voltage warning threshold
low range 1

VDD falling
VDD rising

VLVW1
2.84
2.90

2.92
2.98

3.00
3.06

V
20

C

Low-voltage warning threshold —
low range 0

VDD falling
VDD rising

VLVW0
2.66
2.72

2.74
2.80

2.82
2.88

V
21

22 T
Low-voltage inhibit reset/recover
hysteresis

Vhys 5 V — 100 —
mV

3 V — 60 —

23

dc injection current 5, 6, 7, 8

 Single pin limit VIN > VDD 0 — 2

D IIC VIN < VSS 0 — –0.2 mA

Total MCU limit, includes
sum of all stressed pins

VIN > VDD 0 — 25

 VIN < VSS 0 — –5

24 C
Bandgap Voltage Reference
Factory trimmed at
VDD = 3.0 V, Temp = 25°C

VBG
1.19 1.20 1.21 V

1 Typical values are measured at 25°C. Characterized, not tested
2 When a pin interrupt is configured to detect rising edges, pulldown resistors are used in place of pullup resistors.
3 Maximum is highest voltage that POR is guaranteed.
4 Simulated, not tested
5 Power supply must maintain regulation within operating VDD range during instantaneous and operating maximum current

conditions. If positive injection current (VIn > VDD) is greater than IDD, the injection current may flow out of VDD and could result
in external power supply going out of regulation. Ensure external VDD load will shunt current greater than maximum injection
current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock is present, or
if clock rate is very low which (would reduce overall power consumption).

6 All functional non-supply pins are internally clamped to VSS and VDD.

Table A-6. DC Characteristics (contin ued)

 Num  C  Characteristic  Symbol  Condition  Min  Typ1  Max  Unit
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A.7 Suppl y Current Characteristics

7 Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate
resistance values for positive and negative clamp voltages, then use the larger of the two values.

8 PTE1 does not have a clamp diode to VDD. Do not drive PTE1 above VDD.

Table A-7.  Suppl y Current Characteristics

 Num  C  Parameter  Symbol  VDD (V)  Typical 1  Max2  Unit

1
C Run supply current3 measured at

(CPU clock = 2 MHz, fBus = 1 MHz) RIDD

5 3 7.5
mA

C 3 2.8 7.4

2
P Run supply current

3
 measured at

(CPU clock = 16 MHz, fBus = 8 MHz) RIDD

5 7.7 11.4
mA

C 3 7.4 11.2

3
P Run supply current3 measured at

(CPU clock = 40 MHz, fBus = 20 MHz) RIDD

5 15 24
mA

C 3 14 23

4

P4
Stop3 mode
supply
current –40 °C (C, V, & M suffix) 0.9 —

P4 25 °C (All parts) 5 1.0 —

P 105 °C (V suffix only) 26 39

P 125 °C (M suffix only) S3I
DD

62 90 µA

C –40 °C (C, V, & M suffix) 0.8 —

C 25 °C (All parts) 3 0.9 —

C 105 °C (V suffix only) 21 32

C 125 °C (M suffix only) 52 80

5

P4
Stop2 mode
supply
current –40 °C (C, V, & M suffix) 0.8 —

P4 25 °C (All parts) 5 0.9 —

P 105 °C (V suffix only) 25 37

P 125 °C (M suffix only) S2I
DD

46 70 µA

C –40 °C (C, V, & M suffix) 0.7 —

C 25 °C (All parts) 3 0.8 —

C 105 °C (V suffix only) 20 30

C 125 °C (M suffix only) 40 60
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A.8 Analog Comparator (A CMP) Electricals

A.9 ADC Characteristics

6 C
RTC adder to stop2 or stop35, 25°C 5 300 — nA

3 300 — nA

7 C
LVD adder to stop3 (LVDE = LVDSE = 1) 5 110 — µA

3 90 — µA

8 C
Adder to stop3 for oscillator enabled6

(IRCLKEN = 1 and IREFSTEN = 1 or
ERCLKEN = 1 and EREFSTEN = 1)

5 5 — µA

3 5 — µA

1 Typicals are measured at 25°C, unless otherwise noted.
2 Maximum values in this column apply for the full operating temperature range of the device unless otherwise noted.
3 All modules except ADC active, MCG configured for FBE, and does not include any dc loads on port pins
4 Stop currents are tested in production for 25°C on all parts. Tests at other temperatures depend upon the part number

suffix and maturity of the product. Freescale may eliminate a test insertion at a particular temperature from the
production test flow once sufficient data has been collected and is approved.

5 Most customers are expected to find that auto-wakeup from stop2 or stop3 can be used instead of the higher current
wait mode.

6 Values given under the following conditions: low range operation (RANGE = 0), low power mode (HGO = 0).

Table A-8. Analog Comparator Electrical Specifications

 Num  C  Rating  Symbol  Min  Typical  Max  Unit

1 — Supply voltage VDD 2.7 — 5.5 V

2 D Supply current (active) IDDAC — 20 35 µA

3 D Analog input voltage VAIN VSS – 0.3 — VDD V

4 D Analog input offset voltage VAIO 20 40 mV

5 D Analog Comparator hysteresis VH 3.0 6.0 20.0 mV

6 D Analog input leakage current IALKG -- -- 1.0 µA

7 D Analog Comparator initialization delay tAINIT — — 1.0 µs

Table A-9. 12-bit ADC Operating Conditions

 Characteristic  Conditions  Symb  Min  Typ1  Max  Unit  Comment

Supply voltage Absolute VDDAD 2.7 — 5.5 V

Delta to VDD (VDD-VDDAD)2 ∆VDDAD -100 0 +100 mV

Ground voltage Delta to VSS (VSS-VSSAD)2 ∆VSSAD -100 0 +100 mV

Table A-7.  Suppl y Current Characteristics  (contin ued)

 Num  C  Parameter  Symbol  VDD (V)  Typical 1  Max2  Unit

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6148663/mc9s08dn60.html


Appendix A Electrical Characteristics

MC9S08DN60 Series Data Sheet, Rev 2

Freescale Semiconductor 315

Ref Voltage
High

VREFH 2.7 VDDAD VDDAD V Applicable in only
64-pin packages
{VREFH < VDDAD
characterized but

not production test}

Ref Voltage
Low

VREFL VSSAD VSSAD VSSAD V Not Applicable in
64-pin packages

(only 32- and
48-pin packages)

Input Voltage VADIN VREFL — VREFH V

Input
Capacitance

CADIN — 4.5 5.5 pF

Input
Resistance

RADIN — 3 5 kΩ

Analog Source
Resistance

12 bit mode
fADCK > 4MHz
fADCK < 4MHz

RAS
—
—

—
—

2
5

kΩ External to MCU

10 bit mode
fADCK > 4MHz
fADCK < 4MHz

—
—

—
—

5
10

8 bit mode (all valid fADCK) — — 10

ADC
Conversion
Clock Freq.

High Speed (ADLPC=0) fADCK 0.4 — 8.0 MHz

Low Power (ADLPC=1) 0.4 — 4.0

1 Typical values assume VDDAD = 5.0V, Temp = 25°C, fADCK=1.0MHz unless otherwise stated. Typical values are for reference
only and are not tested in production.

2 DC potential difference.

Table A-9. 12-bit ADC Operating Conditions (contin ued)

 Characteristic  Conditions  Symb  Min  Typ1  Max  Unit  Comment
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Figure A-1. ADC Input Impedance Equiv alenc y Diagram

Table A-10. 12-bit ADC Characteristics (V REFH = VDDAD, VREFL = VSSAD)

Characteristic  Conditions  C  Symb  Min  Typ1  Max  Unit  Comment

Supply Current ADLPC=1
ADLSMP=1
ADCO=1

T IDD +
IDDAD

— 133 — µA ADC current
only

Supply Current ADLPC=1
ADLSMP=0
ADCO=1

T IDD +
IDDAD

— 218 — µA ADC current
only

Supply Current ADLPC=0
ADLSMP=1
ADCO=1

T IDD +
IDDAD

— 327 — µA ADC current
only

Supply Current ADLPC=0
ADLSMP=0
ADCO=1

D IDD +
IDDAD

— 0.582 1 mA ADC current
only

Supply Current Stop, Reset, Module Off IDD +
IDDAD

— 0.011 1 µA ADC current
only

ADC
Asynchronous
Clock Source

High Speed (ADLPC=0) P fADACK 2 3.3 5 MHz tADACK =
1/fADACK

Low Power (ADLPC=1) 1.25 2 3.3

+
–

+

–
VAS

RAS

CAS

VADIN

ZAS
Pad
leakage
due to
input
protection

ZADIN

SIMPLIFIED
INPUT PIN EQUIVALENT

CIRCUIT

RADIN

ADC SAR
ENGINE

SIMPLIFIED
CHANNEL SELECT

CIRCUIT

INPUT PIN

RADIN

CADIN

INPUT PIN

RADIN

INPUT PIN

RADIN
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Conversion
Time (Including
sample time)

Short Sample (ADLSMP=0) D tADC — 20 — ADCK
cycles

See
Table 10-12

for conversion
time variances

Long Sample (ADLSMP=1) — 40 —

Sample Time Short Sample (ADLSMP=0) D tADS — 3.5 — ADCK
cycles

Long Sample (ADLSMP=1) — 23.5 —

Total
Unadjusted
Error

12 bit mode T ETUE — ±3.0 ±10 LSB2 Includes
quantization

10 bit mode P — ±1 ±2.5

8 bit mode T — ±0.5 ±1.0

Differential
Non-Linearity

12 bit mode T DNL — ±1.75 ±4.0 LSB2

10 bit mode3 P — ±0.5 ±1.0

8 bit mode3 T — ±0.3 ±0.5

Integral
Non-Linearity

12 bit mode T INL — ±1.5 ±4.0 LSB2

10 bit mode T — ±0.5 ±1.0

8 bit mode T — ±0.3 ±0.5

Zero-Scale
Error

12 bit mode T EZS — ±1.5 ±6.0 LSB2 VADIN = VSSAD

10 bit mode P — ±0.5 ±1.5

8 bit mode T — ±0.5 ±0.5

Full-Scale Error 12 bit mode T EFS — ±1 ±4.0 LSB2 VADIN = VDDAD

10 bit mode T — ±0.5 ±1

8 bit mode T — ±0.5 ±0.5

Quantization
Error

12 bit mode D EQ — -1 to 0 -1 to 0 LSB2

10 bit mode — — ±0.5

8 bit mode — — ±0.5

Input Leakage
Error

12 bit mode D EIL — ±1 ±10.0 LSB2 Pad leakage4 *
RAS

10 bit mode — ±0.2 ±2.5

8 bit mode — ±0.1 ±1

Temp Sensor
Slope

-40°C– 25°C D m — 3.266 — mV/°C

25°C– 125°C — 3.638 —

Temp Sensor
Voltage

25°C D VTEMP25 — 1.396 — V

1 Typical values assume VDDAD = 5.0V, Temp = 25°C, fADCK=1.0MHz unless otherwise stated. Typical values are for reference
only and are not tested in production.

2 1 LSB = (VREFH - VREFL)/2N

Table A-10. 12-bit ADC Characteristics (V REFH = VDDAD, VREFL = VSSAD)  (contin ued)

Characteristic  Conditions  C  Symb  Min  Typ1  Max  Unit  Comment
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A.10 External Oscillator (XOSC) Characteristics

3 Monotonicity and No-Missing-Codes guaranteed in 10 bit and 8 bit modes
4 Based on input pad leakage current. Refer to pad electricals.

Table A-11. Oscillator Electrical Specifications (T emperature Rang e = –40 to 125°C Ambient)

Num  C  Rating  Symbol  Min  Typ1

1 Typical data was characterized at 3.0 V, 25°C or is recommended value.

 Max  Unit

1

Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1

 Low range (RANGE = 0) flo 32 — 38.4 kHz

C  High range (RANGE = 1) FEE or FBE mode 2

2 When MCG is configured for FEE or FBE mode, the input clock source must be divisible using RDIV to within the range of
31.25 kHz to 39.0625 kHz.

fhi-fll 1 — 5 MHz

 High range (RANGE = 1) PEE or PBE mode3

3 When MCG is configured for PEE or PBE mode, input clock source must be divisible using RDIV to within the range of 1 MHz
to 2 MHz.

fhi-pll 1 — 16 MHz

 High range (RANGE = 1, HGO = 1) BLPE mode fhi-hgo 1 — 16 MHz

High range (RANGE = 1, HGO = 0) BLPE mode fhi-lp 1 — 8 MHz

2 — Load capacitors
C1
C2

See crystal or resonator
manufacturer’s recommendation.

3

Feedback resistor

— Low range (32 kHz to 100 kHz) RF — 10 — MΩ

High range (1 MHz to 16 MHz) — 1 — MΩ

4

Series resistor

Low range, low gain (RANGE = 0, HGO = 0) — 0 —

Low range, high gain (RANGE = 0, HGO = 1) — 100 —

— High range, low gain (RANGE = 1, HGO = 0) RS — 0 — kΩ

High range, high gain (RANGE = 1, HGO = 1) ≥ 8 MHz — 0 0

4 MHz — 0 10

1 MHz — 0 20

5

Crystal start-up time 4

4 This parameter is characterized and not tested on each device. Proper PC board layout procedures must be followed to
achieve specifications.

Low range, low gain (RANGE = 0, HGO = 0) t
CSTL-LP — 200 —

T Low range, high gain (RANGE = 0, HGO = 1) t
CSTL-HGO — 400 —

High range, low gain (RANGE = 1, HGO = 0)5

5 4 MHz crystal.

t
CSTH-LP — 5 — ms

High range, high gain (RANGE = 1, HGO = 1)4 t
CSTH-HGO — 15 —

6

Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)

T FEE or FBE mode 2 0.03125 — 5

PEE or PBE mode3 fextal 1 — 16 MHz

BLPE mode 0 — 40
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A.11 MCG Specifications
Table A-12. MCG Frequenc y Specifications (T emperature Rang e = –40 to 125°C Ambient)

 Num  C  Rating  Symbol  Min  Typical  Max  Unit

1 P
Internal reference frequency - factory trimmed at
VDD = 5 V and temperature = 25 °C

fint_ft — 31.25 — kHz

2 P Average internal reference frequency - untrimmed 1 fint_ut 25 32.7 41.66 kHz

3 P Average internal reference frequency - user trimmed fint_t 31.25 — 39.0625 kHz

4 D Internal reference startup time tirefst — 60 100 us

5 — DCO output frequency range - untrimmed 1

value provided for reference: fdco_ut = 1024 X fint_ut
fdco_ut 25.6 33.48 42.66 MHz

6 P DCO output frequency range - trimmed fdco_t 32 — 40 MHz

7 C
Resolution of trimmed DCO output frequency at fixed
voltage and temperature (using FTRIM)

∆fdco_res_t — ± 0.1 ± 0.2 %fdco

8 C
Resolution of trimmed DCO output frequency at fixed
voltage and temperature (not using FTRIM)

∆fdco_res_t — ± 0.2 ± 0.4 %fdco

9 P
Total deviation of trimmed DCO output frequency over
voltage and temperature

∆fdco_t —
+ 0.5
-1.0

± 2 %fdco

10 C
Total deviation of trimmed DCO output frequency over
fixed voltage and temperature range of 0 - 70 °C

∆fdco_t — ± 0.5 ± 1 %fdco

11 C FLL acquisition time 2 tfll_acquire — — 1 ms

12 D PLL acquisition time 3 tpll_acquire — — 1 ms

13 C
Long term Jitter of DCO output clock (averaged over

2ms interval) 4 CJitter — 0.02 0.2 %fdco

14 D VCO operating frequency fvco 7.0 — 55.0 MHz

15 D PLL reference frequency range fpll_ref 1.0 — 2.0 MHz

16 T
Long term accuracy of PLL output clock (averaged over
2 ms)

fpll_jitter_2ms — 0.5905 — %fpll

17 T Jitter of PLL output clock measured over 625 ns6 fpll_jitter_625ns — 0.5665 — %fpll

18 D Lock entry frequency tolerance 7 Dlock ± 1.49 — ± 2.98 %

19 D Lock exit frequency tolerance 8 Dunl ± 4.47 — ± 5.97 %

MCU

EXTAL XTAL

Crystal or Resonator

RS

C2

RF

C1
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20 D Lock time - FLL tfll_lock — —
tfll_acquire+

1075(1/fint_t)
s

21 D Lock time - PLL tpll_lock — —
tpll_acquire+

1075(1/fpll_ref)
s

22 D
Loss of external clock minimum frequency - RANGE =
0 floc_low (3/5) x fint — — kHz

23 D
Loss of external clock minimum frequency - RANGE =
1 floc_high (16/5) x fint — — kHz

1 TRIM register at default value (0x80) and FTRIM control bit at default value (0x0).
2 This specification applies to any time the FLL reference source or reference divider is changed, trim value changed or changing

from FLL disabled (BLPE, BLPI) to FLL enabled (FEI, FEE, FBE, FBI). If a crystal/resonator is being used as the reference, this
specification assumes it is already running.

3 This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL disabled (BLPE,
BLPI) to PLL enabled (PBE, PEE). If a crystal/resonator is being used as the reference, this specification assumes it is already
running.

4 Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fBUS.
Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal. Noise injected
into the FLL circuitry via VDD and VSS and variation in crystal oscillator frequency increase the CJitter percentage for a given
interval.

5 Jitter measurements are based upon a 48 MHz MCGOUT clock frequency.
6 625 ns represents 5 time quanta for CAN applications, under worst case conditions of 8 MHz CAN bus clock, 1 Mbps CAN bus

speed, and 8 time quanta per bit for bit time settings. 5 time quanta is the minimum time between a synchronization edge and the
sample point of a bit using 8 time quanta per bit.

7 Below Dlock minimum, the MCG is guaranteed to enter lock. Above Dlock maximum, the MCG will not enter lock. But if the MCG
is already in lock, then the MCG may stay in lock.

8 Below Dunl minimum, the MCG will not exit lock if already in lock. Above Dunl maximum, the MCG is guaranteed to exit lock.

Table A-12. MCG Frequenc y Specifications (T emperature Rang e = –40 to 125°C Ambient)  (contin ued)

 Num  C  Rating  Symbol  Min  Typical  Max  Unit
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A.12 AC Characteristics
This section describes ac timing characteristics for each peripheral system.

A.12.1 Contr ol Timing

Figure A-2. Reset Timing

Table A-13. Contr ol Timing

 Nu
m

 C  Rating  Symbol  Min  Typical  Max  Unit

1 Bus frequency (tcyc = 1/fBus) fBus dc — 20 MHz

2 Internal low-power oscillator period tLPO 700 1300 µs

3 External reset pulse width1

1 This is the shortest pulse that is guaranteed to be recognized as a reset pin request. Shorter pulses are not guaranteed to
override reset requests from internal sources.

textrst 1.5 x tcyc — ns

4 Reset low drive2

2 When any reset is initiated, internal circuitry drives the RESET pin low for about 34 cycles of tcyc. After POR reset, the bus
clock frequency changes to the untrimmed DCO frequency (freset = (fdco_ut)/4) because TRIM is reset to 0x80 and FTRIM is
reset to 0; and there is an extra divide-by-two because BDIV is reset to 0:1. After other resets, trim stays at the pre-reset value.

trstdrv 34 x tcyc — ns

5 Active background debug mode latch setup time tMSSU 25 — ns

6 Active background debug mode latch hold time tMSH 25 — ns

7
IRQ/PIAx/ PIBx/PIDx pulse width

Asynchronous path2

Synchronous path3
tILIH, tIHIL 100

1.5 tcyc

— — ns

8 T

Port rise and fall time —

Low output drive (PTxDS = 0) (load = 50 pF)3

    Slew rate control disabled (PTxSE = 0)
    Slew rate control enabled (PTxSE = 1)

3 Timing is shown with respect to 20% VDD and 80% VDD levels. Temperature range –40°C to 125°C.

tRise, tFall —
—

40
75

ns

Port rise and fall time —

High output drive (PTxDS = 1) (load = 50 pF)3

    Slew rate control disabled (PTxSE = 0)
    Slew rate control enabled (PTxSE = 1)

tRise, tFall —
—

11
35

ns

textrst

RESET PIN
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Figure A-3. Active Bac kgr ound Deb ug Mode Latc h Timing

Figure A-4. Pin Interrupt Timing

A.12.2 Timer/PWM

Synchronizer circuits determine the shortest input pulses that can be recognized or the fastest clock that
can be used as the optional external source to the timer counter. These synchronizers operate from the
current bus rate clock.

Table A-14. TPM Input Timing

Num  C  Rating  Symbol  Min  Max  Unit

1 — External clock frequency fTCLK dc fBus/4 MHz

2 — External clock period tTCLK 4 — tcyc

3 D External clock high time tclkh 1.5 — tcyc

4 D External clock low time tclkl 1.5 — tcyc

5 D Input capture pulse width tICPW 1.5 — tcyc

BKGD/MS

RESET

tMSSU

tMSH

tIHIL

PIAx/PIBx/PIDx

tILIH

IRQ/PIAx/PIBx/PIDx
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Figure A-5. Timer External Cloc k

Figure A-6. Timer Input Capture Pulse

tTCLK

tclkh

tclkl

TPMxCHn

tICPW

TPMxCHn

tICPW

TPMxCHn
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A.12.3 SPI

TableA-15 andFigureA-7 throughFigureA-10 describe the timing requirements for the SPI system.

Table A-15. SPI Electrical Characteristic

 Num1

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

 C  Rating 2

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

 Symbol  Min  Max  Unit

1 D
Cycle time

Master
Slave

tSCK
tSCK

2
4

2048
—

tcyc
tcyc

2 D
Enable lead time

Master
Slave

tLead
tLead

—
1/2

1/2
—

tSCK
tSCK

3 D
Enable lag time

Master
Slave

tLag
tLag

—
1/2

1/2
—

tSCK
tSCK

4 D
Clock (SPSCK) high time

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

5 D
Clock (SPSCK) low time

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

6 D
Data setup time (inputs)

Master
Slave

tSI(M)
tSI(S)

30
30

—
—

ns
ns

7 D
Data hold time (inputs)

Master
Slave

tHI(M)
tHI(S)

30
30

—
—

ns
ns

8 D Access time, slave3

3 Time to data active from high-impedance state.

tA 0 40 ns

9 D Disable time, slave4

4 Hold time to high-impedance state.

tdis — 40 ns

10 D
Data setup time (outputs)

Master
Slave

tSO
tSO

25
25

—
—

ns
ns

11 D
Data hold time (outputs)

Master
Slave

tHO
tHO

–10
–10

—
—

ns
ns

12 D
Operating frequency5

Master
Slave

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

fop
fop

fBus/2048
dc

5
fBus/4

MHz
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Figure A-7. SPI Master Timing (CPHA = 0)

Figure A-8. SPI Master Timing (CPHA = 1)

SCK

(OUTPUT)

SCK

(OUTPUT)

MISO
(INPUT)

MOSI
(OUTPUT)

SS1

(OUTPUT)

MSB IN2

BIT 6 . . . 1

LSB IN

MSB OUT2 LSB OUT

BIT 6 . . . 1

(CPOL = 0)

(CPOL = 1)

NOTES:

2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.
1. SS output mode (MODFEN = 1, SSOE = 1).

12 3

5

6 7

10 11

5

10

4

4

SCK

(OUTPUT)

SCK

(OUTPUT)

MISO
(INPUT)

MOSI
(OUTPUT)

MSB IN(2)

BIT 6 . . . 1

LSB IN

 MSB OUT(2)  LSB OUT

BIT 6 . . . 1

(CPOL = 0)

(CPOL = 1)

SS(1)

(OUTPUT)

1. SS output mode (MODFEN = 1, SSOE = 1).
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

NOTES:

2

1

3

4
5

6 7

10 11

5
4
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Figure A-9. SPI Slave Timing (CPHA = 0)

Figure A-10. SPI Slave Timing (CPHA = 1)

SCK

(INPUT)

SCK

(INPUT)

MOSI
(INPUT)

MISO
(OUTPUT)

SS
(INPUT)

MSB IN

BIT 6 . . . 1

LSB IN

MSB OUT SLAVE LSB OUT

BIT 6 . . . 1

(CPOL = 0)

(CPOL = 1)

NOTE:

SLAVE
SEE

NOTE

1. Not defined but normally MSB of character just received

1

2

3

4

6 7

8

9

10 11

5

5
4

SCK

(INPUT)

SCK

(INPUT)

MOSI
(INPUT)

MISO
(OUTPUT)

MSB IN

BIT 6 . . . 1

LSB IN

MSB OUT SLAVE LSB OUT

BIT 6 . . . 1

SEE

(CPOL = 0)
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SS
(INPUT)

NOTE:

SLAVENOTE

1. Not defined but normally LSB of character just received

1
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6 78

910 11
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A.13 Flash and EEPR OM
This section provides details about program/erase times and program-erase endurance for theFlashand
EEPROM memory.

Programanderaseoperationsdonotrequireany specialpowersourcesotherthanthenormalVDD supply.
For more detailed information about program/erase operations, seeChapter4, “Memory.”

Table A-16. Flash and EEPR OM Characteristics

 Num  C  Rating  Symbol  Min  Typical  Max  Unit

1 — Supply voltage for program/erase Vprog/erase 2.7 5.5 V

2 —
Supply voltage for read operation

0 < fBus < 8 MHz
0 < fBus < 20 MHz

VRead 2.7 5.5 V

3 — Internal FCLK frequency1

1 The frequency of this clock is controlled by a software setting.

fFCLK 150 200 kHz

4 — Internal FCLK period (1/FCLK) tFcyc 5 6.67 µs

5 — Byte program time (random location)(2) tprog 9 tFcyc

6 — Byte program time (burst mode)(2) tBurst 4 tFcyc

7 — Page erase time2

2 These values are hardware state machine controlled. User code does not need to count cycles. This information supplied for
calculating approximate time to program and erase.

tPage 4000 tFcyc

8 — Mass erase time(2) tMass 20,000 tFcyc

9 C
Flash Program/erase endurance3

TL to TH = –40°C to + 125°C
T = 25°C

3 Typical endurance for Flash and EEPROM is based on the intrinsic bit cell performance. For additional information on how
Freescale Semiconductor defines typical endurance, please refer to Engineering Bulletin EB619, Typical Endurance for
Nonvolatile Memory.

nFLPE 10,000
—

—
100,000

—
—

cycles

10 C

EEPROM Program/erase endurance3

TL to TH = –40°C to + 0°C
TL to TH = 0°C to + 125°C
T = 25°C

nEEPE

10,000
50,000

—

—
—

100,000

—
—
—

cycles

11 C Data retention4

4 Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated
to 25°C using the Arrhenius equation. For additional information on how Freescale Semiconductor defines typical data
retention, please refer to Engineering Bulletin EB618, Typical Data Retention for Nonvolatile Memory.

tD_ret 15 100 — years
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A.14 EMC Performance
Electromagneticcompatibility(EMC) performanceis highly dependanton theenvironmentin which the
MCU resides. Board design and layout, circuit topology choices, location and characteristics of external
components as well as MCU software operation all play a significant role in EMC performance. The
system designer should consult Freescale applications notes such as AN2321, AN1050, AN1263,
AN2764, and AN1259 for advice and guidance specifically targeted at optimizing EMC performance.

A.14.1 Radiated Emissions

MicrocontrollerradiatedRFemissionsaremeasuredfrom 150kHz to 1 GHzusingtheTEM/GTEM Cell
methodin accordancewith theIEC 61967-2andSAEJ1752/3standards.Themeasurementis performed
with themicrocontrollerinstalledonacustomEMC evaluationboardwhile runningspecializedEMC test
software. The radiated emissions from the microcontroller are measured in a TEM cell in two package
orientations(NorthandEast).For moredetailedinformationconcerningtheevaluationresults,conditions
and setup, please refer to the EMC Evaluation Report for this device.

The maximum radiated RF emissions of the tested configuration in all orientations are less than or equal
to the reported emissions levels.

Table A-17. Radiated Emissions f or 3M05C Mask Set

 Parameter  Symbol  Conditions  Frequenc y  fosc /fCPU
 Level1

 (Max)

1 Data based on qualification test results.

 Unit

Radiated emissions,
electric field — Conditions -
TBD

VRE_TEM VDD = 5
TA = +25oC
64 LQFP

0.15 – 50 MHz

16 MHz
Crystal

20 MHz Bus

18 dBµV

50 – 150 MHz 18

150 – 500 MHz 13

500 – 1000 MHz 7

IEC Level L —

SAE Level 2 —
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Appendix B
Timer Pulse-Width Modulator (TPMV2)

NOTE

Thischapterrefersto S08TPMversion2, whichappliesto the3M05Cand
older mask sets of this device. 0M74K and newer mask set devices use
S08TPMversion3. If yourdeviceusesmask0M74K or newer, pleaserefer
to Chapter15, “Timer Pulse-Width Modulator (S08TPMV3)on page 259
for information pertaining to that module.

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

B.2 Features
The TPM has the following features:

• EachTPM maybeconfiguredfor buffered,center-alignedpulse-widthmodulation(CPWM)onall
channels

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

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

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

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

• 16-bit modulus register to control counter range

• Timer system enable

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

• Channel features:

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

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

— Set, clear, or toggle output compare action

— Selectable polarity on PWM outputs

B.3 Bloc k Diagram
FigureB-1showsthestructureof aTPM.SomeMCUsincludemorethanoneTPM,with variousnumbers
of channels.
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Figure B-1. TPM Bloc k Diagram

The central component of the TPM is the 16-bit counter that can operate as a free-running counter, a
modulocounter, or anup-/down-counterwhentheTPM is configuredfor center-alignedPWM.TheTPM
counter(whenoperatingin normalup-countingmode)providesthetiming referencefor theinputcapture,
output compare, and edge-aligned PWM functions. The timer counter modulo registers,
TPMxMODH:TPMxMODL, control the modulo value of the counter. (The values 0x0000 or 0xFFFF
effectively make the counter free running.) Software can read the counter value at any time without
affecting the counting sequence. Any write to either byte of the TPMxCNT counter resets the counter
regardless of the data value written.
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All TPM channels are programmable independently as input capture, output compare, or buffered
edge-aligned PWM channels.

B.4 External Signal Description
When any pin associated with the timer is configured as a timer input, a passive pullup can be enabled.
After reset,theTPM modulesaredisabledandall pinsdefault to general-purposeinputswith thepassive
pullups disabled.

B.4.1 External TPM Cloc k Sour ces

WhencontrolbitsCLKSB:CLKSA in thetimerstatusandcontrolregisteraresetto 1:1,theprescalerand
consequentlythe16-bit counterfor TPMx aredrivenby anexternalclocksource,TPMxCLK, connected
to an I/O pin. A synchronizer is needed between the external clock and the rest of the TPM. This
synchronizeris clockedby thebusclocksothefrequency of theexternalsourcemustbelessthanone-half
thefrequency of thebusrateclock.Theupperfrequency limit for thisexternalclocksourceis specifiedto
beone-fourththebusfrequency to conservatively accommodatedutycycleandphase-lockedloop(PLL)
or frequency-locked loop (FLL) frequency jitter effects.

Onsomedevicestheexternalclock input is sharedwith oneof theTPM channels.WhenaTPM channel
is sharedastheexternalclockinput,theassociatedTPM channelcannot usethepin. (Thechannelcanstill
be used in output compare mode as a software timer.) Also, if one of the TPM channels is used as the
externalclockinput,thecorrespondingELSnB:ELSnAcontrolbits mustbesetto 0:0sothechannelis not
trying to use the same pin.

B.4.2 TPMxCHn — TPMx Channel n I/O Pins

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the
configurationof thechannel.In somecases,nopin functionis neededsothepin revertsto beingcontrolled
by general-purpose I/O controls. When a timer has control of a port pin, the port data and data direction
registersdonotaffect therelatedpin(s).SeethePinsandConnectionschapterfor additionalinformation
about shared pin functions.

B.5 Register Definition
The TPM includes:

• An 8-bit status and control register (TPMxSC)

• A 16-bit counter (TPMxCNTH:TPMxCNTL)

• A 16-bit modulo register (TPMxMODH:TPMxMODL)

Each timer channel has:

• An 8-bit status and control register (TPMxCnSC)

• A 16-bit channel value register (TPMxCnVH:TPMxCnVL)

Referto thedirect-pageregistersummaryin theMemorychapterof thisdatasheetfor theabsoluteaddress
assignmentsfor all TPM registers.Thissectionrefersto registersandcontrolbitsonly by theirnames.A
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Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

B.5.1 Timer Status and Contr ol Register (TPMxSC)

TPMxSCcontainstheoverflow statusflagandcontrolbits thatareusedto configuretheinterruptenable,
TPM configuration, clock source, and prescale divisor. These controls relate to all channels within this
timer module.

7 6 5 4 3 2 1 0

R TOF
TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure B-2. Timer Status and Contr ol Register (TPMxSC)

Table B-1. TPMxSC Register Field Descriptions

 Field  Description

7
TOF

Timer Overflo w Flag — This flag is set when the TPM counter changes to 0x0000 after reaching the modulo
value programmed in the TPM counter modulo registers. When the TPM is configured for CPWM, TOF is set
after the counter has reached the value in the modulo register, at the transition to the next lower count value.
Clear TOF by reading the TPM status and control register when TOF is set and then writing a 0 to TOF. If another
TPM overflow occurs before the clearing sequence is complete, the sequence is reset so TOF would remain set
after the clear sequence was completed for the earlier TOF. Reset clears TOF. Writing a 1 to TOF has no effect.
0 TPM counter has not reached modulo value or overflow
1 TPM counter has overflowed

6
TOIE

Timer Overflo w Interrupt Enab le — This read/write bit enables TPM overflow interrupts. If TOIE is set, an
interrupt is generated when TOF equals 1. Reset clears TOIE.
0 TOF interrupts inhibited (use software polling)
1 TOF interrupts enabled

5
CPWMS

Center -Aligned PWM Select — This read/write bit selects CPWM operating mode. Reset clears this bit so the
TPM operates in up-counting mode for input capture, output compare, and edge-aligned PWM functions. Setting
CPWMS reconfigures the TPM to operate in up-/down-counting mode for CPWM functions. Reset clears
CPWMS.
0 All TPMx channels operate as input capture, output compare, or edge-aligned PWM mode as selected by the

MSnB:MSnA control bits in each channel’s status and control register
1 All TPMx channels operate in center-aligned PWM mode

4:3
CLKS[B:A]

Cloc k Sour ce Select — As shown in Table B-2, this 2-bit field is used to disable the TPM system or select one
of three clock sources to drive the counter prescaler. The external source and the XCLK are synchronized to the
bus clock by an on-chip synchronization circuit.

2:0
PS[2:0]

Prescale Divisor Select  — This 3-bit field selects one of eight divisors for the TPM clock input as shown in
Table B-3. This prescaler is located after any clock source synchronization or clock source selection, so it affects
whatever clock source is selected to drive the TPM system.
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B.5.2 Timer Counter Register s (TPMxCNTH:TPMxCNTL)

Thetwo read-onlyTPM counterregisterscontainthehighandlow bytesof thevaluein theTPM counter.
Readingeitherbyte(TPMxCNTHor TPMxCNTL) latchesthecontentsof bothbytesinto abuffer where
they remain latched until the other byte is read. This allows coherent 16-bit reads in either order. The
coherency mechanismis automaticallyrestartedby anMCU reset,awrite of any valueto TPMxCNTHor
TPMxCNTL, or any write to the timer status/control register (TPMxSC).

Reset clears the TPM counter registers.

Table B-2. TPM Cloc k Sour ce Selection

 CLKSB:CLKSA  TPM Cloc k Sour ce to Prescaler Input

0:0 No clock selected (TPMx disabled)

0:1 Bus rate clock (BUSCLK)

1:0 Fixed system clock (XCLK)

1:1 External source (TPMxCLK)1,2

1 The maximum frequency that is allowed as an external clock is one-fourth of the bus
frequency.

2 If the external clock input is shared with channel n and is selected as the TPM clock source,
the corresponding ELSnB:ELSnA control bits should be set to 0:0 so channel n does not try
to use the same pin for a conflicting function.

Table B-3. Prescale Divisor Selection

 PS2:PS1:PS0  TPM Cloc k Sour ce Divided-By

0:0:0 1

0:0:1 2

0:1:0 4

0:1:1 8

1:0:0 16

1:0:1 32

1:1:0 64

1:1:1 128

7 6 5 4 3 2 1 0

R Bit 15 14 13 12 11 10 9 Bit 8

W Any write to TPMxCNTH clears the 16-bit counter.

Reset 0 0 0 0 0 0 0 0

Figure B-3. Timer Counter Register High (TPMxCNTH)
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Whenbackgroundmodeis active,thetimercounterandthecoherency mechanismarefrozensuchthatthe
buffer latches remain in the state they were in when the background mode became active even if one or
both bytes of the counter are read while background mode is active.

B.5.3 Timer Counter Modulo Register s (TPMxMODH:TPMxMODL)

The read/write TPM modulo registers contain the modulo value for the TPM counter. After the TPM
counter reaches the modulo value, the TPM counter resumes counting from 0x0000 at the next clock
(CPWMS= 0) orstartscountingdown (CPWMS= 1), andtheoverflow flag(TOF)becomesset.Writing
toTPMxMODHorTPMxMODL inhibitsTOFandoverflow interruptsuntil theotherbyteiswritten.Reset
setstheTPM countermoduloregistersto 0x0000,which resultsin a free-runningtimercounter(modulo
disabled).

It is goodpracticeto wait for anoverflow interruptso bothbytesof themoduloregistercanbewrittenwell
before a new overflow. An alternative approach is to reset the TPM counter before writing to the TPM
modulo registers to avoid confusion about when the first counter overflow will occur.

7 6 5 4 3 2 1 0

R Bit 7 6 5 4 3 2 1 Bit 0

W Any write to TPMxCNTL clears the 16-bit counter.

Reset 0 0 0 0 0 0 0 0

Figure B-4. Timer Counter Register Lo w (TPMxCNTL)

7 6 5 4 3 2 1 0

R
Bit 15 14 13 12 11 10 9 Bit 8

W

Reset 0 0 0 0 0 0 0 0

Figure B-5. Timer Counter Modulo Register High (TPMxMODH)

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 B-6. Timer Counter Modulo Register Lo w (TPMxMODL)
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B.5.4 Timer Channel n Status and Contr ol Register (TPMxCnSC)

TPMxCnSC contains the channel interrupt status flag and control bits that are used to configure the
interrupt enable, channel configuration, and pin function.

7 6 5 4 3 2 1 0

R
CHnF CHnIE MSnB MSnA ELSnB ELSnA

0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure B-7. Timer Channel n Status and Contr ol Register (TPMxCnSC)

Table B-4. TPMxCnSC Register Field Descriptions

 Field  Description

7
CHnF

Channel n Flag — When channel n is configured for input capture, this flag bit is set when an active edge occurs
on the channel n pin. When channel n is an output compare or edge-aligned PWM channel, CHnF is set when
the value in the TPM counter registers matches the value in the TPM channel n value registers. This flag is
seldom used with center-aligned PWMs because it is set every time the counter matches the channel value
register, which correspond to both edges of the active duty cycle period.
A corresponding interrupt is requested when CHnF is set and interrupts are enabled (CHnIE = 1). Clear CHnF
by reading TPMxCnSC while CHnF is set and then writing a 0 to CHnF. If another interrupt request occurs before
the clearing sequence is complete, the sequence is reset so CHnF would remain set after the clear sequence
was completed for the earlier CHnF. This is done so a CHnF interrupt request cannot be lost by clearing a
previous CHnF. Reset clears CHnF. Writing a 1 to CHnF has no effect.
0 No input capture or output compare event occurred on channel n
1 Input capture or output compare event occurred on channel n

6
CHnIE

Channel n Interrupt Enab le — This read/write bit enables interrupts from channel n. Reset clears CHnIE.
0 Channel n interrupt requests disabled (use software polling)
1 Channel n interrupt requests enabled

5
MSnB

Mode Select B f or TPM Channel n  — When CPWMS = 0, MSnB = 1 configures TPM channel n for
edge-aligned PWM mode. For a summary of channel mode and setup controls, refer to Table B-5.

4
MSnA

Mode Select A for TPM Channel n — When CPWMS = 0 and MSnB = 0, MSnA configures TPM channel n for
input capture mode or output compare mode. Refer to Table B-5 for a summary of channel mode and setup
controls.

3:2
ELSn[B:A]

Edge/Level Select Bits  — Depending on the operating mode for the timer channel as set by
CPWMS:MSnB:MSnA and shown in Table B-5, these bits select the polarity of the input edge that triggers an
input capture event, select the level that will be driven in response to an output compare match, or select the
polarity of the PWM output.
Setting ELSnB:ELSnA to 0:0 configures the related timer pin as a general-purpose I/O pin unrelated to any timer
channel functions. This function is typically used to temporarily disable an input capture channel or to make the
timer pin available as a general-purpose I/O pin when the associated timer channel is set up as a software timer
that does not require the use of a pin.
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If the associated port pin is not stable for at least two bus clock cycles before changing to input capture
mode, it is possible to get an unexpected indication of an edge trigger. Typically, a program would clear
status flags after changing channel configuration bits and before enabling channel interrupts or using the
status flags to avoid any unexpected behavior.

B.5.5 Timer Channel V alue Register s (TPMxCnVH:TPMxCnVL)

These read/write registers contain the captured TPM counter value of the input capture function or the
outputcomparevaluefor theoutputcompareor PWM functions.Thechannelvalueregistersarecleared
by reset.

Table B-5. Mode , Edge, and Le vel Selection

 CPWMS  MSnB:MSnA  ELSnB:ELSnA  Mode  Configuration

X XX 00 Pin not used for TPM channel; use as an external clock for the TPM or
revert to general-purpose I/O

0 00 01 Input capture Capture on rising edge only

10 Capture on falling edge only

11 Capture on rising or falling edge

01 00 Output
compare

Software compare only

01 Toggle output on compare

10 Clear output on compare

11 Set output on compare

1X 10 Edge-aligned
PWM

High-true pulses (clear output on compare)

X1 Low-true pulses (set output on compare)

1 XX 10 Center-aligned
PWM

High-true pulses (clear output on compare-up)

X1 Low-true pulses (set output on compare-up)

7 6 5 4 3 2 1 0

R
Bit 15 14 13 12 11 10 9 Bit 8

W

Reset 0 0 0 0 0 0 0 0

Figure B-8. Timer Channel V alue Register High (TPMxCnVH)

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 B-9. Timer Channel V alue Register Lo w (TPMxCnVL)
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In inputcapturemode,readingeitherbyte(TPMxCnVHorTPMxCnVL) latchesthecontentsof bothbytes
into a buffer where they remain latched until the other byte is read. This latching mechanism also resets
(becomes unlatched) when the TPMxCnSC register is written.

In outputcompareor PWM modes,writing to eitherbyte(TPMxCnVHor TPMxCnVL) latchesthevalue
into a buffer. When both bytes have been written, they are transferred as a coherent 16-bit value into the
timer channel value registers. This latching mechanism may be manually reset by writing to the
TPMxCnSC register.

This latching mechanism allows coherent 16-bit writes in either order, which is friendly to various
compiler implementations.

B.6 Functional Description
All TPM functions are associated with a main 16-bit counter that allows flexible selection of the clock
sourceandprescaledivisor. A 16-bitmoduloregisteralsois associatedwith themain16-bitcounterin the
TPM. Each TPM channel is optionally associated with an MCU pin and a maskable interrupt function.

TheTPM hascenter-alignedPWM capabilitiescontrolledby theCPWMScontrolbit in TPMxSC.When
CPWMS is set to 1, timer counter TPMxCNT changes to an up-/down-counter and all channels in the
associated TPM act as center-aligned PWM channels. When CPWMS= 0, each channel can
independentlybeconfiguredto operatein inputcapture,outputcompare,or bufferededge-alignedPWM
mode.

The following sections describe the main 16-bit counter and each of the timer operating modes (input
capture,outputcompare,edge-alignedPWM,andcenter-alignedPWM).Becausedetailsof pin operation
and interrupt activity depend on the operating mode, these topics are covered in the associated mode
sections.

B.6.1 Counter

All timer functions are based on the main 16-bit counter (TPMxCNTH:TPMxCNTL). This section
discusses selection of the clock source, up-counting vs. up-/down-counting, end-of-count overflow, and
manual counter reset.

After any MCU reset, CLKSB:CLKSA= 0:0 so no clock source is selected and the TPM is inactive.
Normally, CLKSB:CLKSA wouldbesetto 0:1sothebusclockdrivesthetimercounter. Theclocksource
for the TPM can beselected to be off, the bus clock (BUSCLK), the fixed system clock (XCLK), or an
external input. The maximum frequency allowed for the external clock option is one-fourth the bus rate.
Refer toSectionB.5.1, “Timer Status and Control Register (TPMxSC)” andTableB-2 for more
information about clock source selection.

Whenthemicrocontrolleris in activebackgroundmode,theTPM temporarilysuspendsall countinguntil
themicrocontrollerreturnstonormaluseroperatingmode.Duringstopmode,all TPMclocksarestopped;
therefore, the TPM is effectively disabled until clocks resume. During wait mode, the TPM continues to
operate normally.

Themain16-bit counterhastwo countingmodes.Whencenter-alignedPWM is selected(CPWMS= 1),
thecounteroperatesin up-/down-countingmode.Otherwise,thecounteroperates asasimpleup-counter.
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As an up-counter, the main 16-bit counter counts from 0x0000 through its terminal count and then
continueswith 0x0000.Theterminalcountis 0xFFFFor amodulusvaluein TPMxMODH:TPMxMODL.

When center-aligned PWM operation is specified, the counter counts upward from 0x0000 through its
terminalcountandthencountsdownwardto 0x0000whereit returnsto up-counting.Both0x0000andthe
terminal count value (value in TPMxMODH:TPMxMODL) are normal length counts (one timer clock
period long).

An interruptflagandenableareassociatedwith themain16-bitcounter. Thetimeroverflow flag(TOF) is
asoftware-accessibleindicationthatthetimercounterhasoverflowed.Theenablesignalselectsbetween
software polling (TOIE = 0) where no hardware interrupt is generated, or interrupt-driven operation
(TOIE = 1) where a static hardware interrupt is automatically generated whenever the TOF flag is 1.

The conditions that cause TOF to become set depend on the counting mode (up or up/down). In
up-countingmode,themain16-bitcountercountsfrom 0x0000through0xFFFFandoverflowsto 0x0000
on thenext countingclock.TOFbecomessetat thetransitionfrom 0xFFFFto 0x0000.Whenamodulus
limit is set,TOFbecomessetat thetransitionfrom thevaluesetin themodulusregisterto 0x0000.When
the main 16-bit counter is operating in up-/down-counting mode, the TOF flag gets set as the counter
changesdirectionatthetransitionfromthevaluesetin themodulusregisterandthenext lowercountvalue.
This corresponds to the end of a PWM period. (The 0x0000 count value corresponds to the center of a
period.)

Because the HCS08 MCU is an 8-bit architecture, a coherency mechanism is built into the timer counter
for readoperations.Whenevereitherbyteof thecounteris read(TPMxCNTHorTPMxCNTL),bothbytes
arecapturedinto abuffer sowhentheotherbyteis read,thevaluewill representtheotherbyteof thecount
at thetimethefirst bytewasread.Thecountercontinuesto countnormally, but nonew valuecanberead
from either byte until both bytes of the old count have been read.

Themaintimercountercanberesetmanuallyatany timeby writing any valueto eitherbyteof thetimer
count TPMxCNTH or TPMxCNTL. Resetting the counter in this manner also resets the coherency
mechanism in case only one byte of the counter was read before resetting the count.

B.6.2 Channel Mode Selection

ProvidedCPWMS= 0(center-alignedPWM operationis notspecified),theMSnBandMSnAcontrolbits
in thechanneln statusandcontrolregistersdeterminethebasicmodeof operationfor thecorresponding
channel. Choices include input capture, output compare, and buffered edge-aligned PWM.

B.6.2.1 Input Capture Mode

With theinputcapturefunction,theTPM cancapturethetimeatwhichanexternaleventoccurs.When an
activeedgeoccursonthepinof aninputcapturechannel,theTPMlatchesthecontentsof theTPMcounter
into thechannelvalueregisters(TPMxCnVH:TPMxCnVL).Risingedges,falling edges,or any edgemay
be chosen as the active edge that triggers an input capture.

When either byte of the 16-bit capture register is read, both bytes are latched into a buffer to support
coherent16-bitaccessesregardlessof order. Thecoherency sequencecanbemanuallyresetby writing to
the channel status/control register (TPMxCnSC).
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An input capture event sets a flag bit (CHnF) that can optionally generate a CPU interrupt request.

B.6.2.2 Output Compare Mode

With the output compare function, the TPM can generate timed pulses with programmable position,
polarity, duration,andfrequency. Whenthecounterreachesthevaluein thechannelvalueregistersof an
output compare channel, the TPM can set, clear, or toggle the channel pin.

In output compare mode, values are transferred to the corresponding timer channel value registers only
afterboth8-bit bytesof a16-bitregisterhavebeenwritten.Thiscoherency sequencecanbemanuallyreset
by writing to the channel status/control register (TPMxCnSC).

An output compare event sets a flag bit (CHnF) that can optionally generate a CPU interrupt request.

B.6.2.3 Edge-Aligned PWM Mode

This typeof PWM outputusesthenormalup-countingmodeof thetimercounter(CPWMS= 0) andcan
be used when other channels in the same TPM are configured for input capture or output compare
functions. The period of this PWM signal is determined by the setting in the modulus register
(TPMxMODH:TPMxMODL). The duty cycle is determined by the setting in the timer channel value
register (TPMxCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the
ELSnA control bit. Duty cycle cases of 0percent and 100percent are possible.

As FigureB-10shows,theoutputcomparevaluein theTPM channelregistersdeterminesthepulsewidth
(duty cycle) of the PWM signal. The time between the modulus overflow and the output compare is the
pulse width. If ELSnA= 0, the counter overflow forces the PWM signal high and the output compare
forcesthePWM signallow. If ELSnA= 1, thecounteroverflow forcesthePWM signallow andtheoutput
compare forces the PWM signal high.

Figure B-10. PWM Period and Pulse Width (ELSnA = 0)

Whenthechannelvalueregisteris setto 0x0000,thedutycycle is 0 percent.By settingthetimerchannel
value register (TPMxCnVH:TPMxCnVL) to a value greater than the modulus setting, 100% duty cycle
can be achieved. This implies that the modulus setting must be less than 0xFFFF to get 100% duty cycle.

Because the HCS08 is a family of 8-bit MCUs, the settings in the timer channel registers are buffered to
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to either register,
TPMxCnVH or TPMxCnVL, write to buffer registers. In edge-PWM mode, values are transferred to the
correspondingtimerchannelregistersonly afterboth8-bit bytesof a16-bit registerhavebeenwrittenand
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the value in the TPMxCNTH:TPMxCNTL counter is 0x0000. (The new duty cycle does not take effect
until the next full period.)

B.6.3 Center -Aligned PWM Mode

This type of PWM output uses the up-/down-counting mode of the timer counter (CPWMS= 1). The
output compare value in TPMxCnVH:TPMxCnVL determines the pulse width (duty cycle) of the PWM
signal and the period is determined by the value in TPMxMODH:TPMxMODL.
TPMxMODH:TPMxMODL shouldbekeptin therangeof 0x0001to 0x7FFFbecausevaluesoutsidethis
range can produce ambiguous results. ELSnA will determine the polarity of the CPWM output.

pulse width = 2 x (TPMxCnVH:TPMxCnVL) Eqn. 16-1

period = 2 x (TPMxMODH:TPMxMODL);
for TPMxMODH:TPMxMODL = 0x0001–0x7FFF Eqn. 16-2

If thechannelvalueregisterTPMxCnVH:TPMxCnVLis zeroor negative (bit 15set),thedutycyclewill
be 0%. If TPMxCnVH:TPMxCnVL is a positive value (bit 15 clear) and is greater than the (nonzero)
modulus setting, the duty cycle will be 100% because the duty cycle compare will never occur. This
implies the usable range of periods set by the modulus register is 0x0001 through 0x7FFE (0x7FFF if
generationof 100%dutycycle is notnecessary).This is notasignificantlimitation becausetheresulting
period is much longer than required for normal applications.

TPMxMODH:TPMxMODL = 0x0000is aspecialcasethatshouldnotbeusedwith center-alignedPWM
mode. When CPWMS= 0, this case corresponds to the counter running free from 0x0000 through
0xFFFF, but whenCPWMS= 1 thecounterneedsavalid matchto themodulusregistersomewhereother
than at 0x0000 in order to change directions from up-counting to down-counting.

FigureB-11 shows the output compare value in the TPM channel registers (multiplied by 2), which
determines the pulse width (duty cycle) of the CPWM signal. If ELSnA= 0, the compare match while
counting up forces the CPWM output signal low and a compare match while counting down forces the
outputhigh.Thecountercountsupuntil it reachesthemodulosettingin TPMxMODH:TPMxMODL,then
counts down until it reaches zero. This sets the period equal to two times TPMxMODH:TPMxMODL.

Figure B-11. CPWM Period and Pulse Width (ELSnA = 0)

Center-alignedPWMoutputstypicallyproducelessnoisethanedge-alignedPWMsbecausefewerI/O pin
transitionsarelinedupat thesamesystemclockedge.This typeof PWM is alsorequiredfor sometypes
of motor drives.
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Because the HCS08 is a family of 8-bit MCUs, the settings in the timer channel registers are buffered to
ensurecoherent16-bitupdatesandto avoid unexpectedPWM pulsewidths.Writesto any of theregisters,
TPMxMODH,TPMxMODL, TPMxCnVH,andTPMxCnVL,actuallywrite tobuffer registers.Valuesare
transferredto thecorrespondingtimerchannelregistersonly afterboth8-bit bytesof a16-bitregisterhave
beenwrittenandthetimercounteroverflows(reversesdirectionfrom up-countingto down-countingatthe
endof theterminalcountin themodulusregister).ThisTPMxCNToverflow requirementonly appliesto
PWM channels, not output compares.

Optionally, whenTPMxCNTH:TPMxCNTL= TPMxMODH:TPMxMODL,theTPMcangenerateaTOF
interruptat theendof thiscount.Theusercanchooseto reloadany numberof thePWM buffers,andthey
will all update simultaneously at the start of a new period.

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanismfor themoduloregisters.Writing to TPMxCnSCcancelsany valueswritten to the
channel value registers and resets the coherency mechanism for TPMxCnVH:TPMxCnVL.

B.7 TPM Interrupts
TheTPM generatesanoptionalinterruptfor themaincounteroverflow andaninterruptfor eachchannel.
The meaning of channel interrupts depends on the mode of operation for each channel. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edge is
recognized.If thechannelis configuredfor outputcompareor PWM modes,theinterruptflag is seteach
time the main timer counter matches the value in the 16-bit channel value register. See theResets,
Interrupts, and System Configuration chapter for absolute interrupt vector addresses, priority, and local
interrupt mask control bits.

Foreachinterruptsourcein theTPM,aflagbit is setonrecognitionof theinterruptconditionsuchastimer
overflow, channel input capture, or output compare events. This flag may be read (polled) by software to
verify that the action has occurred, or an associated enable bit (TOIE or CHnIE) can be set to enable
hardware interrupt generation. While the interrupt enable bit is set, a static interrupt will be generated
whenever the associated interrupt flag equals 1. It is the responsibility of user software to perform a
sequence of steps to clear the interrupt flag before returning from the interrupt service routine.

B.7.1 Clearing Timer Interrupt Fla gs

TPM interrupt flags are cleared by a 2-step process that includes a read of the flag bit while it is set (1)
followedby awrite of 0 to thebit. If anew eventis detectedbetweenthesetwo steps,thesequenceis reset
and the interrupt flag remains set after the second step to avoid the possibility of missing the new event.

B.7.2 Timer Overflo w Interrupt Description

The conditions that cause TOF to become set depend on the counting mode (up or up/down). In
up-countingmode,the16-bittimercountercountsfrom 0x0000through0xFFFFandoverflowsto 0x0000
on thenext countingclock.TOFbecomessetat thetransitionfrom 0xFFFFto 0x0000.Whenamodulus
limit is set,TOFbecomessetat thetransitionfrom thevaluesetin themodulusregisterto 0x0000.When
thecounterisoperatingin up-/down-countingmode,theTOFflaggetssetasthecounterchangesdirection
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atthetransitionfromthevaluesetin themodulusregisterandthenext lowercountvalue.Thiscorresponds
to the end of a PWM period. (The 0x0000 count value corresponds to the center of a period.)

B.7.3 Channel Event Interrupt Description

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

When a channel is configured as an input capture channel, the ELSnB:ELSnA control bits select rising
edges,falling edges,any edge,or noedge(off) astheedgethattriggersaninputcaptureevent.Whenthe
selected edge is detected, the interrupt flag is set. The flag is cleared by the 2-step sequence described in
SectionB.7.1, “Clearing Timer Interrupt Flags.”

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 2-step
sequence described inSectionB.7.1, “Clearing Timer Interrupt Flags.”

B.7.4 PWM End-of-Duty-Cyc le Events

For channels that are configured for PWM operation, there are two possibilities:

• When the channel is configured for edge-aligned PWM, the channel flag is set when the timer
counter matches the channel value register that marks the end of the active duty cycle period.

• When the channel is configured for center-aligned PWM, the timer count matches the channel
valueregistertwiceduringeachPWM cycle.In thisCPWMcase,thechannelflagis setatthestart
and at the end of the active duty cycle, which are the times when the timer counter matches the
channel value register.

The flag is cleared by the 2-step sequence described inSectionB.7.1, “Clearing Timer Interrupt Flags.”
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Appendix C
Ordering Inf ormation and Mec hanical Dra wings

C.1 Ordering Inf ormation
This section contains ordering information for MC9S08DN60 Series devices.

Example of the device numbering system:

C.1.1 MC9S08DN60 Series De vices

C.2 Mechanical Dra wings
The following pages are mechanical drawings for the packages described in the following table:

Table C-1. Devices in the MC9S08DN60 Series

 Device Number
 Memor y

 Availab le Packages1

1 See Table C-2 for package information.

 FLASH  RAM  EEPROM

MC9S08DN60 62,080 2048 2048
64-LQFP,

48-LQFP, 32-LQFP
MC9S08DN48 49,152 2048 1536

MC9S08DN32 33,792 1536 1024

MC9S08DN16 16,896 1024 512 48-LQFP, 32-LQFP

Table C-2. Packag e Descriptions

 Pin Count   Type  Abbre viation  Designator  Document No.

64 Low Quad Flat Package LQFP LH 98ASS23234W

48 Low Quad Flat Package LQFP LF 98ASH00962A

32 Low Quad Flat Package LQFP LC 98ASH70029A

MC

Temperature range

Family

Memory

Status

Core

(C = –40°C to 85°C)(9 = Flash-based)

9 S08 XX

(MC = Fully Qualified) Package designator (see Table C-2)

Approximate Flash size in KB

DN 32

(S = Auto Qualified)

M

(V = –40°C to 105°C)
(M = –40°C to 125°C)
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