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Case outlines were changed because of the migration from gold wire to copper wirein some packages. See
the table below for the old (gold wire) package versus the new (copper wire) package.

To view the new drawing, go to Freescale.com and search on the new 98A package number for your
device.

For more information about QFN package use, see EB806: Electrical Connection Recommendations for
the Exposed Pad on QFN and DFN Packages.

© Freescale Semiconductor, Inc., 2014. All rights reserved.

AXY
4
‘s

freescale



Part Number

Package Description

Original (gold wire)
package document number

Current (copper wire)
package document number

MC68HC908JW32 48 QFN 98ARH99048A 98ASA00466D
MC9S08AC16
MC9S908AC60
MC9S08AC128
MC9S08AW60
MC9S08GB60A
MC9S08GT16A
MC9S08IM16
MC9S08IM60
MC9S08LL16
MC9S08QE128
MC9S08QE32
MC9S08RG60
MCF51CN128
MCO9RS08LAS8 48 QFN 98ARL10606D 98ASA00466D
MC9S08GT16A 32 QFN 98ARH99035A 98ASA00473D
MC9S908QE32 32 QFN 98ARE10566D 98ASA00473D
MC9S908QES8 32 QFN 98ASA00071D 98ASA00736D
MC9S08JS16 24 QFN 98ARL10608D 98ASA00734D
MC9S08QB8
MC9S08QG8 24 QFN 98ARL10605D 98ASA00474D
MC9S08SHS8 24 QFN 98ARE10714D 98ASA00474D
MC9RS08KB12 24 QFN 98ASA00087D 98ASA00602D
MC9S08QG8 16 QFN 98ARE10614D 98ASA00671D
MCORS08KB12 8 DFN 98ARL10557D 98ASA00672D
MC9S08QG8
MCORS08KA2 6 DFN 98ARL10602D 98ASA00735D
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MC9S08AC60 Series Features

8-Bit HCS08 Central Processor Unit (CPU)
e  40-MHz HCS08 CPU (central processor unit)
e 20-MHz internal bus frequency
e HCO8 instruction set with added BGND instruction

Development Support

e Background debugging system

e Breakpoint capability to allow single breakpoint
setting during in-circuit debugging (plus two more
breakpoints in on-chip debug module)

*  On-chip in-circuit emulator (ICE) Debug module
containing two comparators and nine trigger
modes. Eight deep FIFO for storing
change-of-flow addresses and event-only data.
Supports both tag and force breakpoints.

e Support for up to 32 interrupt/reset sources

Memory Options
e Up to 60 KB of on-chip FLASH memory with
security options
e Upto 2 KB of on-chip RAM

Clock Source Options
e Clock source options include crystal, resonator,
external clock, or internally generated clock with
precision NVM trimming using ICG module

System Protection

*  Optional watchdog computer operating properly
(COP) reset with option to run from independent
1kHz internal clock source or bus clock

* Low-voltage detection with reset or interrupt

e lllegal opcode detection with reset

e Cyclic Redundancy Check (CRC) Module to
support fast cyclic redundancy checks on
memory.

Power-Saving Modes
*  Wait plus two stops

Peripherals

e ADC — Up to 16-channel, 10-bit analog-to-digital
converter with automatic compare function

e SCI — Two serial communications interface
modules with optional 13-bit break. supports LIN
2.0 Protocol and SAE J2602; Master extended
break generation; Slave extended break detection

e  SPI — Serial peripheral interface module

e lIC — Inter-integrated circuit bus module to
operate at up to 100 kbps with maximum bus
loading; capable of higher baudrates with reduced
loading. 10-bit address extension option.

e Timers — Up to two 2-channel and one 6-channel
16-bit timer/pulse-width modulator (TPM) module:
Selectable input capture, output compare, and
edge-aligned PWM capability on each channel.
Each timer module may be configured for
buffered, centered PWM (CPWM) on all channels

e KBI — Up to 8-pin keyboard interrupt module

* CRC - Hardware CRC generation using a 16-bit
shift register

Input/Output

e Up to 54 general-purpose input/output (I/0) pins

e Software selectable pullups on ports when used
as inputs

e Software selectable slew rate control on ports
when used as outputs

* Software selectable drive strength on ports when
used as outputs

e Master reset pin and power-on reset (POR)

e Internal pullup on RESET, IRQ, and BKGD/MS
pins to reduce customer system cost

Package Options

*  64-pin quad flat package (QFP)
64-pin low-profile quad flat package (LQFP)
48-pin quad flat pack no lead package (QFN)
44-pin low-profile quad flat package (LQFP)
32-pin low-profile quad flat package (LQFP)
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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. For your
convenience, the page number designators have been linked to the appropriate location.

Revision Revision A
Number Date Description of Changes
1 2/2008 Preliminary customer release.
2 3/2008 Market Launch Release.
Added Vg and I ¢ in the Table A-6.
Added two figures of Figure 4-2 and Figure 4-3 to replace the old figure of “FLASH
3 8/2011 Program and Erase Flowchart”.

Updated Table 15-8.
Updated Ripp in the Table A-7.
Updated tgT) in the Table A-12.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
© Freescale Semiconductor, Inc., 2008-2011. All rights reserved.
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Chapter 1
Introduction

1.1 Overview

The MC9S08ACG60 Series are members of thedost; high-performance HED8 Family of 8-bit
microcontroller units (MCUSs). All MCUs in the fédly use the enhanced HCS08 core and are available
with a variety of modules, memory sizes,mmy types, and package types. Refefdble 1-1for
memory sizes and package types.

Table 1-1. Devices in the MC9S08AC60 Series

Device FLASH RAM Package

64 QFP
64 LQFP
MC9S08AC60 63,280 48 QFN
44 LQFP
32 LQFP
64 QFP
49,152 64 LQFP
MC9S08AC48 2048 48 QFN
44 LQFP
32 LQFP

64 QFP
32,768 64 LQFP
MC9S08AC32 48 QFN
44 LQFP
32 LQFP

Table 1-2summarizes the feature set avaiainl the MC9S08AC6Series of MCUS.
Table 1-2. MC9S08ACG60 Series Peripherals Available per Package Type

MC9S08AC60/48/32

Feature 64-pin ‘ 48-pin 44-pin ‘ 32-pin
CRC yes
ADC 16-ch | 8-ch | 6-ch
IIC yes
IRQ yes
KBI1 8 | 7 6 | 4
SCH yes
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Table 1-2. MC9S08ACG60 Series Peripherals Available per Package Type

MC9S08AC60/48/32
Feature 64-pin 48-pin 44-pin 32-pin
SCI2 yes no
SPI1 yes
TPMA1 6-ch 4-ch 2-ch
TPM1CLK yes no
TPM2 2-ch
TPM2CLK' yes | no
TPM3 2-ch
TPMCLK ! yes
I/0 pins 54 | 38 34 22

T TPMCLK, TPM1CLK, and TPM2CLK options are configured via software using the TPMCCFG bit; out of
reset, TPM1CLK, TPM2CLK, and TPMCLK are available to TPM1, TPM2, and TPMS3 respectively.
Reference the TPM chapter for a functional description of the TPMxCLK signal.

1.2 MCU Block Diagrams
The block diagram shows the sture of the MC9S08AC60 Series MCU.
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HCS08 CORE ICE DEBUG <
MODULE (DBG) x
o
BKGDINS, BDC cPU CYCLIC REDUNDANCY, —
CHECK MODULE (CR( o
'_
> (¥
HCS08 SYSTEM CONTRO 2-CHANNEL TIMER/PWIJ TPM3CH1 > 5
RESETe»] > MODULE (TPM3) | TPM3CHO id
RESETS AND INTERRUPT —
MODES OF OPERATION B2
IRQ/TPMCLK POWER MANAGEMENT SERIAL COMMUNICATIGMS~ >
q
INTERFACE MODULE (SC12}, 1, - .g
| Rrn || cop | 2
_ SDAL _
| Re |[ v | IIC MODULE (IIC1)| ¢ SCL1 .
TPMCLK —
v 8 AD1P[7:0] >
DDAD > 10-BIT -
Vssap »  ANALOG-TO-DIGITAue3 ADLPI15:8] > o
VREFL > CONVERTER (ADCIL) al=
VREFH > > O
» a
USER FLASH >
63,280 BYTES <SPSCK1L g
49 152 BYTES SERIAL PERIPHERAL { MOSI1 i
’ INTERFACE MODULE ($RIMISO1 >
32,768 BYTES el =
_ TPM1CH1 -t
USER RAM 6-CHANNEL TIMER/PV "ﬂgmgﬂ? >0
2048 BYTES > MODULE (TPM1) |
<TPMICH[5:2]
“RxD1
SERIAL COMMUNICATIONS D1 N
INTERNAL CLOCK INTERFACE MODULE (SCIT) =
GENERATOR (ICG)
_TPM2CH1 .l
———————— 2-CHANNEL TIMER/P\TPM2CHO -
LOW-POWER OSCILLATOR| | ®> MODULE (TPM2) |<TPM2CLK &
o |
Vop —»~ 8-BIT KEYBOARD |« KBIIPI7:5]
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EXTAL
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5
Notes: a

1. Port pins are software configurable with pullup device if input port.
2. Pin contains software configurable pullup/pulldown device if IRQ is enabled
(IRQPE = 1). Pulldown is enabled if rising edge detect is selected (IRQEDG = 1)

3. Pin contains integrated pullup device.

YYYYYY

Chapter 1 Introduction

€S PTA[7:0]

|« S PTB[7:2/AD1P[7:2]
~«—>»PTB1/TPM3CH1/AD1P1
~<«—»PTBO/TPM3CHO/AD1P0O

«—>» PTC6
€«—» PTC5/RxD2
«—>» PTC4
€—>» PTC3/TxD2
€—>» PTC2/MCLK
«—>» PTC1/SDA1

—>» PTCO/SCL1

[ |[<—» PTD7/KBI1P7/AD1P15

~—>» PTD6/TPM1CLK/AD1P14
<—>» PTD5/AD1P13

<—>» PTD4/TPM2CLK/AD1P12
~«——>» PTD3/KBI1P6/AD1P11
~«—>» PTD2/KBI1P5/AD1P10
<<—>» PTD1/AD1P9

<—>» PTDO/AD1P8

<<«—>» PTE7/SPSCK1

<—>» PTE6/MOSI1

<—>» PTE5/MISO1

<«——» PTE4/SS1

<—>» PTE3/TPM1CH1

~«—>» PTE2/TPM1CHO

-«—>» PTE1/RxD1

| |-«—>» PTEO/TxD1

~<«—>» PTF[7:6]
<«—>» PTF5/TPM2CH1
-<—>» PTF4/TPM2CHO

~«—>» PTF3/TPM1CH5
~«—>» PTF2/TPM1CH4
~<«—>» PTF1/TPM1CH3
<«—>» PTFO/TPM1CH2

<<—>» PTG6/EXTAL
~<—>» PTG5/XTAL

<<—>»PTG4/KBI1P4
-«—>» PTG3/KBI1P3
<—>» PTG2/KBI1P2
-<«—>» PTG1/KBI1P1
~—>» PTGO/KBI1PO

4. PTDS, PTD2, PTD7, and PTG4 contain both pullup and pulldown devices. Pulldown enabled when KBI is enabled
(KBIPEN = 1) and rising edge is selected (KBEDGn = 1).
5. TPMCLK, TPM1CLK, and TPM2CLK options are configured via software; out of reset, TPM1CLK, TPM2CLK, and
TPMCLK are available to TPM1, TPM2, and TPMS3 respectively.

Figure 1-1. MC9S08AC60 Series Block Diagram
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Table llists the functional versions of the on-chip modules.
Table 1. Versions of On-Chip Modules

Module Version
Cyclic Redundancy Check Generator  (CRC) 1
Analog-to-Digital Converter (ADC) 1
Internal Clock Generator (ICG) 4
Inter-Integrated Circuit (1C) 2
Keyboard Interrupt (KBI) 1
Serial Communications Interface (SCI) 4
Serial Peripheral Interface (SPI) 3
Timer Pulse-Width Modulator (TPM) 3
Central Processing Unit (CPU) 2
Debug Module (DBG) 2

1.3  System Clock Distribution

TPM1CLK  TPM2CLK

r - - - - — 1
| SYSTEM |
CONTROL TPM1 TPM2 lc1 scl1 scI2 SPI1
| LOGIC |
ICGERCLK
o RTI |
FFE 1
I . |
v
IcG | XCLK™ |
I |
| 1 kHz |
ICGOUT | _ ] BUSCLK|
| e
ICGLCLK* | |
Lo - — | — 1
D CPU cop BDC TPM3 ADC1 RAM FLASH
J:_ J:_ TPMCLK CRC

* ICGLCLK is the alternate BDGsolarle for the MC9S08AC6E0 Series.
**Fixed frequency clock.

Figure 1-2. System Clock Distribution Diagram

Some of the modules inside thECU have clock source choicdsgure 1-2shows a simplified clock
connection diagram. The IC§upplies the clock sources:
* ICGOUT is an output of the ICG modulit is one of the following:
— The external crystal oscillator
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— An external clock source

— The output of the digitally-controlled o#lektor (DCO) in the frequency-locked loop
sub-module

— Control bits inside the ICG detaine which source is connected.

» FFE is a control signal generated indide ICG. If the frequency of ICGOUT > dthe frequency
of ICGERCLK, this signal is a logic 1 ancktfixed-frequency clociill be ICGERCLK/2.
Otherwise the fixed-frequepelock will be BUSCLK.

* [CGLCLK — Development tools can select this mmi& self-clocked source (~ 8 MHz) to speed
up BDC communications in systems where the bus clock is slow.

* [ICGERCLK — External reference clock can be stdd as the real-time interrupt clock source.
Can also be used as the ALTCLK input to the ADC module.

MC9S08AC60 Series Data Sheet, Rev. 3
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Chapter 2
Pins and Connections

2.1 Introduction

This chapter describes signals that connect to pagkiag. It includes a pinodiagram, a table of signal
properties, and detailatiscussion of signals.

2.2 Device Pin Assignment
Figure 2-1. shows the 64-pin package assignments for the MC9S08AC60 Seriegevices.

MC9S08AC60 Series Data Sheet, Rev. 3
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Figure 2-1. MC9S08AC60 Series in 64-Pin QFP or LQFP Package

MC9S08AC60 Series Data Sheet, Rev. 3

26

Freescale Semiconductor



Chapter 2 Pins and Connections

Figure 2-2shows the 48-pin QFN pin assignmeifaisthe MC9S08ACGE0 Series device.
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PTF4/TPM2CHO | 48-Pin QFN | 31
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Figure 2-2. MC9S08AC60 Series in 48-Pin QFN Package
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Figure 2-3.shows the 44-pin LQFP pin assignrsefor the MC9S08AC60 Series device.
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Figure 2-3. MC9S08ACG60 Series in 44-Pin LQFP Package
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Figure 2-4.shows the 32-pin LQFP pin assignrsefor the MC9S08AC60 Series device.
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Figure 2-4. MC9S08ACG60 Series in 32-Pin LQFP Package

2.3 Recommended System Connections

Figure 2-5shows pin connections that are commoalioost all MC9S08ACG60 Series application

systems.
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VREFH  MC9S08ACE0
—o VbpaD
l Cayap
0.1FF l«——» PTAO
y _{—C Vesap '«—» PTAL
SYSTEM DD = VREFL PTA2
POWER T . v ‘ > BTAS
* T l oo PORT [ >
5 CoLk A Gey A= > PTA4
10 FE l T 0.1FF '«—» PTA5
B Vss(x2) l«—» PTA6
= «—» PTA7
__________ A
NOTE 1
| Re Re | «—>» PTBO/AD1PO
| [l |} r— XTAL l«—» PTB1/AD1P1
1 't T ! NOTE 2
| Cl T X T C2 | <« » PTB2/AD1P2
| = = | EXTAL PORT |«——> PTB3/AD1P3
e > NOTE 2 B |«——> PTB4/AD1P4
BACKGROUND HEADER <—» PTB5/AD1P5
X «—> PTB6/AD1P6 /O AND
Voo d) ORE & BKGDIMS <> PTB7/AD1P7  pPERIPHERA
_@ O @_ Vop l«——>» PTCO/SCL1 INTERFACE *
J:_ ~<«——» PTC1/SDA1 APPLICATIO
47k-10k l«——» PTC2/MCLK SYSTEM
$- - »—e— RESET PORT [<«—> PTC3/TxD2
J} T 0.1 FVpp C le——» prCa
OPTIONAL N 47k - <«——» PTC5/RXD2
MANUAL ASYNCHRONOUS 10 k «——» PTC6
RESET INTERRUPT IRQ
INPUT 01F NOTE 1
= T
= l«——» PTDO/AD1PS
PTGO/KBI1R&——»| l«——> PTD1/AD1P9
PTG1/KBI1Pd&—— | l«—— PTD2/KBI1P5/AD1P10
PTG2/KBI1lP&——»| PORT PORT «——> PTD3/KBI1P6/AD1P11
PTG3/KBIlP&——» G D |«——> PTD4/TPM2CLK/AD1P[L2
PTG4/KBI1Pdt—| l«——» PTD5/AD1P13
PTG5/XTAle——» l«——» PTD6/TPM1CLK/AD1P14
PTG6/EXTA—» «——>» PTD7/KBI1P7/AD1P15
NOTES:
1. Not required if PTEOTPM1CHS ) . > PTEO/TXDL
using the internal
clock option. PTFL/TPM1CHE—» < » PTE1/RxD1
2. These are the PTF2/TPM1CHE—> [<«—» PTE2/TPM1CHO
PTG5 and PTG6 T
3. RC filters on PTF4/TPM2CHE— > F E  |«—>» PTE4SS
RESET and IRQ PTF5/TPM2CHE—> «——» PTE5/MISO1
are recommended PTF6a—— > |«—— PTE6/MOSI1
for EMC-sensitive PTF 7« » < » PTE7/SPSCK1

applications.

Figure 2-5. Basic System Connections
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Chapter 2 Pins and Connections

2.3.1  Power (Vpp, Vss: Vbpaps Vssap)

Vpp and Vggare the primary power supplynsi for the MCU. This voltage source supplies power to all
I/O buffer circuitry and t@n internal voltage regulator. The intakmoltage regulatgprovides regulated
lower-voltage source to the CPU andeatinternal circuitry of the MCU.

Typically, application systems have two separate dapa@cross the power pins. In this case, there
should be a bulk electrolyt@mpacitor, such as a 18- tantalum capacitor, farovide bulk charge storage
for the overall system and a OFF-ceramic bypass capacitor locatesinear to the pairedhy and Vsg
power pins as practical suppress high-frequency noidée MC9S08ACGE0 has a seconddpin. This
pin should be connected to the gystground plane or to the primargdpin through a low-impedance
connection.

Vppap and Vgsap are the analog power supphynpifor the MCU. This volge source supplies power to
the ADC module. A 0.1FF ceramic bypass capacitdérasild be located as near to the analog power pins
as practical to suppss high-frequency noise.

2.3.2 Oscillator (XTAL, EXTAL)

Out of reset the MCU uses an internajsnerated clock (self-clocked mode <gf (esek €quivalent to
about 8-MHz crystal rate. This figency source is used during restertup and can be enabled as the
clock source for stopecovery to avoid the need for a long crystartup delay. ThisMCU also contains
a trimmable internal cloogenerator (ICG) module thaain be used to run tMCU. For more information
on the ICG, se€hapter 10, “Internal Clock Generator (SO8ICGY/4)

The oscillator in this MCU is a Pierce oscillatoatitan accommodate a crystaceramic resonator in
either of two frequency ranges selected by the RANGH Ibhe ICGC1 register. Rather than a crystal or
ceramic resonator, an external oscillatan be connected to the EXTAL input pin.

Refer toFigure 2-5for the following discussion. &when used) andfRshould be low-inductance
resistors such as carbon compositiesistors. Wire-wound regors, and some met@dm resistors, have
too much inductance. C1 and C2maily should be high-qui&y ceramic capacitorthat are specifically
designed for high-frequeey applications.

Rg is used to provide a bias pathkiep the EXTAL input in its lineaange during crystatartup and its
value is not generally crdal. Typical systems use 1 Mto 10 M:. Higher values are sensitive to
humidity and lower values deice gain and (in extremeses) could prevent startup.

C1 and C2 are typically ithe 5-pF to 25-pF range and are chasematch the requirements of a specific
crystal or resonator. Be sure to take intocoaict printed circuit board B) capacitance and MCU pin
capacitance when sizing @hd C2. The crystal manufacturer typigaipecifies a load capacitance which
is the series combination of C1 and C2 whichuangally the same size. As a first-order approximation,
use 10 pF as an estimate of combined pin &8 €apacitance for each oscillator pin (EXTAL and
XTAL).

2.3.3 RESET Pin

RESETis a dedicated pin with a pullaevice built in. It has input hystesis, a high current output driver,
and no output slew rate controltémal power-on resehd low-voltage reset cititry typically make
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external reset circuitry unnecessariiis pin is normally connectdd the standard 6-pin background
debug connector so a developmentaystan directly res¢he MCU system. If desired, a manual external
reset can be added by supplying a simple swiaround (pull reset pin low to force a reset).

Whenever any reset is initiated (whetlirom an external signal or froam internal system), the reset pin
is driven low for approximately 34 cycles @kft reset The reset circuitry decodes the cause of reset and
records it by setting a corresponding bit in $lgstem control reset status register (SRS).

In EMC-sensitive applicationan external RC filter isscommended on the reset pin. Segire 2-5for
an example.

2.3.4 Background/Mode Select (BKGD/MS)

While in reset, the BKGD/MS piruhctions as a mode select pin. Intiately after reset rises the pin
functions as the backgund pin and can be used for baakgrd debug communication. While functioning
as a background/mode select pin,gheincludes an internal pullup dew, input hysteresis, and no outp it
slew rate control. When the pin functions dsakgroundpin, it includes a high current output driver.
When the pin functions asmaode seleqgpin it is input only, and thefore does not include a standard
output driver.

If nothing is connected to thismpithe MCU will enter normal operatingaale at the risingdge of reset.
If a debug system is connectedhe 6-pin standard backgrounddg header, it can hold BKGD/MS low
during the rising edge of reset whichides the MCU to active background mode.

The BKGD pin is used primarily for background deloogtroller (BDC) commuigiations using a custom
protocol that uses 16 clock cycles of the taM€lJ’s BDC clock per bit time. The target MCU’s BDC
clock could be as fast as the loleck rate, so there should neverdngy significant capacitance connected
to the BKGD/MS pin that could interfemwith background serial communications.

Although the BKGD pin is a gsido open-drain pin, the backgnd debug communication protocol
provides brief, actively driven, high speedup pulsesntgure fast rise tinse Small capacitances from
cables and the absolute valof the internal pullup dese play almost no role ietermining rise and fall
times on the BKGD pin.

2.3.5 ADC Reference Pins (VRerH; VREFL)

The Vrepy and Vkeg, pins are the voltage reference high aotfage reference low inputs respectively
for the ADC module.

2.3.6 External Interrupt Pin (IRQ)

The IRQ pin is the input source for the IRQ interrupt & also the input for éBIH and BlLinstructions.
If the IRQ function is not enablethis pin can still be configured #% TPMCLK (see the TPM chapter).

In EMC-sensitive applications, an exterRal filter is recommended on the IRQ pin. $égure 2-5for
an example.

MC9S08AC60 Series Data Sheet, Rev. 3

32 Freescale Semiconductor



Chapter 2 Pins and Connections

2.3.7 General-Purpose I/0O and Peripheral Ports

The remaining pins are shared amgegeral-purpose 1/0 and ahip peripheral funatins such as timers
and serial I/0 systems. Immediately after resépfahese pins are cagired as high-impedance
general-purpose inputs with imt&l pullup devices disabled.

NOTE

To avoid extra current drain from flidag input pins, the reset initialization
routine in the application prograshould either enable on-chip pullup
devices or change the diteon of unused pins toutputs so the pins do not
float.

Not all general-purpose 1/O pins areadable on all packages. To avoid
extra current drain from floating inppins, the user’s reset initialization
routine in the application prograshould either enable on-chip pullup
devices or change the direction of anoected pins to outputs so the pins
do not float.

For information about controlling thepes as general-ppose 1/O pins, seEhapter 6, “Parallel
Input/Output”

When an on-chip peripheral systentantrolling a pin, data directiorontrol bits still determine what is
read from port data registers even though the paaphedule controls the pidirection by controlling
the enable for the pin’s output buffer. See@mapter 6, “Patkel Input/Output chapter for more details.

Pullup enable bits for each infqaih control whether on-gp pullup devices are enabled whenever the pin
is acting as an input even iistbeing controlled by an on-chipnggheral module. Whethe PTD7, PTD3,
PTD2, and PTG4 pins are contrallby the KBl module and are cogtired for rising-edge/high-level
sensitivity, the pullup enable control bits enablddgnwn devices rather thgullup devices. Similarly,
when IRQ is configured as the IRQput and is set to detect risindges, the pullup enable control bit
enables a pulldown device rather than a pullup device.

NOTE

When an alternative function is firstabied it is possibleo get a spurious
edge to the module, user softwarewd clear out any associated flags
before interrupts are enabléable 2-lillustrates the priority if multiple
modules are enabled. The highest ptyamodule will have control over the
pin. Selecting a higher priority pimifiction with a lower priority function
already enabled can caugeigous edges to the lower priority module. It is
recommended that all modd that share a pin ldesabled before enabling
another module.
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Table 2-1. Pin Availability by Package Pin-Count

Pin Number |<--Lowest Priority --> Highest Pin Number | <--Lowest Priority -->Highest
64| 48| 44| 32| Port Pin Alt 1 Alt 2 64| 48| 44| 32| Port Pin Alt 1 Alt 2
11| 1| —|PTC4 33| 25| —| —| PTA7
2|1 2| 2 IRQ TPMCLK! 34| 26| 23| 17| PTBO TPM3CHO | AD1PO
3| 3| 3| 2|RESET 35| 27| 24| 18| PTB1 TPM3CH1 | AD1P1
4| 4| 4| —| PTFO TPM1CH2 36| 28| 25| 19| PTB2 AD1P2
5| 5| 5| —|PTF1 TPM1CH3 37| 29| 26| 20| PTB3 AD1P3
6| —| —| —| PTF2 TPM1CH4 38| —| —| —| PTB4 AD1P4
7| —| —| —| PTF3 TPM1CH5 39| —| —| —| PTB5 AD1P5
8| 6| 6| 3|PTF4 TPM2CHO 40| —| —| —| PTB6 AD1P6
9| —| —| —| PTC6 41| —| —| —| PTB7 AD1P7
10| —| —| —| PTF7 42| 30| 27| —| PTDO AD1P8
11| 7| 7| 4 | PTF5 TPM2CHH1 43| 31| 28| —| PTD1 AD1P9
12| 8| —| —| PTF6 441 32| 29| 21| Vppap
13| 9| 8| 5| PTEO TxD1 45| 33| 30| 22| Vgsap
14| 10| 9| 6 | PTE1 RxD1 46| 34| 31| 23| PTD2 KBI1P5 AD1P10
15| 11| 10| 7 | PTE2 TPM1CHO 47| 35| 32| 24| PTD3 KBI1P6 AD1P11
16| 12| 11| 8 | PTES3 TPM1CH1 48| 36| 33| —| PTG3 KBI1P3
17| 13| 12| 9 | PTE4 SS1 49| 37| —| — | PTG4 KBI1P4
18| 14| 13| 10| PTE5 MISO1 50| —| —| —| PTD4 TPM2CLK | AD1P12
19| 15| 14| 11| PTE6 MOSH 51| —| —| —| PTD5 AD1P13
20| 16| 15| 12| PTE7 SPSCK1 52| —| —| —| PTD6 TPM1CLK | AD1P14
21| 17| 16| 13| Vgg 53| —| —| —| PTD7 KBI1P7 AD1P15
22| 18| 17| 14| Vpp 54| 38| 34| 25| VRErH
23| 19| 18| 15| PTGO KBI1PO 55| 39| 35| 26| VRerL
24| 20| 19| 16| PTG1 KBI1P1 56| 40| 36| 27| BKGD MS
25| 21| 20| —| PTG2 KBI1P2 57| 41| 37| 28| PTG5 XTAL
26| 22| 21| —| PTAO 58| 42| 38| 29| PTG6 EXTAL
27| 23| 22| —| PTA1 59| 43| 39| 30| Vgg
28| 24| —| —| PTA2 60| 44| 40| 31| PTCO SCLA1
29| —| —| —| PTA3 61| 45| 41| 32| PTC1 SDA1
30| —| —| —| PTA4 62| 46| 42| —| PTC2 MCLK
31| —| —| —| PTA5 63| 47| 43| —| PTC3 TxD2
32| —| —| —| PTA6 64| 48| 44| —| PTC5 RxD2
1. TPMCLK, TPM1CLK, and TPM2CLK options are configured via software; out of reset, TPM1CLK, TPM2CLK, and TPMCLK

are available to TPM1, TPM2, and TPM3 respectively.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MC9S08ACHEYies are described in this cteapEntry into each mode, exit
from each mode, and functionality whiteeach of the modes are described.

3.2 Features

* Active background modi®r code development

* Wait mode:
— CPU shuts down to conserve power
— System clocks running
— Full voltage regulation maintained

» Stop modes:
— System clocks stopped; vage regulator in standby
— Stop2 — Partial power down of intedrcircuits, RAM contents retained
— Stop3 — All internal circuitgpowered for fast recovery

3.3 Run Mode

This is the normal operating mode for the MC9SG8A Series. This mode is selected when the
BKGD/MS pin is high athe rising edge of reset. In this motlee CPU executes code from internal
memory with execution beginning at the addresshid from memory at OXFFFE:OxFFFF after reset.

3.4 Active Background Mode

The active background mode functions are mathéigeough the backgroundlaieg controller (BDC) in
the HCSO8 core. The BDC, together with the oipd6E debug module (DBG), provide the means for
analyzing MCU operation durg software development.
Active background mode is &med in any of five ways:

*  When the BKGD/MS pin is lowvat the rising edge of reset

*  When a BACKGROUND command received through the BKGD pin

* When a BGND instruction is executed

* When encountering a BDC breakpoint

* When encountering a DBG breakpoint
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After entering active background modtlee CPU is held in a suspendstdte waiting for serial background
commands rather than executing instraesi from the user’application program.

Background commands are of two types:

* Non-intrusive commands, defined commands that can be isdwvhile the user program is
running. Non-intrusive commands can be issinedugh the BKGD pin while the MCU is in run
mode; non-intrusive commandsncalso 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

» Active background commands, which can onlgkecuted while the MCU is in active background

mode. Active background commands include commands to:

— Read or write CPU registers

— Trace one user prograimstruction at a time

— Leave active background mode to rettarihe user’s application program (GO)

3.5 Wait Mode

Wait mode is entered by executia§VAIT instruction. pon execution of the WAIlinstruction, the CPU
enters a low-power state in whichstnot clocked. The | bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an intermgpfuest occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking tipasleading to the terrupt service routine.

While the MCU is in wait mode, there are sorestrictions on which background debug commands can
be used. Only the BACKGROUND munand and memory-access-witiatsis commands are available
when the MCU is in wait mode. The memory-acosgh-status commands do ratow memory access,
but they report an errandicating that the MCU is in eithatop or wait mode. The BACKGROUND
command can be used to wake the MCU frait mode and enter active background mode.

3.6 Stop Modes

One of two stop modes is entered upon execution of2PSistruction when the STOPE bit in the system
option register is set. In both stodes, all internal clocks are haltdf the STOPE bit is not set when
the CPU executes a STOP instruction, the MCU natl enter either of thetop modes and an illegal
opcode reset is forced. The stop modes apetwal by setting the appropriate bits in SPMSC2.

Some HCSO08 devices that are desid for low voltage operation (1.8¥ 3.6V) also include stopl mode.
The MC9S08ACG60 Series of devices operatesaw to 5.5 V and does not include stopl mode.
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Table 3-1summarizes the behavior oEtMCU in each of the stop modes.
Table 3-1. Stop Mode Behavior

CPU, Digital
Mode PPDC | Peripherals, RAM ICG ADC Regulator 1/0 Pins RTI
FLASH
Stop2 1 Off Standby Off Disabled Standby | States held | Optionally on
Stop3 0 Standby Standby off! Optionally on Standby | States held | Optionally on

1 Crystal oscillator can be configured to run in stop3. Please see the ICG registers.

3.6.1 Stop2 Mode

The stop2 mode provides very low standby power wmpsion and maintains the contents of RAM and
the current state of all dfie 1/0 pins. To enter@p2, the user must execut€& 80P instruction with stop2
selected (PPDC = 1) and stop mode enabled (STOBEIn addition, the LVD must not be enabled to
operate in stop (LVDSE = LVDE =1). If the LVD @énabled in stop, then the MCU enters stop3 upon the
execution of the STOP instructiorgardless of the state of PPDC.

Before entering stop2 mode, the user must save the toofahe I/O port registers, as well as any other
memory-mapped registers which thegnt to restore after exit ofggi2, to locations in RAM. Upon exit
of stop2, these values cantestored by user softwabefore pin latches are opened.

When the MCU is in stop2 mode, all internal circuitst hire powered from the wage regulator are turned
off, except for the RAM. The voltage regulator isitow-power standby state, as is the ADC. Upon entry
into stop2, the states of the 1/0O pins are latched. Htessare held while ingd2 mode and after exiting
stop2 mode until a logic 1 is written to PPDACK in SPMSC2.

Exit from stop2 is done by assertiaigher of the wake-up pins: RESBT IRQ, or by an RTI interrupt.
IRQ is always an active low inputhen the MCU is in stop2, regardledshow it was onfigured before
entering stop2.

Upon wake-up from stop2 mode, thkCU will start up as from a power-arset (POR) except pin states
remain latched. The CPU will take the reset vector.shiséem and all peripheraisll be in their default
reset states and must be initialized.

After waking up from stop2, the PPDF bit$#%*MSC2 is set. This flag may bsed to directiser code to
go to a stop2 recovery routine. PPDF remains set and@hpin states remainttdned until a logic 1 is
written to PPDACK in SPMSC2.

To maintain I/O state for pins that were configuasdyeneral-purpose I/@e user must restore the
contents of the I/O port registerghich have been saved in RAM,ttee port registers before writing to
the PPDACK bit. If the port registers are not restioirom RAM before writing to PPDACK, then the
register bits will assume their réstates when the 1/0O pin latches apened and the I/O pins will switch
to their reset states.

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

A separate self-clocked sourcgl (kHz) for the real-time interrugtlows a wakeup from stop2 or stop3
mode with no external components. When RTIS2ERTRTISO = 0:0:0, the redime interrupt function
and this 1-kHz source are disabledweoconsumption is lower when thekHz source is disabled, but in
that case the real-time interruggtnnot wake the MCU from stop.

3.6.2 Stop3 Mode

To enter stop3, the user must execute a STOP atistnuwith stop3 selectedPPDC = 0) and stop mode
enabled (STOPE = 1). Upon entering #top3 mode, all of the clockstire MCU, including the oscillator
itself, are halted. The ICG entets standby state, as does the volteggilator and the ADC. The states
of all of the internal registers and logic, as welllresRAM content, are maintained. The I/O pin states are
not latched at the pin as in stop2. Instead they aretanaal by virtue of the stas of the internal logic
driving the pins being maintained.

Exit from stop3 is donby asserting RESEBn asynchronous interrupnpior through the real-time
interrupt (RTI). The asynchronous interrupt pins e IRQ or KBI pinsExit from stop3 can also
facilitated by the SCI recieventerrupt, the ADC, and LVI.

If stop3 is exited byneans of the RESEfin, then the MCU will be resand operation will resume after
taking the reset vector. EXay means of an asynchronaaogerrupt or the real-timmterrupt will result in
the MCU taking the appropriate interrupt vector.

A separate self-clocked sourcgl (kHz) for the real-time interrugtlows a wakeup from stop2 or stop3
mode with no external components. When RTIS2ERTRTISO = 0:0:0, the redime interrupt function
and this 1-kHz source are disabledwieoconsumption is lower when tlhekHz source is disabled, but in
that case the real-time interruggtnnot wake the MCU from stop.

3.6.3 Active BDM Enabled in Stop Mode

Entry into the active b&ground mode from run mode is enablethgé ENBDM bit in BDCSCR is set.
This register is described @hapter 16, “Development Suppooft this data sheet. If ENBDM is set when
the CPU executes a STOP instruction, the systeoks to the background loleg logic remain active
when the MCU enters stop mode so background detwmmgnunication is still possible. In addition, the
voltage regulator does not enterldas/-power standby state but maintafo$ internal regulation. If the
user attempts to enteogl with ENBDM set, the MO will instead enter stop3.

Most background commands are aeailable in stop mode. The memaccess-with-status commands
do not allow memory access, but threport an error indicating that thCU is in either stop or wait
mode. The BACKGROUND command can be usedate the MCU from stop and enter active
background mode if the ENBDM bit is set.t&f entering background bleg mode, all background
commands are availabl&ble 3-2summarizes the behavior of thECU in stop when entry into the
background debug mode is enabled.
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Table 3-2. BDM Enabled Stop Mode Behavior

CPU, Digital
Mode | PPDC | Peripherals, RAM ICG ADC Regulator | 1/0 Pins RTI
FLASH
Stop3 X Standby Standby | Active | Optionally on Active States held | Optionally on
3.6.4 LVD Enabled in Stop Mode

The LVD system is capable of gentemg either an interrupt or a reseien the supply voltage drops below
the LVD voltage. If the LVD is enabled in stop by sejtthe LVDE and the LVDSE bits, then the voltage
regulator remains active during stojpde. If the user attempts to enter stop2 with the LVD enabled for
stop, the MCU will instead enter stopiable 3-3summarizes the behavior thle MCU in stop when the
LVD is enabled.

Table 3-3. LVD Enabled Stop Mode Behavior

CPU, Digital
Mode | PPDC | Peripherals, RAM ICG ADC Regulator | 1/0 Pins RTI
FLASH
Stop3 X Standby Standby Off Optionally on Active States held | Optionally on
3.6.5 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clcitse internal peripheranodules are stopped. Even
in the exception case (ENBDM = 1), where clotk¢he background debug lagtontinue to operate,
clocks to the peripheral systems are Ithttereduce power consumption. Refe6grxtion 3.6.1, “Stop2
Mode” and Section 3.6.2, “Stop3 Modkefor specific information on sstem behavior in stop modes.

Table 3-4. Stop Mode Behavior

Mode
Peripheral
Stop2 Stop3
CPU Off Standby
RAM Standby Standby
FLASH Off Standby
Parallel Port Registers Off Standby
ADC Off Optionally On'
ICG Off Optionally On?
IIC Off Standby
RTI Optionally on3 Optionally on®
SCI Off Standby
SPI Off Standby
TPM Off Standby
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Table 3-4. Stop Mode Behavior (continued)

Mode
Peripheral
Stop2 Stop3
System Voltage Regulator Standby Standby
I/O Pins States Held States Held

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

2 OSCSTEN set in ICGCH, else in standby.
3 RTIS[2:0] in SRTISC does not equal 0 before entering stop, else off.
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4.1 MC9S08AC60 Series Memory Map

As shown inFigure 4-1 on-chip memory in the MC9S08ACG60 Sersesies of MCUgonsists of RAM,
FLASH program memory for nonvolatile tdastorage, plus I/O and contsiHtus registers. The registers
are divided into three groups:

» Direct-page registers ($0000 through $006F)
e High-page registers ($1800 through $185F)
* Nonvolatile registers ($FFBO0 through $FFBF)
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$0000

$006F
$0070

$086F
$0870

$17FF
$1800

$185F
$1860

$FFFF

DIRECT PAGE REGISTERS

RAM
2048 BYTES

FLASH
3984 BYTES

HIGH PAGE REGISTERS

FLASH
59,296 BYTES

MC9S08AC60

Figure 4-1. MC9S08AC60 SerieMlemory Map

$000¢
$006H

DIRECT PAGE REGISTER

192}

$0070

$086E

RAM
2048 BYTES

HIGH PAGE REGISTERS

$400

SFFFR

FLASH
49,152 BYTES

MC9S08AC48
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$006F
$0070

$086F
$0870

$17FF
$1800

$185F
$1860

$TFFF
$8000

$FFFF

DIRECT PAGE REGISTERS

RAM
2048 BYTES

HIGH PAGE REGISTERS

FLASH
32,768 BYTES
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4.1.1 Reset and Interrupt Vector Assignments

Figure 4-1shows address assignments feetend interrupt vecterThe vector names shown in this table
are the labels used in the Fredsqarovided equate file for the MMSO08ACG6E0 Series. For more details
about resets, interrupts, interrupt priorapnd local interrupt mask controls, refeiGbapter 5, “Resets,
Interrupts, and System Configuratidon

Table 4-1. Reset and Interrupt Vectors

(I-ﬁg:;fz;) Vector Vector Name

OxFFCO:FFC1 Unused Vector Space

through (available for user program) —
OxFFC4:FFC5
OxFFC6:FFC7 TPMS overflow Vtpm3ovf
OxFFC8:FFC9 TPMS3 channel 1 Vipm3ch1
OxFFCA:FFCB TPMS3 channel 0 Vipm3chO
OxFFCC:FFCD RTI Vrti
OxFFCE:FFCF Ic1 Viic1
O0xFFDO:FFD1 ADC1 conversion Vadc1
OxFFD2:FFD3 KBI1 Vkeyboard1
OxFFD4:FFD5 SCI2 transmit Vsci2tx
OxFFD6:FFD7 SCI2 receive Vsci2rx
OxFFD8:FFD9 SCI2 error Vsci2err
OxFFDA:FFDB SCI1 transmit Vscittx
OxFFDC:FFDD SCI1 receive Vscilrx
OxFFDE:FFDF SCI1 error Vsciterr
OxFFEO:FFE1 SPI1 Vspit
OxFFE2:FFE3 TPM2 overflow Vipm2ovf
OxFFE4:FFE5 TPM2 channel 1 Vtpm2ch1
OxFFE6:FFE7 TPM2 channel 0 Vtpm2chO
OxFFE8:FFE9 TPM1 overflow Vipm1ovf
OxFFEA:FFEB TPM1 channel 5 Vtpmich5
OxFFEC:FFED TPM1 channel 4 Vipmich4
OxFFEE:FFEF TPM1 channel 3 Vipm1ch3
OxFFFO:FFF1 TPM1 channel 2 Vtpmich2
OxFFF2:FFF3 TPM1 channel 1 Vipm1ich1
OxFFF4:FFF5 TPM1 channel 0 VipmichO
OxFFF6:FFF7 ICG Vicg
OxFFF8:FFF9 Low voltage detect Vivd
OxFFFA:FFFB IRQ Virq
OxFFFC:FFFD Swi Vswi
OxFFFE:FFFF Reset Vreset
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4.2
The registers in the MC9S08ACGE0 Seraes divided into these three groups:

Register Addresses and Bit Assighments

Direct-page registers are located in the first 112 locations in the memory map, so they are
accessible with efficient direeiddressing mode instructions.

High-page registers are used much lesspfte they are located above 0x1800 in the memory
map. This leaves more room in the direct pagerfore frequently used registers and variables.

The nonvolatile registearea consists of a block ®6 locations in FLASH memory at
$FFBO-$FFBF.

Nonvolatile register locations include:
— Three values which are loadedamworking registers at reset

— An 8-byte backdoor comparison key which optiopallows a user to gain controlled access
to secure memory

Because the nonvolatile registecations are FLASH memory, they must be erased and
programmed like other FLASH memory locations.

Direct-page registers can be accessed with effidieett addressing mode ingttions. Bitmanipulation
instructions can be used to accasg bit in any direct-page registéable 4-2is a summary of all
user-accessible direct-pagegisters and control bits.

The direct page registersTable 4-2can use the more efficient direct addressing mode which only
requires the lower byte of the address. Becausafthie lower byte of the address in column one is
shown in bold text. ITable 4-3andTable 4-4the whole address in column one is shown in bold. In
Table 4-2 Table 4-3 andTable 4-4 the register names in column tax@ shown in bold to set them apart
from the bit names to theght. Cells that are not associated witimed bits are shaded. A shaded cell with
a 0 indicates this unused biways reads as a 0. Skdccells with dashes ingite unused or reserved bit
locations that could read as 1s or 0s.
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Chapter 4 Memory

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0@O PTAD PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
0x001 PTADD PTADD7 | PTADD6 | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
0x0m2 PTBD PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
0x0m3 PTBDD PTBDD7 | PTBDD6 | PTBDD5 | PTBDD4 | PTBDD3 | PTBDD2 | PTBDD1 | PTBDDO
0x004 PTCD 0 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
0x0@5 PTCDD 0 PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO
0x06 PTDD PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
0x07 PTDDD PTDDD7 | PTDDD6 | PTDDD5 | PTDDD4 | PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
0x0m8 PTED PTED7 PTED6 PTED5 PTED4 PTED3 PTED2 PTED1 PTEDO
0x0m9 PTEDD PTEDD7 | PTEDD6 | PTEDD5 | PTEDD4 | PTEDD3 | PTEDD2 | PTEDD1 | PTEDDO
Ox0@A PTFD PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
0x0OB PTFDD PTFDD7 | PTFDD6 | PTFDD5 | PTFDD4 | PTFDD3 | PTFDD2 | PTFDD1 | PTFDDO
0x0m@C PTGD 0 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
0x0@D PTGDD 0 PTGDD6 | PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 | PTGDDO
gigg:ﬁ_ Reserved _ _ _ _ _ _ _ _
0x0ao0 ADC1SC1 COCO AIEN ADCO ADCH
0x0a1 ADC1SC2 ADACT ADTRG ACFE ACFGT 0 0 R R
0x0az2 ADCI1RH 0 0 0 0 0 0 ADR9 ADRS8
0x0as3 ADC1RL ADR?7 ADR6 ADR5 ADR4 ADRS3 ADR2 ADR1 ADRO
0x0a4 ADC1CVH 0 0 0 0 0 0 ADCV9 ADCV8
0x0a5 ADC1CVL ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCVA1 ADCVO0
0x0a6 ADC1CFG ADLPC ADIV ADLSMP MODE ADICLK
oxoa7 APCTL1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPCA1 ADPCO
0x0as APCTL2 ADPC15 | ADPC14 | ADPC13 | ADPC12 | ADPC11 | ADPC10 | ADPC9 ADPCS8
ooan  Reserved | Z | Z | Z | Z | Z | Z|CZ
oxoac IRQSC 0 IRQPDD | IRQEDG | IRQPE IRQF IRQACK IRQIE IRQMOD
0x0oaD Reserved — — — — — — — —
0Ox0QE KBISC KBEDG7 | KBEDG6 | KBEDG5 | KBEDG4 KBF KBACK KBIE KBIMOD
Ox0aF KBIPE KBIPE7 | KBIPE6 | KBIPE5 KBIPE4 | KBIPE3 | KBIPE2 KBIPE1 KBIPEO
0x0@0 TPM1SC TOF TOIE CPWMS | CLKSB CLKSA PS2 PS1 PSO0
oxo@1 TPM1CNTH Bit 15 14 13 12 11 10 9 Bit 8
oxo@2 TPM1CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0@3 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8
ox0@4 TPM1MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0@5 TPM1COSC CHOF CHOIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0@6 TPM1COVH Bit 15 14 13 12 11 10 9 Bit 8
oxo@7 TPM1COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0@8 TPM1C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
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Table 4-2. Direct-Page Register Summary (Sheet 2 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0@9 TPM1C1VH Bit 15 14 13 12 11 10 9 Bit 8
Ox0@A TPM1C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x0@2B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
oxoecC TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8
0x0@D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0
Ox0QE TPM1C3SC CH3F CHBIE MS3B MS3A ELS3B ELS3A 0 0
Ox0@F TPM1C3VH Bit 15 14 13 12 11 10 9 Bit 8
0x0@0 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 CH3F 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
0x0@7 Reserved — — — — — — — —
0x0@8 SCI1BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x0@39 SCI1BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
Ox0BA SCI1C1 LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0x0GB SCI1C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x0@3C SCI1s1 TDRE TC RDRF IDLE OR NF FE PF
0x0@D SCI1S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
Ox0BE SCI1C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
Ox0BF SCI1D Bit 7 6 5 4 3 2 1 Bit 0
0x0@0 SCI2BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x0@1 SCI2BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
oxoa2 SCI2C1 LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0x0@3 SCI2C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x0@4 SCI2S1 TDRE TC RDRF IDLE OR NF FE PF
0x0@5 SCI2S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
0x0@6 SCI2C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x0@7 SCI2D Bit 7 6 5 4 3 2 1 Bit 0
0x0@8 ICGC1 HGO RANGE REFS CLKS OSCSTEN| LOCD 0
0x0@9 ICGC2 LOLRE MFD LOCRE RFD
Ox0@A ICGS1 CLKST REFST LOLS LOCK LOCS ERCS ICGIF
0x0@B ICGS2 0 0 0 0 0 0 0 DCOS
oxoac ICGFLTU 0 0 0 0 FLT
0x0@D ICGFLTL FLT
Ox0@E ICGTRM TRIM
Ox0@F  Reserved — — — — — — — —
0x0®0 SPI1C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
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Address Register Name
0x0®1 SPI1C2
0x0B2  SPI1BR
0x0®3 SPI1S
0x0G4 Reserved
0x0®5 SPI1D
0x0®6 CRCH
0x0®7 CRCL
0x0®8 [IC1A
0x0®9 lIC1F
0x0BGA lIC1C1
0x0®GB lIC1S
0x0BC IC1D
0x0®D licicz
8§82E_ Reserved
0x0®0 TPM2SC
0x0®1 TPM2CNTH
0x0®2 TPM2CNTL
0x0®3 TPM2MODH
0x0®4 TPM2MODL
0x0®5 TPM2COSC
0x0®6 TPM2COVH
0x0®7 TPM2COVL
0x0®8 TPM2C1SC
0x0®9 TPM2C1VH
0x0BA  TPM2C1VL
8?8%? Reserved

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

Chapter 4 Memory

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
SPRF 0 SPTEF MODF 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
ADDR 0
MULT ICR
IICEN IICIE MST X TXAK RSTA 0 0
TCF IAAS BUSY ARBL 0 SRwW IICIF RXAK
DATA
GCAEN ADEXT 0 0 0 AD10 AD9 AD8
TOF TOIE CPWMS | CLKSB CLKSA PS2 PS1 PSO
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CHOF CHOIE MS0B MSOA ELSOB ELSOA 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0

High-page registers, shownTable 4-3 are accessed much less often thidner I/O and control registers

so they have been located outside thectimeddressable memosypace, starting at 0x1800.

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

Address Register Name Bit7 6 5 4 3 2 1 Bit0
0x1800 SRS POR PIN COP ILOP 0 ICG LvVD 0
0x1801 SBDFR 0 0 0 0 0 0 0 BDFR
0x1802 SOPT COPE COPT STOPE — 0 0 — —
0x1803 SMCLK 0 0 0 MPE 0 MCSEL
0x1804- — — — — — — — _
0x1805 Reserved . . . . . . . .
0x1806 SDIDH REV3 REV2 REV1 REVO ID11 ID10 ID9 ID8
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Table 4-3. High-Page Register Summary (Sheet 2 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1807 SDIDL ID7 ID6 ID5 1D4 ID3 ID2 ID1 IDO
0x1808 SRTISC RTIF RTIACK | RTICLKS RTIE 0 RTIS2 RTIS1 RTISO
0x1809 SPMSC1 LVDF LVDACK LVDIE LVDRE LVDSE LVDE o’ BGBE
0Ox180A SPMSC2 LVWF LVWACK LvDV LVWV PPDF PPDACK — PPDC
0x180B Reserved — — — — — — — —
0x180C  SOPT2 COPCLKS — — — TPMCCFG — — —
oxgop Reserved | Z | Z | Z | Z | Z | Z|CZ
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 TRGS3 TRG2 TRG1 TRGO
0x1818 DBGS AF BF ARMF 0 CNT3 CNT2 CNTH CNTO
8?121? Reserved _ _ _ _ _ _ _ _
0x1820 FCDIV DIVLD PRDIV8 DIV5 DIv4 DIV3 DIv2 DIv1 DIVO
0x1821 FOPT KEYEN | FNORED 0 0 0 0 SECO1 SECO00
0x1822 Reserved — — — — — — — —
0x1823 FCNFG 0 0 KEYACC 0 0 0 0 0
0x1824 FPROT FPS7 FPS6 FPS5 FPS4 FPS3 FPS2 FPS1 FPDIS
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD FCMD7 FCMD6 FCMD5 FCMD4 FCMD3 FCMD2 FCMD1 FCMDO
8?12% Reserved _ _ _ _ _ _ _ _
0x1830  TPM3SC TOF TOIE | CPWMS | CLKSB | CLKSA PS2 PS1 PSO
0x1831 TPM3CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x1832 TPM3CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x1833 TPM3MODH Bit 15 14 13 12 11 10 9 Bit 8
0x1834 TPM3MODL Bit 7 6 5 4 3 2 1 Bit 0
0x1835 TPM3CO0SC CHOF CHOIE MSoB MSOA ELSOB ELSOA 0 0
0x1836 TPM3COVH Bit 15 14 13 12 11 10 9 Bit 8
0x1837 TPM3COVL Bit 7 6 5 4 3 2 1 Bit 0
0x1838 TPM3C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
0x1839 TPM3C1VH Bit 15 14 13 12 11 10 9 Bit 8
O0x183A  TPM3C1VL Bit 7 6 5 4 3 2 1 Bit 0
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Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
8?1225 Reserved _ _ _ _ _ _ _ _
0x1840 PTAPE PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 PTAPE1 PTAPEO
0x1841 PTASE PTASE7 | PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 PTASE1 PTASEO
0x1842 PTADS PTADS7 | PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 | PTADS1 PTADSO
0x1843 Reserved — — — — — — — —
0x1844 PTBPE PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1 PTBPEO
0x1845 PTBSE PTBSE7 | PTBSE6 | PTBSE5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 PTBSEO
0x1846 PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x1847 Reserved — — — — — — — —
0x1848 PTCPE 0 PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
0x1849 PTCSE 0 PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
0x184A PTCDS 0 PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
0x184B Reserved — — — — — — — —
0x184C PTDPE PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 | PTDPEO
0x184D PTDSE PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEO
0x184E PTDDS PTDDS7 | PTDDS6 | PTDDS5 | PTDDS4 | PTDDS3 | PTDDS2 | PTDDS1 | PTDDSO
0x184F Reserved — — — — — — — —
0x1850 PTEPE PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1 PTEPEO
0x1851 PTESE PTESE7 | PTESE6 | PTESE5 | PTESE4 | PTESE3 | PTESE2 | PTESE1 PTESEO
0x1852 PTEDS PTEDS7 | PTEDS6 | PTEDS5 | PTEDS4 | PTEDS3 | PTEDS2 | PTEDS1 | PTEDSO
0x1853 Reserved — — — — — — — —
0x1854 PTFPE PTFPE7 | PTFPE6 | PTFPE5 | PTFPE4 | PTFPE3 | PTFPE2 | PTFPE1 PTFPEO
0x1855 PTFSE PTFSE7 | PTFSE6 | PTFSE5 | PTFSE4 | PTFSE3 | PTFSE2 | PTFSE1 PTFSEO
0x1856 PTFDS PTFDS7 | PTFDS6 | PTFDS5 | PTFDS4 | PTFDS3 | PTFDS2 | PTFDS1 PTFDSO
0x1857 Reserved — — — — — — — —
0x1858 PTGPE 0 PTGPE6 | PTGPE5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO
0x1859 PTGSE 0 PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO
0Ox185A PTGDS 0 PTGDS6 | PTGDS5 | PTGDS4 | PTGDS3 | PTGDS2 | PTGDS1 | PTGDSO
8?1225_ Reserved _ _ _ _ _ _ _ _

! This reserved bit must always be written to 0.

Nonvolatile FLASH registers, shown Trable 4-4 are located in the FLASH memory. These registers
include an 8-byte backdoor key whicptionally can be usdad gain access to secure memory resources.
During reset events, the contents of NVPROT aW®RT in the nonvolatile regier area of the FLASH
memory are transferred into cesponding FPROT and FOPT working stgrs in the high-page registers
to control security and block protection options.
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Table 4-4. Nonvolatile Register Summary

Address Register Name Bit7 6 5 4 3 2 1 Bit 0
$FFBO — NVBACKKEY .

$FFB7 8-Byte Comparison Key

$FFB8 — Reserved . B _ _ _ _ _ _
$FFBB

$FFBC Reserved for sto
age of 250 kHz — — — — — — — —
ICGTRM value
$FFBD  NVPROT FPS7 FPS6 FPS5 FPS4 FPS3 FPS2 FPS1 FPDIS
$FFBE Reserved for sto
age of 243 kHz — — — — — — — —
ICGTRM value

$FFBF NVOPT KEYEN | FNORED 0 0 0 0 SECO1 SECO00

Provided the key enable (KEYEN) bit is 1, the 8bgomparison key can be used to temporarily
disengage memory security. Thigykeechanism can be accessed onigugh user code running in secure
memory. (A security key cannot be entedirectly through bekground debug command3his security
key can be disabled completely pogramming the KEYEN bit to O. If éhsecurity key is disabled, the
only way to disengage security is by mass erase§tSH if needed (norntig through the background
debug interface) and verifying that FLASs blank. To avoid returning t@sure mode after the next reset,
program the security bits (SEC01:S8D) to the unsecured state (1:0).

4.3 RAM

The MC9S08ACG60 Series includes static RAMe locations in RAM below 0x0100 can be accessed
using the more efficient direct agdising mode, and any single bit in tiea can be accessed with the bit
manipulation instructions (BCLABSET, BRCLR, and BRSET). Locating the most frequently accessed
program variables in thisrea of RAM is preferred.

The RAM retains data when the MCU is in I@ower wait, stop2, or gp3 mode. At power-on, the
contents of RAM are uninitialize®RAM data is unaffected by any réggovided that the supply voltage
does not drop below the minimum value for RAM retention.

For compatibility with older M68HC05 MCUs, the K908 resets the stack pointer to 0XO0OFF. In the
MC9S08ACG0 Series, it is udiyabest to re-initialize the stack pointerthe top of the RAM so the direct
page RAM can be used for frequently accessed RAN&bles and bit-addressable program variables.
Include the following 2-instruction sequence in yowetanitialization routine (Wwere RamLast is equated
to the highest address of the RAMtire Freescale-provided equate file).

LDHX #RamlLast+1l ;point one past RAM
TXS i SP<-(H:X-1)

MC9S08AC60 Series Data Sheet, Rev. 3

50 Freescale Semiconductor



Chapter 4 Memory

When security is enabled, the RAM is considered@ire memory resourcedis not accessible through
BDM or through code executirfigpm non-secure memory. S8ection 4.5, “Securityfor a detailed
description of theecurity feature.

44 FLASH

The FLASH memory is intended primarily for pragn storage. In-circuit programming allows the
operating program to be loaded into the FLASH menadigr final assembly of the application product.
It is possible to program the entire array throtighsingle-wire background bleg interface. Because no
special voltages are needed for FLASH eramkmogramming operations,-application programming
is also possible through other softeracontrolled communication path=r a more detaitediscussion of
in-circuit and in-applicatin programming, refer to tHdCS08 Family Reference Manual, Volume I,
Freescale Semiconductor docurerder number HCSO8RMv1/D.

4.4.1 Features

Features of the FLASH memory include:

* FLASH Size
— MC9S08AC60 — 61268 bytes (1p@ges of 512 bytes each)
— MC9S08AC48 — 49152 bytes (§&ges of 512 bytes each)
— MC9S08AC32 — 32768 bytes (fpaiges of 512 bytes each)

* Single power supply program and erase

 Command interface for faptogram and erase operation

* Up to 100,000 program/erase cyclesygical voltage and temperature

* Flexible block protection

» Security featuréor FLASH and RAM

* Auto power-down for low-frequency read accesses

4.4.2 Program and Erase Times

Before any program or erase command can be actdpeeFLASH clock divideregister (FCDIV) must

be written to set the internal clofor the FLASH module to a frequency§f ) between 150 kHz and
200 kHz (sedable 4.6.). This register can be written only onee,normally this write is done during
reset initialization. FCDIV cannot lweritten if the access error flag, ELAERR in FSTAT, is set. The user
must ensure that FACCERR is not set before writtnthpe FCDIV register. One period of the resulting
clock (1/fc k) is used by the command processor to fomegram and erase pulses. An integer number
of these timing pulses is used by the commandgssor to complete a program or erase command.

Table 4-5shows program and erase timé&ke bus clock frguency and FCDIV determine the frequency
of FCLK (fgcLk)- The time for oneycle of FCLK is o k = 1/fec k- The times are shown as a number
of cycles of FCLK and as an sdiute time for the case whegtx = 5 BB. Program and erase times
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shown include overhead for the command state machid enabling and disaldiof program and erase
voltages.

Table 4-5. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 B
Byte program (burst) 4 20 B!
Page erase 4000 20 ms
Mass erase 20,000 100 ms

1 Excluding start/end overhead

4.4.3

The steps for executing any of theraoands are listed below. The FCDidgister must be initialized and
any error flags cleared before beginning comdhexecution. The command execution steps are:

1. Write a data value to an address in the FLASBtdy. The address and data information from this
write is latched into the FLASH interface. Thisite is a required first step in any command
sequence. For erase and blank cherkmands, the value of the data is not important. For page
erase commands, the address magryeaddress in the 512-byte paj&LASH to be erased. For
mass erase and blank check commands, thessddae be any address in the FLASH memory.
Whole pages of 512 bytes are #meallest blocks of FLASH thahay be erased. In the 60K
version, there are two instances wh#re size of a block that is ass#le to the user is less than
512 bytes: the first pagelfowing RAM, and the first page folloiwg the high page registers. These
pages are overlapped by the RAM dnigh page registers, respectively.

NOTE

Do not program any byte in the FLASH more than once after a successful
erase operation. Repra@gnming bits in a byte which is already
programmed is not alloweslithout first erasing the page in which the byte
resides or mass erasing the enkt ASH memory. Programming without
first erasing may disturb thastored in the FLASH.

Program and Erase Command Execution

2. Write the command code for the desired comntaCMD. The five valid commands are blank
check ($05), byte program ($20), burst progr&2b), page erase ($40), and mass erase ($41).
The command code is latched into the command buffer.

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

A partial command sequence can be aborted manuallyitigg a 0 to FCBEF aniime after the write to
the memory array and before writing the 1 ttlaars FCBEF and lauhes the complete command.
Aborting a command in this way sets the FACCERResse@rror flag which must be cleared before
starting a new command.

A strictly monitored procedure mus¢ adhered to, or the command witlt be accepted. This minimizes
the possibility of any unintendexdhange to the FLASH memory contents. The command complete flag
(FCCF) indicates when a command is complete ddmmand sequence mustdeenpleted by clearing
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FCBEF to launch the command. The FCDIV registest be initialized before using any FLASH
commands. This must be dooely once following a reset.

Read: FCDIV register

NOTE: FCDIV needs to

Clock Register
be set after each reset

Written
Check
| Write: FCDIV register
Read: FSTAT register
Command

Buffer Empty Check

Access Error and Write: FSTAT register
Protection Violation Clear FACCERR/FPVIOL 0x3(
Check
1 Write: Flash Array Address -
*| and Program Data
I
2 | Write: FCMD register
"|_Program Command 0x20
|
3. | Write: FSTAT register
"|_Clear FCBEF| 0x80
Read: FSTAT register
Bit Polling for
Command Completion
Check

Figure 4-2. Example Program Command Flow
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Read: FCDIV register

Clock Register NOTE: FCDIV needs to

Written be set after each reset
Check
| Write: FCDIV register
| Read: FSTAT register
Command

Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear FACCERR/FPVIOL 0x3 )—‘

Write: Flash Block Address -
and Dummy Data

[
2 | Write: FCMD register
"| Erase Verify Cllommand 0x05
3 | Write: FSTAT register
"|_Clear FCBEF| 0x80

| Read: FSTAT registe

L=

Bit Polling for
Command Completion
Check

Erase Verify
Status

FBLANK
Set?

yes
Flash Block Flash Block
Erased Not Erased

Figure 4-3. Example Erase Verify Command Flow

4.4.4 Burst Program Execution

The burst program command is usegrogram sequential bytes oftdan less time than would be
required using the standard prograommand. This is possible becaubke high voltage to the FLASH
array does not need to be disabled between progpeerations. Ordinarily, when a program or erase
command is issued, an internahafpe pump associated with theARH memory must be enabled to
supply high voltage to the arrayptn completion of the command, theaolpe pump is turned off. When
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a burst program command is issui@, charge pump is enabled and tremains enabled after completion
of the burst program operationtife following two onditions are met:

1. The next burst program command has beenaplibefore the current program operation has
completed.

2. The next sequential addrestests a byte on the same physiaal as the current byte being
programmed. A row of FLASH memory consistdfbytes. A byte within a row is selected by
addresses A5 through AO. A new row begingwhddresses A5 through AO are all zero.

The first byte of a series of sequential bytes beingn@mmed in burst mode withke the same amount
of time to program as a byte pragnmed in standard mode. Subsequtées will program in the burst
program time provided that the cotidns above are met. In the cdke next sequential address is the
beginning of a new row, theggram time for that byte will be theasidard time instead of the burst time.
This is because the high voltage to the array ieistisabled and then enabled again. If a new burst
command has not been quelnsdore the current command compietden the charge pump will be
disabled and high voltage removed from the array.
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( START )

Y 0
FACCERR ?

1

CLEAR ERROR

A
AA

@ only required once

WRITE TO ECv
after reset.

/
FCBEF ? 0
+ 1
WRITE TO FLASH
TO BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD

v

WRITE 1 TO FCBEF
TO LAUNCH COMMAND
AND CLEAR FCBEF

Y YES
< FPVIO OR »( ERROR EXIT

@wait at least four bus cycles |
checking FCBEF or FCCF.

FACCERR ?
YES + NO
HEW BURST COMMAND>
»| NO
0 A
FCCF ?

Vi

Figure 4-4. FLASH Burst Program Flowchart
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4.4.5 Access Errors

An access error occurs whenever thenownd execution protocol is violated.

* Any of the following specific aains will cause the access erflag (FACCERR) in FSTAT to be
set. FACCERR must be cleared by writing @ FACCERR in FSTAT before any command can
be processed.

* Writing to a FLASH address before the interRBIASH clock frequency has been set by writing
to the FCDIV register

* Writing to a FLASH address whilFCBEF is not set (A new conaimd cannot be atted until the
command buffer is empty.)

» Writing a second time to a FLASaddress before launching theyious command (There is only
one write to FLASH for every command.)

* Writing a second time to FCMBefore launching the previousramand (There is only one write
to FCMD for every command.)

* Writing to any FLASH control register othlran FCMD after writing to a FLASH address

» Writing any command code other than thesfallowed codes ($05, $20, $25, $40, or $41) to
FCMD

* Writing any FLASH control registasther than the write to FSTATo clear FCBEF and launch th2
command) after writing the command to FCMD

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

» Writing the byte program, burst program, or pagese command code ($20, $25, or $40) with a
background debug command while the MCUeswsed (The background debug controller can
only do blank check and mass eraseg@nds when the MCU is secure.)

» Writing O to FCBEF to cancel a partial command

4.4.6 FLASH Block Protection

Block protection prevents programerase changes for FLASH memdwgations in a designated address
range. Mass erase is disabled whag block of FLASH is protecte The MC9S08AC60 3es allows a
block of memory at the end of FLAS and/or the entire FLASH memotty be block potected. A disable
control bit and a 7-bit control field]laws the user to set the size oistblock. All eight of these control
bits are located in the FPROT register (Seetion 4.6.4, “FLASH Proteon Register (FPROT and
NVPROTY).

At reset, the high-page regist&RROT) is loaded with the contetisthe NVPROT location which is in
the nonvolatile register block of the FLASH memdrige value in FPROT cannot be changed directly
from application software so a runaway program caahet the block protection settings. If the last 512
bytes of FLASH which includes the NVPROT regisgeprotected, the application program cannot alter
the block protection settings (inteanally or unintentionally). The FPRIOcontrol bits can be written by
background debug commandsaltow a way to erase@otected FLASH memory.

One use for block protection isttnck protect an area of FLASH mery for a bootloader program. This
bootloader program then can be used to eraseghefrine FLASH memory and reprogram it. Because
the bootloader is protected, it remaintact even if MCU power is lost in the middle of an erase and
reprogram operation.
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4.4.7 Vector Redirection

Whenever any block protection isadsled, the reset and interrugotors will be protected. Vector
redirection allows users to modifyterrupt vector information whiibut unprotecting bootloader and reset
vector space. Vector redrction is enabled by programming fB.RORED bit in the NVOPT register
located at address $FFBFzero. For redirectioto occur, at least some pion but not all of the FLASH
memory must be block protectedmpgramming the NVPROT géster located at address $FFBD. All of
the interrupt vectors (memory locations $FFCGBFED) are redirected, while the reset vector
($FFFE:FFFF) is not. When more than 32K is @ctéd, vector redirection must not be enabled.

For example, if 512 bytes of FLASH are protectbd, protected address region is from $FE0O through
$FFFF. The interrupt vectors ($FFCO-$FFFD) are retfickto the locations $FDCO-$FDFD. Now, if an
SPl interrupt is taken for instance, the values indbations $FDEQ:FDE1 are ed for the vector instead
of the values in the locations $FFEO:FFEL. Thisvedlthe user to reprogratine unprotected portion of
the FLASH with new program code including new int@trvector values while é¥ing the protected area,
which includes the default vector locations, unchanged.

4.5 Security

The MC9S08AC60 Series includes ciitty to prevent unauthorized acsdse the contents of FLASH and
RAM memory. When security is engred, FLASH and RAM areonsidered secure resources. Direct-page
registers, high-page registers, and the backgrdebdg controller are consi@er unsecured resources.
Programs executing within secure memory hawemal access to any MCU memory locations and
resources. Attempts to access a secure memaaion with a program executing from an unsecured
memory space or through the backgrodatug interface are blked (writes are ignoreaind reads return

all 0s).

Security is engaged or disengaged based on tleedstato nonvolatile register bits (SEC01:SECO00) in
the FOPT register. During reset, the contents@honvolatile location NVOPare copiedrom FLASH

into the working FOPT register in high-page regfispace. A user engages security by programming the
NVOPT location which can be done at the same tmee=LASH memory is programmed. The 1:0 state
disengages security whileglother three combinatioragage security. Notice the erased state (1:1) makes
the MCU secure. During development, whenever theJHl is erased, it is gogatactice to immediately
program the SECOO bit to 0 in NVOPT so SECOL8& = 1:0. This would &w the MCU to remain
unsecured after a subsequent reset.

The on-chip debug module cannot be enabled wihdeMCU is secure. The separate background debug
controller can still be used for background memegess commands, but the MCU cannot enter active
background mode except by holding BKGD/N® at the rising edge of reset.

A user can choose to allow or disallow a saguwrnlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEEN bit in NVOPT/FOPT is 0, thedzkdoor key is disabled and there
is no way to disengage security without complegedsing all FLASH locations. If KEYEN is 1, a secure
user program can tempoitgrdisengage security by:
1. Writing 1 to KEYACC in the FCNFG register. iElmakes the FLASH module interpret writes to
the backdoor comparison key locations (NVB&KEY through NVBACKKEY+7) as values to
be compared against the key rather than afirgtestep in a FLASH pogram or erase command.
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2. Writing the user-entered key valuegiie NVBACKKEY through NVBACKKEY+7 locations.
These writes must be done in order, startuity the value for NVBACKKEY and ending with
NVBACKKEY+7. STHX should not be used for tleesrites because theagites cannot be done
on adjacent bus cycles. User software normatiyld get the key coddsom outside the MCU
system through a communicationdrface such as a serial I/0O.

3. Writing 0 to KEYACC in the FCNFG register.thie 8-byte key that was just written matches the
key stored in the FLASH locations, SEC01:SE@@® automatically chanddo 1:0 and security
will be disengaged until the next reset.

The security key can be writtemly from RAM, so it cannot bentered through background commands
without the cooperation of a seewser program. The FLASH mergaannot be accessed by read
operations while KEYACC is set.

The backdoor comparison key (NVBACKKEY through'BACKKEY+7) is located in FLASH memory
locations in the nonvolatile registeragie so users can program these lonatjust as thy would program
any other FLASH memory locatioithe nonvolatile registers are iretsame 512-byte block of FLASH
as the reset and interrupt vectors, so blockegtotg that space also block protects the backdoor
comparison key. Block proteccannot be changed framer application programsy if the vector space
is block protected, the backdoor security key medmaicannot permanently change the block protect,
security settingsyr the backdoor key.

Security can always be disengaged through#ukground debug interfabg performing these steps:

1. Disable any block protectiofry writing FPROT. FPROT cdve written only with background
debug commands, not froapplication software.

2. Mass erase FLASH, if necessary.

3. Blank check FLASH. Provided FLASH is completehlased, security is disengaged until the next
reset.

To avoid returning to secure mode after thetmeset, program NVOPso SEC01:SECO00 = 1:0.

4.6 FLASH Registers and Control Bits

The FLASH module has nine 8-bit registers inhigh-page register space, three locations in the
nonvolatile register space in FLASH memory that@meied into three corresponding high-page control
registers at reset. There is also an &lwgimparison key in FLASH memory. RefeiTable 4-3and

Table 4-4for the absolute address assignisdor all FLASH registers. Theection refers to registers and
control bits only by their names. Adascale-provided equate or headerribrmally is used to translate
these names into the appropriate absolute addresses.

4.6.1 FLASH Clock Divider Register (FCDIV)

Bit 7 of this register is a read-grétatus flag. Bits 6 through 0 may tead at any time but can be written
only one time. Before any erase or programming operaficmpossible, write to this register to set the
frequency of the clock for the nonvolatiteemory system within acceptable limits.
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7 6 5 4 3 2 1 0
R DIVLD
PRDIVS8 DIV5 DIvV4 DIV3 DIvV2 DIV1 DIVO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-5. FLASH Clock Divider Register (FCDIV)
Table 4-6. FCDIV Field Descriptions
Field Description
7 Divisor Loaded Status Flag — When set, this read-only status flag indicates that the FCDIV register has been
DIVLD 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.
1 FCDIV has been written since reset; erase and program operations enabled for FLASH.
6 Prescale (Divide) FLASH Clock by 8
PRDIV8 |0 Clock input to the FLASH clock divider is the bus rate clock.
1 Clock input to the FLASH clock divider is the bus rate clock divided by 8.
5 Divisor for FLASH Clock Divider — The FLASH clock divider divides the bus rate clock (or the bus rate clock
DIV[5:0] |divided by 8 if PRDIV8 = 1) by the value in the 6-bit DIV5:DIVO field plus one. The resulting frequency of the
internal FLASH clock must fall within the range of 200 kHz to 150 kHz for proper FLASH operations.
Program/erase timing pulses are one cycle of this internal FLASH clock, which corresponds to a range of 5 B
to 6.7 B. 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 shows the appropriate values for PRDIV8 and
DIV5:DIVO for selected bus frequencies.

if PRDIV8 = 0 — fro k = fgys Y(IDIV5:DIVO] + 1) Eqgn. 4-1

if PRDIV8 = 1 — fre k = fgys Y(8 u([DIV5:DIVO] + 1)) Eqn. 4-2

Table 4-7. FLASH Clock Divider Settings

fous PBDIVB DIV5:.DIVO froLk ProgramIEl.‘ase Timing Pulse
(Binary) (Decimal) (5 B Min, 6.7 B Max)
20 MHz 1 12 192.3 kHz 52 B
10 MHz 0 49 200 kHz 5B
8 MHz 0 39 200 kHz 5B
4 MHz 0 19 200 kHz 5B
2 MHz 0 9 200 kHz 5B
1 MHz 0 4 200 kHz 5B
200 kHz 0 0 200 kHz 5B
150 kHz 0 0 150 kHz 6.7 B
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4.6.2 FLASH Options Register (FOPT and NVOPT)

During reset, the contents of the nonvolatile larat\VOPT are copied frolABLASH into FOPT. Bits 5
through 2 are not used and always 1@athis register may be read aydime, but writefiave no meaning

or effect. To change the value in this registerserand reprogram the NVOPT location in FLASH memory
as usual and then issue a new MCU reset.

7 6 5 4 3 2 1 0
R| KEYEN FNORED 0 0 0 0 SECO01 SEC00
w

Reset This register is loaded from nonvolatile location NVOPT during reset.
= Unimplemented or Reserved
Figure 4-6. FLASH Options Register (FOPT)
Table 4-8. FOPT Field Descriptions
Field Description

7 Backdoor Key Mechanism Enable — When this bit is 0, the backdoor key mechanism cannot be used to

KEYEN 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, “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 Vector Redirection Disable — When this bit is 1, vector redirection is disabled.
FNORED |0 Vector redirection enabled.
1 Vector redirection disabled.

1:0 Security State Code — This 2-bit field determines the security state of the MCU as shown below. When the
SECO[1:0] | MCU is secure, the contents of RAM and FLASH memory cannot be accessed by instructions from any
unsecured source including the background debug interface. For more detailed information about security, refer
to Section 4.5, “Security.”

00 Secure

01 Secure

10 Unsecured

11 Secure

SECO0[1:0] changes to 10 after successful backdoor key entry or a successful blank check of FLASH.

4.6.3 FLASH Configuration Register (FCNFG)
Bits 7 through 5 may be read or tten at any time. Bits 4 through Ghalys read 0 and cannot be written.
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5 1 0
R 0 0 0 0 0 0
KEYACC
w
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. FLASH Configuration Register (FCNFG)
Table 4-9. FCNFG Field Descriptions
Field Description
5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed
KEYACC |information about the backdoor key mechanism, refer to Section 4.5, “Security.”

0 Writes to $FFBO-$FFB?7 are interpreted as the start of a FLASH programming or erase command.
1 Writes to NVBACKKEY ($FFB0-$FFB7) are interpreted as comparison key writes.
Reads of the FLASH return invalid data.
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4.6.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile lmealNVPROT is copied frolkLASH into FPROT. This
register may be read at any time, but user piognrites have no meang or effect. Background debug
commands can we to FPROT.

R| FPS7 FPS6 FPS5 FPS4 FPS3 FPS2 FPS1
W ) (1) (1) (1) (1) (1) (1) (1)

Reset This register is loaded from nonvolatile location NVPROT during reset.

' Background commands can be used to change the contents of these bits in FPROT.
Figure 4-8. FLASH Protection Register (FPROT)

Table 4-10. FPROT Register Field Descriptions

Field Description
7:1 FLASH Protect Select Bits — When FPDIS = 0, this 7-bit field determines the ending address of unprotected
FPS[7:1] | FLASH locations at the high address end of the FLASH. Protected FLASH locations cannot be erased or
programmed.
0 FLASH Protection Disable
FPDIS 0 FLASH block specified by FPS[7:1] is block protected (program and erase not allowed).
1 No FLASH block is protected.

4.6.5 FLASH Status Register (FSTAT)

Bits 3, 1, and 0 always read 0 and writes have no mgamieffect. The remainingvie bits are status bits
that can be read at any time. Writes to thesehlbiwe special meanings thae discussed in the bit
descriptions.

7 6 5 4 3 2 1 0
R FCCF 0 FBLANK 0 0
FCBEF FPVIOL FACCERR
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-9. FLASH Status Register (FSTAT)
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Table 4-11. FSTAT Field Descriptions

Field Description
7 FLASH Command Buffer Empty Flag — The FCBEF bit is used to launch commands. It also indicates that the
FCBEF 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 may be written to the command buffer.
6 FLASH Command Complete Flag — FCCF is set automatically when the command buffer is empty and no
FCCF 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 Protection Violation Flag — FPVIOL is set automatically when FCBEF is cleared to register a command that
FPVIOL |attempts to erase or program a location in a protected block (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.
4 Access Error Flag — FACCERR is set automatically when the proper command sequence is not followed
FACCERR | 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 4.4.5, “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 has occurred.
1 An access error has occurred.
2 FLASH Verified as All Blank (Erased) Flag — FBLANK is set automatically at the conclusion of a blank check
FBLANK | command if the entire FLASH 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 array is not
completely erased.
1 After a blank check command is completed and FCCF = 1, FBLANK = 1 indicates the FLASH array is
completely erased (all $FF).
4.6.6 FLASH Command Register (FCMD)

Only five command codeare recognized in normalersmodes as shown irable 4-13 Refer to

Section 4.4.3, “Program aritfase Command Executibfor a detailed discussion of FLASH
programming and erase operations.
7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W| FCMD7 FCMD6 FCMD5 FCMD4 FCMD3 FCMD2 FCMD1 FCMDO
Reset 0 0 0 0 0 0 0 0

Figure 4-10. FLASH Command Register (FCMD)
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Table 4-12. FCMD Field Descriptions

Field Description

7:0 See Table 4-13 for a description of FCMD[7:0].
FCMD[7:0]

Table 4-13. FLASH Commands

Command FCMD Equate File Label
Blank check $05 mBlank
Byte program $20 mByteProg
Byte program — burst mode $25 mBurstProg
Page erase (512 bytes/page) $40 mPageErase
Mass erase (all FLASH) $41 mMassErase

All other command codes are illdgand generate an access error.

It is not necessary to perform a blank check condradfter a mass erase operation. Only blank check is
required as part of the@grity unlocking mechanism.
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Chapter 5
Resets, Interrupts, and System Configuration

5.1 Introduction

This chapter discusses basic resetiaterrupt mechanisms and the was sources of reset and interrupts
in the MC9S08ACG60 Series. Some interrupt soufices peripheral modules are discussed in greater
detail within other chapters of thiita manual. This chapter gathieasic information laout all reset and
interrupt sources in one place for easfgrence. A few reset and interrgpurces, including the computer
operating properly (COP) watchdog amdl-time interrupt (RTI), areot part of on-chip peripheral
systems with their own sBons but are part dhe system control logic.

5.2 Features

Reset and interrupeatures include:

* Multiple sources of reset for flexible sgm configuration ahreliable operation:
— Power-on detection (POR)
— Low voltage detection (LVD) with enable
— External RESEPin
— COP watchdog with enable and two timeout choices
— lllegal opcode
— Serial command from a background debug host

* Reset status register (SRS)rdicate source of most recent reset

» Separate interrupt vectors for each module (reduces polling overheatialis=s-1)

5.3 MCU Reset

Resetting the MCU provides a waystart processing fromkanown set of initial conditions. During reset,
most control and status registers #orced to initial values and tipeogram counter is loaded from the
reset vector (OXFFFE:OxFFFF). On-chip peripheratinies are disabled and I/O pins are initially
configured as general-purpose high-impedance swith pullup devices diéded. The | bit in the
condition code register (CCR) istde block maskable interrupts #te user program has a chance to
initialize the stack pointer (SP) and systewntcol settings. SP is forced to OXOOFF at reset.

The MC9S08ACG60 Series has several sources for reset:
* Power-on reset (POR)
* Low-voltage detect (LVD)
» Computer operating properly (COP) timer
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» lllegal opcode detect

* Background debug forced reset

« The reset pin (RESBT

* Clock generator loss of lock and loss of clock reset

Each of these sources, with theeption of the background debug foreedet, has an associated bit in
the system reset status registerendwver the MCU enters reset, theemal clock gerator (ICG) module
switches to self-clocked mde with the frequency 0§ resesSelected. The reset pin is driven low for 34
bus cycles where the internal Husquency is half the ICG freqney. After the 34 bus cycles are
completed, the pin is released andl s pulled up by the internal pul resistor, unless it is held low
externally. After the pin is released, it is sampled aft@ther 38 bus cycles to determine whether the reset
pin is the cause of the MCU reset.

5.4 Computer Operating Properly (COP) Watchdog

The COP watchdog is intended to force a system resat Wie application software fails to execute as
expected. To prevent a system reset from the COR (men it is enabled), apcation software must
reset the COP counter periodically. If the applicatimgpm gets lost and faile reset the COP counter
before it times out, a syem reset is generated to force ghistem back to a known starting point.

After any reset, the COPE becomesis&OPT enabling #tnCOP watchdog (s&ection 5.9.4, “System
Options Register (SOPIfor additional information). If the CBwatchdog is not uséwl an application,
it can be disabled by cleaag COPE. The COP counter is reset biting any value to th address of SRS.
This write does not affect the datethe read-only SRS. Instead, the afctvriting to this address is
decoded and sends a reset signal to the COP counter.

The COPCLKS bit in SOPT2 (s&ction 5.9.10, “System OptioRegister 2 (SOPTZ2)for additional
information) selects the clock s@erused for the COP timer. The dt®durce options are either the bus
clock or an internal 1-kHz clocloarce. With each clock source, thes an associated short and long
time-out controlled by COPT in SOPTable 5-1summaries the control futiens of the COPCLKS and
COPT bits. The COP watchdog defaults to operdtiam the bus clock sour@nd the associated long
time-out (28 cycles).

Table 5-1. COP Configuration Options

Control Bits
Clock Source COP Overflow Count
COPCLKS COPT
0 0 ~1 kHz 25 cycles (32 ms)'
0 1 ~1 kHz 28 cycles (256 ms)'
1 0 Bus 2"3 cycles
1 1 Bus 2'8 cycles

' Values are shown in this column based on tg = 1 ms. See tgy in the appendix
Section A.10.1, “Control Timing,” for the tolerance of this value.
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Even if the application will use ¢treset default settings of COREDPCLKS, and COPT, the user must
write to the write-once SOPT and SGPEgisters during reset initializati to lock in the settings. That
way, they cannot be changed accidiyifthe application program getsst. The initial writes to SOPT
and SOPT2 will resghe COP counter.

The write to SRS that services @ts) the COP counter must not bagald in an interrupt service routine
(ISR) because the ISR could continue to be exeqédgddically even if the main application program
fails.

In background debug mode, the C@Runter will not increment.

When the bus clock source is selected, the COPtendaes not increment while the system is in stop
mode. The COP counter resumesaasn as the MCU exits stop mode.

When the 1-kHz clock source issefed, the COP counterris-initialized to zew upon entry to stop mode.
The COP counter begins from aafter the MCU exits stop mode.

5.5 Interrupts

Interrupts provide a way to save thgrent CPU status and registerss@xe an interrupervice routine
(ISR), and then restore the CPU status so processsngnes where it left off before the interrupt. Other
than the software interrupt (SYWAhich is a program instation, interrupts are caed by hardware events
such as an edge on the IRQ piradimer-overflow event. The debug module can also generate an SWi
under certain ccumstances.

If an event occurs in an enabled interrupt sourcasaaciated read-gnstatus flag will become set. The
CPU will not respond until andnless the local interrupt enable ibgic 1 to enable the interrupt. The

| bit in the CCR is 0 to allow interrupts. The global mig@t mask (I bit) in the CCR is initially set after
reset which masks (prevents) all maskable interayoices. The user progranttializes thestack pointer
and performs other system setujdpe clearing the 1 bit to alle the CPU to respond to interrupts.

When the CPU receives a djiad interrupt request, tompletes the currentstruction before responding
to the interrupt. The interrupt sequence obeys thesgycle-by-cycle sequence as the SWI instruction
and 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 highestpty interrupt that is currently pending

» Filling the instruction queue witthe first three bytes of prograimformation starting from the
address fetched from the interrupt vector locations

While the CPU is responding to the interrupt, the Idgutomatically set tavoid the possibility of
another interrupt interrupting the 1SRelf (this is called nesting afiterrupts). Normally, the | bit is
restored to 0 when the CCR is restbfrom the value stacked on entrithe ISR. In rare cases, the | bit
may be cleared inside an ISR (after clearing theistiédg that generated the interrupt) so that other
interrupts can be serviced without waiting for thistfservice routine to finish. This practice is not
recommended for anyone other thilha most experienced programmieesause it can lead to subtle
program errors thatre difficult to debug.
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The interrupt service routine endshva return-from-interrupt (RTI) struction which restores the CCR,
A, X, and PC registers to their pre-interrupt valbgseading the previously saved information off the
stack.

NOTE

For compatibility with the M68HCO08he H register is not automatically
saved and restoredistgood programming practiée push H onto the stack
at the start of the interrupt serviaaitine (ISR) and reste it immediately
before the RTI that is used return from the ISR.

When two or more interrupts are pending when theislaleared, the highest prity source is serviced
first (seeTable 5-2.

5.5.1 Interrupt Stack Frame

Figure 5-1shows the contents and organizatof a stack frame. Before the interrupt, the stack pointer
(SP) points at the next aNable byte location on the stack. The eatrvalues of CPU registers are stored
on the stack starting with the low-order byte of thegpam counter (PCL) and ending with the CCR. After
stacking, the SP points at the next &lae location on the stack whichtie address that is one less than
the address where the CCR was saved. The PC value stetked is the address of the instruction in the
main program that would have executedtniethe interrupt had not occurred.

T TOWARD LOWER ADDRESSES

UNSTACKING
ORDER
7 0
SP AFTER
INTERRUPT STACK
5 1 CONDITION CODE REGISTER
4 2 ACCUMULATOR
3 3 INDEX REGISTER (LOW BYTE X)
2 4 PROGRAM COUNTER HIGH
SP BEFORE
15 PROGRAM COUNTER LOW THE INTERRUPT
T 2

2
STACKING
ORDER & TOWARD HIGHER ADDRESSES

* High byte (H) of index eagsihot automatically stacked.
Figure 5-1. Interrupt Stack Frame
When an RTI instruction is executed, these valueseamered from the stack in reverse order. As part

of the RTI sequence, the CPU fillee instruction pipeline by reading#e bytes of program information,
starting from the PC addresscovered from the stack.

The status flag causing the interrupt must be acledyed (cleared) before returning from the ISR.
Typically, the flag should be clearedthé beginning of the ISR so thi&nother interrupt is generated by
this same source, it will be registered soaih be serviced after cotefion of the current ISR.
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5.5.2 External Interrupt Request (IRQ) Pin

External interrupts are managed by the IRQSC sttdscontrol register. When the IRQ function is
enabled, synchronous logicomitors the pin for edgenly or edge-and-level events. When the MCU is in
stop mode and system clocks are slawn, a separate asynchronous mtrsed so the IRQ (if enabled)
can wake the MCU.

5.5.2.1  Pin Configuration Options

The IRQ pin enable (IRQPE) controt i the IRQSC registenust be 1 in order fahe IRQ pin to act as
the interrupt request (IRQ) inputs an IRQ input, the user can chedke polarity of edges or levels
detected (IRQEDG), whethé&he pin detects edges-grdr edges and levelsRQMOD), and whether an
event causes an interrupt or only setsiR@F flag which can be polled by software.

The IRQ pin, when enabled, defautisuse an internal pull device (IRQD = 0), configured as a pull-up
or pull-down depending on the polarity chosen. Ifuker desires to use arntemmal pull-up or pull-down,
the IRQPDD can be written to a 1 to turn off the internal device.

BIH and BIL instructions may be uséaldetect the level on the IRQ pirimen the pin is configured to act
as the IRQ input.

NOTE

* The voltage measured on the pdilgp IRQ pin may be as low as
Vpp-0.7 V. The internal gates connectedhis pin are pulled all the
way to Vpp. All other pins with the enaldigpullup resistor will have an
unloaded measurement of.

* When enabling the IRQ pin for useettRQF will be set, and should be
cleared prior to enabling the interrupt. When configuring the pin for
falling edge and level sensitivity in®/ system, it is necessary to wait
at least 6 cycles between clearthg flag and enabling the interrupt.

5.5.2.2 Edge and Level Sensitivity

The IRQMOD controbit reconfigures the detectidogic so it detects edge euwsrand pin levels. In this
edge detection mode, the IRQF status flag bec@eteshen an edge is detected (when the IRQ pin
changes from the deastsl to the asserted level), but the fimgontinuously sgiand cannot be cleared)
as long as the IRQ pin rema at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-2provides a summary of all interrupt sourdegher-priority sources are located toward the
bottom of the table. The high-order bydf the address for the interrupt service routine is located at the
first address in the vector address column, and thelder byte of the addrefs the interrupt service
routine is located dhe next higher address.

When an interrupt condition occurs, an associateddilelgecomes set. If the associated local interrupt
enable is 1, an interrupt requessént to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is 0, the CPU will finistihe current instruction, stacketf?CL, PCH, X, A, and CCR CPU
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registers, set the | bit, and then fetch the infgrvector for the highegtriority pending interrupt.
Processing then continues in the interrupt service routine.

Table 5-2. Vector Summary

;’:g:ﬁry Vilc;.or (Iﬁgﬁ;izjv) Vector Name | Module Source Enable Description
Lower | 29— | OxFFCO/FFC1 — Unused vector space
31 O0xFFC4/0xFFC5 (available for user program)
A 28 OxFFC6/FFC7 Vtpm3ovf TPM3 TOF TOIE TPMS overflow
27 OxFFC8/FFC9 Vipm3ch1 TPM3 CH1F CH1IE TPMS3 channel 1
26 OxFFCA/FFCB Vipm3chO TPM3 CHOF CHOIF TPMS3 channel 0
25 OxFFCC/FFCD Vrti System RTIF RTIE Real-time
control interrupt
24 OxFFCE/FFCF Viic1 lIC1 IICIF IICIE 1IC1
23 OxFFDO/FFD1 Vadc1 ADCH1 COCO AIEN ADCH1
22 OxFFD2/FFD3 | Vkeyboard 1 KBI1 KBF KBIE KBI1 pins
21 OxFFD4/FFD5 Vsci2tx SCI2 TDRE, TC TIE, TCIE SCI2 transmit
20 OxFFD6/FFD7 Vsci2rx SCI2 IDLE, RDRF, ILIE, RIE, LBKDIE, SCI2 receive
LDBKDIF, RXEDGIE
RXEDGIF
19 OxFFD8/FFD9 Vsci2err SCI2 OR, NF, FE, PF | ORIE, NFIE, FEIE, SCI2 error
PFIE
18 OxFFDA/FFDB Vsciltx SCH TDRE TIE SCIH1 transmit
TC TCIE
17 OxFFDC/FFDD Vscitrx SCH IDLE, RDRF, ILIE, RIE, LBKDIE, SCI1 receive
LDBKDIF, RXEDGIE
RXEDGIF
16 OxFFDE/FFDF Vsciterr SCH OR, NF, FE, PF | ORIE, NFIE, FEIE, SCI1 error
PFIE
15 OxFFEO/FFE1 Vspiil SPI SPIF, MODF, SPIE, SPIE, SPTIE SPIH
SPTEF
14 OxFFE2/FFE3 Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
13 OXFFE4/FFE5 Vipm2ch1 TPM2 CH1F CH1IE TPM2 channel 1
12 OxFFE6/FFE7 Vipm2chO TPM2 CHOF CHOIE TPM2 channel 0
11 OxFFE8/FFE9Q Vipm1ovf TPMA1 TOF TOIE TPM1 overflow
10 OxFFEA/FFEB Vtpm1ich5 TPM1 CH5F CHS5IE TPM1 channel 5
9 OxFFEC/FFED Vipm1ich4 TPM1 CH4F CH4IE TPM1 channel 4
8 OXFFEE/FFEF Vipm1ch3 TPM1 CH3F CHBSIE TPM1 channel 3
7 OxFFFO/FFF1 Vipmich2 TPMA1 CH2F CH2IE TPM1 channel 2
6 OxFFF2/FFF3 Vipmichi TPM1 CH1F CH1IE TPM1 channel 1
5 OxFFF4/FFF5 Vipm1chO TPM1 CHOF CHOIE TPM1 channel 0
4 OxFFF6/FFF7 Vicg ICG ICGIF LOLRE/LOCRE ICG
(LOLS/LOCS)
3 OxFFF8/FFF9 Vivd System LVDF LVDIE Low-voltage
control detect
2 OxFFFA/FFFB Virq IRQ IRQF IRQIE IRQ pin
1 OxFFFC/FFFD Vswi Core SWI Instruction — Software interrupt
Y 0 OXFFFE/FFFF Vreset System CcOP COPE Watchdog timer
control LvD LVDRE Low-voltage
Higher RESET pin — detect
lllegal opcode — External pin
lllegal opcode
MC9S08AC60 Series Data Sheet, Rev. 3
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5.6 Low-Voltage Detect (LVD) System

The MC9S08ACG60 Series includes a system to praigainst low voltage condatins in order to protect
memory contents and control MCU system stdtetng supply voltage variations. The system is
comprised of a power-on reset (PORtuit and an LVD circuit with a useelectable tripoltage, either
high (Vypn) or low (V ypL)- The LVD circuit is enabled when IDE in SPMSCL1 is high and the trip
voltage is selected by LVDV in SPMSC2. The LVDQlisabled upon entering any of the stop modes unless
the LVDSE bit is set. If LVDSE and LVDE are batét, then the MCU cannot enter stop2, and the current
consumption in stop3 with the LVD enabled will be greater.

5.6.1 Power-On Reset Operation

When power is initially applied to the MCOr when the supply voltage drops below the))level, the
POR circuit will cause a reseondition. As the supply voltage riséise LVD circuit will hold the chip in
reset until the supply has risen above thgpy level. Both the POR bit and the LVD bit in SRS are set
following a POR.

5.6.2 LVD Reset Operation

The LVD can be configured to generate a repein detection of a low vialge condition by setting
LVDRE to 1. After an LVD reset has occurred, the Ls{i3tem will hold the MCU in reset until the supply
voltage has risen above the level determined by LVDW¥ LVD bit in the SR$egister is set following
either an LVD reset or POR.

5.6.3 LVD Interrupt Operation

When a low voltage condition is deted and the LVD circuit is configured for interrupt operation (LVDE
set, LVDIE set, and LVDRE clear), then LVD¥#II be set and an LVD interrupt will occur.

5.6.4 Low-Voltage Warning (LVW)

The LVD system has a low voltage warning flagnmicate to the user th#te supply voltage is
approaching, but is still above, the LVD voltage. Tha\L\does not have an intept associated with it.
There are two user sgitable trip voltages for the LVW, one high (M) and one low (M )- The trip
voltage is selected by LVWV in SPMSC2. Setting theAL'¥ip voltage equal to the LVD trip voltage is
not recommended. Typical usetbé LVW would be to select \jyyy and ypy -

5.7 Real-Time Interrupt (RTI)

The real-time interrupt function ode used to generate periodic interrupts. The RTI can accept two
sources of clocks, the 1-kHz interriddck or an external clock if auable. The 1-kHz internal clock
source is completely independentaiy bus clock source and is usedly by the RTI nodule and, on some
MCUs, the COP watchdog. To use an ex&¢clock source, it must lavailable and active. The RTICLKS
bit in SRTISC is used tselect the RTI clock source.
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Either RTI clock source can be used when the MQtJiign, wait or stop3 mode. When using the external
oscillator in stop3, it must be @bled in stop (OSCSTEA1) and configured fdow bandwidth operation
(RANGE = 0). Only the internal 1-kHz clock source dse selected to wake the MCU from stop2 mode.

The SRTISC register includesead-only status flag, a write-onlylkamwledge bit, and a 3-bit control
value (RTIS2:RTIS1:RTISO) used to disable the clsalrce to the real-time inteipt or select one of
seven wakeup periods. The RTI has a local inteegopble, RTIE, to allow nsking of the real-time
interrupt. The RTI can be disabled by writing eathof RTIS to zeroes, and no interrupts will be
generated. Se®ection 5.9.7, “System Real-Teninterrupt Status ando@trol Register (SRTISC)for
detailed information about this register.

5.8 MCLK Output

The PTC2 pin is shared with the MCLK clock outpsietting the pin enable bit, MPE, causes the PTC2
pin to output a divided version of the internal M®us clock. The divide ratio is determined by the
MCSEL bits. When MPE is set, the PTC2 pin is forteedperate as an outpunpiegardless of the state
of the port data direction control bit for the pintHé MCSEL bits are all 0s, ¢thpin is driven low. The
slew rate and drive strength for the pin are ciled by PTCSE2 and PTCDS2, respectively. The
maximum clock output frequency is lited if slew rate control is enabled, see the electrical chapter for
pin rise and fall timewith slew rate enabled.

5.9 Reset, Interrupt, and System Control Registers and Control Bits

One 8-bit register in the direct page register spadesgght 8-bit registers in ¢éhhigh-page register space
are related to reset and interrupt systems.

Refer to the direct-page register summargimapter 4, “Memory of this data sheet for the absolute
address assignments for all registd@itss section refers to registeasd control bits only by their names.
A Freescale-provided equate or hedileris used to translate thesames into the appropriate absolute
addresses.

Some control bits in the SOPT and SPMS3&disters are related toaakes of operation. Although brief
descriptions of these bits areopided here, the related functiome discussed in greater detail in
Chapter 3, “Modes of Operatign
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Interrupt Pin Request Status and Control Register (IRQSC)

This direct page register includstatus and control bits which aseed to configure the IRQ function,
report status, and acknowledge IRQ events.

6 5 4 3 2 1 0
R 0 IRQF 0
IRQPDD IRQEDG IRQPE IRQIE IRQMOD
w IRQACK
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-2. Interrupt Request Status and Control Register (IRQSC)
Table 5-3. IRQSC Register Field Descriptions
Field Description
6 Interrupt Request (IRQ) Pull Device Disable—This read/write control bit is used to disable the internal pullup
IRQPDD 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 Interrupt Request (IRQ) Edge Select — This read/write control bit is used to select the polarity of edges or
IRQEDG |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, the optional pullup resistor is re-configured as an optional pulldown resistor.
0 IRQ s falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.
4 IRQ Pin Enable — This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can
IRQPE be used as an interrupt request. Also, when this bit is set, either an internal pull-up or an internal pull-down
resistor is enabled depending on the state of the IRQMOD bit.
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.
3 IRQ Flag — This read-only status bit indicates when an interrupt request event has occurred.
IRQF 0 No IRQ request.
1 IRQ event detected.
2 IRQ Acknowledge — This write-only bit is used to acknowledge interrupt request events (write 1 to clear IRQF).
IRQACK | Writing 0 has no meaning or effect. Reads always return logic 0. If edge-and-level detection is selected
(IRQMOD = 1), IRQF cannot be cleared while the IRQ pin remains at its asserted level.
1 IRQ Interrupt Enable — This read/write control bit determines whether IRQ events generate a hardware
IRQIE interrupt request.
0 Hardware interrupt requests from IRQF disabled (use polling).
1 Hardware interrupt requested whenever IRQF = 1.
0 IRQ Detection Mode — This read/write control bit selects either edge-only detection or edge-and-level
IRQMOD | 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 detalils.
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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5.9.2

System Reset Status Register (SRS)

This register includes read-only status flags todatdi the source of the mastent reset. When a debug

host forces reset by writingtt BDFR in the SBDFR register, nonetbé status bits in SRS will be set.
Writing any value to this register address cleaes@P watchdog timer withoatfecting the contents of
this register. The reset state of these depends on what caused the MCU to reset.

7 6 5 4 3 2 1 0
R POR PIN COP ILOP Reserved ICG LvD 0
w Writing any value to SIMRS address clears COP watchdog timer.
POR 1 0 0 0 0 0 1 0
LVR: U 0 0 0 0 0 1 0
Any other 0 U] (1) (1) 0 (1) 0 0
reset:

U = Unaffected by reset

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

Figure 5-3. System Reset Status (SRS)

Table 5-4. SRS Register Field Descriptions

Field Description
7 Power-On Reset — Reset was caused by the power-on detection logic. Because the internal supply voltage was
POR ramping up at the time, the low-voltage reset (LVR) status bit is also set to indicate that the reset occurred while
the internal supply was below the LVR threshold.
0 Reset not caused by POR.
1 POR caused reset.
6 External Reset Pin — Reset was caused by an active-low level on the external reset pin.
PIN 0 Reset not caused by external reset pin.
1 Reset came from external reset pin.
5 Computer Operating Properly (COP) Watchdog — Reset was caused by the COP watchdog timer timing out.
COoP This reset source may be blocked by COPE = 0.
0 Reset not caused by COP timeout.
1 Reset caused by COP timeout.
4 lllegal Opcode — Reset was caused by an attempt to execute an unimplemented or illegal opcode. The STOP
ILOP 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.
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Table 5-4. SRS Register Field Descriptions (continued)

Field Description
2 Internal Clock Generation Module Reset — Reset was caused by an ICG module reset.
ICG 0 Reset not caused by ICG module.
1 Reset caused by ICG module.
1 Low Voltage Detect — If the LVDRE and LVDSE bits are set and the supply drops below the LVD trip voltage,
LvD 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.
5.9.3 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-oniynérol bit. A serial background command such as
WRITE_BYTE must be usei write to SBDFR. Attemig to write this registerom a user program are
ignored. Reads always return 0x00.

5 2 1 0
R 0 0 0 0 0 0 0 0
w BDFR!
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

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

Figure 5-4. System Background Debug Force Reset Register (SBDFR)

Table 5-5. SBDFR Register Field Descriptions

Field Description
0 Background Debug Force Reset — A serial background command such as WRITE_BYTE may be used to
BDFR allow an external debug host to force a target system reset. Writing logic 1 to this bit forces an MCU reset. This
bit cannot be written from a user program.
5.9.4 System Options Register (SOPT)

This register may be read at any time. Bits18 a are unimplemented and always read 0. This is a

write-once register so only the finstite after reset is honored. Any selgsient attempt to write to SOPT
(intentionally or unintentionally) igynored to avoid accidental chandeshese sensitive settings. SOPT
should be written during the ess reset initialization program to segttiesired controls even if the desired

settings are the same as the reset settings.
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7 6 5 4 2 1 0
R 0 0
COPE COPT STOPE
W
Reset 1 1 0 1 0 0 1 1
= Unimplemented or Reserved
Figure 5-5. System Options Register (SOPT)
Table 5-6. SOPT Register Field Descriptions
Field Description
7 COP Watchdog Enable — This write-once bit defaults to 1 after reset.
COPE 0 COP watchdog timer disabled.
1 COP watchdog timer enabled (force reset on timeout).
6 COP Watchdog Timeout — This write-once bit defaults to 1 after reset.
COPT 0 Short timeout period selected.
1 Long timeout period selected.
5 Stop Mode Enable — This write-once bit defaults to 0 after reset, which disables stop mode. If stop mode is
STOPE 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.
5.9.5 System MCLK Control Register (SMCLK)

This register is used to control the MCLK clock output.

5 4 2 1 0
R 0 0 0 0
MPE MCSEL
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-6. System MCLK Control Register (SMCLK)
Table 5-7. SMCLK Register Field Descriptions
Field Description
4 MCLK Pin Enable — This bit is used to enable the MCLK function.
MPE 0 MCLK output disabled.
1 MCLK output enabled on PTC2 pin.
2.0 MCLK Divide Select — These bits are used to select the divide ratio for the MCLK output according to the
MCSEL | formula below when the MCSEL bits are not equal to all zeroes. In the case that the MCSEL bits are all zero and

MPE is set, the pin is driven low. See Equation 5-1.

MCLK frequency = Bus Clock frequency y(2 * MCSEL) Eqn. 5-1
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5.9.6 System Device Identification Register (SDIDH, SDIDL)

This read-only register is included so host develapinsystems can identify the HCSO08 derivative and
revision number. This allows the developmentwaft to recognize where specific memory blocks,
registers, and control bits are located in a target MCU.

7 6 5 4 3 2 1 0
R ID11 ID10 ID9 ID8
w
Reset — — — — 0 0 0 0
= Unimplemented or Reserved
Figure 5-7. System Device Identification Register — High (SDIDH)
Table 5-8. SDIDH Register Field Descriptions
Field Description
74 Bits 7:4 are reserved. Reading these bits will result in an indeterminate value; writes have no effect.
Reserved
3.0 Part Identification Number — Each derivative in the HCS08 Family has a unique identification number. The
ID[11:8] MC9S08ACE0 Series is hard coded to the value 0x001D. See also ID bits in Table 5-9.

7 6 5 4 3 2 1 0
R ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
w
Reset 0 0 0 1 1 1 0 1
= Unimplemented or Reserved
Figure 5-8. System Device ldentification Register — Low (SDIDL)
Table 5-9. SDIDL Register Field Descriptions
Field Description
7:0 Part Identification Number — Each derivative in the HCS08 Family has a unique identification number. The
ID[7:0] MC9S08ACE0 Series is hard coded to the value 0x001D. See also ID bits in Table 5-8.
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5.9.7 System Real-Time Interrupt Status and Control Register (SRTISC)

This register contains one readly status flag, one we-only acknowledge bithree read/write delay
selects, and three unimplementets, which always read 0.

7 6 5 4 3 2 1 0
R RTIF 0 0
RTICLKS RTIE RTIS2 RTIS1 RTISO
w RTIACK
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-9. System RTI Status and Control Register (SRTISC)

Table 5-10. SRTISC Register Field Descriptions

Field Description
7 Real-Time Interrupt Flag — This read-only status bit indicates the periodic wakeup timer has timed out.
RTIF 0 Periodic wakeup timer not timed out.

1 Periodic wakeup timer timed out.

6 Real-Time Interrupt Acknowledge — This write-only bit is used to acknowledge real-time interrupt request
RTIACK | (write 1 to clear RTIF). Writing O has no meaning or effect. Reads always return logic 0.

5 Real-Time Interrupt Clock Select — This read/write bit selects the clock source for the real-time interrupt.
RTICLKS |0 Real-time interrupt request clock source is internal 1-kHz oscillator.
1 Real-time interrupt request clock source is external clock.

4 Real-Time Interrupt Enable — This read-write bit enables real-time interrupts.
RTIE 0 Real-time interrupts disabled.
1 Real-time interrupts enabled.

2:0 Real-Time Interrupt Delay Selects — These read/write bits select the wakeup delay for the RTI. The clock
RTIS[2:0] |source for the real-time interrupt is a self-clocked source which oscillates at about 1 kHz, is independent of other
MCU clock sources. Using external clock source the delays will be crystal frequency divided by value in
RTIS2:RTIS1:RTISO. See Table 5-11.

Table 5-11. Real-Time Interrupt Frequency

RTIS2:RTIS1:RTISO 1-kHz Clock Source Delay’ Using E(’g‘:;gfa:lcﬂg’qkuzzg;‘)’e Delay

0:0:0 Disable periodic wakeup timer Disable periodic wakeup timer
0:0:1 8 ms divide by 256

0:1:0 32 ms divide by 1024

0:1:1 64 ms divide by 2048

1:0:0 128 ms divide by 4096

1:0:1 256 ms divide by 8192

1:1:0 512 ms divide by 16384

1:1:1 1.024 s divide by 32768

T Normal values are shown in this column based on fgy; = 1 kHz. See Appendix A, “Electrical Characteristics and Timing
Specifications,” fry; for the tolerance on these values.
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5.9.8 System Power Management Status and Control 1 Register (SPMSC1)
1
7 6 5 4 3 2 1 0
R| LVDF 0
LVDIE LVDRE®@ LVDSE® LVDE®@ BGBE
w LVDACK
Reset 0 0 0 1 1 1 0 0
= Unimplemented or Reserved

' Bit 1 is a reserved bit that must always be written to 0.
2 This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-10. System Power Management Status and Control 1 Register (SPMSC1)

Table 5-12. SPMSC1 Register Field Descriptions

Field Description
7 Low-Voltage Detect Flag — Provided LVDE = 1, this read-only status bit indicates a low-voltage detect event.
LVDF
6 Low-Voltage Detect Acknowledge — This write-only bit is used to acknowledge low voltage detection errors
LVDACK | (write 1 to clear LVDF). Reads always return 0.
5 Low-Voltage Detect Interrupt Enable — This read/write bit enables hardware interrupt requests for LVDF.
LVDIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVDF = 1.
4 Low-Voltage Detect Reset Enable — This read/write bit enables LVDF events to generate a hardware reset
LVDRE (provided LVDE = 1).
0 LVDF does not generate hardware resets.
1 Force an MCU reset when LVDF = 1.
3 Low-Voltage Detect Stop Enable — Provided LVDE = 1, this read/write bit determines whether the low-voltage
LVDSE 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 Low-Voltage Detect Enable — This read/write bit enables low-voltage detect logic and qualifies the operation
LVDE of other bits in this register.
0 LVD logic disabled.
1 LVD logic enabled.
0 Bandgap Buffer Enable — The BGBE bit is used to enable an internal buffer for the bandgap voltage reference
BGBE for use by the ADC module on one of its internal channels.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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5.9.9 System Power Management Status and Control 2 Register (SPMSC2)

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

7 6 5 4 3 2 1 0
R| LVWF 0 PPDF 0
LvDV' LVWV PPDC?
w LVWACK PPDACK
Power-on  0©) 0 0 0 0 0 0 0
reset:
LvD 0@ 0 U u 0 0 0 0
reset:
Any other 0@ 0 U U 0 0 0 0
reset:
= Unimplemented or Reserved U = Unaffected by reset

' This bit can be written only one time after POR. Additional writes are ignored.
2 This bit can be written only one time after reset. Additional writes are ignored.
3 LVWEF will be set in the case when Vsupply transitions below the trip point or after reset and Vg ppiy is already below V.

Figure 5-11. System Power Management Status and Control 2 Register (SPMSC2)

Table 5-13. SPMSC2 Register Field Descriptions

Field Description

7 Low-Voltage Warning Flag — The LVWF bit indicates the low voltage warning status.
LVWF 0 Low voltage warning not present.
1 Low voltage warning is present or was present.

6 Low-Voltage Warning Acknowledge — The LVWACK bit is the low-voltage warning acknowledge.
LVWACK | Writing a 1 to LVWACK clears LVWF to a 0 if a low voltage warning is not present.

5 Low-Voltage Detect Voltage Select — The LVDV bit selects the LVD trip point voltage (Vyp)-
LVDV 0 Low trlp point selected (VLVD = VLVDL)'
1 High trip point selected (V yp = V| ypH)-

4 Low-Voltage Warning Voltage Select — The LVWYV bit selects the LVW trip point voltage (V| yw)-
LVvwv 0 Low trip point selected (Vyw = VivwL)-
1 High trip point selected (V\yw = VivwH)-

3 Partial Power Down Flag — The PPDF bit indicates that the MCU has exited the stop2 mode.
PPDF 0 Not stop2 mode recovery.
1 Stop2 mode recovery.

2 Partial Power Down Acknowledge — Writing a 1 to PPDACK clears the PPDF bit.
PPDACK
0 Partial Power Down Control — The write-once PPDC bit controls whether stop2 or stop3 mode is selected.

PPDC 0 Stop3 mode enabled.
1 Stop2, partial power down, mode enabled.
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5.9.10 System Options Register 2 (SOPT2)

This high page register contaibis to configure MCU specifiteatures on the MC9S08AC60 Series
devices.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
COPCLKS'! TPMCCFG
w
Reset: 1 0 0 0 1 0 0 0
= Unimplemented or Reserved

Figure 5-12. System Options Register 2 (SOPT2)
' This bit can be written only one time after reset. Additional writes are ignored.

Table 5-14. SOPT2 Register Field Descriptions

Field Description

7 COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog.
COPCLKS |0 Internal 1-kHz clock is source to COP.

1 Bus clock is source to COP.

3 TPM Clock Configuration — Configures the timer/pulse-width modulator clock signal.
TPMCCFG |0 TPMCLK is available to TPM1, TPM2, and TPM3 via the IRQ pin; TPMCLK1 and TPMCLK2 are not available.
1 TPM1CLK, TPM2CLK, and TPMCLK are available to TPM1, TPM2, and TPMS respectively.
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Chapter 6
Parallel Input/Output

6.1 Introduction

This chapter explains softwarertdrols related to parallel input/quit (I/O). The MC9S08ACG60 Series
has seven I/O ports which include a tathup to 54 general-purpose I/O pins. S#@apter 2, “Pins and
Connectionsfor more information about the logand hardware aspects of these pins.

Many of these pins are shared with on-chip peripheraih as timer systems, communication systems, or
keyboard interrupts. When these other modulesaireontrolling the porpins, they revert to
general-purpose I/O control.

NOTE

Not all general-purpose 1/O pins areadable on all packages. To avoid
extra current drain from floating inppins, the user’s reset initialization
routine in the application prograshould either enable on-chip pullup
devices or change the direction of annected pins to outputs so the pins
do not float.

6.2 Pin Descriptions

The MC9S08ACG60 Series has a totabdfparallel 1/0 pins in seven ports (PTA-PTG). Not all pins are
bonded out in all packageso@sult the pin assignment@hapter 2, “Pins and Connectigher available
parallel 1/0 pins. All of these pins are available deneral-purpose 1/0 whenehare not used by other
on-chip peripheral systems.

After reset, the shared peripheral ftions are disabled sodhthe pins are controlled by the parallel I/O.
All of the parallel 1/0O are corgured as inputs (PTxDDn = 0). Theagiontrol functions for each pin are
configured as follows: slew rat®ntrol disabled (PTXSEn = 0), lowde strength seleetl (PTxDSn = 0),
and internal pullups dabled (PTxPEn = 0).

6.3 Parallel 1/0 Control

Reading and writing of parallel I/@ done through the padaita registers. Therdiction, input or output,
is controlled through the port dataeftition registers. The paralleO/port function for an individual pin
is illustrated in the block diagram below.
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PTxDDn
D Q ® p= Output Enable
>
PTxDn
D Q p Output Data
%
1
Port Read
Data
0 Synchronizer |-&— Input Data
BUSCLK 4

Figure 6-1. Parallel /0O Block Diagram

The data direction contrbits determine whether thgn output driver is enabled, and they control what
is read for port data register rsadach port pin has a data directiegister bit. When PTxDDn = 0, the
corresponding pin is an input and reads of PTedDrn the pin value. When PTxDDn = 1, the
corresponding pin is an output and readl PTxD return the last valueitten to the port data register.
When a peripheral module or system function is in cbofra port pin, the data iction register bit still
controls what is returned for reads of the potadagister, even thoughetiperipheral system has
overriding control of thectual pin direction.

When a shared analog function is enabled for a pidigathl pin functions are dabled. A read of the port
data register returns a value of O for any bits Winiave shared analog furarts enabled. In general,
whenever a pin is shared with both an alternagigadifunction and an analdgnction, the analog function
has priority such that iboth the digital and analog functions arabled, the analog function controls the

pin.

It is a good programming practice toit@rto the port data register bedachanging the direction of a port
pin to become an output. This ensures that the pgimatibe driven momentarily with an old data value
that happened to be in the port data register.

6.4 Pin Control

The pin control registers ai@cated in the high page register blatkhe memory. These registers are used
to control pullups, slew ratend drive strength for the 1/0 pinghe pin control registers operate
independently of the pallel I/O registers.
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6.4.1 Internal Pullup Enable

An internal pullup device can be enabled for ga@tt pin by setting the corresponding bit in one of the
pullup enable registers (PTXPEN). The pullup devicesalded if the pin is configured as an output by the
parallel 1/0O control logic or anghared peripheral funct regardless of the state of the corresponding
pullup enable register bit. The pul device is also disabléftthe pin is controkd by an analog function.

6.4.2 Output Slew Rate Control Enable

Slew rate control can be enabfed each port pin by setting the copesding bit in one othe slew rate
control registers (PTXSEn). When ele slew control limits the rate which an output can transition in
order to reduce EMC emissions. Slew rate controhleasffect on pins which are configured as inputs.

6.4.3 Output Drive Strength Select

An output pin can be selectedhiave high output drive strength byts®j the corresponding bit in one of
the drive strength select register$XBPSn). When high drive is selectadin is capable of sourcing and
sinking greater current. Even thouglesgw!/O pin can be selected as hdyive, the user must ensure that
the total current sourcend sink limits for the chip are not exceeld Drive strength $ection is intended
to affect the DC behavior of I/Oms. However, the AC behavior isalaffected. High drive allows a pin
to drive a greater load with the same switching spaeseal low drive enablqain into a smaller load.
Because of this the EMC essions may be affected byadiing pins as high drive.
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6.5 Pin Behavior in Stop Modes

Depending on the stop mode, I/O fupais differently as the result ekecuting a STOP instruction. An
explanation of 1/0 behavior fahe various stop modes follows:

» Stop2 mode is a partial power-down mode, whetéDyatches are maintained in their state as
before the STOP instruction waseexted. CPU register status ahd state of I/O registers should
be saved in RAM before the P instruction is executed pdace the MCU in stop2 mode. Upon
recovery from stop2 mode, bef@aecessing any I/O, the user sltbetkamine the state of the PPDF
bit in the SPMSC2 register. If tH&PDF bit is 0, I/O must be initiaed as if a powr on reset had
occurred. If the PPDF bitis 1, I/O data previowsthyred in RAM, before the STOP instruction was
executed, peripherals may require being iniedi and restored to their pre-stop condition. The
user must then write a 1 to the PPDACK bit ia 8PMSC2 register. AccesdtO is now permitted
again in the user’s application program.

* In stop3 mode, all I/O is maintained becaumernal logic circuity stays powered up. Upon
recovery, normal I/O functiois available to the user.

6.6 Parallel I/O and Pin Control Registers

This section provides information abdhbe registers associated with fiagallel I/O ports and pin control
functions. These parallel I/O regss$ are located in page zero of themory map and the pin control
registers are located in the highgpaegister section of memory.

Refer to tables ihapter 4, “Memory for the absolute address assiggnts for all parallel /0 and pin
control registers. This section redeo registers and control bits gty their names. Areescale-provided
equate or header file moally is used to translate these naimés the appropriate absolute addresses.

6.6.1 Port A I/0O Registers (PTAD and PTADD)

Port A parallel 1/0 function is cordlled by the registers listed below.

7 6 5 4 3 2 1 0

R
PTAD7 PTAD6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO

w

Reset 0 0 0 0 0 0 0 0

Figure 6-2. Port A Data Register (PTAD)
Table 6-1. PTAD Register Field Descriptions
Field Description
7:0 Port A Data Register Bits — For port A pins that are inputs, reads return the logic level on the pin. For port A

PTADnN 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 Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups disabled.
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PTADD7 PTADD6 PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADDO
W
Reset 0 0 0 0 0 0 0 0
Figure 6-3. Data Direction for Port A Register (PTADD)
Table 6-2. PTADD Register Field Descriptions
Field Description
7,2:0 Data Direction for Port A Bits — These read/write bits control the direction of port A pins and what is read for
PTADDn | 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.
6.6.2 Port A Pin Control Registers (PTAPE, PTASE, PTADS)

In addition to the 1/0O control, port A pirsse controlled by theegisters listed below.

R
PTAPE7 PTAPE6 PTAPES5S PTAPE4 PTAPE3 PTAPE2 PTAPE1 PTAPEO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-4. Internal Pullup Enable for Port A (PTAPE)
Table 6-3. PTADD Register Field Descriptions
Field Description
7.0 Internal Pullup Enable for Port A Bits — Each of these control bits determines if the internal pullup device is
PTAPEn | enabled for the associated PTA pin. For port A pins that are configured as outputs, these bits have no effect and

the internal pullup devices are disabled.
0 Internal pullup device disabled for port A bit n.
1 Internal pullup device enabled for port A bit n.
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7 6 5 4 3 2 1 0
PTASE7 PTASE6 PTASES PTASE4 PTASE3 PTASE2 PTASE1 PTASEO
W
Reset 0 0 0 0 0 0 0 0
Figure 6-5. Slew Rate Control Enable for Port A (PTASE)
Table 6-4. PTASE Register Field Descriptions
Field Description
7:0 Output Slew Rate Control Enable for Port A Bits — Each of these control bits determine whether output slew
PTASEN] |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.
7 6 5 4 3 2 1 0
R
PTADS7 PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADS1 PTADSO
W
Reset 0 0 0 0 0 0 0 0
Figure 6-6. Drive Strength Selection for Port A (PTADS)
Table 6-5. PTADS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADSn | output drive for the associated PTA pin.
0 Low output drive enabled for port A bit n.
1 High output drive enabled for port A bit n.
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Appendix B Ordering Information and Mechanical Drawings

Appendix B
Ordering Information and Mechanical Drawings

B.1  Ordering Information

This section contains ordering nbers for MC9S08ACG60 Series devic&ee below for an example of
the device numbering system.

Table B-1. Device Numbering System

Memory Available Packages?
Device Number'
Flash RAM Type

64 LQFP, 64 QFP
MC9S08AC6E0 63,280 48 QFN, 44 LQFP, 32 LQFP

64 LQFP, 64 QFP
MC9S08AC48 49,152 2048 48 QFN, 44 LQFP, 32 LQFP

64 LQFP, 64 QFP
MC9S08AC32 32,768 48 QFN, 44 LQFP, 32 LQFP

1 See Table 1-1 for a complete description of modules included on each device.
2 See Table B-2 for package information.

B.2 Orderable Part Numbering System
MC 9 S08 AC 60 C XX E

| | -r— Pb free indicator
Status Package designator (See Table B-2)

(MC = Fully Qualified)

Memory Tem
B perature range
(9 = FLASH-based) (C=—-40 € to 85 )
Core (M=-40 to 125 ¢)
Family Approximate memory size (in KB)

B.3 Mechanical Drawings

This following pages contain memhical specifications for MC9S0&»60 Series package options. See
Table B-2for the document numbers that correspond to each package type.

Table B-2. Package Information

Pin Count Type Designator Document No.
64 LQFP PU 98ASS23234W
64 QFP FU 98ASB42844B
48 QFN FD 98ARH99048A
44 LQFP FG 98ASS23225W
32 LQFP FJ 98ASH70029A
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