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MC9S08DEGO Series Features

8-Bit HCS08 Central Processor Unit (CPU)

Peripherals

» 40-MHz HCS08 CPU (20-MHz bus)
» HCO8 instruction set with added BGND instruction
 Support for up to 32 interrupt/reset sources

On-Chip Memory

» Flash read/program/erase over full operating voltage
and temperature; error correction code

— MC9S08DEGO = 60K
— MC9S08DES32 = 32K

» Upto 2K EEPROM in-circuit programmable memory;
8-byte single-page or 4-byte dual-page erase sector;
program and erase while executing Flash; Erase abort

» Up to 4K random-access memory (RAM)

Power-Saving Modes

» Two very low-power stop modes
* Reduced power wait mode

» Very low-power real-time interrupt for usein run, wait,
and stop

Clock Source Options

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

» Multi-purpose clock generator (MCG) — PLL and
FLL modes (FLL capable of 1.5% deviation using
internal temperature compensation); internal reference
clock with trim adjustment (trimmed at factory, with
trim value stored in flash); external reference with
oscillator/resonator options

System Protection

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

* Low-voltagedetection with reset or interrupt; selectable
trip points

* Illegal opcode detection with reset
* lllegal address detection with reset
* Flash block protect

» Loss-of-lock protection

Development Support

* ADC — 24-channel, 12-hit resolution, 2.5 us
conversion time, automatic compare function,
temperature sensor, internal bandgap reference channel

* ACMPx — Two analog comparators with selectable
interrupt on rising, falling, or either edge of comparator
output; compare option to fixed internal bandgap
reference voltage

e MSCAN — CAN protocol - Version 2.0 A, B; standard
and extended data frames; support for remote frames,
five receive buffers with FIFO storage scheme; flexible
identifier acceptance filters programmable as: 2 x
32-bit, 4 x 16-bit, or 8 x 8-hit

* SCIx — Two SCls supporting LIN 2.0 Protocol and
SAE J2602 protocals; full duplex non-return to zero
(NRZ); master extended break generation; slave
extended break detection; wakeup on active edge

* SPI — Full-duplex or single-wire bidirectional;
Double-buffered transmit and receive; master or slave
mode; M SB-first or LSB-first shifting

e |1C — Up to 100 kbps with maximum bus loading;
Multi-master operation; Programmable slave address;
general call address; Interrupt driven byte-by-byte data
transfer

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

* RTC (real-time counter) — 8-bit modulus counter with
binary or decimal based prescaler; real-time clock
capabilities using external crystal and RTC for precise
time base, time-of-day, calendar or task scheduling
functions; free running on-chip low power oscillator
(1 kHz) for cyclic wake-up without external
components

Input/Output

53 general-purpose input/output (1/0) pinsand 1
input-only pin

* 24 interrupt pinswith selectable polarity on each pin

« Hysteresisand configurable pull device on al input pins

« Configurable slew rate and drive strength on all output
pins

Package

» Single-wire background debug interface
» On-chip, in-circuit emulation (ICE) with real-time bus
capture

* 64-pin low-profile quad flat-pack (L QFP) — 10x10 mm
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Revision History

To provide the most up-to-date information, the revision of our documents on the World Wide Web will be

the most current. Your printed copy may be an earlier revision. To verify you have the latest information

available, refer to:
http://freescale.com/

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

Revision
Number

Revision
Date

Description of Changes

1

6/2006

Advance Information version for alpha samples customers

2

9/2007

Product Launch. Removed the 64-pin QFN package. Changed from standard to extended
mode for MSCAN registers in register summary. Corrected Block diagrams for SCI.
Updated the latest Temp Sensor information. Made FTSTMOD reserved. Updated device
to use the ADC 12-bit module. Revised the MCG module. Updated the TPM block module
to version 3. Added the TPM block module version 2 as an appendix for devices using
3MO5C (or earlier) mask sets. Heavily revised the Electricals appendix.

6/2008

Sustaining Update. Incorporated PS Issues # 2765, 3177, 3236, 3292, 3311, 3312, 3326,
3335, 3345, 3382, 2795, 3382 and 3386 PLL Jitter Spec update. Also, added internal
reference clock trim adjustment statement to Features page. Updated the TPM module to
the latest version. Adjusted values in Table A-13 Control Timing row 2 and in Table A-6 DC
Characteristics row 24 so that it references 5.0 V instead of 3.0 V.

© Freescale Semiconductor, Inc., 2007-2008. All rights reserved.
This product incorporates SuperFlash® Technology licensed from SST.
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Chapter 1
Device Overview

Controller AreaNetwork MC9S08DEGO Series devicesare primarily focused at safety based applications.
Theerror code correction (ECC) based Flash providesthe highest level of Flash quality for the automotive
safety markets.

1.1 Devices in the MC9S08DEGO Series

This data sheet covers members of the MC9S08DEGO Series of MCUS:
« MC9S08DEGO
« MC9S08DE32

Table 1-1 summarizes the feature set available in the MC9S08DEGO Series.

Table 1-1. MC9S08DEG60 Series Features by MCU and Pin Count

Feature MC9S08DEG0 MC9S08DE32
Flash size (bytes)
ECC off 60032 33792
ECC on 44032 22528
RAM size (bytes) 4096 2048
EEPROM size (bytes) 2048 1024
Pin quantity 64
ACMP1 yes
ACMP2 yes
ADC channels 24
DBG yes
lc yes
IRQ yes
MCG yes
MSCAN yes
RTC yes
SCI1 yes
SCI2 yes
SPI yes
TPM1 channels 6
TPM2 channels 2
XOSC yes
COP Watchdog yes
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Chapter 1 Device Overview

1.2 MCU Block Diagram
Figure 1-1 isthe MC9S08DEGO Series system-level block diagram.
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Chapter 1 Device Overview

HCS08 CORE [~ |<«—» PTA7/PIA7/ADP7/IRQ
| |<——>PTAG/PIAG/ADPS
<> PTA5/PIA5/ADP5
CPU ACHPHO = |<«—> PTA4/PIA4/ADP4
3| ANALOG COMPARATOR ACNPI- > § ~<«—>» PTA3/PIA3/ADP3/ACMP10
BKGD/MS BDC | | BKP (ACMP1) :ACMP1 ~«—>» PTA2/PIA2/ADP2/ACMP1-
- < + ~—> PTA1/PIA1/ADP1/ACMP1+
——————| _|<—> PTAO/PIAG/ADPO/MCLK
HCS08 SYSTEM CONTROL — PTB7/PIB7/ADP1S
RESET RESETS AND INTERRUPTS —| <> PTBE/PIBE/ADP14
RESETw»- T hES OF OPERATION — | |<——> PTB5/PIR5/ADP13
POWER MANAGEMENT O |<«—> PTB4/PIB4/ADP12
5 |~«— PTB3/PIB3/ADP11
8| |——% |~ PTB2/PIB2/ADP10
| cor || wo | o — 1 |<—> PTB1/PIB/ADPY
= — |-
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MCOS08DESO = 60K / 44K MODULE (TPM1) - [PMICLK <> PTD5/PID5/TPMICH3
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USER RAM SERIAL PERIPHERAL MO8 > Y| <« PTE4/SCLMOSI
MC9S08DE60 = 4K SPSCK o
INTERFACE MODULE (SPI) < »| 5 |<«—>» PTE3/SPSCK
:R — »| O |<«—>» PTE2/SS
<X <«—— PTE1/RxD1
INTERFACE (SCI1) —
<«—>» PTF7
ACMP20
ANALOG COMPARATOR > -«——>» PTF6/ACMP20
REAL-TIME COUNTER (RTC) _: (ACMP2) < CMP2- <> PTF5/ACMP?-
> <é%“/fp2+ L | € » PTF4/ACMP2+
Vpp —| I MODULE (IC) <ol »| 5 |[~«—> PTF3/TPM2CLK/SDA
Vpp —» VOLTAGE -~ ¥ > ° | <«—> PTF2ITPM1CLK/SCL
Vss —m REGULATOR - <—> PTF1/RxD2
Vss —» SERIAL COMMUNICATIONS |__TxD2 »| | <—> PTFOTXD?
INTERFACE (SCI2) — oGS
—
MULTI-PURPOSE <> PTGA
CLOCK GENERATOR S|« > PTos
(MCG) 'g <> PTG2
————————— XTAL £
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OSCILLATOR (XOSC) < EXTAL > PTGOUEXTAL
Figure 1-1. MC9S08DEG60/32 Block Diagram
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Chapter 1 Device Overview

Table 1-2 provides the functional version of the on-chip modules.

1.3

Table 1-2. Module Versions

Module Version
Central Processor Unit (CPU) 3
Multi-Purpose Clock Generator (MCG) 1
Analog Comparator (ACMP) 3
Analog-to-Digital Converter (ADC) 1
Inter-Integrated Circuit ((l[®] 2
Freescale’s CAN (MSCAN) 1
Serial Peripheral Interface (SPI) 3
Serial Communications Interface (SCI) 4
Real-Time Counter (RTC) 1
Timer Pulse Width Modulator (TPM) 3!
Debug Module (DBG) 2

1 3M05C and older masks have TPM version 2.

System Clock Distribution

Figure 1-2 showsasimplified clock connection diagram. Some modulesin the MCU have sel ectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function.

The following are the clocks used in this MCU:

BUSCLK — The frequency of the busis aways haf of MCGOUT.
L PO — Independent 1-kHz clock that can be selected as the source for the COP and RTC modules.
MCGOUT — Primary output of the MCG and is twice the bus frequency.

MCGLCLK — Development tools can select this clock source to speed up BDC communications
in systems where BUSCLK is configured to run at avery slow frequency.

MCGERCLK — External reference clock can be selected as the RTC clock source. It can also be
used as the alternate clock for the ADC and MSCAN.

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

MCGFFCLK — Fixed frequency clock can be selected as clock source for the TPM1 and TPM2.
TPM1CLK — External input clock source for TPM 1.

TPM2CLK — Externa input clock source for TPM2.
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Chapter 1 Device Overview

TPMICLK  TPM2CLK

1L';"'OZ rRrc | | cop || TPMI1 TPM2 I SCl SCl2 SPI
MCGERCLK T -
MCGIRCLK
MCG MCGFFCLK 7 FFCLK*
. Tl
2 I ®
MCGOUT ’_El BUSCLK . . °
MCGLCLK
X0SC
CPU BDC ADC MSCAN FLASH | EEPROM
* + ADC has min and max Flash and EEPROM have
EXTAL  XTAL frequency requirements. frequency requirements
. , . See the ADC chapter for program and erase
The fixed frequency clock (FFCLK) is internally and electricals appendix operation. See the

synchronized to the bus clock and must not exceed one half

of the bus clock frequency. for details. electricals appendix for

details.

Figure 1-2. MC9S08DE60/32 System Clock Distribution Diagram
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Chapter 2

Pins and Connections

This section describes signals that connect to package pins. It includes pinout diagrams, recommended
system connections, and detailed discussions of signals.

2.1

Device Pin Assignment

This section shows the pin assignments for MC9S08DEGO Series MCUs in the available packages.

o ' +
a a o
= = =
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1) o < — Lo <
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TEREE S5f35 2
S0 25D I o5 S X
SEEIse .. FE2xona
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oo oo o >>>>000 00 0
I8 RBHEBIBEDRR
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Vpp 17 ' 421 BKGD/MS
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PTGO/EXTAL ]9 LQFP 40— PTD6/PID6/TPM1CH4
PTG1/XTAL ] 10 3911 Vpp
RESET []11 381 Vss
PTF4/ACMP2+ |12 37 PTF7
PTF5/ACMP2- []13 36 [ PTD5/PID5/TPM1CH3
PTF6/ACMP20 ] 14 351 PTD4/PID4/TPM1CH2
PTEO/TXD1 15 34[—1 PTD3/PID3/TPM1CH1
PTE1/RxD1 |16 33| PTD2/PID2ITPM1CHO
MO OO A NMSTELW OO O HdN
HA AN NNNNNNNNNOMO®M
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Figure 2-1. 64-Pin LQFP
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Chapter 2 Pins and Connections

2.2 Recommended System Connections
Figure 2-2 shows pin connections that are common to MC9S08DEG0 Series application systems.

R o | Voo |« » PTAO/PIAOQ/ADPO/MCLK
. _'|_ l«——» PTA1/PIAT/ADP1/ACMP1+
CBLK + CBY
10uF T 0.1 uF T |« » PTA2/PIA2/ADP2/ACMP1-
1 SRR pORT [« PTAY/PIAYADPI/ACMP10
1 A l«—— > PTA4PIA4/ADPS
SYSTEM - o zDDA l«——» PTA5/PIA5/ADP5
POWER oB1pr REFH < » PTAG/PIAG/ADPS
—f_ VrgrL IRQ < » PTA7/PIA7/ADP7/IRQ
&—| Vssp
l«——» PTBO/PIBO/ADPS
«——> PTB1/PIB1/ADPY
BACKGROUND HEADER < > PTRAPIBIADPI0
T = PORT [ PTB3/PIB3/ADP11
Voo d) O I y < > €— BKGD/MS B  |<«—— PTB4/PIB4/ADP12
O Q @ DD l«—— PTB5/PIB5/ADP13
47 k010 KD l«——>» PTB6/PIB6/ADP14
J__ l«—— PTB7/PIB7/ADP15
_ - > & RESET
l l«—» PTCO/ADP16
0&;&%"/@ e 0.1 uF l«—» PTC1/ADP17
)
RESET Ol I «——» PTC2/ADP18
= L pORT [ > PTC3/ADP19
C [«——> PTC4/ADP20
<——— PTC5/ADP21
<&———> PTC6/ADP22
<——> PTC7/ADP23
«——» PTDO/PIDO/TPM2CHO
l«——» PTD1/PID1/TPM2CH1
P TOOEXTA > <« PTD2/PID2TPMICHO
NOTES: < - PORT |e&——> PTD3/PID3/TPM1CH1
1. External crystal circuit not PTGIXTAL < = PORT D
requirelcj ilf uiing the PTG2 -—> <«—>» PTD4/PID4/TPM1CH2
internal clock option.
2. RESET pin canponly be PTG3 €«—> G < > PTD5/PID5/TPM1CH3
used to reset into user
o ou can ot et o <> DI Alivstlsion
using pin.
BDM can be entered by PTGS
holding MS low during
POR or writing a 1 to PTFO/TXD2 ——— | PTEO/TXDI
BDFR in SBDFR with MS
low after issuing BDM PTF1/RxD2 ————» [<€«———— PTE1/RxD1
command. __
3. RCfilteron RESET pin P 1F2/TPMICLK/SCL—— «—» PTE2/SS
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Figure 2-2. Basic System Connections
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Chapter 2 Pins and Connections

2.2.1 Power

Vpp and V g are the primary power supply pins for the MCU. This voltage source supplies power to all
I/O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides regulated
lower-voltage source to the CPU and other internal circuitry of the MCU.

Typically, application systems have two separate capacitors across the power pins. In this case, there
should be abulk electrolytic capacitor, such as a 10-uF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1-uF ceramic bypass capacitor located as near to the MCU power pins as
practical to suppress high-frequency noise. The MC9S08DEGO Series has two Vpp pins. Each pin must
have a bypass capacitor for best noise suppression.

Vppa and V gga arethe analog power supply pinsfor the MCU. This voltage source supplies power to the
ADC module. A 0.1-uF ceramic bypass capacitor should be located as near to the MCU power pins as
practical to suppress high-frequency noise.

2.2.2 Oscillator

Immediately after reset, the MCU uses an internally generated clock provided by the multi-purpose clock
generator (MCG) module. For more information on the MCG, see Chapter 8, “Multi-Purpose Clock
Generator (SOBMCGV1)."

The oscillator (XOSC) inthisMCU is aPierce oscillator that can accommodate a crystal or ceramic
resonator. Rather than acrystal or ceramic resonator, an external oscillator can be connected to the EXTAL
input pin.

Refer to Figure 2-2 for the following discussion. Rg (when used) and Rg should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors and some metal film resistors have
too much inductance. C1 and C2 normally should be high-quality ceramic capacitors that are specifically
designed for high-frequency applications.

Rg isused to provide abias path to keep the EXTAL input initslinear range during crystal startup; itsvalue
isnot generally critical. Typical systemsuse1 MQ to 10 MQ. Higher values are sensitive to humidity, and
lower values reduce gain and (in extreme cases) could prevent startup.

C1 and C2 aretypically in the 5-pF to 25-pF range and are chosen to match the requirements of a specific
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin
capacitance when selecting C1 and C2. The crystal manufacturer typically specifies aload capacitance
which is the series combination of C1 and C2 (which are usually the same size). As afirst-order
approximation, use 10 pF as an estimate of combined pin and PCB capacitance for each oscillator pin
(EXTAL and XTAL).

2.2.3 RESET

RESET isadedicated pinwith apull-up device builtin. It hasinput hysteresis, ahigh current output driver,
and no output slew rate control. Internal power-on reset and low-voltage reset circuitry typically make
external reset circuitry unnecessary. This pinis normally connected to the standard 6-pin background
debug connector so adevel opment system can directly reset the MCU system. If desired, amanual external
reset can be added by supplying a simple switch to ground (pull reset pin low to force a reset).
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Whenever any reset isinitiated (whether from an external signal or from an internal system), the RESET
pinisdriven low for about 34 bus cycles. The reset circuitry decodes the cause of reset and records it by
setting a corresponding bit in the system reset status register (SRS).

2.2.4 Background / Mode Select (BKGD/MS)

Whilein reset, the BKGD/MS pin functions as a mode select pin. Immediately after reset rises, the pin
functions asthe background pin and can be used for background debug communication. Whilefunctioning
asabackground or mode select pin, the pinincludes aninternal pull-up device, input hysteresis, astandard
output driver, and no output slew rate control.

If nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of reset.
If adebug system is connected to the 6-pin standard background debug header, it can hold BKGD low
during the rising edge of reset which forces the MCU to active background mode.

The BKGD/MS pin is used primarily for background debug controller (BDC) communications using a
custom protocol that uses 16 clock cycles of the target MCU’s BDC clock per bit time. Thetarget MCU’s
BDC clock could be as fast as the bus clock rate, so there should never be any significant capacitance
connected to the BKGD/MS pin that could interfere with background serial communications.

Although the BKGD/MS pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cables and the absol ute val ue of theinternal pull-up device play amost no rolein determining rise and fall
times on the BKGD/MS pin.

2.2.5 ADC Reference Pins (VRegn: VREEL)

The Vrern @nd Vgep pins are the voltage reference high and voltage reference low inputs, respectively,
for the ADC module.

2.2.6  General-Purpose I/O and Peripheral Ports

The MC9S08DEG0 Series series of MCUs support up to 53 general-purpose |/O pinsand 1 input-only pin,
which are shared with on-chip peripheral functions (timers, seria 1/0, ADC, MSCAN, etc.).

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When aport pinis
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-up device. Immediately after reset, all of these pinsare configured as high-impedance general -purpose
inputs with internal pull-up devices disabled.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. For information about controlling these pins as general-purpose |/O
pins, see Chapter 6, “Parallel Input/Output Control.”
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NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program should either enable on-chip pull-up
devices or change the direction of unused or non-bonded pins to outputs so
they do not float.
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Table 2-1. Pin Availability

<-- Lowest Priority --> Highest ) <--Lowest Priority --> Highest
Pin Pin ot
Number Pin/llrali)(;:rupt Altl Alt 2 Number Pin/Interrupt Altl Alt2
1 PTB6 | PIB6 | ADP14 33 PTD2 | PID2 TPM1CHO
2 PTC5 ADP21 34 PTD3 | PID3 TPM1CH1
3 PTA7 | PIA7 | ADP7 IRQ 35 PTD4 | PID4 TPM1CH2
4 PTC6 ADP22 36 PTD5 | PID5 TPM1CH3
5 PTB7 |PIB7 | ADP15 37 PTF7
6 PTC7 ADP23 38 Vss
7 Vbp 39 Vpp
8 Vss 40 PTD6 | PID6 TPM1CH4
9 PTGO EXTAL 41 PTD7 | PID7 TPM1CH5
10 PTG1 XTAL 42 BKGD MS
11 RESET 43 PTCO ADP16
12 PTE4 ACMP2+ 44 PTBO | PIBO | ADPS8
13 | PTF5 ACMP2- 45 | PTC1 ADP17
14 PTEG ACMP20 46 PTAO |PIAO | ADPO MCLK
15 PTEO TxD1 47 PTC2 ADP18
16 PTE1? RxD12 48 PTB1 |PIB1 | ADP9
17 PTE2 3S 49 PTA1l | PIA1 | ADP1! ACMP1+1
18 PTE3 SPSCK 50 PTB2 |PIB2 | ADP10
19 PTE4 scL3 MOSI 51 PTA2 |PIA2 | ADP2! ACMP1-1
20 PTES SDA3 MISO 52 PTC3 ADP19
21 PTG2 53 PTB3 |PIB3 | ADP11
22 PTG3 54 PTA3 | PIA3 | ADP3 ACMP10
23 | PTFO TxD2* 55 Vssa
24  |PTF1 RxD2* 56 VRerRL
25 PTF2 TPM1CLK | scL® 57 VREFH
26 |PTF3 TPM2CLK | SDA3 58 Vbpa
27 PTG4 59 PTA4 |PIA4 | ADP4
28 PTG5 60 PTB4 |PIB4 | ADP12
29 PTE6 TxD2* TXCAN 61 PTC4 ADP20
30 PTE7 RxD2% RxCAN 62 PTA5 | PIA5 | ADP5
31 PTDO | PIDO TPM2CHO 63 PTBS | PIB5 | ADP13
32 PTD1 | PID1 TPM2CH1 64 PTA6 | PIA6 | ADP6

1. If both of these analog modules are enabled they both will have access to the pin.

2. Pin does not contain a clamp diode to Vpp and should not be driven above Vpp. The voltage measured on this pin when internal
pull-up is enabled may be as low as Vpp — 0.7 V. The internal gates connected to this pin are pulled to Vpp.

3. The IIC module pins can be repositioned using IICPS bit in the SOPT1 register. The default reset locations are on PTF2 and PTF3.

4. The SCI2 module pins can be repositioned using SCI2PS bit in the SOPT1 register. The default reset locations are on PTFO and
PTF1.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MC9S08DEGO Series are described in this chapter. Entry into each mode, exit
from each mode, and functionality while in each of the modes are described.

3.2 Features
» Active background mode for code devel opment
» Wait mode — CPU shuts down to conserve power; system clocks are running and full regulation
ismaintained
» Stop modes — System clocks are stopped and voltage regulator isin standby
— Stop3 — All internal circuits are powered for fast recovery
— Stop2 — Partia power down of internal circuits; RAM content is retained

3.3 Run Mode

Thisisthe normal operating mode for the MC9S08DEGO Series. This mode is sel ected when the
BKGD/MS pinis high at the rising edge of reset. In this mode, the CPU executes code from interna
memory with execution beginning at the address fetched from memory at OxFFFE-OXFFFF after reset.

3.4  Active Background Mode

The active background mode functions are managed through the background debug controller (BDC) in
the HCS08 core. The BDC, together with the on-chip debug module (DBG), provide the means for
analyzing MCU operation during software devel opment.
Active background mode is entered in any of five ways:

*  When the BKGD/MS pinislow at the rising edge of reset

*  When aBACKGROUND command is received through the BKGD/MS pin

*  When aBGND instruction is executed

*  When encountering a BDC breakpoint

*  When encountering a DBG breakpoint

After entering active background mode, the CPU isheld in a suspended state waiting for serial background
commands rather than executing instructions from the user application program.
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Background commands are of two types.

* Non-intrusive commands, defined as commands that can be issued while the user programis
running. Non-intrusive commands can be issued through the BKGD/MS pin whilethe MCU isin
run mode; non-intrusive commands can a so be executed when the MCU isin the active
background mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands
— BDC register access commands

— The BACKGROUND command

» Activebackground commands, which can only be executed whilethe M CU isin active background
mode. Active background commands include commands to:

— Read or write CPU registers
— Trace one user program instruction at atime
— Leave active background mode to return to the user application program (GO)

The active background mode is used to program a bootloader or user application program into the Flash
program memory before the MCU is operated in run mode for the first time. When the MC9S08DEG0O
Seriesis shipped from the Freescale Semiconductor factory, the Flash program memory is erased by
default unless specifically noted so thereis no program that could be executed in run mode until the Flash
memory isinitially programmed. The active background mode can also be used to erase and reprogram
the Flash memory after it has been previously programmed.

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

35 Wait Mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT instruction, the CPU
enters alow-power state in which it isnot clocked. Thel bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations leading to the interrupt service routine.

While the MCU isin wait mode, there are some restrictions on which background debug commands can
be used. Only the BACKGROUND command and memory-access-with-status commands are available
when the MCU isin wait mode. The memory-access-with-status commands do not allow memory access,
but they report an error indicating that the MCU isin either stop or wait mode. The BACKGROUND
command can be used to wake the MCU from wait mode and enter active background mode.
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3.6  Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when the STOPE bit in SOPT1
register is set. In both stop modes, all internal clocks are halted. The MCG module can be configured to
leave the reference clocks running. See Chapter 8, “Multi-Purpose Clock Generator (SO8BMCGV1),” for
more information.

Table 3-1 showsall of the control bits that affect stop mode sel ection and the mode selected under various
conditions. The selected mode is entered following the execution of a STOP instruction.
Table 3-1. Stop Mode Selection

STOPE | ENBDM ! | LVDE LVDSE | PPDC Stop Mode
0 X X X Stop modes disabled; illegal opcode reset if STOP instruction executed
1 1 X X | Stop3 with BDM enabled 2
1 0 Both bits must be 1 X Stop3 with voltage regulator active
1 0 Either bita 0 0 Stop3
1 0 Either bita 0 1 Stop2

1 ENBDM s located in the BDCSCR, which is only accessible through BDC commands, see Section 17.4.1.1, “BDC Status and
Control Register (BDCSCR)".

2 When in Stop3 mode with BDM enabled, The Spp will be near R pp, levels because internal clocks are enabled.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Exit from stop3 isdone by asserting RESET or an asynchronous interrupt pin. The asynchronous interrupt
pinsare IRQ, PIAO-PIA7, PIBO-PIB7, and PIDO-PID7. Exit from stop3 can also be done by the
low-voltage detect (LVD) reset, low-voltage warning (LVW) interrupt, ADC conversion complete
interrupt, real-time clock (RTC) interrupt, MSCAN wake-up interrupt, or SCI receiver interrupt.

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

3.6.1.1 LVD Enabled in Stop3 Mode

TheLVD systemiscapable of generating either an interrupt or areset when the supply voltage drops bel ow
the LVD voltage. If the LVD isenabled in stop (LVDE and LVDSE bitsin SPMSCL1 both set) at the time
the CPU executes a STOP instruction, then the voltage regul ator remains active during stop mode.

For the ADC to operate the LV D must be left enabled when entering stop3.
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3.6.1.2 Active BDM Enabled in Stop3 Mode

Entry into the active background mode from run mode is enabled if ENBDM in BDCSCR is set. This
register is described in Chapter 17, “Development Support.” If ENBDM is set when the CPU executes a
STOP instruction, the system clocks to the background debug logic remain active when the MCU enters
stop mode. Because of this, background debug communication remains possible. In addition, the voltage
regulator does not enter its low-power standby state but maintains full internal regulation.

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

3.6.2 Stop2 Mode

Stop2 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. Most
of theinternal circuitry of the MCU is powered off in stop2 with the exception of the RAM. Upon entering
stop2, al I/0 pin control signals are latched so that the pins retain their states during stop2.

Exit from stop2 is performed by asserting RESET. On 3M05C or older masksets only, exit from stop2 can
also be performed by asserting PTA7/ADP7/IRQ.

NOTE

On 3MO5C or older masksets only, PTA7/ADP7/IRQ is an active low
wake-up and must be configured as an input prior to executing a STOP
instruction to avoid an immediate exit from stop2. PTA7/ADP7/IRQ can be
disabled asawake-up if it is configured as a high driven output. For lowest
power consumption in stop2, this pin should not be left open when
configured as input (enable the internal pullup; or tie an external
pullup/down device; or set pin as output).

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

Upon wake-up from stop2 mode, the MCU starts up as from a power-on reset (POR):
» All module control and status registers are reset

e ThelLVD reset functionisenabled and the MCU remainsin thereset stateif Vpp isbelow the LVD
trip point (low trip point selected due to POR)

* The CPU takesthe reset vector

In addition to the above, upon waking up from stop2, the PPDF bit in SPMSC2 is set. Thisflag is used to
direct user code to go to astop2 recovery routine. PPDF remains set and the 1/O pin states remain latched
until a1 iswritten to PPDACK in SPMSC2.
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To maintain |/O statesfor pinsthat were configured as general-purpose |/O before entering stop2, the user
must restore the contents of the 1/0 port registers, which have been saved in RAM, to the port registers
before writing to the PPDACK bit. If the port registers are not restored from RAM before writing to
PPDACK, then the pinswill switch to their reset states when PPDACK iswritten.

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

3.6.3 On-Chip Peripheral Modules in Stop Modes

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

Table 3-2. Stop Mode Behavior

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

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

Requires the RTC to be enabled, else in standby.

Requires the LVD or BDC to be enabled.

AW N P
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Chapter 3 Modes of Operation

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

6 |f ENBDM is set when entering stop2, the MCU will actually enter stop3.
7 If LVDSE is set when entering stop2, the MCU will actually enter stop3.
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Chapter 4
Memory

4.1 MC9S08DE60O Series Memory Map

On-chip memory in the MC9S08DEGO Series consists of RAM, EEPROM, and Flash program memory
for nonvolatile data storage, and 1/0 and control/status registers. The registers are divided into three
groups:

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

» High-page registers (0x1800 through Ox18FF)

* Nonvolatile registers (OXFFBO through OXFFBF)

0x0000 0x0000 0x0000 0x0000
DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS
0x007F 128 BYTES 0x007F 128 BYTES 0x007E 128 BYTES 0x007F 128 BYTES
0x0080 0x0080 0x0080 0x0080
RAM RAM RAM RAM
4096 BYTES 4096 BYTES 2048 BYTES 2048 BYTES
0x087F 0x087F
OX0B80 0x0880
0x107F 0x107F
0x1080 0x1080
FLASH UNIMPLEMENTED UNIMPLEMENTED UNI3M45|6_EB|\\A('EI'E;—ED
ox13rF 896 BYTES ox13pe 896 BYTES 3456 BYTES
0x1400 0x1400 Ay 0x1SEF
EEPROM EEPROM 0x1600  EEPROM 0x1600 5 EFPROM
2 x 512 BYTES
ox17FF 2 X 1024 BYTES ox17FF 2 X 1024 BYTES oaer 2 Ox17FF
0x1800 0x1800 0x1800 0x1800
HIGH PAGE REGISTERS HIGH PAGE REGISTERS HIGH PAGE REGISTERS HIGH PAGE REGISTERS
256 BYTES 256 BYTES 256 BYTES 6 BYTES
O0x18FF 0x18FF Ox18FF O0x18FF
0x1900 0x1900 0x1900 0x1900

UNIMPLEMENTED

15,104 BYTES
UNIMPLEMENTED

OxG3EE
0x5400 UNIMPLEMENTED 38,608 BYTES

25,344 BYTES

FLASH OXA7FF
OX7BFF X
44,032 BYTES Ox7C00 OXA800
FLASH
FLASH FLASH 22,528 BYTES
59136 BYTES 33792 BYTES
OXFFFFE OXFFFE OXFFFE OxFFEF
MC9S08DE60 MC9S08DE60 MC9S08DE32 MC9S08DE32
ECC Disabled ECC Enabled ECC Disabled ECC Enabled
Figure 4-1. MC9S08DE60 Memory Map
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Chapter 4 Memory

4.2 Reset and Interrupt Vector Assignments

Table 4-1 shows address assignments for reset and interrupt vectors. The vector names shown in thistable
are the labels used in the MC9S08DEGO Series equate file provided by Freescale Semiconductor.

Table 4-1. Reset and Interrupt Vectors

(Iﬁ\igﬂ;ﬁzjv) Vector Vector Name
OxFFCO:0xFFC1 ACMP2 Vacmp?2
OxXFFC2:0xFFC3 ACMP1 Vacmpl
OxXFFCA4:0xFFC5 MSCAN Transmit Vcantx
OXFFC6:0xFFC7 MSCAN Receive Vcanrx
OxXFFC8:0xFFC9 MSCAN errors Vcanerr
OxFFCA:OxFFCB MSCAN wake up Vcanwu
OXFFCC:0xFFCD RTC Vrtc
OxXFFCE:OxFFCF 1C Viic
OxFFDO:0xFFD1 ADC Conversion Vadc
OxFFD2:0xFFD3 Port A, Port B, Port D Vport
OxXFFD4:0xFFD5 SCI2 Transmit Vsci2tx
OXFFD6:0xFFD7 SCI2 Receive Vsci2rx
OxFFD8:0xFFD9 SCI2 Error Vsci2err
OxFFDA:0xFFDB SCI1 Transmit Vsciltx
OXFFDC:0xFFDD SCI1 Receive Vscilrx
OXFFDE:OxFFDF SCI1 Error Vscilerr
OxFFEOQ:0xFFE1 SPI Vspi
OXFFE2:0xFFE3 TPM2 Overflow Vtpm2ovf
OxFFE4:0xFFE5 TPM2 Channel 1 Vtpm2chl
OxFFEG6:0xFFE7 TPM2 Channel 0 Vtpm2chO
OxFFEB8:0xFFE9 TPM1 Overflow VtpmZlovf
OXFFEA:OxFFEB TPM1 Channel 5 Vtpmi1ch5
OXFFEC:0xFFED TPM1 Channel 4 Vtpmich4
OXFFEE:OXFFEF TPM1 Channel 3 Vtpmlch3
OxFFFO:0xFFF1 TPM1 Channel 2 Vitpmi1ch2
OXFFF2:0xFFF3 TPM1 Channel 1 Vtpmichl
OxFFF4:0xFFF5 TPM1 Channel 0 VtpmlchO
OXFFF6:0xFFF7 MCG Loss of lock Viol
OXxFFF8:0xFFF9 Low-Voltage Detect Vivd
OxFFFA:OxFFFB IRQ Virg
OXFFFC:0xFFFD SWiI Vswi
OXFFFE:OxFFFF Reset Vreset
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Chapter 4 Memory

4.3 Register Addresses and Bit Assighments

The registersin the MC9S08DEGO Series are divided into these groups:

» Direct-pageregistersarelocated in the first 128 locations in the memory map; these are accessible
with efficient direct addressing mode instructions.

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

» Thenonvolatile register area consists of ablock of 16 locationsin Flash memory at
OxFFBO-OXFFBF. Nonvolatile register locations include:
— NVPROT and NVOPT are loaded into working registers at reset
— NVECC determines whether ECC is enabled at reset
— An 8-byte backdoor comparison key that optionally alows a user to gain controlled access to

secure memory

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

Direct-page registers can be accessed with efficient direct addressing mode instructions. Bit manipulation
instructions can be used to access any bit in any direct-page register. Table 4-2 isasummary of al
user-accessible direct-page registers and control bits.

The direct page registersin Table 4-2 can use the more efficient direct addressing mode, which requires
only the lower byte of the address. Because of this, the lower byte of the address in column oneis shown
in bold text. In Table 4-3 and Table 4-5, the whole address in column oneis shown in bold. In Table 4-2,
Table 4-3, and Table 4-5, the register names in column two are shown in bold to set them apart from the
bit names to the right. Cells that are not associated with named bits are shaded. A shaded cell witha 0
indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or reserved bit
locations that could read as 1s or Os.
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Chapter 4 Memory

Table 4-2. Direct-Page Register Summary (Sheet 1 of 3)

Address ~ Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 PTAD PTAD7 PTAD6 PTAD5S PTAD4 PTAD3 PTAD2 PTAD1 PTADO
0x0001  PTADD PTADD7 PTADD6 PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADDO
0x0002 PTBD PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
0x0003 PTBDD PTBDD7 PTBDD6 PTBDD5 | PTBDD4 | PTBDD3 PTBDD2 PTBDD1 | PTBDDO
0x0004 PTCD PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
0x0005 PTCDD PTCDD7 | PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO
0x0006 PTDD PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
0x0007 PTDDD PTDDD7 | PTDDD6 | PTDDD5 | PTDDD4 | PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
0x0008 PTED PTED7 PTED6 PTED5 PTED4 PTEDS3 PTED2 PTED1 PTEDO
0x0009 PTEDD PTEDD7 PTEDD6 PTEDD5 | PTEDD4 | PTEDD3 PTEDD2 PTEDD1 | PTEDDO
0x000A PTFD PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
0x000B PTFDD PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDDO
0x000C PTGD 0 0 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
0x000D PTGDD 0 0 PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 | PTGDDO
0x000E ACMP1SC ACME ACBGS ACF ACIE ACO ACOPE | ACMOD1 | ACMODO
0x000F ACMP2SC ACME ACBGS ACF ACIE ACO ACOPE | ACMOD1 | ACMODO
0x0010  ADCSC1 CoCco AIEN ADCO ADCH
0x0011  ADCSC2 ADACT ADTRG ACFE ACFGT 0 0 — —
0x0012 ADCRH 0 0 0 0 ADR11 ADR10 ADR9 ADR8
0x0013 ADCRL ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
0x0014 ADCCVH 0 0 0 0 ADCV11 | ADCV10 ADCV9 ADCV8
0x0015 ADCCVL ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCVO0
0x0016  ADCCFG ADLPC ADIV ADLSMP MODE ADICLK
0x0017  APCTL1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
0x0018  APCTL2 ADPC15 | ADPC14 | ADPC13 | ADPC12 | ADPC1l1 | ADPCI10 ADPC9 ADPCS8
0x0019 APCTL3 ADPC23 | ADPC22 | ADPC21 | ADPC20 | ADPC19 | ADPC18 | ADPC17 | ADPC16
oot Reserved - - = - - - - -
0x001C IRQSC 0 IRQPDD IRQEDG IRQPE IRQF IRQACK IRQIE IRQMOD
8§881 E_ Reserved — — — — — — — —
0x0020 TPM1SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
0x0021  TPM1CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0022 TPM1CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0023 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0024 TPM1MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0025 TPM1COSC CHOF CHOIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0026 TPM1COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0027 TPM1COVL Bit 7 6 5 4 3 2 1 Bit O
MC9S08DEG60 Series Data Sheet, Rev. 3
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Chapter 4 Memory

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

Address ~ Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0028 TPM1C1SC CH1F CHL1IE MS1B MS1A ELS1B ELS1A 0 0
0x0029 TPM1C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x002A TPM1C1VL Bit 7 6 5 4 3 2 1 Bit O
0x002B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
0x002C TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8
0x002D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0
0x002E TPM1C3SC CH3F CH3IE MS3B MS3A ELS3B ELS3A 0 0
0x002F TPM1C3VH Bit 15 14 13 12 11 10 9 Bit 8
0x0030 TPM1C3VL Bit 7 6 5 4 3 2 1 Bit 0
0x0031 TPM1C4SC CH4F CH4IE MS4B MS4A ELS4B ELS4A 0 0
0x0032 TPM1C4VH Bit 15 14 13 12 11 10 9 Bit 8
0x0033 TPM1C4VL Bit 7 6 5 4 3 2 1 Bit 0
0x0034 TPM1C5SC CH5F CHS5IE MS5B MS5A ELS5B ELS5A 0 0
0x0035 TPM1C5VH Bit 15 14 13 12 11 10 9 Bit 8
0x0036 TPM1C5VL Bit 7 6 5 4 3 2 1 Bit 0
0x0037  Reserved — — — — — — — —
0x0038 SCI1BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x0039 SCI1BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x003A SCI1C1 LOOPS SCISWAI RSRC M WAKE ILT PE PT
0x003B SCI1C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x003C SCI181 TDRE TC RDRF IDLE OR NF FE PF
0x003D SCI1S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
0x003E SCI1C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x003F SCI1D Bit 7 6 5 4 3 2 1 Bit O
0x0040  SCI2BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x0041  SCI2BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x0042 SCI2C1 LOOPS SCISWAI RSRC M WAKE ILT PE PT
0x0043  SCI2C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x0044  SCI2S1 TDRE TC RDRF IDLE OR NF FE PF
0x0045 SCI2S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
0x0046  SCI2C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x0047  SCI2D Bit 7 6 5 4 3 2 1 Bit O
0x0048 MCGCH CLKS RDIV IREFS IRCLKEN | IREFSTEN
0x0049 MCGC2 BDIV RANGE HGO LP EREFS | ERCLKEN |EREFSTEN
0x004A MCGTRM TRIM
0x004B MCGSC LOLS LOCK PLLST IREFST CLKST OSCINIT FTRIM
0x004C MCGC3 LOLIE PLLS CME 0 VDIV
oooae Reserved - - - - - - - -
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Chapter 4 Memory

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

Address  egister Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0050  SPICH SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0x0051  SPIC2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x0052 SPIBR 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
0x0053  SPIS SPRF 0 SPTEF MODF 0 0 0 0
0x0054  Reserved 0 0 0 0 0 0 0 0
0x0055 SPID Bit 7 6 5 4 3 2 1 Bit 0
0x0056- . . . . . . . .
0x0057  Reserved . . B B . B B B
0x0058 IICA AD7 AD6 AD5 AD4 AD3 AD2 AD1 0
0x0059 IICF MULT ICR
0x005A liCC1 IICEN lICIE MST TX TXAK RSTA 0 0
0x005B IICS TCF IAAS BUSY ARBL 0 SRW IICIF RXAK
0x005C liCD DATA
0x005D liCC2 GCAEN ADEXT 0 0 0 AD10 AD9 ADS8
oxoar Resened - - - - - - - -
0x0060 TPM2SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
0x0061  TPM2CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0062 TPM2CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0063 TPM2MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0064 TPM2MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0065 TPM2COSC CHOF CHoIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0066 TPM2COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0067  TPM2COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0068 TPM2C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
0x0069 TPM2C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x006A TPM2C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x006B Reserved — — — — — — — —
0x006C RTCSC RTIF RTCLKS RTIE RTCPS
0x006D RTCCNT RTCCNT
0x006E  RTCMOD RTCMOD
0x006F  Reserved — — — — — — — —
8§gg;g_ Reserved — — — — — — — —

High-page registers, shown in Table 4-3, are accessed much less often than other 1/O and control registers
so they have been located outside the direct addressable memory space, starting at 0x1800.
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Table 4-3. High-Page Register Summary (Sheet 1 of 3)

Chapter 4 Memory

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1800 SRS POR PIN COP ILOP ILAD LOCS LvD 0
0x1801 SBDFR 0 0 0 0 0 0 0 BDFR
0x1802 SOPT1 COPT STOPE SCI2PS IICPS 0 0 0
0x1803 SOPT2 COPCLKS| COPW 0 ADHTS 0 MCSEL
Dutgos  Peserved “ | | | | Z | Z | Z |z
0x1806 SDIDH — — — — ID11 ID10 ID9 ID8
0x1807 SDIDL ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0x1808 Reserved — — — — — — — —
0x1809 SPMSC1 LVWF LVWACK LVWIE LVDRE LVDSE LVDE 0 BGBE
0x180A SPMSC2 0 0 LVDV LVWV PPDF PPDACK 0 PPDC
oo Peserved “ | | | | Z | Z | Z |z
0x1810 DBGCAH Bit 15 14 13 12 11 10 9 Bit 8
0x1811 DBGCAL Bit 7 6 5 4 3 2 1 Bit 0
0x1812 DBGCBH Bit 15 14 13 12 11 10 9 Bit 8
0x1813 DBGCBL Bit 7 6 5 4 3 2 1 Bit 0
0x1814 DBGFH Bit 15 14 13 12 11 10 9 Bit 8
0x1815 DBGFL Bit 7 6 5 4 3 2 1 Bit 0
0x1816 DBGC DBGEN ARM TAG BRKEN RWA RWAEN RWB RWBEN
0x1817 DBGT TRGSEL BEGIN 0 0 TRG3 TRG2 TRG1 TRGO
0x1818 DBGS AF BF ARMF 0 CNT3 CNT2 CNT1 CNTO
outpip  Pesered “ | | | | Z | Z | Z |z
0x1820  FCDIV DIVLD | PRDIV8 \Y
0x1821 FOPT KEYEN | FNORED | EPGMOD 0 0 0 SEC
0x1822 FTSTMOD 0 MRDS 0 0 0 0 0
0x1823 FCNFG 0 EPGSEL | KEYACC | ECCDIS 0 0 0 1
0x1824 FPROT EPS FPS
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD FCMD
outpgr  Peserved “ | | | | Z | Z | Z |z
0x1840  PTAPE PTAPE7 | PTAPE6 | PTAPES | PTAPE4 | PTAPE3 | PTAPE2 | PTAPELl | PTAPEO
0x1841  PTASE PTASE7 | PTASE6 | PTASES | PTASE4 | PTASE3 | PTASE2 | PTASEl | PTASEO
0x1842  PTADS PTADS7 | PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 | PTADS1 | PTADSO
0x1843 Reserved — — — — — — — —
0x1844 PTASC 0 0 0 0 PTAIF PTAACK PTAIE PTAMOD
0x1845 PTAPS PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPSO
0x1846 PTAES PTAES7 PTAES6 PTAESS5 PTAES4 PTAES3 PTAES2 PTAES1 PTAESO
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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
0x1847 Reserved — — — — — — — —
0x1848 PTBPE PTBPE7 | PTBPE6 | PTBPES5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPEl1 | PTBPEO
0x1849 PTBSE PTBSE7 | PTBSE6 | PTBSES | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEO
0x184A PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x184B Reserved — — — — — — — —
0x184C PTBSC 0 0 0 0 PTBIF PTBACK PTBIE PTBMOD
0x184D PTBPS PTBPS7 | PTBPS6 | PTBPSS5 | PTBPS4 | PTBPS3 | PTBPS2 | PTBPS1 | PTBPSO
0x184E PTBES PTBES7 | PTBES6 | PTBESS5 | PTBES4 | PTBES3 | PTBES2 | PTBES1 | PTBESO
0x184F Reserved — — — — — — — —
0x1850 PTCPE PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
0x1851 PTCSE PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
0x1852 PTCDS PTCDS7 | PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
Dctgey  Reserved “ || Z | Z | |z | Z|:Z
0x1858 PTDPE PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 | PTDPEO
0x1859 PTDSE PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEO
0x185A PTDDS PTDDS7 | PTDDS6 | PTDDS5 | PTDDS4 | PTDDS3 | PTDDS2 | PTDDS1 | PTDDSO
0x185B Reserved — — — — — — — —
0x185C PTDSC 0 0 0 0 PTDIF PTDACK PTDIE PTDMOD
0x185D PTDPS PTDPS7 | PTDPS6 | PTDPS5 | PTDPS4 | PTDPS3 | PTDPS2 | PTDPS1 | PTDPSO
0x185E PTDES PTDES7 | PTDES6 | PTDES5 | PTDES4 | PTDES3 | PTDES2 | PTDES1 | PTDESO
0x185F Reserved — — — — — — — —
0x1860 PTEPE PTEPE7 | PTEPE6 | PTEPES | PTEPE4 | PTEPE3 | PTEPE2 | PTEPEl1l | PTEPEO
0x1861 PTESE PTESE7 | PTESE6 | PTESES | PTESE4 | PTESE3 | PTESE2 | PTESEl1 | PTESEO
0x1862 PTEDS PTEDS7 | PTEDS6 | PTEDS5 | PTEDS4 | PTEDS3 | PTEDS2 | PTEDS1 | PTEDSO
Octgey  Reserved “ || Z | Z | |z | Z|:Z
0x1868  PTFPE PTFPE7 | PTFPE6 | PTFPE5 | PTFPE4 | PTFPE3 | PTFPE2 | PTFPEL | PTFPEO
0x1869  PTFSE PTFSE7 | PTFSE6 | PTFSE5 | PTFSE4 | PTFSE3 | PTFSE2 | PTFSEl | PTFSEO
0x186A  PTFDS PTFDS7 | PTFDS6 | PTFDS5 | PTFDS4 | PTFDS3 | PTFDS2 | PTFDS1 | PTFDSO
ooqr Reserved “ | |z |z | | Z | Z |z
0x1870 PTGPE 0 0 PTGPES5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO
0x1871 PTGSE 0 0 PTGSES5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO
0x1872 PTGDS 0 0 PTGDS5 | PTGDS4 | PTGDS3 | PTGDS2 | PTGDS1 | PTGDSO
0x1873- . . . . .
0x187F Reserved B B B B B B B B
0x1880 CANCTLO RXFRM RXACT CSWAI SYNCH TIME WUPE SLPRQ INITRQ
0x1881 CANCTLA1 CANE CLKSRC LOOPB LISTEN BORM WUPM SLPAK INITAK
0x1882 CANBTRO SJwi SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
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Table 4-3. High-Page Register Summary (Sheet 3 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x1883 CANBTR1 SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11l | TSEG10
0x1884 CANRFLG WUPIF CSCIF RSTAT1 RSTATO TSTAT1 TSTATO OVRIF RXF
0x1885 CANRIER WUPIE CSCIE RSTATEL | RSTATEO | TSTATELl | TSTATEO OVRIE RXFIE
0x1886 CANTFLG 0 0 0 0 0 TXE2 TXE1 TXEO
0x1887 CANTIER 0 0 0 0 0 TXEIE2 TXEIE1 TXEIEO
0x1888 CANTARQ 0 0 0 0 0 ABTRQ2 | ABTRQ1 | ABTRQO
0x1889 CANTAAK 0 0 0 0 0 ABTAK2 ABTAK1 ABTAKO
0x188A CANTBSEL 0 0 0 0 0 TX2 TX1 TXO0
0x188B CANIDAC 0 0 IDAM1 IDAMO 0 IDHIT2 IDHIT1 IDHITO
0x188C Reserved 0 0 0 0 0 0 0 0
0x188D CANMISC 0 0 0 0 0 0 0 BOHOLD
0x188E CANRXERR RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
0x188F CANTXERR TXERR7 | TXERR6 | TXERRS5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
0x1890 — CANIDARO —
0x1893 CANIDAR3 AC7 AC6 AC5 ACA4 AC3 AC2 AC1 ACO
0x1894 — CANIDMRO —
0x1897 CANIDMR3 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x1898 — CANIDAR4 —
0x189B CANIDAR? AC7 AC6 AC5 ACA4 AC3 AC2 AC1 ACO
0x189C— CANIDMR4 —
0x189F CANIDMR? AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x18BE CANTTSRH TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
0x18BF CANTTSRL TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
0x18C0- — — — — — — _ _
Ox18FF Reserved . . . . . . . .

Figure 4-4 shows the structure of receive and transmit buffers for extended identifier mapping. These
registersvary depending on whether standard or extended mapping is selected. See Chapter 12, “Freescale
Controller Area Network (SOBMSCANV 1),” for details on extended and standard identifier mapping.

Table 4-4. MSCAN Foreground Receive and Transmit Buffer Layouts — Extended Mapping Shown

0x18A0  CANRIDRO ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
0x18A1  CANRIDR1 ID20 ID19 ID18 SRR IDE@ ID17 ID16 ID15
0x18A2  CANRIDR2 ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
0x18A3  CANRIDR3 ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR?
g;}gﬁ;_ gm:gggg B DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0x18AC  CANRDLR — — — — DLC3 DLC2 DLC1 DLCO
0x18AD  Reserved — — — — — — — —
0x18AE  CANRTSRH TSR15 | TSR14 | TSR13 | TSR12 | TSR11 | TSR10 TSR9 TSR8
0x18AF  CANRTSRL TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
0x18B0  CANTIDRO ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
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Table 4-4. MSCAN Foreground Receive and Transmit Buffer Layouts — Extended Mapping Shown

0x18B1 CANTIDR1 ID2 ID1 IDO RTR IDE — — —
0x18B2  CANTIDR2 — — — — — — — —
0x18B3  CANTIDR3 — — — — — — — —
0x18B4 — CANTDSRO —

0x18BB  CANTDSR7? DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0x18BC  CANTDLR = = = = DLC3 DLC2 DLC1 DLCO
0x18BD  CANTTBPR PRIO7 PRIO6 PRIOS5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO

! SRR and IDE are both 1s.
2 The position of RTR differs between extended and standard identifier mapping.

Nonvolatile Flash registers, shown in Table 4-5, are located in the Flash memory. These registersinclude
an 8-byte backdoor key, NVBACKKEY, which can be used to gain access to secure memory resources.
The NVECC register controls whether error correction code is enabled after the next reset. During reset
events, the contents of NVPROT and NVOPT in the nonvolatile register area of the Flash memory are
transferred into corresponding FPROT and FOPT working registers in the high-page registers to control
security and block protection options.

Table 4-5. Nonvolatile Register Summary

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

storage of FTRIM Y 0 0 0 0 0 0 FTRIM
OxFFAF  Res. for storage of

MCGTRM TRIM
0xFFBO- NVBACKKEY .
OXFFB7 8-Byte Comparison Key
OxFFB8 NVECC ECC7 ECC6 ECC5 ECC4 ECC3 ECC2 ECC1 ECCO
O0xFFB9 - Reserved — — = — — — _ _
O0xFFBC — — — — — — — _
O0xFFBD  NVPROT EPS FPS
OxFFBE  Reserved — — — — — — — | _
OxFFBF NVOPT KEYEN | FNORED | EPGMOD 0 0 0 SEC

Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. Thiskey mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEY EN bit to O. If the security key is disabled, the
only way to disengage security is by mass erasing the Flash if needed (normally through the background
debug interface) and verifying that Flash is blank. To avoid returning to secure mode after the next reset,
program the security bits (SEC) to the unsecured state (1:0).
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4.4 RAM

The MC9S08DEGO Series includes static RAM. The locationsin RAM below 0x0100 can be accessed
using the more efficient direct addressing mode, and any single bit in this area can be accessed with the bit
manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently accessed
program variablesin this area of RAM is preferred.

The RAM retains datawhile the MCU isin low-power wait, stop2, or stop3 mode. At power-on the
contents of RAM are uninitialized. RAM datais unaffected by any reset if the supply voltage does not drop
below the minimum value for RAM retention (Vgam)-

For compatibility with M68HC05 M CUs, the HCSO08 resets the stack pointer to OxO0FF. In the
MC9S08DEGO Series, it isusually best to reinitialize the stack pointer to the top of the RAM so the direct
page RAM can be used for frequently accessed RAM variables and bit-addressable program variabl es.
Include the following 2-instruction sequencein your reset initialization routine (where RamL ast is equated
to the highest address of the RAM in the Freescale Semiconductor equate file).

LDHX #Ranlast +1 ; poi nt one past RAM
TXS ; SP<- (H: X-1)

When security is enabled, the RAM is considered a secure memory resource and is hot accessible through
BDM or code executing from non-secure memory. See Section 4.5.9, “ Security”, for adetailed description
of the security feature.

4.5 Flash and EEPROM

MCOS08DEGO Series devices include Flash and EEPROM memory intended primarily for program and
data storage. In-circuit programming allows the operating program and data to be loaded into Flash and
EEPROM, respectively, after final assembly of the application product. It ispossibleto program the arrays
through the single-wire background debug interface. Because no special voltages are needed for erase and
programming operations, in-application programming is also possible through other software-controlled
communication paths. For amore detailed discussion of in-circuit and in-application programming, refer
to the HCS08 Family Reference Manual, Volume |, Freescale Semiconductor document order number
HCS08RM V1.

45.1 Features

Features of the Flash and EEPROM memory include:
* Array size (see Table 1-1 for exact array sizes)
» Optional error correction code (ECC) on Flash
* Flash sector size: 768 bytes with ECC off, 512 bytes with ECC on
* EEPROM sector size: selectable 4-byte or 8-byte sector mapping operation
» Single power supply program and erase
» Command interface for fast program and erase operation
» Upto 100,000 program/erase cycles at typical voltage and temperature
* Flexible block protection and vector redirection
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»  Security feature for Flash, EEPROM, and RAM
» Burst programming capability
» Sector erase abort

4.5.2

Before any program or erase command can be accepted, the Flash and EEPROM clock divider register
(FCDIV) must be written to set the internal clock for the Flash and EEPROM module to a frequency
(fecLk) between 150 kHz and 200 kHz (see Section 4.5.12.1, “Flash and EEPROM Clock Divider
Register (FCDIV)”). Thisregister can be written only once, so normally thiswrite is performed during
reset initialization. The user must ensure that FACCERR is not set before writing to the FCDIV register.
One period of the resulting clock (1/fec k) is used by the command processor to time program and erase
pulses. Aninteger number of thesetiming pulsesis used by the command processor to complete aprogram
or erase command.

Program and Erase Times

Table 4-6 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fecLk)- Thetime for one cycle of FCLK isteq k = Ufgc k- The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tg = 5 us. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-6. Program and Erase Times

4.5.3

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 us
Burst program 4 20 usl
Sector erase 4000 20 ms
Mass erase 20,000 100 ms
Sector erase abort 4 20 usl

1 Excluding start/end overhead

Program and Erase Command Execution

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

1. Writeadatavalue to an addressin the Flash or EEPROM array. The address and data information

from thiswriteis latched into the Flash and EEPROM interface. Thiswrite isarequired first step
in any command sequence. For erase and blank check commands, the value of the data is not
important. For sector erase commands, the address can be any address in the sector of Flash or
EEPROM to be erased. For mass erase and blank check commands, the address can be any address
in the Flash or EEPROM memory. Flash and EEPROM erase independently of each other.
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NOTE

Before programming a particular byte in the Flash or EEPROM, the sector
inwhich that particular byte resides must be erased by amass or sector erase
operation. Reprogramming bitsin an already programmed byte without first
performing an erase operation may disturb data stored in the Flash or
EEPROM memory.

2. Write the command code for the desired command to FCMD. The six valid commands are blank
check (0x05), byte program (0x20), burst program (0x25), sector erase (0x40), mass erase! (0x41),
and sector erase abort (0x47). The command code is latched into the command buffer.

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

A partial command sequence can be aborted manually by writing a0 to FCBEF any time after the
write to the memory array and before writing the 1 that clears FCBEF and launches the complete
command. Aborting acommand in this way sets the FACCERR access error flag which must be
cleared before starting a new command.

A strictly monitored procedure must be obeyed or the command will not be accepted. This
minimizes the possibility of any unintended changes to the memory contents. The command
complete flag (FCCF) indicates when a command is complete. The command sequence must be
completed by clearing FCBEF to launch the command. Figure 4-2 isaflowchart for executing all
of the commands except for burst programming and sector erase abort.

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

1. A mass erase is possible only when the Flash block is fully unprotected.
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WRITE TO FCDIV(") () Required only once

after reset.
PROGRAM AND ( )
ERASE FLOW START

CLEAR ERROR

Y

WRITE TO FLASH OR EEPROM TO
BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD

v

WRITE 170 FCBEF (2) Wait at least four bus cycles
TO LAUNCH COMMAND before checking FCBEF or FCCF.

AND CLEAR FCBEF @
+ YES
< FFPA\éE’ELR%F; »( ERROREXIT

NO

\

_— - - - — - - - - - — - — = — — — — — — — — 4

Figure 4-2. Program and Erase Flowchart

4.5.4 Burst Program Execution

The burst program command is used to program sequential bytes of data in less time than would be
required using the standard program command. Thisis possible because the high voltageto the Flash array
does not need to be disabled between program operations. Ordinarily, when a program or erase command
isissued, an internal charge pump associated with the Flash memory must be enabled to supply high
voltage to the array. Upon completion of the command, the charge pump is turned off. When a burst
program command isissued, the charge pump is enabled and remains enabled after compl etion of the burst
program operation if these two conditions are met:

* Thenext burst program command sequence has begun before the FCCF bit is set.

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

The first byte of a series of sequential bytes being programmed in burst mode will take the same amount
of time to program as a byte programmed in standard mode. Subsequent bytes will program in the burst

MC9S08DEG60 Series Data Sheet, Rev. 3

52 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 4 Memory

program time provided that the conditions above are met. If the next sequential addressisthe beginning of
anew row, the program timefor that bytewill be the standard timeinstead of the burst time. Thisisbecause
the high voltage to the array must be disabled and then enabled again. If anew burst command has not been
gueued before the current command completes, then the charge pump will be disabled and high voltage

removed from the array.

A flowchart to execute the burst program operation is shown in Figure 4-3.

| BURST PROGRAM ( START )

FLOW

() Required onl
(1) equirea only once
WRITE TO FCDIV ot reset

i 0
< FACCERR?

y i

CLEAR ERROR

AA

-
Ll

< FCBEF?
+ 1
WRITE TO Flash
TO BUFFER ADDRESS AND DATA

Y

WRITE COMMAND TO FCMD

v

WRITE 170 FCBEF (2) ait at least four bus cycles
TO LAUNCH COMMAND before checking FCBEF or FCCF.

AND CLEAR FCBEF @

Y

YES
< EACCERR? »(  ERROREXIT
YES ¥ No
NEW BURST COMMAND? >
»| NO
0 Y
FCCF? >

Figure 4-3. Burst Program Flowchart
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45.5 Sector Erase Abort

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

The sector erase abort command write sequenceis as follows:

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

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

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

If the sector erase abort command is launched resulting in the early termination of an active sector erase
operation, the FACCERR flag will set once the operation completes as indicated by the FCCF flag being
set. The FACCERR flag sets to inform the user that the Flash sector may not be fully erased and a new
sector erase command must be launched before programming any location in that specific sector.

If the sector erase abort command is launched but the active sector erase operation completes normally,
the FACCERR flag will not set upon completion of the operation asindicated by the FCCF flag being set.
Therefore, if the FACCERR flag is not set after the sector erase abort command has completed, a sector
being erased when the abort command was launched will be fully erased.

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

r—— - - - - - - - - - - - - - - - - - - - - - - - — — =
SECTOR ERASE
| ABORT FLOW (_smar_ )
1 Y
FCCF? >
v o0
WRITE TO Flash

TO BUFFER ADDRESS AND DATA

Y

¢ i

|
|
|
|
|
|
|
|
|
| WRITE 1 TO FCBEF (2) Wait at least four bus cycles
|
|
|
|
|
|
|
|
|

WRITE 0x47 TO FCMD
TO LAUNCH COMMAND before checking FCBEF or FCCF.
AND CLEAR FCBEF @

-
'

9 Y
FCCF? >
\ yi
( SECTOR ERASE COMPLETED): 0 FACCERR? >
yi
( SECTOR ERASE ABORTED)
L e e e e e e e e -

Figure 4-4. Sector Erase Abort Flowchart
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NOTE

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

NOTE

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

4.5.6 Access Errors

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

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

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

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

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

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

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

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

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

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

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

* Writing O to FCBEF to cancel a partial command.
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45.7 Block Protection

The block protection feature prevents the protected region of Flash or EEPROM from program or erase
changes. Block protection is controlled through the Flash and EEPROM protection register (FPROT). The
EPS bits determine the protected region of EEPROM and the FPS bits determine the protected region of
Flash. See Section 4.5.12.5, “Flash and EEPROM Protection Register (FPROT and NVPROT).”

After exit from reset, FPROT isloaded with the contents of the NVPROT location, which isin the
nonvolatile register block of the Flash memory. Any FPROT write that attempts to decrease the size of the
protected region will be ignored. Because NVPROT iswithin the last sector of Flash, if any amount of
memory is protected, NVPROT isitself protected and cannot be unprotected (intentionally or
unintentionally) by the application software. FPROT can be written through background debug
commands, which provides away to erase and reprogram protected Flash memory.

One use for block protection isto block protect an area of Flash memory for a bootloader program. this
bootloader program can call aroutine outside of Flash that can be used to sector erase the rest of the Flash
memory and reprogram it. The bootloader is protected even if MCU power islost during an erase and
reprogram operation.

45.8 Vector Redirection

While any Flash is block protected, the reset and interrupt vectors will be protected. Vector redirection
allows users to modify interrupt vector information without unprotecting bootloader and reset vector
space. Vector redirection is enabled by programming the FNORED bit in the NVOPT register located at
address OxFFBF to 0. For redirection to occur, at least some portion of the Flash memory must be block
protected by programming the NVPROT register located at address OxFFBD. All interrupt vectors
(memory locations OxFFCO-OxFFFD) are redirected, though the reset vector (OxFFFE:OxFFFF) is not.

For example, if 1536 bytes of Flash are protected, the protected address region is from 0xFAQO through
OXFFFF. The interrupt vectors (OXFFCO-OxFFFD) are redirected to the locations OXFOCO-OxFOFD. If
vector redirection is enabled and an interrupt occurs, the values in the locations OxFOEQ:OXF9E1 are used
for the vector instead of the valuesin the locations OXFFEQ:OxFFEL. Thisallowsthe user to reprogram the
unprotected portion of the Flash with new program code including new interrupt vector values while
leaving the protected area, which includes the default vector locations, unchanged.

45.9 Security

The MC9S08DEGO Series includes circuitry to prevent unauthorized access to the contents of Flash,
EEPROM, and RAM memory. When security is engaged, Flash, EEPROM, and RAM are considered
secure resources. Direct-page registers, high-page registers, and the background debug controller are
considered unsecured resources. Programs executing within secure memory have normal access to any
MCU memory locations and resources. Attempts to access a secure memory location with a program
executing from an unsecured memory space or through the background debug interface are blocked (writes
areignored and reads return all 0s).

Security isengaged or disengaged based on the state of two register bits (SEC[1:0]) in the FOPT register.
During reset, the contents of the nonvolatile location NVOPT are copied from Flash into the working
FOPT register in high-page register space. A user engages security by programming the NVOPT location,
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which can be performed at the same time the Flash memory is programmed. The 1:0 state disengages
security; the other three combinations engage security. Notice the erased state (1:1) makes the MCU
secure. During devel opment, whenever the Flashiserased, it is good practice to immediately program the
SECObitto 0in NVOPT so SEC = 1:0. Thiswould allow the M CU to remain unsecured after a subsequent
reset.

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

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEY EN bit in NVOPT/FOPT is 0, the backdoor key is disabled and there
is no way to disengage security without completely erasing all Flash locations. If KEYEN is 1, a secure
user program can temporarily disengage security by:
1. Writing 1to KEYACC inthe FCNFG register. This makes the Flash moduleinterpret writesto the
backdoor comparison key locations (NVBACKKEY through NVBACKKEY +7) as valuesto be
compared against the key rather than as the first step in a Flash program or erase command.

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY +7 locations.
These writes must be performed in order starting with the value for NVBACKKEY and ending
with NVBACKKEY +7. STHX must not be used for these writes because these writes cannot be
performed on adjacent bus cycles. User software normally would get the key codes from outside
the MCU system through a communication interface such as a serial 1/0.

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

The security key can be written only from secure memory (either RAM, EEPROM, or Flash), so it cannot
be entered through background commands without the cooperation of a secure user program.

The backdoor comparison key (NVBACKKEY through NVBACKKEY +7) islocated in Flash memory
locations in the nonvolatile register space so users can program these locations exactly as they would
program any other Flash memory location. The nonvolatile registers are in the same 768-byte block of
Flash as the reset and interrupt vectors, so block protecting that space also block protects the backdoor
comparison key. Block protects cannot be changed from user application programs, so if the vector space
is block protected, the backdoor security key mechanism cannot permanently change the block protect,
security settings, or the backdoor key.

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

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

2. Mass erase Flash if necessary.
3. Blank check Flash. Provided Flash is completely erased, security is disengaged until the next reset.

To avoid returning to secure mode after the next reset, program NVOPT so SEC = 1.0.

MC9S08DEG60 Series Data Sheet, Rev. 3

Freescale Semiconductor 57

wwwe.DataSheetdlU.com



Chapter 4 Memory

45.10 Error Correction Code

The Flash memory includes error correction code (ECC) logic that implements Hamming code to correct
single bit faults during all Flash array read operations. ECC is an optional feature that can be enabled by
programming the NV ECC configuration byte, such that upon the next reset, the ECCDI S configuration bit
will read zero and thus enabling ECC.

4.5.10.1 Enable ECC

Fully erased partsdefault to ECC disabled for main reads and programs (NVECC = OxFF). To enable ECC
in user mode, users need to program NVECC to 0x66, then pull a reset to execute the reset sequence that
would clear ECCDIS. The ECC parity code for 0x66 is OxF so if users ever read the NVECC location after
ECC is turned on, they will get a valid ECC result even though the original byte was programmed with
ECC off. When NVECC is read during the reset sequence with ECC off, if either nibble of NVECC is 0x6,
then ECC is enabled. Even though the parity bits are ignored, a single bit fault will not prevent a
programmed NVECC from enabling ECC and a single bit fault will not prevent an erased NVECC from
disabling ECC. The ECCDIS bit will be based on the contents of NVECC read during the reset sequence.

When a part is first programmed through the background debug controller, the programmer is able to write
to the ECCDIS bit to enable ECC if desired and then program the entire S-record file including NVECC.

4.5.10.2 ECC Remapping

The ECC logic implements a single-bit correction method which stores four parity bits per eight data bit.
The array architecture of the Flash allows for one third of the code storage bits to be used as ECC parity
bitswhen ECC isturned on. The Flash sector size becomes 512 bytes when ECC is enabled and the entire
array isremapped yielding a continuous address range across Sectors.

45.11 EEPROM Mapping

Only half of the EEPROM isin the memory map. The EPGSEL bit in FCNFG register selects which half
of the array can be accessed in foreground while the other half can not be accessed in background. There
are two mapping mode optionsthat can be sel ected to configure the 8-byte EEPROM sectors:. 4-byte mode
and 8-byte mode. Each mode is selected by the EPGMOD bit in the FOPT register.

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

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

45.12 Flash and EEPROM Registers and Control Bits

The Flash and EEPROM modules have seven 8-hit registers in the high-page register space and three
locations in the nonvolatile register space in Flash memory. Two of those locations are copied into two
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corresponding high-page control registers at reset. There is also an 8-byte comparison key in Flash
memory. Refer to Table 4-3 and Table 4-5 for the absol ute address assignmentsfor all Flash and EEPROM
registers. This section refers to registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to trand ate these names into the
appropriate absol ute addresses.

45.12.1 Flash and EEPROM Clock Divider Register (FCDIV)

Bit 7 of thisregister isaread-only flag. Bits 6:0 may be read at any time but can be written only one time.
Before any erase or programming operations are possible, write to thisregister to set the frequency of the
clock for the nonvolatile memory system within acceptable limits.

7 6 5 4 3 2 1 0

R DIVLD

PRDIV8 DIV

W

Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-5. Flash and EEPROM Clock Divider Register (FCDIV)
Table 4-7. FCDIV Register 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 and EEPROM.

1 FCDIV has been written since reset; erase and program operations enabled for Flash and EEPROM.

6 Prescale (Divide) Flash and EEPROM Clock by 8 (This bit is write once.)
PRDIV8 |0 Clock input to the Flash and EEPROM clock divider is the bus rate clock.
1 Clock input to the Flash and EEPROM clock divider is the bus rate clock divided by 8.

5:0 Divisor for Flash and EEPROM Clock Divider — These bits are write once. The Flash and EEPROM clock
DIV divider divides the bus rate clock (or the bus rate clock divided by 8 if PRDIV8 = 1) by the value in the 6-bit DIV
field plus one. The resulting frequency of the internal Flash and EEPROM clock must fall within the range of
200 kHz to 150 kHz for proper Flash and EEPROM operations. Program/Erase timing pulses are one cycle of
this internal Flash and EEPROM clock which corresponds to a range of 5 us to 6.7 us. 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.

if PRDIV8 = 0 — fro i = fgys + (DIV + 1) Egn. 4-1
if PRDIV8 = 1 — fr k = fgys + (8 x (DIV + 1)) Eqn. 4-2

Table 4-8 shows the appropriate values for PRDIV8 and DIV for selected bus frequencies.
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45.12.2

Table 4-8. Flash and EEPROM Clock Divider Settings

o PRDIV8 D!V f Program/E(ase Timing Pulse
us (Binary) (Decimal) FCLK (5 us Min, 6.7 us Max)

20 MHz 1 12 192.3 kHz 5.2us

10 MHz 0 49 200 kHz 5us

8 MHz 0 39 200 kHz 5us

4 MHz 0 19 200 kHz 5us

2 MHz 0 9 200 kHz 5us

1 MHz 0 4 200 kHz 5us
200 kHz 0 0 200 kHz 5 s
150 kHz 0 0 150 kHz 6.7 us

Flash and EEPROM Options Register (FOPT and NVOPT)

During reset, the contents of the nonvolatile location NVOPT are copied from Flash into FOPT. To change

thevalueinthisregister, erase and reprogram the NVOPT location in Flash memory asusual and thenissue
anew MCU reset.

6 5 2 1 0
R| KEYEN FNORED EPGMOD 0 0 0 SEC
w
Reset F F F 0 0 F F
= Unimplemented or Reserved F = loaded from nonvolatile location NVOPT during reset
Figure 4-6. Flash and EEPROM Options Register (FOPT)
Table 4-9. FOPT Register 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 4.5.9, “Security.”
0 No backdoor key access allowed.
1 If user firmware writes an 8-byte value that matches the nonvolatile backdoor key (NVBACKKEY through
NVBACKKEY+7 in that order), security is temporarily disengaged until the next MCU reset.
6 Vector Redirection Disable — When this bit is 1, then vector redirection is disabled.
FNORED |0 Vector redirection enabled.
1 Vector redirection disabled.
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Table 4-9. FOPT Register Field Descriptions

Field Description

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

1:0 Security State Code — This 2-bit field determines the security state of the MCU as shown in Table 4-10. When
SEC the MCU is secure, the contents of RAM, EEPROM and Flash memory cannot be accessed by instructions from
any unsecured source including the background debug interface. SEC changes to 1:0 after successful backdoor
key entry or a successful blank check of Flash. For more detailed information about security, refer to Section
4.5.9, “Security.”

Table 4-10. Security States?!

SEC[1:0] Description
0:0 secure
0:1 secure
1:0 unsecured
11 secure

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

45.12.3 Flash and EEPROM Test Mode Register (FTSTMOD)

6 5 2 1
R 0 0 0 0 0 0
MRDS
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. Flash and EEPROM Test Mode Register (FTSTMOD)
Table 4-11. FTSTMOD Register Field Descriptions
Field Description
6:5 Margin Read Setting — These bits are used to set the margin level of the sense amplifiers for Flash and
MRDS EEPROM read operations.

00 Normal

01 Program margin®
10 Erase margin®
11 Normal

1 Flash and EEPROM array reads will be sensitive to program margin.
2 Flash and EEPROM array reads will be sensitive to erase margin.
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45.12.4 Flash and EEPROM Configuration Register (FCNFG)
6 5 4 2 1 0
R 0 0 0 0 0
w EPGSEL KEYACC ECCDIS
Reset 0 0 0 = 0 0 0 0
= Unimplemented or Reserved

1

Figure 4-8. Flash and EEPROM Configuration Register (FCNFG)

During reset this bit is decoded from the non-volatile NVECC register.

Table 4-12. FCNFG Register Field Descriptions

Field Description
6 EEPROM Page Select — This bit selects which EEPROM page is accessed in the memory map.
EPGSEL |0 Page 0is in foreground of memory map. Page 1 is in background and can not be accessed.
1 Page 1 is in foreground of memory map. Page 0 is in background and can not be accessed.
5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed
KEYACC |information about the backdoor key mechanism, refer to Section 4.5.9, “Security.”
0 Writes to OxFFBO—-0xFFB7 are interpreted as the start of a Flash programming or erase command.
1 Writes to NVBACKKEY (0XFFB0-0xFFB7) are interpreted as comparison key writes.
4 Error Correction Code Disable — This bit indicates if ECC is enabled or disabled for Flash. This bit can only
ECCDIS be written in active background mode. See Section 4.5.10.1, “Enable ECC".
0 ECC s enabled.
1 ECC is disabled.
45.12.5 Flash and EEPROM Protection Register (FPROT and NVPROT)

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

operations.

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

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

Trying to alter datain any protected areawill result in a protection violation error and the FPVIOL flag
will be set in the FSTAT register. Mass erase is not possible if any one of the sectorsis protected.
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7 6 5 4 3 2 1 0
R
Epst Fpst
W
Reset This register is loaded from nonvolatile location NVPROT during reset.

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

Figure 4-9. Flash and EEPROM Protection Register (FPROT)

Table 4-13. FPROT Register Field Descriptions

Field Description
7:6 EEPROM Protect Select Bits — This 2-bit field determines the protected EEPROM locations that cannot be
EPS erased or programmed. See Table 4-14.
5.0 Flash Protect Select Bits — This 6-bit field determines the protected Flash locations that cannot be erased or
FPS programmed. SeeTable 4-15Table 4-16.
Table 4-14. EEPROM Block Protection
EPS Address Area Protected Memory Size Protected (bytes) Number of Sectors Protected
0x3 N/A 0 0
0x2 0x17FO0 - Ox17FF 32 4
Ox1 0x17EO - OX17FF 64 8
0x0 0x17CO0-0x17FF 128 16
Table 4-15. MC9S08DEGO Flash Block Protection
Address Area Protected Memory Size Protected (bytes) || Number of Sectors Protected
e ECC off ECC on ECC off ECCon ECC off ECC on
Ox3F N/A 0 0 0
Ox3E OxFAOO-OxXFFFF 1.5K 2 3
0x3D 0xF400-0xFFFF 3K 4 6
0x3C OXEEOO0—-OxFFFF 4.5K 6 9
0x3B OxXE800-O0xFFFF 6K 8 12
O0x3A OxE200-0xFFFF 7.5K 10 15
0x2D 0x9400-0xFFFF 27K 36 54
0x2C Ox8EO00-OxFFFF 28.5K 38 57
0x2B 0x8800—-0xFFFF 30K 40 60
Ox2A 0x8200-0xFFFF 31.5K 42 63
0x29 0x7C00-0xFFFF 33K 44 66
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Table 4-15. MC9S08DEG60 Flash Block Protection

Address Area Protected Memory Size Protected (bytes) || Number of Sectors Protected
e ECC off ECC on ECC off ECC on ECC off ECC on
0x25 0x6400-0xFFFF 39K 52 78
0x24 Ox5E00-OxFFFF 40.5K 54 81
0x23 0x5800-0xFFFF 42K 56 84
0x22 0x5200-0xFFFF 43.5K 58
0x21 0x4CO0-OxFFFF | 0x5400-0xFFFF 45K 43K 60 86
0x20 0x4600-0xFFFF 46.5K 62
Ox1F 0x4000-0xFFFF 46.5K 62
0x1B 0x2800-0xFFFF 54K 72
Ox1A 0x2200-0xFFFF 55.5K 74
0x5400-0xFFFF 43K 86
0x19 0x1CO00-0xFFFF 57K 76
0x18-0x00 || 0x0000-OxFFFF 64K 86
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Table 4-16. MC9S08DE32 Flash Block Protection

Address Area Protected Memory Size Protected (bytes) || Number of Sectors Protected
e ECC off ECCon ECC off ECC on ECC off ECC on
0x3F N/A 0 0 0
Ox3E OxFAO0-OxFFFF 1.5K 2 3
0x3D 0xF400—0xFFFF 3K 4 6
0x3C OXEEO00-OxFFFF 4.5K 6 9
0x3B OXE800—-OxFFFF 6K 8 12
Ox3A O0xE200-OxFFFF 7.5K 10 15
0x39 0xDCO0-OxFFFF 9K 12 18
0x38 0xD600—0xFFFF 10.5K 14 21
0x37 0xDO00-0xFFFF 12K 16 24
0x36 0xCAO00-OxFFFF 13.5K 18 27
0x35 0xC400-0xFFFF 15K 20 30
0x34 0xBEOO-OxFFFF 16.5K 22 33
0x33 0xB800—-0xFFFF 18K 24 36
0x32 0xB200-0xFFFF 19.5K 26 39
0x31 O0XACO00-0xFFFF 21K 28 42
0x30 OxAB00-0xFFFF 22.5K 30
0x2F 0xA000-OxFFFF 24K 32
O0x2E 0x9A00-0xFFFF 25.5K 34
0x2D 0x9400-0xFFFF 27K 36
0xA800-0OxFFFF 22K 44

0x2C Ox8E00-OxFFFF 28.5K 38
0x2B 0x8800-0xFFFF 30K 40
0x2A 0x8200-0xFFFF 31.5K 42

0x29-0x00 || 0x7CO0-OxFFFF 33K 44
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45.12.6 Flash and EEPROM Status Register (FSTAT)
7 6 5 4 3 2 1
R FCCF 0 FBLANK 0 0
FCBEF FPVIOL FACCERR
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-10. Flash and EEPROM Status Register (FSTAT)
Table 4-17. FSTAT Register Field Descriptions
Field Description
7 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 can be written to the command buffer.
6 Command Complete Flag — FCCF is set automatically when the command buffer is empty and no command
FCCF 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 a command that attempts to erase or program
FPVIOL |alocation in a protected block is launched (the erroneous command is ignored). FPVIOL is cleared by writing a
1to 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 obeyed exactly
FACCERR | (the erroneous command is ignored), if a program or erase operation is attempted before the FCDIV register has
been initialized, or if the MCU enters stop while a command was in progress. For a more detailed discussion of
the exact actions that are considered access errors, see Section 4.5.6, “Access Errors.” FACCERR is cleared by
writing a 1 to FACCERR. Writing a 0 to FACCERR has no meaning or effect.
0 No access error.
1 An access error has occurred.
2 Verified as All Blank (erased) Flag — FBLANK is set automatically at the conclusion of a blank check command
FBLANK |if the entire Flash or EEPROM array was verified to be erased. FBLANK is cleared by clearing FCBEF to write a
new valid command. Writing to FBLANK has no meaning or effect.
0 After ablank check command is completed and FCCF = 1, FBLANK = 0 indicates the Flash or EEPROM array
is not completely erased.
1 After a blank check command is completed and FCCF = 1, FBLANK = 1 indicates the Flash or EEPROM array
is completely erased (all OXFFFF).
45.12.7 Flash and EEPROM Command Register (FCMD)

Only six command codes are recognized in normal user modes, as shown in Table 4-18. All other
command codes are illegal and generate an access error. Refer to Section 4.5.3, “Program and Erase
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Command Execution,” for adetailed discussion of Flash and EEPROM programming and erase

operations.
5 2
R 0 0 0 0 0 0 0
W FCMD
Reset 0 0 0 0 0 0 0

Figure 4-11. Flash and EEPROM Command Register (FCMD)
Table 4-18. Flash and EEPROM Commands

Command FCMD Equate File Label
Blank check 0x05 mBlank
Byte program 0x20 mByteProg
Burst program 0x25 mBurstProg
Sector erase 0x40 mSectorErase
Mass erase 0x41 mMassErase
Sector erase abort 0x47 mEraseAbort

It is not necessary to perform a blank check command after a mass erase operation. Only blank check is
required as part of the security unlocking mechanism.
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Chapter 5
Resets, Interrupts, and General System Control

5.1 Introduction

Thissection discusses basic reset and interrupt mechanisms and their various sourcesin the M COSO8DEG0
Series. Some interrupt sources from peripheral modules are discussed in greater detail within other
sections of this data sheet. This section gathers basic information about al reset and interrupt sourcesin
one placefor easy reference. A few reset and interrupt sources, including the computer operating properly
(COP) watchdog, are not part of on-chip peripheral systems with their own chapters.

52 Features

Reset and interrupt features include:

» Multiple sources of reset for flexible system configuration and reliable operation
* Reset statusregister (SRS) to indicate source of most recent reset
» Separate interrupt vector for each module (reduces polling overhead); see Table 5-1

53 MCU Reset

Resetting the M CU provides away to start processing from aknown set of initial conditions. During reset,
most control and status registers are forced to initial values and the program counter isloaded from the
reset vector (OxXFFFE:OxFFFF). On-chip peripheral modules are disabled and I/O pins areinitially
configured as general-purpose high-impedance inputs with pull-up devices disabled. The bit in the
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to
initialize the stack pointer (SP) and system control settings. (See the CPU chapter for information on the
Interrupt (1) bit.) SPisforced to OXOOFF at reset.

The MC9S08DEGO Series has eight sources for reset:
* Power-on reset (POR)
» Externa pinreset (PIN)
» Computer operating properly (COP) timer
* lllega opcode detect (ILOP)
» |llegal address detect (ILAD)
* Low-voltage detect (LVD)
» Lossof clock (LOC)
» Background debug forced reset (BDFR)

Each of these sources, with the exception of the background debug forced reset, has an associated bit in
the system reset status register (SRS).
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5.4 Computer Operating Properly (COP) Watchdog

The COP watchdog is intended to force a system reset when the application software fails to execute as
expected. To prevent a system reset from the COP timer (when it is enabled), application software must
reset the COP counter periodicaly. If the application program gets lost and failsto reset the COP counter
before it times out, a system reset is generated to force the system back to a known starting point.

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

The COP counter is reset by writing 0x55 and OXxAA (in this order) to the address of SRS during the

sel ected timeout period. Writes do not affect the datain the read-only SRS. As soon as the write sequence
isdone, the COP timeout period isrestarted. If the program fails to do this during the time-out period, the
MCU will reset. Also, if any value other than 0x55 or OXAA iswritten to SRS, the MCU isimmediately
reset.

The COPCLKS bit in SOPT2 (see Section 5.8.5, “ System Options Register 2 (SOPT?2),” for additional
information) selects the clock source used for the COP timer. The clock source options are either the bus
clock or an internal 1-kHz clock source. With each clock source, there are three associated time-outs
controlled by the COPT bitsin SOPT1. Table 5-6 summaries the control functions of the COPCLK S and
CCl)OPT bits. The COP watchdog defaultsto operation from the 1-kHz clock source and the longest time-out
(2™ cycles).

When the bus clock source is selected, windowed COP operation is available by setting COPW in the
SOPT2 register. In thismode, writesto the SRS register to clear the COP timer must occur in the last 25%
of the selected timeout period. A premature write immediately resets the MCU. When the 1-kHz clock
source is selected, windowed COP operation is not available.

The COP counter isinitialized by the first writesto the SOPT1 and SOPT 2 registers and after any system
reset. Subsequent writes to SOPT1 and SOPT 2 have no effect on COP operation. Even if the application
will use the reset default settings of COPT, COPCLKS, and COPW hits, the user should write to the
write-once SOPT 1 and SOPT2 registers during reset initialization to lock in the settings. Thiswill prevent
accidental changesiif the application program gets lost.

Thewriteto SRSthat services (clears) the COP counter should not be placed in an interrupt serviceroutine
(ISR) because the ISR could continue to be executed periodically even if the main application program
fals.

If the bus clock sourceis selected, the COP counter does not increment while the MCU is in background
debug mode or while the system is in stop mode. The COP counter resumes when the MCU exits
background debug mode or stop mode.

If the 1-kHz clock source is selected, the COP counter isre-initialized to zero upon entry to either
background debug mode or stop mode and begins from zero upon exit from background debug mode or
stop mode.
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5.5 Interrupts

Interrupts provide away to save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so processing resumes where it left off before the interrupt. Other
than the software interrupt (SWI), whichisaprogram instruction, interrupts are caused by hardware events
such as an edge on the IRQ pin or atimer-overflow event. The debug module can also generate an SWI
under certain circumstances.

If an event occurs in an enabled interrupt source, an associated read-only status flag will become set. The
CPU will not respond unlessthelocal interrupt enableisal to enablethe interrupt and thel bitinthe CCR
is0to alow interrupts. The global interrupt mask (I bit) in the CCRisinitially set after reset which
prevents all maskable interrupt sources. The user program initializes the stack pointer and performs other
system setup before clearing the | bit to allow the CPU to respond to interrupts.

When the CPU receivesaqualified interrupt request, it compl etes the current instruction before responding
totheinterrupt. Theinterrupt sequence obeysthe same cycle-by-cycle sequence asthe SWI instruction and
consists of :

» Saving the CPU registers on the stack
o Setting the | bit in the CCR to mask further interrupts
» Fetching the interrupt vector for the highest-priority interrupt that is currently pending

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

Whilethe CPU isresponding to theinterrupt, thel bit isautomatically set to avoid the possibility of another
interrupt interrupting the ISR itself (thisis called nesting of interrupts). Normally, the | bit isrestored to O
when the CCR isrestored from the value stacked on entry to the ISR. In rare cases, the | bit can be cleared
inside an ISR (after clearing the status flag that generated the interrupt) so that other interrupts can be
serviced without waiting for thefirst service routineto finish. This practiceisnot recommended for anyone
other than the most experienced programmers because it can lead to subtle program errorsthat are difficult
to debug.

The interrupt service routine ends with areturn-from-interrupt (RTI) instruction which restores the CCR,
A, X, and PC registers to their pre-interrupt values by reading the previously saved information from the
stack.

NOTE

For compatibility with M68HCO8 devices, the H register is not
automatically saved and restored. It is good programming practice to push
H onto the stack at the start of theinterrupt serviceroutine (ISR) and restore
it immediately before the RTI that is used to return from the ISR.

If more than one interrupt is pending when the | bit is cleared, the highest priority sourceis serviced first
(see Table 5-1).
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5.5.1 Interrupt Stack Frame

Figure 5-1 shows the contents and organization of a stack frame. Before the interrupt, the stack pointer
(SP) points at the next available byte location on the stack. The current values of CPU registers are stored
on the stack starting with the low-order byte of the program counter (PCL) and ending with the CCR. After
stacking, the SP points at the next available location on the stack which isthe address that is one less than
the address where the CCR was saved. The PC value that is stacked is the address of theinstructionin the
main program that would have executed next if the interrupt had not occurred.

UNSTACKING
ORDER T TOWARD LOWER ADDRESSES
7 0
SP AFTER
INTERRUPT STACKING
5 1 CONDITION CODE REGISTER
4 2 ACCUMULATOR
3 3 INDEX REGISTER (LOW BYTE X)*
2 4 PROGRAM COUNTER HIGH
1 5 PROGRAM COUNTER LOW %'_)"E :?\IEFCI)EF;ERUPT

STACKING
ORDER ¢ TOWARD HIGHER ADDRESSES

* High byte (H) of index register is not automatically stacked.

Figure 5-1. Interrupt Stack Frame

When an RTI instruction is executed, these values are recovered from the stack in reverse order. As part of
the RTI sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address recovered from the stack.

The status flag corresponding to the interrupt source must be acknowledged (cleared) before returning
from the ISR. Typically, theflag is cleared at the beginning of the ISR so that if another interrupt is
generated by this same source, it will beregistered so it can be serviced after completion of the current ISR.

5.5.2 External Interrupt Request (IRQ) Pin

External interrupts are managed by the IRQ status and control register, IRQSC. When the IRQ functionis
enabled, synchronouslogic monitors the pin for edge-only or edge-and-level events. Whenthe MCU isin
stop mode and system clocks are shut down, a separate asynchronous path is used so the IRQ (if enabled)
can wake the MCU.

55.2.1 Pin Configuration Options

ThelRQ pin enable (IRQPE) control bit in IRQSC must be 1 in order for the IRQ pin to act asthe interrupt
request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels detected
(IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an event
causes an interrupt or only sets the IRQF flag which can be polled by software.
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The IRQ pin, when enabled, defaultsto use an internal pull device (IRQPDD = 0), the deviceisapull-up
or pull-down depending on the polarity chosen. If the user desiresto use an external 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 used to detect the level on the IRQ pin when the pinis configured to act
asthe IRQ input.

5.5.2.2 Edge and Level Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In the
edge and level detection mode, the IRQF status flag becomes set when an edge is detected (when the IRQ
pin changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be
cleared) aslong as the IRQ pin remains at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-1 provides asummary of all interrupt sources. Higher-priority sources are located toward the
bottom of the table. The high-order byte of the address for the interrupt service routine is located at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routineis located at the next higher address.

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enableis 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bitin
the CCR) is O, the CPU will finish the current instruction; stack the PCL, PCH, X, A, and CCR CPU
registers; set the | bit; and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continues in the interrupt service routine.
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Table 5-1. Vector Summary?!

Vt’e\lcc')[.or (Iﬁ;gﬂ;&s)jv) \,(le:ntqo(; Module Source Enable Description
31 OxFFCO/0xFFC1 Vacmp2 ACMP2 ACF ACIE Analog comparator 2
30 OxFFC2/0xFFC3 Vacmpl ACMP1 ACF ACIE Analog comparator 1
29 O0xFFC4/0xFFC5 Vcantx MSCAN TXE[2:0] TXEIE[2:0] CAN transmit
28 OxFFC6/0xFFC7 Vcanrx MSCAN RXF RXFIE CAN receive
27 OxFFCB8/0xFFC9 Vcanerr MSCAN CSCIF, OVRIF CSCIE, OVRIE CAN errors
26 OxFFCA/OxFFCB Vcanwu MSCAN WUPIF WUPIE CAN wake-up
25 OXFFCC/OXFFCD Vrtc RTC RTIF RTIE Real-time interrupt
24 OXxFFCE/OXFFCF Viic lc IICIS IICIE IIC control
23 O0xFFDO/OxFFD1 Vadc ADC COCO AIEN ADC
22 O0xFFD2/0xFFD3 Vport Port A,B,D | PTAIF, PTBIF, |PTAIE, PTBIE, PTDIE Port Pins
PTDIF
21 0xFFD4/0xFFD5 Vsci2tx SCI2 TDRE, TC TIE, TCIE SCI2 transmit
20 O0xFFD6/0xFFD7 Vsci2rx SCI2 IDLE, LBKDIF, ILIE, LBKDIE, RIE, SCI2 receive
RDRF, RXEDGIF RXEDGIE
19 0xFFD8/0xFFD9 Vsci2err SCI2 OR, NF ORIE, NFIE, SCI2 error
FE, PF FEIE, PFIE
18 OxFFDA/OXFFDB Vsciltx SCI1 TDRE, TC TIE, TCIE SCI1 transmit
17 OxFFDC/0xFFDD Vscilrx SCI1 IDLE, LBKDIF, ILIE, LBKDIE, RIE, SCI1 receive
RDRF, RXEDGIF RXEDGIE
16 OxFFDE/OxFFDF Vscilerr SCI1 OR, NF, ORIE, NFIE, SCI1 error
FE, PF FEIE, PFIE
15 OxFFEO/OXFFE1 Vspi SPI SPIF, MODF, SPIE, SPIE, SPTIE SPI
SPTEF
14 OXFFE2/0xFFE3 Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
13 OxFFE4/0xFFES Vtpm2chl TPM2 CH1F CHI1IE TPM2 channel 1
12 OXFFE6/0XFFE7 Vtpm2chO TPM2 CHOF CHOIE TPM2 channel 0
11 OxFFE8/0xFFE9 Vtpmlovf TPM1 TOF TOIE TPM1 overflow
10 OxFFEA/OXFFEB Vitpmi1ch5 TPM1 CH5F CHS5IE TPM1 channel 5
9 OxFFEC/OXFFED Vipmlch4 TPM1 CH4F CH4IE TPM1 channel 4
8 OXFFEE/OXFFEF Vipmi1ch3 TPM1 CH3F CH3IE TPM1 channel 3
7 O0xFFFO/OxFFF1 Vipmich2 TPM1 CH2F CH2IE TPM1 channel 2
6 OxFFF2/0xFFF3 Vtpmlchl TPM1 CH1F CHI1IE TPM1 channel 1
5 OxFFF4/0xFFF5 Vtpm1chO TPM1 CHOF CHOIE TPM1 channel 0
4 OXFFF6/0xFFF7 Viol MCG LOLS LOLIE MCG loss of lock
3 OxFFF8/0xFFF9 Vivd System LVWF LVWIE Low-voltage warning
control
2 OxFFFA/OxFFFB Virg IRQ IRQF IRQIE IRQ pin
1 OXFFFC/OXFFFD Vswi Core SWI Instruction — Software interrupt
0 OXFFFE/OXFFFF Vreset System COP, COPE Watchdog timer
control LOC, CME Loss-of-clock
LVD, LVDRE Low-voltage detect
RESET, — External pin
ILOP, — lllegal opcode
ILAD, — lllegal address
POR, — Power-on-reset
BDFR — BDM-forced reset

1 Vector priority is shown from lowest (first row) to highest (last row). For example, Vreset is the highest priority vector.
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Chapter 5 Resets, Interrupts, and General System Control

5.6 Low-Voltage Detect (LVD) System

The MC9S08DEG0 Series includes a system to protect against low-voltage conditions in order to protect
memory contents and control MCU system states during supply voltage variations. The system is
comprised of a power-on reset (POR) circuit and aLVD circuit with trip voltages for warning and
detection. The LVD circuit is enabled when LVDE in SPMSC1l isset to 1. The LVD is disabled upon
entering any of the stop modes unless LVDSE is set in SPMSC1. If LVDSE and LVDE are both set, then
the MCU cannot enter stop2 (it will enter stop3 instead), and the current consumption in stop3 with the
LVD enabled will be higher.

5.6.1 Power-On Reset Operation

When power isinitially applied to the MCU, or when the supply voltage drops bel ow the power-on reset
rearm voltage level, V poR, the POR circuit will cause areset condition. As the supply voltage rises, the
LVD circuit will hold the MCU in reset until the supply has risen above the low-voltage detection low
threshold, V| \p.. Both the POR bit and the LV D bit in SRS are set following a POR.

5.6.2 Low-Voltage Detection (LVD) Reset Operation

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

5.6.3 Low-Voltage Warning (LVW) Interrupt Operation

The LVD system has a low-voltage warning flag to indicate to the user that the supply voltage is
approaching the low-voltage condition. When alow-voltage warning condition is detected and is
configured for interrupt operation (LVWIE set to 1), LVWF in SPMSC1 will be set and an LVW interrupt
request will occur.

5.7 MCLK Output

The PTAO pin is shared with the MCLK clock output. If the MCSEL bits are all zeroes, the MCLK clock
isdisabled. Setting any of the MCSEL bits causes the PTAO pin to output adivided version of the internal
MCU bus clock regardless of the state of the port data direction control bit for the pin. The divideratiois
determined by the MCSEL bits. The slew rate and drive strength for the pin are controlled by PTASEO and
PTADSQO, respectively. The maximum clock output frequency islimited if slew rate control isenabled, see
the electrical specifications for the maximum frequency under different conditions.
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5.8 Reset, Interrupt, and System Control Registers and Control Bits

One 8-bit register in the direct page register space and eight 8-bit registersin the high-page register space
arerelated to reset and interrupt systems.

Refer to Table 4-2 and Table 4-3 in Chapter 4, “Memory,” of this data sheet for the absolute address
assignments for all registers. This section refersto registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

Some control bitsin the SOPT1 and SPM SC2 registers are related to modes of operation. Although brief
descriptions of these bits are provided here, the related functions are discussed in greater detail in
Chapter 3, “Modes of Operation.”
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Chapter 5 Resets, Interrupts, and General System Control

5.8.1 Interrupt Pin Request Status and Control Register (IRQSC)

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

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 5-2. IRQSC Register Field Descriptions

Field Description

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

1 IRQ pull device disabled if IRQPE = 1.

5 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, it has a pull-down. When the IRQ pin is enabled as the IRQ input and is configured to
detect falling edges, it has a pull-up.

0 IRQ is falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.

4 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.
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 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 an interrupt
IRQIE request.
0 Interrupt request when IRQF set is disabled (use polling).
1 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 details.

0 IRQ event on falling edges or rising edges only.
1 IRQ event on falling edges and low levels or on rising edges and high levels.
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5.8.2 System Reset Status Register (SRS)

Thishigh page register includes read-only status flagsto indicate the source of the most recent reset. When
adebug host forces reset by writing 1 to BDFR in the SBDFR register, none of the status bitsin SRS will
be set. Writing any value to this register address causes a COP reset when the COP is enabled except the
values 0x55 and OxAA. Writing a 0x55-0xAA sequence to this address clears the COP watchdog timer
without affecting the contents of this register. The reset state of these bits depends on what caused the
MCU to reset.

7 6 5 4 3 2 1 0
R POR PIN COoP ILOP ILAD LOC LvD 0

w Writing 0x55, OXAA to SRS address clears COP watchdog timer.
POR: 1 0 0 0 0 0 1 0
LVD: u 0 0 0 0 0 1 0
Anyrc;tsrg 0 Note(®) Note® Note@ Note(?) 0 0 0

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

Figure 5-3. System Reset Status (SRS)

Table 5-3. 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 (LVD) status bit is also set to indicate that the reset occurred while

the internal supply was below the LVD threshold.
0 Reset not caused by POR.
1 POR caused reset.

6 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.
COP This reset source can 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.

3 lllegal Address — Reset was caused by an attempt to access either data or an instruction at an unimplemented
ILAD memory address.
0 Reset not caused by an illegal address.
1 Reset caused by an illegal address.
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Table 5-3. SRS Register Field Descriptions

Field Description
2 Loss of Clock — Reset was caused by a loss of external clock.
LOC 0 Reset not caused by loss of external clock
1 Reset caused by loss of external clock
1 Low-Voltage Detect — If the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset will
LvD 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.
5.8.3 System Background Debug Force Reset Register (SBDFR)

This high page register contains a single write-only control bit. A serial background command such as
WRITE_BY TE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return 0x00.

5 4 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

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

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

Table 5-4. SBDFR Register Field Descriptions

Field Description
0 Background Debug Force Reset — A serial background command such as WRITE_BYTE can be used to allow
BDFR an external debug host to force a target system reset. Writing 1 to this bit forces an MCU reset. This bit cannot
be written from a user program.
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5.84 System Options Register 1 (SOPT1)

This high page register is awrite-once register so only the first write after reset is honored. It can be read
at any time. Any subsequent attempt to write to SOPT1 (intentionally or unintentionally) isignored to
avoid accidental changesto these sensitive settings. This register should be written during the user’s reset
initialization program to set the desired controls even if the desired settings are the same as the reset
settings.

7 6 5 4 3 2 1
R 0 0 0
COPT STOPE SCI2PS IICPS
w
Reset: 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-5. System Options Register 1 (SOPT1)
Table 5-5. SOPT1 Register Field Descriptions
Field Description
7:6 COP Watchdog Timeout — These write-once bits select the timeout period of the COP. COPT along with
COPT[1:0] | COPCLKS in SOPT2 defines the COP timeout period. See Table 5-6.
5 Stop Mode Enable — This write-once bit is used to enable stop mode. If stop mode is disabled and a user

STOPE program attempts to execute a STOP instruction, an illegal opcode reset is forced.
0 Stop mode disabled.
1 Stop mode enabled.

4 SCI2 Pin Select— This write-once bit selects the location of the RxD2 and TxD2 pins of the SCI2 module.
SCI2PS |0 TxD2 on PTFO, RxD2 on PTF1.
1 TxD2 on PTE6, RxD2 on PTE7.

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

Table 5-6. COP Configuration Options

Control Bits Clock Source cop Window_l Opens COP Overflow Count
COPCLKS COPT[1:0] (COPW =1)
N/A 0:0 N/A N/A COP is disabled

0 0:1 1 kHz N/A 2% cycles (32 ms?)
0 1:0 1 kHz N/A 28 cycles (256 mst)
0 1:1 1 kHz N/A 210 cycles (1.024 sh)
1 01 Bus 6144 cycles 283 cycles

1 1:0 Bus 49,152 cycles 216 cycles

1 1:1 Bus 196,608 cycles 218 cycles

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

2 Values shown in milliseconds based on t pg = 1 ms. See t, pg in the appendix Section A.12.1, “Control Timing,” for the
tolerance of this value.
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5.8.5 System Options Register 2 (SOPT2)

This high page register contains bits to configure MCU specific features on the MC9S08DEG0 Series
devices.

7 6 5 4 3 2 1 0
R 0 0
copcLks! | copw? ADHTS MCSEL
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

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

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

Table 5-7. SOPT2 Register Field Descriptions

Field Description

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

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

0 Normal COP operation.
1 Window COP operation.

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

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

MCLK frequency = Bus Clock frequency + (2 * MCSEL)
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5.8.6

System Device Identification Register (SDIDH, SDIDL)

These high page read-only registers are included so host devel opment systems can identify the HCS08
derivative and revision number. Thisallowsthe devel opment software to recogni ze where specific memory
blocks, registers, and control bits are located in atarget MCU.

7 6 5 4 3 2 1 0
R Reserved ID11 ID10 ID9 ID8
W
Reset: ol 0’ 0’ 0’ 0 0 0 0

= Unimplemented or Reserved

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

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

Table 5-8. SDIDH Register Field Descriptions

Field Description
3.0 Part Identification Number — MC9S08DEG0 Series MCUs are hard-coded to the value OXOOE. See also ID bits
ID[11:8] 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 0 1 1 1 0
= Unimplemented or Reserved
Figure 5-8. System Device Identification Register — Low (SDIDL)
Table 5-9. SDIDL Register Field Descriptions
Field Description
7:0 Part Identification Number — MC9S08DEG0 Series MCUs are hard-coded to the value 0X00E. See also ID bits
ID[7:0] in Table 5-8.
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5.8.7 System Power Management Status and Control 1 Register
(SPMSC1)

This high page register contains status and control bits to support the low-voltage detect function, and to
enable the bandgap voltage reference for use by the ADC and ACMP modules. This register should be
written during the user’sreset initialization program to set the desired controls even if the desired settings
are the same as the reset settings.

7 6 5 4 3 2 1 0
R| Lvwr?! 0 0
LVWIE LVDRE? LVDSE LVDE? BGBE
W LVWACK
Reset: 0 0 0 1 1 1 0 0
= Unimplemented or Reserved

1 LVWF will be set in the case when Vsupply transitions below the trip point or after reset and Vgyppy is already below Vi
2 This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-9. System Power Management Status and Control 1 Register (SPMSC1)

Table 5-10. SPMSC1 Register Field Descriptions

Field Description

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

6 Low-Voltage Warning Acknowledge — If LVWF = 1, a low-voltage condition has occurred. To acknowledge this
LVWACK |low-voltage warning, write 1 to LVWACK, which will automatically clear LVWF to O if the low-voltage warning is
no longer present.

5 Low-Voltage Warning Interrupt Enable — This bit enables hardware interrupt requests for LVWF.
LVWIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.

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

3 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 write-once 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 — This bit enables an internal buffer for the bandgap voltage reference for use by the
BGBE ADC and ACMP modules on one of its internal channels.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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5.8.8 System Power Management Status and Control 2 Register
(SPMSC2)

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

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

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

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

Table 5-11. SPMSC2 Register Field Descriptions

Field Description

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

4 Low-Voltage Warning Voltage Select — This bit selects the low-voltage warning (LVW) trip point voltage. See

LVWV Table 5-12.

3 Partial Power Down Flag — This read-only status bit indicates that the MCU has recovered from stop2 mode.
PPDF 0 MCU has not recovered from stop2 mode.
1 MCU recovered from stop2 mode.

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

PPDC 0 Stop3 mode enabled.
1 Stop2, partial power down, mode enabled.

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

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

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

This section explains software controls related to parallel input/output (1/0) and pin control. The
MCOS08DEGO Series has seven parallel 1/0 ports which include atotal of up to 53 I/O pins and one
input-only pin. See Chapter 2, “Pins and Connections,” for more information about pin assignments and
external hardware considerations of these pins.

Many of these pins are shared with on-chip peripherals such astimer systems, communication systems, or
pin interrupts as shown in Table 2-1. The peripheral modules have priority over the general-purpose |/O
functions so that when a peripheral is enabled, the I/O functions associated with the shared pins are
disabled.

After reset, the shared peripheral functions are disabled and the pins are configured as inputs
(PTxDDn = 0). The pin control functionsfor each pin are configured asfollows: slew rate control enabled
(PTXSEn = 1), low drive strength selected (PTxDSn = 0), and internal pull-ups disabled (PTxPEn = 0).

NOTE

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

* ThePTE1 pin does not contain aclamp diodeto Vpp and should not be
driven above V pp. The voltage measured on the internally pulled up
PTEL pin may beaslow asVpp —0.7 V. Theinternal gates connected
to this pin are pulled al the way to Vpp.

6.1 Port Data and Data Direction

Reading and writing of parallel 1/0Os are performed through the port data registers. The direction, either
input or output, is controlled through the port data direction registers. The parallel 1/0 port function for an
individual pinisillustrated in the block diagram shown in Figure 6-1.

The data direction control bit (PTxDDn) determines whether the output buffer for the associated pinis
enabled, and also controls the source for port data register reads. The input buffer for the associated pinis
always enabled unless the pin is enabled as an analog function or is an output-only pin.

When a shared digital function is enabled for a pin, the output buffer is controlled by the shared function.
However, the datadirection register bit will continueto control the source for reads of the port dataregister.

When ashared analog function is enabled for a pin, both the input and output buffers are disabled. A value
of Oisread for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled.
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Chapter 6 Parallel Input/Output Control

In general, whenever a pin is shared with both an alternate digital function and an analog function, the
analog function has priority such that if both the digital and analog functions are enabled, the analog
function controls the pin.

It isagood programming practice to write to the port data register before changing the direction of a port
pin to become an output. This ensures that the pin will not be driven momentarily with an old data value
that happened to be in the port data register.

PTxDDn
D Q ® p= Output Enable
D
PTxDn
D Q p Output Data
D
1
Port Read
Data
0 Synchronizer &— Input Dat¢
BUSCLK *

Figure 6-1. Parallel 1/0 Block Diagram

6.2  Pull-up, Slew Rate, and Drive Strength

Associated withthe parallel 1/0 portsisaset of registerslocated in the high page register spacethat operate
independently of the parallel 1/O registers. Theseregistersare used to control pull-ups, slew rate, and drive
strength for the pins.

Aninternal pull-up device can be enabled for each port pin by setting the corresponding bit in the pull-up
enableregister (PTXPEN). The pull-up deviceisdisabled if the pinisconfigured asan output by the parallel
I/O control logic or any shared peripheral function regardless of the state of the corresponding pull-up
enable register bit. The pull-up device is also disabled if the pin is controlled by an analog function.

Slew rate control can be enabled for each port pin by setting the corresponding bit in the slew rate control
register (PTxSEn). When enabled, slew control limitsthe rate at which an output can transition in order to
reduce EMC emissions. Slew rate control has no effect on pins that are configured as inputs.

NOTE

Slew rate reset default values may differ between engineering samples and
final production parts. Always initialize slew rate control to the desired
value to ensure correct operation.
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An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTxDSn). When high drive is selected, apin is capable of sourcing and
sinking greater current. Even though every 1/0 pin can be selected as high drive, the user must ensure that
thetotal current source and sink limitsfor the MCU are not exceeded. Drive strength selection isintended
to affect the DC behavior of 1/O pins. However, the AC behavior is also affected. High drive allows apin
to drive a greater load with the same switching speed as alow drive enabled pin into a smaller load.
Because of this, the EMC emissions may be affected by enabling pins as high drive.

6.3 Pin Interrupts

Port A, port B, and port D pins can be configured as external interrupt inputs and as an external means of
waking the MCU from stop or wait low-power modes.

The block diagram for each port interrupt logic is shown Figure 6-2.

‘ PTxACK BUSCLK

E : Voo o ¢ [P |
PTxn OS PTXPS0 J ] T_ pCLRq

5

PORT
1 INTERRUPT FF

SYNCHRONIZER [-#

STOPBYPASS [T  PTx
INTERRUPT
REQUEST

e L >

Figure 6-2. Port Interrupt Block Diagram

Writing to the PTxPSn bits in the port interrupt pin select register (PTxPS) independently enables or
disables each port pin. Each port can be configured as edge sensitive or edge and level sensitive based on
the PTXMOD bit in the port interrupt status and control register (PTxSC). Edge sensitivity can be software
programmed to be either falling or rising; the level can be either low or high. The polarity of the edge or
edge and level sensitivity is selected using the PTXESn bitsin the port interrupt edge select register
(PTXES).

Synchronous logic is used to detect edges. Prior to detecting an edge, enabled port inputs must be at the
deasserted logic level. A falling edgeis detected when an enabled port input signal isseen asalogic 1 (the
deasserted level) during one bus cycle and then alogic O (the asserted level) during the next cycle. A rising
edge is detected when the input signal is seen as alogic 0 during one bus cycle and then alogic 1 during
the next cycle.

6.3.1 Edge Only Sensitivity

A valid edge on an enabled port pinwill set PTxIFin PTxSC. If PTXIEin PTxSC isset, aninterrupt request
will be presented to the CPU. Clearing of PTxIF is accomplished by writing a1 to PTXACK in PTxSC.
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6.3.2 Edge and Level Sensitivity

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

6.3.3 Pull-up/Pull-down Resistors

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

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

o gk wbd

6.4  Pin Behavior in Stop Modes

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

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

* Instop3 mode, al 1/0 is maintained because internal logic circuity stays powered up. Upon
recovery, normal 1/0O function is available to the user.
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6.5 Parallel I/O and Pin Control Registers

This section provides information about the registers associated with the parallel 1/0 ports. The dataand
datadirection registers are located in page zero of the memory map. The pull up, slew rate, drive strength,
and interrupt control registers are located in the high page section of the memory map.

Refer to tablesin Chapter 4, “Memory,” for the absolute address assignmentsfor all parallel 1/0 and their
pin control registers. This section refersto registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to tranglate these names into the
appropriate absolute addresses.
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6.5.1

Port A Registers

Port A is controlled by the registers listed below.

6.5.1.1 Port A Data Register (PTAD)
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 6-3. 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
PTAD[7:0] [pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port A pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTAD to all 0s, but these 0s are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.1.2 Port A Data Direction Register (PTADD)
7 6 5 4 3 2 1 0
R
PTADD7 PTADD6 PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-4. Port A Data Direction Register (PTADD)
Table 6-2. PTADD Register Field Descriptions
Field Description
7:0 Data Direction for Port A Bits — These read/write bits control the direction of port A pins and what is read for
PTADD[7:0] | PTAD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port A bit n and PTAD reads return the contents of PTADn.
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6.5.1.3 Port A Pull Enable Register (PTAPE)
7 6 5 4 3 2 1 0
PTAPEY PTAPEG6 PTAPES PTAPE4 PTAPES3 PTAPE2 PTAPE1 PTAPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-5. Internal Pull Enable for Port A Register (PTAPE)
Table 6-3. PTAPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port A Bits — Each of these control bits determines if the internal pull-up or pull-down
PTAPE[7:0] | device is enabled for the associated PTA pin. For port A pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port A bit n.
1 Internal pull-up/pull-down device enabled for port A bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.1.4 Port A Slew Rate Enable Register (PTASE)
7 6 5 4 3 2 1 0
R
PTASE7 PTASEG6 PTASES PTASE4 PTASES3 PTASE2 PTASE1 PTASEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-6. Slew Rate Enable for Port A Register (PTASE)
Table 6-4. PTASE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port A Bits — Each of these control bits determines if the output slew rate control
PTASE[7:0] |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.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.1.5 Port A Drive Strength Selection Register (PTADS)
7 6 5 4 3 2 1 0
PTADS7 PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADS1 PTADSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-7. Drive Strength Selection for Port A Register (PTADS)
Table 6-5. PTADS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADS[7:0] |output drive for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port A bit n.
1 High output drive strength selected for port A bit n.
6.5.1.6 Port A Interrupt Status and Control Register (PTASC)
5 4 3 2 1 0
R 0 0 0 0 PTAIF 0
PTAIE PTAMOD
w PTAACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-8. Port A Interrupt Status and Control Register (PTASC)
Table 6-6. PTASC Register Field Descriptions
Field Description
3 Port A Interrupt Flag — PTAIF indicates when a port A interrupt is detected. Writes have no effect on PTAIF.
PTAIF 0 No port A interrupt detected.
1 Port A interrupt detected.
2 Port A Interrupt Acknowledge — Writing a 1 to PTAACK is part of the flag clearing mechanism. PTAACK
PTAACK |always reads as 0.
1 Port A Interrupt Enable — PTAIE determines whether a port A interrupt is requested.
PTAIE 0 Port A interrupt request not enabled.
1 Port A interrupt request enabled.
0 Port A Detection Mode — PTAMOD (along with the PTAES bits) controls the detection mode of the port A
PTAMOD |interrupt pins.
0 Port A pins detect edges only.
1 Port A pins detect both edges and levels.
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6.5.1.7 Port A Interrupt Pin Select Register (PTAPS)
7 6 5 4 3 2 1 0
PTAPS7 PTAPS6 PTAPS5 PTAPS4 PTAPS3 PTAPS2 PTAPS1 PTAPSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-9. Port A Interrupt Pin Select Register (PTAPS)
Table 6-7. PTAPS Register Field Descriptions
Field Description
7:0 Port A Interrupt Pin Selects — Each of the PTAPSn bits enable the corresponding port A interrupt pin.
PTAPS[7:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.5.1.8 Port A Interrupt Edge Select Register (PTAES)
7 6 5 4 3 2 1 0
PTAES7 PTAES6 PTAESS5 PTAES4 PTAES3 PTAES2 PTAES1 PTAESO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-10. Port A Edge Select Register (PTAES)
Table 6-8. PTAES Register Field Descriptions
Field Description
7:0 Port A Edge Selects — Each of the PTAESN bits serves a dual purpose by selecting the polarity of the active
PTAES[7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.

0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.
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6.5.2
Port B is controlled by the registers listed below.

Port B Registers

6.5.2.1 Port B Data Register (PTBD)
7 6 5 4 3 2 1 0
R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-11. Port B Data Register (PTBD)
Table 6-9. PTBD Register Field Descriptions
Field Description
7:0 Port B Data Register Bits — For port B pins that are inputs, reads return the logic level on the pin. For port B
PTBD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port B pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTBD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.2.2 Port B Data Direction Register (PTBDD)
7 6 5 4 3 2 1 0
R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-12. Port B Data Direction Register (PTBDD)
Table 6-10. PTBDD Register Field Descriptions
Field Description
7:0 Data Direction for Port B Bits — These read/write bits control the direction of port B pins and what is read for
PTBDD[7:0] | PTBD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.
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6.5.2.3 Port B Pull Enable Register (PTBPE)
7 6 5 4 3 2 1 0
PTBPE7 PTBPE6 PTBPES PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-13. Internal Pull Enable for Port B Register (PTBPE)
Table 6-11. PTBPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port B Bits — Each of these control bits determines if the internal pull-up or pull-down
PTBPE[7:0] |device is enabled for the associated PTB pin. For port B pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port B bit n.
1 Internal pull-up/pull-down device enabled for port B bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.2.4 Port B Slew Rate Enable Register (PTBSE)
7 6 5 4 3 2 1 0
R
PTBSE7 PTBSE6 PTBSES PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-14. Slew Rate Enable for Port B Register (PTBSE)
Table 6-12. PTBSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port B Bits — Each of these control bits determines if the output slew rate control
PTBSE[7:0] |is enabled for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port B bit n.
1 Output slew rate control enabled for port B bit n.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.2.5 Port B Drive Strength Selection Register (PTBDS)
7 6 5 4 3 2 1 0
PTBDS7 PTBDS6 PTBDS5 PTBDS4 PTBDS3 PTBDS2 PTBDS1 PTBDSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-15. Drive Strength Selection for Port B Register (PTBDS)
Table 6-13. PTBDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port B Bits — Each of these control bits selects between low and high
PTBDS[7:0] | output drive for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port B bit n.
1 High output drive strength selected for port B bit n.
6.5.2.6 Port B Interrupt Status and Control Register (PTBSC)
5 4 3 2 1 0
R 0 0 0 0 PTBIF 0
PTBIE PTBMOD
w PTBACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-16. Port B Interrupt Status and Control Register (PTBSC)
Table 6-14. PTBSC Register Field Descriptions
Field Description
3 Port B Interrupt Flag — PTBIF indicates when a Port B interrupt is detected. Writes have no effect on PTBIF.
PTBIF 0 No Port B interrupt detected.
1 Port B interrupt detected.
2 Port B Interrupt Acknowledge — Writing a 1 to PTBACK is part of the flag clearing mechanism. PTBACK
PTBACK |always reads as 0.
1 Port B Interrupt Enable — PTBIE determines whether a port B interrupt is requested.
PTBIE 0 Port B interrupt request not enabled.
1 Port B interrupt request enabled.
0 Port B Detection Mode — PTBMOD (along with the PTBES bits) controls the detection mode of the port B
PTBMOD |interrupt pins.
0 Port B pins detect edges only.
1 Port B pins detect both edges and levels.
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6.5.2.7 Port B Interrupt Pin Select Register (PTBPS)
7 6 5 4 3 2 1 0
PTBPS7 PTBPS6 PTBPS5 PTBPS4 PTBPS3 PTBPS2 PTBPS1 PTBPSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-17. Port B Interrupt Pin Select Register (PTBPS)
Table 6-15. PTBPS Register Field Descriptions
Field Description
7:0 Port B Interrupt Pin Selects — Each of the PTBPSn bits enable the corresponding port B interrupt pin.
PTBPS[7:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.5.2.8 Port B Interrupt Edge Select Register (PTBES)
7 6 5 4 3 2 1 0
PTBES7 PTBES6 PTBESS5 PTBES4 PTBES3 PTBES2 PTBES1 PTBESO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-18. Port B Edge Select Register (PTBES)
Table 6-16. PTBES Register Field Descriptions
Field Description
7:0 Port B Edge Selects — Each of the PTBESh bits serves a dual purpose by selecting the polarity of the active
PTBES][7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.
0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.
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6.5.3

Port C Registers

Port C is controlled by the registers listed below.

6.5.3.1 Port C Data Register (PTCD)
7 6 5 4 3 2 1 0
R
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-19. Port C Data Register (PTCD)
Table 6-17. PTCD Register Field Descriptions
Field Description
7:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.5.3.2 Port C Data Direction Register (PTCDD)
7 6 5 4 3 2 1 0
R
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-20. Port C Data Direction Register (PTCDD)
Table 6-18. PTCDD Register Field Descriptions
Field Description
7:0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[7:0] | PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
MC9S08DEG60 Series Data Sheet, Rev. 3
98 Freescale Semiconductor

wwwe.DataSheetdlU.com




Chapter 6 Parallel Input/Output Control

6.5.3.3 Port C Pull Enable Register (PTCPE)
7 6 5 4 3 2 1 0
PTCPE7 PTCPE6 PTCPES PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-21. Internal Pull Enable for Port C Register (PTCPE)
Table 6-19. PTCPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port C Bits — Each of these control bits determines if the internal pull-up device is
PTCPE[7:0] | enabled for the associated PTC pin. For port C pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port C bit n.
1 Internal pull-up device enabled for port C bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.3.4 Port C Slew Rate Enable Register (PTCSE)
7 6 5 4 3 2 1 0
R
PTCSE7 PTCSE6 PTCSES PTCSE4 PTCSE3 PTCSE2 PTCSE1 PTCSEO
w
Reset: 0 0 0 0 0 0 0
Figure 6-22. Slew Rate Enable for Port C Register (PTCSE)
Table 6-20. PTCSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port C Bits — Each of these control bits determines if the output slew rate control
PTCSE[7:0] |is enabled for the associated PTC pin. For port C pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port C bit n.
1 Output slew rate control enabled for port C bit n.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.3.5 Port C Drive Strength Selection Register (PTCDS)

PTCDS7 PTCDS6 PTCDS5 PTCDS4 PTCDS3 PTCDS2 PTCDS1 PTCDSO

w
Reset: 0 0 0 0 0 0 0 0
Figure 6-23. Drive Strength Selection for Port C Register (PTCDS)
Table 6-21. PTCDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port C Bits — Each of these control bits selects between low and high

PTCDSJ[7:0] | output drive for the associated PTC pin. For port C pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port C bit n.
1 High output drive strength selected for port C bit n.
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Port D Registers

Port D is controlled by the registers listed below.

6.5.4.1 Port D Data Register (PTDD)
7 6 5 4 3 2 1 0
R
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-24. Port D Data Register (PTDD)
Table 6-22. PTDD Register Field Descriptions
Field Description
7:0 Port D Data Register Bits — For port D pins that are inputs, reads return the logic level on the pin. For port D
PTDD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port D pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTDD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.4.2 Port D Data Direction Register (PTDDD)
7 6 5 4 3 2 1 0
R
PTDDD7 PTDDD6 PTDDDS5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-25. Port D Data Direction Register (PTDDD)
Table 6-23. PTDDD Register Field Descriptions
Field Description
7:0 Data Direction for Port D Bits — These read/write bits control the direction of port D pins and what is read for
PTDDDI[7:0] | PTDD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port D bit n and PTDD reads return the contents of PTDDn.
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6.5.4.3 Port D Pull Enable Register (PTDPE)
7 6 5 4 3 2 1 0
PTDPE7? PTDPE6 PTDPES PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-26. Internal Pull Enable for Port D Register (PTDPE)
Table 6-24. PTDPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port D Bits — Each of these control bits determines if the internal pull-up or pull-down
PTDPE[7:0] | device is enabled for the associated PTD pin. For port D pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port D bit n.
1 Internal pull-up/pull-down device enabled for port D bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.4.4 Port D Slew Rate Enable Register (PTDSE)
7 6 5 4 3 2 1 0
R
PTDSE7 PTDSE6 PTDSES PTDSE4 PTDSE3 PTDSE2 PTDSE1 PTDSEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-27. Slew Rate Enable for Port D Register (PTDSE)
Table 6-25. PTDSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port D Bits — Each of these control bits determines if the output slew rate control
PTDSE[7:0] |is enabled for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port D bit n.
1 Output slew rate control enabled for port D bit n.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.4.5 Port D Drive Strength Selection Register (PTDDS)
7 6 5 4 3 2 1 0
PTDDS7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDS1 PTDDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-28. Drive Strength Selection for Port D Register (PTDDS)
Table 6-26. PTDDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port D Bits — Each of these control bits selects between low and high
PTDDSJ[7:0] | output drive for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port D bit n.
1 High output drive strength selected for port D bit n.
6.5.4.6 Port D Interrupt Status and Control Register (PTDSC)
5 4 3 2 1 0
R 0 0 0 0 PTDIF 0
PTDIE PTDMOD
w PTDACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-29. Port D Interrupt Status and Control Register (PTDSC)
Table 6-27. PTDSC Register Field Descriptions
Field Description
3 Port D Interrupt Flag — PTDIF indicates when a port D interrupt is detected. Writes have no effect on PTDIF.
PTDIF 0 No port D interrupt detected.
1 Port D interrupt detected.
2 Port D Interrupt Acknowledge — Writing a 1 to PTDACK is part of the flag clearing mechanism. PTDACK
PTDACK |always reads as 0.
1 Port D Interrupt Enable — PTDIE determines whether a port D interrupt is requested.
PTDIE 0 Port D interrupt request not enabled.
1 Port D interrupt request enabled.
0 Port A Detection Mode — PTDMOD (along with the PTDES bits) controls the detection mode of the port D
PTDMOD |interrupt pins.
0 Port D pins detect edges only.
1 Port D pins detect both edges and levels.
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6.5.4.7 Port D Interrupt Pin Select Register (PTDPS)
7 6 5 4 3 2 1 0
PTDPS7 PTDPS6 PTDPS5 PTDPS4 PTDPS3 PTDPS2 PTDPS1 PTDPSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-30. Port D Interrupt Pin Select Register (PTDPS)
Table 6-28. PTDPS Register Field Descriptions
Field Description
7:0 Port D Interrupt Pin Selects — Each of the PTDPSn bits enable the corresponding port D interrupt pin.
PTDPS[7:0] |0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.
6.5.4.8 Port D Interrupt Edge Select Register (PTDES)
7 6 5 4 3 2 1 0
PTDES? PTDES6 PTDES5 PTDES4 PTDES3 PTDES2 PTDES1 PTDESO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-31. Port D Edge Select Register (PTDES)
Table 6-29. PTDES Register Field Descriptions
Field Description
7:0 Port D Edge Selects — Each of the PTDESN bits serves a dual purpose by selecting the polarity of the active
PTDES[7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.
0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.
1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.
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6.5.5 Port E Registers
Port E is controlled by the registers listed below.

6.5.5.1 Port E Data Register (PTED)

7 6 5 4 3 2 1 0
R
PTED7 PTEDG6 PTEDS PTED4 PTEDS3 PTED2 PTED1?! PTEDO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-32. Port E Data Register (PTED)
1 Reads of this bit always return the pin value of the associated pin, regardless of the value stored in the port data direction bit.

Table 6-30. PTED Register Field Descriptions

Field Description

7:0 Port E Data Register Bits — For port E pins that are inputs, reads return the logic level on the pin. For port E
PTED[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port E pins that are configured as outputs, the logic level is

driven out the corresponding MCU pin.
Reset forces PTED to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.

6.5.5.2 Port E Data Direction Register (PTEDD)

7 6 5 4 3 2 1 0

PTEDD7 PTEDDG6 PTEDD5S PTEDD4 PTEDD3 PTEDD2 PTEDD1! PTEDDO

Reset: 0 0 0 0 0 0 0 0

Figure 6-33. Port E Data Direction Register (PTEDD)
1 PTEDD1 has no effect on the input-only PTE1 pin.

Table 6-31. PTEDD Register Field Descriptions

Field Description

7:0 Data Direction for Port E Bits — These read/write bits control the direction of port E pins and what is read for
PTEDDI[7:0] | PTED reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port E bit n and PTED reads return the contents of PTEDnN.
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6.5.5.3 Port E Pull Enable Register (PTEPE)
7 6 5 4 3 2 1 0
PTEPE7 PTEPE6 PTEPES PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-34. Internal Pull Enable for Port E Register (PTEPE)
Table 6-32. PTEPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port E Bits — Each of these control bits determines if the internal pull-up device is
PTEPE[7:0] |enabled for the associated PTE pin. For port E pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port E bit n.
1 Internal pull-up device enabled for port E bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.5.4 Port E Slew Rate Enable Register (PTESE)
7 6 5 4 3 2 1 0
R
PTESE7 PTESE6 PTESES PTESE4 PTESE3 PTESE2 PTESE1! PTESEO
W
Reset: 0 0 0 0 0 0 0
Figure 6-35. Slew Rate Enable for Port E Register (PTESE)
1 PTESEL1 has no effect on the input-only PTE1 pin.
Table 6-33. PTESE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port E Bits — Each of these control bits determines if the output slew rate control
PTESE[7:0] |is enabled for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port E bit n.
1 Output slew rate control enabled for port E bit n.

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

MC9S08DEG60 Series Data Sheet, Rev. 3

106 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 6 Parallel Input/Output Control

6.5.5.5 Port E Drive Strength Selection Register (PTEDS)
7 6 5 4 3 2 1 0
PTEDS7 PTEDS6 PTEDSS PTEDS4 PTEDS3 PTEDS2 PTEDS1! PTEDSO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-36. Drive Strength Selection for Port E Register (PTEDS)

1 PTEDSL1 has no effect on the input-only PTE1 pin.

Table 6-34. PTEDS Register Field Descriptions

Field Description
7:0 Output Drive Strength Selection for Port E Bits — Each of these control bits selects between low and high
PTEDS[7:0] | output drive for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.

0 Low output drive strength selected for port E bit n.
1 High output drive strength selected for port E bit n.
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6.5.6
Port F is controlled by the registers listed bel ow.

Port F Registers

6.5.6.1 Port F Data Register (PTFD)
7 6 5 4 3 2 1 0
R
PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-37. Port F Data Register (PTFD)
Table 6-35. PTFD Register Field Descriptions
Field Description
7:0 Port F Data Register Bits — For port F pins that are inputs, reads return the logic level on the pin. For port F
PTFD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port F pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTFD to all 0s, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.
6.5.6.2 Port F Data Direction Register (PTFDD)
7 6 5 4 3 2 1 0
R
PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-38. Port F Data Direction Register (PTFDD)
Table 6-36. PTFDD Register Field Descriptions
Field Description
7:0 Data Direction for Port F Bits — These read/write bits control the direction of port F pins and what is read for
PTFDDI[7:0] | PTFD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port F bit n and PTFD reads return the contents of PTFDn.
MC9S08DEG60 Series Data Sheet, Rev. 3
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6.5.6.3 Port F Pull Enable Register (PTFPE)
7 6 5 4 3 2 1 0
PTFPE7Y PTFPE6 PTFPES PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-39. Internal Pull Enable for Port F Register (PTFPE)
Table 6-37. PTFPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port F Bits — Each of these control bits determines if the internal pull-up device is
PTFPE[7:0] |enabled for the associated PTF pin. For port F pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port F bit n.
1 Internal pull-up device enabled for port F bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.6.4 Port F Slew Rate Enable Register (PTFSE)
7 6 5 4 3 2 1 0
R
PTFSE7 PTFSE6 PTFSES5 PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-40. Slew Rate Enable for Port F Register (PTFSE)
Table 6-38. PTFSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port F Bits — Each of these control bits determines if the output slew rate control
PTFSE[7:0] |is enabled for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port F bit n.
1 Output slew rate control enabled for port F bit n.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.6.5 Port F Drive Strength Selection Register (PTFDS)

PTFDS7 PTFDS6 PTFDS5 PTFDS4 PTFDS3 PTFDS2 PTFDS1 PTFDSO

w
Reset: 0 0 0 0 0 0 0 0
Figure 6-41. Drive Strength Selection for Port F Register (PTFDS)
Table 6-39. PTFDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port F Bits — Each of these control bits selects between low and high

PTFDSJ[7:0] |output drive for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port F bit n.
1 High output drive strength selected for port F bit n.
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Port G Registers

Port G is controlled by the registers listed below.

6.5.7.1 Port G Data Register (PTGD)
5 4 3 2 1 0
R 0 0
PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-42. Port G Data Register (PTGD)
Table 6-40. PTGD Register Field Descriptions
Field Description
5:0 Port G Data Register Bits — For port G pins that are inputs, reads return the logic level on the pin. For port G
PTGDI5:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port G pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTGD to all 0s, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.5.7.2 Port G Data Direction Register (PTGDD)
5 4 3 2 1 0
R 0 0
PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDDO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-43. Port G Data Direction Register (PTGDD)
Table 6-41. PTGDD Register Field Descriptions
Field Description
5:0 Data Direction for Port G Bits — These read/write bits control the direction of port G pins and what is read for
PTGDDI[5:0] [PTGD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port G bit n and PTGD reads return the contents of PTGDn.
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6.5.7.3 Port G Pull Enable Register (PTGPE)
5 4 3 2 1 0
R 0 0
PTGPES PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPEO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-44. Internal Pull Enable for Port G Register (PTGPE)
Table 6-42. PTGPE Register Field Descriptions
Field Description
5.0 Internal Pull Enable for Port G Bits — Each of these control bits determines if the internal pull-up device is
PTGPE[5:0] | enabled for the associated PTG pin. For port G pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port G bit n.
1 Internal pull-up device enabled for port G bit n.
NOTE
Pull-down devices only apply when using pin interrupt functions, when
corresponding edge select and pin select functions are configured.
6.5.7.4 Port G Slew Rate Enable Register (PTGSE)
5 4 3 2 1 0
R 0 0
PTGSES PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSEO
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 6-45. Slew Rate Enable for Port G Register (PTGSE)
Table 6-43. PTGSE Register Field Descriptions
Field Description
5:0 Output Slew Rate Enable for Port G Bits — Each of these control bits determines if the output slew rate control
PTGSE[5:0] |is enabled for the associated PTG pin. For port G pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port G bit n.
1 Output slew rate control enabled for port G bit n.

Note: Slew rate reset default values may differ between engineering samples and final production parts. Always initialize slew
rate control to the desired value to ensure correct operation.
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6.5.7.5 Port G Drive Strength Selection Register (PTGDS)

5 4 3 2 1 0
R 0 0
PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDSO
w
Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-46. Drive Strength Selection for Port G Register (PTGDS)
Table 6-44. PTGDS Register Field Descriptions

Field Description

5.0 Output Drive Strength Selection for Port G Bits — Each of these control bits selects between low and high
PTGDS[5:0 |output drive for the associated PTG pin. For port G pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port G bit n.

1 High output drive strength selected for port G bit n.
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Chapter 7
Central Processor Unit (S08CPUV3)

7.1 Introduction

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

The HCS08 CPU is fully source- and object-code-compatible with the M68HC08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
anew background debug system which replaces the monitor mode of earlier M68HCO8 microcontrollers
(MCU).

7.1.1 Features

Features of the HCS08 CPU include:
*  Object code fully upward-compatible with M68HCO05 and M68HCO08 Families
» All registers and memory are mapped to a single 64-Kbyte address space
» 16-hit stack pointer (any size stack anywhere in 64-K byte address space)
* 16-bit index register (H:X) with powerful indexed addressing modes
* 8-bit accumulator (A)
* Many instructionstreat X as a second general-purpose 8-bit register
*  Seven addressing modes:
— Inherent — Operandsin internal registers
— Relative — 8-hit signed offset to branch destination
— Immediate — Operand in next object code byte(s)
— Direct — Operand in memory at 0x0000-0x00FF
— Extended — Operand anywhere in 64-K byte address space
— Indexed relative to H: X — Five submodes including auto increment
— Indexed relative to SP — Improves C efficiency dramatically
* Memory-to-memory data move instructions with four address mode combinations

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

» Efficient bit manipulation instructions
» Fast 8-hit by 8-bit multiply and 16-bit by 8-bit divide instructions
e STOP and WAIT instructions to invoke low-power operating modes

MC9S08DEG60 Series Data Sheet, Rev. 3
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Chapter 7 Central Processor Unit (SO8CPUV3)

7.2  Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

15 8 7 0
[ STACKPOINTER = = = . | sp
15 0
L. .. PROGRAMCOUNTER . . | PC
7 0
CONDITION CODEREGISTER [V 1 1 H | N Z C| CCR
CARRY
L 7ERO
NEGATIVE
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)

TWO’'S COMPLEMENT OVERFLOW
Figure 7-1. CPU Registers

7.2.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit
(ALU) is connected to the accumul ator and the ALU results are often stored into the A accumulator after
arithmetic and logical operations. The accumulator can be loaded from memory using various addressing
modes to specify the address where the |loaded data comes from, or the contents of A can be stored to
memory using various addressing modes to specify the address where data from A will be stored.

Reset has no effect on the contents of the A accumul ator.

7.2.2 Index Register (H:X)

This16-bit register isactually two separate 8-bit registers (H and X), which often work together asa 16-bit
address pointer where H holds the upper byte of an address and X holds the lower byte of the address. All
indexed addressing mode instructions use the full 16-bit value in H: X as an index reference pointer;
however, for compatibility with the earlier M68HCO5 Family, some instructions operate only on the
low-order 8-bit half (X).

Many instructions treat X as a second general-purpose 8-bit register that can be used to hold 8-bit data
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer
instructionsallow datato betransferred from A or transferred to A where arithmetic and logical operations
can then be performed.

For compatibility with the earlier M68HCO5 Family, H isforced to Ox00 during reset. Reset has no effect
on the contents of X.
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7.2.3 Stack Pointer (SP)

This 16-bit address pointer register points at the next available location on the automatic last-in-first-out
(L1FO) stack. The stack may be located anywhere in the 64-Kbyte address space that has RAM and can
be any size up to the amount of available RAM. The stack is used to automatically save the return address
for subroutine calls, the return address and CPU registers during interrupts, and for local variables. The
AlS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. Thisis most
often used to allocate or deallocate space for local variables on the stack.

SPisforced to OXOOFF at reset for compatibility with the earlier M68HCO5 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to OXO0FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCO5 Family and
is seldom used in new HCS08 programs because it only affects the low-order half of the stack pointer.

7.2.4 Program Counter (PC)

The program counter is a 16-bit register that contains the address of the next instruction or operand to be
fetched.

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

During reset, the program counter isloaded with the reset vector that islocated at OXFFFE and OxFFFF.
The vector stored there is the address of the first instruction that will be executed after exiting the reset
State.

7.2.5 Condition Code Register (CCR)

The 8-bit condition code register contains the interrupt mask (I) and five flags that indicate the results of
the instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code bitsin general terms. For a more detailed explanation of how each
instruction sets the CCR bits, refer to the HCS08 Family Reference Manual, volume 1, Freescale
Semiconductor document order number HCSO8RMv 1.
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7 0
CONDITION CODE REGISTER [V "1 "1 H | N Z C| CCR

CARRY
——ZERO
NEGATIVE
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
TWO'S COMPLEMENT OVERFLOW

Figure 7-2. Condition Code Register

Table 7-1. CCR Register Field Descriptions

Field Description
7 Two’s Complement Overflow Flag — The CPU sets the overflow flag when a two’s complement overflow occurs.
\% The signed branch instructions BGT, BGE, BLE, and BLT use the overflow flag.
0 No overflow
1 Overflow
4 Half-Carry Flag — The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during
H an add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for binary-coded

decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and C condition code bits to
automatically add a correction value to the result from a previous ADD or ADC on BCD operands to correct the
result to a valid BCD value.

0 No carry between bits 3 and 4

1 Carry between bits 3 and 4

3 Interrupt Mask Bit — When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts
| are enabled when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the first instruction of the interrupt service
routine is executed.

Interrupts are not recognized at the instruction boundary after any instruction that clears | (CLI or TAP). This
ensures that the next instruction after a CLI or TAP will always be executed without the possibility of an intervening
interrupt, provided | was set.

0 Interrupts enabled

1 Interrupts disabled

2 Negative Flag — The CPU sets the negative flag when an arithmetic operation, logic operation, or data

N manipulation produces a negative result, setting bit 7 of the result. Simply loading or storing an 8-bit or 16-bit value
causes N to be set if the most significant bit of the loaded or stored value was 1.

0 Non-negative result

1 Negative result

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

0 Non-zero result

1 Zero result

0 Carry/Borrow Flag — The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit
C 7 of the accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test and
branch, shift, and rotate — also clear or set the carry/borrow flag.

0 No carry out of bit 7

1 Carry out of bit 7
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7.3  Addressing Modes

Addressing modes define the way the CPU accesses operands and data. In the HCS08, all memory, status
and control registers, and input/output (1/0) ports share asingle 64-Kbyte linear address space so a 16-bit
binary address can uniquely identify any memory location. This arrangement means that the same
instructionsthat accessvariablesin RAM can al so be used to access 1/0O and control registersor nonvolatile
program space.

Some instructions use more than one addressing mode. For instance, moveinstructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such asBRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify thelocation
of an operand for atest and then use relative addressing mode to specify the branch destination address
when the tested condition istrue. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode isimplied for the branch destination.

7.3.1 Inherent Addressing Mode (INH)

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

7.3.2 Relative Addressing Mode (REL)

Relative addressing mode is used to specify the destination location for branch instructions. A signed 8-bit
offset valueislocated in the memory location immediately following the opcode. During execution, if the
branch condition istrue, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction isincluded in the object
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand,
the high-order byteislocated in the next memory location after the opcode, and the low-order byteis
located in the next memory location after that.

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an addressin the direct page
(Ox0000—0x00FF). During execution a 16-bit addressis formed by concatenating an implied 0x00 for the
high-order half of the address and the direct address from the instruction to get the 16-bit address where

the desired operand islocated. Thisisfaster and more memory efficient than specifying a complete 16-bit
address for the operand.
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7.3.5 Extended Addressing Mode (EXT)

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

7.3.6 Indexed Addressing Mode

Indexed addressing mode has seven variationsincluding five that use the 16-bit H: X index register pair and
two that use the stack pointer as the base reference.

7.3.6.1 Indexed, No Offset (IX)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair as the address of
the operand needed to complete the instruction.

7.3.6.2 Indexed, No Offset with Post Increment (1X+)

Thisvariation of indexed addressing uses the 16-bit value in the H:X index register pair as the address of
the operand needed to complete the instruction. The index register pair is then incremented

(H:X = H:X + 0x0001) after the operand has been fetched. This addressing mode is only used for MOV
and CBEQ instructions.

7.3.6.3 Indexed, 8-Bit Offset (1X1)
Thisvariation of indexed addressing uses the 16-bit value in the H:X index register pair plus an unsigned
8-bit offset included in the instruction as the address of the operand needed to complete the instruction.

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

Thisvariation of indexed addressing uses the 16-bit value in the H:X index register pair plus an unsigned
8-bit offset included in the instruction as the address of the operand needed to complete the instruction.
Theindex register pair isthenincremented (H: X = H:X + 0x0001) after the operand has been fetched. This
addressing mode is used only for the CBEQ instruction.

7.3.6.5  Indexed, 16-Bit Offset (IX2)

Thisvariation of indexed addressing usesthe 16-bit valuein the H: X index register pair plusa 16-bit offset
included in the instruction as the address of the operand needed to complete the instruction.

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

This variation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus an unsigned 8-bit
offset included in the instruction as the address of the operand needed to complete the instruction.
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7.3.6.7 SP-Relative, 16-Bit Offset (SP2)

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

7.4  Special Operations

The CPU performs afew special operations that are similar to instructions but do not have opcodes like
other CPU instructions. In addition, afew instructions such as STOP and WAIT directly affect other MCU
circuitry. This section provides additional information about these operations.

7.4.1 Reset Sequence

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

The reset event is considered concluded when the sequence to determine whether the reset came from an
internal sourceis done and when the reset pinisno longer asserted. At the conclusion of areset event, the
CPU performs a 6-cycle sequence to fetch the reset vector from OxFFFE and OxFFFF and to fill the
instruction queue in preparation for execution of the first program instruction.

71.4.2 Interrupt Sequence

When an interrupt is requested, the CPU completes the current instruction before responding to the
interrupt. At this point, the program counter is pointing at the start of the next instruction, which iswhere
the CPU should return after servicing the interrupt. The CPU responds to an interrupt by performing the
same sequence of operations as for a software interrupt (SWI) instruction, except the address used for the
vector fetch is determined by the highest priority interrupt that is pending when the interrupt sequence
started.

The CPU sequence for an interrupt is:

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

Set the | bit in the CCR.

Fetch the high-order half of the interrupt vector.

Fetch the low-order half of the interrupt vector.

Delay for one free bus cycle.

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

After the CCR contents are pushed onto the stack, the | bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the | bit with an instruction in the

o gk wbdrE
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interrupt service routine, this would allow nesting of interrupts (which is not recommended because it
leads to programs that are difficult to debug and maintain).

For compatibility with the earlier M68HC05 M CUs, the high-order half of the H: X index register pair (H)
is not saved on the stack as part of the interrupt sequence. The user must use a PSHH instruction at the
beginning of the service routine to save H and then use a PULH instruction just before the RTI that ends
theinterrupt serviceroutine. It isnot necessary to save H if you are certain that the interrupt serviceroutine
does not use any instructions or auto-increment addressing modes that might change the value of H.

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

7.4.3 Wait Mode Operation

The WAIT instruction enables interrupts by clearing the | bit in the CCR. It then halts the clocks to the
CPU to reduce overall power consumption while the CPU iswaiting for the interrupt or reset event that
will wake the CPU from wait mode. When an interrupt or reset event occurs, the CPU clocks will resume
and the interrupt or reset event will be processed normally.

If aserial BACKGROUND command isissued to the M CU through the background debug interface while
the CPU isinwait mode, CPU clockswill resume and the CPU will enter active background mode where
other serial background commands can be processed. Thisensuresthat ahost devel opment system can still
gain accessto atarget MCU evenif itisin wait mode.

7.4.4 Stop Mode Operation

Usualy, all system clocks, including the crystal oscillator (when used), are halted during stop mode to
minimize power consumption. In such systems, external circuitry is needed to control the time spent in
stop mode and to issue a signal to wake up the target MCU when it is time to resume processing. Unlike
the earlier M68HCO05 and M68HC08 M CUs, the HCS08 can be configured to keep a minimum set of
clocks running in stop mode. This optionally allows an internal periodic signal to wake the target MCU
from stop mode.

When a host debug system is connected to the background debug pin (BKGD) and the ENBDM control
bit has been set by a serial command through the background interface (or because the M CU was reset into
active background mode), the oscillator isforced to remain active when the M CU enters stop mode. Inthis
case, if aserial BACKGROUND command isissued to the MCU through the background debug interface
while the CPU isin stop mode, CPU clocks will resume and the CPU will enter active background mode
where other seria background commands can be processed. This ensures that a host devel opment system
can still gain access to atarget MCU eveniif it isin stop mode.

Recovery from stop mode depends on the particular HCS08 and whether the oscillator was stopped in stop
mode. Refer to the Modes of Operation chapter for more details.
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7.4.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HCO08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEL, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGND opcode. When the program reachesthis breakpoint address, the CPU isforced to active background
mode rather than continuing the user program.
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7.5

HCSO08 Instruction Set Summary

Table 7-2 provides a summary of the HCS08 instruction set in al possible addressing modes. The table
shows operand construction, execution timein internal bus clock cycles, and cycle-by-cycle details for
each addressing mode variation of each instruction.

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

2 @ Affect
Sggrrnae Operation g_é Object Code | S Cylgt-e?gi-lcs,:yc on CCR
2 O VI1H|INZC
ADC #opr8i IMM A9 i 2 |pp
ADC opr8a DIR B9 dd 3 |rpp
ADC oprl6a EXT C9 hh |1 4 |prpp
ADC oprx16,X Add with Carry 1X2 D9 ee ff 4  |prpp t111]-111
ADC oprx8,X A« (A)+ (M) + (C) IX1 E9 ff 3 |[rpp M M
ADC X IX F9 3 |rfp
ADC oprx16,SP SP2 9E D9 ee ff 5 |pprpp
ADC oprx8,SP SP1 9E E9 ff 4 |prpp
ADD #opr8i IMM ABii 2 |pp
ADD opr8a DIR BB dd 3 |rpp
ADD oprl6a EXT CB hh || 4 |prpp
ADD oprx16,X Add without Carry IX2 DB ee ff 4 |prpp t111|o111
ADD oprx8,X A« (A) + (M) IX1 EB ff 3 |rpp M
ADD X IX FB 3 [rfp
ADD oprx16,SP SP2 9E DB ee ff 5 |pprpp
ADD oprx8,SP SP1 9E EB ff 4  |prpp
Add Immediate Value (Signed) to
AIS #opr8i Stack Pointer IMM A7 i 2 |pp -11—-(----
SP « (SP) + (M)
Add Immediate Value (Signed) to
AlX #opr8i Index Register (H:X) IMM AF i 2 |pp -11—-(----
H:X « (H:X) + (M)
AND #opr8i IMM Adii 2 |pp
AND opr8a DIR B4 dd 3 |rpp
AND oprl6a EXT C4 hh |1 4  |prpp
AND oprx16,X Logical AND X2 D4 ee ff 4 |prpp 011_|-11-
AND oprx8,X A« (A) & (M) IX1 E4 ff 3 |rpp M
AND X IX F4 3 |rfp
AND oprx16,SP SP2 9E D4 ee ff 5 |pprpp
AND oprx8,SP SP1 9E E4 ff 4 |prpp
ASL opr8a Arithmetic Shift Left DIR 38 dd 5 |rfwpp
ASLA INH 48 1 |p
ASLX C{IITTITT]=0 INH 58 Lop P11 -|-111
ASL oprx8,X b7 bo X1 68 ff 5 |[rfwpp
ASL X IX 78 4 |rfwp
ASL oprx8,SP (Same as LSL) SP1 9E 68 ff 6 |prfwp
ASR opr8a ) ) o DIR 37 dd 5 |rfwpp
ASRA Arithmetic Shift nght INH 47 1 p
ASRX — INH 57 1 |p t11-|-111
ASR oprx8,X L. p=[C] IX1 67 ff 5 |[rfwpp
ASR X b7 bo IX 77 4 |rfwp
ASR oprx8,SP SP1 9E 67 ff 6 |prfwop
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Chapter 7 Central Processor Unit (SO8CPUV3)

2o ” Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %§ Object Code S Details
< O V1I1H|INZC
Branch if Carry Bit Clear
BCC rel (fC=0) REL 24 rr 3 |ppp -11 - ==
DIR (b0) 11 dd 5 |[rfwpp
DIR (bl) 13 dd 5 |rfwpp
DIR (b2) 15 dd 5 |rfwpp
Clear Bit n in Memory DIR (b3) 17 dd 5 |[rfwpp _ o
BCLR n.opréa (Mn < 0) DIR (b4) 19 dd 5 |rfwp 11
DIR (b5) 1B dd 5 |rfwpp
DIR (b6) 1D dd 5 |[rfwpp
DIR (b7) 1F dd 5 |rfwpp
Branch if Carry Bit Set (if C = 1)
BCS rel (Same as BLO) REL 25 rr 3 |ppp -11 - - -
BEQ rel Branch if Equal (if Z = 1) REL 27 rr 3 |ppp -11 - ==
Branch if Greater Than or Equal To
BGE rel (if N ®V = 0) (Signed) REL 90 rr 3 |ppp -11 - - -
Enter active background if ENBDM=1
BGND Waits for and processes BDM commands INH 82 5+ |fp...ppp -11 - ==
until GO, TRACEL1, or TAGGO
Branch if Greater Than (if Z| (N ® V) =0) B o
BGT rel (Signed) REL 92 rr 3 |ppp 11
BHCC rel Branch if Half Carry Bit Clear (if H = 0) REL 28 rr 3 |ppp -11 - ==
BHCS rel Branch if Half Carry Bit Set (if H = 1) REL 29 rr 3 |ppp -11 - ==
BHI rel Branch if Higher (if C | Z = 0) REL 22 rr 3 |ppp -11 - - =
Branch if Higher or Same (if C = 0)
BHS rel (Same as BCC) REL 24 rr 3 |ppp -11 - ==
BIH rel Branch if IRQ Pin High (if IRQ pin = 1) REL 2F rr 3 |ppp -11 - - -
BIL rel Branch if IRQ Pin Low (if IRQ pin = 0) REL 2E rr 3 |ppp -11 - ==
BIT #opr8i IMM A5 i 2 |pp
BIT opr8a DIR B5 dd 3 |rpp
BIT oprl6a Bit Test EXT C5 hh || 4 |prpp
BIT oprx16,X IX2 D5 ee ff 4 |prpp
BIT oprx8,X (A) & (M) IX1 E5 ff 3 |[rpp 011 i
BIT X (CCR Updated but Operands Not Changed) IX Fs5 3 |rfp
BIT oprx16,SP SP2 9E D5 ee ff 5 |pprpp
BIT oprx8,SP SP1 9E E5 ff 4  |prpp
Branch if Less Than or Equal To
BLE rel (fZ| (N ® V) = 1) (Signed) REL 93 rr 3 |ppp -11 - - =
BLO rel Branch if Lower (if C = 1) (Same as BCS) REL 25 rr 3 |ppp -11 - - -
BLS rel Branch if Lower or Same (if C| Z=1) REL 23 rr 3 |ppp -11 - ==
BLT rel Branch if Less Than (if N @ V = 1) (Signed) |REL 91 rr 3 |ppp -11 - ==
BMC rel Branch if Interrupt Mask Clear (if | = 0) REL 2Crr 3 |ppp -11 - - -
BMI rel Branch if Minus (if N = 1) REL 2B rr 3 |ppp -11 - ==
BMS rel Branch if Interrupt Mask Set (if | = 1) REL 2Drr 3 |ppp -11 - ==
BNE rel Branch if Not Equal (if Z = 0) REL 26 rr 3 |ppp -11 - - -
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Table 7-2. Instruction Set Summary (Sheet 3 of 9)

2o ” Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %§ Object Code S Details
< O V1I1H|INZC
BPL rel Branch if Plus (if N = 0) REL 2Arr 3 |ppp -11—-(-=---
BRA rel Branch Always (if | = 1) REL 20 rr 3 |ppp -11—-|----
DIR (b0) 01 dd rr 5 |rpppp
DIR (bl) 03 dd rr 5 |rpppp
DIR (b2) 05 dd rr 5 |rpppp
e ) _ DIR (b3) 07 dd rr 5 |rpppp
BRCLR n,opr8a,rel |Branch if Bit n in Memory Clear (if (Mn) = 0) DIR (b4) 09 dd rr 5 |rpppp -11-(---1
DIR (b5) OB dd rr 5 |rpppp
DIR (b6) oD dd rr 5 |rpppp
DIR (b7) OF dd rr 5 |rpppp
BRN rel Branch Never (if | = 0) REL 21 rr 3 |ppp -11—-(-=---
DIR (b0) 00 dd rr 5 |rpppp
DIR (bl) 02 dd rr 5 |rpppp
DIR (b2) 04 dd rr 5 |rpppp
[ ) _ DIR (b3) 06 dd rr 5 |rpppp _ o
BRSET n,opr8a,rel |Branch if Bit n in Memory Set (if (Mn) = 1) DIR (b4) 08 dd rr 5 |rpppp 11 !
DIR (b5) OAdd rr 5 |rpppp
DIR (b6) ocdd rr 5 |rpppp
DIR (b7) OE dd rr 5 |rpppp
DIR (b0) 10 dd 5 |rfwpp
DIR (b1) 12 dd 5 |[rfwpp
DIR (b2) 14 dd 5 |rfwpp
Lo DIR (b3) 16 dd 5 |[rfwpp
BSET n,opr8a Set Bit n in Memory (Mn « 1) DIR (b4) 18 dd 5 |rfwop -11—-|-=--=
DIR (b5) 1A dd 5 |rfwpp
DIR (b6) 1C dd 5 |rfwpp
DIR (b7) 1E dd 5 |[rfwpp
Branch to Subroutine
PC « (PC) + $0002
BSR rel push (PCL); SP « (SP) — $0001 REL ADrr 5 |ssppp -11—-|---=
push (PCH); SP « (SP) — $0001
PC « (PC) +rel
CBEQ opr8a,rel Compare and... Branch if (A) = (M) DIR 31 dd rr 5 |rpppp
CBEQA #opr8i,rel Branch if (A) = (M) IMM 41 i rr 4  |pppp
CBEQX #opr8i,rel Branch if (X) = (M) IMM 51 ii rr 4 |pppp 11—
CBEQ oprx8,X+,rel Branch if (A) = (M) IX1+ 61 ff rr 5 |rpppp
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71rr 5 |rfppp
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E 61 ff rr 6 |prpppp
CLC Clear Carry Bit (C « 0) INH 98 1 |p -11-|---0
CLI Clear Interrupt Mask Bit (I < 0) INH 9A 1 |p -11-({0---
CLR opr8a Clear M « $00 DIR 3F dd 5 |[rfwpp
CLRA A « $00 INH 4F 1 |p
CLRX X « $00 INH 5F 1 |p
CLRH H « $00 INH 8C 1 |p 011-|-01-
CLR oprx8,X M « $00 IX1 6F ff 5 |[rfwpp
CLR X M « $00 IX 7F 4 |rfwp
CLR oprx8,SP M « $00 SP1 9E 6F ff 6 |prfwpp
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2o n Affect
. (] . 1} -bv-
S,?grrr%e Operation 58 | Object Code S Cyselgilcsiyc on CCR
3= O VI1H|INZC
CMP #opr8i IMM Al i 2 |pp
CMP opr8a DIR Bl dd 3 |rpp
CMP oprléa . EXT Cl hh I 4 |prpp
CMP 0prx16,X Compare Accumulator with Memory IX2 Dl ee ff 4 |prpp
CMP oprx8,X A-M IX1 E1 ff 3 |rpp Pl —--t0d
CMP X (CCR Updated But Operands Not Changed) IX Fl 3 |rfp
CMP oprx16,SP SP2 9E D1 ee ff 5 |pprpp
CMP oprx8,SP SP1 9E E1 ff 4  |prpp
COM opr8a Complement M « (M)= $FF — (M) |DIR 33 dd 5 |rfwpp
COMA (One’s Complement) A « (A) = $FF—(A) |INH 43 1 |p
COMX X (X)=$FF—(X) |INH 53 1 |p 011-|-111
COM oprx8,X M« (M) = $FF — (M) |IX1 63 ff 5 |rfwpp
COM X M« (M) = $FF — (M) |IX 73 4 |rfwp
COM oprx8,SP M « (M) = $FF — (M) |SP1 9E 63 ff 6 |prfwop
CPHX opr16a_ Compare Index Register (H:X) with Memory EXT 3E hh H 6 |prripp
CPHX #oprl16i } . IMM 65 jj kk 3 |ppp
(H:X) — (M:M + $0001) T11-(-117
CPHX oprga (CCR Updated But Operands Not Changed) DIR 75 dd 5 |rripp
CPHX oprx8,SP P P 9% Isp1 9E F3 ff 6 |prrpp
CPX #opr8i IMM A3 i 2 |pp
CPX opr8a DIR B3 dd 3 |rpp
CPX oprl6a Compare X (Index Register Low) with EXT C3 hh | 4 |prpp
CPX oprx16,X Memory X2 D3 ee ff 4 |prpp $11-|-111
CPX oprx8,X X-M X1 E3 ff 3 |rpp
CPX X (CCR Updated But Operands Not Changed) |IX F3 3 |rfp
CPX oprx16,SP SP2 9E D3 ee ff 5 |pprpp
CPX oprx8,SP SP1 9E E3 ff 4  |prpp
Decimal Adjust Accumulator
DAA After ADD or ADC of BCD Values INH 2 e Ul1-1-112
DBNZ opr8a,rel DIR 3Bdd rr 7 |rfwoppp
DBNZA rel . INH 4B rr 4 |f ppp
DBNZX rel I?ecrement A, X, or M and Branch if Not Zero INH 5B rr 4 |fppp
(if (result) = 0) -11—-(-=---
DBNZ oprx8,X,rel DBNZX Affects X Not H IX1 6B ff rr 7 |rfwoppp
DBNzZ X,rel IX B rr 6 |rfwppp
DBNZ oprx8,SP,rel SP1 9E 6B ff rr 8 |prfwpppp
DEC opr8a Decrement M « (M)-$01 DIR 3A dd 5 |rfwpp
DECA A« (A)-$01 INH 4A 1 |p
DECX X« (X) - $01 INH 5A 1 |p 111 -|-311-
DEC oprx8,X M« (M) —$01 IX1 6A ff 5 |rfwpp M
DEC X M « (M) — $01 IX 7A 4 |rfwp
DEC oprx8,SP M « (M) — $01 SP1 9E 6A ff 6 |prfwop
Divide
DIV A « (H:A)+(X); H « Remainder INH 52 6 |fffffp S It
EOR #opr8i Exclusive OR Memory with Accumulator IMM A8 ii 2 |pp
EOR opr8a A—(A®M) DIR B8 dd 3 |rpp
EOR oprl6a EXT C8 hh |1 4 |prpp
EOR oprx16,X X2 D8 ee ff 4 |prpp 011_|-11-
EOR oprx8,X X1 E8 ff 3 |rpp
EOR X IX F8 3 |rfp
EOR oprx16,SP SP2 9E D8 ee ff 5 |pprpp
EOR oprx8,SP SP1 9E E8 ff 4  |prpp
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Table 7-2. Instruction Set Summary (Sheet 5 of 9)

g ° @ Affect
S,?grrr%e Operation gé Object Code | g Cyselgilcsiyc on CCR
2 O VI1H|INZC
INC opr8a Increment M « (M) + $01 DIR 3C dd 5 |[rfwpp
INCA A« (A) + $01 INH 4C 1 |p
INCX X « (X) + $01 INH 5C 1 |p t11-|-11-
INC oprx8,X M « (M) + $01 IX1 6C ff 5 |[rfwpp v
INC X M « (M) + $01 IX 7C 4 |rfwp
INC oprx8,SP M « (M) + $01 SP1 9E 6C ff 6 |prfwp
JMP opr8a DIR BC dd 3 |ppp
JMP oprl6a Jump EXT CC hh Llf 4  |pppp
JMP oprx16,X 1X2 DC ee 4 |pppp -11-|-=---
IMP 0prx8,X PC « Jump Address IX1 EC ff 3 |ppp
JMP X IX FC 3 |ppp
JSR opr8a Jump to Subroutine DIR BD dd 5 |ssppp
JSR oprléa PC« (PC)+n (n=1,2,0r3) EXT CD hh 11 6 |pssppp
JSR oprx16,X Push (PCL); SP « (SP) — $0001 IX2 DD ee ff 6 |pssppp -11—-|---=
JSR oprx8,X Push (PCH); SP « (SP) — $0001 IX1 ED ff 5 |ssppp
JSR X PC « Unconditional Address IX FD 5 |ssppp
LDA #opr8i IMM A6 i 2 |pp
LDA opr8a DIR B6 dd 3 |rpp
LDA oprl6a EXT C6 hh |1 4 |prpp
LDA oprx16,X Load Accumulator from Memory IX2 D6 ee ff 4  |prpp 011-|-11-
LDA oprx8,X A« (M) IX1 E6 ff 3 |rpp
LDA X IX F6 3 |rfp
LDA oprx16,SP SP2 9E D6 ee ff 5 |pprpp
LDA oprx8,SP SP1 9E E6 ff 4 |prpp
LDHX #oprl6i IMM 45 jj kk 3 |ppp
LDHX opr8a DIR 55 dd 4 |rrpp
LDHX oprl6a . . EXT 32 hh 11 5 |prrpp
LDHX X hf’;d&'”(ﬁ?(Mng'osé%rl()H'x) IX 9E AE 5 |prrfp 011-|-11-
LDHX oprx16,X ' ' IX2 9E BE ee ff 6 |pprrpp
LDHX oprx8,X IX1 9E CE ff 5 |prrpp
LDHX oprx8,SP SP1 9E FE ff 5 |prrpp
LDX #opr8i IMM AE ii 2 |pp
LDX opr8a DIR BE dd 3 |rpp
LDX oprl6a EXT CE hh |1 4 |prpp
LDX oprx16,X Load X (Index Register Low) from Memory  [IX2 DE ee ff 4  |prpp 011-|-11-
LDX oprx8,X X« (M) IX1 EE ff 3 |rpp
LDX X IX FE 3 |rfp
LDX oprx16,SP SP2 9E DE ee ff 5 |pprpp
LDX oprx8,SP SP1 9E EE ff 4 |prpp
LSL opr8a Logical Shift Left DIR 38 dd 5 |rfwpp
LSLA INH 48 1 |p
LSLX Cle{ ]I 1] =0 INH 58 1 |(p t11-|-111
LSL oprx8,X b7 b0 IX1 68 ff 5 |[rfwpp
LSL X IX 78 4 |rfwp
LSL oprx8,SP (Same as ASL) SP1 9E 68 ff 6 |prfwp
LSR opr8a . T DIR 34 dd 5 |rfwpp
LSRA Logical Shift Right INH a4 1 |p
LSRX —_—> INH 54 1 |p t11-|-01%3
LSR oprx8,X o—=[TTTTTTT}»>[C] IX1 64 ff 5 |rfwpp
LSR X b7 b0 IX 74 4 |rfwp
LSR oprx8,SP SP1 9E 64 ff 6 |prfwp
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Table 7-2. Instruction Set Summary (Sheet 6 of 9)

2o ” Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %§ Object Code S Details

< O V11H[INZC
MOV opr8a,opr8a Move DIR/DIR 4E dd dd 5 |rpwpp
MOV opr8a,X+ (M)gestination < (M)source DIR/IX+ 5E dd 5 |[rfwpp 011-|-11-
MOV #opr8i,opr8a |In IX+/DIR and DIR/IX+ Modes, IMM/DIR 6E ii dd 4 |[pwpp
MOV ,X+,0pr8a H:X « (H:X) + $0001 IX+/DIR 7E dd 5 |[rfwpp

Unsigned multiply
MUL X:A e (X) x (A) INH 42 5 |[ffffp -110|---0
NEG opr8a Negate M « — (M) = $00 — (M) |DIR 30 dd 5 |[rfwpp
NEGA (Two’s Complement) A « —(A) =$00 - (A) |INH 40 1 |p
NEGX X e —(X)=$00—(X) [INH 50 1 |p P B
NEG oprx8,X M « — (M) = $00 — (M) | IX1 60 ff 5 |[rfwpp
NEG ,X M « — (M) = $00 — (M) |IX 70 4 |rfwp
NEG oprx8,SP M « — (M) = $00 — (M) |SP1 9E 60 ff 6 |prfwpp
NOP No Operation — Uses 1 Bus Cycle INH 9D 1 |p -11—-(-=---
Nibble Swap Accumulator

NSA A o (ABOJA[T4]) INH 62 1 |p —11-|----
ORA #opr8i IMM AA 2 |pp
ORA opr8a DIR BA dd 3 |rpp
ORA oprl6a EXT CA hh || 4 |prpp
ORA o0prx16,X Inclusive OR Accumulator and Memory IX2 DA ee ff 4 |prpp 011-|-172_
ORA oprx8,X A< (A)] (M) IX1 EA ff 3 |rpp
ORA X IX FA 3 |rfp
ORA oprx16,SP SP2 9E DA ee ff 5 |pprpp
ORA o0prx8,SP SP1 9E EA ff 4  |prpp

Push Accumulator onto Stack
PSHA Push (A); SP « (SP) — $0001 INH 87 2 |sp —ll-l----

Push H (Index Register High) onto Stack

PSHH Push (H); SP « (SP) — $0001

INH 8B 2 |sp -11—-(-=---

Push X (Index Register Low) onto Stack

PSHX Push (X); SP  (SP) — $0001

INH 89 2 |sp —11-|-—---

Pull Accumulator from Stack
PULA SP « (SP +$0001); Pull (A) INH 86 3 |ufp —11-|----

Pull H (Index Register High) from Stack

PULH SP « (SP +$0001); Pull (H) INH 8A 3 |ufp Bl I
Pull X (Index Register Low) from Stack
PULX SP « (SP + $0001); Pull (X) INH 88 3 |ufp i
ROL opr8a Rotate Left through Carry DIR 39 dd 5 |rfwpp
ROLA INH 49 1 |p
ROLX INH 59 1 |p t11-|-113
ROL oprx8,X L" (TTTTTTT] IX1 69 ff 5 |rfwpp
ROL ,X b7 b0 IX 79 4 |rfwp
ROL oprx8,SP SP1 9E 69 ff 6 |prfwpp
ROR opr8a Rotate Right through Carry DIR 36 dd 5 |rfwpp
RORA INH 46 1 |(p
RORX INH 56 1 (p
ROR Opr&.X e X1 6611 | 5 |rtwpp Pii--tid
ROR ,X b7 b0 IX 76 4 |rfwp
ROR oprx8,SP SP1 9E 66 ff 6 |prfwpp
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Chapter 7 Central Processor Unit (SO8CPUV3)

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

2o ” Affect
Source : o : @ Cyc-by-Cyc on CCR
Operation =5 Object Code | © :
Form Ss 3 Details
< V11H[INZC
Reset Stack Pointer (Low Byte)
RSP SPL « $FF INH 9C 1 (p -11-|--
(High Byte Not Affected)
Return from Interrupt
SP « (SP) + $0001; Pull (CCR)
SP « (SP) + $0001; Pull (A) IR
RTI SP < (SP) + $0001. Pull (X) INH 80 9 |uuuuuf ppp 71171t
SP « (SP) + $0001; Pull (PCH)
SP « (SP) + $0001; Pull (PCL)
Return from Subroutine
RTS SP « SP + $0001; Pull (PCH) INH 81 5 |uf ppp —11-|--
SP « SP + $0001; Pull (PCL)
SBC #opr8i IMM A2 ii 2 |pp
SBC opr8a DIR B2 dd 3 |rpp
SBC oprl6a EXT C2 hh |1 4 |prpp
SBC oprx16,X Subtract with Carry IX2 D2 ee ff 4  |prpp t11-|-11
SBC oprx8,X A< (A)—(M)—(C) IX1 E2 ff 3 |(rpp
SBC X IX F2 3 |rfp
SBC oprx16,SP SP2 9E D2 ee ff 5 |[pprpp
SBC oprx8,SP SP1 9E E2 ff 4 |prpp
Set Carry Bit
SEC (C 1) INH 99 1 |p -11-|--
SEI Set Interrupt Mask Bit INH 9B 1 |p _11-]1-
(I<1)
STA opr8a DIR B7 dd 3 |wpp
STA oprl6a EXT C7 hh |1 4 [pwpp
STA oprx16,X . X2 D7 ee ff 4  [pwpp
STA oprx8,X ’\S/ltcie(ﬁ)ccumulator in Memory IX1 E7 ff 3 |wpp 011—|-1
STA X IX F7 2 |wp
STA oprx16,SP SP2 9E D7 ee ff 5 |ppwpp
STA oprx8,SP SP1 9E E7 ff 4 [pwpp
STHX opr8a . DIR 35 dd 4 |wwpp
STHX opri6a (S,\;O,r\j f;éggf)e: R(E?’)'g) EXT 96 hh 11| 5 |pwapp 011-[-11-
STHX oprx8,SP ' ’ SP1 9E FF ff 5 |pwwpp
Enable Interrupts: Stop Processing
STOP Refer to MCU Documentation INH 8E 2 |fp... -11-|0-
| bit < 0; Stop Processing
STX opr8a DIR BF dd 3 |wpp
STX oprléa EXT CF hh || 4 |[pwpp
STX oprx16,X Store X (Low 8 Bits of Index Register) IX2 DF ee ff 4 |pwpp
STX oprx8,X in Memory IX1 EF ff 3 |wpp 011-|-17-
STX X M « (X) IX FF 2 |wp
STX oprx16,SP SP2 9E DF ee ff 5 |ppwpp
STX oprx8,SP SP1 9E EF ff 4 [pwpp
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Table 7-2. Instruction Set Summary (Sheet 8 of 9)

Chapter 7 Central Processor Unit (SO8CPUV3)

2o ” Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %§ Object Code S Details
< © V11H|INZC

SUB #opr8i IMM AO i 2 |pp
SUB opr8a DIR BO dd 3 |rpp
SUB oprl6a EXT CO hh |1 4 |prpp
SUB oprx16,X Subtract IX2 DO ee ff 4 |prpp $11-|-111
SUB oprx8,X A« (A)-(M) IX1 EO ff 3 |rpp
SuB X IX FO 3 |rfp
SUB oprx16,SP SP2 9E DO ee ff 5 |pprpp
SUB oprx8,SP SP1 9E EO ff 4  |prpp

Software Interrupt

PC « (PC) + $0001

Push (PCL); SP « (SP) — $0001

Push (PCH); SP « (SP) — $0001

Push (X); SP « (SP) — $0001 _ R
SWI Push (A): SP « (SP) — $0001 INH 83 11 ([sssssvvfppp 11 1

Push (CCR); SP « (SP) — $0001

|« 1;

PCH « Interrupt Vector High Byte

PCL « Interrupt Vector Low Byte

Transfer Accumulator to CCR Al A a
TAP CCR « (A) INH 84 1 p O B Ol RO

Transfer Accumulator to X (Index Register
TAX Low) INH 97 1 |p -11—-(----

X« (A)

Transfer CCR to Accumulator
TPA A < (CCR) INH 85 1 |p -11—-(----
TST opr8a Test for Negative or Zero (M) — $00 DIR 3D dd 4 |(rfpp
TSTA (A) — $00 INH 4D 1 |p
TSTX (X) — $00 INH 5D 1 |p 011-|-172_
TST oprx8,X (M) — $00 IX1 6D ff 4 |rfpp
TST X (M) — $00 IX 7D 3 |rfp
TST oprx8,SP (M) — $00 SP1 9E 6D ff 5 |prfpp

Transfer SP to Index Reg.
TSX H:X < (SP) + $0001 INH 95 2 |fp -11-(----
TXA Transfer X (Index Reg. Low) to Accumulator INH 9F 1 |p C11 |-

A« (X)
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Chapter 7 Central Processor Unit (SO8CPUV3)

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

2o n Affect
Source : Qo : @ Cyc-by-Cyc on CCR
Form Operation %g Object Code S Details
< O V1I1H|INZC
Transfer Index Reg. to SP
TXS SP « (H:X) — $0001 INH 94 2 |fp -11-|----
Enable Interrupts; Wait for Interrupt
WAIT I bit < 0: Halt CPU INH 8F 2+ |fp... -11-|]0---

Source Form: Everything in the source forms columns, except expressions in italic characters, is literal information which must appear in the
assembly source file exactly as shown. The initial 3- to 5-letter mnemonic and the characters (#, () and +) are always a literal characters.
n Any label or expression that evaluates to a single integer in the range 0-7.
opr8i Any label or expression that evaluates to an 8-bit immediate value.

opri6i

Any label or expression that evaluates to a 16-bit immediate value.

opr8a  Any label or expression that evaluates to an 8-bit direct-page address ($00xx).
oprl6a Any label or expression that evaluates to a 16-bit address.
oprx8  Any label or expression that evaluates to an unsigned 8-bit value, used for indexed addressing.
oprx16 Any label or expression that evaluates to a 16-bit value, used for indexed addressing.

rel Any label or expression that refers to an address that is within —128 to +127 locations from the start of the next instruction.
Operation Symbols: Addressing Modes:
A Accumulator DIR  Direct addressing mode
CCR Condition code register EXT Extended addressing mode
H Index register high byte IMM  Immediate addressing mode
M Memory location INH  Inherent addressing mode
n Any bit IX Indexed, no offset addressing mode
opr  Operand (one or two bytes) IX1  Indexed, 8-bit offset addressing mode
PC Program counter IX2  Indexed, 16-bit offset addressing mode
PCH Program counter high byte IX+  Indexed, no offset, post increment addressing mode
PCL Program counter low byte IX1+ Indexed, 8-bit offset, post increment addressing mode
rel Relative program counter offset byte REL Relative addressing mode
SP Stack pointer SP1 Stack pointer, 8-bit offset addressing mode
SPL  Stack pointer low byte SP2  Stack pointer 16-bit offset addressing mode
X Index register low byte
& Logical AND Cycle-by-Cycle Codes_: o
| Logical OR f Free cycle. Thls indicates a cycle where the CPU
® Logical EXCLUSIVE OR does not require use of the system buses. An f
0 Contents of cycle is always one cycle of the system bus clock
N Add and is always a read cycle.
_ Subtract, Negation (two's complement) p Program_ fetch; read from next consecutive
% Multiply location in program memory
. Divide r Read 8-bit operand
# Immediate value s Push (write) one byte onto stack
- Loaded with u Pop (read) one byte from stack
. Concatenated with v Read vector from $FFxx (high byte first)
w Write 8-bit operand

CCR Bits:
\% Overflow bit
H Half-carry bit
| Interrupt mask
N Negative bit
z Zero bit
C Carry/borrow bit

CCR Effects:

!

u

Set or cleared
Not affected
Undefined
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-3. Opcode Map (Sheet 1 of 2)

Bit-Manipulation Branch Read-Modify-Write Control Register/Memory
00 5110 5 |20 3 (30 5 140 1150 1160 5170 4 (80 9 190 3 |A0 2 |BO 3 |Co 4 |DO 4 |EO 3 |FO 3
BRSETO| BSETO BRA NEG NEGA NEGX NEG NEG RTI BGE SuB SuB SuB SuB SuB SuB
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
01 5 (11 5121 3 (31 5 (41 4151 4 161 5 (71 5 (81 6 (91 3 |AL 2 (B1 3(c1 4 |D1 4 |E1 3 (F1 3
BRCLRO| BCLRO BRN CBEQ | CBEQA | CBEQX [ CBEQ CBEQ RTS BLT CMP CMP CMP CMP CMP CMP
3 DIR |2 DIR |2 REL |3 DIR |3 IMM |3 IMM |3 IX1+ |2 IX+ |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
02 5112 5 |22 3 (32 5142 5152 6 |62 1172 1182 5+ |92 3 |A2 2 |B2 3 |C2 4 |D2 4 |E2 3 |F2 3
BRSET1| BSET1 BHI LDHX MUL DIV NSA DAA BGND BGT SBC SBC SBC SBC SBC SBC
3 DIR |2 DIR |2 REL |3 EXT |1 INH |1 INH |1 INH |1 INH |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
03 5 (13 5123 33 5 (43 1 (53 1 (63 73 4183 11 (93 A3 B3 c3 D3 4 |E3 F3 3
BRCLR1| BCLR1 BLS COM COMA | COMX COM COM SWI BLE CPX CPX CPX CPX CPX CPX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
04 5114 5 |24 3 (34 44 1|54 1164 5174 4 (84 1194 2 A4 2 |B4 C4 D4 4 |E4 F4 3
BRSET2| BSET2 BCC LSR LSRA LSRX LSR LSR TAP TXS AND AND AND AND AND AND
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
05 5 (15 5125 3 (35 4 145 3 [55 4165 3 (75 5 (85 1(95 2 |A5 2 [B5 c5 4 |D E5 3 [F5 3
BRCLR2| BCLR2 BCS STHX LDHX LDHX CPHX CPHX TPA TSX BIT BIT BIT BIT BIT BIT
3 DIR |2 DIR |2 REL |2 DIR |3 IMM |2 DIR |3 IMM |2 DIR |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
06 5116 5 |26 3 (36 5 146 1|56 1166 5176 4 (86 3 (96 5 A6 2 |B6 3 |C6 4 | D6 4 |E6 3 |F6 3
BRSET3| BSET3 BNE ROR RORA RORX ROR ROR PULA STHX LDA LDA LDA LDA LDA LDA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |3 EXT |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
07 5 17 5 |27 3 (37 5 47 1 (57 1 (67 5 (77 4187 2 |97 1 |A7 2 [B7 3 |(c7 4 |D7 4 |E7 3 [F7 2
BRCLR3| BCLR3 BEQ ASR ASRA ASRX ASR ASR PSHA TAX AIS STA STA STA STA STA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
08 5118 5 |28 3 (38 5148 1158 1168 5178 4 (88 3 (98 1 (A8 2 |B8 3 |(C8 4 |D8 4 |E8 3 |F8 3
BRSET4| BSET4 | BHCC LSL LSLA LSLX LSL LSL PULX CLC EOR EOR EOR EOR EOR EOR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
09 5 (19 5129 3 (39 49 1 (59 1 (69 5 (79 4189 2 (99 1 |A9 2 (B9 c9 4 |D9 4 |E9 F9 3
BRCLR4| BCLR4 | BHCS ROL ROLA ROLX ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
0A 5 |1A 5 [2A 3 [3A 4A 1 |5A 1 |6A 5|7A 4 |8A 3 [9A 1 [AA BA CA 4 DA 4 [EA FA
BRSET5| BSET5 BPL DEC DECA DECX DEC DEC PULH CLI ORA ORA ORA ORA ORA ORA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH [2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
0B 5 (1B 5 12B 3 (3B 7 5B 4 |6B 7 6 (8B 2 (9B 1 |AB 2 (BB cB 4 |DB 4 |EB FB 3
BRCLR5| BCLR5 BMI DBNZ | DBNZA | DBNZX | DBNZ DBNZ PSHH SEI ADD ADD ADD ADD ADD ADD
3 DIR |2 DIR |2 REL |3 DIR |2 INH |2 INH |3 IX1 |2 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
oC 5 |1C 5 |2C 3 |3C 5 |4C 1 |5C 1|6C 5|7C 4 |8C 119C 1 BC 3 |CC 4 DC 4 [EC 3 |FC 3
BRSET6| BSET6 BMC INC INCA INCX INC INC CLRH RSP JMP JMP JMP JMP JMP
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH 2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
oD 5 (1D 5 |2D 3 (3D 4 14D 1 (5D 1 (6D 4 |7D 3 9D 1 |AD 5 [BD 5 (cb 6 DD 6 ED 5 [FD 5
BRCLR6 | BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR JSR JSR JSR JSR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 1X 1 INH |2 REL |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
OE 5 |1E 5 [2E 3 |3E 6 |4E 5 |5E 5 |6E 4 |7E 5 |8E 2+ |9E AE 2 |BE 3 |CE 4 |DE 4 |EE 3 |FE 3
BRSET7| BSET7 BIL CPHX MOV MOV MOV MOV STOP Page 2 LDX LDX LDX LDX LDX LDX
3 DIR |2 DIR |2 REL |3 EXT |3 DD |2 DIX+ |3 IMD [2 IX+D |1 INH 2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
OF 5 [1F 5 |2F 3 [3F 5 [4F 1 [5F 1 [6F 5 |7F 4 |8F 2+ |9F AF 2 [BF C D 4 |EF FF 2
BRCLR7| BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA AIX STX STX STX STX STX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX [1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 1X
INH Inherent REL  Relative SP1  Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT  Extended IX2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD  IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIRto IX+ Post Increment Opcode in

Hexadecimal

Number of Bytes
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-3. Opcode Map (Sheet 2 of 2)

Read-Modify-Write Control

Bit-Manipulation Branch

Register/Memory

9EF3 6
CPHX
3 SP1

9EAE 5 |9EBE 6 |9ECE 5
LDHX LDHX LDHX
2 IX |4 X2 |3 1X1

INH Inherent REL  Relative SP1  Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT  Extended 1X2 Indexed, 16-Bit Offset Post Increment

DD DIR to DIR IMD  IMMto DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIRto IX+ Post Increment

Note: All Sheet 2 Opcodes are Preceded by the Page 2 Prebyte (9E)

Prebyte (9E) and Opcode in
Hexadecimal | 9E60 6 | HCSO08 Cycles

NEG [Instruction Mnemonic

Number of Bytes[3  SP1 |Addressing Mode
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Chapter 8
Multi-Purpose Clock Generator (SO8MCGV1)

8.1 Introduction

The multi-purpose clock generator (MCG) module provides several clock source choices for the MCU.
The module contains a frequency-locked loop (FLL) and a phase-locked loop (PLL) that are controllable
by either aninternal or an external reference clock. The module can select either of the FLL or PLL clocks,
or either of the internal or external reference clocks as a source for the MCU system clock. Whichever
clock sourceis chosen, it is passed through a reduced bus divider which allows alower output clock
frequency to be derived. The MCG aso controls an external oscillator (XOSC) for the use of acrystal or
resonator as the external reference clock.

All devicesin the MC9S08DEGO Series feature the MCG module.

NOTE

Refer to Section 1.3, “ System Clock Distribution,” for detailed view of the
distribution clock sources throughout the chip.
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

HCS08 CORE [ |~e— PTA7/PIA7/ADP7/IRQ
<> PTA6/PIA6/ADP6
<«—» PTA5/PIA5/ADP5

CPU - = |<«—> PTA4/PIA4/ADP4
- 3| ANALOG COMPARATOR ACMPI- = § <<—>» PTA3/PIA3/ADP3/ACMP10
. . (ACMP1) < <> PTA2/PIA2/ADP2/ACMP1-
i | | o LRI <> PTA1/PIA1/ADP1/ACMP1+
| |~<—> PTAO/PIAOG/ADPO/MCLK
HCS08 SYSTEM CONTROL —
<—» PTB7/PIB7/ADP15
RESET RESETS AND INTERRUPTS —| [<—> PTB6/PIB6/ADP14
RESET=> " |IODES OF OPERATION < PIBRIES AR
POWER MANAGEMENT | | «—> PTB4/PIB4/ADP12
————— 5 |<—> PTB3/PIB3/ADP11
8| | ———® |~ PTB2/PIB2/ADP10
| ocop |[ wo | o | <> PTB1/PIB1/ADPY
24-CHANNEL, 12-BIT |\ o oo <«—» PTC7/ADP23
y R ANALOG-TO-DIGITAL = - o P <> PTC6/ADP22
VREFH R > CONVERTER (ADC) <—» PTC5/ADP21
\;‘EFL > © |<«—> PTC4/ADP20
VDDA > & |[<e—> PTC3/ADP19
SSA > & |<«—>» PTC2/ADP18
<> PTC1/ADP17
| |<—> PTCO/ADP16
USER FLASH TPM1CHS - —
MC9S08DE60 = 60K 6-CHANNEL TIMER/PWM | TPM1CHO ) ~—> PTD7/PID7/TPMICHS
MGOSOSDES? = 39K [ TPMICLK <«—> PTD6/PID6/TPM1CH4
(TPM1) < <—» PTD5/PID5TPM1CH3
2 | <« PTD4/PID4/TPM1CH2
TPM2CHT, 5 |<«—> PTD3/PID3/TPM1CH1
2-CHANNEL TIMERPWM [ TPMaCHO - | <> PTD2/PID2/TPM1CHO
MODULE (TPM2) < TPM2CLK ~<«—> PTD1/PID1/TPM2CH1
USER EEPROM ||~ PTDO/PIDO/TPM2CHO
MC9S08DESO = 2K CONTROLLER AREA  |_JRXCAN
NETWORK (MSCAN) | TxCAN —{ [ PTE7RxD2IRXCAN
N | | PTE6/TXD2TXCAN
< »| |<—» PTE5/SDAMISO
SRR AN SERIAL PERIPHERAL :'\S"SSSC'K »| 4 | €« PTE4/SCLIMOSI
MC9S08DEGO = 4K INTERFACE MODULE (SPI) === »| 5 |<«—» PTE3/SPSCK
> »| O |<«—> PTE2/SS
< <«—— PTE1/RxD1
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS | _TxD1 . E PTEQ/TD1
INTERFACE (SCI1) —
<> PTF7
ACMP20
Ly ANALOG COMPARATOR »>| | <—>PTF6/ACMP20
REAL-TIME COUNTER (RTC) - (ACMP2) <:\gmgg- <> PTF5/ACMP2-
< u - |e—> PTF4/ACMP2+
Voo —» < > & |[<«—> PTF3/TPM2CLK/SDA
Vop 23 VOLTAGE IIC MODULE (iiC) <;C$2 y > % | <«—» PTF2TPM1CLK/SCL
Vgg —p REGULATOR <X <> PTF1/RxD2
Vg O SERIAL COMMUNICATIONS | TxD2 »|  |<—> PTFOTXD2
INTERFACE (SCI2) — —
MULTI-PURPOSE E BTGA
CLOCK GENERATOR ol -
(MCG) P
————————— XTAL 2 oo
3| & (<€~ PTG1/XTAL
OSCILLATOR (XOSC
(X0sC) -t EXTAL <> PTGO/EXTAL
Figure 8-1. MC9S08DE60/32 Block Diagram Emphasizing the MCG Block and Pins
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Chapter 8 Multi-Purpose Clock Generator (SO8BMCGV1)

8.1.1 Features

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

 BDC clock (MCGLCLK) isprovided as a constant divide by 2 of the DCO output whether in an
FLL or PLL mode.
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

r— — — — 1
| External Oscillator |
(XOSC)
]
A A
I \— ————— -
>» MCGERCLK
EREFS ERCLKEN |/ |
— EREFSTEN | [ IRCLKEN |—>> := MCGIRCLK
| IREFSTEN | CLKS | BDIV | I
> Y |
Y r2n |
Internal i n=0-3 |’ MCGOUT
Reference | LP | >
Clock |
1 ] A r —Y— = I
[REFS}—\__/ 9 | | bco [B¥OPUT> |
[frRM] | A |
I I >| Lock I
v PLLS > |Detector [
/2" RDIV CLK | [ I
> Filter [« |
n=0-7 | I
A L _FLL | LoLs || Lock]|
+» MCGFFCLK
T
RDIV | LP | MCGFFCLKVALID
r VCOOUT | MCGLCLK
| \4 I I
| L5 Phase [ Charge—)VCO | I
| —s|Detector—»| Pump | |
Internal
| VDIV Filter I I
I PLL I I
I I
I 1(4,8,12,...,40) |« | |
I
L — — — — J |
P _MuILi-pﬂpoge C_IOCI(_G‘EEVEOILMC_G)_,

Figure 8-2. Multi-Purpose Clock Generator (MCG) Block Diagram
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Chapter 8 Multi-Purpose Clock Generator (SO8BMCGV1)

8.1.2 Modes of Operation

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

For details see Section 8.4.1, “Operational Modes.

8.2  External Signal Description
There are no MCG signals that connect off chip.
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

8.3

8.3.1

Reset:

Register Definition

MCG Control Register 1 (MCGC1)

CLKS RDIV IREFS IRCLKEN | IREFSTEN

0 0 0 0 0 1 0 0
Figure 8-3. MCG Control Register 1 (MCGC1)

Table 8-1. MCG Control Register 1 Field Descriptions

Field

Description

7:6
CLKS

Clock Source Select — Selects the system clock source.
00 Encoding 0 — Output of FLL or PLL is selected.

01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Reserved, defaults to 00.

5:3
RDIV

Reference Divider — Selects the amount to divide down the reference clock selected by the IREFS bit. If the
FLL is selected, the resulting frequency must be in the range 31.25 kHz to 39.0625 kHz. If the PLL is selected,
the resulting frequency must be in the range 1 MHz to 2 MHz.

000 Encoding 0 — Divides reference clock by 1 (reset default)

001 Encoding 1 — Divides reference clock by 2

010 Encoding 2 — Divides reference clock by 4

011 Encoding 3 — Divides reference clock by 8

100 Encoding 4 — Divides reference clock by 16

101 Encoding 5 — Divides reference clock by 32

110 Encoding 6 — Divides reference clock by 64

111 Encoding 7 — Divides reference clock by 128

IREFS

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

1
IRCLKEN

Internal Reference Clock Enable — Enables the internal reference clock for use as MCGIRCLK.
1 MCGIRCLK active
0 MCGIRCLK inactive

0
IREFSTEN

Internal Reference Stop Enable — Controls whether or not the internal reference clock remains enabled when

the MCG enters stop mode.

1 Internal reference clock stays enabled in stop if IRCLKEN is set or if MCG is in FEI, FBI, or BLPI mode before
entering stop

0 Internal reference clock is disabled in stop
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8.3.2 MCG Control Register 2 (MCGC2)
7 6 5 4 3 2 1 0
R
BDIV RANGE HGO LP EREFS | ERCLKEN | EREFSTEN
W
Reset: 0 1 0 0 0 0 0 0
Figure 8-4. MCG Control Register 2 (MCGC2)
Table 8-2. MCG Control Register 2 Field Descriptions
Field Description
7.6 Bus Frequency Divider — Selects the amount to divide down the clock source selected by the CLKS bits in the
BDIV MCGCL register. This controls the bus frequency.
00 Encoding 0 — Divides selected clock by 1
01 Encoding 1 — Divides selected clock by 2 (reset default)
10 Encoding 2 — Divides selected clock by 4
11 Encoding 3 — Divides selected clock by 8
5 Frequency Range Select — Selects the frequency range for the external oscillator or external clock source.
RANGE |1 High frequency range selected for the external oscillator of 1 MHz to 16 MHz (1 MHz to 40 MHz for external
clock source)
0 Low frequency range selected for the external oscillator of 32 kHz to 100 kHz (32 kHz to 1 MHz for external
clock source)
4 High Gain Oscillator Select — Controls the external oscillator mode of operation.
HGO 1 Configure external oscillator for high gain operation
0 Configure external oscillator for low power operation
3 Low Power Select — Controls whether the FLL (or PLL) is disabled in bypassed modes.
LP 1 FLL (or PLL) is disabled in bypass modes (lower power).
0 FLL (or PLL) is not disabled in bypass modes.
2 External Reference Select — Selects the source for the external reference clock.
EREFS 1 Oscillator requested
0 External Clock Source requested
1 External Reference Enable — Enables the external reference clock for use as MCGERCLK.
ERCLKEN |1 MCGERCLK active
0 MCGERCLK inactive
0 External Reference Stop Enable — Controls whether or not the external reference clock remains enabled when
EREFSTEN |the MCG enters stop mode.

1 External reference clock stays enabled in stop if ERCLKEN is set or if MCG is in FEE, FBE, PEE, PBE, or
BLPE mode before entering stop
0 External reference clock is disabled in stop
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8.3.3 MCG Trim Register (MCGTRM)

7 6 5 4 3 2 1 0
R
TRIM
W
POR: 1 0 0 0 0 0 0 0
Reset: U U U U U U U U
Figure 8-5. MCG Trim Register (MCGTRM)
Table 8-3. MCG Trim Register Field Descriptions
Field Description
7:0 MCG Trim Setting — Controls the internal reference clock frequency by controlling the internal reference clock

TRIM period. The TRIM bits are binary weighted (i.e., bit 1 will adjust twice as much as bit 0). Increasing the binary
value in TRIM will increase the period, and decreasing the value will decrease the period.

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

from the nonvolatile memory location to this register.

If a TRIM[7:0] value stored in nonvolatile memory is to be used, it's the user’s responsibility to copy that value
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8.3.4 MCG Status and Control Register (MCGSC)
7 6 5 4 3 2 1 0
R LOLS LOCK PLLST IREFST CLKST OSCINIT
FTRIM
w
POR: 0 0 0 1 0 0 0 0
Reset: 0 0 0 1 0 0 0 U
Figure 8-6. MCG Status and Control Register (MCGSC)
Table 8-4. MCG Status and Control Register Field Descriptions
Field Description
7 Loss of Lock Status — This bit is a sticky indication of lock status for the FLL or PLL. LOLS is set when lock
LOLS detection is enabled and after acquiring lock, the FLL or PLL output frequency has fallen outside the lock exit
frequency tolerance, D . LOLIE determines whether an interrupt request is made when set. LOLS is cleared by
reset or by writing a logic 1 to LOLS when LOLS is set. Writing a logic 0 to LOLS has no effect.
0 FLL or PLL has not lost lock since LOLS was last cleared.
1 FLL or PLL has lost lock since LOLS was last cleared.
6 Lock Status — Indicates whether the FLL or PLL has acquired lock. Lock detection is disabled when both the
LOCK FLL and PLL are disabled. If the lock status bit is set then changing the value of any of the following bits IREFS,
PLLS, RDIV[2:0], TRIM[7:0] (if in FEI or FBI modes), or VDIV[3:0] (if in PBE or PEE modes), will cause the lock
status bit to clear and stay cleared until the FLL or PLL has reacquired lock. Stop mode entry will also cause the
lock status bit to clear and stay cleared until the FLL or PLL has reacquired lock. Entry into BLPI or BLPE mode
will also cause the lock status bit to clear and stay cleared until the MCG has exited these modes and the FLL
or PLL has reacquired lock.
0 FLL or PLL is currently unlocked.
1 FLL or PLL is currently locked.
5 PLL Select Status — The PLLST bit indicates the current source for the PLLS clock. The PLLST bit does not
PLLST update immediately after a write to the PLLS bit due to internal synchronization between clock domains.
0 Source of PLLS clock is FLL clock.
1 Source of PLLS clock is PLL clock.
4 Internal Reference Status — The IREFST bit indicates the current source for the reference clock. The IREFST
IREFST |bit does not update immediately after a write to the IREFS bit due to internal synchronization between clock
domains.
0 Source of reference clock is external reference clock (oscillator or external clock source as determined by the
EREFS bit in the MCGC2 register).
1 Source of reference clock is internal reference clock.
3:2 Clock Mode Status — The CLKST bits indicate the current clock mode. The CLKST bits do not update
CLKST immediately after a write to the CLKS bits due to internal synchronization between clock domains.
00 Encoding 0 — Output of FLL is selected.
01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Output of PLL is selected.
MC9S08DEG60 Series Data Sheet, Rev. 3
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Table 8-4. MCG Status and Control Register Field Descriptions (continued)

Field Description
1 OSC Initialization — If the external reference clock is selected by ERCLKEN or by the MCG being in FEE, FBE,
OSCINIT |[PEE, PBE, or BLPE mode, and if EREFS is set, then this bit is set after the initialization cycles of the external
oscillator clock have completed. This bit is only cleared when either EREFS is cleared or when the MCG is in
either FEI, FBI, or BLPI mode and ERCLKEN is cleared.
0 MCG Fine Trim — Controls the smallest adjustment of the internal reference clock frequency. Setting FTRIM
FTRIM will increase the period and clearing FTRIM will decrease the period by the smallest amount possible.
If an FTRIM value stored in nonvolatile memory is to be used, it's the user’s responsibility to copy that value from
the nonvolatile memory location to this register's FTRIM bit.
8.35 MCG Control Register 3 (MCGC23)
7 6 5 3 2 1 0
R 0
LOLIE PLLS CME VDIV
w
Reset: 0 0 0 0 0 0 0 1
Figure 8-7. MCG PLL Register (MCGPLL)
Table 8-5. MCG PLL Register Field Descriptions
Field Description
7 Loss of Lock Interrupt Enable — Determines if an interrupt request is made following a loss of lock indication.
LOLIE The LOLIE bhit only has an effect when LOLS is set.
0 No request on loss of lock.
1 Generate an interrupt request on loss of lock.
6 PLL Select — Controls whether the PLL or FLL is selected. If the PLLS bit is clear, the PLL is disabled in all
PLLS modes. If the PLLS is set, the FLL is disabled in all modes.

1 PLL is selected
0 FLL is selected
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Table 8-5. MCG PLL Register Field Descriptions (continued)

Field Description
5 Clock Monitor Enable — Determines if a reset request is made following a loss of external clock indication. The
CME CME bit should only be set to a logic 1 when either the MCG is in an operational mode that uses the external

clock (FEE, FBE, PEE, PBE, or BLPE) or the external reference is enabled (ERCLKEN=1 in the MCGC2
register). Whenever the CME bit is set to a logic 1, the value of the RANGE bit in the MCGC2 register should not
be changed.

0 Clock monitor is disabled.

1 Generate a reset request on loss of external clock.

3.0 VCO Divider — Selects the amount to divide down the VCO output of PLL. The VDIV bits establish the
VDIV multiplication factor (M) applied to the reference clock frequency.
0000 Encoding 0 — Reserved.

0001 Encoding 1 — Multiply by 4.

0010 Encoding 2 — Multiply by 8.

0011 Encoding 3 — Multiply by 12.

0100 Encoding 4 — Multiply by 16.

0101 Encoding 5 — Multiply by 20.

0110 Encoding 6 — Multiply by 24.

0111 Encoding 7 — Multiply by 28.

1000 Encoding 8 — Multiply by 32.

1001 Encoding 9 — Multiply by 36.

1010 Encoding 10 — Multiply by 40.

1011 Encoding 11 — Reserved (default to M=40).
11xx Encoding 12-15 — Reserved (default to M=40).
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8.4  Functional Description
8.4.1 Operational Modes
IREFS=1 IREFS=0
CLKS=00 FLL Engaged FLL Engaged CLKS=00
PLLS=0 Internal (FEI) External (FEE) /J PLLS=0
IREFS=1 IREFS=0
CLKS=01 CLKS=10
PLLS=0 PLLS=0
EP&Y‘DE&‘&‘NG FLL Bypassed FLL Bypassed BDli\I/ID_ESabIed
- Internal (FBI) External (FBE) A" -7~
IREFS=1 Bypassed / Ii)\’}\j?)sosv‘jgr IREFS=0
CLKS=01 Low Power CLKS=10
PLLS=0 Internal (BLPI) External (BLPE)/ gpm Disabled
BDM Disabled and LP=1
and LP=1 PLL Bypassed \ IREFS=0
External (PBE) / CLKS=10
PLLS=1
BDM Enabled
or LP=0
PLL Engaged IREFS=0
External (PEE) / CLKS=00
PLLS=1
Entered f at Returns to state that was active
ntered from any state
e before MCU entered stop, unless
when MCU enters stop RESET occurs while in stop.
Figure 8-8. Clock Switching Modes
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The nine states of the MCG are shown as a state diagram and are described below. The arrowsindicate the
allowed movements between the states.

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

* CLKSbhitsarewritten to 00

* |REFShitiswrittento 1

* PLLShitiswrittento O

* RDIV bitsarewritten to 000. Since the internal reference clock frequency should already bein the

range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.

In FLL engaged internal mode, the MCGOUT clock isderived from the FLL clock, whichiscontrolled by
theinterna reference clock. The FLL clock frequency locks to 1024 times the reference frequency, as
selected by the RDIV bits. TheMCGLCLK isderived fromthe FLL andthe PLL isdisabled inalow power
State.

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

* CLKSbhitsarewritten to 00

* |REFShitiswrittento O

* PLLSbhitiswrittento O

* RDIV bitsarewritten to divide reference clock to be within the range of 31.25 kHz to 39.0625 kHz
In FLL engaged external mode, the MCGOUT clock isderived from the FLL clock whichiscontrolled by
the external reference clock. The external reference clock which is enabled can be an external
crystal/resonator or it can be another external clock source.The FLL clock frequency locks to 1024 times

the reference frequency, as selected by the RDIV bits. The MCGLCLK is derived from the FLL and the
PLL isdisabled in alow power state.

8.4.1.3 FLL Bypassed Internal (FBI)

In FLL bypassed internal (FBI1) mode, the MCGOUT clock is derived from the internal reference clock
and the FLL isoperational but its output clock isnot used. Thismodeisuseful to allow the FLL to acquire
itstarget frequency while the MCGOUT clock is driven from the internal reference clock.
The FLL bypassed internal mode is entered when all the following conditions occur:

* CLKShbhitsarewritten to 01

* |IREFShitiswrittento 1

e PLLShitiswrittento O

* RDIV bitsarewritten to 000. Since the internal reference clock frequency should already beinthe
range of 31.25 kHz to 39.0625 kHz after it is trimmed, no further frequency divide is necessary.
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e LPhitiswrittentoO

In FLL bypassed internal mode, the MCGOUT clock isderived from theinternal reference clock. The FLL
clock is controlled by the internal reference clock, and the FLL clock frequency locks to 1024 times the
reference frequency, as selected by the RDIV bits. The MCGLCLK isderived from the FLL and the PLL
isdisabled in alow power state.

8.4.14 FLL Bypassed External (FBE)

In FLL bypassed external (FBE) mode, the MCGOUT clock is derived from the external reference clock
and the FLL isoperational but its output clock isnot used. Thismodeisuseful to allow the FLL to acquire
itstarget frequency while the MCGOUT clock is driven from the external reference clock.
The FLL bypassed external mode is entered when al the following conditions occur:
* CLKShitsarewritten to 10
* |REFShitiswrittento O
* PLLShitiswrittentoO
* RDIV bitsarewritten to divide reference clock to be within the range of 31.25 kHz to 39.0625 kHz
* LPhitiswrittento O

In FLL bypassed external mode, the MCGOUT clock is derived from the external reference clock. The
external reference clock which isenabled can be an external crystal/resonator or it can be another external
clock source.The FLL clock is controlled by the external reference clock, and the FLL clock frequency
locksto 1024 timesthereference frequency, as selected by the RDIV bits. The MCGL CLK isderived from
the FLL and the PLL isdisabled in alow power state.

NOTE

It is possible to briefly operate in FBE mode with an FLL reference clock
frequency that isgreater than the specified maximum frequency. Thiscan be
necessary in applicationsthat operatein PEE mode using an external crystal
with a frequency above 5 MHz. Please see 8.5.2.4, “Example # 4. Moving
from FEI to PEE Mode: External Crystal =8 MHz, BusFrequency =8 MHz
for adetailed example.

8.4.1.5 PLL Engaged External (PEE)

The PLL engaged external (PEE) mode is entered when all the following conditions occur:

* CLKSbhitsarewritten to 00
* |IREFShitiswrittento O
* PLLShitiswrittento 1
* RDIV bits are written to divide reference clock to be within the range of 1 MHz to 2 MHz
In PLL engaged external mode, the MCGOUT clock isderived from the PLL clock whichis controlled by

the external reference clock. The external reference clock which is enabled can be an external
crystal/resonator or it can be another external clock source The PLL clock frequency locksto a
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multiplication factor, as selected by the VDIV bits, timesthe reference frequency, as selected by the RDIV
bits. If BDM is enabled then the MCGLCLK is derived from the DCO (open-loop mode) divided by two.
If BDM is not enabled then the FLL isdisabled in alow power state.

8.4.1.6 PLL Bypassed External (PBE)

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

* CLKShitsarewritten to 10

* |IREFSbhitiswrittento O

* PLLShitiswrittento 1

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

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

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

8.4.1.7 Bypassed Low Power Internal (BLPI)

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

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

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

8.4.1.8 Bypassed Low Power External (BLPE)

The bypassed low power external (BLPE) mode is entered when al the following conditions occur:
* CLKShbhitsarewritten to 10
* |REFShitiswrittento O
e PLLShitiswrittentoOor 1
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e LPhitiswrittento 1
« BDM modeis not active

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

The PLL and the FLL aredisabled at all timesin BLPE mode and the MCGL CLK will not be available
for BDC communications. If the BDM becomes active the mode will switch to one of the bypassed
external modes as determined by the state of the PLL S bit.

8.4.1.9 Stop

Stop modeis entered whenever the MCU entersa STOP state. Inthismode, the FLL and PLL aredisabled
and all MCG clock signals are static except in the following cases:

MCGIRCLK will be active in stop mode when all the following conditions occur:
* IRCLKEN=1
* IREFSTEN=1

MCGERCLK will be active in stop mode when al the following conditions occur:
 ERCLKEN=1
 EREFSTEN=1

8.4.2 Mode Switching

When switching between engaged internal and engaged external modes the |REFS bit can be changed at
anytime, but the RDIV bits must be changed simultaneously so that the reference frequency staysin the

range required by the state of the PLL S bit (31.25 kHz to 39.0625 kHz if the FLL isselected, or 1 MHz to
2MHzif the PLL isselected). After achangeinthe IREFS valuethe FLL or PLL will beginlocking again
after the switch is completed. The completion of the switch is shown by the IREFST hit .

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

The CLK S bits can also be changed at anytime, but in order for the MCGL CLK to be configured correctly
the RDIV bits must be changed simultaneously so that the reference frequency staysin the range required
by the state of the PLL S bit (31.25 kHz to 39.0625 kHz if the FLL is selected, or 1 MHz to 2MHz if the

PLL isselected). The actual switch to the newly selected clock will be shown by the CLK ST bits. If the

newly selected clock is not available, the previous clock will remain selected.

For details see Figure 8-8.
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8.4.3 Bus Frequency Divider

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

8.4.4 Low Power Bit Usage

Thelow power bit (LP) isprovided to allow the FLL or PLL to be disabled and thus conserve power when
these systems are not being used. However, in some applications it may be desirable to enable the FLL or
PLL and allow it to lock for maximum accuracy before switching to an engaged mode. Do this by writing
the LP bitto O.

8.4.5 Internal Reference Clock

When IRCLKEN isset theinternal reference clock signal will be presented as MCGIRCLK, which can be
used as an additional clock source. The MCGIRCLK frequency can be re-targeted by trimming the period
of theinternal reference clock. Thiscan be done by writing anew valueto the TRIM bitsinthe MCGTRM
register. Writing alarger value will decrease the MCGIRCLK frequency, and writing a smaller value to
the MCGTRM register will increasethe MCGIRCLK frequency. The TRIM bitswill effect the MCGOUT
frequency if the MCG isin FLL engaged internal (FEIl), FLL bypassed internal (FBI), or bypassed low
power internal (BLPI) mode. The TRIM and FTRIM valueisinitialized by POR but isnot affected by other
resets.

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

If IREFSTEN and IRCLKEN bits are both set, the internal reference clock will keep running during stop
mode in order to provide afast recovery upon exiting stop.

8.4.6 External Reference Clock

The MCG module can support an external reference clock with frequencies between 31.25 kHzto 5 MHz
in FEE and FBE modes, 1 MHz to 16 MHz in PEE and PBE modes, and 0 to 40 MHz in BLPE mode.

When ERCLKEN is set, the external reference clock signal will be presented asMCGERCLK, which can
be used as an additional clock source. When IREFS = 1, the externa reference clock will not be used by
the FLL or PLL and will only be used as MCGERCLK. In these modes, the frequency can be equal to the
maximum frequency the chip-level timing specifications will support (see the Device Overview chapter).

If EREFSTEN and ERCLKEN bits are both set or the MCG isin FEE, FBE, PEE, PBE or BL PE mode,
the external reference clock will keep running during stop mode in order to provide afast recovery upon
exiting stop.

If CME bit iswritten to 1, the clock monitor is enabled. If the external reference falls below a certain
frequency (fioc_nigh OF floc_1ow depending onthe RANGE bit inthe MCGC2), theMCU will reset. The LOC
bit in the System Reset Status (SRS) register will be set to indicate the error.
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8.4.7 Fixed Frequency Clock

The MCG presents the divided reference clock as MCGFFCLK for use as an additional clock source. The
MCGFFCLK frequency must be no more than 1/4 of the MCGOUT frequency to bevalid. Because of this
requirement, the MCGFFCLK is not valid in bypass modes for the following combinations of BDIV and
RDIV values:

« BDIV=00 (divide by 1), RDIV <010

. BDIV=01 (divide by 2), RDIV < 011

When MCGFFCLK isvalid then MCGFFCLKVALID isset to 1. When MCGFFCLK is not valid then
MCGFFCLKVALID isset to 0.

8.5 Initialization / Application Information

This section describes how to initialize and configure the MCG module in application. The following
sectionsinclude exampleson how toinitialize the MCG and properly switch between the various available
modes.

8.5.1 MCG Module Initialization Sequence

The MCG comes out of reset configured for FEI mode with the BDIV set for divide-by-2. The internal
reference will stabilize in t;,¢5 Microseconds before the FLL can acquire lock. As soon asthe internal
reference is stable, the FLL will acquirelock in tg o milliseconds.

Upon POR, the internal reference will require trimming to guarantee an accurate clock. Freescale
recommends using FLASH location OxFFAE for storing the fine trim bit, FTRIM in the MCGSC register,
and OxXFFAF for storing the 8-bit trim value in the MCGTRM register. The MCU will not automatically
copy the valuesin these FLASH locationsto the respective registers. Therefore, user code must copy these
values from FLASH to the registers.

NOTE

The BDIV value should not be changed to divide-by-1 without first
trimming the internal reference. Failure to do so could result in the MCU
running out of specification.

8.5.1.1 Initializing the MCG

Because the MCG comes out of reset in FEI mode, the only MCG modes which can be directly switched
to upon reset are FEE, FBE, and FBI modes (see Figure 8-8). Reaching any of the other modes requires
first configuring the MCG for one of these three initial modes. Care must be taken to check relevant status
bits in the MCGSC register reflecting al configuration changes within each mode.

To change from FEI mode to FEE or FBE modes, follow this procedure:

1. Enablethe external clock source by setting the appropriate bitsin MCGC2.
2. Writeto MCGCL to select the clock mode.
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— |If entering FEE, set RDIV appropriately, clear the IREFSbit to switch to the external reference,
and leave the CLK S bits at %00 so that the output of the FLL is selected as the system clock
source.

— If entering FBE, clear the IREFS bit to switch to the external reference and change the CLKS
bits to %10 so that the external reference clock is selected as the system clock source. The
RDIV bits should also be set appropriately here according to the external reference frequency
because although the FLL is bypassed, it is still onin FBE mode.

— Theinternal reference can optionally be kept running by setting the IRCLKEN bit. Thisis
useful if the application will switch back and forth between internal and external modes. For
minimum power consumption, leave the internal reference disabled whilein an external clock
mode.

3. After the proper configuration bits have been set, wait for the affected bitsin the MCGSC register
to be changed appropriately, reflecting that the MCG has moved into the proper mode.

— If ERCLKEN was set in step 1 or the MCG isin FEE, FBE, PEE, PBE, or BLPE mode, and
EREFSwas also set in step 1, wait here for the OSCINIT bit to become set indicating that the
external clock source hasfinished itsinitialization cycles and stabilized. Typical crystal startup
times are given in Appendix A, “Electrical Characteristics’.

— If in FEE mode, check to make sure the IREFST bit is cleared and the LOCK bit is set before
moving on.

— If in FBE mode, check to make sure the IREFST bit is cleared, the LOCK bit is set, and the
CLKST bits have changed to %10 indicating the external reference clock has been
appropriately selected. Although the FLL isbypassed in FBE mode, it isstill on and will lock
in FBE mode.

To change from FEI clock mode to FBI clock mode, follow this procedure:
1. Changethe CLKS bitsto %01 so that the internal reference clock is selected as the system clock
source.

2. Wait for the CLKST bitsin the MCGSC register to change to %01, indicating that the interna
reference clock has been appropriately selected.

8.5.2 MCG Mode Switching

When switching between operational modes of the MCG, certain configuration bits must be changed in
order to properly move from one mode to another. Each time any of these bitsare changed (PLLS, IREFS,
CLKS, or EREFS), the corresponding bitsin the MCGSC register (PLLST, IREFST, CLKST, or
OSCINIT) must be checked before moving on in the application software.

Additionally, care must be taken to ensure that the reference clock divider (RDIV) is set properly for the
mode being switched to. For instance, in PEE mode, if using a4 MHz crystal, RDIV must be set to %001
(divide-by-2) or %010 (divide -by-4) in order to divide the external reference down to the required
frequency between 1 and 2 MHz.

The RDIV and IREFS bits should always be set properly before changing the PLL S bit so that the FLL or
PLL clock has an appropriate reference clock frequency to switch to.
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Thetable below shows MCGOUT frequency calculationsusing RDIV, BDIV, and VDIV settingsfor each
clock mode. The bus frequency is equal to MCGOUT divided by 2.

Table 8-6. MCGOUT Frequency Calculation Options

Clock Mode fMCGOUTl Note

FEI (FLL engaged internal) (fint * 1024) / B Typical fiycgout = 16 MHz
immediately after reset. RDIV
bits set to %000.

FEE (FLL engaged external) (fext / R ¥*1024) / B fext / R must be in the range of
31.25 kHz to 39.0625 kHz

FBE (FLL bypassed external) foxt / B faxt / R must be in the range of
31.25 kHz to 39.0625 kHz

FBI (FLL bypassed internal) fint/ B Typical fi; = 32 kHz

PEE (PLL engaged external) [(fext/ R) *M] / B fext / R must be in the range of 1
MHz to 2 MHz

PBE (PLL bypassed external) fext/ B fext / R must be in the range of 1
MHz to 2 MHz

BLPI (Bypassed low power internal) fint/ B

BLPE (Bypassed low power external) fext / B

1 Ris the reference divider selected by the RDIV bits, B is the bus frequency divider selected by the BDIV bits,
and M is the multiplier selected by the VDIV bits.

This section will include 3 mode switching examples using a4 MHz external crystal. If using an external
clock source less than 1 MHz, the MCG should not be configured for any of the PLL modes (PEE and
PBE).

8.5.2.1 Example # 1: Moving from FEI to PEE Mode: External Crystal = 4 MHz,
Bus Frequency = 8 MHz

In this example, the MCG will move through the proper operational modes from FEI to PEE mode until
the4 MHz crystal reference frequency is set to achieve abus frequency of 8 MHz. Becausethe MCGisin
FEI mode out of reset, thisexample also shows how to initialize the MCG for PEE mode out of reset. First,
the code sequence will be described. Then aflowchart will be included which illustrates the sequence.

1. First, FEI must transition to FBE mode:
a) MCGC2 = 0x36 (%00110110)
— BDIV (bits 7 and 6) set to %00, or divide-by-1
— RANGE (bit 5) set to 1 because the frequency of 4 MHz iswithin the high frequency range
HGO (bit 4) set to 1 to configure external oscillator for high gain operation
EREFS (bit 2) set to 1, because a crystal is being used
ERCLKEN (bit 1) set to 1 to ensure the external reference clock is active

b) Loop until OSCINIT (bit 1) in MCGSC is 1, indicating the crystal selected by the EREFS bit
has been initialized.
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c¢) MCGC1 = 0xB8 (%10111000)

— CLKS (bits 7 and 6) set to %10 in order to select external reference clock as system clock
source

— RDIV (bits 5-3) set to %111, or divide-by-128 because 4 MHz / 128 = 31.25 kHz which is
in the 31.25 kHz to 39.0625 kHz range required by the FLL

— IREFS (bit 2) cleared to O, selecting the externa reference clock

d) Loop until IREFST (bit 4) in MCGSC is 0, indicating the external referenceis the current
source for the reference clock

€) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, FBE must transition either directly to PBE mode or first through BL PE mode and then to

PBE mode:

a) BLPE: If atransition through BLPE mode is desired, first set LP (bit 3) in MCGC2 to 1.

b) BLPE/PBE: MCGCL1 = 0x90 (%10010000)

— RDIV (bits 5-3) set to %010, or divide-by-4 because 4 MHz /4 =1 MHz whichisinthe 1
MHz to 2 MHz range required by the PLL. In BLPE mode, the configuration of the RDIV
does not matter because both the FLL and PLL are disabled. Changing them only setsup the
the dividersfor PLL usage in PBE mode

¢) BLPE/PBE: MCGC3 = 0x44 (%01000100)

— PLLS (bit 6) set to 1, selectsthe PLL. In BLPE mode, changing this bit only prepares the

MCG for PLL usagein PBE mode

— VDIV (bits 3-0) set to %0100, or multiply-by-16 because 1 MHz reference* 16 = 16 MHz.
In BLPE mode, the configuration of the VDIV bits does not matter becausethe PLL is
disabled. Changing them only sets up the multiply value for PLL usage in PBE mode

d) BLPE: If transitioning through BLPE mode, clear LP (bit 3) in MCGC2 to 0 here to switch to
PBE mode

e) PBE: Loop until PLLST (bit 5) in MCGSC is s&t, indicating that the current source for the
PLLSclock isthe PLL

f) PBE: Thenloop until LOCK (bit 6) in MCGSC is s&t, indicating that the PLL has acquired lock
3. Last, PBE mode transitions into PEE mode;
a) MCGC1 = 0x10 (%00010000)

— CLKS (bits7 and 6) in MCGSC1 set to %00 in order to select the output of the PLL asthe
system clock source
b) Loopuntil CLKST (bits3and 2) inMCGSC are %11, indicating that the PLL output isselected
to feed MCGOUT in the current clock mode
— Now, Withan RDIV of divide-by-4, aBDIV of divide-by-1, and aVDIV of multiply-by-16,
MCGOUT =[(4 MHz/ 4) * 16] / 1 = 16 MHz, and the bus frequency isMCGOUT / 2, or 8
MHz
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Figure 8-9. Flowchart of FEI to PEE Mode Transition using a 4 MHz crystal
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8.5.2.2 Example # 2: Moving from PEE to BLPI Mode: External Crystal =4 MHz,
Bus Frequency =16 kHz

In this example, the MCG will move through the proper operational modes from PEE mode with a4 MHz
crystal configured for an 8 MHz bus frequency (see previous example) to BLPI mode with a 16 kHz bus
frequency.First, the code sequence will be described. Then aflowchart will be included which illustrates
the sequence.
1. First, PEE must transition to PBE mode:
a) MCGC1 = 0x90 (%10010000)
— CLKS (bits 7 and 6) set to %10 in order to switch the system clock source to the external
reference clock
b) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT
2. Then, PBE must transition either directly to FBE mode or first through BL PE mode and then to
FBE mode:
a) BLPE: If atransition through BLPE modeis desired, first set LP (bit 3) in MCGC2to 1
b) BLPE/FBE: MCGCL1 = 0xB8 (%10111000)

— RDIV (bits 5-3) set to %111, or divide-by-128 because 4 MHz / 128 = 31.25 kHz which is
in the 31.25 kHz to 39.0625 kHz range required by the FLL. In BLPE mode, the
configuration of the RDIV does not matter because both the FLL and PLL are disabled.
Changing them only sets up the dividers for FLL usage in FBE mode

¢) BLPE/FBE: MCGC3 = 0x04 (%00000100)

— PLLS(bit 6) clear to Oto select the FLL. In BLPE mode, changing thisbit only preparesthe
MCG for FLL usagein FBE mode. With PLLS = 0, the VDIV value does not matter.

d) BLPE: If transitioning through BLPE mode, clear LP (bit 3) in MCGC2 to 0 here to switch to

FBE mode

€) FBE: Loop until PLLST (bit 5) in MCGSC is clear, indicating that the current source for the
PLLS clock isthe FLL
f) FBE: Optionaly, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has
acquired lock. Although the FLL is bypassed in FBE mode, it is still enabled and running.
3. Next, FBE mode transitions into FBI mode:
a) MCGC1 = 0x44 (%01000100)

— CLKS (bits7 and 6) in MCGSC1 set to %01 in order to switch the system clock to the
internal reference clock

— IREFS (bit 2) set to 1 to select the internal reference clock as the reference clock source

— RDIV (bits 5-3) set to %000, or divide-by-1 because the trimmed internal reference should
be within the 31.25 kHz to 39.0625 kHz range required by the FLL

b) Loop until IREFST (bit 4) in MCGSC is 1, indicating the internal reference clock has been
selected as the reference clock source

¢) Loop until CLKST (bits 3 and 2) in MCGSC are %01, indicating that the internal reference
clock is selected to feed MCGOUT
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4. Lastly, FBI transitionsinto BLPI mode.
a) MCGC2 = 0x08 (%00001000)
— LP(bit3)inMCGSCis1

START
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Y

MCGC1 = $90

NO

CLKST = %10 ?

OPTIONAL:

CHECKLOCK ~>—
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BLPE MODE ?
+ VES MCGC1 = $44
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Figure 8-10. Flowchart of PEE to BLPI Mode Transition using a 4 MHz crystal
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8.5.2.3 Example #3: Moving from BLPI to FEE Mode: External Crystal = 4 MHz,
Bus Frequency = 16 MHz

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

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

flowchart will be included which illustrates the sequence.

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

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

¢) MCGCL = 0x38 (%00111000)

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

f) Loop until CLKST (bits 3 and 2) in MCGSC are %00, indicating that the output of the FLL is
selected to feed MCGOUT
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Figure 8-11. Flowchart of BLPI to FEE Mode Transition using a 4 MHz crystal

8.5.2.4 Example # 4: Moving from FEI to PEE Mode: External Crystal = 8 MHz,
Bus Frequency = 8 MHz

In this example, the MCG will move through the proper operational modes from FEI to PEE mode until
the 8 MHz crystal reference frequency is set to achieve a bus frequency of 8 MHz.

Thisexampleissimilar to example number one except that in this case the frequency of the external crystal
is8 MHz instead of 4 MHz. Special consideration must be taken with this case since there is a period of
time along the way from FEI mode to PEE mode where the FLL operates based on areference clock with
afrequency that is greater than the maximum allowed for the FLL. This occurs because with an 8 MHz
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externa crystal and a maximum reference divider factor of 128, the resulting frequency of the reference
clock for the FLL is62.5 kHz (greater than the 39.0625 kHz maximum allowed).

Care must be taken in the software to minimize the amount of time spent in this state wherethe FLL is
operating in this condition.

Thefollowing code sequence describes how to move from FEI mode to PEE mode until the 8 MHz crystal
reference frequency is set to achieve a bus frequency of 8 MHz. Because the MCG isin FEI mode out of
reset, this example aso shows how to initialize the MCG for PEE mode out of reset. First, the code
sequence will be described. Then aflowchart will be included which illustrates the sequence.

1. First, FEI must transition to FBE mode:
a) MCGC2 = 0x36 (%00110110)
— BDIV (bits 7 and 6) set to %00, or divide-by-1
— RANGE (bit 5) set to 1 because the frequency of 8 MHz iswithin the high frequency range
— HGO (bit 4) set to 1 to configure external oscillator for high gain operation
— EREFS (bit 2) set to 1, because a crystal is being used
— ERCLKEN (bit 1) set to 1 to ensure the external reference clock is active

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

c) Block Interrupts (If applicable by setting the interrupt bit in the CCR).
d) MCGCL1 = 0xB8 (%610111000)

— CLKS (bits 7 and 6) set to %10 in order to select external reference clock as system clock
source

— RDIV (bits 5-3) set to %111, or divide-by-128.

NOTE
8MHz/ 128 =62.5kHz whichisgreater than the 31.25 kHz to 39.0625 kHz
range required by the FLL. Therefore after the transition to FBE is
complete, software must progress through to BL PE mode immediately by
setting the LP bit in MCGC2.
— IREFS (bit 2) cleared to O, selecting the external reference clock

e) Loop until IREFST (bit 4) in MCGSC is O, indicating the external reference isthe current
source for the reference clock

f) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, FBE mode transitions into BLPE mode:
a) MCGC2 = 0x3E (%00111110)
— LP(bit 3) in MCGC2 to 1 (BL PE mode entered)

NOTE
There must be no extra steps (including interrupts) between steps 1d and 2a.

b) Enable Interrupts (if applicable by clearing the interrupt bit in the CCR).
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c) MCGCL1 = 0x98 (%10011000)

— RDIV (bits 5-3) set to %011, or divide-by-8 because 8 MHz / 8= 1 MHz whichisinthe 1
MHz to 2 MHz range required by the PLL. In BLPE mode, the configuration of the RDIV
does not matter because both the FLL and PLL are disabled. Changing them only setsup the
the dividers for PLL usage in PBE mode

d) MCGC3 = 0x44 (%01000100)

— PLLS(bit 6) setto 1, selectsthe PLL. In BLPE mode, changing this bit only prepares the
MCG for PLL usage in PBE mode

— VDIV (bits 3-0) set to %0100, or multiply-by-16 because 1 MHz reference* 16 = 16 MHz.
In BLPE mode, the configuration of the VDIV bits does not matter because the PLL is
disabled. Changing them only sets up the multiply value for PLL usage in PBE mode

€) Loop until PLLST (bit 5) in MCGSC is set, indicating that the current source for the PLLS
clock isthe PLL

3. Then, BLPE mode transitions into PBE mode:

a) Clear LP (bit 3) in MCGC2 to 0 here to switch to PBE mode

b) Then loop until LOCK (bit 6) in MCGSC is set, indicating that the PLL has acquired lock
4. Last, PBE mode transitionsinto PEE mode:

a) MCGC1 = 0x18 (%00011000)

— CLKS (bits7 and 6) in MCGSC1 set to %00 in order to select the output of the PLL asthe
system clock source
b) Loopuntil CLKST (bits3and 2) inMCGSC are %11, indicating that the PLL output isselected
to feed MCGOUT in the current clock mode
— Now, Withan RDIV of divide-by-8, aBDIV of divide-by-1, and aVDIV of multiply-by-16,
MCGOUT =[(8 MHz/ 8) * 16] / 1 = 16 MHz, and the bus frequency isMCGOUT / 2, or 8
MHz
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Figure 8-12. Flowchart of FEI to PEE Mode Transition using a 8 MHz crystal
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8.5.3 Calibrating the Internal Reference Clock (IRC)

The IRC is calibrated by writing to the MCGTRM register first, then using the FTRIM bit to “fine tune”
the frequency. We will refer to thistotal 9-bit value asthe trim value, ranging from 0x000 to Ox1FF, where
the FTRIM bit isthe LSB.

The trim value after a POR is aways 0x100 (MCGTRM = 0x80 and FTRIM = 0). Writing alarger value
will decrease the frequency and smaller values will increase the frequency. The trim valueis linear with

the period, except that slight variationsin wafer fab processing produce slight non-linearities between trim
value and period. These non-linearities are why an iterative trimming approach to search for the best trim
valueisrecommended. In Example #5: Internal Reference Clock Trim thisapproach will be demonstrated.

After atrim value has been found for a device, this value can be stored in FLASH memory to save the
vaue. If power isremoved from the device, the IRC can easily be re-trimmed by copying the saved value
from FLASH to the MCG registers. Freescal e identifies recommended FLASH locations for storing the
trim value for each MCU. Consult the memory map in the data sheet for these locations. On devices that
are factory trimmed, the factory trim value will be stored in these locations.

8.5.3.1 Example #5: Internal Reference Clock Trim

For applications that require atight frequency tolerance, atrimming procedure is provided that will allow
avery accurateinternal clock source. This section outlines one example of trimming theinternal oscillator.
Many other possible trimming procedures are valid and can be used.

In the example below, the MCG trim will be calibrated for the 9-bit MCGTRM and FTRIM collective
value. Thisvalue will be referred to as TRMVAL.
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1) Clock supplied from ATE has 500 us duty period
2) MCG configured for internal reference with 8MHz bus

TART TRIM PROCEDUR|
TRMVAL = $100
n=1

>y

MEASURE
INCOMING CLOCK WIDTH
(COUNT = # OF BUS CLOCKS / 8)

COUNT < EXPECTED =500

!
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INCREASES THE FREQUENCY) | |DECREASES THE FREQUENCY)

Y

n=n+1

CONTINUE

ISn>9?

YES

NO

Figure 8-13. Trim Procedure

In this particular case, the MCU has been attached to a PCB and the entire assembly is undergoing final
test with automated test equipment. A separate signal or message is provided to the M CU operating under
user provided software control. The MCU initiates a trim procedure as outlined in Figure 8-13 while the
tester supplies a precision reference signal.

If the intended busfrequency is near the maximum allowed for the device, it isrecommended to trim using
areference divider value (RDIV setting) of twice the final value. After the trim procedure is compl ete, the
reference divider can berestored. Thiswill prevent accidental overshoot of the maximum clock frequency.
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Chapter 9
Analog Comparator (SOSBACMPV3)

9.1 Introduction

The analog comparator module (ACMP) providesacircuit for comparing two analog input voltages or for
comparing one analog input voltage to an internal reference voltage. The comparator circuit isdesigned to
operate across the full range of the supply voltage (rail-to-rail operation).

All MC9S08DEGO Series MCUs have two full function ACMPsin a 64-pin package. MCUsin the 48-pin
package have two ACMPs, but the output of ACMP2 is not accessible. MCUs in the 32-pin package
contain one full function ACMP.

NOTE

MC9S08DEGO Series devices operate at a higher voltage range (2.7 V to
5.5V) and do not include stopl mode. Please ignore references to stopl.

9.1.1 ACMP Configuration Information

When using the bandgap reference voltage for input to ACM P+, the user must enable the bandgap buffer
by setting BGBE =1 in SPM SCL1 see Section 5.8.7, “ System Power Management Status and Control 1
Register (SPMSC1).” For value of bandgap voltage reference see Section A.6, “DC Characteristics.”
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Figure 9-1. MC9S08DE60/32 Block Diagram Emphasizing the ACMP Blo?k and Pins
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Chapter 9 Analog Comparator (SOBACMPV3)

9.1.2 Features

The ACMP has the following features:
» Full rail to rail supply operation.

» Selectable interrupt on rising edge, falling edge, or either rising or falling edges of comparator
output.

» Option to compare to fixed internal bandgap reference voltage.
» Option to allow comparator output to be visible on a pin, ACMPxO.

9.1.3 Modes of Operation

This section defines the ACMP operation in wait, stop, and background debug modes.

9.1.3.1 ACMP in Wait Mode

The ACMP continues to run in wait mode if enabled before executing the appropriate instruction.
Therefore, the ACMP can be used to bring the MCU out of wait mode if the ACMP interrupt is enabled
(ACIE is set). For lowest possible current consumption, the ACMP should be disabled by software if not
required as an interrupt source during wait mode.

9.1.3.2 ACMP in Stop Modes

The ACMP is disabled in all stop modes, regardless of the settings before executing the stop instruction.
Therefore, the ACMP cannot be used as a wake up source from stop modes.

During stop2 mode, the ACMP module is fully powered down. Upon wake-up from stop2 mode, the
ACMP module is in the reset state.

During stop3 mode, clocks to the ACMP module are halted. No registers are affected. In addition, the
ACMP comparator circuit enters a low-power state. No compare operation occurs while in stop3.

If stop3 is exited with a reset, the ACMP is put into its reset state. If stop3 is exited with an interrupt, the
ACMP continues from the state it was in when stop3 was entered.

9.1.3.3 ACMP in Active Background Mode

When the microcontroller is in active background mode, the ACMP continues to operate normally.
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Chapter 9 Analog Comparator (SOBACMPV3)

9.14 Block Diagram

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

Internal Bus
Internal
Reference ACMPX
INTERRUPT
ACIE REQUEST

ACBGS
Status & Control

ACF
ACME Register /
ACOPE
CO
ACMPx+ 4[%—4

ACMOD
set ACF

Interrupt

+
/ - Control

ACMPx- Comparator

> ACMPXO

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

9.2  External Signal Description

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

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

Signal Function 1/0

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

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

ACMPxO Digital output of the ACMP. (0]

MC9S08DEG60 Series Data Sheet, Rev. 3

170 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 9 Analog Comparator (SOBACMPV3)

9.3 Memory Map/Register Definition

The ACMP includes one register:
* An 8-bit status and control register

Refer to the direct-page register summary in the memory section of this document for the absolute address
assignments for the ACMP register.This section refers to register and control bits only by their names and
relative address offsets.

Some MCUs may have more than one ACMP, so register names include placeholder characters (x) to
identify which ACMP is being referenced.

Table 9-2. ACMP Register Summary

Name 7 6 5 4 3 2 1 0

R ACO
ACMPxSC ACME | ACBGS ACF ACIE ACOPE ACMOD
W

9.3.1 ACMPx Status and Control Register (ACMPxSC)
ACMPXSC contains the status flag and control bits used to enable and configure the ACMP.

7 6 5 4 3 2 1 0
R ACO
ACME ACBGS ACF ACIE ACOPE ACMOD
w
Reset: 0 0 0 0 0 0 0 0
Figure 9-3. ACMPx Status and Control Register (ACMPxSC)
Table 9-3. ACMPxSC Field Descriptions
Field Description
7 Analog Comparator Module Enable. Enables the ACMP module.

ACME 0 ACMP not enabled
1 ACMP is enabled

6 Analog Comparator Bandgap Select. Selects between the bandgap reference voltage or the ACMPx+ pin as the
ACBGS input to the non-inverting input of the analog comparator.
0 External pin ACMPx+ selected as non-inverting input to comparator
1 Internal reference select as non-inverting input to comparator

5 Analog Comparator Flag. ACF is set when a compare event occurs. Compare events are defined by ACMOD.
ACF ACF is cleared by writing a one to it.
0 Compare event has not occurred
1 Compare event has occurred

4 Analog Comparator Interrupt Enable. Enables the interrupt from the ACMP. When ACIE is set, an interrupt is
ACIE asserted when ACF is set.
0 Interrupt disabled
1 Interrupt enabled
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Table 9-3. ACMPxSC Field Descriptions (continued)

Field Description

3 Analog Comparator Output. Reading ACO returns the current value of the analog comparator output. ACO is
ACO reset to a 0 and reads as a 0 when the ACMP is disabled (ACME = 0).

2 Analog Comparator Output Pin Enable. Enables the comparator output to be placed onto the external pin,
ACOPE [ACMPXO.
0 Analog comparator output not available on ACMPxO
1 Analog comparator output is driven out on ACMPxO

1:0 Analog Comparator Mode. ACMOD selects the type of compare event which sets ACF.
ACMOD |00 Encoding 0 — Comparator output falling edge
01 Encoding 1 — Comparator output rising edge
10 Encoding 2 — Comparator output falling edge
11 Encoding 3 — Comparator output rising or falling edge

9.4  Functional Description

The analog comparator can compare two analog input voltages applied to ACMPx+ and ACMPx—, or it
can compare an analog input voltage applied to ACMPx— with an internal bandgap reference voltage.
ACBGS selects between the bandgap reference voltage or the ACMPx+ pin as the input to the
non-inverting input of the analog comparator. The comparator output is high when the non-inverting input
IS greater than the inverting input, and is low when the non-inverting input is less than the inverting input.
ACMOD selects the condition that causes ACF to be set. ACF can be set on a rising edge of the comparator
output, a falling edge of the comparator output, or a rising or a falling edge (toggle). The comparator output
can be read directly through ACO. The comparator output can be driven onto the ACMPxO pin using
ACOPE.
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Chapter 10
Analog-to-Digital Converter (S08ADC12V1)

10.1 Introduction

The 12-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation
within an integrated microcontroller system-on-chip.

NOTE

MC9S08DEGO Series devices operate at a higher voltage range (2.7 V to
5.5V) and do not include stopl mode. Please ignore references to stopl.

10.1.1 Analog Power and Ground Signal Names

Referencesto Vppap and Vggap in this chapter correspond to signals Vppa and Vgga, respectively.

10.1.2 Channel Assignments

NOTE
The ADC channel assignments for the MC9S08DEGO Series devices are
shown in Table 10-1. Reserved channels convert to an unknown value.

This chapter shows bits for all SOBADC12V 1 channels. MC9S08DEGO
Series MCUs do not use all of these channels. All bits corresponding to
channels that are not available on a device are reserved.
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

Table 10-1. ADC Channel Assignment

ADCH Channel Input ADCH Channel Input
00000 ADO PTAO/ADPO/MCLK 01111 AD15 PTB7/ADP15
00001 AD1 PTA1/ADP1/ACMP1+ 10000 AD16 PTCO/ADP16
00010 AD2 PTA2/ADP2/ACMP1P- 10001 AD17 PTC1/ADP17
00011 AD3 PTA3/ADP3/ACMP10 10010 AD18 PTC2/ADP18
00100 AD4 PTA4/ADP4 10011 AD19 PTC3/ADP19
00101 AD5 PTAS5/ADP5 10100 AD20 PTC4/ADP20
00110 AD6 PTA6/ADP6 10101 AD21 PTC5/ADP21
00111 AD7 PTA7/ADP7 10110 AD22 PTC6/ADP22
01000 ADS PTBO/ADPS 10111 AD23 PTC7/ADP23
01001 AD9 PTB1/ADP9 11000- | AD24 through AD25 Reserved
01010 AD10 PTB2/ADP10 11001

01011 AD11 PTB3/ADP11 11010 AD26 Temperature Sensor!
01100 AD12 PTB4/ADP12 11011 AD27 Internal Bandgap2
01101 AD13 PTB5/ADP13 11100 Reserved Reserved
01110 AD14 PTB6/ADP14 11101 VREFH VREFH

10.1.3 Alternate Clock

The ADC module is capable of performing conversions using the MCU bus clock, the bus clock divided
by two, the local asynchronous clock (ADACK) within the module, or the alternate clock, ALTCLK. The
alternate clock for the MC9S08DEGO Series MCU devicesisthe external reference clock (M CGERCLK).

The selected clock source must run at afrequency such that the ADC conversion clock (ADCK) runsat a
frequency within its specified range (fapck) after being divided down from the ALTCLK input as
determined by the ADIV hits.

ALTCLK isactive whilethe MCU isin wait mode provided the conditions described above are met. This
allows ALTCLK to be used as the conversion clock source for the ADC while the MCU isin wait mode.

ALTCLK cannot be used as the ADC conversion clock source whilethe MCU isin either stop2 or stop3.

10.1.4 Hardware Trigger

The ADC hardware trigger, ADHWT, is the output from the real time counter (RTC). The RTC counter
can be clocked by either MCGERCLK or anominal 1 kHz clock source.

The period of the RTC is determined by the input clock frequency, the RTCPS bits, and the RTCMOD
register. When the ADC hardware trigger is enabled, a conversion isinitiated upon an RTC counter
overflow.

The RTC can be configured to cause a hardware trigger in MCU run, wait, and stop3.
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10.1.5 Temperature Sensor

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

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

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

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

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

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

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

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

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

MC9S08DEG60 Series Data Sheet, Rev. 3

Freescale Semiconductor 175
wwwe.DataSheetdlU.com



Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)
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Figure 10-1. MC9S08DEG60/32 Block Diagram Emphasizing the ADC Module and Pins

MC9S08DEG60 Series Data Sheet, Rev. 3

176

Freescale Semiconductor
wwwe.DataSheetdlU.com
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10.1.6 Features

Features of the ADC module include:
» Linear successive approximation algorithm with 12-bit resolution
* Upto 28 anaog inputs
* Output formatted in 12-, 10-, or 8-bit right-justified unsigned format
» Single or continuous conversion (automatic return to idle after single conversion)
» Configurable sample time and conversion speed/power
» Conversion complete flag and interrupt
* Input clock selectable from up to four sources
*  Operation in wait or stop3 modes for lower noise operation
» Asynchronous clock source for lower noise operation
» Selectable asynchronous hardware conversion trigger
» Automatic compare with interrupt for less-than, or greater-than or equal-to, programmable value
* Temperature sensor

10.1.7 ADC Module Block Diagram
Figure 10-2 provides ablock diagram of the ADC module.
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Figure 10-2. ADC

10.2 External Signal Description

Block Diagram

Bus Clock

ALTCLK

}—» Interrupt

The ADC module supports up to 28 separate analog inputs. It also requires four supply/reference/ground

connections.
Table 10-2. Signal Properties
Name Function
AD27-ADO Analog Channel inputs
VREFH High reference voltage
VREFL Low reference voltage
VppaD Analog power supply
Vssap Analog ground
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10.2.1  Analog Power (Vppap)

The ADC analog portion uses Vppap &S its power connection. In some packages, Vppap IS connected
internally to Vpp. If externally available, connect the Vppap pin to the same voltage potential asVpp.
External filtering may be necessary to ensure clean Vppap for good results.

10.2.2 Analog Ground (Vgsap)

The ADC analog portion uses V gga p asits ground connection. In some packages, V ggap IS connected
internally to Vg, If externally available, connect the V ggap pin to the same voltage potential asV g,

10.2.3 Voltage Reference High (VrRegn)

V rern 1Sthe high reference voltage for the converter. In some packages, V gepn IS connected internally to
Vppap- If externaly available, V gy may be connected to the same potential asV ppap Or may bedriven
by an external source between the minimum V ppap Spec and the V ppap potential (V gggy must never
exceed Vppap)-

10.2.4 Voltage Reference Low (VrggL)

VrerL isthe low-reference voltage for the converter. In some packages, Ve is connected internally to
Vssap- If externally available, connect the Vgeg pin to the same voltage potential asVggap-

10.2.5 Analog Channel Inputs (ADx)

The ADC modul e supports up to 28 separate analog inputs. Aninput is sel ected for conversion through the
ADCH channel select bits.

10.3 Register Definition
These memory-mapped registers control and monitor operation of the ADC:

» Status and control register, ADCSC1

e Statusand control register, ADCSC2

» Dataresult registers, ADCRH and ADCRL

* Compare value registers, ADCCVH and ADCCVL
» Configuration register, ADCCFG

* Pincontrol registers, APCTL1, APCTL2, APCTL3

10.3.1 Status and Control Register 1 (ADCSC1)

This section describes the function of the ADC status and control register (ADCSC1). Writing ADCSC1
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to avalue other
than al 1s).
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7 6 5 4 3 2 1 0
R| COCO
AIEN ADCO ADCH
W
Reset: 0 0 0 1 1 1 1 1

Figure 10-3. Status and Control Register (ADCSC1)

Table 10-3. ADCSC1 Field Descriptions

Field Description
7 Conversion Complete Flag. The COCO flag is a read-only bit set each time a conversion is completed when the
COCO compare function is disabled (ACFE = 0). When the compare function is enabled (ACFE = 1), the COCO flag is
set upon completion of a conversion only if the compare result is true. This bit is cleared when ADCSC1 is written
or when ADCRL is read.
0 Conversion not completed
1 Conversion completed
6 Interrupt Enable AIEN enables conversion complete interrupts. When COCO becomes set while AIEN is high,
AIEN an interrupt is asserted.
0 Conversion complete interrupt disabled
1 Conversion complete interrupt enabled
5 Continuous Conversion Enable. ADCO enables continuous conversions.
ADCO 0 One conversion following a write to the ADCSC1 when software triggered operation is selected, or one
conversion following assertion of ADHWT when hardware triggered operation is selected.
1 Continuous conversions initiated following a write to ADCSC1 when software triggered operation is selected.
Continuous conversions are initiated by an ADHWT event when hardware triggered operation is selected.
4:0 Input Channel Select. The ADCH bits form a 5-bit field that selects one of the input channels. The input channels
ADCH are detailed in Table 10-4.

The successive approximation converter subsystem is turned off when the channel select bits are all set. This
feature allows for explicit disabling of the ADC and isolation of the input channel from all sources. Terminating
continuous conversions this way prevents an additional, single conversion from being performed. It is not
necessary to set the channel select bits to all ones to place the ADC in a low-power state when continuous
conversions are not enabled because the module automatically enters a low-power state when a conversion
completes.

Table 10-4. Input Channel Select

ADCH Input Select
00000-01111 ADO-15
10000-11011 AD16-27

11100 Reserved

11101 VREFH

11110 VREFL

11111 Module disabled
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10.3.2 Status and Control Register 2 (ADCSC2)

The ADCSC2 register controlsthe compare function, conversion trigger, and conversion active of the ADC
module.

7 6 5 4 3 2
Reset: 0 0 0 0 0 0 0 0

Figure 10-4. Status and Control Register 2 (ADCSC2)

Table 10-5. ADCSC2 Register Field Descriptions

Field Description

7 Conversion Active. Indicates that a conversion is in progress. ADACT is set when a conversion is initiated and
ADACT cleared when a conversion is completed or aborted.
0 Conversion not in progress
1 Conversion in progress

6 Conversion Trigger Select. Selects the type of trigger used for initiating a conversion. Two types of triggers are
ADTRG selectable: software trigger and hardware trigger. When software trigger is selected, a conversion is initiated
following a write to ADCSC1. When hardware trigger is selected, a conversion is initiated following the assertion
of the ADHWT input.

0 Software trigger selected
1 Hardware trigger selected

5 Compare Function Enable. Enables the compare function.
ACFE 0 Compare function disabled
1 Compare function enabled

4 Compare Function Greater Than Enable. Configures the compare function to trigger when the result of the
ACFGT conversion of the input being monitored is greater than or equal to the compare value. The compare function
defaults to triggering when the result of the compare of the input being monitored is less than the compare value.
0 Compare triggers when input is less than compare value
1 Compare triggers when input is greater than or equal to compare value

10.3.3 Data Result High Register (ADCRH)

In 12-bit operation, ADCRH contains the upper four bits of the result of a 12-bit conversion. In 10-bit
mode, ADCRH contains the upper two bits of the result of a10-bit conversion. When configured for 10-bit
mode, ADR[11:10] are cleared. When configured for 8-bit mode, ADR[11:8] are cleared.

In 12-bit and 10-bit mode, ADCRH is updated each time a conversion completes except when automatic
compare is enabled and the compare condition is not met. When a compare event does occur, thevalueis
the addition of the conversion result and the two’s complement of the compare value. In 12-bit and 10-bit
mode, reading ADCRH prevents the ADC from transferring subsequent conversion resultsinto the result
registers until ADCRL isread. If ADCRL is not read until after the next conversion is completed, the
intermediate conversion result islost. In 8-bit mode, there is no interlocking with ADCRL.
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If the MODE bits are changed, any datain ADCRH becomesinvalid.

7 6 5 4 3 2 1 0
R 0 0 0 0 ADR11 ADR10 ADR9 ADRS8
w
Reset: 0 0 0 0 0 0 0 0

Figure 10-5. Data Result High Register (ADCRH)

10.3.4 Data Result Low Register (ADCRL)

ADCRL containsthe lower eight bits of the result of a 12-bit or 10-bit conversion, and all eight bits of an
8-bit conversion. Thisregister is updated each time a conversion completes except when automatic
compare is enabled and the compare condition is not met. When a compare event does occur, thevalueis
the addition of the conversion result and the two’'s complement of the compare value. In 12-bit and 10-bit
mode, reading ADCRH prevents the ADC from transferring subsequent conversion results into the result
registers until ADCRL isread. If ADCRL is not read until the after next conversion is completed, the
intermediate conversion resultsarelost. In 8-bit mode, thereisno interlocking with ADCRH. If the MODE
bits are changed, any datain ADCRL becomes invalid.
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Figure 10-6. Data Result Low Register (ADCRL)

10.3.5 Compare Value High Register (ADCCVH)

In 12-bit mode, the ADCCVH register holds the upper four bits of the 12-bit compare value. When the
compare function is enabled, these bits are compared to the upper four bits of the result following a
conversion in 12-bit mode.

7 6 5 4 3 2 1 0
R 0 0 0 0
ADCV11 ADCV10 ADCV9 ADCVS8
"
Reset: 0 0 0 0 0 0 0 0
Figure 10-7. Compare Value High Register (ADCCVH)
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In 10-bit mode, the ADCCVH register holds the upper two bits of the 10-bit compare value (ADCV[9:8]).
These bits are compared to the upper two bits of the result following a conversion in 10-bit mode when the
compare function is enabled.

In 8-bit mode, ADCCVH is not used during compare.

10.3.6 Compare Value Low Register (ADCCVL)

This register holds the lower 8 bits of the 12-bit or 10-bit compare value or all 8 bits of the 8-bit compare
value. When the compare function is enabled, bits ADCV[7:0] are compared to the lower 8 bits of the
result following a conversion in 12-bit, 10-bit or 8-bit mode.

7 6 5 4 3 2 1 0
R
ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCVO0
W
Reset: 0 0 0 0 0 0 0 0

Figure 10-8. Compare Value Low Register (ADCCVL)

10.3.7 Configuration Register (ADCCFQG)

ADCCEFG selects the mode of operation, clock source, clock divide, and configures for low power and
long sample time.

7 6 5 4 3 2 1 0

R
ADLPC ADIV ADLSMP MODE ADICLK

W

Reset: 0 0 0 0 0 0 0 0

Figure 10-9. Configuration Register (ADCCFG)
Table 10-6. ADCCFG Register Field Descriptions
Field Description
7 Low-Power Configuration. ADLPC controls the speed and power configuration of the successive approximation

ADLPC converter. This optimizes power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration: The power is reduced at the expense of maximum clock speed.

6:5 Clock Divide Select. ADIV selects the divide ratio used by the ADC to generate the internal clock ADCK.
ADIV Table 10-7 shows the available clock configurations.
4 Long Sample Time Configuration. ADLSMP selects between long and short sample time. This adjusts the

ADLSMP |sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when
continuous conversions are enabled if high conversion rates are not required.

0 Short sample time

1 Long sample time
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Table 10-6. ADCCFG Register Field Descriptions (continued)

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

00 1 Input clock

01 2 Input clock + 2

10 4 Input clock + 4

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

MODE Mode Description

00 8-bit conversion (N=8)

01 12-bit conversion (N=12)

10 10-bit conversion (N=10)

11 Reserved
Table 10-9. Input Clock Select

ADICLK Selected Clock Source

00 Bus clock

01 Bus clock divided by 2

10 Alternate clock (ALTCLK)

11 Asynchronous clock (ADACK)

10.3.8 Pin Control 1 Register (APCTL1)

The pin control registers disable the I/O port control of MCU pins used as analog inputs. APCTL1is
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used to control the pins associated with channels 0-7 of the ADC module.

7

6

5

4

3

2

R
ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
w
Reset: 0 0 0 0 0 0 0 0
Figure 10-10. Pin Control 1 Register (APCTL1)
Table 10-10. APCTL1 Register Field Descriptions
Field Description
7 ADC Pin Control 7. ADPCY controls the pin associated with channel AD7.
ADPC7 0 ADZ7 pin I/O control enabled
1 ADY pin I/O control disabled
6 ADC Pin Control 6. ADPC6 controls the pin associated with channel AD6.
ADPC6 0 ADSG6 pin I/O control enabled
1 ADS pin I/O control disabled
5 ADC Pin Control 5. ADPC5 controls the pin associated with channel AD5.
ADPC5 0 ADS pin I/O control enabled
1 ADS5 pin I/O control disabled
4 ADC Pin Control 4. ADPC4 controls the pin associated with channel AD4.
ADPCA4 0 AD4 pin I/O control enabled
1 AD4 pin I/O control disabled
3 ADC Pin Control 3. ADPC3 controls the pin associated with channel AD3.
ADPC3 0 AD3 pin I/O control enabled
1 AD3 pin I/O control disabled
2 ADC Pin Control 2. ADPC2 controls the pin associated with channel AD2.
ADPC2 0 AD2 pin I/O control enabled
1 AD2 pin I/O control disabled
1 ADC Pin Control 1. ADPC1 controls the pin associated with channel AD1.
ADPC1 0 ADL1 pin I/O control enabled
1 ADZ1 pin I/O control disabled
0 ADC Pin Control 0. ADPCO controls the pin associated with channel ADO.
ADPCO 0 ADOQO pin I/O control enabled
1 ADO pin I/O control disabled
10.3.9 Pin Control 2 Register (APCTL2)
APCTL2 controls channels 8-15 of the ADC module.
7 6 5 4 3 2 1 0
R
ADPC15 | ADPC14 | ADPC13 | ADPC12 ADPC11 ADPC10 ADPC9 ADPC8
W
Reset: 0 0 0 0 0 0 0 0
Figure 10-11. Pin Control 2 Register (APCTL2)
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Table 10-11. APCTL2 Register Field Descriptions

Field Description
7 ADC Pin Control 15. ADPC15 controls the pin associated with channel AD15.
ADPC15 |0 ADI15 pin I/O control enabled
1 ADI15 pin I/O control disabled
6 ADC Pin Control 14. ADPC14 controls the pin associated with channel AD14.
ADPC14 |0 AD14 pin I/O control enabled
1 AD14 pin I/O control disabled
5 ADC Pin Control 13. ADPC13 controls the pin associated with channel AD13.
ADPC13 |0 AD13 pin I/O control enabled
1 AD13 pin I/O control disabled
4 ADC Pin Control 12. ADPC12 controls the pin associated with channel AD12.
ADPC12 |0 AD12 pin I/O control enabled
1 AD12 pin I/O control disabled
3 ADC Pin Control 11. ADPC11 controls the pin associated with channel AD11.
ADPC11 |0 AD11 pin I/O control enabled
1 AD11 pin I/O control disabled
2 ADC Pin Control 10. ADPC10 controls the pin associated with channel AD10.
ADPC10 |0 AD10 pin I/O control enabled
1 AD10 pin I/O control disabled
1 ADC Pin Control 9. ADPC9 controls the pin associated with channel AD9.
ADPC9 |0 ADS9 pin I/O control enabled
1 AD?9 pin I/O control disabled
0 ADC Pin Control 8. ADPC8 controls the pin associated with channel AD8.
ADPC8 |0 ADS8 pin I/O control enabled

1 ADS pin I/O control disabled

10.3.10 Pin Control 3 Register (APCTL3)
APCTL3 controls channels 16-23 of the ADC module.

7 6 5 4 3 2 1 0
R
ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16
"
Reset: 0 0 0 0 0 0 0 0

Figure 10-12. Pin Control 3 Register (APCTL3)
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Table 10-12. APCTL3 Register Field Descriptions

Field Description

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

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

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

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

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

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

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

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

10.4 Functional Description

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

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

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

The ADC module has the capability of automatically comparing the result of a conversion with the
contents of its compare registers. The compare function is enabled by setting the ACFE bit and operates
with any of the conversion modes and configurations.
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10.4.1 Clock Select and Divide Control

One of four clock sources can be selected as the clock source for the ADC module. This clock sourceis
then divided by a configurable value to generate the input clock to the converter (ADCK). The clock is
selected from one of the following sources by means of the ADICLK bits.

* Thebusclock, which is equal to the frequency at which software is executed. Thisis the default
selection following reset.

» Thebusclock divided by two. For higher bus clock rates, this alows a maximum divide by 16 of
the bus clock.

e ALTCLK, asdefined for this MCU (See modul e section introduction).

* Theasynchronous clock (ADACK). This clock is generated from a clock source within the ADC
module. When selected as the clock source, this clock remains active while the MCU isin wait or
stop3 mode and allows conversions in these modes for lower noise operation.

Whichever clock is selected, itsfrequency must fall within the specified frequency rangefor ADCK. If the
available clocks are too slow, the ADC do not perform according to specifications. If the available clocks
aretoo fast, the clock must be divided to the appropriate frequency. Thisdivider is specified by the ADIV
bits and can be divide-by 1, 2, 4, or 8.

10.4.2 Input Select and Pin Control

The pin control registers (APCTL3, APCTL2, and APCTL 1) disablethe 1/O port control of the pins used
asanalog inputs.When apin control register bit isset, thefollowing conditionsareforced for the associated
MCU pin:

* Theoutput buffer isforced to its high impedance state.

* Theinput buffer is disabled. A read of the 1/0O port returns a zero for any pin with its input buffer
disabled.

e Thepullupisdisabled.

10.4.3 Hardware Trigger

The ADC module has a selectable asynchronous hardware conversion trigger, ADHWT, that is enabled
whenthe ADTRG hitisset. Thissourceisnot available on al MCUs. Consult the modul e introduction for
information on the ADHWT source specific to this MCU.

When ADHWT sourceisavailable and hardwaretrigger isenabled (ADTRG=1), aconversion isinitiated
on therising edge of ADHWT. If aconversionisin progress when arising edge occurs, therising edge is
ignored. In continuous convert configuration, only theinitial rising edge to launch continuous conversions
isobserved. The hardware trigger function operates in conjunction with any of the conversion modes and
configurations.

10.4.4 Conversion Control

Conversions can be performed in 12-bit mode, 10-bit mode, or 8-bit mode as determined by the MODE
bits. Conversions can beinitiated by a software or hardware trigger. In addition, the ADC module can be
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configured for low power operation, long sample time, continuous conversion, and automatic compare of
the conversion result to a software determined compare value.

10.4.4.1 Initiating Conversions

A conversion isinitiated:
» Following awriteto ADCSC1 (with ADCH bits not all 1s) if software triggered operation is
sel ected.
» Following ahardware trigger (ADHWT) event if hardware triggered operation is selected.
* Following the transfer of the result to the data registers when continuous conversion is enabled.

If continuous conversions are enabled, a new conversion is automatically initiated after the completion of
the current conversion. In software triggered operation, continuous conversions begin after ADCSC1 is
written and continue until aborted. In hardware triggered operation, continuous conversions begin after a
hardware trigger event and continue until aborted.

10.4.4.2 Completing Conversions

A conversion is completed when the result of the conversion is transferred into the data result registers,
ADCRH and ADCRL. Thisisindicated by the setting of COCO. Aninterrupt isgenerated if AIEN ishigh
at the time that COCO is set.

A blocking mechanism prevents a new result from overwriting previous datain ADCRH and ADCRL if
the previous dataisin the process of being read whilein 12-bit or 10-bit MODE (the ADCRH register has
been read but the ADCRL register has not). When blocking is active, the data transfer is blocked, COCO
isnot set, and the new result islost. In the case of single conversions with the compare function enabled
and the compare condition fal se, blocking has no effect and ADC operation isterminated. In all other cases
of operation, when a datatransfer is blocked, another conversion isinitiated regardless of the state of
ADCO (single or continuous conversions enabled).

If single conversions are enabled, the blocking mechanism could result in several discarded conversions
and excess power consumption. To avoid thisissue, the data registers must not be read after initiating a
single conversion until the conversion completes.

10.4.4.3 Aborting Conversions
Any conversion in progress is aborted when:

* A write to ADCSC1 occurs (the current conversion will be aborted and a new conversion will be
initiated, if ADCH are not all 1s).

* A write to ADCSC2, ADCCFG, ADCCVH, or ADCCVL occurs. This indicates a mode of
operation change has occurred and the current conversion is therefore invalid.

* The MCU is reset.
» The MCU enters stop mode with ADACK not enabled.
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When a conversion is aborted, the contents of the dataregisters, ADCRH and ADCRL, are not altered.
However, they continue to be the values transferred after the completion of the last successful conversion.
If the conversion was aborted by areset, ADCRH and ADCRL return to their reset states.

10.4.4.4 Power Control

The ADC module remainsin itsidle state until a conversionisinitiated. If ADACK is selected asthe
conversion clock source, the ADACK clock generator is also enabled.

Power consumption when active can bereduced by setting ADLPC. Thisresultsin alower maximum value
for fopck (see the electrical specifications).

10.4.4.5 Sample Time and Total Conversion Time

The total conversion time depends on the sample time (as determined by ADLSMP), the MCU bus
frequency, the conversion mode (8-bit, 10-bit or 12-hit), and the frequency of the conversion clock (fapck)-
After the module becomes active, sampling of the input begins. ADL SMP selects between short (3.5
ADCK cycles) and long (23.5 ADCK cycles) sample times.When sampling is complete, the converter is
isolated from the input channel and a successive approximation algorithm is performed to determine the
digital value of the analog signal. The result of the conversion istransferred to ADCRH and ADCRL upon
completion of the conversion agorithm.

If the bus frequency is less than the f 5 pck frequency, precise sample time for continuous conversions
cannot be guaranteed when short sampleisenabled (ADLSMP=0). If the busfrequency islessthan 1/11th
of the f5pc frequency, precise sample time for continuous conversions cannot be guaranteed when long
sampleis enabled (ADLSMP=1).

The maximum total conversion time for different conditionsis summarized in Table 10-13.

Table 10-13. Total Conversion Time vs. Control Conditions

Conversion Type ADICLK ADLSMP Max Total Conversion Time
Single or first continuous 8-bit 0x, 10 0 20 ADCK cycles + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 0x, 10 0 23 ADCK cycles + 5 bus clock cycles
Single or first continuous 8-bit 0x, 10 1 40 ADCK cycles + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 0x, 10 1 43 ADCK cycles + 5 bus clock cycles
Single or first continuous 8-bit 11 0 5 us + 20 ADCK + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 11 0 5 us + 23 ADCK + 5 bus clock cycles
Single or first continuous 8-bit 11 1 5 us + 40 ADCK + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 11 1 5 us + 43 ADCK + 5 bus clock cycles
Subsequent continuous 8-bit; XX 0 17 ADCK cycles
fsus > fapck
Subsequent continuous 10-bit or 12-bit; XX 0 20 ADCK cycles
fsus > fapck
Subsequent continuous 8-bit; XX 1 37 ADCK cycles
faus > fapck/11
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Table 10-13. Total Conversion Time vs. Control Conditions

Conversion Type ADICLK ADLSMP Max Total Conversion Time

Subsequent continuous 10-bit or 12-bit; XX 1 40 ADCK cycles
fsus > fapck/11

The maximum total conversion timeisdetermined by the clock source chosen and the divideratio sel ected.
The clock sourceis selectable by the ADICLK bits, and the divideratio is specified by the ADIV bits. For
example, in 10-bit mode, with the bus clock selected as the input clock source, the input clock divide-by-1
ratio selected, and a bus frequency of 8 MHz, then the conversion time for asingle conversion is:

o 23 ADCK Cyc 5 bus Cyc
Conversion time = + =3.5ms
8 MHz/1 8 MHz

Number of bus cycles = 3.5 ms x 8 MHz = 28 cycles

NOTE

The ADCK freguency must be between fapckx minimum and fapck
maximum to meet ADC specifications.

10.4.5 Automatic Compare Function

The compare function can be configured to check for an upper or lower limit. After the input is sampled
and converted, the result is added to the two’s complement of the compare value (ADCCVH and
ADCCVL). When comparing to an upper limit (ACFGT = 1), if theresult is greater-than or equal-to the
compare value, COCO is set. When comparing to alower limit (ACFGT = 0), if the result isless than the
compare value, COCO is set. The value generated by the addition of the conversion result and the two's
complement of the compare value istransferred to ADCRH and ADCRL.

Upon completion of a conversion while the compare function is enabled, if the compare condition is not
true, COCO isnot set and no dataistransferred to the result registers. An ADC interrupt is generated upon
the setting of COCO if the ADC interrupt is enabled (AIEN = 1).

NOTE

The compare function can monitor the voltage on achannel whilethe MCU
isinwait or stop3 mode. The ADC interrupt wakes the MCU when the
compare condition is met.

10.4.6 MCU Wait Mode Operation

Wait mode is alower power-consumption standby mode from which recovery isfast because the clock
sources remain active. If aconversion isin progress when the MCU enters wait mode, it continues until
completion. Conversions can beinitiated whilethe MCU isin wait mode by means of the hardware trigger
or if continuous conversions are enabled.

The bus clock, bus clock divided by two, and ADACK are available as conversion clock sources whilein
wait mode. The use of ALTCLK asthe conversion clock source in wait is dependent on the definition of

MC9S08DEG60 Series Data Sheet, Rev. 3

Freescale Semiconductor 191
wwwe.DataSheetdlU.com



Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

ALTCLK for this MCU. Consult the module introduction for information on ALTCLK specific to this
MCU.

A conversion complete event sets the COCO and generates an ADC interrupt to wake the MCU from wait
mode if the ADC interrupt is enabled (AIEN = 1).

10.4.7 MCU Stop3 Mode Operation

Stop modeisalow power-consumption standby mode during which most or all clock sources onthe MCU
are disabled.

10.4.7.1 Stop3 Mode With ADACK Disabled

If the asynchronous clock, ADACK, is not selected as the conversion clock, executing a stop instruction
aborts the current conversion and placesthe ADC initsidle state. The contents of ADCRH and ADCRL
are unaffected by stop3 mode. After exiting from stop3 mode, a software or hardware trigger is required
to resume conversions.

10.4.7.2 Stop3 Mode With ADACK Enabled

If ADACK is selected as the conversion clock, the ADC continues operation during stop3 mode. For
guaranteed ADC operation, the MCU’s voltage regulator must remain active during stop3 mode. Consult
the module introduction for configuration information for this MCU.

If aconversionisin progresswhen the M CU enters stop3 mode, it continues until completion. Conversions
can be initiated while the MCU isin stop3 mode by means of the hardware trigger or if continuous
conversions are enabled.

A conversion complete event setsthe COCO and generatesan ADC interrupt to wake the MCU from stop3
mode if the ADC interrupt is enabled (AIEN = 1).

NOTE

The ADC module can wake the system from low-power stop and cause the
MCU to begin consuming run-level currents without generating a system
level interrupt. To prevent this scenario, software should ensure the data
transfer blocking mechanism (discussed in Section 10.4.4.2, “ Completing
Conversions) is cleared when entering stop3 and continuing ADC
COnversions.

10.4.8 MCU Stop2 Mode Operation

The ADC module is automatically disabled when the MCU enters stop2 mode. All module registers
contain their reset values following exit from stop2. Therefore, the module must be re-enabled and
re-configured following exit from stop2.
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10.5 Initialization Information

This section gives an example that provides some basic direction on how to initialize and configure the
ADC module. You can configure the module for 8-, 10-, or 12-bit resolution, single or continuous
conversion, and a polled or interrupt approach, among many other options. Refer to Table 10-7,

Table 10-8, and Table 10-9 for information used in this example.

NOTE

Hexadecimal values designated by apreceding 0x, binary values designated
by a preceding %, and decimal values have no preceding character.

10.5.1 ADC Module Initialization Example

10.5.1.1 Initialization Sequence

Before the ADC module can be used to complete conversions, an initialization procedure must be
performed. A typical sequenceisasfollows:

1. Update the configuration register (ADCCFG) to select the input clock source and the divide ratio
used to generate the internal clock, ADCK. Thisregister isalso used for selecting sampletime and
low-power configuration.

2. Update status and control register 2 (ADCSC2) to select the conversion trigger (hardware or
software) and compare function options, if enabled.

3. Update status and control register 1 (ADCSCL) to select whether conversions will be continuous
or completed only once, and to enabl e or disable conversion completeinterrupts. Theinput channel
on which conversions will be performed is also selected here.

10.5.1.2 Pseudo-Code Example

In this example, the ADC module is set up with interrupts enabled to perform a single 10-bit conversion
at low power with along sample time on input channel 1, where the internal ADCK clock is derived from
the bus clock divided by 1.

ADCCFG = 0x98 (% 10011000)

Bit 7 ADLPC 1 Configures for | ow power (lowers maxi mum cl ock speed)
Bit 6:5 ADV 00 Sets the ADCK to the input clock + 1
Bit 4 ADLSMP 1 Configures for long sanple tine
Bit 3:2 MODE 10 Sets node at 10-bit conversions
Bit 1:0 AD CLK 00 Sel ects bus clock as input clock source
ADCSC2 = 0x00 (% 00000000)
Bit 7 ADACT 0 Flag indicates if a conversion is in progress
Bit 6 ADTRG 0 Software trigger selected
Bit 5 ACFE 0 Conpare function di sabl ed
Bit 4 ACFGT 0 Not used in this exanple
Bit 3:2 00 Reserved, always reads zero
Bit 1:0 00 Reserved for Freescale' s internal use; always wite zero
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ADCSC1 = 0x41 (% 01000001)

Bit 7 COCO
Bit 6 Al EN
Bit 5 ADCO
Bit 4:0 ADCH

ADCRH/L = 0xxx

0 Read-only flag which is set when a conversion conpl etes
1 Conversion conplete interrupt enabled

0 One conversion only (continuous conversions di sabl ed)
00001 I nput channel 1 selected as ADC i nput channel

Hol ds results of conversion. Read high byte (ADCRH) before | ow byte (ADCRL) so that
conversion data cannot be overwitten with data fromthe next conversion.

ADCCVH/L = 0xxx

Hol ds compare val ue when conpare function enabl ed

APCTL 1=0x02

AD1 pin I/O control disabled. Al other AD pins remain general purpose |/O pins

APCTL2=0x00

Al'l other AD pins remain general purpose |I/0O pins

Reset

Y

Initialize ADC

ADCCFG = 0x98
ADCSC2 = 0x00
ADCSC1 = 0x41

"

Check No
COCO=1? —

Yes
\i

Read ADCRH
Then ADCRL To
Clear COCO Bit

Y

Continue

Figure 10-13. Initialization Flowchart for Example
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10.6 Application Information

This section containsinformation for using the ADC module in applications. The ADC has been designed
to be integrated into a microcontroller for use in embedded control applications requiring an A/D
converter.

10.6.1 External Pins and Routing

The following sections discuss the external pins associated with the ADC module and how they should be
used for best results.

10.6.1.1 Analog Supply Pins

The ADC module has analog power and ground supplies (Vppap and Vssap) available as separate pins
on some devices. Vggpp IS sShared on the same pin as the MCU digital V ggon some devices. On other
devices, Vggap and Vppap are shared with the MCU digital supply pins. In these cases, there are separate
padsfor the anal og supplies bonded to the same pin asthe corresponding digital supply so that some degree
of isolation between the supplies is maintained.

When available on aseparate pin, both V ppap and V sga p must be connected to the same voltage potential
as their corresponding MCU digital supply (Vpp and V gg) and must be routed carefully for maximum
noise immunity and bypass capacitors placed as near as possible to the package.

If separate power supplies are used for analog and digital power, the ground connection between these
supplies must be at the V ggpp pin. This should be the only ground connection between these supplies if
possible. The V ggap pin makes a good single point ground location.

10.6.1.2 Analog Reference Pins

In addition to the anal og supplies, the ADC module has connections for two reference voltage inputs. The
high reference is V ggen, Which may be shared on the same pin as Vppap 0n some devices. The low
reference is Vrgg , Which may be shared on the same pin as V ggap 0N some devices.

When available on a separate pin, Vgepy May be connected to the same potential asVppap, Or may be
driven by an external source between the minimum Vppap spec and the Vppap potential (V ggey Must
never exceed Vppap)- When available on a separate pin, Vrgr must be connected to the same voltage
potential asVssap- Vrern aNd V ger. Must be routed carefully for maximum noise immunity and bypass
capacitors placed as near as possible to the package.

AC current intheform of current spikes required to supply charge to the capacitor array at each successive
approximation step isdrawn through the V gge and V gee 100p. The best external component to meet this
current demand isa0.1 uF capacitor with good high frequency characteristics. This capacitor isconnected
between Vgepy and Ve and must be placed as near as possible to the package pins. Resistance in the
path is not recommended because the current causes a voltage drop that could result in conversion errors.
Inductance in this path must be minimum (parasitic only).
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10.6.1.3 Analog Input Pins

The external analog inputs are typically shared with digital 1/0 pinson MCU devices. The pin 1/O control
is disabled by setting the appropriate control bit in one of the pin control registers. Conversions can be
performed on inputs without the associated pin control register bit set. It is recommended that the pin
control register bit always be set when using apin as an analog input. Thisavoids problemswith contention
because the output buffer isin its high impedance state and the pullup is disabled. Also, the input buffer
draws DC current when itsinput isnot at Vpp or V sg. Setting the pin control register bitsfor all pins used
as anal og inputs should be done to achieve lowest operating current.

Empirical data shows that capacitors on the analog inputs improve performance in the presence of noise
or when the source impedanceis high. Use of 0.01 uF capacitors with good high-frequency characteristics
is sufficient. These capacitors are not necessary in al cases, but when used they must be placed as near as
possible to the package pins and be referenced to V ggp .

For proper conversion, the input voltage must fall between V ggey and Vgeg, - If theinput is equal to or
exceedsV grepn, the converter circuit convertsthe signal to OxFFF (full scale 12-bit representation), Ox3FF
(full scale 10-hit representation) or OxFF (full scale 8-bit representation). If the input isequal to or less
than V reg, , the converter circuit converts it to 0x000. Input voltages between V ggpy and Vgee, are
straight-line linear conversions. There is abrief current associated with Vggr When the sampling
capacitor is charging. Theinput is sampled for 3.5 cycles of the ADCK source when ADLSMP islow, or
23.5 cycleswhen ADLSMP s high.

For minimal loss of accuracy dueto current injection, pins adjacent to the analog input pins should not be
transitioning during conversions.

10.6.2 Sources of Error

Several sources of error exist for A/D conversions. These are discussed in the following sections.

10.6.2.1 Sampling Error

For proper conversions, the input must be sampled long enough to achieve the proper accuracy. Given the
maximum input resistance of approximately 7kQ and input capacitance of approximately 5.5 pF, sampling
towithin 1/4LsB (at 12-bit resolution) can be achieved within the minimum sample window (3.5 cycles @
8 MHz maximum ADCK frequency) provided the resistance of the external analog source (Rag) is kept
below 2 kQ.

Higher source resistances or higher-accuracy sampling is possible by setting ADLSMP (to increase the
sample window to 23.5 cycles) or decreasing ADCK frequency to increase sample time.
10.6.2.2 Pin Leakage Error

Leakage on the 1/O pins can cause conversion error if the external analog source resistance (Rpg) ishigh.
If this error cannot be tolerated by the application, keep Raslower than Vppap / (2N* 1| gak) for lessthan
1/41L.sB leakage error (N = 8in 8-bit, 10 in 10-bit or 12 in 12-bit mode).

MC9S08DEG60 Series Data Sheet, Rev. 3

196 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.6.2.3 Noise-Induced Errors

System noise that occurs during the sample or conversion process can affect the accuracy of the
conversion. The ADC accuracy numbers are guaranteed as specified only if the following conditions are
met:

* Thereisa0.1 uF low-ESR capacitor from Vggpy t0 VRerL -
e Thereisa0.1 uF low-ESR capacitor from Vppap t0 Vssap.
» If inductiveisolation is used from the primary supply, an additional 1 uF capacitor is placed from

VppAD 10 Vssap-
*  Vggap (@nd Vgep , if connected) is connected to V gg at aquiet point in the ground plane.

* Operate the MCU in wait or stop3 mode before initiating (hardware triggered conversions) or
immediately after initiating (hardware or software triggered conversions) the ADC conversion.

— For software triggered conversions, immediately follow the write to ADCSC1 with await
instruction or stop instruction.

— For stop3 mode operation, select ADACK asthe clock source. Operation in stop3 reducesVpp
noise but increases effective conversion time due to stop recovery.

* Thereisno I/O switching, input or output, on the MCU during the conversion.

There are some situations where external system activity causes radiated or conducted noise emissions or
excessive Vpp noiseis coupled into the ADC. In these situations, or when the MCU cannot be placed in
wait or stop3 or 1/0 activity cannot be halted, these recommended actions may reduce the effect of noise
on the accuracy:

* Placea0.01 uF capacitor (Cps) on the selected input channel to Vg or Vgsap (thisimproves
noise issues, but affects the sample rate based on the external analog source resistance).

* Average the result by converting the analog input many times in succession and dividing the sum
of the results. Four samples are required to eliminate the effect of a 1LsB, one-time error.

* Reduce the effect of synchronous noise by operating off the asynchronous clock (ADACK) and
averaging. Noise that is synchronous to ADCK cannot be averaged out.

10.6.2.4 Code Width and Quantization Error

The ADC quantizes the ideal straight-line transfer function into 4096 steps (in 12-bit mode). Each step
ideally has the same height (1 code) and width. The width is defined as the delta between the transition
points to one code and the next. The ideal code width for an N bit converter (inthiscase N can be 8, 10 or
12), defined as 1L.sB, is:

1llsb = (VREFH - VREFL) / 2N Eqn 10-2

Thereisan inherent quantization error due to the digitization of the result. For 8-bit or 10-bit conversions
the code transitions when the voltage is at the midpoint between the points where the straight line transfer
function is exactly represented by the actual transfer function. Therefore, the quantization error will be £
1/21sbin 8- or 10-bit mode. As a consequence, however, the code width of the first (0x000) conversionis
only 1/2 Isb and the code width of the last (OxFF or Ox3FF) is 1.5 Ish.
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For 12-bit conversions the code transitions only after the full code width is present, so the quantization
error is—1Isb to 0 Isb and the code width of each stepis 1 Isb.

10.6.2.5 Linearity Errors

The ADC may also exhibit non-linearity of several forms. Every effort has been made to reduce these
errors but the system should be aware of them because they affect overall accuracy. These errors are:

» Zero-scaleerror (Ezg) (sometimes called offset) — This error is defined as the difference between
the actual code width of the first conversion and the ideal code width (1/2 Isb in 8-bit or 10-bit
modesand 1 Isb in 12-bit mode). If thefirst conversion is 0x001, the difference between the actua
0x001 code width and itsideal (1 1sb) is used.

*  Full-scale error (Erg) — This error is defined as the difference between the actual code width of
the last conversion and the ideal code width (1.5 Isb in 8-bit or 10-bit modes and 1LSB in 12-bit
mode). If thelast conversion is Ox3FE, the difference between the actual Ox3FE code width and its
ideal (1LsB) isused.

» Differential non-linearity (DNL) — Thiserror is defined as the worst-case difference between the
actual code width and the ideal code width for al conversions.

* Integral non-linearity (INL) — Thiserror is defined as the highest-val ue the (absol ute value of the)
running sum of DNL achieves. More simply, this is the worst-case difference of the actual
transition voltage to a given code and its corresponding ideal transition voltage, for al codes.

» Tota unadjusted error (TUE) — Thiserror is defined as the difference between the actual transfer
function and the ideal straight-line transfer function and includes all forms of error.

10.6.2.6 Code Jitter, Non-Monotonicity, and Missing Codes

Analog-to-digital converters are susceptible to three special forms of error. These are code jitter,
non-monotonicity, and missing codes.

Codejitter iswhen, at certain points, a given input voltage converts to one of two values when sampled
repeatedly. Ideally, when the input voltage is infinitesimally smaller than the transition voltage, the
converter yieldsthe lower code (and vice-versa). However, even small amounts of system noise can cause
the converter to be indeterminate (between two codes) for arange of input voltages around the transition
voltage. Thisrangeisnormally around 1/2Isb in 8-bit or 10-bit mode, or around 2 Isb in 12-bit mode, and
increases with noise.

This error may be reduced by repeatedly sampling the input and averaging the result. Additionally the
techniques discussed in Section 10.6.2.3 reduces this error.

Non-monotonicity is defined as when, except for code jitter, the converter convertsto alower code for a
higher input voltage. Missing codes are those values never converted for any input value.

In 8-bit or 10-bit mode, the ADC is guaranteed to be monotonic and have no missing codes.

MC9S08DEG60 Series Data Sheet, Rev. 3

198 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 11
Inter-Integrated Circuit (SO08IICV2)

11.1 Introduction

Theinter-integrated circuit (11C) provides amethod of communication between anumber of devices. The
interface is designed to operate up to 100 kbps with maximum bus loading and timing. The deviceis
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

All MC9S08DEGO Series MCUs feature the 11C, as shown in the following block diagram.

NOTE

Drive strength must be disabled (DSE=0) for the I1C pins when using the
I1C module for correct operation.
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Figure 11-1. MC9S08DEG60/32 Block Diagram Emphasizing the IIC Block and Pins
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11.1.1 Features

The 11C includes these distinctive features:
» Compatible with 11C bus standard
* Multi-master operation
» Software programmable for one of 64 different serial clock frequencies
» Software selectable acknowledge bit
» Interrupt driven byte-by-byte data transfer
»  Arbitration lost interrupt with automatic mode switching from master to slave
» Calling address identification interrupt
» Start and stop signal generation/detection
* Repeated start signal generation
» Acknowledge bit generation/detection
* Bus busy detection
» General call recognition
» 10-bit address extension

11.1.2 Modes of Operation

A brief description of the I1C in the various MCU modes is given here.

* Run mode — This is the basic mode of operation. To conserve power in this mode, disable the
module.

* Wait mode — The module continues to operate while the MCU is in wait mode and can provide
a wake-up interrupt.

» Stop mode — The IIC is inactive in stop3 mode for reduced power consumption. The stop
instruction does not affect 11C register states. Stop2 resets the register contents.
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11.1.3 Block Diagram
Figure 11-2 is a block diagram of the IIC.

Address Data Bus
Interrupt ¢
A
ADDR_DECODE DATA_MUX

A

Y
A A A A A
Y Y Y Y Y Y Y Y Y Y

CTRL_REG FREQ REG | ADDR_REG STATUS_REG DATA_REG
| A A
| 2 —
: Input o
- Sync =
In/Out
A Start - > Data
Stop Shift <>
 / Arbitration - Register
Control
Clock < o -
Control = Address
= < Compare -«
‘ Y ‘ Y
SCL SDA

Figure 11-2. lIC Functional Block Diagram

11.2 External Signal Description

This section describes each user-accessible pin signal.

11.2.1 SCL — Serial Clock Line

The bidirectional SCL is the serial clock line of the I1C system.

11.2.2 SDA — Serial Data Line
The bidirectional SDA is the serial data line of the I1C system.

11.3 Register Definition

This section consists of the I1C register descriptions in address order.

MC9S08DEG60 Series Data Sheet, Rev. 3

202

Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 11 Inter-Integrated Circuit (S08IICV2)

Refer to the direct-page register summary in the memory chapter of this document for the absolute address
assignments for all 11C registers. This section refers to registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute

addresses.
11.3.1 |IC Address Register (lICA)
7 6 5 4 3 2 1
R 0
AD7 ADG6 AD5 AD4 AD3 AD2 AD1
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 11-3. IIC Address Register (lICA)
Table 11-1. [ICA Field Descriptions
Field Description
7-1 Slave Address. The AD[7:1] field contains the slave address to be used by the 1IC module. This field is used on
AD[7:1] the 7-bit address scheme and the lower seven bits of the 10-bit address scheme.
11.3.2 |lIC Frequency Divider Register (IICF)
7 6 5 4 3 2 1 0
R
MULT ICR
W
Reset 0 0 0 0 0 0 0 0

Figure 11-4. lIC Frequency Divider Register (IICF)
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Table 11-2. IICF Field Descriptions

Field Description
7-6 IIC Multiplier Factor. The MULT bits define the multiplier factor, mul. This factor, along with the SCL divider,
MULT generates the 1IC baud rate. The multiplier factor mul as defined by the MULT bits is provided below.
00 mul =01
01 mul =02
10 mul =04
11 Reserved
5-0 IIC Clock Rate. The ICR bits are used to prescale the bus clock for bit rate selection. These bits and the MULT
ICR bits determine the IIC baud rate, the SDA hold time, the SCL Start hold time, and the SCL Stop hold time.

Table 11-4 provides the SCL divider and hold values for corresponding values of the ICR.

The SCL divider multiplied by multiplier factor mul generates IIC baud rate.

bus speed (Hz)
mul x SCLdivider

SDA hold time is the delay from the falling edge of SCL (lIC clock) to the changing of SDA (IIC data).

IIC baud rate = Egn. 11-1

SDA hold time = bus period (s) X mul X SDA hold value Egn. 11-2

SCL start hold time is the delay from the falling edge of SDA (lIC data) while SCL is high (Start condition) to the
falling edge of SCL (lIC clock).

SCL Start hold time = bus period (s) X mul X SCL Start hold value Egn. 11-3

SCL stop hold time is the delay from the rising edge of SCL (lIC clock) to the rising edge of SDA
SDA (IIC data) while SCL is high (Stop condition).

SCL Stop hold time = bus period (s) X mul X SCL Stop hold value Eqgn. 11-4

For example, if the bus speed is 8 MHz, the table below shows the possible hold time values with different
ICR and MULT selections to achieve an 11C baud rate of 100kbps.

Table 11-3. Hold Time Values for 8 MHz Bus Speed

Hold Times (us)
MULT ICR
SDA SCL Start SCL Stop
0x2 0x00 3.500 3.000 5.500
0x1 0x07 2.500 4.000 5.250
Ox1 0x0B 2.250 4.000 5.250
0x0 0x14 2.125 4.250 5.125
0x0 0x18 1.125 4.750 5.125
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ICR scL SDA Hold SCL Hold | SDA Hold ICR scL SDA Hold SCL Hold | SCL Hold
(hex) | Divider Value (Start) (Stop) (hex) | Divider Value (Start) (Stop)
Value Value Value Value
00 20 7 6 11 20 160 17 78 81
01 22 7 7 12 21 192 17 94 97
02 24 8 8 13 22 224 33 110 113
03 26 8 9 14 23 256 33 126 129
04 28 9 10 15 24 288 49 142 145
05 30 9 11 16 25 320 49 158 161
06 34 10 13 18 26 384 65 190 193
07 40 10 16 21 27 480 65 238 241
08 28 10 15 28 320 33 158 161
09 32 12 17 29 384 33 190 193
0A 36 14 19 2A 448 65 222 225
0B 40 16 21 2B 512 65 254 257
oC 44 11 18 23 2C 576 97 286 289
0D 48 11 20 25 2D 640 97 318 321
OE 56 13 24 29 2E 768 129 382 385
OF 68 13 30 35 2F 960 129 478 481
10 48 18 25 30 640 65 318 321
11 56 22 29 31 768 65 382 385
12 64 13 26 33 32 896 129 446 449
13 72 13 30 37 33 1024 129 510 513
14 80 17 34 41 34 1152 193 574 577
15 88 17 38 45 35 1280 193 638 641
16 104 21 46 53 36 1536 257 766 769
17 128 21 58 65 37 1920 257 958 961
18 80 38 41 38 1280 129 638 641
19 96 46 49 39 1536 129 766 769
1A 112 17 54 57 3A 1792 257 894 897
1B 128 17 62 65 3B 2048 257 1022 1025
1C 144 25 70 73 3C 2304 385 1150 1153
1D 160 25 78 81 3D 2560 385 1278 1281
1E 192 33 94 97 3E 3072 513 1534 1537
1F 240 33 118 121 3F 3840 513 1918 1921
MC9S08DEG60 Series Data Sheet, Rev. 3
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11.3.3 |IC Control Register (IICC1)

7 6 5 4 3 2 1
R 0 0 0
IICEN IICIE MST X TXAK
w RSTA
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-5. lIC Control Register (IICC1)

Table 11-5. IICC1 Field Descriptions

Field Description

7 IIC Enable. The IICEN bit determines whether the 1IC module is enabled.
IICEN 0 IIC is not enabled
1 lIC is enabled

6 IIC Interrupt Enable. The IICIE bit determines whether an IIC interrupt is requested.
IICIE 0 IIC interrupt request not enabled
1 IIC interrupt request enabled
5 Master Mode Select. The MST bit changes from a 0 to a 1 when a start signal is generated on the bus and
MST master mode is selected. When this bit changes from a 1 to a O a stop signal is generated and the mode of

operation changes from master to slave.
0 Slave mode
1 Master mode

4 Transmit Mode Select. The TX bit selects the direction of master and slave transfers. In master mode, this bit

X should be set according to the type of transfer required. Therefore, for address cycles, this bit is always high.
When addressed as a slave, this bit should be set by software according to the SRW bit in the status register.
0 Receive
1 Transmit

3 Transmit Acknowledge Enable. This bit specifies the value driven onto the SDA during data acknowledge

TXAK cycles for master and slave receivers.
0 An acknowledge signal is sent out to the bus after receiving one data byte
1 No acknowledge signal response is sent

2 Repeat start. Writing a 1 to this bit generates a repeated start condition provided it is the current master. This
RSTA bit is always read as cleared. Attempting a repeat at the wrong time results in loss of arbitration.
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11.3.4 |IC Status Register (IICS)

7 6 5 4 2 1 0
R TCF BUSY 0 SRW RXAK
IAAS ARBL IICIF
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 11-6. IIC Status Register (IICS)
Table 11-6. IICS Field Descriptions
Field Description
7 Transfer Complete Flag. This bit is set on the completion of a byte transfer. This bit is only valid during or
TCF immediately following a transfer to the IIC module or from the 1IC module.The TCF bit is cleared by reading the
IICD register in receive mode or writing to the IICD in transmit mode.
0 Transfer in progress
1 Transfer complete
6 Addressed as a Slave. The IAAS bit is set when the calling address matches the programmed slave address

IAAS or when the GCAEN bit is set and a general call is received. Writing the [ICC register clears this bit.
0 Not addressed
1 Addressed as a slave

5 Bus Busy. The BUSY bit indicates the status of the bus regardless of slave or master mode. The BUSY bit is
BUSY set when a start signal is detected and cleared when a stop signal is detected.
0 Busisidle
1 Bus is busy
4 Arbitration Lost. This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared

ARBL by software by writing a 1 to it.
0 Standard bus operation
1 Loss of arbitration

2 Slave Read/Write. When addressed as a slave, the SRW bit indicates the value of the R/W command bit of the
SRW calling address sent to the master.
0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave

1 IIC Interrupt Flag. The IICIF bit is set when an interrupt is pending. This bit must be cleared by software, by
IICIF writing a 1 to it in the interrupt routine. One of the following events can set the IICIF bit:
« One byte transfer completes
« Match of slave address to calling address
* Arbitration lost
0 No interrupt pending
1 Interrupt pending

0 Receive Acknowledge. When the RXAK bit is low, it indicates an acknowledge signal has been received after
RXAK the completion of one byte of data transmission on the bus. If the RXAK bit is high it means that no acknowledge
signal is detected.

0 Acknowledge received
1 No acknowledge received
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11.3.5 |IC Data I/O Register (1ICD)

7 6 5 4 3 2 1 0
R
DATA
W
Reset 0 0 0 0 0 0 0 0
Figure 11-7. IIC Data I/0 Register (lICD)
Table 11-7. IICD Field Descriptions
Field Description
7-0 Data — In master transmit mode, when data is written to the IICD, a data transfer is initiated. The most significant
DATA bit is sent first. In master receive mode, reading this register initiates receiving of the next byte of data.

NOTE

When transitioning out of master receive mode, the 11C mode should be
switched before reading the I1CD register to prevent an inadvertent
initiation of a master receive data transfer.

In slave mode, the same functions are available after an address match has occurred.

The TX bit in IICC must correctly reflect the desired direction of transfer in master and slave modes for
the transmission to begin. For instance, if the 11C is configured for master transmit but a master receive is
desired, reading the I1CD does not initiate the receive.

Reading the 1ICD returns the last byte received while the I1C is configured in master receive or slave
receive modes. The IICD does not reflect every byte transmitted on the I1C bus, nor can software verify
that a byte has been written to the I1CD correctly by reading it back.

In master transmit mode, the first byte of data written to I1CD following assertion of MST is used for the

address transfer and should comprise of the calling address (in bit 7 to bit 1) concatenated with the required
R/W bit (in position bit 0).

11.3.6 1lIC Control Register 2 (IICC2)

7 6 5 2 1 0
R 0 0 0
GCAEN ADEXT AD10 AD9 ADS8
wW
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 11-8. lIC Control Register (IICC2)
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Table 11-8. [ICC2 Field Descriptions

Field Description
7 General Call Address Enable. The GCAEN bit enables or disables general call address.
GCAEN 0 General call address is disabled
1 General call address is enabled
6 Address Extension. The ADEXT bit controls the number of bits used for the slave address.
ADEXT |0 7-bit address scheme
1 10-bit address scheme
2-0 Slave Address. The AD[10:8] field contains the upper three bits of the slave address in the 10-bit address
AD[10:8] |scheme. This field is only valid when the ADEXT bit is set.

11.4 Functional Description

This section provides a complete functional description of the 11C module.

1141

[1C Protocol

The I1C bus system uses a serial data line (SDA) and a serial clock line (SCL) for data transfer. All devices
connected to it must have open drain or open collector outputs. A logic AND function is exercised on both
lines with external pull-up resistors. The value of these resistors is system dependent.

Normally, a standard communication is composed of four parts:
o Start signal
» Slave address transmission
» Data transfer
» Stop signal

The stop signal should not be confused with the CPU stop instruction. The 11C bus system communication
is described briefly in the following sections and illustrated in Figure 11-9.
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SCL

| | | | | | |
| | | | | | | |
| | | | | | | | | | | | | | | |

| [ oo o7 Joe [ om {oe Jor [ o [ oo

Start Calling Address Read/ Ack Data Byte No  Stop
Signal Write Bit Aéck Signal
i

SCL

|
| | | | | | | | | | | | | | | |
[l
A< SR -1 A

1
AD7
<
Start Calling Address Read/ Ack  Repeated New Calling Address Read/ No  Stop
Signal Write Bit Start Write Ack Signal
Signal Bit

Figure 11-9. IIC Bus Transmission Signals

11.4.1.1 Start Signal

When the bus is free, no master device is engaging the bus (SCL and SDA lines are at logical high), a
master may initiate communication by sending a start signal. As shown in Figure 11-9, a start signal is
defined as a high-to-low transition of SDA while SCL is high. This signal denotes the beginning of a new
data transfer (each data transfer may contain several bytes of data) and brings all slaves out of their idle
states.

11.4.1.2 Slave Address Transmission

The first byte of data transferred immediately after the start signal is the slave address transmitted by the
master. This is a seven-bit calling address followed by a R/W bit. The R/W bit tells the slave the desired
direction of data transfer.

1 = Read transfer, the slave transmits data to the master.
0 = Write transfer, the master transmits data to the slave.

Only the slave with a calling address that matches the one transmitted by the master responds by sending
back an acknowledge bit. This is done by pulling the SDA low at the ninth clock (see Figure 11-9).

No two slaves in the system may have the same address. If the 11C module is the master, it must not transmit
an address equal to its own slave address. The 11C cannot be master and slave at the same time. However,
if arbitration is lost during an address cycle, the 11C reverts to slave mode and operates correctly even if it
IS being addressed by another master.
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11.4.1.3 Data Transfer

Before successful slave addressing is achieved, the data transfer can proceed byte-by-byte in a direction
specified by the R/W bit sent by the calling master.

All transfers that come after an address cycle are referred to as data transfers, even if they carry sub-address
information for the slave device

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held stable while
SCL is high as shown in Figure 11-9. There is one clock pulse on SCL for each data bit, the msb being
transferred first. Each data byte is followed by a 9th (acknowledge) bit, which is signalled from the
receiving device. An acknowledge is signalled by pulling the SDA low at the ninth clock. In summary, one
complete data transfer needs nine clock pulses.

If the slave receiver does not acknowledge the master in the ninth bit time, the SDA line must be left high
by the slave. The master interprets the failed acknowledge as an unsuccessful data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte transmission, the slave
interprets this as an end of data transfer and releases the SDA line.

In either case, the data transfer is aborted and the master does one of two things:

* Relinquishes the bus by generating a stop signal.
» Commences a new calling by generating a repeated start signal.

11.4.1.4 Stop Signal

The master can terminate the communication by generating a stop signal to free the bus. However, the
master may generate a start signal followed by a calling command without generating a stop signal first.
This is called repeated start. A stop signal is defined as a low-to-high transition of SDA while SCL at
logical 1 (see Figure 11-9).

The master can generate a stop even if the slave has generated an acknowledge at which point the slave
must release the bus.

11.4.1.5 Repeated Start Signal

As shown in Figure 11-9, a repeated start signal is a start signal generated without first generating a stop
signal to terminate the communication. This is used by the master to communicate with another slave or
with the same slave in different mode (transmit/receive mode) without releasing the bus.

11.4.1.6 Arbitration Procedure

The 11C bus is a true multi-master bus that allows more than one master to be connected on it. If two or

more masters try to control the bus at the same time, a clock synchronization procedure determines the bus
clock, for which the low period is equal to the longest clock low period and the high is equal to the shortest
one among the masters. The relative priority of the contending masters is determined by a data arbitration
procedure, a bus master loses arbitration if it transmits logic 1 while another master transmits logic 0. The
losing masters immediately switch over to slave receive mode and stop driving SDA output. In this case,
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the transition from master to slave mode does not generate a stop condition. Meanwhile, a status bit is set
by hardware to indicate loss of arbitration.

11.4.1.7 Clock Synchronization

Because wire-AND logic is performed on the SCL line, a high-to-low transition on the SCL line affects all
the devices connected on the bus. The devices start counting their low period and after a device’s clock has
gone low, it holds the SCL line low until the clock high state is reached. However, the change of low to
high in this device clock may not change the state of the SCL line if another device clock is still within its
low period. Therefore, synchronized clock SCL is held low by the device with the longest low period.
Devices with shorter low periods enter a high wait state during this time (see Figure 11-10). When all
devices concerned have counted off their low period, the synchronized clock SCL line is released and
pulled high. There is then no difference between the device clocks and the state of the SCL line and all the
devices start counting their high periods. The first device to complete its high period pulls the SCL line
low again.

[ | Delay | Start Counting High Period
/

Internal Counter Reset
Figure 11-10. IIC Clock Synchronization

11.4.1.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfer. Slave devices may hold
the SCL low after completion of one byte transfer (9 bits). In such a case, it halts the bus clock and forces
the master clock into wait states until the slave releases the SCL line.

11.4.1.9 Clock Stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of a transfer. After
the master has driven SCL low the slave can drive SCL low for the required period and then release it. If
the slave SCL low period is greater than the master SCL low period then the resulting SCL bus signal low
period is stretched.
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11.4.2 10-bit Address

For 10-bit addressing, 0x11110 is used for the first 5 bits of the first address byte. Various combinations of
read/write formats are possible within a transfer that includes 10-bit addressing.

11.4.2.1 Master-Transmitter Addresses a Slave-Receiver

The transfer direction is not changed (see Table 11-9). When a 10-bit address follows a start condition,
each slave compares the first seven bits of the first byte of the slave address (11110XX) with its own
address and tests whether the eighth bit (R/W direction bit) is 0. More than one device can find a match
and generate an acknowledge (Al). Then, each slave that finds a match compares the eight bits of the
second byte of the slave address with its own address. Only one slave finds a match and generates an
acknowledge (A2). The matching slave remains addressed by the master until it receives a stop condition
(P) or a repeated start condition (Sr) followed by a different slave address.

Slave Address 1st 7 bits | R/W Slave Address 2nd byte
S Al A2 | Data [A| .. | Data | AIA | P
11110 + AD10 + AD9 0 AD[8:1]

Table 11-9. Master-Transmitter Addresses Slave-Receiver with a 10-bit Address

After the master-transmitter has sent the first byte of the 10-bit address, the slave-receiver sees an I11C
interrupt. Software must ensure the contents of 11CD are ignored and not treated as valid data for this
interrupt.

11.4.2.2 Master-Receiver Addresses a Slave-Transmitter

The transfer direction is changed after the second R/W bit (see Table 11-10). Up to and including
acknowledge bit A2, the procedure is the same as that described for a master-transmitter addressing a
slave-receiver. After the repeated start condition (Sr), a matching slave remembers that it was addressed
before. This slave then checks whether the first seven bits of the first byte of the slave address following
Sr are the same as they were after the start condition (S) and tests whether the eighth (R/W) bit is 1. If there
IS a match, the slave considers that it has been addressed as a transmitter and generates acknowledge A3.
The slave-transmitter remains addressed until it receives a stop condition (P) or a repeated start condition
(Sr) followed by a different slave address.

After a repeated start condition (Sr), all other slave devices also compare the first seven bits of the first byte
of the slave address with their own addresses and test the eighth (R/W) bit. However, none of them are
addressed because R/W = 1 (for 10-bit devices) or the 11110XX slave address (for 7-bit devices) does not
match.

Slave Address RIW Slave Address Slave Address RIW
S 1st 7 bits Al 2nd byte A2 | sr 1st 7 bits A3 | Data [A| ... | Data | A | P
11110 + AD10 + AD9 0 AD[8:1] 11110 + AD10 + AD9 1

Table 11-10. Master-Receiver Addresses a Slave-Transmitter with a 10-bit Address

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter sees an 11C
interrupt. Software must ensure the contents of 11CD are ignored and not treated as valid data for this
interrupt.
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11.4.3 General Call Address

General calls can be requested in 7-bit address or 10-bit address. If the GCAEN bit is set, the 11C matches
the general call address as well as its own slave address. When the 11C responds to a general call, it acts as
a slave-receiver and the IAAS bit is set after the address cycle. Software must read the 11CD register after
the first byte transfer to determine whether the address matches is its own slave address or a general call.
If the value is 00, the match is a general call. If the GCAEN bit is clear, the I1C ignores any data supplied
from a general call address by not issuing an acknowledgement.

11.5 Resets

The 11C is disabled after reset. The IIC cannot cause an MCU reset.

11.6 Interrupts
The 11C generates a single interrupt.

An interrupt from the 11C is generated when any of the events in Table 11-11 occur, provided the IICIE bit
is set. The interrupt is driven by bit 1ICIF (of the I1C status register) and masked with bit 11CIE (of the 1IC
control register). The IICIF bit must be cleared by software by writing a 1 to it in the interrupt routine. You
can determine the interrupt type by reading the status register.

Table 11-11. Interrupt Summary

Interrupt Source Status Flag Local Enable
Complete 1-byte transfer TCF IICIF IICIE
Match of received calling address IAAS IICIF lICIE
Arbitration Lost ARBL IICIF lICIE

11.6.1 Byte Transfer Interrupt

The TCF (transfer complete flag) bit is set at the falling edge of the ninth clock to indicate the completion
of byte transfer.

11.6.2 Address Detect Interrupt

When the calling address matches the programmed slave address (11C address register) or when the
GCAEN bit is set and a general call is received, the IAAS bit in the status register is set. The CPU is
interrupted, provided the I1CIE is set. The CPU must check the SRW bit and set its Tx mode accordingly.

11.6.3 Arbitration Lost Interrupt

The 1IC is a true multi-master bus that allows more than one master to be connected on it. If two or more
masters try to control the bus at the same time, the relative priority of the contending masters is determined
by a data arbitration procedure. The 11C module asserts this interrupt when it loses the data arbitration
process and the ARBL bit in the status register is set.
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Arbitration is lost in the following circumstances:
» SDA sampled as a low when the master drives a high during an address or data transmit cycle.
» SDA sampled as a low when the master drives a high during the acknowledge bit of a data receive
cycle.
» Astart cycle is attempted when the bus is busy.
» Avrepeated start cycle is requested in slave mode.
» A stop condition is detected when the master did not request it.

This bit must be cleared by software writing a 1 to it.
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11.7 Initialization/Application Information

Module Initialization (Slave)

1. Write: ICC2

— to enable or disable general call

— to select 10-bit or 7-bit addressing mode
2. Write: lICA

— to set the slave address
3. Write: lICC1
— to enable IIC and interrupts
Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
5. Initialize RAM variables used to achieve the routine shown in Figure 11-12

»

Module Initialization (Master)
1. Write: lICF
— to set the IIC baud rate (example provided in this chapter)
2. Write: lICC1
— to enable IIC and interrupts
3. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
4. Initialize RAM variables used to achieve the routine shown in Figure 11-12
5. Write: lICC1
— toenable TX
6. Write: lICC1
— to enable MST (master mode)
7. Write: lICD
— with the address of the target slave. (The Isb of this byte determines whether the communication is
master receive or transmit.)
Module Use
The routine shown in Figure 11-12 can handle both master and slave |IC operations. For slave operation, an
incoming IIC message that contains the proper address begins 1IC communication. For master operation,
communication must be initiated by writing to the 1ICD register.

Register Model

IICA | AD[7:1] o |

When addressed as a slave (in slave mode), the module responds to this address
IICF | MULT : ICR |
Baud rate = BUSCLK / (2 x MULT x (SCL DIVIDERY))

||cc1| IICEN | IICIE MST = TX | TXAK =~ RSTA : o 0 |
Module configuration
||cs| TCF ' IAAS ' BUSY ' ARBL | 0 : SRW : IICIF :RXAK|
Module status flags
IcD | DATA |
Data register; Write to transmit 1IC data read to read IIC data
liccz |GCAEN: ADEXT : 0 : 0 0 : AD10 : AD9 : ADS8 |

Address configuration

Figure 11-11. IIC Module Quick Start
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?

Clear ARBL

Address Transfer
See Note 1

Arbitration
Lost
?

N
Data Transfer
See Note 2

Y
End of
Addr Cycle (Read) RX
(Master Rx)
?
N N (Write)
\
i Generate ACK from
Write Next A Set TX ;
= R
Byte to IICD Set TXACK =1 Stop Signal Mode eceiver
(MST =0)
ol \ \
Write Data Tx Next F:ead IIIDCaItDa
Byte rom
o 1CD Y and Store
\ Y \
Switch to Set RX Switch to
Rx Mode Mode Rx Mode
Y \ Y ¢ Y
Dummy Read S?(fnzriatﬁal Read Data Dummy Read Dummy Read
from IICD MDT_g from IICD from IICD from IICD
(MST =0) and Store
Y Y \ Y Y Y ¢ Y Y |

NOTES:

(]

RTI

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

general call address, then the general call must be handled by user software.
2. When 10-bit addressing is used to address a slave, the slave sees an interrupt following the first byte of the extended address. User software must ensure that for

this interrupt, the contents of IICD are ignored and not treated as a valid data transfer

Figure 11-12. Typical lIC Interrupt Routine
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Chapter 12
Freescale Controller Area Network (SOBMSCANV1)

12.1 Introduction

The Freescale controller area network (MSCAN) is a communication controller implementing the CAN
2.0A/B protocol as defined in the Bosch specification dated September 1991. To fully understand the
MSCAN specification, it isrecommended that the Bosch specification beread first to gain familiarity with
the terms and concepts contained within this document.

Though not exclusively intended for automotive applications, CAN protocol is designed to meet the
specific requirements of avehicle serial data bus: real-time processing, reliable operation in the EMI
environment of avehicle, cost-effectiveness, and required bandwidth.

MSCAN uses an advanced buffer arrangement resulting in predictable real-time behavior and simplified
application software.

The MSCAN moduleis availablein all devicesin the MC9S08DEGO Series.
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PORT A

PORT B

HCS08 CORE
CPU
ACMP10
> ANALOG COMPARATOR ACMP1- >
BKGD/MS (ACMP1) -
- BDC BKP - _ACMP1+
HCS08 SYSTEM CONTROL
RESET—e»|  RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT
8
| cor || wo .
o
| INT | | RQ < ADP7-ADPO
24-CHANNEL, 12-BIT
o ANALOG-TO-DIGITAL %P
HERH > CONVERTER (ADC) -
VRerL -© >
Vbpa >
Vssa >
USER FLASH TPM1CHS5 -
MC9S08DE60 = 60K 6-CHANNEL TIMER/PWM | TPM1CHO )
MC9S08DE32 = 32K MODULE (TPM1) _ TPM1CLK
TPM2CH1,
2-CHANNEL TIMERPWM [ TPMaCHO
MODULE (TPM2) _ TPM2CLK E
USER EEPROM -
MC9S08DESO = 2K CONTROLLER AREA 4xCAN
NETWORK (MSCAN) XCAN >
 MISO AT
USER RAM SERIAL PERIPHERAL :'\S"SSSC'K >
MC9S08DEGO = 4K INTERFACE MODULE (SPI) === >
<RD1 .
DEBUG MODULE (DBG) SERIAL COMMUNICATIONS |  TxD1 .
INTERFACE (SCI1)
ANALOG COMPARATOR henren >
REAL-TIME COUNTER (RTC) > (ACMP2) </\CMP2-
> ~ ACMP2+
Vop —» <SDA >
Vop O VOLTAGE IIC MODULE (IIC) <SCL I .
Vss —3 REGULATOR <02
Veg O SERIAL COMMUNICATIONS | TxD2 >
INTERFACE (SCI2)
MULTI-PURPOSE
CLOCK GENERATOR
(MCG)
————————— XTAL _
OSCILLATOR (XOSC) EXTAL o

[ PORT E PORT D PORT C

PORT F

PORT G

[ |~ PTA7/PIA7/ADP7/IRQ

<<—>» PTA6/PIA6/ADP6

~<«—>» PTA5/PIA5/ADP5

~<«—>» PTA4/PIA4/ADP4

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

~«—> PTA1/PIA1/ADP1/ACMP1+

|__|~&—> PTAO/PIAO/ADPO/MCLK
[ | «—> PTB7/PIB7/ADP15

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

| |~ PTBO/PIBO/ADP8
[ |<«—» PTC7/ADP23

~«—>» PTC6/ADP22
<—>» PTC5/ADP21
~«—>» PTC4/ADP20
~«—>» PTC3/ADP19
~«—> PTC2/ADP18
~«—> PTC1/ADP17

| |<—> PTCO/ADP16
[ |<—> PTD7/PID7/TPM1CH5

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

||~ PTDO/PIDO/TPM2CHO
[~ |<—> PTE7/RXD2/RXCAN

|<€—> PTE6/TXD2/TXCAN
<> PTE5/SDAMISO
|<«—> PTE4/SCL/MOSI
<«—> PTE3/SPSCK
<«<—> PTE2/SS

<—— PTE1/RxD1
~«—> PTEO/TXD1

~«—» PTF7

<—>» PTF6/ACMP20
<«—>» PTF5/ACMP2-
~«—>» PTF4/ACMP2+
~«—>» PTF3/TPM2CLK/SDA
~«—> PTF2/TPM1CLK/SCL
~«—> PTF1/RxD2
~«—>» PTFO/TxD2

<«—>» PTG5
<«—>» PTG4
<«—>» PTG3
<«—>» PTG2
~«—>» PTG1/XTAL
~«—>» PTGO/EXTAL

Figure 12-1. MC9S08DE60/32 Block Diagram Emphasizing the MSCAN Bgck and Pins
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12.1.1 Features

The basic features of the MSCAN are as follows:

* Implementation of the CAN protocol — Version 2.0A/B
— Standard and extended data frames
— Zero to eight bytes data length
— Programmable bit rate up to 1 Mbps*
— Support for remote frames

» Five receive buffers with FIFO storage scheme

» Three transmit buffers with internal prioritization using a “local priority” concept

»  Flexible maskable identifier filter supports two full-size (32-bit) extended identifier filters, or four
16-bit filters, or eight 8-bit filters

» Programmable wakeup functionality with integrated low-pass filter
» Programmable loopback mode supports self-test operation

* Programmable listen-only mode for monitoring of CAN bus

* Programmable bus-off recovery functionality

» Separate signalling and interrupt capabilities for all CAN receiver and transmitter error states
(warning, error passive, bus-off)

* Programmable MSCAN clock source either bus clock or oscillator clock
* Internal timer for time-stamping of received and transmitted messages

* Three low-power modes: sleep, power down, and MSCAN enable

» Global initialization of configuration registers

12.1.2 Modes of Operation
The following modes of operation are specific to the MSCAN. See Section 12.5, “Functional Description,
for details.

» Listen-Only Mode

» MSCAN Sleep Mode

* MSCAN Initialization Mode

*  MSCAN Power Down Mode

* Loopback Self Test Mode

7

1. Depending on the actual bit timing and the clock jitter of the PLL.
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12.1.3 Block Diagram
MSCAN
Oscillator Clock ————®» CANCLK Tq Clk
Bus Clock MUX —— | Presc. 51 RXCAN
us Clock —
Receive/
* Transmit
Engine
g <] TXCAN
—P|
Transmit Interrupt Req. =&
. Message
Receive Interrupt Req. - Control ilteri
and " > Flléi%ng
Errors Interrupt Req. =& Status Buffering
Wake-Up Interrupt Req. &
Configuration
RegiSterS Wake_Up
- Low Pass Filter |-

Figure 12-2. MSCAN Block Diagram

12.2 External Signal Description
The MSCAN uses two external pins:

12.2.1 RXCAN — CAN Receiver Input Pin
RXCAN is the MSCAN receiver input pin.

12.2.2 TXCAN — CAN Transmitter Output Pin

TXCAN is the MSCAN transmitter output pin. The TXCAN output pin represents the logic level on the
CAN bus:

0 = Dominant state
1 = Recessive state

12.2.3 CAN System

A typical CAN system with MSCAN is shown in Figure 12-3. Each CAN node is connected physically to
the CAN bus lines through a transceiver device. The transceiver is capable of driving the large current
needed for the CAN bus and has current protection against defective CAN or defective nodes.
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CAN node 2 CAN node n

CAN node 1
MCU

CAN Controller

(MSCAN)
TXCAN¢ ? RXCAN

Transceiver

CAN_H ¢ ¢ CAN_L
-

12.3 Register Definition

CAN Bus ¢ #

Figure 12-3. CAN System

o,

This section describes in detail all the registers and register bits in the MSCAN module. Each description
includes a standard register diagram with an associated figure number. Details of register bit and field
function follow the register diagrams, in bit order. All bits of all registers in this module are completely
synchronous to internal clocks during a register read.

12.3.1 MSCAN Control Register 0 (CANCTLO)
The CANCTLO register provides various control bits of the MSCAN module as described below.

7

6

5

4

3

2

1

0

R| RXFRM RXACT SYNCH
CSWAI TIME WUPE SLPRQ INITRQ
W
Reset: 0 0 0 0 0 0 0 1

= Unimplemented

Figure 12-4. MSCAN Control Register 0 (CANCTLO)

NOTE

The CANCTLO register, except WUPE, INITRQ, and SLPRQ, is held in the
reset state when the initialization mode is active (INITRQ = 1 and
INITAK = 1). This register is writable again as soon as the initialization
mode is exited (INITRQ =0 and INITAK =0).

Read: Anytime

Write: Anytime when out of initialization mode; exceptions are read-only RXACT and SYNCH, RXFRM
(which is set by the module only), and INITRQ (which is also writable in initialization mode).
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Table 12-1. CANCTLO Register Field Descriptions

Field Description

7 Received Frame Flag — This bit is read and clear only. It is set when a receiver has received a valid message
RXFRM?! | correctly, independently of the filter configuration. After it is set, it remains set until cleared by software or reset.
Clearing is done by writing a 1. Writing a O is ignored. This bit is not valid in loopback mode.

0 No valid message was received since last clearing this flag
1 A valid message was received since last clearing of this flag

6 Receiver Active Status — This read-only flag indicates the MSCAN is receiving a message. The flag is
RXACT controlled by the receiver front end. This bit is not valid in loopback mode.
0 MSCAN is transmitting or idle?
1 MSCAN is receiving a message (including when arbitration is lost)2

5 CAN Stops in Wait Mode — Enabling this bit allows for lower power consumption in wait mode by disabling all
CSWAI®  |the clocks at the CPU bus interface to the MSCAN module.
0 The module is not affected during wait mode
1 The module ceases to be clocked during wait mode

4 Synchronized Status — This read-only flag indicates whether the MSCAN is synchronized to the CAN bus and
SYNCH able to participate in the communication process. It is set and cleared by the MSCAN.
0 MSCAN is not synchronized to the CAN bus
1 MSCAN is synchronized to the CAN bus

3 Timer Enable — This bit activates an internal 16-bit wide free running timer which is clocked by the bit clock rate.
TIME If the timer is enabled, a 16-bit time stamp will be assigned to each transmitted/received message within the
active TX/RX buffer. As soon as a message is acknowledged on the CAN bus, the time stamp will be written to
the highest bytes (0x000E, 0x000F) in the appropriate buffer (see Section 12.4, “Programmer’s Model of
Message Storage”). The internal timer is reset (all bits set to 0) when disabled. This bit is held low in initialization
mode.

0 Disable internal MSCAN timer
1 Enable internal MSCAN timer

2 Wake-Up Enable — This configuration bit allows the MSCAN to restart from sleep mode when traffic on CAN is
WUPE* | detected (see Section 12.5.5.4, “MSCAN Sleep Mode”). This bit must be configured before sleep mode entry for
the selected function to take effect.

0 Wake-up disabled — The MSCAN ignores traffic on CAN
1 Wake-up enabled — The MSCAN is able to restart
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Table 12-1. CANCTLO Register Field Descriptions (continued)

Field Description

1 Sleep Mode Request — This bit requests the MSCAN to enter sleep mode, which is an internal power saving
SLPRQ® |mode (see Section 12.5.5.4, “MSCAN Sleep Mode”). The sleep mode request is serviced when the CAN bus is
idle, i.e., the module is not receiving a message and all transmit buffers are empty. The module indicates entry
to sleep mode by setting SLPAK = 1 (see Section 12.3.2, “MSCAN Control Register 1 (CANCTL1)"). SLPRQ
cannot be set while the WUPIF flag is set (see Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)").
Sleep mode will be active until SLPRQ is cleared by the CPU or, depending on the setting of WUPE, the MSCAN
detects activity on the CAN bus and clears SLPRQ itself.

0 Running — The MSCAN functions normally
1 Sleep mode request — The MSCAN enters sleep mode when CAN bus idle

0 Initialization Mode Request — When this bit is set by the CPU, the MSCAN skips to initialization mode (see
INITRQ®7 |Section 12.5.5.5, “MSCAN Initialization Mode”). Any ongoing transmission or reception is aborted and
synchronization to the CAN bus is lost. The module indicates entry to initialization mode by setting INITAK =1
(Section 12.3.2, “MSCAN Control Register 1 (CANCTL1)").

The following registers enter their hard reset state and restore their default values: CANCTLO0®, CANRFLG?®,
CANRIER!®, CANTFLG, CANTIER, CANTARQ, CANTAAK, and CANTBSEL.

The registers CANCTL1, CANBTRO, CANBTR1, CANIDAC, CANIDARO-7, and CANIDMRO-7 can only be
written by the CPU when the MSCAN s in initialization mode (INITRQ =1 and INITAK = 1). The values of the
error counters are not affected by initialization mode.

When this bit is cleared by the CPU, the MSCAN restarts and then tries to synchronize to the CAN bus. If the
MSCAN is not in bus-off state, it synchronizes after 11 consecutive recessive bits on the CAN bus; if the MSCAN
is in bus-off state, it continues to wait for 128 occurrences of 11 consecutive recessive bits.

Writing to other bits in CANCTLO, CANRFLG, CANRIER, CANTFLG, or CANTIER must be done only after
initialization mode is exited, which is INITRQ = 0 and INITAK = 0.

0 Normal operation

1 MSCAN in initialization mode

The MSCAN must be in normal mode for this bit to become set.
See the Bosch CAN 2.0A/B specification for a detailed definition of transmitter and receiver states.

In order to protect from accidentally violating the CAN protocol, the TXCAN pin is immediately forced to a recessive state when
the CPU enters wait (CSWAI = 1) or stop mode (see Section 12.5.5.2, “Operation in Wait Mode” and Section 12.5.5.3,
“Operation in Stop Mode”).

4 The CPU has to make sure that the WUPE bit and the WUPIE wake-up interrupt enable bit (see Section 12.3.5, “MSCAN
Receiver Interrupt Enable Register (CANRIER)) is enabled, if the recovery mechanism from stop or wait is required.

5 The CPU cannot clear SLPRQ before the MSCAN has entered sleep mode (SLPRQ =1 and SLPAK = 1).
6 The CPU cannot clear INITRQ before the MSCAN has entered initialization mode (INITRQ = 1 and INITAK = 1).

In order to protect from accidentally violating the CAN protocol, the TXCAN pin is immediately forced to a recessive state when
the initialization mode is requested by the CPU. Thus, the recommended procedure is to bring the MSCAN into sleep mode
(SLPRQ = 1 and SLPAK = 1) before requesting initialization mode.

8 Not including WUPE, INITRQ, and SLPRQ.
9 TSTAT1 and TSTATO are not affected by initialization mode.
10 RSTAT1 and RSTATO are not affected by initialization mode.

w N
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12.3.2

MSCAN Control Register 1 (CANCTL1)

The CANCTLL1 register provides various control bits and handshake status information of the MSCAN
module as described below.

Reset:

7 6 5 4 3 2 1 0
SLPAK INITAK
CANE CLKSRC LOOPB LISTEN BORM WUPM
0 0 0 1 0 0 0 1
= Unimplemented

Figure 12-5. MSCAN Control Register 1(CANCTL1)

Read: Anytime
Write: Anytime when INITRQ =1 and INITAK = 1, except CANE which is write once in normal and
anytime in special system operation modes when the MSCAN is in initialization mode (INITRQ = 1 and

INITAK = 1).
Table 12-2. CANCTL1 Register Field Descriptions
Field Description
7 MSCAN Enable
CANE 0 MSCAN module is disabled
1 MSCAN module is enabled
6 MSCAN Clock Source — This bit defines the clock source for the MSCAN module (only for systems with a clock
CLKSRC [generation module; Section 12.5.3.3, “Clock System,” and Section Figure 12-42., “MSCAN Clocking Scheme,”).
0 MSCAN clock source is the oscillator clock
1 MSCAN clock source is the bus clock
5 Loopback Self Test Mode — When this bit is set, the MSCAN performs an internal loopback which can be used
LOOPB |for self test operation. The bit stream output of the transmitter is fed back to the receiver
internally.Section 12.5.4.6, “Loopback Self Test Mode.
0 Loopback self test disabled
1 Loopback self test enabled
4 Listen Only Mode — This bit configures the MSCAN as a CAN bus monitor. When LISTEN is set, all valid CAN
LISTEN | messages with matching ID are received, but no acknowledgement or error frames are sent out (see
Section 12.5.4.4, “Listen-Only Mode”). In addition, the error counters are frozen. Listen only mode supports
applications which require “hot plugging” or throughput analysis. The MSCAN is unable to transmit any
messages when listen only mode is active.
0 Normal operation
1 Listen only mode activated
3 Bus-Off Recovery Mode — This bits configures the bus-off state recovery mode of the MSCAN. Refer to
BORM Section 12.6.2, “Bus-Off Recovery,” for details.
0 Automatic bus-off recovery (see Bosch CAN 2.0A/B protocol specification)
1 Bus-off recovery upon user request
2 Wake-Up Mode — If WUPE in CANCTLO is enabled, this bit defines whether the integrated low-pass filter is
WUPM applied to protect the MSCAN from spurious wake-up (see Section 12.5.5.4, “MSCAN Sleep Mode”).
0 MSCAN wakes up on any dominant level on the CAN bus
1 MSCAN wakes up only in case of a dominant pulse on the CAN bus that has a length of T,
MC9S08DEG60 Series Data Sheet, Rev. 3
226 Freescale Semiconductor

wwwe.DataSheetdlU.com



Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

Table 12-2. CANCTL1 Register Field Descriptions (continued)

Field

Description

SLPAK

Sleep Mode Acknowledge — This flag indicates whether the MSCAN module has entered sleep mode (see
Section 12.5.5.4, “MSCAN Sleep Mode”). It is used as a handshake flag for the SLPRQ sleep mode request.
Sleep mode is active when SLPRQ = 1 and SLPAK = 1. Depending on the setting of WUPE, the MSCAN will
clear the flag if it detects activity on the CAN bus while in sleep mode.CPU clearing the SLPRQ bit will also reset
the SLPAK bit.

0 Running — The MSCAN operates normally

1 Sleep mode active — The MSCAN has entered sleep mode

0
INITAK

Initialization Mode Acknowledge — This flag indicates whether the MSCAN module is in initialization mode
(see Section 12.5.5.5, “MSCAN Initialization Mode”). It is used as a handshake flag for the INITRQ initialization
mode request. Initialization mode is active when INITRQ =1 and INITAK = 1. The registers CANCTL1,
CANBTRO, CANBTR1, CANIDAC, CANIDARO-CANIDAR7, and CANIDMRO-CANIDMR?Y can be written only by
the CPU when the MSCAN is in initialization mode.

0 Running — The MSCAN operates normally

1 Initialization mode active — The MSCAN is in initialization mode

12.3.3

MSCAN Bus Timing Register 0 (CANBTRO)

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

Reset:

7 6 5 4 3 2 1 0
SIW1 SIWO BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
0 0 0 0 0 0 0 0

Figure 12-6. MSCAN Bus Timing Register 0 (CANBTRO)

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

Table 12-3. CANBTRO Register Field Descriptions

Field Description
7:6 Synchronization Jump Width — The synchronization jump width defines the maximum number of time quanta
SIW[1:0] |(Tq) clock cycles a bit can be shortened or lengthened to achieve resynchronization to data transitions on the
CAN bus (see Table 12-4).
5:0 Baud Rate Prescaler — These bits determine the time quanta (Tq) clock which is used to build up the bit timing
BRP[5:0] |(see Table 12-5).

Table 12-4. Synchronization Jump Width

SJW1 SJWO0 Synchronization Jump Width
0 0 1 Tq clock cycle
0 1 2 Tq clock cycles
1 0 3 Tq clock cycles
1 1 4 Tq clock cycles
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Table 12-5. Baud Rate Prescaler

BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO Prescaler value (P)
0 0 0 0 0 0 1
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 1 64

12.3.4

MSCAN Bus Timing Register 1 (CANBTR1)

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

Reset:

7 6 5 4 3 2 1 0
SAMP TSEG22 TSEG21 TSEG20 TSEG13 TSEG12 TSEG11 TSEG10
0 0 0 0 0 0 0 0

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

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

Table 12-6. CANBTR1 Register Field Descriptions

Field Description
7 Sampling — This bit determines the number of CAN bus samples taken per bit time.
SAMP 0 One sample per bit.
1 Three samples per bit!.
If SAMP = 0, the resulting bit value is equal to the value of the single bit positioned at the sample point. If
SAMP = 1, the resulting bit value is determined by using majority rule on the three total samples. For higher bit
rates, it is recommended that only one sample is taken per bit time (SAMP = 0).
6:4 Time Segment 2 — Time segments within the bit time fix the number of clock cycles per bit time and the location
TSEG2[2:0] |of the sample point (see Figure 12-43). Time segment 2 (TSEG2) values are programmable as shown in
Table 12-7.
3.0 Time Segment 1 — Time segments within the bit time fix the number of clock cycles per bit time and the location
TSEG1[3:0] |of the sample point (see Figure 12-43). Time segment 1 (TSEGL1) values are programmable as shown in

Table 12-8.

1 In this case, PHASE_SEG1 must be at least 2 time quanta (Tq).
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Table 12-7. Time Segment 2 Values

TSEG22 TSEG21 TSEG20 Time Segment 2
0 0 0 1 Tq clock cycle!
0 0 1 2 Tq clock cycles
1 1 0 7 Tq clock cycles
1 1 1 8 Tq clock cycles

1 This setting is not valid. Please refer to Table 12-35 for valid settings.

Table 12-8. Time Segment 1 Values

TSEG13 TSEG12 TSEG11 TSEG10 Time segment 1
0 0 0 0 1 Tq clock cycle!
0 0 0 1 2 Tq clock cycles®
0 0 1 0 3 Tq clock cyclest
0 0 1 1 4 Tq clock cycles
1 1 1 0 15 Tq clock cycles
1 1 1 1 16 Tq clock cycles

1 This setting is not valid. Please refer to Table 12-35 for valid settings.

The bit time is determined by the oscillator frequency, the baud rate prescaler, and the number of time
quanta (Tq) clock cycles per bit (as shown in Table 12-7 and Table 12-8).

Egn. 12-1
scaler value).

Bit Time= (Pref
CANCLK

(1+TimeSegmentl+TimeSegment2)

12.3.4.1 MSCAN Receiver Flag Register (CANRFLG)

A flag can be cleared only by software (writing a 1 to the corresponding bit position) when the condition
which caused the setting is no longer valid. Every flag has an associated interrupt enable bit in the
CANRIER register.

7 6 5 4 3 2 1 0
R RSTAT1 RSTATO TSTAT1 TSTATO
WUPIF CSCIF OVRIF RXF
w
Reset: 0 0 0 0 0 0 0
= Unimplemented
Figure 12-8. MSCAN Receiver Flag Register (CANRFLG)
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NOTE

The CANRFLG register is held in the reset state! when the initialization
mode is active (INITRQ =1and INITAK = 1). This register is writable again
as soon as the initialization mode is exited (INITRQ =0 and INITAK = 0).

Read: Anytime
Write: Anytime when out of initialization mode, except RSTAT[1:0] and TSTAT[1:0] flags which are
read-only; write of 1 clears flag; write of O is ignored.

Table 12-9. CANRFLG Register Field Descriptions

Field Description

7 Wake-Up Interrupt Flag — If the MSCAN detects CAN bus activity while in sleep mode (see Section 12.5.5.4,
WUPIF “MSCAN Sleep Mode,”) and WUPE = 1 in CANTCTLDO (see Section 12.3.1, “MSCAN Control Register O
(CANCTLO)"), the module will set WUPIF. If not masked, a wake-up interrupt is pending while this flag is set.

0 No wake-up activity observed while in sleep mode
1 MSCAN detected activity on the CAN bus and requested wake-up

6 CAN Status Change Interrupt Flag — This flag is set when the MSCAN changes its current CAN bus status
CSCIF due to the actual value of the transmit error counter (TEC) and the receive error counter (REC). An additional
4-bit (RSTAT[1:0], TSTAT[1:0]) status register, which is split into separate sections for TEC/REC, informs the
system on the actual CAN bus status (see Section 12.3.5, “MSCAN Receiver Interrupt Enable Register
(CANRIER)”). If not masked, an error interrupt is pending while this flag is set. CSCIF provides a blocking
interrupt. That guarantees that the receiver/transmitter status bits (RSTAT/TSTAT) are only updated when no CAN
status change interrupt is pending. If the TECsS/RECs change their current value after the CSCIF is asserted,
which would cause an additional state change in the RSTAT/TSTAT bits, these bits keep their status until the
current CSCIF interrupt is cleared again.

0 No change in CAN bus status occurred since last interrupt
1 MSCAN changed current CAN bus status

5:4 Receiver Status Bits — The values of the error counters control the actual CAN bus status of the MSCAN. As
RSTAT[1:0] |soon as the status change interrupt flag (CSCIF) is set, these bits indicate the appropriate receiver related CAN
bus status of the MSCAN. The coding for the bits RSTAT1, RSTATO is:

00 RxOK: 0 < receive error counter < 96

01 RXWRN: 96 < receive error counter < 127
10 RXERR: 127 < receive error counter

11 Bus-off!: transmit error counter > 255

3:2 Transmitter Status Bits — The values of the error counters control the actual CAN bus status of the MSCAN.
TSTAT[1:0] |As soon as the status change interrupt flag (CSCIF) is set, these bits indicate the appropriate transmitter related
CAN bus status of the MSCAN. The coding for the bits TSTAT1, TSTATO is:

00 TxOK: 0 <transmit error counter < 96
01 TXWRN: 96 < transmit error counter < 127
10 TxERR: 127 < transmit error counter < 255
11 Bus-Off: transmit error counter > 255

1. The RSTAT[1:0], TSTAT[1:0] bits are not affected by initialization mode.
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Table 12-9. CANRFLG Register Field Descriptions (continued)

Field Description
1 Overrun Interrupt Flag — This flag is set when a data overrun condition occurs. If not masked, an error interrupt
OVRIF is pending while this flag is set.

0 No data overrun condition
1 A data overrun detected

0 Receive Buffer Full Flag — RXF is set by the MSCAN when a new message is shifted in the receiver FIFO. This
RXF? flag indicates whether the shifted buffer is loaded with a correctly received message (matching identifier,
matching cyclic redundancy code (CRC) and no other errors detected). After the CPU has read that message
from the RxFG buffer in the receiver FIFO, the RXF flag must be cleared to release the buffer. A set RXF flag
prohibits the shifting of the next FIFO entry into the foreground buffer (RxFG). If not masked, a receive interrupt
is pending while this flag is set.

0 No new message available within the RXFG
1 The receiver FIFO is not empty. A new message is available in the RxFG

Redundant Information for the most critical CAN bus status which is “bus-off”. This only occurs if the Tx error counter exceeds
a number of 255 errors. Bus-off affects the receiver state. As soon as the transmitter leaves its bus-off state the receiver state
skips to RxOK too. Refer also to TSTAT[1:0] coding in this register.

To ensure data integrity, do not read the receive buffer registers while the RXF flag is cleared. For MCUs with dual CPUs,
reading the receive buffer registers while the RXF flag is cleared may result in a CPU fault condition.

12.3.5 MSCAN Receiver Interrupt Enable Register (CANRIER)
This register contains the interrupt enable bits for the interrupt flags described in the CANRFLG register.

7 6 5 4 3 2 1 0
R
WUPIE CSCIE RSTATE1 | RSTATEO | TSTATELl | TSTATEO OVRIE RXFIE
w
Reset: 0 0 0 0 0 0 0 0
Figure 12-9. MSCAN Receiver Interrupt Enable Register (CANRIER)
NOTE
The CANRIER register is held in the reset state when the initialization mode
is active (INITRQ=1 and INITAK=1). This register is writable when not in
initialization mode (INITRQ=0 and INITAK=0).
The RSTATE[1:0], TSTATE[1:0] bits are not affected by initialization
mode.
Read: Anytime
Write: Anytime when not in initialization mode
MC9S08DEG60 Series Data Sheet, Rev. 3
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Table 12-10. CANRIER Register Field Descriptions

RSTATE[1:0]

Field Description
7 Wake-Up Interrupt Enable
WUPIE! |0 No interrupt request is generated from this event.
1 A wake-up event causes a Wake-Up interrupt request.
6 CAN Status Change Interrupt Enable
CSCIE 0 No interrupt request is generated from this event.
1 A CAN Status Change event causes an error interrupt request.
5:4 Receiver Status Change Enable — These RSTAT enable bits control the sensitivity level in which receiver state

changes are causing CSCIF interrupts. Independent of the chosen sensitivity level the RSTAT flags continue to

indicate the actual receiver state and are only updated if no CSCIF interrupt is pending.

00 Do not generate any CSCIF interrupt caused by receiver state changes.

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

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

11 Generate CSCIF interrupt on all state changes.

"2 state. Discard other

3:2
TSTATE[1:0]

Transmitter Status Change Enable — These TSTAT enable bits control the sensitivity level in which transmitter

state changes are causing CSCIF interrupts. Independent of the chosen sensitivity level, the TSTAT flags

continue to indicate the actual transmitter state and are only updated if no CSCIF interrupt is pending.

00 Do not generate any CSCIF interrupt caused by transmitter state changes.

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

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

11 Generate CSCIF interrupt on all state changes.

1 Overrun Interrupt Enable
OVRIE 0 No interrupt request is generated from this event.
1 Anoverrun event causes an error interrupt request.
0 Receiver Full Interrupt Enable
RXFIE 0 No interrupt request is generated from this event.

1 A receive buffer full (successful message reception) event causes a receiver interrupt request.

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

Bus-off state is defined by the CAN standard (see Bosch CAN 2.0A/B protocol specification: for only transmitters. Because the

only possible state change for the transmitter from bus-off to TXOK also forces the receiver to skip its current state to RxOK,
the coding of the RXSTAT[1:0] flags define an additional bus-off state for the receiver (see Section 12.3.4.1, “MSCAN Receiver
Flag Register (CANRFLG)").

12.3.6

MSCAN Transmitter Flag Register (CANTFLG)

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

MC9S08DEG60 Series Data Sheet, Rev. 3

232

Freescale Semiconductor

wwwe.DataSheetdlU.com



Reset:

Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

6 5 2 1 0
0 0 0 0 0
TXE2 TXE1 TXEO
0 0 0 0 0 1 1 1
= Unimplemented

Figure 12-10. MSCAN Transmitter Flag Register (CANTFLG)

NOTE

The CANTFLG register is held in the reset state when the initialization
mode is active (INITRQ =1and INITAK = 1). This register is writable when
not in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Anytime
Write: Anytime for TXEx flags when not in initialization mode; write of 1 clears flag, write of 0 is ignored

Table 12-11. CANTFLG Register Field Descriptions

Field Description
2.0 Transmitter Buffer Empty — This flag indicates that the associated transmit message buffer is empty, and thus

TXE[2:0] |notscheduled for transmission. The CPU must clear the flag after a message is set up in the transmit buffer and
is due for transmission. The MSCAN sets the flag after the message is sent successfully. The flag is also set by
the MSCAN when the transmission request is successfully aborted due to a pending abort request (see
Section 12.3.8, “MSCAN Transmitter Message Abort Request Register (CANTARQ)”). If not masked, a transmit
interrupt is pending while this flag is set.
Clearing a TXEXx flag also clears the corresponding ABTAKX (see Section 12.3.9, “MSCAN Transmitter Message
Abort Acknowledge Register (CANTAAK)”"). When a TXEX flag is set, the corresponding ABTRQX bit is cleared
(see Section 12.3.8, “MSCAN Transmitter Message Abort Request Register (CANTARQ)”).
When listen-mode is active (see Section 12.3.2, “MSCAN Control Register 1 (CANCTL1)") the TXEx flags cannot
be cleared and no transmission is started.
Read and write accesses to the transmit buffer are blocked, if the corresponding TXEX bit is cleared (TXEx = 0)
and the buffer is scheduled for transmission.
0 The associated message buffer is full (loaded with a message due for transmission)
1 The associated message buffer is empty (not scheduled)

12.3.7 MSCAN Transmitter Interrupt Enable Register (CANTIER)

This register contains the interrupt enable bits for the transmit buffer empty interrupt flags.

6 5 2 1 0
R 0 0 0 0 0
TXEIE2 TXEIE1 TXEIEO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-11. MSCAN Transmitter Interrupt Enable Register (CANTIER)
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NOTE

The CANTIER register is held in the reset state when the initialization mode
is active (INITRQ = 1 and INITAK = 1). This register is writable when not
in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Anytime
Write: Anytime when not in initialization mode

Table 12-12. CANTIER Register Field Descriptions

Field Description
2.0 Transmitter Empty Interrupt Enable
TXEIE[2:0] |0 No interrupt request is generated from this event.
1 A transmitter empty (transmit buffer available for transmission) event causes a transmitter empty interrupt
request. See Section 12.5.2.2, “Transmit Structures” for details.
12.3.8 MSCAN Transmitter Message Abort Request Register (CANTARQ)

The CANTARQ register allows abort request of messages queued for transmission.

Reset:

6 5 2 1 0
0 0 0 0 0
ABTRQ2 ABTRQ1 ABTRQO
0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-12. MSCAN Transmitter Message Abort Request Register (CANTARQ)

NOTE

The CANTARQ register is held in the reset state when the initialization
mode is active (INITRQ =1 and INITAK = 1). This register is writable when
not in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Anytime
Write: Anytime when not in initialization mode

Table 12-13. CANTARQ Register Field Descriptions

Field

Description

2:0
ABTRQ[2:0]

Abort Request — The CPU sets the ABTRQx bit to request that a scheduled message buffer (TXEx = 0) be
aborted. The MSCAN grants the request if the message has not already started transmission, or if the
transmission is not successful (lost arbitration or error). When a message is aborted, the associated TXE (see
Section 12.3.6, “MSCAN Transmitter Flag Register (CANTFLG)”) and abort acknowledge flags (ABTAK, see
Section 12.3.9, “MSCAN Transmitter Message Abort Acknowledge Register (CANTAAK)") are set and a transmit

interrupt occurs if enabled. The CPU cannot reset ABTRQx. ABTRQXx is reset whenever the associated TXE flag
is set.

0 No abort request
1 Abort request pending
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12.3.9 MSCAN Transmitter Message Abort Acknowledge Register
(CANTAAK)

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

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

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

NOTE

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

Read: Anytime
Write: Unimplemented for ABTAKX flags

Table 12-14. CANTAAK Register Field Descriptions

Field Description

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

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

12.3.10 MSCAN Transmit Buffer Selection Register (CANTBSEL)

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

6 5 2 1 0
R 0 0 0 0 0
TX2 TX1 TXO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 12-14. MSCAN Transmit Buffer Selection Register (CANTBSEL)
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NOTE

The CANTBSEL register is held in the reset state when the initialization
mode is active (INITRQ =1 and INITAK=1). This register is writable when
not in initialization mode (INITRQ = 0 and INITAK = 0).

Read: Find the lowest ordered bit set to 1, all other bits will be read as 0
Write: Anytime when not in initialization mode

Table 12-15. CANTBSEL Register Field Descriptions

Field Description

2.0 Transmit Buffer Select — The lowest numbered bit places the respective transmit buffer in the CANTXFG
TX[2:0] register space (e.g., TX1 =1 and TXO0 = 1 selects transmit buffer TX0; TX1 = 1 and TX0 = 0 selects transmit
buffer TX1). Read and write accesses to the selected transmit buffer will be blocked, if the corresponding TXEx
bit is cleared and the buffer is scheduled for transmission (see Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG)").

0 The associated message buffer is deselected
1 The associated message buffer is selected, if lowest numbered bit

The following gives a short programming example of the usage of the CANTBSEL register:

To get the next available transmit buffer, application software must read the CANTFLG register and write
this value back into the CANTBSEL register. In this example Tx buffers TX1 and TX2 are available. The
value read from CANTFLG is therefore Ob0000_0110. When writing this value back to CANTBSEL, the
Tx buffer TX1 is selected in the CANTXFG because the lowest numbered bit set to 1 is at bit position 1.
Reading back this value out of CANTBSEL results in 0b0000_0010, because only the lowest numbered

bit position set to 1 is presented. This mechanism eases the application software the selection of the next
available Tx buffer.

e LDD CANTFLG; value read is 0b0000 0110
e STD CANTBSEL,; value written is 0b0000_ 0110
 LDD CANTBSEL,; value read is 0b0000_0010

If all transmit message buffers are deselected, no accesses are allowed to the CANTXFG buffer register.

12.3.11 MSCAN Identifier Acceptance Control Register (CANIDAC)

The CANIDAC register is used for identifier filter acceptance control as described below.

2

1

0

R 0 0 IDHIT2 IDHIT1 IDHITO
IDAM1 IDAMO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 12-15. MSCAN Identifier Acceptance Control Register (CANIDAC)
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Read: Anytime
Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1), except bits IDHITX, which are

Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

read-only
Table 12-16. CANIDAC Register Field Descriptions
Field Description

5:4 Identifier Acceptance Mode — The CPU sets these flags to define the identifier acceptance filter organization

IDAM[1:0] [(see Section 12.5.3, “Identifier Acceptance Filter”). Table 12-17 summarizes the different settings. In filter closed
mode, no message is accepted such that the foreground buffer is never reloaded.

2:0 Identifier Acceptance Hit Indicator — The MSCAN sets these flags to indicate an identifier acceptance hit (see

IDHIT[2:0] |Section 12.5.3, “Identifier Acceptance Filter”). Table 12-18 summarizes the different settings.

Table 12-17. Identifier Acceptance Mode Settings

IDAM1 IDAMO Identifier Acceptance Mode
0 0 Two 32-bit acceptance filters
0 1 Four 16-bit acceptance filters
1 0 Eight 8-bit acceptance filters
1 1 Filter closed

Table 12-18. Identifier Acceptance Hit Indication

IDHIT2 IDHIT1 IDHITO Identifier Acceptance Hit
0 0 0 Filter O hit
0 0 1 Filter 1 hit
0 1 0 Filter 2 hit
0 1 1 Filter 3 hit
1 0 0 Filter 4 hit
1 0 1 Filter 5 hit
1 1 0 Filter 6 hit
1 1 1 Filter 7 hit

The IDHITXx indicators are always related to the message in the foreground buffer (RXFG). When a
message gets shifted into the foreground buffer of the receiver FIFO the indicators are updated as well.

12.3.12 MSCAN Miscellaneous Register (CANMISC)

This register provides additional features.
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6 5 4 1 0
R 0 0 0 0 0 0 0
BOHOLD
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented
Figure 12-16. MSCAN Miscellaneous Register (CANMISC)
Read: Anytime
Write: Anytime; write of ‘1’ clears flag; write of ‘0’ ignored
Table 12-19. CANMISC Register Field Descriptions
Field Description
0 Bus-off State Hold Until User Request — If BORM is set in Section 12.3.2, “MSCAN Control Register 1
BOHOLD |(CANCTL1), this bit indicates whether the module has entered the bus-off state. Clearing this bit requests the

recovery from bus-off. Refer to Section 12.6.2, “Bus-Off Recovery,” for details.
0 Module is not bus-off or recovery has been requested by user in bus-off state
1 Module is bus-off and holds this state until user request

12.3.13 MSCAN Receive Error Counter (CANRXERR)

This register reflects the status of the MSCAN receive error counter.

7

6

5

4

3

2

1

0

R RXERR7 RXERRG6 RXERR5 RXERR4 RXERR3 RXERR2 RXERR1 RXERRO
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-17. MSCAN Receive Error Counter (CANRXERR)

Read: Only when in sleep mode (SLPRQ =1 and SLPAK = 1) or initialization mode (INITRQ =1 and
INITAK = 1)
Write: Unimplemented

NOTE

Reading this register when in any other mode other than sleep or
initialization mode may return an incorrect value. For MCUs with dual
CPUs, this may result in a CPU fault condition.

Writing to this register when in special modes can alter the MSCAN
functionality.
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12.3.14 MSCAN Transmit Error Counter (CANTXERR)

This register reflects the status of the MSCAN transmit error counter.

7 6 5 4 3 2 1 0
R| TXERR7 TXERR6 TXERRS TXERR4 TXERR3 TXERR2 TXERR1 TXERRO

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-18. MSCAN Transmit Error Counter (CANTXERR)

Read: Only when in sleep mode (SLPRQ = 1 and SLPAK = 1) or initialization mode (INITRQ =1 and
INITAK = 1)

Write: Unimplemented

NOTE
Reading this register when in any other mode other than sleep or
initialization mode, may return an incorrect value. For MCUs with dual
CPUs, this may result in a CPU fault condition.

Writing to this register when in special modes can alter the MSCAN
functionality.

12.3.15 MSCAN Identifier Acceptance Registers (CANIDARO-7)

On reception, each message is written into the background receive buffer. The CPU is only signalled to
read the message if it passes the criteria in the identifier acceptance and identifier mask registers
(accepted); otherwise, the message is overwritten by the next message (dropped).

The acceptance registers of the MSCAN are applied on the IDRO-IDR3 registers (see Section 12.4.1,
“Identifier Registers (IDRO-IDR3)”) of incoming messages in a bit by bit manner (see Section 12.5.3,
“Identifier Acceptance Filter”).

For extended identifiers, all four acceptance and mask registers are applied. For standard identifiers, only
the first two (CANIDARO/1, CANIDMRO/1) are applied.

7 6 5 4 3 2 1 0
R
W AC7 ACG6 AC5 AC4 AC3 AC2 AC1 ACO
Reset 0 0 0 0 0 0 0 0

Figure 12-19. MSCAN Identifier Acceptance Registers (First Bank) — CANIDARO—-CANIDARS3

Read: Anytime
Write: Anytime in initialization mode (INITRQ =1 and INITAK = 1)
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Table 12-20. CANIDARO—CANIDARS Register Field Descriptions

Field Description

7:0 Acceptance Code Bits — AC[7:0] comprise a user-defined sequence of bits with which the corresponding bits
AC[7:0] of the related identifier register (IDRn) of the receive message buffer are compared. The result of this comparison
is then masked with the corresponding identifier mask register.

7 6 5 4 3 2 1 0
R
W AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
Reset 0 0 0 0 0 0 0 0

Figure 12-20. MSCAN Identifier Acceptance Registers (Second Bank) — CANIDAR4-CANIDAR7

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

Table 12-21. CANIDAR4-CANIDAR7 Register Field Descriptions

Field Description

7.0 Acceptance Code Bits — AC[7:0] comprise a user-defined sequence of bits with which the corresponding bits
AC[7:0] of the related identifier register (IDRn) of the receive message buffer are compared. The result of this comparison
is then masked with the corresponding identifier mask register.

12.3.16 MSCAN ldentifier Mask Registers (CANIDMRO-CANIDMR7)

The identifier mask register specifies which of the corresponding bits in the identifier acceptance register
are relevant for acceptance filtering. To receive standard identifiers in 32 bit filter mode, it is required to
program the last three bits (AM[2:0]) in the mask registers CANIDMR1 and CANIDMRS5 to “don’t care.”
To receive standard identifiers in 16 bit filter mode, it is required to program the last three bits (AM[2:0])
in the mask registers CANIDMR1, CANIDMR3, CANIDMRS5, and CANIDMRY to “don’t care.”

7 6 5 4 3 2 1 0
R
W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Reset 0 0 0 0 0 0 0 0

Figure 12-21. MSCAN Identifier Mask Registers (First Bank) — CANIDMRO-CANIDMR3

Read: Anytime
Write: Anytime in initialization mode (INITRQ =1 and INITAK =1)
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Table 12-22. CANIDMRO-CANIDMRS3 Register Field Descriptions

Field Description
7:0 Acceptance Mask Bits — If a particular bit in this register is cleared, this indicates that the corresponding bit in
AM[7:0] the identifier acceptance register must be the same as its identifier bit before a match is detected. The message
is accepted if all such bits match. If a bit is set, it indicates that the state of the corresponding bit in the identifier
acceptance register does not affect whether or not the message is accepted.
0 Match corresponding acceptance code register and identifier bits
1 Ignore corresponding acceptance code register bit (don't care)
7 6 5 4 3 2 1 0
R
W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
Reset 0 0 0 0 0 0 0 0

Figure 12-22. MSCAN Identifier Mask Registers (Second Bank) — CANIDMR4-CANIDMR7

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

Table 12-23. CANIDMR4-CANIDMRY7 Register Field Descriptions

Field Description
7:0 Acceptance Mask Bits — If a particular bit in this register is cleared, this indicates that the corresponding bit in
AM[7:0] the identifier acceptance register must be the same as its identifier bit before a match is detected. The message

is accepted if all such bits match. If a bit is set, it indicates that the state of the corresponding bit in the identifier
acceptance register does not affect whether or not the message is accepted.

0 Match corresponding acceptance code register and identifier bits

1 Ignore corresponding acceptance code register bit (don’t care)

12.4 Programmer’s Model of Message Storage

The following section details the organization of the receive and transmit message buffers and the
associated control registers.

To simplify the programmer interface, the receive and transmit message buffers have the same outline.
Each message buffer allocates 16 bytes in the memory map containing a 13 byte data structure.

An additional transmit buffer priority register (TBPR) is defined for the transmit buffers. Within the last
two bytes of this memory map, the MSCAN stores a special 16-bit time stamp, which is sampled from an
internal timer after successful transmission or reception of a message. This feature is only available for
transmit and receiver buffers if the TIME bit is set (see Section 12.3.1, “MSCAN Control Register 0
(CANCTLO)").

The time stamp register is written by the MSCAN. The CPU can only read these registers.
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Table 12-24. Message Buffer Organization

Aagf:;s Register Access
0x00X0 Identifier Register 0

0x00X1 Identifier Register 1

0x00X2 Identifier Register 2

0x00X3 Identifier Register 3

0x00X4 Data Segment Register 0

0x00X5 Data Segment Register 1

0x00X6 Data Segment Register 2

0x00X7 Data Segment Register 3

0x00X8 Data Segment Register 4

0x00X9 Data Segment Register 5

0x00XA Data Segment Register 6

0x00XB Data Segment Register 7

0x00XC Data Length Register

0x00XD Transmit Buffer Priority Register1
OX00XE | Time Stamp Register (High Byte)?
O0x00XF Time Stamp Register (Low Byte)3

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

Figure 12-23 shows the common 13-byte data structure of receive and transmit buffers for extended
identifiers. The mapping of standard identifiers into the IDR registers is shown in Figure 12-24.

All bits of the receive and transmit buffers are ‘x” out of reset because of RAM-based implementation®.

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

1. Exception: The transmit priority registers are 0 out of reset.
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Bit 7 6 5 4 3 2 1 Bit0
Name
R
IDRO W ID28 D27 ID26 ID25 ID24 ID23 ID22 D21
R 1 1
IDR1 W ID20 ID19 ID18 SRRW IDE®) D17 ID16 ID15
R
ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
IDR2 W
R ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR?
IDR3 W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSRO W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSR1 W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSR2 W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSR3 W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSR4 W
R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DSR5 W
R 6 3 2 0
DSRE W DB7 DB DB5 DB4 DB DB DB1 DB
R 6 3 2 0
DSR7 W DB7 DB DB5 DB4 DB DB DB1 DB
R
DLR W DLC3 DLC2 DLC1 DLCO

I:I = Unused, always read ‘x’

Figure 12-23. Receive/Transmit Message Buffer — Extended Identifier Mapping

1 SRR and IDE are both 1s.
2 The position of RTR differs between extended and standard indentifier mapping.

Read: For transmit buffers, anytime when TXEX flag is set (see Section 12.3.6, “MSCAN Transmitter Flag
Register (CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see
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Section 12.3.10, “MSCAN Transmit Buffer Selection Register (CANTBSEL)”). For receive buffers, only
when RXF flag is set (see Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)”).

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

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

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

Register

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

I:I = Unused, always read ‘x’

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

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

12.4.1 Identifier Registers (IDRO-IDR3)

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

12.4.1.1 IDRO-IDR3 for Extended Identifier Mapping
7 6 5 4 3 2 1 0
R
ID28 ID27 ID26 ID25 ID24 D23 ID22 ID21
w
Reset: X X X X X X X X
Figure 12-25. Identifier Register O (IDR0O) — Extended Identifier Mapping
MC9S08DEG60 Series Data Sheet, Rev. 3
244 Freescale Semiconductor

wwwe.DataSheetdlU.com



Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

Table 12-25. IDRO Register Field Descriptions — Extended

Field Description
7:0 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[28:21] | most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number.

7 6 5 4 3 2 1 0

R
ID20 ID19 ID18 SRRW IDE®) ID17 ID16 ID15

w

Reset: X X X X X X X X

Figure 12-26. Identifier Register 1 (IDR1) — Extended Identifier Mapping

1 SRR and IDE are both 1s.

Table 12-26. IDR1 Register Field Descriptions — Extended

Field Description
75 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[20:18] | most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number.
4 Substitute Remote Request — This fixed recessive bit is used only in extended format. It must be set to 1 by
SRR the user for transmission buffers and is stored as received on the CAN bus for receive buffers.
3 ID Extended — This flag indicates whether the extended or standard identifier format is applied in this buffer. In
IDE the case of a receive buffer, the flag is set as received and indicates to the CPU how to process the buffer
identifier registers. In the case of a transmit buffer, the flag indicates to the MSCAN what type of identifier to send.
0 Standard format (11 bit)
1 Extended format (29 bit)
2.0 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[17:15] | most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number.
7 6 5 4 3 2 1 0
R
ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
w
Reset: X X X X X X X X
Figure 12-27. Identifier Register 2 (IDR2) — Extended Identifier Mapping
Table 12-27. IDR2 Register Field Descriptions — Extended
Field Description
7:0 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[14:7] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an

identifier is defined to be highest for the smallest binary number.
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7 6 5 4 3 2 1 0
R
ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
w
Reset: X X X X X X X X
Figure 12-28. Identifier Register 3 (IDR3) — Extended Identifier Mapping
Table 12-28. IDR3 Register Field Descriptions — Extended
Field Description
7:1 Extended Format Identifier — The identifiers consist of 29 bits (ID[28:0]) for the extended format. ID28 is the
ID[6:0] most significant bit and is transmitted first on the CAN bus during the arbithation procedure. The priority of an
identifier is defined to be highest for the smallest binary number.
0 Remote Transmission Request — This flag reflects the status of the remote transmission request bit in the
RTR CAN frame. In the case of a receive buffer, it indicates the status of the received frame and supports the
transmission of an answering frame in software. In the case of a transmit buffer, this flag defines the setting of
the RTR bit to be sent.
0 Data frame
1 Remote frame
12.4.2 |IDRO-IDRS3 for Standard Identifier Mapping
7 6 5 4 3 2 1 0
R
ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
w
Reset: X X X X X X X X
Figure 12-29. Identifier Register 0 — Standard Mapping
Table 12-29. IDRO Register Field Descriptions — Standard
Field Description
7:0 Standard Format Identifier — The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID10 is the
ID[10:3] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number. See also ID bits in Table 12-30.
7 6 5 4 3 2 1 0
R
ID2 ID1 IDO RTR IDE®)
w
Reset: X X X X X X X X
= Unused; always read ‘X’
Figure 12-30. Identifier Register 1 — Standard Mapping
! IDEis 0.
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Table 12-30. IDR1 Register Field Descriptions

Field Description
75 Standard Format Identifier — The identifiers consist of 11 bits (ID[10:0]) for the standard format. ID10 is the
ID[2:0] most significant bit and is transmitted first on the CAN bus during the arbitration procedure. The priority of an
identifier is defined to be highest for the smallest binary number. See also ID bits in Table 12-29.
4 Remote Transmission Request — This flag reflects the status of the Remote Transmission Request bit in the
RTR CAN frame. In the case of a receive buffer, it indicates the status of the received frame and supports the
transmission of an answering frame in software. In the case of a transmit buffer, this flag defines the setting of
the RTR bit to be sent.
0 Data frame
1 Remote frame
3 ID Extended — This flag indicates whether the extended or standard identifier format is applied in this buffer. In
IDE the case of a receive buffer, the flag is set as received and indicates to the CPU how to process the buffer
identifier registers. In the case of a transmit buffer, the flag indicates to the MSCAN what type of identifier to send.
0 Standard format (11 bit)
1 Extended format (29 bit)
7 6 5 4 3 2 1 0
R
w
Reset: X X X X X X X X
= Unused; always read ‘x’
Figure 12-31. Identifier Register 2 — Standard Mapping
7 6 5 4 3 2 1 0
R
w
Reset: X X X X X X X X

= Unused; always read ‘x’

Figure 12-32. Identifier Register 3 — Standard Mapping

12.4.3 Data Segment Registers (DSRO0-7)

The eight data segment registers, each with bits DB[7:0], contain the data to be transmitted or received.
The number of bytes to be transmitted or received is determined by the data length code in the
corresponding DLR register.
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7 6 5 4 3 2 1 0

R
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W
Reset: X X X X X X X X
Figure 12-33. Data Segment Registers (DSR0O-DSR7) — Extended Identifier Mapping
Table 12-31. DSR0O-DSR7 Register Field Descriptions
Field Description
7.0 Data bits 7:0
DBJ[7:0]
12.4.4 Data Length Register (DLR)
This register keeps the data length field of the CAN frame.
7 6 5 4 3 2 1 0
R
DLC3 DLC2 DLC1 DLCO
W
Reset: X X X X X X X X
= Unused; always read “x”
Figure 12-34. Data Length Register (DLR) — Extended Identifier Mapping
Table 12-32. DLR Register Field Descriptions
Field Description
3.0 Data Length Code Bits — The data length code contains the number of bytes (data byte count) of the respective
DLC[3:0] |message. During the transmission of a remote frame, the data length code is transmitted as programmed while
the number of transmitted data bytes is always 0. The data byte count ranges from O to 8 for a data frame.
Table 12-33 shows the effect of setting the DLC bits.
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Table 12-33. Data Length Codes

Data Length Code Data Byte
DLC3 DLC2 DLC1 DLCO Count
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8

12.4.5 Transmit Buffer Priority Register (TBPR)

This register defines the local priority of the associated message transmit buffer. The local priority is used
for the internal prioritization process of the MSCAN and is defined to be highest for the smallest binary
number. The MSCAN implements the following internal prioritization mechanisms:

» All transmission buffers with a cleared TXEX flag participate in the prioritization immediately
before the SOF (start of frame) is sent.

* The transmission buffer with the lowest local priority field wins the prioritization.

In cases of more than one buffer having the same lowest priority, the message buffer with the lower index
number wins.

7 6 5 4 3 2 1 0
R
PRIO7 PRIO6 PRIOS PRIOC4 PRIO3 PRIO2 PRIO1 PRIOCO
W
Reset: 0 0 0 0 0 0 0 0

Figure 12-35. Transmit Buffer Priority Register (TBPR)

Read: Anytime when TXEX flag is set (see Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see Section 12.3.10,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)”).

Write: Anytime when TXEX flag is set (see Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see Section 12.3.10,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)”).

12.4.6 Time Stamp Register (TSRH-TSRL)

If the TIME bit is enabled, the MSCAN will write a time stamp to the respective registers in the active
transmit or receive buffer as soon as a message has been acknowledged on the CAN bus (see
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Section 12.3.1, “MSCAN Control Register 0 (CANCTLO0)”). In case of a transmission, the CPU can only
read the time stamp after the respective transmit buffer has been flagged empty.

The timer value, which is used for stamping, is taken from a free running internal CAN bit clock. A timer
overrun is not indicated by the MSCAN. The timer is reset (all bits set to 0) during initialization mode. The
CPU can only read the time stamp registers.

7

6

5

R TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
w
Reset: X X X X X X X X
Figure 12-36. Time Stamp Register — High Byte (TSRH)
7 6 5 4 3 2 1 0
R TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
w
Reset: X X X X X X X X

Figure 12-37. Time Stamp Register — Low Byte (TSRL)

Read: Anytime when TXEX flag is set (see Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see Section 12.3.10,
“MSCAN Transmit Buffer Selection Register (CANTBSEL)”).

Write: Unimplemented

12.5 Functional Description

12.5.1 General

This section provides a complete functional description of the MSCAN. It describes each of the features
and modes listed in the introduction.
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12.5.2 Message Storage
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Figure 12-38. User Model for Message Buffer Organization

MSCAN facilitates a sophisticated message storage system which addresses the requirements of a broad
range of network applications.
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12.5.2.1 Message Transmit Background

Modern application layer software is built upon two fundamental assumptions:

» Any CAN node is able to send out a stream of scheduled messages without releasing the CAN bus
between the two messages. Such nodes arbitrate for the CAN bus immediately after sending the
previous message and only release the CAN bus in case of lost arbitration.

» The internal message queue within any CAN node is organized such that the highest priority
message is sent out first, if more than one message is ready to be sent.

The behavior described in the bullets above cannot be achieved with a single transmit buffer. That buffer
must be reloaded immediately after the previous message is sent. This loading process lasts a finite amount
of time and must be completed within the inter-frame sequence (IFS) to be able to send an uninterrupted
stream of messages. Even if this is feasible for limited CAN bus speeds, it requires that the CPU reacts
with short latencies to the transmit interrupt.

A double buffer scheme de-couples the reloading of the transmit buffer from the actual message sending
and, therefore, reduces the reactiveness requirements of the CPU. Problems can arise if the sending of a
message is finished while the CPU re-loads the second buffer. No buffer would then be ready for
transmission, and the CAN bus would be released.

At least three transmit buffers are required to meet the first of the above requirements under all
circumstances. The MSCAN has three transmit buffers.

The second requirement calls for some sort of internal prioritization which the MSCAN implements with
the “local priority” concept described in Section 12.5.2.2, “Transmit Structures.”

12.5.2.2 Transmit Structures

The MSCAN triple transmit buffer scheme optimizes real-time performance by allowing multiple
messages to be set up in advance. The three buffers are arranged as shown in Figure 12-38.

All three buffers have a 13-byte data structure similar to the outline of the receive buffers (see Section 12.4,
“Programmer’s Model of Message Storage”). An additional Section 12.4.5, “Transmit Buffer Priority
Register (TBPR) contains an 8-bit local priority field (PRIO) (see Section 12.4.5, “Transmit Buffer
Priority Register (TBPR)”). The remaining two bytes are used for time stamping of a message, if required
(see Section 12.4.6, “Time Stamp Register (TSRH-TSRL)”).

To transmit a message, the CPU must identify an available transmit buffer, which is indicated by a set
transmitter buffer empty (TXEX) flag (see Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG)™). If a transmit buffer is available, the CPU must set a pointer to this buffer by writing to the
CANTBSEL register (see Section 12.3.10, “MSCAN Transmit Buffer Selection Register
(CANTBSEL)™). This makes the respective buffer accessible within the CANTXFG address space (see
Section 12.4, “Programmer’s Model of Message Storage”). The algorithmic feature associated with the
CANTBSEL register simplifies the transmit buffer selection. In addition, this scheme makes the handler
software simpler because only one address area is applicable for the transmit process, and the required
address space is minimized.

The CPU then stores the identifier, the control bits, and the data content into one of the transmit buffers.
Finally, the buffer is flagged as ready for transmission by clearing the associated TXE flag.

MC9S08DEG60 Series Data Sheet, Rev. 3

252 Freescale Semiconductor
wwwe.DataSheetdlU.com



Chapter 12 Freescale’s Controller Area Network (SO8BMSCANV1)

The MSCAN then schedules the message for transmission and signals the successful transmission of the
buffer by setting the associated TXE flag. A transmit interrupt (see Section 12.5.7.2, “Transmit Interrupt™)
is generated! when TXEx is set and can be used to drive the application software to re-load the buffer.

If more than one buffer is scheduled for transmission when the CAN bus becomes available for arbitration,
the MSCAN uses the local priority setting of the three buffers to determine the prioritization. For this
purpose, every transmit buffer has an 8-bit local priority field (PRIO). The application software programs
this field when the message is set up. The local priority reflects the priority of this particular message
relative to the set of messages being transmitted from this node. The lowest binary value of the PRIO field
is defined to be the highest priority. The internal scheduling process takes place whenever the MSCAN
arbitrates for the CAN bus. This is also the case after the occurrence of a transmission error.

When a high priority message is scheduled by the application software, it may become necessary to abort
a lower priority message in one of the three transmit buffers. Because messages that are already in
transmission cannot be aborted, the user must request the abort by setting the corresponding abort request
bit (ABTRQ) (see Section 12.3.8, “MSCAN Transmitter Message Abort Request Register
(CANTARQ)”.) The MSCAN then grants the request, if possible, by:

1. Setting the corresponding abort acknowledge flag (ABTAK) in the CANTAAK register.
2. Setting the associated TXE flag to release the buffer.

3. Generating a transmit interrupt. The transmit interrupt handler software can determine from the
setting of the ABTAK flag whether the message was aborted (ABTAK = 1) or sent (ABTAK = 0).

12.5.2.3 Receive Structures

The received messages are stored in a five stage input FIFO. The five message buffers are alternately
mapped into a single memory area (see Figure 12-38). The background receive buffer (RxBG) is
exclusively associated with the MSCAN, but the foreground receive buffer (RxFG) is addressable by the
CPU (see Figure 12-38). This scheme simplifies the handler software because only one address area is
applicable for the receive process.

All receive buffers have a size of 15 bytes to store the CAN control bits, the identifier (standard or
extended), the data contents, and a time stamp, if enabled (see Section 12.4, “Programmer’s Model of
Message Storage”).

The receiver full flag (RXF) (see Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)”)
signals the status of the foreground receive buffer. When the buffer contains a correctly received message
with a matching identifier, this flag is set.

On reception, each message is checked to see whether it passes the filter (see Section 12.5.3, “Identifier
Acceptance Filter”) and simultaneously is written into the active RxBG. After successful reception of a
valid message, the MSCAN shifts the content of RxBG into the receiver FIFO?, sets the RXF flag, and
generates a receive interrupt (see Section 12.5.7.3, “Receive Interrupt”) to the CPU3. The user’s receive
handler must read the received message from the RXFG and then reset the RXF flag to acknowledge the
interrupt and to release the foreground buffer. A new message, which can follow immediately after the IFS

1. The transmit interrupt occurs only if not masked. A polling scheme can be applied on TXEXx also.

2. Only if the RXF flag is not set.
3. The receive interrupt occurs only if not masked. A polling scheme can be applied on RXF also.
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field of the CAN frame, is received into the next available RxBG. If the MSCAN receives an invalid
message in its RxBG (wrong identifier, transmission errors, etc.) the actual contents of the buffer will be
over-written by the next message. The buffer will then not be shifted into the FIFO.

When the MSCAN module is transmitting, the MSCAN receives its own transmitted messages into the
background receive buffer, RxBG, but does not shift it into the receiver FIFO, generate a receive interrupt,
or acknowledge its own messages on the CAN bus. The exception to this rule is in loopback mode (see
Section 12.3.2, “MSCAN Control Register 1 (CANCTL1)”) where the MSCAN treats its own messages
exactly like all other incoming messages. The MSCAN receives its own transmitted messages in the event
that it loses arbitration. If arbitration is lost, the MSCAN must be prepared to become a receiver.

An overrun condition occurs when all receive message buffers in the FIFO are filled with correctly
received messages with accepted identifiers and another message is correctly received from the CAN bus
with an accepted identifier. The latter message is discarded and an error interrupt with overrun indication
is generated if enabled (see Section 12.5.7.5, “Error Interrupt”). The MSCAN remains able to transmit
messages while the receiver FIFO is full, but all incoming messages are discarded. As soon as a receive
buffer in the FIFO is available again, new valid messages will be accepted.

12.5.3 Identifier Acceptance Filter

The MSCAN identifier acceptance registers (see Section 12.3.11, “MSCAN Identifier Acceptance Control
Register (CANIDAC)”) define the acceptable patterns of the standard or extended identifier (ID[10:0] or
ID[28:0]). Any of these bits can be marked ‘don’t care’ in the MSCAN identifier mask registers (see
Section 12.3.16, “MSCAN Identifier Mask Registers (CANIDMRO-CANIDMR7)™).

A filter hit is indicated to the application software by a set receive buffer full flag (RXF = 1) and three bits
in the CANIDAC register (see Section 12.3.11, “MSCAN ldentifier Acceptance Control Register
(CANIDAC)”). These identifier hit flags (IDHIT[2:0]) clearly identify the filter section that caused the
acceptance. They simplify the application software’s task to identify the cause of the receiver interrupt. If
more than one hit occurs (two or more filters match), the lower hit has priority.

A very flexible programmable generic identifier acceptance filter has been introduced to reduce the CPU
interrupt loading. The filter is programmable to operate in four different modes (see Bosch CAN 2.0A/B
protocol specification):
» Two identifier acceptance filters, each to be applied to:
— The full 29 bits of the extended identifier and to the following bits of the CAN 2.0B frame:

— Remote transmission request (RTR)

— Identifier extension (IDE)

— Substitute remote request (SRR)

— The 11 bits of the standard identifier plus the RTR and IDE bits of the CAN 2.0A/B messages”.
This mode implements two filters for a full length CAN 2.0B compliant extended identifier.
Figure 12-39 shows how the first 32-bit filter bank (CANIDARO-CANIDARS,
CANIDMRO-CANIDMR3) produces a filter 0 hit. Similarly, the second filter bank
(CANIDAR4-CANIDAR7, CANIDMR4-CANIDMRY) produces a filter 1 hit.

1.Although this mode can be used for standard identifiers, it is recommended to use the four or eight identifier acceptance
filters for standard identifiers
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» Four identifier acceptance filters, each to be applied to

— a) the 14 most significant bits of the extended identifier plus the SRR and IDE bits of CAN 2.0B
messages or

— b) the 11 bits of the standard identifier, the RTR and IDE bits of CAN 2.0A/B messages.
Figure 12-40 shows how the first 32-bit filter bank (CANIDARO-CANIDA3,
CANIDMRO0-3CANIDMR) produces filter 0 and 1 hits. Similarly, the second filter bank
(CANIDAR4-CANIDAR7, CANIDMR4-CANIDMRY7) produces filter 2 and 3 hits.

» Eight identifier acceptance filters, each to be applied to the first 8 bits of the identifier. This mode
implements eight independent filters for the first 8 bits of a CAN 2.0A/B compliant standard
identifier or a CAN 2.0B compliant extended identifier. Figure 12-41 shows how the first 32-bit
filter bank (CANIDARO-CANIDAR3, CANIDMRO-CANIDMR3) produces filter 0 to 3 hits.
Similarly, the second filter bank (CANIDAR4-CANIDAR7, CANIDMR4-CANIDMR7)
produces filter 4 to 7 hits.

» Closed filter. No CAN message is copied into the foreground buffer RXFG, and the RXF flag is

never set.
CAN20B
Extended Identifier| 1025 IDRO D21 | 1D20 IDR1 D15 | D14 IDR2 07 | 106 IDR3 RTR
St BiOAB ot | D10 IR0 I3 | 12 IDR1  IDE

H H = =

AM7 CANIDMRO AMO | AM7 CANIDMR1 AMO | AM7 CANIDMR2 AMO | AM7 CANIDMR3 AMO

AC7 CANIDARO ACO | AC7 CANIDAR1 ACO | AC7 CANIDAR2 ACO | AC7 CANIDAR3 ACO

h h h .

ID Accepted (Filter 0 Hit)

Figure 12-39. 32-bit Maskable Identifier Acceptance Filter
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CAN 2.0B
Extended Identifier | 1D28 IDRO ID21 | 1D20 IDR1 ID15 | ID14 IDR2 RTR

CAN 2.0A/B ID10 IDRO D3

Standard identifier D2

IDR1 IDE

AM7 CANIDMRO AMO | AM7 CANIDMR1 AMO

AC7 CANIDARO ACO | AC7 CANIDAR1 ACO

ID Accepted (Filter 0 Hit)

AM7 CANIDMR2 AMO | AM7 CANIDMR3 AMO

AC7 CANIDAR2 ACO | AC7 CANIDAR3 ACO

7 7

Figure 12-40. 16-bit Maskable Identifier Acceptance Filters
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CAN 2.0B

Extended Identifier| 1D28 IDRO ID21 | 1D20 IDR1 ID15 | ID14 IDR2 ID7 | D6 IDR3 RTR
CAN 2.0A/B

Standard identifier | 'D10 IDRO ID3 | ID2 IDR1  IDE

AM7 CIDMRO AMO
AC7 CIDARO ACO

hd

ID Accepted (Filter 0 Hit)

AM7 CIDMR1 AMO

AC7 CIDAR1 ACO

< ID Accepted (Filter 1 Hit) >

AM7 CIDMR2 AMO

AC7 CIDAR2 ACO

( ID Accepted (Filter 2 Hit) )

AM7 CIDMR3 AMO

AC7 CIDAR3 ACO

( ID Accepted (Filter 3 Hit) )

Figure 12-41. 8-bit Maskable Identifier Acceptance Filters

MSCAN filter uses three sets of registers to provide the filter configuration. Firstly, the CANIDAC register
determines the configuration of the banks into filter sizes and number of filters. Secondly, registers
CANIDMRO0/1/2/3 determine those bits on which the filter will operate by placing a ‘0’ at the appropriate
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bit position in the filter register. Finally, registers CANIDARO0/1/2/3 determine the value of those bits
determined by CANIDMRO0/1/2/3.

For instance in the case of the filter value of:
0001x1001x0

The CANIDMRO0/1/2/3 register would be configured as:
00001000010

and so all message identifier bits except bit 1 and bit 6 would be compared against the CANIDARO0/1/2/3
registers. These would be configured as:

00010100100

In this case bits 1 and 6 are set to “0’, but since they are ignored it is equally valid to set them to ‘1.

12.5.3.1 Identifier Acceptance Filters example

As described above, filters work by comparisons to individual bits in the CAN message identifier field. The
filter will check each one of the eleven bits of a standard CAN message identifier. Suppose a filter value of
0001x1001x0. In this simple example, there are only three possible CAN messages.

Filter value: 0001x1001x0
Message 1: 00011100110
Message 2: 00110100110
Message 3: 00010100100

Message 2 will be rejected since its third most significant bit is not ‘0’ - 001. The filter is simply a
convenient way of defining the set of messages that the CPU must receive. For full 29-bits of an extended
CAN message identifier, the filter identifies two sets of messages: one set that it receives and one set that
it rejects. Alternatively, the filter may be split into two. This allows the MSCAN to examine only the first
16 bits of a message identifier, but allows two separate filters to perform the checking. See the example
below:

Filter value A: 0001x1001x0
Filter value B: 00x101x01x0
Message 1: 00011100110
Message 2: 00110100110
Message 3: 00010100100

MSCAN will accept all three messages. Filter A will accept messages 1 and 3 as before and filter B will
accept message 2. In practice, it is unimportant which filter accepts the message - messages accepted by
either will be placed in the input buffer. A message may be accepted by more than one filter.
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12.5.3.2 Protocol Violation Protection
The MSCAN protects the user from accidentally violating the CAN protocol through programming errors.
The protection logic implements the following features:

» The receive and transmit error counters cannot be written or otherwise manipulated.

» All registers which control the configuration of the MSCAN cannot be modified while the MSCAN
is on-line. The MSCAN has to be in Initialization Mode. The corresponding INITRQ/INITAK
handshake bits in the CANCTLO/CANCTLL registers (see Section 12.3.1, “MSCAN Control
Register 0 (CANCTLO)”) serve as a lock to protect the following registers:

— MSCAN control 1 register (CANCTL1)

— MSCAN bus timing registers 0 and 1 (CANBTRO0, CANBTR1)

— MSCAN identifier acceptance control register (CANIDAC)

— MSCAN identifier acceptance registers (CANIDARO-CANIDAR?7)
— MSCAN identifier mask registers (CANIDMRO-CANIDMRY7)

» The TXCAN pin is immediately forced to a recessive state when the MSCAN goes into the power
down mode or initialization mode (see Section 12.5.5.6, “MSCAN Power Down Mode,” and
Section 12.5.5.5, “MSCAN Initialization Mode”).

* The MSCAN enable bit (CANE) is writable only once in normal system operation modes, which
provides further protection against inadvertently disabling the MSCAN.

12.5.3.3 Clock System
Figure 12-42 shows the structure of the MSCAN clock generation circuitry.

MSCAN

CANCLK Prescaler Time quanta clock (Tq)
-] (1..64) -
CLKSRC "

T

Bus Clock

CLKSRC
Oscillator Clock

Figure 12-42. MSCAN Clocking Scheme

The clock source bit (CLKSRC) in the CANCTLL1 register (12.3.2/-226) defines whether the internal
CANCLK is connected to the output of a crystal oscillator (oscillator clock) or to the bus clock.

The clock source has to be chosen such that the tight oscillator tolerance requirements (up to 0.4%) of the
CAN protocol are met. Additionally, for high CAN bus rates (1 Mbps), a 45% to 55% duty cycle of the
clock is required.
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If the bus clock is generated from a PLL, it is recommended to select the oscillator clock rather than the
bus clock due to jitter considerations, especially at the faster CAN bus rates. PLL lock may also be too
wide to ensure adequate clock tolerance.

For microcontrollers without a clock and reset generator (CRG), CANCLK is driven from the crystal
oscillator (oscillator clock).

A programmable prescaler generates the time quanta (Tq) clock from CANCLK. A time quantum is the
atomic unit of time handled by the MSCAN.

Eqgn. 12-2
_ fecancLk
Tg™ (Prescaler value

A bit time is subdivided into three segments as described in the Bosch CAN specification. (see
Figure 12-43):
» SYNC_SEG: This segment has a fixed length of one time quantum. Signal edges are expected to
happen within this section.
* Time Segment 1: This segment includes the PROP_SEG and the PHASE_SEG1 of the CAN
standard. It can be programmed by setting the parameter TSEGL1 to consist of 4 to 16 time quanta.

» Time Segment 2: This segment represents the PHASE_SEG?2 of the CAN standard. It can be
programmed by setting the TSEG2 parameter to be 2 to 8 time quanta long.

Eqgn. 12-3
f
. Tq
Bit Rate= .
(number of Time Quanta)
/\
x NRZ Signal ( )
SYNC_SEG Time Segment 1 Time Segment 2
(PROP_SEG + PHASE_SEGH1) (PHASE_SEG2)
A 1 4.16 4 4 2..8
(.
= 8 ... 25 Time Quanta — |
=1 Bit Time |
[
Transmit Point Sample Point
(single or triple sampling)
Figure 12-43. Segments within the Bit Time
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Table 12-34. Time Segment Syntax

Syntax Description

System expects transitions to occur on the CAN bus during this

SYNC_SEG .
- period.

A node in transmit mode transfers a new value to the CAN bus at

Transmit Point this point.

A node in receive mode samples the CAN bus at this point. If the
Sample Point three samples per bit option is selected, then this point marks the
position of the third sample.

The synchronization jump width (see the Bosch CAN specification for details) can be programmed in a
range of 1 to 4 time quanta by setting the SJW parameter.

The SYNC_SEG, TSEG1, TSEG2, and SJW parameters are set by programming the MSCAN bus timing
registers (CANBTRO, CANBTR1) (see Section 12.3.3, “MSCAN Bus Timing Register 0 (CANBTRO0)”
and Section 12.3.4, “MSCAN Bus Timing Register 1 (CANBTR1)”).

Table 12-35 gives an overview of the CAN compliant segment settings and the related parameter values.

NOTE

Itis the user’s responsibility to ensure the bit time settings are in compliance
with the CAN standard.

Table 12-35. CAN Standard Compliant Bit Time Segment Settings

Time Segment 1 TSEG1 Time Segment 2 TSEG2 S\])ijnnigr\c/)vr;(ljztatlon SJW
5..10 4.9 2 1 1.2 0.1
4.11 3..10 3 2 1..3 0.2
5..12 4.11 4 3 1.4 0.3
6..13 5..12 5 4 1.4 0..3
7..14 6..13 6 5 1..4 0.3
8..15 7..14 7 6 1.4 0.3
9..16 8..15 8 7 1.4 0..3

12.5.4 Modes of Operation

12.5.4.1 Normal Modes

The MSCAN module behaves as described within this specification in all normal system operation modes.

12.5.4.2 Special Modes

The MSCAN module behaves as described within this specification in all special system operation modes.
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12.5.4.3 Emulation Modes

In all emulation modes, the MSCAN module behaves just like normal system operation modes as
described within this specification.

12.5.4.4 Listen-Only Mode

In an optional CAN bus monitoring mode (listen-only), the CAN node is able to receive valid data frames
and valid remote frames, but it sends only “recessive” bits on the CAN bus. In addition, it cannot start a
transmision. If the MAC sub-layer is required to send a “dominant” bit (ACK bit, overload flag, or active
error flag), the bit is rerouted internally so that the MAC sub-layer monitors this “dominant” bit, although
the CAN bus may remain in recessive state externally.

12.5.4.5 Security Modes
The MSCAN module has no security features.

12.5.4.6 Loopback Self Test Mode

Loopback self test mode is sometimes used to check software, independent of connections in the external
system, to help isolate system problems. In this mode, the transmitter output is internally connected to the
receiver input. The RXCAN input pin is ignored and the TXCAN output goes to the recessive state (logic
1). The MSCAN behaves as it does normally when transmitting and treats its own transmitted message as
a message received from a remote node. In this state, the MSCAN ignores the bit sent during the ACK slot
in the CAN frame acknowledge field to ensure proper reception of its own message. Both transmit and
receive interrupts are generated.

12.5.5 Low-Power Options
If the MSCAN is disabled (CANE = 0), the MSCAN clocks are stopped for power saving.

If the MSCAN is enabled (CANE = 1), the MSCAN has two additional modes with reduced power
consumption, compared to normal mode: sleep and power down mode. In sleep mode, power consumption
is reduced by stopping all clocks except those to access the registers from the CPU side. In power down
mode, all clocks are stopped and no power is consumed.

Table 12-36 summarizes the combinations of MSCAN and CPU modes. A particular combination of
modes is entered by the given settings on the CSWAI and SLPRQ/SLPAK bits.

For all modes, an MSCAN wake-up interrupt can occur only if the MSCAN is in sleep mode (SLPRQ =1
and SLPAK = 1), wake-up functionality is enabled (WUPE = 1), and the wake-up interrupt is enabled
(WUPIE = 1).
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Table 12-36. CPU vs. MSCAN Operating Modes

MSCAN Mode
CPU Mode Reduced Power Consumption
Horme! Slee Power Down Disabled

P (CANE=0)
cswaAl = x1 CSWAI =X CSWAI =X
Run SLPRQ =0 SLPRQ =1 SLPRQ =X
SLPAK =0 SLPAK =1 SLPAK = X
CSWAI=0 CSWAI=0 CSWAI=1 CSWAI =X
Wait SLPRQ =0 SLPRQ =1 SLPRQ = X SLPRQ = X
SLPAK =0 SLPAK =1 SLPAK =X SLPAK =X
Ston3 CSWAI = X2 CSWAI = X CSWAI = X
P SLPRQ = 1 SLPRQ =0 SLPRQ = X
SLPAK = 1 SLPAK =0 SLPAK =X
CSWAI =X CSWAI =X
Stoplor 2 SLPRQ =X SLPRQ =X
SLPAK = X SLPAK = X

1 X’ means don't care.
2 For a safe wake up from Sleep mode, SLPRQ and SLPAK must be set to 1 before going into Stop3 mode.

12.5.5.1 Operation in Run Mode

As shown in Table 12-36, only MSCAN sleep mode is available as low power option when the CPU is in
run mode.

12.5.5.2 Operation in Wait Mode

The WAIT instruction puts the MCU in a low power consumption stand-by mode. If the CSWAI bit is set,
additional power can be saved in power down mode because the CPU clocks are stopped. After leaving
this power down mode, the MSCAN restarts its internal controllers and enters normal mode again.

While the CPU is in wait mode, the MSCAN can be operated in normal mode and generate interrupts
(registers can be accessed via background debug mode). The MSCAN can also operate in any of the
low-power modes depending on the values of the SLPRQ/SLPAK and CSWAI bits as seen in Table 12-36.

12.5.5.3 Operation in Stop Mode

The STOP instruction puts the MCU in a low power consumption stand-by mode. In stopl or stop2 modes,
the MSCAN is set in power down mode regardless of the value of the SLPRQ/SLPAK. In stop3 mode,
power down or sleep modes are determined by the SLPRQ/SLPAK values set prior to entering stop3.
CSWAI bit has no function in any of the stop modes.Table 12-36.
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12.5.5.4 MSCAN Sleep Mode

The CPU can request the MSCAN to enter this low power mode by asserting the SLPRQ bit in the
CANCTLO register. The time when the MSCAN enters sleep mode depends on a fixed synchronization
delay and its current activity:

» If there are one or more message buffers scheduled for transmission (TXEx = 0), the MSCAN will
continue to transmit until all transmit message buffers are empty (TXEXx = 1, transmitted
successfully or aborted) and then goes into sleep mode.

» If the MSCAN is receiving, it continues to receive and goes into sleep mode as soon as the CAN
bus next becomes idle.

» |Ifthe MSCAN is neither transmitting nor receiving, it immediately goes into sleep mode.

Bus Clock Domain CAN Clock Domain
SLPRQ
ﬁ SLPRQ % sync. Flag
CPU SLPRQ

Sleep Request

SLPAKl sync. % h
Flag SLPAK SLPAK MSCAN

in Sleep Mode

Figure 12-44. Sleep Request / Acknowledge Cycle

NOTE
The application software must avoid setting up a transmission (by clearing
one or more TXEX flag(s)) and immediately request sleep mode (by setting
SLPRQ). Whether the MSCAN starts transmitting or goes into sleep mode
directly depends on the exact sequence of operations.

If sleep mode is active, the SLPRQ and SLPAK bits are set (Figure 12-44). The application software must
use SLPAK as a handshake indication for the request (SLPRQ) to go into sleep mode.

When in sleep mode (SLPRQ =1 and SLPAK = 1), the MSCAN stops its internal clocks. However, clocks
that allow register accesses from the CPU side continue to run.

If the MSCAN is in bus-off state, it stops counting the 128 occurrences of 11 consecutive recessive bits
due to the stopped clocks. The TXCAN pin remains in a recessive state. If RXF = 1, the message can be
read and RXF can be cleared. Shifting a new message into the foreground buffer of the receiver FIFO
(RXFG) does not take place while in sleep mode.

It is possible to access the transmit buffers and to clear the associated TXE flags. No message abort takes
place while in sleep mode.
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If the WUPE bit in CANCLTO is not asserted, the MSCAN will mask any activity it detects on CAN. The
RXCAN pin is therefore held internally in a recessive state. This locks the MSCAN in sleep mode
(Figure 12-45). WUPE must be set before entering sleep mode to take effect.
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The MSCAN is able to leave sleep mode (wake up) only when:

» CAN bus activity occurs and WUPE =1
or

e the CPU clears the SLPRQ bit

NOTE
The CPU cannot clear the SLPRQ bit before sleep mode (SLPRQ = 1 and
SLPAK =1) is active.

After wake-up, the MSCAN waits for 11 consecutive recessive bits to synchronize to the CAN bus. As a
consequence, if the MSCAN is woken-up by a CAN frame, this frame is not received.

The receive message buffers (RxFG and RxBG) contain messages if they were received before sleep mode
was entered. All pending actions will be executed upon wake-up; copying of RxBG into RxFG, message
aborts and message transmissions. If the MSCAN remains in bus-off state after sleep mode was exited, it
continues counting the 128 occurrences of 11 consecutive recessive bits.

CAN Activity

: (CAN Activity & WUPE) | SLPRO
i Wait
StartUp for Idle
CAN Activity

SLPRQ

CAN Acivity & il N Sleep
SLPRQ ©

(CAN Activity & WUPE) |

. CAN Activity
CAN Activity & CAN Actvity
TX/Rx
Message
Active
CAN Activity

Figure 12-45. Simplified State Transitions for Entering/Leaving Sleep Mode
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12.5.5.5 MSCAN Initialization Mode

Ininitialization mode, any on-going transmission or reception is immediately aborted and synchronization
to the CAN bus is lost, potentially causing CAN protocol violations. To protect the CAN bus system from
fatal consequences of violations, the MSCAN immediately drives the TXCAN pin into a recessive state.

NOTE

The user is responsible for ensuring that the MSCAN is not active when
initialization mode is entered. The recommended procedure is to bring the
MSCAN into sleep mode (SLPRQ = 1 and SLPAK = 1) before setting the
INITRQ bit in the CANCTLO register. Otherwise, the abort of an on-going
message can cause an error condition and can impact other CAN bus
devices.

In initialization mode, the MSCAN is stopped. However, interface registers remain accessible. This mode
is used to reset the CANCTLO, CANRFLG, CANRIER, CANTFLG, CANTIER, CANTARQ,
CANTAAK, and CANTBSEL registers to their default values. In addition, the MSCAN enables the
configuration of the CANBTRO, CANBTRL1 bit timing registers; CANIDAC; and the CANIDAR,
CANIDMR message filters. See Section 12.3.1, “MSCAN Control Register 0 (CANCTLO),” for a detailed
description of the initialization mode.

Bus Clock Domain CAN Clock Domain
INIT
ﬁ INITRQ % sync. JFIag
CPU INITRQ

Init Request *
INITAK‘ sync.
Flag INITAK *m_ INITAK

Figure 12-46. Initialization Request/Acknowledge Cycle

Due to independent clock domains within the MSCAN, INITRQ must be synchronized to all domains by
using a special handshake mechanism. This handshake causes additional synchronization delay (see
Section Figure 12-46., “Initialization Request/Acknowledge Cycle™).

If there is no message transfer ongoing on the CAN bus, the minimum delay will be two additional bus
clocks and three additional CAN clocks. When all parts of the MSCAN are in initialization mode, the
INITAK flag is set. The application software must use INITAK as a handshake indication for the request
(INITRQ) to go into initialization mode.

NOTE

The CPU cannot clear INITRQ before initialization mode (INITRQ =1 and
INITAK =1) is active.
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12.5.5.6 MSCAN Power Down Mode

The MSCAN is in power down mode (Table 12-36) when

e CPU s in stop mode
or
e CPU is in wait mode and the CSWAI bit is set

When entering the power down mode, the MSCAN immediately stops all ongoing transmissions and
receptions, potentially causing CAN protocol violations. To protect the CAN bus system from fatal
consequences of violations to the above rule, the MSCAN immediately drives the TXCAN pin into a
recessive state.

NOTE

The user is responsible for ensuring that the MSCAN is not active when
power down mode is entered. The recommended procedure is to bring the
MSCAN into Sleep mode before the STOP or WAIT instruction (if CSWAI
is set) is executed. Otherwise, the abort of an ongoing message can cause an
error condition and impact other CAN bus devices.

In power down mode, all clocks are stopped and no registers can be accessed. If the MSCAN was not in
sleep mode before power down mode became active, the module performs an internal recovery cycle after
powering up. This causes some fixed delay before the module enters normal mode again.

12.5.5.7 Programmable Wake-Up Function

The MSCAN can be programmed to wake up the MSCAN as soon as CAN bus activity is detected (see
control bit WUPE in Section 12.3.1, “MSCAN Control Register 0 (CANCTLO0)”). The sensitivity to
existing CAN bus action can be modified by applying a low-pass filter function to the RXCAN input line
while in sleep mode (see control bit WUPM in Section 12.3.2, “MSCAN Control Register 1
(CANCTLL)").

This feature can be used to protect the MSCAN from wake-up due to short glitches on the CAN bus lines.
Such glitches can result from—for example—electromagnetic interference within noisy environments.

12.5.6 Reset Initialization

The reset state of each individual bit is listed in Section 12.3, “Register Definition,” which details all the
registers and their bit-fields.

12.5.7 Interrupts

This section describes all interrupts originated by the MSCAN. It documents the enable bits and generated
flags. Each interrupt is listed and described separately.
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12.5.7.1 Description of Interrupt Operation

The MSCAN supports four interrupt vectors (see Table 12-37), any of which can be individually masked
(for details see sections from Section 12.3.5, “MSCAN Receiver Interrupt Enable Register (CANRIER),”
to Section 12.3.7, “MSCAN Transmitter Interrupt Enable Register (CANTIER)”).
NOTE
The dedicated interrupt vector addresses are defined in the Resets and
Interrupts chapter.

Table 12-37. Interrupt Vectors

Interrupt Source CCR Mask Local Enable
Wake-Up Interrupt (WUPIF) | bit CANRIER (WUPIE)
Error Interrupts Interrupt (CSCIF, OVRIF) | bit CANRIER (CSCIE, OVRIE)
Receive Interrupt (RXF) | bit CANRIER (RXFIE)
Transmit Interrupts (TXE[2:0]) | bit CANTIER (TXEIE[2:0])

12.5.7.2 Transmit Interrupt

At least one of the three transmit buffers is empty (not scheduled) and can be loaded to schedule a message
for transmission. The TXEXx flag of the empty message buffer is set.

12.5.7.3 Receive Interrupt

A message is successfully received and shifted into the foreground buffer (RXFG) of the receiver FIFO.
This interrupt is generated immediately after receiving the EOF symbol. The RXF flag is set. If there are
multiple messages in the receiver FIFO, the RXF flag is set as soon as the next message is shifted to the
foreground buffer.

12.5.7.4 Wake-Up Interrupt

A wake-up interrupt is generated if activity on the CAN bus occurs during MSCAN internal sleep mode.
WUPE (see Section 12.3.1, “MSCAN Control Register 0 (CANCTLO0)””) must be enabled.

12.5.7.5 Error Interrupt

An error interrupt is generated if an overrun of the receiver FIFO, error, warning, or bus-off condition
occurrs. Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG) indicates one of the following
conditions:

e Overrun — An overrun condition of the receiver FIFO as described in Section 12.5.2.3, “Receive
Structures,” occurred.

* CAN Status Change — The actual value of the transmit and receive error counters control the
CAN bus state of the MSCAN. As soon as the error counters skip into a critical range
(Tx/Rx-warning, Tx/Rx-error, bus-off) the MSCAN flags an error condition. The status change,
which caused the error condition, is indicated by the TSTAT and RSTAT flags (see
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Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)” and Section 12.3.5, “MSCAN
Receiver Interrupt Enable Register (CANRIER)”).

12.5.7.6 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in either the Section 12.3.4.1, “MSCAN
Receiver Flag Register (CANRFLG)” or the Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG).” Interrupts are pending as long as one of the corresponding flags is set. The flags in
CANRFLG and CANTFLG must be reset within the interrupt handler to handshake the interrupt. The flags
are reset by writing a 1 to the corresponding bit position. A flag cannot be cleared if the respective
condition prevails.

NOTE

It must be guaranteed that the CPU clears only the bit causing the current
interrupt. For this reason, bit manipulation instructions (BSET) must not be
used to clear interrupt flags. These instructions may cause accidental
clearing of interrupt flags which are set after entering the current interrupt
service routine.

12.5.7.7 Recovery from Stop or Wait

The MSCAN can recover from stop or wait via the wake-up interrupt. This interrupt can only occur if the
MSCAN was in sleep mode (SLPRQ =1 and SLPAK = 1) before entering power down mode, the wake-up
option is enabled (WUPE = 1), and the wake-up interrupt is enabled (WUPIE = 1).

12.6 Initialization/Application Information

