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Addendum for Revision 3.0

1

Addendum for Revision 3.0

Table 1. MC9S08GW64RM Rev 3.0 Addendum

Location

Description

Sub-section “Calibration
Procedure for Improved
Linearity ” for Chapter 17
”Analog-to-Digital Converter
(ADC16V1)”

Added a new sub-section to “Calibration Function” section:

For applications using the ADC16 in differential mode, improved linearity may be achieved by
using an adjusted calibration procedure as detailed below. The ADC16 does perform to the
published datasheet specification using the original calibration procedure. The adjusted
calibration procedure corrects potential calibration offset errors and diminishes linearity error
spikes that may occur near the %, 2 and % point of the full scale range.

Adjusted calibration procedure:

¢ Perform auto calibration as defined in the reference manual.
¢ Then, rewrite ADCCLP1-4, ADCCLMO0-4, ADCPG and ADCMG using ADCLPO and the
following calculations:

ADCCLP1 = ADCCLPO << 1;
ADCCLP2 = ADCCLP1 << 1;
ADCCLP3 = ADCCLP2 << 1; /* CLP3is2x CLP2 */

ADCCLP4 = ADCCLP3 << 1; /* CLP4is2x CLP3 */

ADCCLMO = ADCCLPO; /* minus side calibration values are set equal to the plus side */
ADCCLM1 = ADCCLP1; /* minus side calibration values are set equal to the plus side */
ADCCLM2 = ADCCLP2; /* minus side calibration values are set equal to the plus side */
ADCCLMS3 = ADCCLPS3; /* minus side calibration values are set equal to the plus side */
ADCCLM4 = ADCCLP4; /* minus side calibration values are set equal to the plus side */

/* CLP1is2x CLPO */
/* CLP2is 2x CLP1 */

ADCCLMD = ADCCLPD;
ADCCLMS = ADCCLPS;

calSum = ADCCLPO + ADCCLP1 + ADCCLP2 + ADCCLP3 + ADCCLP4 + ADCCLPS; /*
recalculate the plus gain factor */

calSum /= 2;

calSum += 0x8000;

ADCPG = calSum;

calSum = 0;

calSum = ADCCLMO + ADCCLM1 + ADCCLM2 + ADCCLM3 + ADCCLM4 + ADCCLMS; /*
recalculate the minus gain factor */

calSum /= 2;

calSum += 0x8000;

ADCMG = calSum;

2

Revision History

Table 2 provides a revision history for this document.

Table 2. Revision History Table

Rev. Number

Substantive Changes Date of Release

1.0

Initial release. Added a new section “Calibration Procedure for Improved
Linearity ” for Chapter 17 Analog-to-Digital Converter (ADC16V1)”.

06/2012
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MC9S08GW64 Features

8-Bit HCS08 Central Processor Unit (CPU)

New version of SO8 core with same performance as
traditional SO8 and lower power

Upto20 MHz CPU at 3.6 Vto 2.15 V and up to I0MHz CPU
at 3.6 V to 1.8 V, across temperature range of —40 °C to
85°C

HCO08 instruction set with added BGND instruction

Support for up to 48 interrupt/reset sources.

On-Chip Memory

64 KB space. Each comparator can be used as hardware
breakpoint. Full mode, Comparator A compares address and
Comparator B compares data. Supports both tag and force
breakpoints

Peripherals

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

Random-access memory (RAM)

Security circuitry to prevent unauthorized access to RAM and
flash contents

Power-Saving Modes

Two low power stop modes and reduced power wait mode
Low power run and wait modes allow peripherals to run while
voltage regulator is in standby

Peripheral clock gating register can disable clocks to unused
modules, thereby reducing currents

Very low power external oscillator that can be used in stop2
or stop3 modes to provide accurate clock source to real time
counter

6 us typical wakeup time from stop3 mode

Clock Source Options

Oscillator (XOSC1) — Loop-control Pierce oscillator;
Crystal or ceramic resonator of 32.768 kHz; Dedicated clock
source for iRTC and optional for ICS

Oscillator (XOSC2) — Loop-control Pierce oscillator;
Crystal or ceramic resonator range of 31.25 kHz to 38.4 kHz
or 1 MHz to 16 MHz; optional clock source for ICS

Internal Clock Source (ICS) — Internal clock source module
containing a frequency-locked-loop (FLL) controlled by
internal or external reference (XOSC1, XOSC2); precision
trimming of internal reference allows 0.2% resolution and 2%
deviation over temperature and voltage; supporting CPU/bus
frequencies from 1 MHz to 20 MHz

System Protection

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

Low-voltage warning with interrupt

Low-voltage detection with reset or interrupt

Illegal opcode and illegal address detection with reset
Flash block protection

Development Support

LCD — up to 4x40 or 8x36 LCD driver with internal charge
pump and option to provide an internally regulated LCD
reference that can be trimmed for contrast control

ADC16 — two analog-to-digital converters; 16-bit
resolution; one dedicated differential per ADC; up to 16-ch;
up to 2.5 ps conversion time for 12-bit mode; automatic
compare function; hardware averaging; calibration registers;
temperature sensor; internal bandgap reference channel,
operation in stop3; fully functional from 3.6 Vto 1.8 V
PRACMP —three rail to rail programmable reference analog
comparator; up to 8 inputs; on-chip programmable reference
generator output; selectable interrupt on rising, falling, or
either edge of comparator output; operation in stop3

SCI— four full duplex non-return to zero (NRZ); LIN master
extended break generation; LIN slave extended break
detection; wakeup on active edge; SCIO designed for AMR
operation; TxD of SCI1 and SCI2 can be modulated with
timers and RxD can recieved through PRACMP;

SPI— three full-duplex or single-wire bidirectional;
double-buffered transmit and receive; master or slave mode;
MSB-first or LSB-first shifting; SPI0 designed for AMR
opeartion;

IIC — up to 100 kbps with maximum bus loading;
multi-master operation; programmable slave address;
interrupt driven byte-by-byte data transfer; supporting
broadcast mode and 10-bit addressing; supporting SM BUS
functionality; can wake up from STOP3

FTM — 2-channel flextimer module; selectable input
capture, output compare, or buffered edge- or center-aligned
PWM on each channel

IRTC — independent real-time clock, independent power
domain, 32 bytes RAM, 32.768 kHz input clock optional
output to ICS, hardware calendar, hardware compensation
due to crystal or temperature characteristics, tamper detection
and indicator

PCRC — 16/32 bit programmable cyclic redundancy check
for high-speed CRC calculation

MTIM — two 8-bit and one 16-bit timers; configurable clock
inputs and interrupt generation on overflow

PDB — programmable delay block; optimized for scheduling
ADC conversions

PCNT — position counter; working in stop3 mode without
waking CPU; can be used to generate waveforms like timer

Input/Output

Single-wire background debug interface

Breakpoint capability to allow single breakpoint setting
during in-circuit debugging (plus 3 more breakpoints in
breakpoint unit)

Breakpoint (BKPT) debug module containing three
comparators (A, B, and C) with ability to match addresses in

57 GPIOs including one output-only pin

Eight KBI interrupts with selectable polarity

Hysteresis and configurable pullup device on all input pins;
configurable slew rate and drive strength on all output pins.

Package Options

80-pin LQFP; 64-pin LQFP
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Revision History
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2 5/21/2010 | Initial public release.
Updated the block diagram.
Corrected the CRCCTRL register, IRTC_TAMPER_SCR register,
IRTC_STDBY_RAM register, changed the PCNT_PWM_CH1_VAL and
PCNT_PWM_CH2_VAL to PCNT_PWM_CHO_VAL and PCNT_PWM_CH1_VAL in
3 10/26/2010 the Table 4-3; corrected PRACMPxXCO register in the Table 4-5.

Updated Figure 4-2.

Updated Table 5-2 for FTM vectors.

Updated Table 17-1.

Updated the Chapter 20, “Programmable Cyclic Redundancy Check (PCRCV1)”.
Updated the Chapter 16, “Independent Real Time Clock (IRTCV2)”.
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Chapter 1
Device Overview

The MC9S08GW64 and MC9S08GW32 are members of the low-cost, low-power, high-performance
HCSO08 family of 8-bit microcontroller units (MCUs). All MCUs in the family use the enhanced HCS08
core and are available with a variety of modules, memory sizes, memory types, and package types.

1.1 Devices in the MC9S08GW64 Series
Table 1-1 summarizes the feature sets available in the MC9S08GW 64 series of MCUSs.

NOTE

For FlexTimer module, MC9S08GW64 series only support TPM function
which is the basic function of FlexTimer. The other function of FlexTimer
1s not available.

Table 1-1. MC9S08GW64 Series Features by MCU and Package

Feature MC9S08GW64 MC9S08GW32

80-pin 64-pin 80-pin 64-pin

Package LQFP LQFP LQFP LQFP

FLASH 65,536 Bytes 32,768 Bytes

RAM 4,032 Bytes 2,048 Bytes

ADCO'
Single-ended 7-ch 7-ch 7-ch 7-ch
Channels

ADCO Differential
Channels?

ADCA1
Single-ended 7-ch 7-ch 7-ch 7-ch
Channels

ADC1 Differential
Channels

BKPT yes yes

ICS yes yes

lc yes yes

IRQ yes yes

IRTC yes yes
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Chapter 1 Device Overview

1.2

Table 1-1. MC9S08GW64 Series Features by MCU and Package (continued)

Feature MC9S08GW64 MC9S08GW32
noae | Spn Hmno | wmen | e
KBI 8-ch 8-ch
MTIM8 2 2
MTIM16 yes yes
PCNT yes yes
PCRC yes yes
PDB yes yes
PRACMP 3 3
SCI 4 4
SPI 3 3
FTM 2-ch 2-ch
LCD 8x36 8x24 8x36 8x24
4x40 4x28 4x40 4x28
VREFO yes yes yes yes
X0SC 2 2
/0 pins® 57 45 57 45

1 There are two 16-bit ADC modules, so two parallel conversions at two channels can be made

simultaneously.

2 Each differential channel consists of two pins (DADPx and DADMX).
3 The l/O pins include one output-only pin.

MCU Block Diagram
The block diagram in Figure 1-1 shows the structure of the MC9S08GW64 series MCUs.
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<> PTB1/KBIP1/RxD1/XTAL2

<> PTB2/KBIP2/MOSIO/MISO0/RXDO
<> PTB3/KBIP3/MISO0/MOSIO/TXDO
<> PTB4/KBIP4/SCLK0/SCL

<> PTB5/KBIP5/SS0/SDA

<> PTB6/KBIP6/RxD2/LCDO

<> PTB7/KBIP7/TXD2/LCD1

[~ §j~<<>» PTC0/MOSI1/LCD2

<> PTC1/MISO1/LCD3

<> PTC2/SCLK1/LCD4
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<> PTDO/KBIPO/MOSI2/LCD10
<> PTD1/KBIP1/MISO2/LCD11
<> PTD2/KBIP2/SCLK2/LCD12
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> PTG2/SCLK1/AD8/LCD36

l«>» PTG3/SS1/AD9/LCD37

|« PTG4/CMPOUT1/RxD3/AD10/LCD38
|« PTG5/CMPOUT2/TxD3/AD11/LCD39
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<> PTHO/CMPP5/AD14/PCNT2/LCD42
> PTH1/RTCCLKOUT/CMPP6/AD15/LCD43

Figure 1-1. MC9S08GW64 Series Block Diagram
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Chapter 1 Device Overview

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

Table 1-2. Module Versions

Module Version
Central Processing Unit (CPU) 6
Internal Clock Source (ICS) 4
Low Power Oscilator (XOSC) 1
Independent Real-Time Clock (IRTC) 2
Pulse Counter (PCNT) 1
Modulo Timer 8 bits (MTIMS) 1
Modulo Timer 16 bits (MTIM16) 1
FlexTimer Module (FTM) 3
Programmable Cyclic Redundancy Check (PCRC) 1
Programmable Delay Block (PDB) 1
Analog-to-Digital Converter (ADC16) 1
Programmable Reference Analog Comparator (PRACMP) 1
Liquid Crystal Display Driver (LCD) 1
Inter-Integrated Circuit (lIC) 5
Serial Communications Interface (SCI) 4
Serial Peripheral Interface (SPI) 4
Keyboard Interrupt (KBI) 2
Breakpoint Unit (BKPT) 1

1.3  System Clock Distribution

Figure 1-2 shows a simplified clock connection diagram. Some modules in the MCU have selectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function. All memory-mapped registers associated with the modules are clocked with BUSCLK.

A unique feature of this product family is the independent real time clock (IRTC) and secondary 32 kHz
crystal oscillator operating on an independent power domain. The IRTC can be powered by an independent
coin battery, and continue to count even when the main CPU supply is down. The “Clock Check & Select”
function allows the CPU to check whether the oscillator outputs are active prior to switching to one of the
two as the reference for the ICS. The ICS supplies the clock sources:

» ICSOUT — This clock source is used as the CPU clock and the peripheral bus clock, BUSCLK.
Control bits in the ICS control registers determine which of the three clock sources is connected:

— Internal reference clock
— External reference clock
— Frequency-locked loop (FLL) output

See Chapter 13, “Internal Clock Source (SO8ICSV4),” for details on configuring the ICSOUT
clock.

* ICSLCLK — This clock source is derived from the digitally-controlled oscillator, DCO, of the ICS
when the ICS is configured to use the internal or external reference clock as the reference clock.
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Chapter 1 Device Overview

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

» ICSERCLK — This is the external reference clock and can be selected as the alternate clock for
the ADC module. The “Optional External Reference Clock” section in Chapter 13, “Internal Clock
Source (SO8ICSV4),” explains the ICSERCLK in more detail. See Chapter 17, “Analog-to-Digital
Converter (ADC16V1),” for more information regarding the use of ICSERCLK with these
modules.

* ICSIRCLK — This is the internal reference clock and it is not used outside of the ICS module.
Chapter 13, “Internal Clock Source (SO8ICSV4)” explains the ICSIRCLK in more detail.

* ICSFFCLK — This generates the fixed-frequency clock (FFCLK) after being synchronized to the
bus clock. It can be selected as the clock source for the MTIM and FTM modules. The frequency
of the ICSFFCLK is determined by the settings of the ICS. See the “Fixed-Frequency Clock”
section in Chapter 13, “Internal Clock Source (SO8ICSV4),” for details.

* LPOCLK — This clock is generated from an internal low-power oscillator that is completely
independent of the ICS module. The LPOCLK can be selected as the clock source to the COP. See
Section 5.4, “Computer Operating Properly (COP) Watchdog” for details on using the LPOCLK
with COP.

* OSCOUTI1 — This is a direct output of the XOSC1 and is used as the clock source for the
independent real time clock (IRTC) and LCD modules. This signal can also be consumed by the
ICS. See Chapter 13, “Internal Clock Source (SO8ICSV4),” or Chapter 16, “Independent Real
Time Clock (IRTCV?2).” for details.

* OSCOUT2 — This is a direct output of the XOSC2 and is normally consumed by ICS. It can also
be consumed by the LCD module. See Chapter 13, “Internal Clock Source (SO8ICSV4),” or
Chapter 11, “LCD Module (SOSLCDLPV1).” for details.

« FTMCLK — FTMCLK is the optional external clock source for the FTM module. The FTMCLK
must be limited to 1/4th the frequency of the bus clock for synchronization. See Section 18.2.1,
“EXTCLK — FTM External Clock,” for more details.

+ MTIMCLK — MTIMCLK is the optional external clock source for the MTIM and FTM modules.
The MTIMCLK must be limited to 1/4th the frequency of the bus clock for synchronization. See
the “External MTIM Clock Sources” section in Chapter 15, “16-Bit Modulo Timer
(SOSMTIM16V1),” Chapter 14, “8-Bit Modulo Timer (SO8MTIMV 1) and Chapter 18, “FlexTimer
Module (SO8FTMV3),” for more details.

*  ADACK— Each ADC module has an internally generated asynchronous clock which allows it to
run in STOP mode. This signal is not available externally. See Chapter 17, “Analog-to-Digital
Converter (ADC16V1),” for details.
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EXTAL2 XTAL2 EXTAL1 XTALA1 512Hz
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le | l
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2418 Wl 1 kHz
XOSC2%1 5 | XOSC1 Filter
| & | LPO
] clock
0SscouTZ b I ADACK
©
OSCOUT1| &
R & y || \ i i
Clock Check | | MTIM1 ADCO ||[PRACMP
&Seclect | IRTC || cop PCNT MTIM3 || FTM PCRC PDB 0&18&2
MTIM2 . ADCH
N (16 bits
L — —|— 4
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ICSouT BUSCLK
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2‘6:2 SPIO
CPU BDM BKPT || FLASH RAM LCD Inc Sol2 SPI KBI
o013 SPI2

OSCOU‘J1 (ISCOUTZ

1 0SC1 must work in 32 kHz mode and can never be disabled. The only bit REFS selected by the IRTC configuration
register is used for OSC1 to bypass the oscillator when external clock is applied. The ICS module is valid only for OSC2
and cannot control OSC1.

2 |n the external clock mode, ICS is fed from OSC2 after reset by default, though it can be fed from OSC1 or OSC2.

3 if ICS is working on the clock from external oscillator (XOSC2), then accidental write to PTBPF1 could hang the system
because the clock to the entire system would be gated. Even external reset is not able to wake it up

Figure 1-2. System Clock Distribution Diagram
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Chapter 2
Pins and Connections

2.1 Introduction

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

2.2 Device Pin Assignment

This section shows the pin assignments for MC9S08GW64 series devices.

NOTE

Vpaw EXTAL1, XTAL1, TAMPER1, and TAMPER?2 pins are in a different
power domain.
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Figure 2-1. MC9S08GW64 Series in 80-Pin LQFP Package
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P7/LCD17
P6/LCD16
P5/CLKOUT/LCD15
P4/LCD14
P3/SS2/LCD13
P2/SCLK2/LCD12
P1/MISO2/LCD11
PO/MOSI2/LCD10
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PTE6/LCD24 []

PTE7/LCD25 []

PTFO/LCD26 [}

PTF1/LCD27 [}
PTF6/MTIMCLK/AD4/LCD32 []
PTF7/FTMCLK/AD5/LCD33 [}
PTGO/MOSI1/AD6/LCD34 []
PTG1/MISO1/AD7/LCD35 []
PTG2/SCLK1/AD8/LCD36 [}
PTG3/SS1/AD9/LCD37 [}
PTG4/CMPOUT1/RxD3/AD10/LCD38 [}
PTG5/CMPOUT2/TxD3/AD11/LCD39 ]
PTG6/CMPP3/AD12/PCNT0/LCD40 [}
PTG7/CMPP4/AD13/PCNT1/LCD41 []
PTHO/CMPP5/AD14/PCNT2/LCD42 [}
PTH1/RTCCLKOUT/AD15/LCD43 []

0N O WN =

9

10
11
12
13
14
15
16

63 |1 Vcap2
6217 V4

QO 647 Veapy

611 Vo

64 LQFP

60— Viug

59 [ Vgg

58 ] PTE5/LCD23
57 [ PTE4/LCD22

56 1 PTD7/KB
55 1 PTD6/KB
54 1 PTD5/KB
531 PTD4/KB
52 [] PTD3/KB
51 ] PTD2/KB
501 PTD1/KB

40

3

[ PTC7/PCNTCH1/TxD3/LCD9

] PTC6/PCNTCHO/RxD3/LCD8

) PTC5/FTMCH1/TxD1/LCD7

) PTC4/FTMCHO/RxD1/LCD6

[ PTB7/KBIP7/TxD2/LCD1

[ PTB6/KBIP6/RxD2/LCDO

] PTB5/KBIP5/SS0/SDA

] PTB4/KBIP4/SCLKO/SCL

) PTB3/KBIP3/MISO0/MOSIO/TXDO
[ PTB2/KBIP2/MOSI0/MISO0/RXDO
[ RESET

[ PTB1/KBIP1/RxD1/CMPP6/XTAL2
] PTBO/KBIPO/TXD1/EXTAL2

[ Vss

L Voo

] PTA6/CMPOUTO/CLKOUT/BKGD/MS

VooaVREFH [ 17

Vssa/VRerL [] 18
VRero ] 19

DADP1 [] 20
DADM1 [] 21

Vear [ 22

EXTAL1 [] 23

XTAL1 [] 24
TAMPER1 ] 25

TAMPER2 [ 26

PTAO/MOSI2/PCNTCHO/SCL/AD2 [] 27
PTA1/MISO2/PCNTCH1/SDA/AD3 [ 28
PTA3/SS2/FTMCH1/PCNT1/CMPP1 [ 30
PTA4/MTIMCLK/RxD2/PCNT2/CMPP2 [} 31

PTA2/SCLK2/FTMCHO/PCNTO/CMPPO [ 29
PTA5/FTMCLK/TXD2/EXTRIG/IRQ ] 32

Figure 2-2. MC9S08GW64 Series in 64-Pin LQFP Package

2.3

Recommended System Connections

Figure 2-3 shows pin connections that are common to MC9S08GW 64 series application systems.
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[ |~ PTAO/MOSI2/PCNTCHO0/SCL/AD2
<> PTA1/MISO2/PCNTCH1/SDA/AD3
~<€>» PTA2/SCLK2/FTMCHO/PCNT0O/CMPPO
<> PTA3/SS2/FTMCH1/PCNT1/CMPP1
<> PTA4/MTIMCLK/RxD2/PCNT2/CMPP2
&> PTA5/FTMCLK/TxD2/EXTRIG/IRQ
|__|<>» PTA6/CMPOUTO0/CLKOUT/BKGD/MS

[ | <> PTBO/KBIPO/TXD1/EXTAL2

-«>» PTB1/KBIP1/RxD1/CMPP6/XTAL2
-«» PTB2/KBIP2/MOSI0/MISO0/RxD0

-«>» PTB3/KBIP3/MISO0/MOSIO/TxD0

~«» PTB4/KBIP4/SCLKO0/SCL

-« »PTB5/KBIP5/SS0/SDA

-«» PTB6/KBIP6/RxD2/LCDO

| |-e>» PTB7/KBIP7/TxD2/LCD1

-«» PTCO/MOSI1/LCD2
~«>» PTC1/MISO1/LCD3
-«» PTC2/SCLK1/LCD4
-«» PTC3/SS1/LCD5
~«» PTC4/FTMCHO0/RxD1/LCD6
-«» PTC5/FTMCH1/TxD1/LCD7
~«» PTC6/PCNTCHO/RxD3/LCD8
| _|<>» PTC7/PCNTCH1/TxD3/LCD9

Port A

Port B

PortC

[~ | <> PTDO/KBIPO/MOSI2/LCD10
-«>» PTD1/KBIP1/MISO2/LCD11
-«» PTD2/KBIP2/SCLK2/LCD12
-«>» PTD3/KBIP3/SS2/LCD13
-«» PTD4/KBIP4/LCD14

-«» PTD5/KBIP5/CLKOUT/LCD15
-«>» PTD6/KBIP6/LCD16

| |- PTD7/KBIP7/LCD17

Port D

[ |-« PTEO/LCD18
l«>» PTE1/LCD19
l«>» PTE2/LCD20
l«>» PTE3/LCD21
l«>» PTE4/LCD22
l«>» PTE5/LCD23
|« PTE6/LCD24
l«» PTE7/LCD25

[ | <> PTF0/LCD26

<> PTF1/LCD27

<> PTF2/LCD28

<> PTF3/LCD29

<> PTF4/LCD30

<> PTF5/LCD31

<> PTF6/MTIMCLK/AD4/LCD32
<> PTF7/FTMCLK/AD5/LCD33

<«>» PTGO/MOSI1/AD6/LCD34

|-« PTG1/MISO1/AD7/LCD35

|-« PTG2/SCLK1/AD8/LCD36

<€» PTG3/SS1/AD9/LCD37

<> PTG4/CMPOUT1/RxD3/AD10/LCD38
| PTG5/CMPOUT2/TxD3/AD11/LCD39
<€» PTG6/CMPP3/AD12/PCNT0/LCD40
|-« PTG7/CMPP4/AD13/PCNT1/LCD41

|<€¢» PTHO/CMPP5/AD14/PCNT2/LCD42
<> PTH1/RTCCLKOUT/AD15/LCD43

Port E

Port F

Port G

I PorIHll

LCD Glass

LOD[43:0] >

-
|
RxD2 ]
D2 | P
|
|

L
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:_[ T 0.1 uF

|
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|
L

Figure 2-3. Basic System Connections
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NOTES:
1. RESET pin can only be used to reset into user mode, you can not enter BDM using RESET pin. BDM can be entered by holding MS low
during POR or writing a 1 to BDFR in SBDFR with MS low after issuing BDM command.
2. RESET and IRQ features have optional internal pullup device.
3. RC filter on RESET pin recommended for noisy environments.
4. PTAG6 is an output only GPIO, when PTAG is configured as BKGD, pin becomes bi-directional.
5. When using the XOSC2 module in low range and low power mode, the external components Rg, Rg, C, and C, are not required.

2.3.1 Power

Vpp, Vear and Vg, Vg are the primary power supply pins for the MCU. Vppy, Vg1 and Vgg, supply
power to all I/O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides
a regulated lower-voltage source for the CPU and other internal circuitry of the MCU. Vgt supplies the
power only to IRTC and OSCI1.

LCD/GPIO can be powered differently, refer to Chapter 6 , “Parallel Input/Output Control” for additional
information.

Typically, application systems have two separate capacitors across the power pins. In this case, there is a
bulk electrolytic capacitor, such as a 10 uF tantalum capacitor, to provide bulk charge storage for the
overall system and a 0.1 puF ceramic bypass capacitor located as near to the MCU power pins as practical
to suppress high-frequency noise.

Vppa and Vggy are the analog power supply pins for the MCU. This voltage source supplies power to the
ADC and PRACMP modules. A 0.1 pF ceramic bypass capacitor should be located as near to the MCU
power pins as practical to suppress high-frequency noise. And a inductor (i.e. BRL2518T1R0M, also
inductor value depends on the board design parameters) should be added between Vp and Vppa pins to
restrain the potential glitch on PRACMP.

The Vigpy and Vigpp pins are the voltage reference high and voltage reference low inputs, respectively
for the ADC module. A 0.1 uF ceramic bypass capacitor must be located as near to the Vg, pins as
practical to suppress high-frequency noise. Vrgry and Vigp are available only on the 80-pin LQFP
package. On the 64 pin LQFP package they are connected to Vpps and Vggp respectively.

2.3.2 Oscillator

Oscillator] is in the power domain of Va1 while oscillator2 in the power domain of V.

Immediately after reset, the MCU uses an internally-generated clock provided by the internal clock source
(ICS) module.

The oscillator (XOSC) in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic
resonator. Optionally, an external clock source can optionally be connected to the EXTAL input pin. The
oscillator can be configured to run in stop2 or stop3 modes. For more information on the ICS, see
Chapter 13, “Internal Clock Source (SO8ICSV4)”.

Refer to Figure 2-3 for the following discussion. Rg (when used) and Rg must be low-inductance resistors
such as carbon composition resistors. Wire-wound resistors and some metal film resistors have too much
inductance. C; and C, normally must be high-quality ceramic capacitors that are specifically designed for
high-frequency applications.
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R provides a bias path to keep the EXTAL input in its linear range during crystal startup; its value is not
generally critical. Typical systems use 1 MQ to 10 MCY Higher values are sensitive to humidity and lower
values reduce gain and (in extreme cases) could prevent startup.

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

When using the oscillator in low-range and low-gain mode, the external components Rg, Rg, Cy, and C,
are not required.

2.3.3 RESET

The RESET pin is a dedicated hardware reset pin. During stop2, the RESET pin can be used to wake the
device from that state. There is a direct analog connection from this pad to the power management
controller wakeup pin.

The internal pullup on this pin is enabled upon any device reset.

This pin is normally connected to the standard 6-pin background debug connector so a development
system can directly reset the MCU system. If desired, a manual external reset can be added by supplying
a simple switch to ground (pull reset pin low to force a reset).

Whenever any non-POR reset is initiated (whether from an external signal or from an internal system), the
RESET pin is driven low for about 34 bus cycles. The reset circuitry decodes the cause of reset and records
it by setting a corresponding bit in the system reset status register (SRS).

NOTE

* The voltage on the internally pulled up RESET pin must be below Vpp.
The internal gates connected to this pin are pulled to Vpp. If the RESET
pin is required to drive to a Vpp level, an external pullup must be used.

* In EMC-sensitive applications, an external RC filter is recommended on
the RESET pin if enabled. See Figure 2-3 for an example.

* Reset should be asserted for minimum of 4 bus clock cycles.

2.3.4 IRQ

The IRQ pin is the input source for the IRQ interrupt and it is also the input for the BIH and BIL
instructions. For IRQ, there is also a direct analog connection from pad to power management controller

input. It acts as a non-maskable interrupt to the CPU in the stop2 mode. After reset,
PTAS5/FTMCLK/TxD2/EXTRIG/IRQ pin serves as GPIO.

2.3.5 Background/Mode Selection (BKGD/MS)

During a power-on reset (POR) or background debug force reset (see Section 5.8.3, “System Background
Debug Force Reset Register (SBDFR),” for more information), the
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PTA6/CMPOUTO0/CLKOUT/BKGD/MS pin functions as a mode selection pin. Immediately after any
reset, the pin functions as the background pin and can be used for background debug communication.
When enabled as the BKGD/MS pin (BKGDPE = 1), an internal pullup device is automatically enabled.

The background debug communication function is enabled when BKGDPE in SOPT1 is set. BKGDPE is
set following any reset of the MCU and must be cleared to use the alternative
PTA6/CMPOUT0/CLKOUT/BKGD/MS pin functions.

After any reset, if nothing is connected to this pin, the MCU enters normal operating mode at the rising
edge of the internal reset after a POR or forced BDC reset. If a debug system is connected to the 6-pin
standard background debug header, it can hold BKGD/MS low. It can do this during a POR or after issuing
a background debug force reset. This forces the MCU to active background mode.

The BKGD/MS pin is used primarily with BDC communications, and features a custom protocol that uses

clock cycles of the target MCU’s BDC clock per bit time. The target MCU’s BDC clock can run as fast as
the bus clock, so no significant capacitance should be 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 absolute value of the internal pullup device play a minimal role in determining rise and fall
times on the BKGD/MS pin.

The BKGD/MS selection pin can be reprogrammed to operate as PTA6 on this device. It must only be
programmed for use as an output, as an external signal driving this pin during startup may cause the device
to boot into debug mode.

2.3.6 VREFO Pins

The Vygro is the voltage reference output pins. A 0.1uF bypass capacitor must be used on these pins.

2.3.7 Dedicated ADC Pins

The DADPO, DADMO and DADP1, DADMI pins are dedicated differential ADC pins. DADPO and
DADMO pins are not available on the 64-pin package.

2.3.8 AMR Pins Compatible with 5 V Interface

PTB3, PTB4 and PTBS5 can be used as automatic meter reading (AMR) pins which are compatible with
5 V interface as shown in Figure 2-5.

NOTE
As shown in Figure 2-5, Vpp is 3 V power supply while Vpp; is 5 V power
supply.

In SPI communication interface, PTB3 must be configued as MOSIO if
serving as a master and be configured as MISOQO if seving as a slaver.
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In SCI communication interface, only PTB3 need to be involved in the
communication and is served as TxDO.

Vbb1

VDD VDD1
PTB5/KBIP5/SS0/SDA SS/SDA
Vbb1

<t

s

g PTB4/KBIP4/SCLK0/SCL SCLK/SCL

(=3

f Vbb1

o

=

PTB3/KBIP3/MISO0/MOSI0O/TXxD0O MISO/MOSI/RxD

L 1

Figure 2-4. Connection with 5 V Interface

2.3.9 LCD Pins

2.3.9.1 LCD Power Pins

The Vip1, Viro Virss Veapts and Vg pins are dedicated to providing power to the LCD module. For
detailed information about LCD pins, see Chapter 11, “LCD Module (SOSLCDLPV1).”

2.3.9.2 LCD Driver Pins

The MC9S08GW64 series of MCUs contain 44 LCD driver pins on the 80-pin package, and 32 LCD driver
pins on the 64-pin package. For both the 80-pin and 64-pin packages, all of the LCD driver pins are
multiplexed with GPIO. If the LCD module is disabled, the LCD driver pins are high-impedance and the
pins are configured as GPIO. The LCD module is automatically disabled after resets except for stop2
wakeup. For detailed information about LCD driver pins, see Chapter 11, “LCD Module
(SOSLCDLPV1).”

NOTE

MC9S08GW64 series support only up to 44 LCD pins (LCD[43:0]), please
ignore the other LCD pins in the following sections of this chapter.
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For GPIO muxed with LCD pins, full complimentary or open drain drive is
controlled by the LCD controller. When LCD pins are configured as open
drain GPIOs, then the internal pullup is not disabled in output mode and is
controlled by the GPIO pull control register. This can cause some leakage
from the pads if a pullup is enabled and a zero is being driven.

For some peripheral ports shared with LCD pad such as SPI, SCI and
CLKOUT, in some cases, such as VLL3 powered by charge pump, it may
not reach a high frequency i.e. 20MHz.

In the Charge Pump mode when the VLL3 is being generated internally. No
digital I/O functionality should be present. If the VLL3 is being provided
externally I/O can be used to drive respective loads.

2.3.10 Interfacing the SClIs to Off-Chip Circuits

The Rx pins of SCI1 and SCI2 can be fed directly from the digital I/O buffer, or signals be pre-conditioned
using comparators 0 and 1 as shown in Figure 2-5. Similarly, the Tx outputs of SCI1 and SCI2 can be
modulated with the output of one of the timers before being passed off chip. SCI2 is twice the normal 1/0
drive capability on the Tx pin while SCI1 Tx pin is normal I/O drive capability.
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SIMIPS2[RX1IN] or SIMIPS3[RX2IN]

. opfo
isolator |
RX

SCI1/2

X

FTMCHO Output
FTMCH1 Output
MTIM1 Output
MTIM2 Output |
MTIM3 Output
PCNTCHO Output |
PCNTCH1 Output |

SIMIPS2[MODTX1] (|5R SIMIPS3[MODTX2]

Off-Chip Opto-Isolators

|
|
|
|
|
SIMIPS2[MTBASE1] OR SIMIPS3[MTBASEZ2] :
|

On-Chip Components

1 This is the default SCI Rx digital input.

2 The FTM channels have to be configured to Toggle on output compare. The FTM channel pins can be used
as regular GPIOs.

3 SCl2 is twice the normal I/O drive capability on the Tx pins, SCI1 is the normal drive capability on the Tx pin.
Figure 2-5. On-Chip Signal Conditioning Associated with SCI RX and TX Pins

Controls for the circuitry shown in Figure 2-5 are discussed in Section 5.8.6, “Internal Peripheral Select
Register 2 (SIMIPS2),” and Section 5.8.7, “Internal Peripheral Select Register 3 (SIMIPS3).”

2.3.11 PCNT[2:0]

The PCNT input can be fed directly from PCNT pins or those signals can be pre-conditioned using
anologue comparators PRACMP for interfacing to flow sensors that give analog output as shown in
Figure 2-6. This connection options provide the user more flexibility on using various of sensors.
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Controls for the circuitry shown in Figure 2-6 are discussed in Section 5.8.5, “Internal Peripheral Select
Register 1 (SIMIPS1).”

SIMIPS1[PCNTSS]

| PCNTO Pin
PCNT module 0 '

pent_sensor_input[0] \ RACMPQ  pRG output

/ 0 PCTT1 pin

pcnt_sensor_input[1] |
\1— RACMP1LRG output
{ PCNT2 Pin
pcnt_sensor_input[2] |
1 FiACMP2ﬂel output

Figure 2-6. On-Chip Signal Conditioning Associated with PCNT[0:2] Pins

2.3.12 General-Purpose I/O (GPIO) and Peripheral Ports

The MC9S08GW64 series of MCUSs support up to 57 general-purpose I/O pins, including one output-only
pins, which are shared with on-chip peripheral functions (timers, serial /O, LCD, ADC, PRACMP, etc.).
The output-only pin (PTA6/CMPOUTO0/CLKOUT/BKGD/MS) is bi-directional when configured as
BKGD.

GPIO that is multiplexed with LCD pins can be configured to reference Vpp or Vi1 3. See Section 6.1,
“Introduction” for more information.

All the GPIO and peripheral ports are enabled and disabled via Pin Mux Controls logic only. Please refer
to Section 6.7, “Pin Mux Controls,” for more information.

When a port pin is configured as a general-purpose output or when a peripheral uses the port pin as an
output, software can select one of the two drive strengths and enable or disable slew rate control.

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor 45



Chapter 2 Pins and Connections

When a port pin is configured as a general-purpose input or when a peripheral uses the port pin as an input,
software can enable a pullup device. Pad cells on these devices also include an optional low pass filter in

the inputs. As well, this can be enabled via softeare control.

Immediatedly after reset, all of these pins (excluding the BKGD/MS pin) are configured as high

impedance general purpose inputs with internal pullup 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 buftfer. For information about controlling these pins as general-purpose I/O
pins, see Chapter 6 , “Parallel Input/Output Control.”

NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program must either enable on-chip pullup devices
or change the direction of unused or non-bonded pins to outputs so they do

not float.

When using the 64-pin device, either enable on-chip pullup devices or
change the direction of non-bonded pins to output so the pins do not float.

NOTE

Do not set LP bit in ICSC2 when XOSC?2 is not used.

Table 2-1. Pin Availability by Package Pin-Count

80 64 Port Pin Default func Alt 1 Alt 2 Alt3 Altd
1 1 PTE6 PTE6 LCD24

2 2 PTE7 PTE7 LCD25

3 3 PTFO PTFO LCD26

4 4 PTF1 PTF1 LCD27

5 PTF2 PTF2 LCD28

6 PTF3 PTF3 LCD29

7 PTF4 PTF4 LCD30

8 PTF5 PTF5 LCD31

9 5 PTF6 PTF6 MTIMCLK AD4 LCD32

10 6 PTF7 PTF7 FTMCLK AD5 LCD33

11 7 PTGO PTGO MOSIH AD6 LCD34

12 8 PTG1 PTG MISO1 AD7 LCD35

13 9 PTG2 PTG2 SCLK1 ADS8 LCD36

14 10 PTG3 PTG3 SS1 AD9 LCD37

15 11 PTG4 PTG4 CMPOUTH RxD3 AD10 LCD38
16 12 PTG5 PTG5 CMPOUT2 TxD3 AD11 LCD39
17 13 PTG6 PTG6 CMPP3 AD12 PCNTO LCD40
18 14 PTG7 PTG7 CMPP4 AD13 PCNT1 LCD41
19 15 PTHO PTHO CMPP5 AD14 PCNT2 LCD42
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Table 2-1. Pin Availability by Package Pin-Count (continued)

80 64 Port Pin Default func Alt 1 Alt 2 Alt3 Alt4
20 16 PTH1 PTHA RTCCLKOUT AD15 LCD43

21 47 Vbpa Vopa

22 VREFH VREFH

23 Vssa Vssa

24 18 VREFL VREFL

25 DADPO DADPO

26 DADMO DADMO

27 19 VRero VReFo

28 20 DADPH1 DADP1

29 21 DADM1 DADM1

30 22 Vear Vear

31 23 EXTAL1 EXTAL1

32 24 XTALA XTALA

33 25 TAMPER1! TAMPER1

34 26 TAMPER2 TAMPER2

35 27 PTAO PTAO MOSI2 PCNTCHO SCL AD2
36 28 PTA1 PTA1 MISO2 PCNTCH1 SDA AD3
37 29 PTA2 PTA2 SCLK2 FTMCHO PCNTO CMPPO
38 30 PTA3 PTA3 Ss2 FTMCHA1 PCNT1 CMPP1
39 31 PTA4 PTA4 MTIMCLK RxD2 PCNT2 CMPP2
40 32 PTA52 PTA5 FTMCLK TxD2 EXTRIG IRQ
41 33 PTA6°% BKGD/MS CMPOUTO CLKOUT BKGD/MS

42 34 Vbb Vbp

43 35 Vss Vss

44 36 PTBO PTBO KBIPO TxD1 EXTAL2

45 37 PTB1’ PTB1 KBIP1 RxD1 CMPP6 XTAL2
46 38 RESET RESET

47 39 PTB2 PTB2 KBIP2 MOSIO0 MISOO0 RxDO
48 40 PTB3* PTB3 KBIP3 MISO0 MOSIo TxDO
49 41 PTB43 PTB4 KBIP4 SCLKO SCL

50 42 PTB53 PTB5 KBIP5 SS0 SDA

51 43 PTB6 PTB6 KBIP6 RxD2 LCDO

52 44 PTB7 PTB7 KBIP7 TxD2 LCD1

53 PTCO PTCO MOSI1 LCD2

54 PTCA PTCA MISO1 LCD3

55 PTC2 PTC2 SCLK1 LCD4

56 PTC3 PTC3 SS1 LCD5

57 45 PTC4 PTC4 FTMCHO RxD1 LCD6

58 46 PTC5 PTC5 FTMCHA1 TxD1 LCD7

59 47 PTC6 PTC6 PCNTCHO RxD3 LCD8
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Table 2-1. Pin Availability by Package Pin-Count (continued)

80 64 Port Pin Default func Alt 1 Alt 2 Alt3 Alt4
60 48 PTC7 PTC7 PCNTCH!1 TxD3 LCD9
61 49 PTDO PTDO KBIPO MOSI2 LCD10
62 50 PTD1 PTD1 KBIP1 MISO2 LCD11
63 51 PTD2 PTD2 KBIP2 SCLK2 LCD12
64 52 PTD3 PTD3 KBIP3 Ss2 LCD13
65 53 PTD4 PTD4 KBIP4 LCD14

66 54 PTD5 PTD5 KBIP5 CLKOUT LCD15
67 55 PTD6 PTD6 KBIP6 LCD16

68 56 PTD7 PTD7 KBIP7 LCD17

69 PTEO PTEO LCD18

70 PTE1 PTE1 LCD19

71 PTE2 PTE2 LCD20

72 PTE3 PTE3 LCD21

73 57 PTE4 PTE4 LCD22

74 58 PTE5 PTE5 LCD23

75 59 Vss Vss

76 60 Vis Vis

77 61 Vi Vi

8 62 Vi Vi

e 63 Vear2 Vear2

80 64 Veapi Veapt

' TAMPERO pin is dedicatedly used for Battery Removal Tamper and not exposed on any pins.
2 PTAS5 is with double the normal I/O drive capability.

3 PTAG is an output-only pin when it is configured as GPIO.

4 PTB2, PTB3 and PTB4 are compatible with 5 V devices with a pullup device.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MCIS08GW 64 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 development.
*  Run mode — CPU clocks can run at full speed and the internal supply is fully regulated.

* LPRUN mode — CPU and peripheral clocks are restricted to 250 kHz maximum and the internal
voltage regulator is in standby.

*  Wait mode — CPU shuts down to conserve power; system clocks are running and full regulation
1s maintained.

» LPWAIT mode — CPU shuts down to conserve power; peripheral clocks are restricted to 250 kHz
maximum and the internal voltage regulator is in standby.

» Stop modes — System clocks are stopped and voltage regulator is in standby.
— Stop3 — All internal circuits are powered for fast recovery.

— Stop2 — Partial power down of internal circuits, RAM content is retained, LCDPENX,
LCDBPENX, and LCDWFx registers’ content is retained, and I/O states held.

3.3 Run Mode

This is the normal operating mode for the MCIS08GW64 series. In this mode, the CPU executes code
from internal memory with execution beginning at the address fetched from memory at OXFFFE-OxFFFF
after reset.

3.3.1 Low-Power Run Mode (LPRun)

In the low-power run mode, the on-chip voltage regulator is put into its standby state. This state uses the
minimum power consumption necessary for CPU functionality. To reduce power consumption further,
clear the appropriate bits in the SCGC registers to disable any unused peripheral clocks.
Before entering this mode, the following conditions must be met:

» FBELP is the selected clock mode for the ICS.

* The HGO bit in the ICSC2 register is clear.

* The bus frequency is less than 250 kHz.
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» If enabled, configure the ADC to use the asynchronous clock source, ADACK, to meet the ADC
minimum frequency requirements. The bandgap channel can be converted if the VREF module is
enabled in low-power run mode.

* The LVDE or LVDSE bit in SPMSCI1 register must be clear. LVD and LVW will automatically be
disabled.

* Flash programming/erasing is not allowed.
» The VREF module must be enabled to supply the reference voltage for the PRACMP option to
compare to internal reference voltage in LPRUN and LPWAIT.

Once these conditions are met, low power run mode can be entered by setting the LPR bit in the SPMSC2
register.

To re-enter standard run mode, clear the LPR bit. The LPRS bit in the SPMSC2 register is a read-only
status bit that can be used to determine if the regulator is in full regulation mode or not. When LPRS is “0°,
the regulator is in full-regulation mode and the MCU can run at full speed in any clock mode.

3.3.1.1 Interrupts in Low-Power Run Mode

Low power run mode provides the option to return to full regulation if any interrupt occurs. This is done
by setting the LPWUI bit in the SPMSC?2 register. The ICS can then be set for full speed immediately in
the interrupt service routine.

If the LPWUI bit is clear, interrupts will be serviced in low power run mode.

If the LPWUI bit is set, LPR and LPRS bits will be cleared and interrupts will be serviced with the
regulator in full regulation.

3.3.1.2 Resets in Low-Power Run Mode

Any reset will exit low power run mode, clear the LPR and LPRS bits, and return the device to normal run
mode.

3.4 Active Background Mode

The active background mode functions are managed through the BDC in the HCSO0S8 core. The BDC and
the on-chip Breakpoint module (BKPT), provide the means for analyzing MCU operation during software
development.
Active background mode is entered in any of six ways:

*  When the BKGD/MS pin is low during POR

*  When the BKGD/MS pin is low immediately after issuing a background debug force reset (see
Section 5.8.3, “System Background Debug Force Reset Register (SBDFR).”)

*  When a BACKGROUND command is received through the BKGD/MS pin
*  When a BGND instruction is executed

*  When encountering a BDC breakpoint

*  When encountering a BKPT breakpoint
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After entering active background mode, the CPU is held in a suspended state while it waits for serial
background commands instead of executing instructions from the user application program.

Background commands are of two types:

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

— Memory access commands

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

— The BACKGROUND command

* Active background commands, which can be executed only while the MCU is in active background
mode. Active background commands include commands to:

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

The active background mode is used to program a bootloader or user application program into the flash
program memory before the MCU is operated in run mode for the first time. When the MC9S08GW 64
series are shipped from the Freescale Semiconductor factory, the flash program memory is erased by
default unless specifically noted. As a result, no program can be executed in run mode until the flash
memory is initially 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 Chapter 24, “Development
Support.”

3.5 Wait Mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT instruction, the CPU
enters a low-power state in which it is not clocked. The I bit in CCR is cleared when the CPU enters the
wait mode, enabling interrupts. When an interrupt request occurs, the CPU exits the wait mode and
resumes processing, beginning with the stacking operations that lead to the interrupt service routine.

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

3.5.1 Low-Power Wait Mode (LPWait)

Low power wait mode is entered by executing a WAIT instruction while the MCU is in low power run
mode. In the low power wait mode, the on-chip voltage regulator remains in its standby state (as in the low
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power run mode). This state uses the minimum power consumption necessary for most modules to
maintain functionality. Power consumption is most reduced by disabling the clocks to all unused
peripherals by clearing the corresponding bits in the SCGC register.

The same restrictions on the low power run mode apply to low power wait mode.

3.5.1.1 Interrupts in Low-Power Wait Mode

If the LPWUI bit is set when the WAIT instruction is executed, then the voltage regulator will return to
full regulation when wait mode is exited. The ICS can be set for full speed immediately in the interrupt
service routine.

If the LPWUI bit is clear when the WAIT instruction is executed, an interrupt will return the device to low
power run mode.

Ifthe LPWUI bit is set when the WAIT instruction is executed, an interrupt will return the device to normal
run mode with full regulation and the LPR and LPRS bits will be cleared.

3.5.1.2 Resets in Low-Power Wait Mode

Any reset will exit low power wait mode, clear the LPR and LPRS bits, and return the device to normal
run mode.

3.6 Stop Modes

One of the two stop modes (stop2 or stop3) is entered upon execution of a STOP instruction when the
STOPE bit in the system option 1 register (SOPT1) is set. In both stop modes, the bus and CPU clocks are
halted. In stop3 the voltage regulator is in standby. In stop2 the voltage regulator is in partial powerdown.
The ICS module can be configured to leave the reference clocks running. See Chapter 13, “Internal Clock
Source (SO8ICSV4)” for more information.

If the STOPE bit is not set when the CPU executes a STOP instruction, the MCU will not enter either stop
mode and an illegal opcode reset is forced. The stop modes are selected by setting the appropriate bits in
the System Power Management Status and Control 2 Register (SPMSC2).

Table 3-1 shows all of the control bits that affect stop mode selection 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

Register | SOPT1 | BDCSCR SPMSC1 SPMSC2
Stop Mode
Bitname | STOPE | ENBDM ' | LVDE | LVDSE PPDC
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
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! ENBDM is located in the BDCSCR which is accessible only through BDC commands, see the Chapter 24, “Development
Support”

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

3.6.1 Stop2 Mode

Stop2 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. Most
of the internal circuitry of the MCU is powered off in stop2 with the exception of the RAM, optionally the
low power oscillator, voltage reference and the LCD module. Upon entering stop2, all I/O pin control
signals are latched so that the pins retain their states during stop2. LCD driver pins continue to drive the
signals necessary to display the LCD data.

Exit from stop2 is performed by asserting the wakeup pin (RESET, PTAS5/IRQ, or IRTC interrupt) on the
MCU.

NOTE

When PTAS/IRQ is used as an active low wakeup source, it must be
configured as an input prior to executing a STOP instruction to avoid an
immediate exit from stop2. PTA5/IRQ can be disabled as a wakeup if it is
configured as a high driven output. For lowest power consumption in stop2,
this pin must not be left open if configured as input (enable the internal
pullup, tie an external pullup device, or set pin as output).

In addition, the Independent Real Time Clock module (IRTC) can wake the MCU from stop2, if enabled.

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

* All module control and status registers are reset, except for SPMSCI1-SPMSC3, LCDPENX,
LCDBPENx and LCDWFRx.

* The LVD reset function is enabled and the MCU remains in the reset state if Vp is below the LVD
trip point

e The CPU takes the reset vector

In addition to the above, upon waking from stop2, the PPDF bit in SPMSC?2 is set. This flag is used to
direct user code to go to a stop2 recovery routine. PPDF remains set and the I/O pin states remain latched
until a 1 is written to PPDACK in SPMSC2.

If using the low power oscillator during stop2, the user must reconfigure the ICSC2 register which contains
oscillator control bits before PPDACK is written.

To maintain I/O states for pins that were configured as GPIO before entering stop2, the user must restore
the contents of the I/O port registers to the port registers before writing to the PPDACK bit. If the port
registers are not restored from RAM before writing to PPDACK, then the pins will switch to their reset
states when PPDACK is written.

For pins that were configured as peripheral I/O, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
writing to PPDACK, the pins will be controlled by their associated port control registers when the I/O
latches are opened.
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If enabled, LCD functionality continues in stop2 mode and upon stop2 recovery the LCD control registers
(LCDCO0, LCDC1, LCDSUPPLY, LCDRVC, LCDBCTL, and LCDS) must be re-initialized before writing
the PPDACK.

3.6.2 Stop3 Mode

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

Stop3 can be exited by asserting RESET, or by an interrupt from one of the following sources: the IRTC,
LVD, LVW, ADC, ACMP, IRQ, SCI, LCD, KBI, IIC or PCNT.

If stop3 is exited by means of the RESET pin, then the MCU is reset and operation will resume after taking
the reset vector. Exit by means of one of the internal interrupt sources results in the MCU taking the
appropriate interrupt vector.

3.6.3 Active BDM Enabled in Stop Mode

Entry into the active background mode from run mode is enabled if the ENBDM bit in BDCSCR is set.
This register is described in Chapter 24, “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. If
the user attempts to enter stop2 with ENBDM set, the MCU will instead enter stop3.

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

3.6.4 LVD Enabled in Stop Mode

The LVD system is capable of generating either an interrupt or a reset when the supply voltage drops below
the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE bits in SPMSC1 both set) the voltage
regulator remains active during stop mode. If the user attempts to enter stop2 with the LVD enabled for
stop, the MCU will instead enter stop3.

3.6.5 Stop Modes in Low Power Run Mode

Stop2 mode cannot be entered from low power run mode. If the PPDC bit is set, then the LPR bit cannot
be set. Likewise, if the LPR bit is set, the PPDC bit cannot be set.

Stop3 mode can be entered from low power run mode by executing the STOP instruction while in low
power run. Exiting stop3 with a reset will put the device back into normal run mode. If LPWUI is clear,
interrupts will exit stop3 mode, return the device to low power run mode, and then service the interrupt. If
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LPWUI is set, interrupts will exit stop3 mode, put the device into normal run mode, clear LPR and LPRS
bits, and then service the interrupt.

3.7

Mode Selection

Several control signals are used to determine the current operating mode of the device. Table 3-2 shows
the conditions for each of the device’s operating modes.

Table 3-2. Power Mode Selections

BDCSCR SPMSC1 SPMSC2
BDM PMC PMC Affects on Sub-System
Mode of Operation CPU & Periph CLKs
ENBDM ' | LVDE | LVDSE| LPR | PPDC BDM Clock | _'oltage
Regulator
X X 0
0 ) off
RUN mode 1 1 1 X on. ICS in any mode. on
1 X X X on
0 X Low freq required. ICS
LPRUN mode 0 . o 1 0 in FBELP mode only. off standby
WAIT mode — 0 X X 0 QPU clock is off; off
1 1 1 peripheral clocks on.
(Assumes WAIT X on
instruction executed.) ICS state same as RUN
: 1 X X X mode. on
LPWAIT e — [ GG
(Assumes WAIT 0 1 0 perip : off standby
instruction executed.) 1 0 atlow speed. [CS in
' FBELP mode.
Stop3 — (Assumes 0 0 X 0 ICS in STOP. off
STOPE bit is set and 0 ] 0| ICSERCLK ICSIRCLK, off standby
STOP instruction and OSCOUT optionally
executed.) Note that 1 1 X X on? off on - stop
stop3is used in place of currents
stop2 if the BDM or LVD 1 X x x x ICSLCLK still active. on _ will be
is enabled. increased
Stop2 — (Assumes 0 X
STOPE bit is set and
STOP instruction . .
executed.) If BDM or 0 0 g | OSCOUT dptionally off Jartal
LVD is enabled, stop3 1 0 P
will be invoked rather
than stop2.

1

ENBDM is located in the BDC status and control register (BDCSCR) which is write accessible only through BDC commands.

2 Configured within the ICS module based on the settings of IREFSTEN, EFRESTEN, IRCLKEN and ERCLKEN.
3 In stop2, CPU, flash, ICS and all peripheral modules are powered down except for LCD.
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Mode Regulator State

RUN Full on

WAIT Full on

LPRUN Standby

LPWAIT Standby
STOP3 Standby
STOP2 Partial powerdown

Figure 3-1. Allowable Power Mode Transitions for the MC9S08GW64 Series

Figure 3-1 illustrates mode state transitions allowed between the legal states shown in Table 3-1. RESET
or PTAS/IRQ must be asserted low or a IRTC interrupt must occur to exit stop2. Interrupts suffice for the
other stop and wait modes.

Table 3-3 defines triggers for the various state transitions shown in Figure 3-1.

Table 3-3. Triggers for Transitions Shown in Figure 3-1.

Transition # From To Trigger
1 RUN LPRUN Configure settings shown in Table 3-1, switch LPR
=1 last
LPRUN RUN Clear LPR

Interrupt when LPWUI=1

2 RUN STOP2 Pre-configure settings shown in Table 3-1, issue
STOP instruction
STOP2 RUN Assert zero on RESET 'or PTA5/IRQ, assert an
IRTC interrupt, or reload environment from RAM
3 LPRUN LPWAIT WAIT instruction
LPWAIT LPRUN Interrupt when LPWUI = 0
4 LPRUN STOP3 STOP instruction
STOP3 LPRUN Interrupt when LPWUI =0
5 LPWAIT RUN Interrupt when LPWUI = 1
RUN LPWAIT NOT SUPPORTED
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Table 3-3. Triggers for Transitions Shown in Figure 3-1. (continued)

Chapter 3 Modes of Operation

Transition # From To Trigger
RUN WAIT WAIT instruction
° WAIT RUN Interrupt or reset
, STOP3 RUN Ic)r:tcraerrslg:t)t (if LPR =0, or LPR =1 and LPWUI =1)
RUN STOP3 STOP instruction

T An analog connection from this pin to the on-chip regulator wakes the regulator, which then initiates a power-on-reset

sequence.

3.7.1

On-Chip Peripheral Modules in Stop and Low Power 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,

clocks to the peripheral systems are halted to reduce power consumption. Refer to Section 3.6.1, “Stop2

Mode,” and Section 3.6.2, “Stop3 Mode,” for specific information on system behavior in stop modes.

When the MCU enters LPWait or LPRun modes, system clocks to the internal peripheral modules continue
based on the settings of the clock gating control registers (SCGC).

Table 3-4. Stop and Low Power Mode Behavior

Mode
Peripheral
Stop2 Stop3 LPWait LPRun
CPU Off Standby Standby On
RAM Standby Standby Standby On
FLASH Off Standby Standby On
Port I/0 Registers Off Standby Standby On
ADC16 Off Optionally On' Optionally On' Optionally On'
PRACMPx Off Optionally On? Optionally On Optionally On
BDM Off® Optionally On Off4 Off*
COP Off Off Optionally On Optionally On
ICS Off Optionally On® On® On®
IIC Off Optionally On Optionally On Optionally On
IRQ Wake Up Optionally On Optionally On Optionally On
KBI Off Optionally On Optionally On Optionally On
LVD/LVW Off” Optionally On Off® Off®
MTIMx Off Standby Optionally On Optionally On
LCD Optionally On Optionally On Optionally On® Optionally On®
SClx Off Standby Optionally On Optionally On
SPI Off Standby Optionally On Optionally On
FTM Off Standby Optionally On Optionally On
PDB Off Standby Optionally On Optionally On
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Table 3-4. Stop and Low Power Mode Behavior (continued)

Mode
Peripheral

Stop2 Stop3 LPWait LPRun
PCRC Off Standby Optionally On Optionally On
PCNT Off Optionally On Optionally On Optionally On
VREF Off Optionally On Optionally On Optionally On
Voltage Regulator Partial Powerdown Optionally On'? Standby Standby
XOSC2 Optionally On? Optionally On'? Optionally On Optionally On
XOSCH1 on'2 on'2 On On
IRTC On'2 On'2 On On
I/0 Pins States Held Peripheral Control Peripheral Control On

o O M WON

7
8
9

10 Requires the LVD to be enabled, else in standby. See Section 3.6.4, “LVD Enabled in Stop Mode”.

Requires the asynchronous ADC clock. For stop3, The VREF must be enabled to run in stop if converting the bandgap

channel.

VREF must be enabled to run in stop if using the bandgap as a reference.
If ENBDM is set when entering stop2, the MCU will actually enter stop3.

If ENBDM is set when entering LPRun or LPWait, the MCU will actually stay in run mode or enter wait mode, respectively.

IRCLKEN and IREFSTEN set in ICSC1, else in standby.

ICS must be configured for FBELP, bus frequency limited to 250 kHz, the external crystal limited to 2MHz (Bus Divider is 8)
in LPRUN or LPWAIT.

If LVDSE is set when entering stop2, the MCU will actually enter stop3.
If LVDSE is set when entering LPRun or LPWait, the MCU will actually enter run or wait mode, respectively.
Requires OSCOUT1 or OSCOUT2.

" ERCLKEN and EREFSTEN set in ICSC2, else in standby.
2 When XOSCI and RTC are powered by battery in Stop2 and Stop3 modes, recommend to disable LVD.
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Chapter 4
Memory

4.1 Introduction

This chapter describes the MC9S08GW64 series on-chip memory. It details the memory map, various
vector and bit assignments, registers and control bits, and other RAM and flash features.

4.2 MC9S08GW64 Series Memory Map

As shown in Figure 4-3, on-chip memory in the MC9S08GW64 series of MCUs consists of RAM, flash
program memory for nonvolatile data storage, and I/O and control/status registers. The registers are
divided into several groups:

Table 4-1. System Memory Map

Start End Size Name Comments
0x0000 0x00BF 192 Direct Page Registers
0x00C0 0x107F 4032 RAM GW32 0x00CO0 to 0x08BF

2048 RAM'

0x1080 0x10BF 64 LCD RAM
0x10EO Ox17FF Unimplementaed
0x1800 0x195F 352 High Page Registers
OxFFBO OxFFBF 16 Nonvolatile Registers

T In GW32, if RAM is accessed beyond 2K boundary then the functionality can not be guaranteed and unexpected
behavior will occur.
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Extended Address

CPU Address

0x00000

When PPAGE 0 is ac-
cessed through the
linear address pointer
or through the paging
window, the flash
memory is read.

0x03FFF

PPAGE=0

FLASH
16384 BYTES

DIRECT PAGE
REGISTERS
192 BYTES

RAM
4032 BYTES

LCD Data Relzzgisters
64 BYTES

FLASH

HIGH
PAGE REGISTERS
352BYTES

FLASH

0x04000

0x07FFF

PPAGE=1

FLASH
16384 BYTES

0x08000

OxOBFFF

Paging Window -
Extended address-
es formed with
PPAGE and
A13:A0 of CPU ad-
dress

0x0C000

OXOFFFF

PPAGE=3

FLASH
16384 BYTES

0x4000

Ox7FFF
0x8000

OxBFFF
0xC000

OXFFFF

0x0000
0x00BF
0x00CO0
8%186735 When the CPU access-
es PPAGE 0 directly, | PPAGE=7 w
0x10BF RAM and registers, _ w
0x10C0 \yhen present, take pri- | PPAGE=6 E E
0x17EF Ority over flash memory. |PPAGE=5 Lol @
T v =
0x1800 PPAGE=4 midE
wlix|o|O
0x195F 2|138lx
S| 2
0x1960 FLASH g S X
16384 BYTES 3| %
OX3FFF S|S
X
o
3
= L c e
| PPAGE=3 i 5s
| PPAGE=2 ks 23
| PPAGE=1 LGS
T ] 8
PPAGE=0 L5388
L X|o|lO
viIk=lE=JE=]
SHEHE
3S|8| o
FLASH 2128
16384 BYTES S|X
oo
o
X
o

Extended
Address

Figure 4-1. MC9S08GW64 Memory Map
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Extended Address

CPU Address

0x00000 DIRECT PAGE 0x0000
PPAGE=0 REGISTERS
192 BYTES 0x00BF
RAM 0x00C0
2048 BYTES 8xgggg
When PPAGE 0 is ac- RESERVED 0§107F When the CPU access-
cessed through the LCD Data Registers | 0x1080 es PPAGE 0 directly,
linear address pointer RESERVED 64 BYTEgS ox10BF RAM and registers,
or through the paging 0x10C0 when present, take pri-
window, the flash 16384 BYTES RESERVED 0x17FE o©rity over flash memo-
memory is read. HIGH 0x1800
PAGE REGISTERS
352BYTES 0x195F
0x1960
RESERVED
0x03FFF| O0x3FFF
0x04000 PPAGE=1 0x4000
RESERVED
16384 BYTES
Ox07FFF Ox7FFF PPAGE=1 w
0x08000 Paging Window - 0x8000 _ L
Extended address- PPAGE=0 w §
es formed with ol
PPAGE and EIRSt
A13:A0 of CPU ad- RESERVED 3|2
dress 16384 BYTES S| X
OxOBFFF 0xBFFF §
0xC000
0x0C000 PPAGE=3 X S -
£
FLASH S 5
16384 BYTES R
w <
OxOFFFF OxFFFF

Figure 4-2. MC9S08GW32 Memory Map

Reset and Interrupt Vector Assighments

Chapter 4 Memory

16384 BYTES

| PPAGE=7 v
[T
| PPAGE=6 W
w | X
| PPAGE=5 Lim| S
w| X 8
PPAGE=4 Lis|3]8
Ll x|olo
™ C|> o| =
%383
RESERVED 3|2 X
16384 BYTES 8| %
o| o
*
o
T
Qn
28
LT
&<
PPAGE=3 &
[T
PPAGE=2 e
x
o
&
FLASH S
QO
o
x
o

0x08000-0x0BFFF

Table 4-2 shows address assignments for reset and interrupt vectors. The vector names shown in this table
are the labels used in the Freescale Semiconductor provided equate file for the MC9S08GW64 series.

Table 4-2. Reset and Interrupt Vectors

Address
(High/Low)

Vector

Vector Name

OxFF80:FF81

OxFF94:FF95

Unused Vector Space
(available for user program)

OxFF96:FF97 PDB VpepB
OxFF98:FF99 PDB Sequence Error VPDBERR
OxFF9A:FF9B LCD Vicp
OxFF9C:FF9D IRTC VirTC
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Table 4-2. Reset and Interrupt Vectors (continued)

( I:g:;fzjv ) Vector Vector Name
OxFF9E:FFOF KBI Ve
OXFFCO:FFC1 PCNT VpenT
OxFFC2:FFC3 PRACMP2 VpReMP2
OxFFC4:FFC5 PRACMP1 VercmP1
OxFFC6:FFC7 PRACMPO VPRCMPO
OxFFC8:FFC9 ADCH1 Vapct
OXxFFCA:FFCB ADCO Vapco
OXFFCC:FFCD MTIM2 VimTimz
OxFFCE:FFCF MTIM1 VuTim1
OXFFDO:FFD1 MTIMO Vumivo
OxFFD2:FFD3 FTM Overflow VETMOF
OxFFD4:FFD5 FTM Channel 0 VETMCHO
OxFFD6:FFD7 FTM Channel 1 VETMCH!
OxFFD8:FFD9 lc Viic
0xFFDA:FFDB SPI2 Vspi2
OXFFDC:FFDD SPI1 Vspir
OXFFDE:FFDF SPI0 Vspio
OXFFEO:FFE1 SCI3 Transmit Vsciarx
OxFFE2:FFE3 SCI3 Receive Vsciarx
OxFFE4:FFE5 SCI3 Error VsciserR
OxFFE6:FFE7 SCI2 Transmit Vsciax
OxFFE8:FFE9 SCI2 Receive Vsciorx
OxFFEA:FFEB SCI2 Error VscizerR
OxFFEC:FFED SCI1 Transmit VscirTx
OxFFEE:FFEF SCI1 Receive Vscitrx
OXFFFO:FFF1 SCI1 Error VsciERR
OxFFF2:FFF3 SCIO Transmit Vsciotx
OxFFF4:FFF5 SCI0 Receive Vsciorx
OXFFF6:FFF7 SCIO Error VscioERR
OxFFF8:FFF9 LVD Vivp
OXFFFA:FFFB IRQ Vira
OXFFFC:FFFD swi Vswi
OXFFFE:FFFF RESET VRESET

4.4 Register Addresses and Bit Assignments
The registers in the MC9S08GW64 series are divided into these groups:
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Chapter 4 Memory

» Direct-page registers are the ones located in the first 96 locations in the memory map; these are
accessible with efficient direct addressing mode instructions.

* LCD dataregisters, LCDPENx, LCDBPENx, LCDWFx are located at the end of the RAM module.

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

» The nonvolatile register area consists of a block of 16 locations in flash memory at
0xFFBO-OxFFBF. Nonvolatile register locations include:

— NVPROT and NVOPT are loaded into working registers at reset

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

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 4-3 is a summary of all
user-accessible direct-page registers and control bits.

The direct-page registers in Table 4-3 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 one is shown
in bold text. In Table 4-5 and Table 4-6, the whole address in column one is shown in bold. In Table 4-3,
Table 4-5, and Table 4-6, the register names in column two are shown in bold to set them apart from the
bit names to the right. Cells that are not associated with named bits are shaded. A shaded cell with a 0
indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or reserved bit
locations that could read as 1s or 0s. When writing to these bits, write a 0 unless otherwise specified.
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Chapter 4 Memory

Table 4-3. Direct-Page Register Summary (Sheet 1 of 5)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0000 PTAD 0 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
0x0001 PTADD 0 0 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 PTEDS5 PTED4 PTED3 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 PTFDDS3 PTFDD2 PTFDD1 PTFDDO
0x000C PTGD PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
0x000D PTGDD PTGDD7 | PTGDD6 | PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 PTGDDO
0x000E  PTHD — — — — — — PTHD1 PTHDO
0x000F PTHDD — — — — — — PTHDD1 PTHDDO
0x0010  MTIM1SC TOF TOIE TRST TSTP 0 0 0 0
0x0011 MTIM1CLK 0 0 CLKS PS
0x0012  MTIM1CNT COUNT
0x0013  MTIM1MOD MOD
0x0014  MTIM2SC TOF TOIE TRST TSTP 0 0 0 0
0x0015  MTIM2CLK 0 0 CLKS PS
0x0016  MTIM2CNT COUNT
0x0017  MTIM2MOD MOD
0x0018  MTIM3SC TOF TOIE TRST TSTP 0 0 0 0
0x0019  MTIM3CLK 0 0 CLKS PS
0x001A  MTIM3CNTH CNTH
0x001B  MTIM3CNTL CNTL
0x001C  MTIM3MODH MODH
0x001D  MTIM3MODL MODL
0x001E- Reserved . . . . .
0x001F
0x0020 PDBSC PRESCALER 0 0 0 0 0
0x0021 IF CONT SWTRIG TRIGSEL IE EN
0x0022 PDBMOD MOD[15:8]
0x0023 MODI7:0]
0x0024  PDBCNT COUNT[15:8]
0x0025 COUNTI[7:0]
0x0026  PDBIDLY IDELAY[15:8]
0x0027 IDELAY[7:0]
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Address

0x0028
0x0029
0x002A
0x002B
0x002C
0x002D
0x002E
0x002F
0x0030
0x0031

0x0032
0x0033
0x0034
0x0035

0x0036-
0x0037

0x0038
0x0039
0x003A
0x003B
0x003C
0x003D
0x003E
0x003F
0x0040
0x0041

0x0042
0x0043
0x0044
0x0045
0x0046
0x0047
0x0048
0x0049
0x004A
0x004B
0x004C
0x004D

0x004E-
0x004F

Register Name
PDBCH1CR

PDBCH1DLYA

PDBCH1DLYB

Reserved

PDBCH2CR

PDBCH2DLYA

PDBCH2DLYB

Reserved

PPAGE
LAP2
LAP1
LAPO
LWP

LBP

LB

LAPAB
ADCOSC1A
ADCO0SC1B
ADCOCFG1
ADCOCFG2
ADCORHA
ADCORLA
ADCORHB
ADCORLB
SPIOCH1
SPI0C2
SPIOBR
SPI0S
Reserved
SPIOD
Reserved

Table 4-3. Direct-Page Register Summary (Sheet 2 of 5)

Chapter 4 Memory

Bit 7 6 5 3 2 1 Bit 0
ERRA ERRB 0 0 0 \ 0 0 0
0 0 AOS BOS ENA ENB
DELAY[15:8]
DELAY[7:0]
DELAY[15:8]
DELAY[7:0]
RESERVED
RESERVED
ERRA ERRB 0 0 0 | 0 0 0
0 0 AOS BOS ENA ENB
DELAY[15:8]
DELAY[7:0]
DELAY[15:8]
DELAY[7:0]
0 0 0 0 0 XA16 XA15 XA14
0 0 0 0 0 0 0 LA16
LA15 LA14 LA13 LA12 LA11 LA10 LA9 LA8
LA7 LAG LA5 LA4 LA3 LA2 LA LAO
D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO
D7 D6 D5 D4 D3 D2 D1 DO
COCOA | AIENA DIFFA ADCHA
COCOB | AIENB DIFFB ADCHB
ADLPC ADIV ADLSMP MODE ADICLK
0 0 0 0 ADACKEN‘ ADHSC ADLSTS
D[15:8]
D[7:0]
D[15:8]
D[7:0]
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0 0 0 MODFEN | BIDIROE 0 SPISWAI | SPCO
0 SPPR2 | SPPR1 SPPRO SPR3 SPR2 SPR1 SPRO
SPRF 0 SPTEF MODF 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
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Chapter 4 Memory

Table 4-3. Direct-Page Register Summary (Sheet 3 of 5)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0050  SPI1C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0x0051  SPI1C2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x0052  SPI1BR 0 SPPR2 SPPR1 SPPRO SPR3 SPR2 SPR1 SPRO
0x0053  SPI1S SPRF 0 SPTEF MODF 0 0 0 0
0x0054 Reserved — = — — _ _ _ _
0x0055  SPI1D Bit 7 6 5 4 3 2 1 Bit 0
0x0056- Reserved . . _ _ _
0x0057
0x0058  SPI2C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0x0059  SPI2C2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x005A  SPI2BR 0 SPPR2 SPPR1 SPPRO SPR3 SPR2 SPR1 SPRO
0x005B  SPI2S SPRF 0 SPTEF MODF 0 0 0 0
0x005C  Reserved = — — — — — — _
0x005D  SPI2D Bit 7 6 5 4 3 2 1 Bit 0
0x005E- Reserved . . . _ _ _ _ —
0x005F
0x0060 PCNT_STATUS 0 PSTATE_INV CURR_INV
0x0061 0 0 0 0 SINVF RCOVF FCOVF
0x0062 PCNT_CTRL SINVIE RCOVFIE | FCOVFIE MODE CHANNEL_SEL
0x0063 PCNT_EN DIR POL CPWMS FILTER VALUE
0x0064 PCNT_FCMOD PCNT_FCMOD_H
0x0065 PCNT_FCMOD_L
0x0066  PCNT_FCNTR PCNT_FCNTR_H
0x0067 PCNT_FCNTR_L
0x0068  PCNT_RCMOD PCNT_RCMOD_H
0x0069 PCNT_RCMOD_L
0x006A  PCNT_RCNTR PCNT_RCNTR
0x006B PCNT_RCNTR
0x006C PCNT_PWM_MOD PCNT_PWM_MOD_H
0x006D PCNT_PWM_MOD_L
0x006E  PCNT_PWM_CHO0_ PCNT_PWM_CHO_H
0x006F VAL PCNT_PWM_CHO_L
0x0070  PCNT_PWM_CH1_ PCNT_PWM_CH1_H
oxo071 VAL PCNT_PWM_CH1_L
0x0072  PCNT_STATE 0 0 0 0 0 0 0 0
0x0073 0 0 PCOUNTER_STATE CURR_STATE
0x0074 KBISC 0 0 0 0 KBF KBACK KBIE KBIMOD
0x0075  KBIPE KBIPE7 KBIPE6 KBIPE5 KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
0x0076  KBIES KBEDG7 | KBEDG6 | KBEDGS5 | KBEDG4 | KBEDG3 | KBEDG2 | KBEDGH1 KBEDGO
0x0077 IRQSC 0 IRQPDD | IRQEDG IRQPE IRQF IRQACK IRQIE IRQMOD
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Address

0x0078
0x0079
0x007A
0x007B
0x007C
0x007D
0x007E
0x007F
0x0080
0x0081

0x0082
0x0083
0x0084
0x0085
0x0086
0x0087
0x0088
0x0089
0x008A
0x008B
0x008C
0x008D
0x008E
0x008F
0x0090
0x0091

0x0092
0x0093
0x0094
0x0095
0x0096
0x0097
0x0098
0x0099
0x009A

0x009B-
0x009F

0x00A0
0x00A1
0x00A2

Register Name
SCIOBDH
SCloBDL
SCI0C1
Scioc2
SCI0S1
SCI0S2
SCIoC3
SCIoD
ADC1SC1A
ADC1SC1B
ADC1CFG1
ADC1CFG2
ADC1RAH
ADC1RAL
ADC1RBH
ADC1RBL
SCI1BDH
SCI1BDL
SCI1C1
SCI1c2
SCI1S1
SCI1S2
SCI1C3
SCIiD
lICA1
IICF
licC1
IICS
IICD
lICC2
IICFLT
lIICSMB
lICA2
IICSLTH
lICSLTL
Reserved

FTMSC
FTMCNTH
FTMCNTL

Table 4-3. Direct-Page Register Summary (Sheet 4 of 5)

Chapter 4 Memory

Bit 7 6 5 4 3 2 1 Bit 0
LBKDIE RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS SCISWAI RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF IDLE OR NF FE PF
LBKDIF RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
Bit 7 6 5 4 3 2 1 Bit 0
COCOA AIENA DIFFA ADCHA
COCOB AIENB DIFFB ADCHB
ADLPC ADIV ADLSMP MODE ADICLK
0 0 0 0 ADACKEN‘ ADHSC ADLSTS
D[15:8]
D[7:0]
D[15:8]
D[7:0]
LBKDIE RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS SCISWAI RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF IDLE OR NF FE PF
LBKDIF RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
Bit 7 6 5 4 3 2 1 Bit 0
AD7 ADG6 AD5 AD4 AD3 AD2 AD1 0
MULT ICR
IICEN IICIE MST X TXAK RSTA WUEN 0
TCF IAAS BUSY ARBL 0 SRW IICIF RXAK
DATA
GCAEN ADEXT 0 0 0 AD10 AD9 AD8
0 0 0 0 FLT3 FLT2 FLTA FLTO
FACK ALERTEN SIICAEN TCKSEL SLTF SHTF1 SHTF2 SHTF2IE
SAD7 SAD6 SAD5 SAD4 SAD3 SAD2 SAD1 0
SSLT15 SSLT14 SSLT13 SSLT12 SSLT11 SSLT10 SSLT9 SSLT8
SSLT7 SSLT6 SSLT5 SSLT4 SSLT3 SSLT2 SSLT1 SSLT0
TOF TOIE CPWMS CLKS PS
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 Bit 0
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Chapter 4 Memory

Table 4-3. Direct-Page Register Summary (Sheet 5 of 5)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x00A3 FTMMODH Bit 15 14 13 12 11 10 9 Bit 8
0x00A4 FTMMODL Bit 7 6 5 4 3 2 1 Bit 0
0x00A5 FTMCOSC CHOF CHOIE MSO0B MSOA ELSOB ELSOA 0 0
0x00A6  FTMCOVH Bit 15 14 13 12 11 10 9 Bit 8
0x00A7 FTMCOVL Bit 7 6 5 4 3 2 1 Bit 0
0x00A8 FTMC1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0
0x00A9 FTMC1VH Bit 15 14 13 12 11 10 9 Bit 8
0x00AA  FTMC1VL Bit 7 6 5 4 3 2 1 Bit 0
0x00AB- Reserved . . _ _ _
Ox00AF
0x00B0 CRCDH1 CRC Data Bit 31:24
0x00B1  CRCDHO CRC Data Bit 23:16
0x00B2 CRCDL1 CRC Data Bit 15:8
0x00B3 CRCDLO CRC Data Bit 7:0
0x00B4 CRCPH1 CRC Polynomial Bit 31:24
0x00B5 CRCPHO CRC Polynomial Bit 23:16
0x00B6  CRCPL1 CRC Polynomial Bit 15:8
0x00B7 CRCPLO CRC Polynomial Bit 7:0
0x00B8 CRCCTL ToTW ToTR 0 FXOR SEED CRCW
0x00B9- Reserved . . . . .
0x00BF
Use the LCD registers shown in table below to enable LCD functionality and display the LCD data.
Table 4-4. LCD Registers (Sheet 1 of 3)
Address Hegister Bit 7 6 5 4 3 2 1 Bit 0
Name
0x1080 LCDPENO PEN7 PEN6 PEN5 PEN4 PEN3 PEN2 PEN1 PENO
0x1081 LCDPENT1 PEN15 PEN14 PEN13 PEN12 PEN11 PEN10 PEN9 PEN8
0x1082 LCDPEN2 PEN23 PEN22 PEN21 PEN20 PEN19 PEN18 PEN17 PEN16
0x1083 LCDPEN3 PENS31 PEN30 PEN29 PEN28 PEN27 PEN26 PEN25 PEN24
0x1084 LCDPEN4 PEN39 PEN38 PEN37 PEN36 PEN35 PEN34 PEN33 PEN32
0x1085 LCDPEN5 = = — — PEN43 PEN42 PEN41 PEN40
oogy Reserved | - - - - - - -
0x1088 LCDBPENO BPEN7 BPENG6 BPEN5 BPEN4 BPEN3 BPEN2 BPEN/1 BPENO
0x1089 LCDBPEN1 BPEN15 BPEN14 BPEN13 BPEN12 BPEN11 BPEN10 BPEN9 BPENS8
0x108A LCDBPEN2 BPEN23 BPEN22 BPEN21 BPEN20 BPEN19 BPEN18 BPEN17 BPEN16
0x108B LCDBPEN3 BPEN31 BPEN30 BPEN29 BPEN28 BPEN27 BPEN26 BPEN25 BPEN24
0x108C LCDBPEN4 BPEN39 BPEN38 BPEN37 BPEN36 BPEN35 BPEN34 BPEN33 BPEN32
0x108D LCDBPEN5 — — — — BPEN43 BPEN42 BPEN41 BPEN40
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Table 4-4. LCD Registers (Sheet 2 of 3)

Chapter 4 Memory

Address Hegister gz 6 5 4 3 2 1 Bit 0
Name
oroge Reserved | T = = = = = - -
0x1090 LCDWFo0 BPHLCDO | BPGLCDO | BPFLCDO | BPELCDO | BPDLCDO | BPCLCDO | BPBLCDO | BPALCDO
0x1091 LCDWF1 BPHLCD1 | BPGLCD1 | BPFLCD1 | BPELCD1 | BPDLCD1 | BPCLCD1 | BPBLCD1 | BPALCD1
0x1092 LCDWF2 BPHLCD2 | BPGLCD2 | BPFLCD2 | BPELCD2 | BPDLCD2 | BPCLCD2 | BPBLCD2 | BPALCD2
0x1093 LCDWF3 BPHLCD3 | BPGLCD3 | BPFLCD3 | BPELCD3 | BPDLCD3 | BPCLCD3 | BPBLCD3 | BPALCD3
0x1094 LCDWF4 BPHLCD4 | BPGLCD4 | BPFLCD4 | BPELCD4 | BPDLCD4 | BPCLCD4 | BPBLCD4 | BPALCD4
0x1095 LCDWF5 BPHLCD5 | BPGLCD5 | BPFLCD5 | BPELCD5 | BPDLCD5 | BPCLCD5 | BPBLCD5 | BPALCD5S
0x1096 LCDWF6 BPHLCD6 | BPGLCD6 | BPFLCD6 | BPELCD6 | BPDLCD6 | BPCLCD6 | BPBLCD6 | BPALCD6
0x1097 LCDWF7 BPHLCD7 | BPGLCD7 | BPFLCD7 | BPELCD7 | BPDLCD7 | BPCLCD7 | BPBLCD7 | BPALCD7
0x1098 LCDWF8 BPHLCD8 | BPGLCD8 | BPFLCD8 | BPELCD8 | BPDLCD8 | BPCLCD8 | BPBLCD8 | BPALCDS8
0x1099 LCDWF9 BPHLCD9 | BPGLCD9 | BPFLCD9 | BPELCD9 | BPDLCD9 | BPCLCD9 | BPBLCD9 | BPALCD9
0x109A LCDWF10 BPHLCD10|BPGLCD10 | BPFLCD10 | BPELCD10 |BPDLCD10|BPCLCD10|BPBLCD10 | BPALCD10
0x109B LCDWF11 BPHLCD11 |BPGLCD11 | BPFLCD11 | BPELCD11 |BPDLCD11 |BPCLCD11|BPBLCD11 | BPALCD11
0x109C LCDWF12 BPHLCD12 |BPGLCD12 | BPFLCD12 | BPELCD12 |BPDLCD12 |BPCLCD12 | BPBLCD12 | BPALCD12
0x109D LCDWF13 BPHLCD13 |BPGLCD13 | BPFLCD13 | BPELCD13 |BPDLCD13|BPCLCD13 | BPBLCD13 | BPALCD13
0x109E LCDWF14 BPHLCD14 |BPGLCD14 | BPFLCD14 | BPELCD14 |BPDLCD14 |BPCLCD14 | BPBLCD14 | BPALCD14
0x109F LCDWF15 BPHLCD15|BPGLCD15 | BPFLCD15 | BPELCD15 |BPDLCD15|BPCLCD15 | BPBLCD15 | BPALCD15
0x10A0 LCDWF16 BPHLCD16 |BPGLCD16 | BPFLCD16 | BPELCD16 | BPDLCD16 |BPCLCD16 | BPBLCD16 | BPALCD16
0x10A1 LCDWF17 BPHLCD17 |BPGLCD17 | BPFLCD17 | BPELCD17 | BPDLCD17 |BPCLCD17 | BPBLCD17 | BPALCD17
0x10A2 LCDWF18 BPHLCD18 |BPGLCD18 | BPFLCD18 | BPELCD18 |BPDLCD18 |BPCLCD18 | BPBLCD18 | BPALCD18
0x10A3 LCDWF19 BPHLCD19 |BPGLCD19 | BPFLCD19 | BPELCD19 |BPDLCD19|BPCLCD19 | BPBLCD19 | BPALCD19
0x10A4 LCDWF20 BPHLCD20 | BPGLCD20 | BPFLCD20 | BPELCD20 | BPDLCD20 | BPCLCD20 | BPBLCD20 | BPALCD20
0x10A5 LCDWF21 BPHLCD21 |BPGLCD21 | BPFLCD21 | BPELCD21 | BPDLCD21 |BPCLCD21 | BPBLCD21 | BPALCD21
0x10A6 LCDWF22 BPHLCD22 | BPGLCD22 | BPFLCD22 | BPELCD22 | BPDLCD22 | BPCLCD22 | BPBLCD22 | BPALCD22
0x10A7 LCDWF23 BPHLCD23 | BPGLCD23 | BPFLCD23 | BPELCD23 | BPDLCD23 | BPCLCD23 | BPBLCD23 | BPALCD23
0x10A8 LCDWF24 BPHLCD24 |BPGLCD24 | BPFLCD24 | BPELCD24 | BPDLCD24 | BPCLCD24 | BPBLCD24 | BPALCD24
0x10A9 LCDWF25 BPHLCD25 | BPGLCD25 | BPFLCD25 | BPELCD25 | BPDLCD25 | BPCLCD25 | BPBLCD25 | BPALCD25
0x10AA LCDWF26 BPHLCD26 | BPGLCD26 | BPFLCD26 | BPELCD26 | BPDLCD26 | BPCLCD26 | BPBLCD26 | BPALCD26
0x10AB LCDWF27 BPHLCD27 | BPGLCD27 | BPFLCD27 | BPELCD27 | BPDLCD27 | BPCLCD27 | BPBLCD27 | BPALCD27
0x10AC LCDWF28 BPHLCD28 | BPGLCD28 | BPFLCD28 | BPELCD28 | BPDLCD28 | BPCLCD28 | BPBLCD28 | BPALCD28
0x10AD LCDWF29 BPHLCD29 | BPGLCD29 | BPFLCD29 | BPELCD29 | BPDLCD29 | BPCLCD29 | BPBLCD29 | BPALCD29
Ox10AE LCDWF30 BPHLCD30 | BPGLCD30 | BPFLCD30 | BPELCD30 | BPDLCD30 | BPCLCD30 | BPBLCD30 | BPALCD30
0x10AF LCDWF31 BPHLCD31 |BPGLCD31 | BPFLCD31 | BPELCD31 | BPDLCD31 |BPCLCD31 | BPBLCD31 | BPALCD31
0x10B0 LCDWF32 BPHLCD32 |BPGLCD32 | BPFLCD32 | BPELCD32 | BPDLCD32 |BPCLCD32 | BPBLCD32 | BPALCD32
0x10B1 LCDWF33 BPHLCD33 |BPGLCD33 | BPFLCD33 | BPELCD33 | BPDLCD33 |BPCLCD33 | BPBLCD33 | BPALCD33
0x10B2 LCDWF34 BPHLCD34 |BPGLCD34 | BPFLCD34 | BPELCD34 | BPDLCD34 | BPCLCD34 | BPBLCD34 | BPALCD34
0x10B3 LCDWF35 BPHLCD35 |BPGLCD35 | BPFLCD35 | BPELCD35 | BPDLCD35 | BPCLCD35 | BPBLCD35 | BPALCD35
0x10B4 LCDWF36 BPHLCD36 |BPGLCD36 | BPFLCD36 | BPELCD36 | BPDLCD36 | BPCLCD36 | BPBLCD36 | BPALCD36
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Address

0x10B5
0x10B6
0x10B7
0x10B8
0x10B9
0x10BA
0x10BB

0x10BC-
0x10BF

Register
Name

LCDWF37
LCDWF38
LCDWF39
LCDWF40
LCDWF41
LCDWF42
LCDWF43

Reserved

Bit7

Table 4-4. LCD Registers (Sheet 3 of 3)

6

5

4

3

2

1

Bit 0

BPHLCD37

BPGLCD37

BPFLCD37

BPELCD37

BPDLCD37

BPCLCD37

BPBLCD37

BPALCD37

BPHLCD38

BPGLCD38

BPFLCD38

BPELCD38

BPDLCD38

BPCLCD38

BPBLCD38

BPALCD38

BPHLCD39

BPGLCD39

BPFLCD39

BPELCD39

BPDLCD39

BPCLCD39

BPBLCD39

BPALCD39

BPHLCD40

BPGLCD40

BPFLCD40

BPELCD40

BPDLCD40

BPCLCD40

BPBLCD40

BPALCDA40

BPHLCDA41

BPGLCD41

BPFLCD41

BPELCD41

BPDLCD41

BPCLCD41

BPBLCD41

BPALCD41

BPHLCD42

BPGLCD42

BPFLCD42

BPELCD42

BPDLCD42

BPCLCD42

BPBLCD42

BPALCDA42

BPHLCD43

BPGLCD43

BPFLCD43

BPELCD43

BPDLCD43

BPCLCD43

BPBLCD43

BPALCD43

High-page registers, shown in Table 4-5, are accessed much less often than other I/O and control registers
so they have been located outside the direct addressable memory space, starting at 0x1800.

Table 4-5. High-Page Register Summary (Sheet 1 of 9)

Address Register Name Bit7 6 5 4 3 1 Bit0
0x1800 SRS POR PIN COoP ILOP ILAD 0 LvD 0
0x1801 SBDFR 0 0 0 0 0 0 0 BDFR
0x1802 SOPT1 BKGDPE 1 STOPE 1 COPT COPCLKS| COPW
outgoy Pesered —_ | Z | Z | Z | Z|Z ]| Z ]| Z
0x1805 SDIDH — — — — ID11 ID10 ID9 ID8
0x1806 SDIDL ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0x1807 Reserved — — — — — — — —
0x1808 SCGC1 ADCA1 ADCO KBI Inc SCI3 SCI2 SCH SClo
0x1809 SCGC2 CLKPRE 0 VREF IRQ LCD SPI2 SPIH SPIO
0x180A  SCGC3 PTH PTG PTF PTE PTD PTC PTB PTA
0x180B SCGC4 0 MUXCTRL| CRC FTM PDB MTIM1 MTIM2 MTIM3
0x180C SCGC5 PRACMP2 | PRACMP1 |PRACMPO| BKPT IRTC PCNT 0 FLS
0x180D SIMIPS1 FTMCS MTIM3CS PCNTSS | MTIM2CS 0 0
0x180E SIMIPS2 0 0 RX1IN MTBASE1 0 MODTX1
0x180F SIMIPS3 PCNTFCS RX2IN MTBASE2 DDRIVE | MODTX2
gﬂg:g Reserved — — — — — — — —
0x1813 SIMCO 0 0 0 0 CS
0x1814 CCSCTRL 0 0 0 0 0 0 0 Igﬁzf;(gf
gﬂg}g Reserved — — — — — — — —
0x181C SPMSC1 LVDF LVDACK LVDIE LVDRE LVDSE LVDE BGBDS BGBE
0x181D SPMSC2 LPR LPRS LPWUI 0 PPDF PPDACK PPDE PPDC
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Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x181E Reserved — — — — — — — —
0x181F SPMSC3 LVWF LVWACK LVDV LYWV LVWIE 0 0 0
0x1820 FCDIV DIVLD PRDIV8 DIV
0x1821 FOPT KEYEN | FNORED 0 0 0 0 SEC
0x1822 Reserved — — — — — — — —
0x1823 FCNFG 0 0 KEYACC 0 0 0 0 0
0x1824 FPROT FPS FPDIS
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD FCMD
0x1827- — — — — — — — —
Ox182F Reserved . . . . . . . .
0x1830 BKPTCAH Bit 15 14 13 12 11 10 9 Bit 8
0x1831 BKPTCAL Bit 7 6 5 4 3 2 1 Bit 0
0x1832 BKPTCBH Bit 15 14 13 12 11 10 9 Bit 8
0x1833 BKPTCBL Bit 7 6 5 4 3 2 1 Bit 0
0x1834 BKPTCCH Bit 15 14 13 12 11 10 9 Bit 8
0x1835 BKPTCCL Bit 7 6 5 4 3 2 1 Bit 0
0x1836 BKPTAC BKPTAEN | RWAEN RWA TAGA PAGESEL 0 FMEN FMDC
0x1837 BKPTBC BKPTBEN| RWBEN RWB TAGB PAGSSEL 0 0 0
0x1838 BKPTCC BKPTCEN| RWCEN RWC TAGC PAGESEL 0 0 0
0x1839 BKPTS 0 0 0 0 0 AF BF CF
0x183A- — — — — — — — —
0x183B Reserved . . . . . . . .
0x183C 1CSC1 CLKS RDIV IREFS | IRCLKEN IREZSTE
0x183D ICSC2 BDIV RANGE HGO LP EREFS |ERCLKEN EREESTE
0x183E ICSTRM TRIM
0x183F ICSSC DRST/DRS DMX32 IREFST ‘ CLKST OSCINIT FTRIM
0x1840 ADCOCV1H CV1[15:8]
0x1841 ADCOCV1L CV1[7:0]
0x1842 ADCOCV2H CV2[15:8]
0x1843 ADCOCV2L CV2[7:0]
0x1844 ADCO0SC2 ADACT ADTRG ACFE ACFGT ACREN 0 REFSEL
0x1845 ADCO0SC3 CAL CALF 0 0 ADCO AVGE AVGS
0x1846 ADCOOFSH OFS[15:8]
0x1847 ADCOOFSL OFS[7:0]
0x1848 ADCOPGH PG[15:8]
0x1849 ADCOPGL PG[7:0]
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Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x184A  ADCOMGH MG[15:8]

0x184B  ADCOMGL MG[7:0]

0x184C  ADCOCLPD 0 0 CLPD

0x184D  ADCOCLPS 0 0 CLPS

0x184E  ADCOCLP4H 0 0 0 \ 0 \ 0 \ 0 \ CLP4[9:8]
0x184F  ADCOCLPAL CLP4[7:0]

0x1850  ADCOCLP3H 0 0 0 \ 0 \ 0 \ 0 \ 0 CLP3[8]
0x1851  ADCOCLP3L CLP3[7:0]

0x1852  ADCOCLP2 CLP2

0x1853  ADCOCLP1 0 CLP1

0x1854  ADCOCLPO 0 0 CLPO

0x1855  Reserved — — — ‘ — ‘ — ‘ — ‘ — —
0x1856  ADCOCLMD 0 0 CLMD

0x1857  ADCOCLMS 0 0 CLMS

0x1858  ADCOCLM4H 0 0 0 \ 0 \ 0 \ 0 \ CLM4[9:8]
0x1859  ADCOCLMAL CLM4[7:0]

0x185A  ADCOCLM3H 0 0 0 \ 0 \ 0 \ 0 \ 0 CLM3[8]
0x185B  ADCOCLMS3L CLM3[7:0]

0x185C  ADCOCLM2 CLM2

0x185D  ADCOCLM1 0 CLM1

0x185E  ADCOCLMO 0 0 CLMO

0x185F APCOTL1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPCH1 ADPCO
0x1860 APCOTL2 ADPC15 | ADPC14 | ADPC13 | ADPC12 | ADPC11 ADPC10 ADPC9 ADPC8
0x1861-  Reserved . . . . . . . .
0x1863

0x1864 CLK_PRSC_H 0 0 0 0 0 Bit 10 Bit9 Bit 8
0x1865 CLK_PRSC_L Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x1866-  Reserved . . . . . . . .
0x1867

0x1868 SCI2BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x1869 SCI2BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x186A SCI2C1 LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0x186B SCI2C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x186C SCI2s1 TDRE TC RDRF IDLE OR NF FE PF
0x186D SCI2S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
0x186E SCI2C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x186F SCI2D Bit 7 6 5 4 3 2 1 Bit O
0x1870 SCI3BDH LBKDIE | RXEDGIE 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x1871 SCI3BDL SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x1872 SCI3C1 LOOPS | SCISWAI RSRC M WAKE ILT PE PT
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0x1873 SCI3C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x1874 SCI3SH TDRE TC RDRF IDLE OR NF FE PF
0x1875 SCI3S2 LBKDIF | RXEDGIF 0 RXINV RWUID BRK13 LBKDE RAF
0x1876 SCI3C3 R8 T8 TXDIR TXINV ORIE NEIE FEIE PEIE
0x1877 SCI3D Bit 7 6 5 4 3 2 1 Bit 0
0x1878 LCDCO LCDEN | SOURCE LCLK2 LCLK1 LCLKO DUTY2 DUTY1 DUTYO
0x1879 LCDC1 LCDIEN 0 0 0 0 FCDEN LCDWAI | LCDSTP
0x187A  LCDSUPPLY CPSEL |HREFSEL| LADJ1 LADJO 0 BBYPASS | VSUPPLY1 | VSUPPLYO
0x187B LCDRVC RVEN 0 0 0 RVTRIM3 | RVTRIM2 | RVTRIM1 | RVTRIMO
0x187C LCDBCTL BLINK ALT BLANK 0 BMODE BRATE2 | BRATE1 BRATEO
0x187D LCDS LCDIF 0 0 0 0 0 0 0
0x187E-  Reserved . . . . . . . .
0x187F
0x1880 IRTC_YEARMON YEAR
0x1881 0 0 0 0 MONTH
0x1882 IRTC_DAYS 0 0 0 0 0 DAY_OF_WEEK
0x1883 0 0 0 DAYS
0x1884 IRTC_HOURMIN 0 0 0 HOURS
0x1885 0 0 MINUTES
0x1886 IRTC_SECONDS 0 0 0 0 0 0 0 0
0x1887 0 0 SECONDS
0x1888 IRTC_ALM_YRMON ALM_YEAR
0x1889 0 0 0 0 ALM_MONTH
0x188A  IRTC_ALM_DAYS 0 0 0 0 0 0 0 0
0x188B 0 0 0 ALM_DAYS
0x188C  IRTC_ALM_HM 0 0 0 ALM_HOURS
0x188D 0 0 ALM_MINUTES
0x188E  IRTC_ALM_SEC 0 0 0 0 o | o INC_S | DEC_S
0x188F 0 0 ALM_SECONDS
0x1890  IRTC_CTRL 0 RTC_CLKOUT 0 0 \ 0 0 SWR
0x1891 0 DSTEN 0 0 ALARM MATCH WE1 WEO
0x1892 IRTC_STATUS 0 0 0 0 0 0 0 0
0x1893 0 PORB CcLv WPE OCAL BERR C_DON INVAL
0x1894 IRTC_ISR SAM7 SAM6 SAM5 SAM4 SAM3 SAM2 SAMA1 SAMO
0x1895 2Hz 1Hz MIN HR DAY ALM CDT TMPR
0x1896 IRTC_IER SAM7 SAM6 SAM5 SAM4 SAM3 SAM2 SAMA1 SAMO
0x1897 2Hz 1Hz MIN HR DAY ALM CDT TMPR
0x1898 IRTC_COUNT_DN 0 0 0 0 0 0 0 0
0x1899 COUNTDOWN_COUNT
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Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x189A- Reserved . . . . . . . .
0x18A1
0x18A2 IRTC_DST_HOUR 0 0 0 DST_START_HOUR
0x18A3 0 0 0 DST_END_HOUR
0x18A4 IRTC_DST_MNTH 0 0 0 0 DST_START_MONTH
0x18A5 0 0 0 0 DST_END_MONTH
0x18A6 IRTC_DST_DAY 0 0 0 DST_START_DAY
0x18A7 0 0 0 DST_END_DAY
0x18A8 IRTC_COMPEN COMPENSATION_INTERVAL
0x18A9 COMPENSATION_VALUE
0x18AA  IRTC_TTSR_YM TIME STAMP YEAR
0x18AB 0 0 0 0 TIME STAMP MONTHS
0x18AC  IRTC_TTSR_DAY 0 0 0 0 0 0 0 0
0x18AD 0 0 0 TIME STAMP DAY
O0x18AE  IRTC_TTSR_HM 0 0 0 TIME STAMP HOURS
Ox18AF 0 0 TIME STAMP MINUTES
0x18B0 IRTC_TTSR_SEC 0 0 0 0 0 0 0 0
0x18B1 0 0 TIME STAMP SECONDS
0x18B2 IRTC_TAMPER_S 0 0 0 0 0 TAMPER?2 | TAMPERT | BAT_RAMPER
0x18B3 CR 0 0 0 0 0 TAM_lF_’ETQ_C TAM_lF_’EfLC BAFI:E¢AALPE
0x18B4 IRTC_FILTERO1_C 0 0 0 0 0 0 0 0
0x18B5 TRL POL | CLKSEL FILTER1 DURATION
0x18B6 IRTC_FILTER23_C POL CLKSEL FILTER2 DURATION
0x18B7  TRL 0 0 0 0 0 0 0 0
0x18B8- Reserved . . . . . . . .
0x18BF
0x18C0 :\I:(')I’C_STDBY_RA MSB
0x18C1 LSB
0x18C2 :\I:;I’C_STDBY_RA MSB
0x18C3 LSB
0x18C4 :\I:;I’C_STDBY_RA MSB
0x18C5 LSB
0x18C6 :\I::;I'C_STDBY_RA MSB
0x18C7 LSB
0x18C8 :\I:;I’C_STDBY_RA MSB
0x18C9 LSB
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0x18CA IRTC_STDBY_RA MSB
M5
0x18CB LSB
0x18CC IRTC_STDBY_RA MSB
M6
0x18CD LSB
0x18CE IRTC_STDBY_RA MSB
M7
0x18CF LSB
0x18D0 IRTC_STDBY_RA MSB
M8
0x18D1 LSB
0x18D2 IRTC_STDBY_RA MSB
M9
0x18D3 LSB
0x18D4 IRTC_STDBY_RA MSB
M10
0x18D5 LSB
0x18D6 IRTC_STDBY_RA MSB
M11
0x18D7 LSB
0x18D8 IRTC_STDBY_RA MSB
M12
0x18D9 LSB
0x18DA IRTC_STDBY_RA MSB
M13
0x18DB LSB
0x18DC IRTC_STDBY_RA MSB
M14
0x18DD LSB
0x18DE IRTC_STDBY_RA MSB
M15
0x18DF LSB
0x18E0 PTAPE 0 0 PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 | PTAPE1 PTAPEO
0x18E1 PTASE 0 PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 | PTASE1 PTASEO
0x18E2 PTADS 0 PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 | PTADSH1 PTADSO
0x18E3 PTAIFE 0 0 PTAIFE5 | PTAIFE4 | PTAIFE3 | PTAIFE2 | PTAIFE1 | PTAIFEO
0x18E4 PTBPE PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1 | PTBPEO
Ox18E5 PTBSE PTBSE7 | PTBSE6 | PTBSE5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1 | PTBSEO
0x18E6 PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x18E7 PTBIFE PTBIFE7 | PTBIFE6 | PTBIFE5 | PTBIFE4 | PTBIFE3 | PTBIFE2 | PTBIFE1 | PTBIFEO
0x18E8 PTCPE PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
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Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x18E9  PTCSE PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
0x18EA  PTCDS PTCDS7 | PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
0x18EB  PTCIFE PTCIFE7 | PTCIFE6 | PTCIFE5 | PTCIFE4 | PTCIFE3 | PTCIFE2 | PTCIFE1 | PTCIFEO
0x18EC  PTDPE PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 | PTDPEO
0x18ED  PTDSE PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEO
Ox18EE  PTDDS PTDDS7 | PTDDS6 | PTDDS5 | PTDDS4 | PTDDS3 | PTDDS2 | PTDDS1 | PTDDSO
0x18EF  PTDIFE PTDIFE7 | PTDIFE6 | PTDIFE5 | PTDIFE4 | PTDIFE3 | PTDIFE2 | PTDIFE1 | PTDIFEO
0x18F0  PTEPE PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1 | PTEPEO
0x18F1  PTESE PTESE7 | PTESE6 | PTESE5 | PTESE4 | PTESE3 | PTESE2 | PTESE1 | PTESEO
0x18F2  PTEDS PTEDS7 | PTEDS6 | PTEDS5 | PTEDS4 | PTEDS3 | PTEDS2 | PTEDS1 | PTEDSO
0x18F3  PTEIFE PTEIFE7 | PTEIFE6 | PTEIFE5 | PTEIFE4 | PTEIFE3 | PTEIFE2 | PTEIFE1 | PTEIFEO
0x18F4  PTFPE PTFPE7 | PTFPE6 | PTFPE5 | PTFPE4 | PTFPE3 | PTFPE2 | PTFPE1 | PTFPEO
0x18F5  PTFSE PTFSE7 | PTFSE6 | PTFSE5 | PTFSE4 | PTFSE3 | PTFSE2 | PTFSE1 | PTFSEO
0x18F6  PTFDS PTFDS7 | PTFDS6 | PTFDS5 | PTFDS4 | PTFDS3 | PTFDS2 | PTFDS1 | PTFDSO
0x18F7  PTFIFE PTFIFE7 | PTFIFE6 | PTFIFE5 | PTFIFE4 | PTFIFE3 | PTFIFE2 | PTFIFE1 | PTFIFEO
0x18F8  PTGPE PTGPE7 | PTGPE6 | PTGPE5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO
0x18F9  PTGSE PTGSE7 | PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO
0x18FA  PTGDS PTGDS7 | PTGDS6 | PTGDS5 | PTGDS4 | PTGDS3 | PTGDS2 | PTGDS1 | PTGDSO
0x18FB  PTGIFE PTGIFE7 | PTGIFE6 | PTGIFE5 | PTGIFE4 | PTGIFE3 | PTGIFE2 | PTGIFE1 | PTGIFEO
0x18FC  PTHPE — — — — — — PTHPE1 | PTHPEO
0x18FD  PTHSE — — — — — — PTHSE1 | PTHSEO
0x18FE  PTHDS — — — — — — PTHDS1 | PTHDSO
0x18FF  PTHIFE — — — — — — PTHIFE1 | PTHIFEO
0x1900  ADC1CV1iH CV1[15:8]
0x1901  ADCICViL CV1[7:0]
0x1902  ADC1CV2H CV2[15:8]
0x1903  ADCiCV2L CV2[7:0]
0x1904  ADC1SC2 ADACT | ADTRG ACFE ACFGT | ACREN 0 REFSEL
0x1905  ADC1SC3 CAL CALF 0 0 ADCO AVGE AVGS
0x1906  ADC10FSH OFS[15:8]
0x1907  ADC1OFSL OFS[7:0]
0x1908  ADC1PGH PG[15:8]
0x1909  ADC1PGL PG[7:0]
0x190A  ADC1MGH MG[15:8]
0x190B  ADC1MGL MG[7:0]
0x190C  ADC1CLPD 0 0 CLPD
0x190D  ADC1CLPS 0 0 CLPS
0x190E  ADC1CLP4H 0 0 0 \ 0 \ 0 \ 0 \ CLP4[9:8]
0x190F  ADC1CLP4L CLP4[7:0]
0x1910  ADC1CLP3H 0 0 0 \ 0 \ 0 \ 0 \ 0 \ CLP3[8]
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0x1911 ADC1CLP3L CLP3[7:0]

0x1912 ADC1CLP2 CLP2

0x1913 ADC1CLP1 0 CLP1

0x1914 ADC1CLPO 0 0 CLPO

0x1915  Reserved — — — — | = ] = — | =

0x1916 ADC1CLMD 0 0 CLMD

0x1917 ADC1CLMS 0 0 CLMS

0x1918  ADC1CLM4H 0 0 0 0 \ 0 \ 0 CLM4[9:8]

0x1919 ADC1CLM4L CLM4[7:0]

0x191A  ADC1CLM3H 0 0 0 0 \ 0 \ 0 0 \ CLM3[8]

0x191B  ADC1CLM3L CLM3[7:0]

0x191C  ADC1CLM2 CLM2

0x191D  ADC1CLM1 0 CLM1

0x191E  ADC1CLMO 0 0 CLMO

0x191F APC1TLA1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO

0x1920 APC1TL2 ADPC15 | ADPC14 | ADPC13 | ADPC12 | ADPC11 | ADPC10 ADPC9 ADPC8

0x1921-  Reserved . . . . . . . .

0x1923

0x1924 PRACMPOCS ACEN ACMPF 0 ACOPE ACMPO ACINTS ACIEN

0x1925 PRACMPOCO CMPHWT ACPSEL PRGHWT ACNSEL

0x1926 PRACMPOC1 PRGEN | PRGINS 0 PRGOS4 | PRGOS3 | PRGOS2 | PRGOS1 | PRGOS0

0x1927 PRACMPOC2 0 ACIPE6 ACIPES ACIPE4 ACIPES ACIPE2 ACIPE1 ACIPEO

0x1928 PRACMP1CS ACEN ACMPF 0 ACOPE ACMPO ACINTS ACIEN

0x1929 PRACMP1CO CMPHWT ACPSEL PRGHWT ACNSEL

0x192A PRACMP1CH PRGEN PRGINS 0 PRGOS4 | PRGOS3 | PRGOS2 | PRGOS1 | PRGOSO

0x192B PRACMP1C2 0 ACIPE6 ACIPES ACIPE4 ACIPES ACIPE2 ACIPE1 ACIPEO

0x192C PRACMP2CS ACEN ACMPF 0 ACOPE ACMPO ACINTS ACIEN

0x192D PRACMP2CO CMPHWT ACPSEL PRGHWT ACNSEL

0x192E PRACMP2C1 PRGEN PRGINS 0 PRGOS4 | PRGOS3 | PRGOS2 | PRGOS1 | PRGOSO

0x192F PRACMP2C2 0 ACIPE6 ACIPES ACIPE4 ACIPES ACIPE2 ACIPE1 ACIPEO

0x1930 VREFTRM TRM

0x1931 VREFSC VREFEN 0 0 0 0 VREFST MODE

0x1932-  Reserved . . . . . . . .

0x193F

0x1940 PTAPF1 0 A1 0 A0

0x1941 PTAPF2 0 A3 0 A2

0x1942 PTAPF3 0 A5 0 A4

0x1943 PTAPF4 0 0 0 0 0 A6

0x1944 PTBPF1 0 B1 0 BO

0x1945 PTBPF2 0 B3 0 B2
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0x1946 PTBPF3 0 B5 0 B4
0x1947 PTBPF4 0 B7 0 B6
0x1948 PTCPF1 0 C1 0 co
0x1949 PTCPF2 0 C3 0 Cc2
0x194A PTCPF3 0 C5 0 C4
0x194B PTCPF4 0 c7 0 Ccé6
0x194C PTDPF1 0 D1 0 DO
0x194D PTDPF2 0 D3 0 D2
0x194E PTDPF3 0 D5 0 D4
0x194F PTDPF4 0 D7 0 D6
0x1950 PTEPF1 0 E1 0 EO
0x1951 PTEPF2 0 E3 0 E2
0x1952 PTEPF3 0 E5 0 E4
0x1953 PTEPF4 0 E7 0 E6
0x1954 PTFPF1 0 F1 0 FO
0x1955 PTFPF2 0 F3 0 F2
0x1956 PTFPF3 0 F5 0 F4
0x1957 PTFPF4 0 F7 0 F6
0x1958 PTGPF1 0 G1 0 GO
0x1959 PTGPF2 0 G3 0 G2
0x195A PTGPF3 0 G5 0 G4
0x195B PTGPF4 0 G7 0 G6
0x195C PTHPF1 0 H1 0 HO

Several reserved flash memory locations, shown in Table 4-6, are used for storing values used by several
registers. These registers include an 8-byte backdoor key, NVBACKKEY, which can be used to gain
access to secure memory resources. During reset events, the contents of NVPROT and NVOPT in the
reserved flash memory are transferred into corresponding FPROT and FOPT registers in the high-page
registers area to control security and block protection options.

The factory ICS trim value is stored in the IFR and will be loaded into the ICSTRM and ICSSC registers
after any reset. The internal reference trim values stored in flash, TRIM and FTRIM, can be programmed
by third party programmers and must be copied into the corresponding ICS registers by user code to
override the factory trim.
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OxFFAD  Reserved for

Storage of VREF2 VREF TRIM

TRM
OxFFAE  Reserved for

Storage of FTRIM 0 0 g 0 0 FTRIM
OxFFAF  Reserved for

Storage of ICSTRM TRIM
O0xFFBO- NVBACKKEY .
OXFFB7 8-Byte Comparison Key
OxFFB8 — Reserved — — — — — _
O0xFFBC — — — — = —
OxFFBD  NVPROT FPS FPOPEN
OxFFBE  Reserved — — — — — —
OxFFBF NVOPT KEYEN | FNORED 0 0 SEC

Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. This key 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 KEYEN bit to 0. 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).

4.5 Memory Management Unit

The memory management unit (MMU) allows the program and data space for the HCS08 family of
microcontrollers to be extended beyond the 64 KB CPU addressable memory map. The MMU uses a
paging scheme similar to that used on other MCU architectures, such as HCS12. The extended memory
when used for data can also be accessed linearly using a linear address pointer and data access registers.

4.5.1 Features

Key features of the MMU module are:

¢ Memory management unit extends the HCSO8 memory space
— up to 4 MB for program and data space (Maximum)

» Extended program space using paging scheme
— PPAGE register used for page selection
— fixed 16 KB memory window
— architecture supports up to 256 pages at 16 KB each

* Extended data space using linear address pointer
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— up to 22-bit linear address pointer (Maximum)

— linear address pointer and data register provided in direct page allows access of complete flash
memory map using direct-page instructions

— optional auto increment of pointer when data accessed

— supporting a 2s compliment addition/subtraction to address pointer without using any math
instructions or memory resources

— supporting word accesses to any address specified by the linear address pointer when using
LDHX, STHX instructions

4.5.2 Register Definition

45.2.1 Program Page Register (PPAGE)

The HCSO08 core architecture limits the CPU addressable space available to 64 KB. The address space can
be extended to 128 KB using a paging window scheme. The program page (PPAGE) allows for selecting
one of the 16 KB blocks to be accessed through the program page window located at 0x8000—0xBFFF.
The CALL and RTC instructions can load or store the value of PPAGE onto or from the stack during
program execution. After any reset, PPAGE is set to PAGE 2.

6 2 1 0
R 0 0 0 0 0
XA16 XA15 XA14
w
Reset: 0 0 0 0 0 0 1 0

Figure 4-3. Program Page Register (PPAGE)

Table 4-7. Program Page Register Field Descriptions

Field Description

2.0 When the CPU addresses the paging window, 0x8000—0xBFFF, the value in the PPAGE register along with the
XA16:XA14 | CPU addresses A13:A0 are used to create a 17-bit extended address.

4.5.2.2 Linear Address Pointer Registers 2:0 (LAP2:LAPO)

These three registers, LAP2:LAPO, contain the 17-bit linear address that allows the user to access any flash
location in the extended address map. This register is used in conjunction with the data registers, linear
byte (LB), linear byte post increment (LBP) and linear word post increment (LWP). The contents of
LAP2:LAPO will auto-increment when accessing data using the LBP and LWP registers. The contents of
LAP2:LAPO can be increased by writing an 8-bit value to LAPAB.
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R 0 0 0 0 0 0 0
LA16
w
R
LA15 LA14 LA13 LA12 LA11 LA10 LA9 LA8
w
R
LA7 LA6 LA5 LA4 LA3 LA2 LA1 LAO
w
Reset: 0 0 0 0 0 0 0 0
Figure 4-4. Linear Address Pointer Registers 2:0 (LAP2:LAPO)
Table 4-8. Linear Address Pointer Registers 2:0 Field Descriptions
Field Description
16:0 The values in LAP2:LAPO are used to create a 17-bit linear address pointer. The value in these registers are used
LA16:LAO |as the extended address when accessing any of the data registers LB, LBP and LWP.
45.2.3 Linear Word Post Increment Register (LWP)

This register is one of three data registers that the user can use to access any flash memory location in the
extended address map. When LWP is accessed, the contents of LAP2:LAPO make up the extended address
of the flash memory location to be addressed. When accessing data using LWP, the contents of
LAP2:LAPO will increment after the read or write is complete.

Accessing LWP does the same thing as accessing LBP. The MMU register ordering of LWP followed by
LBP, allow the user to access data by words using the LDHX or STHX instructions of the LWP register.

7 6 5 4 3 2 1 0
R
D7 D6 D5 D4 D3 D2 D1 DO
w
Reset: 0 0 0 0 0 0 0 0

Figure 4-5. Linear Word Post Increment Register (LWP)

Table 4-9. Linear Word Post Increment Register Field Descriptions

Field Description
7:0 Reads of this register first return the data value pointed to by the linear address pointer, LAP2:LAPO and then
D7:DO increment LAP2:LAPOQ. Writes to this register first write the data value to the memory location specified by the
linear address pointer and then increment LAP2:LAPOQ. Writes to this register are most commonly used when
writing to the flash block(s) during programming.
45.2.4 Linear Byte Post Increment Register (LBP)

This register is one of three data registers that the user can use to access any flash memory location in the
extended address map. When LBP is accessed, the contents of LAP2:LAP0O make up the extended address
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of the flash memory location to be addressed. When accessing data using LBP, the contents of LAP2:LAPO
will increment after the read or write is complete.

Accessing LBP does the same thing as accessing LWP. The MMU register ordering of LWP followed by
LBP, allow the user to access data by words using the LDHX or STHX instructions with the address of the
LWP register.

7 6 5 4 3 2 1 0
R
D7 D6 D5 D4 D3 D2 D1 DO
w
Reset: 0 0 0 0 0 0 0 0
Figure 4-6. Linear Byte Post Increment Register (LBP)
Table 4-10. Linear Byte Post Increment Register Field Descriptions
Field Description
7:0 Reading of this register first return the data value pointed to by the linear address pointer, LAP2:LAPO and then
D7:D0O increment LAP2:LAPO. Writes to this register first write the data value to the memory location specified by the
linear address pointer and then increment LAP2:LAPOQ. Writes to this register are most commonly used when
writing to the flash block(s) during programming.

4.5.2.5

This register is one of three data registers that the user can use to access any flash memory location in the
extended address map. When LB is accessed, the contents of LAP2:L AP0 make up the extended address
of the flash memory location to be addressed.

Linear Byte Register (LB)

7 6 5 4 3 2 1 0
R
D7 D6 D5 D4 D3 D2 D1 DO
w
Reset: 0 0 0 0 0 0 0 0
Figure 4-7. Linear Byte Register (LB)
Table 4-11. Linear Data Register Field Descriptions
Field Description
7:0 Reading of this register returns the data value pointed to by the linear address pointer, LAP2:LAPO. Writes to this

D7:DO register will write the data value to the memory location specified by the linear address pointer. Writes to this
register are most commonly used when writing to the flash block(s) during programming.

4.5.2.6 Linear Address Pointer Add Byte Register (LAPAB)

The user can increase or decrease the contents of LAP2:LAPO by writing a 2s compliment value to
LAPAB. The value written is added to the current contents of LAP2:LAPO.
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7 3 1 0
R 0 0 0 0 0 0 0 0
W D7 D6 D5 D4 D3 D2 D1 DO
Reset: 0 0 0 0 0 0 0 0
Figure 4-8. Linear Address Pointer Add Byte Register (LAPAB)
Table 4-12. Linear Address Pointer Add Byte Register Field Descriptions

Field Description

7:0 The 2s compliment value written to LAPAB will be added to contents of the linear address pointer register,

D7:DO LAP2:LAPO. Writing a value of Ox7f to LAPAB will increase LAP by 127, a value of Oxff will decrease LAP by 1,
and a value of 0x80 will decrease LAP by 128.

4.5.3 Functional Description

4.5.3.1

The HCSO08 core architecture limits the CPU addressable space available to 64 KB. The program page
(PPAGE) allows for integrating up to 128 KB of flash into the system by selecting one of the 16 KB blocks
to be accessed through the paging window located at 0x8000-0xBFFF. The MMU module also provides a
linear address pointer that allows extension of data access up to 128 KB.

Memory Expansion

45.3.1.1 Program Space

The PPAGE register holds the page select value for the paging window. The value in PPAGE can be
manipulated by using normal read and write instructions as well as the CALL and RTC instructions. The
user must not change PPAGE directly when running from paged memory, only CALL and RTC can be
used.

When the MMU detects that the CPU is addressing the paging window, the value currently in PPAGE will
be used to create an extended address for MCU’s decode logic to select the desired flash location.

As seen in Figure 4-1 and Figure 4-2, the flash blocks in the CPU addressable memory can be accessed
directly or using the paging window and PPAGE register. For example, the flash from location
0x4000-0x7FFF can be accessed directly or using the paging window, PPAGE = 1, address
0x8000-0xBFFF.

45.3.1.2 CALL and RTC (Return from Call) Instructions

CALL and RTC are instructions that perform automated page switching when executed in the user
program. CALL is similar to a JSR instruction, but the subroutine that it called can be located anywhere
in the normal 64 KB address space or on any page of program memory.

During the execution of a CALL instruction, the CPU:
» Stacks the return address.
*  Pushes the current PPAGE value onto the stack.
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*  Writes the new instruction-supplied PPAGE value into the PPAGE register.
» Transfers control to the subroutine of the new instruction-supplied address.

This sequence is not interruptible; there is no need to inhibit interrupts during CALL execution. A CALL
can be executed from any address in memory to any other address.

The new PPAGE value is provided by an immediate operand in the instruction along with the address
within the paging window, 0x8000-0xBFFF.

RTC is similar to an RTS instruction.
The RTC instruction terminates subroutines invoked by a CALL instruction.

During the execution of an RTC instruction, the CPU:
+ Pulls the old PPAGE value from the stack and loads it into the PPAGE register
*  Pulls the 16-bit return address from the stack and loads it into the PC
» Resumes execution at the return address

This sequence is not interruptible; there is no need to inhibit interrupts during RTC execution. An RTC can
be executed from any address in memory.

45.3.1.3 Data Space

The linear address pointer registers, LAP2:LAPO along with the linear data register allow the CPU to read
or write any address in the extended flash memory space. This linear address pointer may be used to access
data from any memory location while executing code from any location in extended memory, including
accessing data from a different PPAGE than the currently executing program.

To access data using the linear address pointer, the user would first setup the extended address in the 17-bit
address pointer, LAP2:LAPO. Accessing one of the three linear data registers LB, LBP and LWP will
access the extended memory location specified by LAP2:L APO. The three linear data registers access the
memory locations in the same way, however the LBP and LWP will also increment LAP2:LAPO.
Accessing either the LBP or LWP registers allows a user program to read successive memory locations
without re-writing the linear address pointer. Accessing LBP or LWP does the exact same function.
However, because of the address mapping of the registers with LBP following LWP, a user can do word
accesses in the extended address space using the LDHX or STHX instructions to access location LWP.

The MMU supports the addition of a 2s compliment value to the linear address pointer without using any
math instructions or memory resources. Writing to LAPAB with a 2s compliment value will cause the
MMU to add that value to the existing value in LAP2:LAPO.

45.3.1.4 PPAGE and Linear Address Pointer to Extended Address

See Figure 4-1 or Figure 4-2, on how the program PPAGE memory pages and the linear address pointer
are mapped to extended address space.
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46 RAM

The MC9S08GW64 series include static RAM. The locations in 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 variables in this area of RAM is preferred.

At power-on, the contents of RAM are uninitialized. RAM data is unaffected by any reset provided that
the supply voltage does not drop below the minimum value for RAM retention (Vg anm)-

For compatibility with M68HCO0S5 MCUs, the HCSO08 resets the stack pointer to 0xOOFF. In the
MCI9S08GW64 series, it is usually 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
variables. Include the following 2-instruction sequence in your reset initialization routine (where RamLast
is equated to the highest address of the RAM in the Freescale Semiconductor-provided equate file).

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

When security is enabled, the RAM is considered a secure memory resource and is not accessible through
BDM or through code executing from non-secure memory. See “Section 4.7.5”, for a detailed description
of the security feature.

4.7 Flash

The flash memory is intended primarily for program storage and read-only data. In-circuit programming
allows the operating program to be loaded into the flash memory after final assembly of the application
product. It is possible to program the entire array through the single-wire background debug interface.
Because no special voltages are needed for flash erase and programming operations, in-application
programming is also possible through other software-controlled communication paths. For a more detailed
discussion of in-circuit and in-application programming, refer to the HCS08 Family Reference Manual,
Volume I, Freescale Semiconductor document order number HCSO8RMv1.

4.71 Features

Features of the flash memory include:
* Flash size
— MCI9S08GW64: 65,326 bytes
— MCI9S08GW32: 32,768 bytes
» Single power supply program and erase
* Automated program and erase algorithm
» Fast program and erase operation
* Burst program command for faster flash array program times
« Up to 100,000 program/erase cycles at typical voltage and temperature
* Flexible protection scheme to prevent accidental program or erase
» Security feature to prevent unauthorized access to the flash and RAM
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* Auto power-down for low-frequency read accesses

4.7.2

Before any program or erase command can be accepted, the flash clock divider register (FCDIV) must be
written to set the internal clock for the flash module to a frequency (fgcp k) between 150 kHz and 200 kHz
(see Section 4.9.1, “Flash Clock Divider Register (FCDIV)”). This register can be written only once, so
normally this write is done during reset initialization. It is not recommended to write FCDIV when the
access error flag, FACCERR in FSTAT, is set. The user must ensure that FACCERR is not set before
writing to the FCDIV register. One period of the resulting clock (1/fgc k) is used by the command
processor to time program and erase pulses. An integer number of these timing pulses is used by the
command processor to complete a program or erase command.

Program and Erase Times

Table 4-13 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fgc k). The time for one cycle of FCLK is tpcp g = 1/fpcr k- The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tpcp = 5 ps. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-13. Program and Erase Times

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

1 Excluding start/end overhead

4.7.3

The steps for executing any of the commands are listed below. The FCDIV register must be initialized and
any error flags cleared before beginning command execution. The command execution steps are:

Program and Erase Command Execution

1. Write a data value to an address in the flash array. The address and data information from this write
is latched into the flash interface. This write is a required first step in any command sequence. For
erase and blank check commands, the value of the data is not important. For page erase commands,
the address may be any address in the 512-byte page of flash to be erased. For mass erase and blank
check commands, the address can be any address in the flash memory. Whole pages of 512 bytes
are the smallest block of flash that may be erased.

NOTE

Do not program any byte in the flash more than once after a successful erase
operation. Reprogramming bits to a byte that is already programmed is not
allowed without first erasing the page in which the byte resides or mass
erasing the entire flash memory. Programming without first erasing may
disturb data stored in the flash.
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2. Write the command code for the desired command to FCMD. The five valid commands are blank
check (0x05), byte program (0x20), burst program (0x25), page erase (0x40), and mass erase
(0x41). The command code is latched into the command buffer.

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

A partial command sequence can be aborted manually by writing a 0 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 a command in this way sets the FACCERR access error flag, which must be cleared before
starting a new command.

A strictly monitored procedure must be obeyed or the command will not be accepted. This minimizes the
possibility of any unintended changes to the flash 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 4-9 is a flowchart for executing all of the commands except for burst
programming. The FCDIV register must be initialized before using any flash commands. This must be
done only once following a reset.
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PROGRAM AND WRITE TO FCDIV(") () Required only once
ERASE FLOW after reset.

START

:"B

FCBEF?

]
Y 0

FACCERR OR FPVIOL?
1

\
CLEAR ERRORS

Y
WRITE TO FLASH OR EEPROM TO

BUFFER ADDRESS AND DATA
A ‘ WRITE COMMAND TO FCMD
| \
| WRITE 1 TO FCBEF ) Wait at least four bus cycles
®)During this time, avoid actions TO LAUNCH COMMAND before checking FCBEF or FCCF.
that woudl result in an @)
FACCERR aror. | AND CLEAR FCBEF
Such as executing a | +
STOP instruction or writing | YES
to the flash. FPVIOL OR -
< FACCERR? »( ERROR EXIT
Reads of the flash during |
program or erase are | » NO
ignored and invalid data
is returned. v 0 Y
FCCF? @

'E

Figure 4-9. Flash Program and Erase Flowchart

4.7.4 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. This is possible because the high voltage to the flash array
does not need to be disabled between program operations. Ordinarily, when a program or erase command
is issued, 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 is issued, the charge pump is enabled and then remains enabled after completion of the
burst program operation if these two conditions are met:

* The next burst program command is queued before the current program operation has completed.
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» The next sequential address selects a byte on the same physical row as the current byte being
programmed. A row of flash memory consists of 64 bytes. A byte within a row is selected by
addresses AS through A0. A new row begins when addresses A5 through A0 are all zero.
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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

program time provided that the conditions above are met. In the case the next sequential address is the

beginning of a new row, the program time for that byte will be the standard time instead of the burst time.

This is because the high voltage to the array must be disabled and then enabled again. If a new burst
command has not been queued before the current command completes, then the charge pump will be

disabled and high voltage removed from the array.

BURST PROGRAM
FLOW

WRITE TO FCDIv(")

Y
FACCERR OR FPVIOL?

—_

Y

CLEAR ERRORS

() Required only once
after reset.

A

|
| (3)During this time, avoid ac’[ions|
that woudl result in an |
| FACCERR error.

Such as executing a
| STOP instruction or writing
| to the flash.

| Reads of the flash during
program or erase are

| ignored and invalid data
is returned.

g
< FCBEF?

y !

T AA

WRITE TO Flash
TO BUFFER ADDRESS AND DATA

Y

‘ WRITE COMMAND TO FCMD

v

WRITE 1 TO FCBEF
TO LAUNCH COMMAND
AND CLEAR FCBEF @

v

< FPVIOL OR

FACCERR?
YES + NO

NEW BURST COMMAND?
NO

|
|
|
|
|
|
:
|
\

Y

YES

(@) Wait at least four bus cycles
before checking FCBEF or FCCF.

»(  ERROREXIT

Figure 4-10. Flash Burst Program Flowchart
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4.7.5 Access Errors
An access error occurs whenever the command execution protocol is violated.

Any of the following actions will cause the access error flag (FACCERR) in FSTAT to be set. FACCERR
must be cleared by writing a 1 to FACCERR in FSTAT before any command can be processed.

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

*  Writing to a flash address while FCBEF is not set (A new command cannot start until the command
buffer is empty.)

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

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

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

*  Writing any command code to FCMD other than the five allowed codes (0x05, 0x20, 0x25, 0x40,
or 0x41)

»  Writing any flash control register other than the 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, or page erase command code (0x20, 0x25, or 0x40) with
a background debug command while the MCU is secured (The background debug controller can
only do blank check and mass erase commands when the MCU is secure.)

*  Writing 0 to FCBEF to cancel a partial command

4.7.6 Flash Block Protection

The block protection feature prevents the protected region of flash from program or erase changes. Block
protection is controlled through the flash protection register (FPROT). When enabled, block protection
begins at any 512 byte boundary below the last address of flash, OXFFFF. (See Section 4.9.4, “Flash
Protection Register (FPROT and NVPROT)”).

After exit from reset, FPROT is loaded with the contents of the NVPROT location, which is in the
nonvolatile register block of the flash memory. With FPDIS set all FPROT bits are writable, but with
FPDIS clear the FPS bits are writable as long as the size of the protected region is being increased. Any
FPROT write that attempts to decrease the size of the protected region will be ignored and the FPVIOL
flag in the FSTAT register will not be set. Because NVPROT is within the last 512 bytes of flash, if any
amount of memory is protected, NVPROT is itself protected and cannot be altered (intentionally or
unintentionally) by the application software. FPROT can be written through background debug
commands, which allows a protected flash memory to be erased and reprogrammed.

The block protection mechanism is illustrated in Figure 4-11. The FPS bits are used as the upper bits of
the last address of unprotected memory. This address is formed by concatenating FPS7:FPS1 with logic 1
bits as shown. For example, to protect the last 1536 bytes of memory (addresses 0xFA0O through OxFFFF),
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the FPS bits must be set to 1111 100, which results in the value 0xF9FF as the last address of unprotected
memory. In addition to programming the FPS bits to the appropriate value, FPDIS (bit 0 of NVPROT)
must be programmed to logic 0 to enable block protection. Therefore, the value 0xF8 must be programmed
into NVPROT to protect addresses 0xFA0O through OxFFFF.

FPS7 | FPS6 | FPS5 | FPS4 | FPS3 |FPS2 |[FPST| 1 1 1 1 1 1 1 1 1

AR AR EEEEEE R

A15 A14  A13  A12 A1 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO

Figure 4-11. Block Protection Mechanism

One use of block protection is to block protect an area of flash memory for a bootloader program. This
bootloader program then can be used to erase the rest of the flash memory and reprogram it. Because the
bootloader is protected, it remains intact even if MCU power is lost in the middle of an erase and
reprogram operation.

4.7.7 Vector Redirection

Whenever any block protection is enabled, 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 zero. For redirection to occur, at least some portion but not all of the flash
memory must be block protected by programming the NVPROT register located at address 0OxXFFBD. All
of the interrupt vectors (memory locations 0xXFFCO—-0xFFFD) are redirected, though the reset vector
(OxFFFE:FFFF) is not.

For example, if 512 bytes of flash are protected, the protected address region is from OxFEOO through
OxFFFF. The interrupt vectors (0xFFCO—0xFFFD) are redirected to the locations 0OxXFDCO0—-0xFDFD. For
instance, if an SPI interrupt is taken, the values in the locations 0OxXFDEO:FDEI are used for the vector
instead of the values in the locations OxFFEO:FFE1. This allows the 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.

4.8 Security

The MC9S08GW64 series include circuitry to prevent unauthorized access to the contents of flash and
RAM memory. When security is engaged, flash 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 are ignored and reads return
all 0s).

Security is engaged or disengaged based on the state of two nonvolatile register bits (SEC01:SEC00) 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
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NVOPT location which can be done at the same time the flash memory is programmed. The 1:0 state
disengages security and the other three combinations engage security. Notice the erased state (1:1) makes
the MCU secure. During development, whenever the flash is erased, user code must immediately program
the SECO00 bit to 0 in NVOPT so SEC01:SEC00 = 1:0. This would allow the MCU 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 still be used for background memory access commands of unsecured resources.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEYEN 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 1 to KEYACC in the FCNFG register. This makes the flash module interpret writes to the
backdoor comparison key locations (NVBACKKEY through NVBACKKEY+7) as values to 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 done 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 done
on adjacent bus cycles. User software normally would get the key codes from outside the MCU
system through a communication interface such as a serial I/O.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was just written matches the
key stored in the flash locations, SEC01:SECO00 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 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) is located 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 512-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 SEC01:SEC00 = 1:0.
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Flash Registers and Control Bits

The flash module has nine 8-bit registers in the high-page register space. Two locations (NVOPT,
NVPROT) in the nonvolatile register space in flash memory are copied into corresponding high-page
control registers (FOPT, FPROT) at reset. There is also an 8-byte comparison key in flash memory. Refer
to Table 4-5 and Table 4-6 for the absolute address assignments for all flash registers. This section refers
to registers and control bits only by their names. A Freescale Semiconductor-provided equate or header
file is normally used to translate these names into the appropriate absolute addresses.

4.9.1

Flash Clock Divider Register (FCDIV)

Bit 7 of this register is a read-only flag. DIV Bits 6:0 may be read at any time but can be written only once.
Before any erase or programming operations are possible, write to this register to set the frequency of the
clock for the nonvolatile memory system within acceptable limits. Table 4-15 shows the appropriate
values for PRDIVS and DIV for selected bus frequencies.

R DIVLD
PRDIVS8 DIV
w
Reset 0 0 0 o | 0 0 0 0
= Unimplemented or Reserved
Figure 4-12. Flash Clock Divider Register (FCDIV)
Table 4-14. 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.
1 FCDIV has been written since reset; erase and program operations enabled for flash.
6 Prescale (Divide) Flash Clock by 8
PRDIV8 |0 Clock input to the flash clock divider is the bus rate clock.
1 Clock input to the flash clock divider is the bus rate clock divided by 8.
5:0 Divisor for Flash Clock Divider — The flash clock divider divides the bus rate clock (or the bus rate clock
DIV divided by 8 if PRDIV8 = 1) by the value in the 6-bit DIV field plus one. The resulting frequency of the internal
flash clock must fall within the range of 200 kHz to 150 kHz for proper flash operations. Program/Erase timing
pulses are one cycle of this internal flash clock which corresponds to a range of 5 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 — frek = fgys = (DIV + 1) Eqn. 4-1

if PRDIV8 = 1 — frek = fgys = (8 x (DIV + 1)) Eqn. 4-2

Table 4-15 shows the appropriate values for PRDIVS and DIV for selected bus frequencies.
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4.9.2

Table 4-15. Flash Clock Divider Settings

fous PBDIVS DI_V froLk Program/El_'ase Timing Pulse
(Binary) (Decimal) (5 us Min, 6.7 us Max)
20 MHz 1 12 192.3 kHz 5.2 us
10 MHz 0 49 200 kHz 5 ps
8 MHz 0 39 200 kHz 5 us
4 MHz 0 19 200 kHz 5 s
2 MHz 0 9 200 kHz 5 ps
1 MHz 0 4 200 kHz 5us
200 kHz 0 0 200 kHz 5us
150 kHz 0 0 150 kHz 6.7 us

Flash Options Register (FOPT and NVOPT)

During reset, the contents of the nonvolatile location NVOPT are copied from flash into FOPT. To change
the value in this register, erase and reprogram the NVOPT location in flash memory as usual and then issue

a new MCU reset.
7 6 2 1 0
R| KEYEN FNORED 0 0 0 SECO1 SECO00
w
Reset This register is loaded from nonvolatile location NVOPT during reset.
= Unimplemented or Reserved
Figure 4-13. Flash Options Register (FOPT)
Table 4-16. 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 4.8, “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.
1:0 Security State Code — This 2-bit field determines the security state of the MCU as shown in Table 4-17. When
SECO[1:0]

the MCU is secure, the contents of RAM and flash memory cannot be accessed by instructions from any

unsecured source including the background debug interface. SEC01:SECO00 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 4.8, “Security.”
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Table 4-17. Security States’

SEC01:SEC00 Description
0:0 secure
0:1 secure
1:0 unsecured
1:1 secure

1 SECO01:SEC00 changes to 1:0 after successful backdoor
key entry or a successful blank check of flash.

4.9.3 Flash Configuration Register (FCNFG)

5 4 2 1
R 0 0 0 0 0 0 0
KEYACC
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-14. Flash Configuration Register (FCNFG)
Table 4-18. FCNFG Register Field Descriptions
Field Description
5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed

KEYACC |information about the backdoor key mechanism, refer to Section 4.8, “Security.”
0 Writes to OxFFBO—-0xFFB7 are interpreted as the start of a flash programming or erase command.
1 Writes to NVBACKKEY (0xFFB0—OxFFB7) are interpreted as comparison key writes.

4.9.4 Flash Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT is copied from flash into FPROT. FPROT
can be read at any time. With FPDIS set, all bits are writable, but with FPDIS clear the FPS bits are writable
as long as the size of the protected region is being increased. Any FPROT write that attempts to decrease
the size of the protected region will be ignored.

7 6 5 4 3 2 1 0
R
FPs( FPDIS(
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 4-15. Flash Protection Register (FPROT)
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Table 4-19. FPROT Register Field Descriptions

Field Description
71 Flash Protect Select Bits — When FPDIS = 0, this 7-bit field determines the ending address of unprotected
FPS[7:1] |flash locations at the high address end of the flash. Protected flash locations cannot be erased or programmed.
0 Flash Protection Disable
FPDIS 0 Flash block specified by FPS7:FPS1 is block protected (program and erase not allowed).
1 No flash block is protected.
4.9.5 Flash Status Register (FSTAT)
7 6 5 4 3 2 1 0
R FCCF 0 FBLANK 0 0
FCBEF FPVIOL FACCERR
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-16. Flash Status Register (FSTAT)
Table 4-20. FSTAT Register Field Descriptions
Field Description
7 Flash Command Buffer Empty Flag — The FCBEF bit is used to launch commands. It also indicates that the
FCBEF command buffer is empty so that a new command sequence can be executed when performing burst
programming. The FCBEF bit is cleared by writing a 1 to it or when a burst program command is transferred to
the array for programming. Only burst program commands can be buffered.
0 Command buffer is full (not ready for additional commands).
1 A new burst program command can be written to the command buffer.
6 Flash Command Complete Flag — FCCF is set automatically when the command buffer is empty and no
FCCF command is being processed. FCCF is cleared automatically when a new command is started (by writing 1 to
FCBEF to register a command). Writing to FCCF has no meaning or effect.
0 Command in progress
1 All commands complete
5 Protection Violation Flag — FPVIOL is set automatically when a command is written that attempts to erase or
FPVIOL |program a location in a protected block (the erroneous command is ignored). FPVIOL is cleared by writing a 1 to
FPVIOL.
0 No protection violation.
1 An attempt was made to erase or program a protected location.
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Table 4-20. FSTAT Register Field Descriptions (continued)

Field Description
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 4.7.5, “Access Errors” FACCERR is cleared by
writing a 1 to FACCERR. Writing a 0 to FACCERR has no meaning or effect.
0 No access error.
1 An access error has occurred.
2 Flash Verified as All Blank (erased) Flag — FBLANK is set automatically at the conclusion of a blank check
FBLANK | command if the entire flash array was verified to be erased. FBLANK is cleared by clearing FCBEF to write a new
valid command. Writing to FBLANK has no meaning or effect.
0 After a blank check command is completed and FCCF = 1, FBLANK = 0 indicates the flash array is not
completely erased.
1 After a blank check command is completed and FCCF = 1, FBLANK = 1 indicates the flash array is completely
erased (all OxFF).
4.9.6 Flash Command Register (FCMD)

Only five command codes are recognized in normal user modes as shown in Table 4-21. Refer to Section
4.7.3, “Program and Erase Command Execution,” for a detailed discussion of flash programming and erase
operations.

5 2 1 0
R 0 0 0 0 0 0 0 0

w FCMD
Reset 0 0 0 0 0 0 0 0

Figure 4-17. Flash Command Register (FCMD)
Table 4-21. Flash Commands

Command FCMD Equate File Label
Blank check 0x05 mBlank
Byte program 0x20 mByteProg
Byte program — burst mode 0x25 mBurstProg
Page erase (512 bytes/page) 0x40 mPageErase
Mass erase (all flash) 0x41 mMassErase

All other command codes are illegal and generate an access error.

It is not necessary to perform a blank check command after a mass erase operation. 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

This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupt
in the MC9S08GW64 series. Some interrupt sources from peripheral modules are discussed in greater
detail in other sections of this document. This section gathers basic information about all reset and interrupt
sources in one place for easy reference.

NOTE

When MC9S08GW 64 series operation voltage is lower than LVD threshold,
LVD should be disabled.

5.2 Features

Reset and interrupt features include:

» Multiple sources of reset for flexible system configuration and reliable operation
* Reset status register (SRS) to indicate source of most recent reset
» Separate interrupt vector for most modules (reduces polling overhead) (see Table 5-2)

5.3 MCU Reset

Resetting the MCU provides a way to start processing from an known set of initial conditions. During
reset, most control and status registers are forced to initial values and the program counter is loaded from
the reset vector (OXFFFE:0xFFFF). On-chip peripheral modules are disabled and I/O pins are initially
configured as general-purpose high-impedance inputs with pullup devices disabled. The I bit in the
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to
initialize the stack pointer (SP) and system control settings. SP is forced to 0xO0FF at reset.

The MC9S08GW64 series have the following sources for reset:
* Power-on reset (POR)
* External pin reset (PIN)
» Computer operating properly (COP) timer
+ Illegal opcode detect (ILOP)
» Illegal address detect (ILAD)
» Low-voltage detect (LVD)
* Background debug forced reset
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Each of these sources, with the exception of the background debug forced reset, has an associated bit in
the system reset status register (SRS).

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 periodically. If the application program gets lost and fails to reset the COP counter
before it times out, a system reset is generated to force the system back to an known starting point.

After any reset, the COP watchdog becomes 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 in SOPT register. The COP counter is reset by writing any value to the address
of SRS. This write does not affect the data in the read-only SRS. Instead, the act of writing to this address
is decoded and sends a reset signal to the COP counter.

The COPCLKS bit in SOPT1 (see Section 5.8.4, “System Options Register 1 (SOPT1), ” 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 bits in SOPT1. Table 5-1 summaries the control functions of the COPCLKS and
COPT bits. The COP watchdog defaults to operation from the 1 kHz LPO clock source and the longest
time-out (210 cycles)

When the bus clock source is selected, windowed COP operation is available by setting COPW in the
SOPT]1 register. In this mode, writes to 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 LPO clock
source is selected, windowed COP operation is not available.

The COP counter is initialized by the first writes to the SOPT1 register and after any system reset.
Subsequent writes to SOPT1 have no effect on COP operation. Even if the application will use the reset
default settings of COPT, COPCLKS, and COPW bits, the user must write to the write-once SOPT1
register during reset initialization to lock in the settings. This will prevent accidental changes if the
application program gets lost.

The write to SRS that services (clears) the COP counter must not be placed in an interrupt service routine
(ISR) because the ISR could continue to be executed periodically even if the main application program
fails.

If the bus clock source is 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 LPO clock source is selected, the COP counter is re-initialized to zero upon entry to either
background debug mode or stop mode and begins from zero upon exit from background debug mode or
stop mode.
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Table 5-1. COP Configuration Options

Control Bits ; 1
Clock Source cop V(\:’gg\c;vw_ 10pens COP Overflow Count
COPCLKS COPT[1:0] ( =1)
N/A 0:0 N/A N/A COP is disabled

0 0:1 1 kHz LPO

clock N/A 25 cycles (32 ms?)
0 1:0 1 kHz LPO

clock N/A 28 cycles (256 ms?)
0 1:A1 1 kHz LPO

clock N/A 210 cycles (1.024 s2)
1 0:1 BUSCLK 6144 cycles 2'3 cycles
1 1:0 BUSCLK 49,152 cycles 216 cycles
1 1:1 BUSCLK 196,608 cycles 218 cycles

T 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 po = 1 ms. See t; pg in the data sheet for the tolerance of this value.

5.5 Interrupts

Interrupts provide a way to save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so processing can resume where it left off before the interrupt. Other
than the software interrupt (SWI), which is a program instruction, interrupts are caused by hardware events
such as an edge on the IRQ pin or a timer-overflow event.

If an event occurs in an enabled interrupt source, an associated read-only status flag will become set. The
CPU will not respond unless the local interrupt enable is a 1 (enabled) and the I bit in the CCR is 0 to allow
interrupts. The global interrupt mask (I bit) in the CCR is initially set after reset which prevents all
maskable interrupt sources. The user program initializes the stack pointer and performs other system setup
before clearing the I bit to allow the CPU to respond to interrupts.

When the CPU receives a qualified interrupt request, it completes the current instruction before responding
to the interrupt. The interrupt sequence obeys the same cycle-by-cycle sequence as the SWI instruction
and consists of:

» Saving the CPU registers on the stack

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

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

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

While the CPU is responding to the interrupt, the I bit is automatically set to avoid the possibility of
another interrupt interrupting the ISR itself (this is called nesting of interrupts). Normally, the I bit is
restored to 0 when the CCR is restored from the value stacked on entry to the ISR. In rare cases, the I 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 the first service routine to finish. This practice is not

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor 101



Chapter 5 Resets, Interrupts, and General System Control

recommended for anyone other than the most experienced programmers because it can lead to subtle
program errors that are difficult to debug.

The interrupt service routine ends with a return-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 M68HCOS devices, the H register is not
automatically saved and restored. Push H onto the stack at the start of the
interrupt service routine (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 I bit is cleared, the highest priority source is serviced first
(see Table 5-2).

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. This address is one less than the address
where the CCR was saved. The PC value that is stacked is the address of the instruction in the main
program that would have executed next if the interrupt had not occurred.

UNSTACKING ?
STACK TOWARD LOWER ADDRESSES
l ; 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 ?ESEIFT%F;%UPT

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 RTT sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address recovered from the stack.
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The status flag corresponding to the interrupt source must be acknowledged (cleared) before returning
from the ISR. Typically, the flag is cleared at the beginning of the ISR so that if another interrupt is
generated by this same source it will be registered 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). To enable the IRQ

function, the AS in PTAPF3 register has to be set to 0100b. When the IRQ function is enabled, synchronous
logic monitors the pin for edge-only or edge-and-level events. When the MCU is in stop mode and system
clocks are shut down, a separate asynchronous path is used so the IRQ pin (if enabled) can wake the MCU.

There is a delay between PUE assertion and internal pull up being enabled on IRQ pad, which may cause
spurious interrupt in IRQ. To avoid this, the following sequence is recommended to initialize IRQ.

1. Mask IRQ interrupt by clearing IRQIE in IRQSC.

2. Enable the IRQ polarity by setting IRQEDG in IRQSC register.

3. If using internal pullup/pulldown device, configure the associated pullup enable bits in IRQSC
4. Enable IRQMOD bit in IRQSC register if required.

5. Write to IRQACK in IRQSC to clear any false interrupts.

6. Set IRQIE in IRQSC to enable interrupt.

5.5.2.1 Pin Configuration Options

The IRQ pin enable (IRQPE) control bit in IRQSC must be 1 in order for the IRQ pin to act as the 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 (IRQIE).

The IRQ pin, when enabled, defaults to use an internal pull device (IRQPDD = 0), configured as a pullup
or pulldown depending on the polarity chosen. If the user desires to use an external pullup or pulldown,
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 pin is configured to act
as the 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) as long as the IRQ pin remains at the asserted level.
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5.5.3 Interrupt Vectors, Sources, and Local Masks

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

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enable is 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is 0, the CPU will finish the current instruction; stack the PCL, PCH, X, A, and CCR CPU
registers; set the I bit; and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continues in the interrupt service routine.
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Table 5-2. Interrupt Vectors

Vector Vector Address -
Priority Number (High/Low) Vector Name Module Source Enable Description
Lowest
47 OxFFB0:FF8T Unused Vector Space
through through (available for user program)
37 0xFF94:FF95
36 0xFF96/0xFF97 Vpdb PDB IF IE PDB interrupt
35 0xFF98/0xFF99 Vpdberr PDB ERRA,ERRB N/A PDB sequence error
34 0xFF9A/0xFF9B Vicd LCD LCDF LCDIE LCD Frame Interrupt
33 0xFF9C/0xFF9D Virtc IRTC IRTC_ISR IRTC_IER IRTC interrupt
32 0xFF9E/OXFF9F Vkeyboard KBI KBF KBIE Keyboard pins
SINVF,RCOVF, SINVIE,RCOVIE, .
31 0xFFCO/0xFFC1 Vpent PCNT FCOVF FCOVIE PCNT interrupt
30 0xFFC2/0xFFC3 Vpracmp2 PRACMP2 ACMPF ACIEN PRACMP2 interrupt
29 0xFFC4/0xFFC5 Vpracmp1 PRACMPA1 ACMPF ACIEN PRACMP1 interrupt
28 0xFFC6/0xFFC7 VpracmpO PRACMPO ACMPF ACIEN PRACMPO interrupt
27 0xFFC8/0xFFC9 Vadc1 ADCA1 CcOCcO AIEN ADCA1
26 O0xFFCA/OxFFCB VadcO ADCO COCO AIEN ADCO
25 0xFFCC/0xFFCD Vmtim2 MTIM2 TOF TOIE MTIM2 overflow
24 0xFFCE/OxFFCF Vmtim1 MTIM11 TOF TOIE MTIM1 overflow
23 0xFFDO/OxFFD1 Vmtim0 MTIMO TOF TOIE MTIMO overflow
22 0xFFD2/0xFFD3 Vftmovf FTM TOF TOIE FTM overflow
21 0xFFD4/0xFFD5 VftmchO FTM CHOF CHOIE FTM channel 0
20 0xFFD6/0xFFD7 Vitmch1 FTM CH1F CH1IE FTM channel 1
19 0xFFD8/0xFFD9 Viic 1[e] lICIS IICIE 1IC control
18 0xFFDA/OxFFDB Vspi2 SPI2 SPIF, MODF,SPTEF SPIE, SPIE, SPTIE SPI2
17 0xFFDC/0xFFDD Vspit SPI1 SPIF, MODF,SPTEF SPIE, SPIE, SPTIE SPI1
16 OxFFDE/OXFFDF Vspi0 SPIO SPIF, MODF,SPTEF SPIE, SPIE, SPTIE SPI0
15 OxFFEO/OXFFE1 Vsci3tx SCI3 TDRE, TC TIE, TCIE SCI3 transmit
. IDLE, RDRF, LBKDIF, ILIE, RIE,LBKDIE, )
14 OxFFE20xFFE3 Vsci3rx SCI3 RXEDGIF RXEDGIE SCI3 receive
13 OxFFE4/0xFFE5 Vsci3err SCI3 OR, NF, FE, PF ORIE, QFF:E’FEIE’ SCI3 error
12 O0xFFE6/0xFFE7 Vsci2tx SCI2 TDRE, TC TIE, TCIE SCI2 transmit
. IDLE, RDRF, LBKDIF, ILIE, RIE, LBKDIE, )
11 OxFFE8/0xFFE9 Vsci2rx SCI2 RXEDGIF RXEDGIE SCI2 receive
10 OXFFEA/OXFFEB Vscizerr sCl2 OR, NF, FE, PF ORIE, NFIE. FEIE, SCI2 error
9 0xFFEC/OXFFED Vsciltx SCH TDRE, TC TIE, TCIE SCI1 transmit
. IDLE, RDRF, LBKDIF, ILIE, RIE,LBKDIE, .
8 O0xFFEE/OXFFEF Vscitrx SCi RXEDGIF RXEDGIE SCI1 receive
7 OXFFFO/OXFFF Vsciterr SCl OR, NF, FE, PF ORIE, NFIE, FEIE, SCI1 error
6 O0xFFF2/0xFFF3 VsciOtx SCI0 TDRE, TC TIE, TCIE SCIO0 transmit
. IDLE, RDRF, LBKDIF, ILIE, RIE, LBKDIE, .
5 OxFFF4/0xFFF5 VsciOrx sclo RXEDGIF RXEDGIE SCIO receive
4 OxFFF6/0xFFF7 VsciOerr SCIo OR, NF, FE, PF ORIE, gE:E FEIE, SCIO error
3 OXFFF8/0XFFF9 Vivd System LVDF, LVWF LVDIE, LVWIE Low-voltage detect,
control Low-voltage warning
2 0xFFFA/OxFFFB Virq IRQ IRQF IRQIE IRQ pin
1 OxFFFC/0xFFFD Vswi Core SWI Instruction — Software interrupt
COP LVD Watchdog timer
System RESET pin COPE_LVDRE Low-voltage detect
v 0 OxFFFE/OXFFFF Vreset 4 lllegal opcode External pin
control —
lllegal address _ lllegal opcode
Highest POR lllegal address
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5.6 Low-Voltage Detect (LVD) System

The MC9S08GW64 series include a system to protect against low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system is composed of a
power-on reset (POR) circuit and an LVD circuit with a user selectable trip voltage, either high (V{ypy)
orlow (Vi ypr)- The LVD circuit is enabled when LVDE in SPMSC1 is high and the trip voltage is selected
by LVDV in SPMSC3. The LVD is disabled upon entering either of the stop modes unless LVDSE is set
in SPMSCI. If LVDSE and LVDE are both set, then the MCU will enter stop3 instead of stop2, and the
current consumption in stop3 with the LVD enabled will be greater.

5.6.1 Power-On Reset Operation

When power is initially applied to the MCU, or when the supply voltage drops below the power-on reset
rearm voltage level, Vpog, the POR circuit will cause a reset condition. As the supply voltage rises, the
LVD circuit will hold the MCU in reset until the supply has risen above the low voltage detection low
threshold, Vi ypr. Both the POR bit and the LVD 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 bit. After an LVD 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 Detection (LVD) Interrupt Operation

When a low voltage condition is detected and the LVD circuit is configured using SPMSCI1 for interrupt
operation (LVDE set, LVDIE set, and LVDRE clear), then LVDF in SPMSC1 will be set and an LVD
interrupt request will occur. The LVDF bit is cleared by writing a 1 to the LVDACK bit in SPMSCI.

5.6.4 Low-Voltage Warning (LVW) Interrupt Operation

The LVD system has a low voltage warning flag (LVWF) to indicate to the user that the supply voltage is
approaching, but is above, the LVD voltage. The LVW also has an interrupt associated with it, enabled by
setting the LVWIE bit in the SPMSC3 register. If enabled, an LVW interrupt request will occur when the
LVWEF is set. LVWF is cleared by writing a 1 to the LVWACK bit in SPMSC3. There are two user
selectable trip voltages for the LVW, one high (V| ywy) and one low (Vywr)- The trip voltage is selected
by LVWYV in SPMSC3.

5.7  Peripheral Clock Gating

The MC9S08GW64 series include a clock gating system to manage the bus clock sources to the individual
peripherals. Using this system, the user can enable or disable the bus clock to each of the peripherals at the
clock source, eliminating unnecessary clocks to peripherals which are not in use and thereby reducing the
overall run and wait mode currents.
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Out of reset, most of the peripheral clocks will be disabled in order to save the silicon power. The user have
to enable the clocks to the peripherals before running the peripherals. To get lowest power consumption
the user have to disable the peripherals clocks as many as possible. For lowest possible run or wait
currents, user software must disable the clock source to any peripheral not in use. The actual clock will be
enabled or disabled immediately following the write to the clock gating control registers SCGCx. Any
peripheral with a gated clock cannot be used unless its clock is enabled. Writing to the registers of a
peripheral with a disabled clock has no effect.

NOTE

User software must disable the peripheral before disabling the clocks to the
peripheral. When clocks are re-enabled to a peripheral, the peripheral
registers need to be re-initialized by user software.

In stop modes, the bus clock is disabled for all gated peripherals, regardless of the settings in SCGCx
registers.

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

One 8-bit register in the direct-page register space and couples of 8-bit registers in the high-page register
space are related to reset and system control.

Refer to Table 4-3 and Table 4-5 in Chapter 4 , “Memory,” of this manual for the absolute address
assignments for all registers. This section refers to registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

Some control bits in the SOPT1 and SPMSC2 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.”

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)
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Table 5-3. IRQSC Register Field Descriptions

Field Description
6 Interrupt Request (IRQ) Pull Device Disable — This read/write control bit is used to disable the internal
IRQPDD | pullup/pulldown 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 IRQEDG = 1 and the internal pull device is enabled, the
pullup device is reconfigured as an optional pulldown device.
0 IRQ s falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.
4 IRQ Pin Enable — This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can
IRQPE be used as an interrupt request.
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)

This high-page register includes read-only status flags to indicate the source of the most recent reset. When
a debug host forces reset by writing 1 to BDFR in the SBDFR register, none of the status bits in SRS will
be set. Writing any value to this register 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 COP ILOP ILAD 0 LvVD 0

w Writing any value 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;tsh:tr 0 Note@) Note@) Note(@) Note@) 0 0 0

1
2

u = unaffected

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 5-4. SRS Register Field Descriptions

Field Description
7 Power-On Reset — Reset was caused by the power-on detection logic. Because the internal supply voltage was
POR ramping up at the time, the low-voltage reset (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.
COoP 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.
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Table 5-4. SRS Register Field Descriptions (continued)

Field Description
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
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 BYTE must be used to write to SBDFR. Attempts to write this register from a user program are
ignored. Reads always return 0x00.

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
W BDFR!
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

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

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

Table 5-5. SBDFR Register Field Descriptions

Field Description
0 Background Debug Force Reset — A serial background command such as WRITE_BYTE 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.To enter user mode, PTC6/ACMPO/BKGD/MS must be high immediately after
issuing WRITE_BYTE command. To enter BDM, PTC6/ACMPO/BKGD/MS must be low immediately after
issuing WRITE_BYTE command. See the data sheet for more information.
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System Options Register 1 (SOPT1)

This high-page register is a write-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) is ignored to
avoid accidental changes to these sensitive settings. SOPT1 must 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 0
1 1
BKGDPE STOPE COPT COPCLKS COPW
W
Reset: 1 1 0 1 1 1 0 0
= Unimplemented or Reserved
Figure 5-5. System Options Register 1 (SOPT1)
Table 5-6. SOPT1 Register Field Descriptions
Field Description
7 Background Pin Enable — When BKGD/MS is shared with general-purpose 1/O through chip-level hookup, The
BKGDPE |BKGDPE bit enables the BKGD/MS pin to function as BKGD. When the BKGDPE bit is clear, the BKGD function
is disabled.
0: BKGD pin disabled.
1: BKGD pin enabled.
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.
3:2 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 5-1.
1 COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog.
COPCLKS |0 Internal 1 kHz LPO clock is source to COP.
1 Bus clock is source to COP.
0 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.

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor

111




Chapter 5 Resets, Interrupts, and General System Control

5.8.5 Internal Peripheral Select Register 1 (SIMIPS1)

The fields in this register control sources used for FTM, MTIM3 and MTIM2 to select their external clock.
And one bit in this register used for PCNT to select its sensor type. See Figure 2-6 for an illustration of
one control bit for PCNT to select its sensor in action.

The unimplemented bits change its value to 1 when they are witten.

7 6 5 4 3 2 1 0
R
FTMCS MTIM3CS PCNTSS MTIM2CS
w
POR: 0 0 0 0 0 0 0 0
Figure 5-6. Internal Peripheral Select Register 1 (SIMIPS1)
Table 5-7. SIMIPS1 Register Field Descriptions
Field Description
7:6 FTM External Clock Select —
FTMCS 00 = FTMCLK
01 = MTIMCLK
10 = Reserved
11 = TOF of MTIM1
5 MTIM3 External Clock Select —

MTIM3CS |0 = MTIMCLK
1 = TOF of MTIM1

3 PCNT Sensor Select —
PCNTSS |0 = To select the pin input coming as digital
1 = To select the pin input coming to go through PRACMPX to be converted into Digital

2 MTIM2 External Clock Select —
MTIM2CS |0 = MTIMCLK
1 = TOF of MTIMA1

MC9S08GW64 MCU Series Reference Manual, Rev.3

112 Freescale Semiconductor



5.8.6

Chapter 5 Resets, Interrupts, and General System Control

Internal Peripheral Select Register 2 (SIMIPS2)

The fields in this register control sources used for two of the SCI Rx1 pins, as well as modulation choices
for the SCI Tx1 pins. The various clock sources used for modulation purposes must be enabled/disabled
via the appropriate controls elsewhere in the device. See Figure 2-4 for an illustration of these controls in

action.

The unimplemented bits change its value to 1 when they are witten.

7 6 5 4 3 2 1 0
R
RX1IN MTBASE1 MODTX1
W
POR: 0 0 0 0 0 0 0 0
Figure 5-7. Internal Peripheral Select Register 2 (SIMIPS2)
Table 5-8. SIMIPS2 Register Field Descriptions
Field Description
5 SCI1 Rx Input Pin Select —
RX1IN 0 = Rx1 is fed from the digital input pin (assuming the Rx1 is enabled on that pin via the MC registers)
1 = Rx1 is fed from the output of comparator 0
4-2 SCI1 Tx Modulation Time Base Select —
MTBASE1 |000 = FTMCHO
001 = FTMCHH1
010 = MTIM1 output
011 = MTIM2 output
100 = MTIMS output
101 = PCNTCHO
110 = PCNTCHH1
111 = Reserved
0 Modulate TxD1 —
MODTX1 |0 = Do not modulate the output of SCI1
1 = Modulate the output of SCI1 with the timebase selected via the MTBASE1 field
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5.8.7

Internal Peripheral Select Register 3 (SIMIPS3)

The fields in this register control sources used for two of the SCI Rx2 pins, as well as modulation choices
for the SCI Tx2 pins. The various clock sources used for modulation purposes must be enabled/disabled
via the appropriate controls elsewhere in the device. See Figure 2-4 for an illustration of these controls in

action.
7 6 5 4 3 2 1 0
R
PCNTFCS RX2IN MTBASE2 DDRIVE MODTX2
w
POR: 0 0 0 0 0 0 0 0
Figure 5-8. Internal Peripheral Select Register 3 (SIMIPS3)
Table 5-9. SIMIPS3 Register Bit Fields
Field Description
7:6 PCNT Filter Clock Select —
PCNTFCS |000 = OSC1
001 = BUSCLK
010 = IRTC 512Hz clock
5 SCI2 Rx Input Pin Select —
RX2IN 0 = Rx2 is fed from the digital input pin (assuming the Rx2 is enabled on that pin via the MC registers)
1 = Rx2 is fed from the output of comparator 1
4:2 SCI2 Tx Modulation Time Base Select —
MTBASE2 |000 = FTMCHO
001 = FTMCH1
010 = MTIM1 output
011 = MTIM2 output
100 = MTIMS3 output
101 = PCNTCHO
110 = PCNTCH1
111 = Reserved
1 Double Current Drive on TxD2 Enable—
DDRIVE |0 = Disable double drive on SCI TxD2 pin
1 = Enable double drive on SCI TxD2 pin
0 Modulate TxD2 —
MODTX2 |0 = Do not modulate the output of SCI2
1 = Modulate the output of SCI2 with the timebase selected via the MTBASE2 field
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SIM Clock Options Register (SIMCO)

This high-page register controls operation of the CLKOUT pin. The CS field in this register controls the
output mux function for the CLKOUT pin. The various clock sources must be enabled/disabled via the
appropriate controls elsewhere in the device.

5 4 3 2 1 0
R 0 0 0 0
Cs
w
POR: 0 0 0 0 0 0 0 0
Figure 5-9. System Options Register 6 (SOPT6)
Table 5-10. SOPT6 Register Bit Fields
Field Description
3-0 Clock Select: These bits select which clock is going to CLKOUT pin —
CS 0000 = OFF

0001 = OSCOUT1

0010 = OSCOUT2

0011 = Internal oscillator

0100 = BUSCLK

0101 = Core Clock

0110 = LPOCLK

1000 = ADCO asynchronous clock
1001 = ADC1 asynchronous clock
Rest options are reserved
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5.8.9

Clock Check and Select Control Register (CCSCTRL)

This register is used to control the mux which selects the external clock for the ICS. This function is
implemented external to the ICS module itself.

5 4 3 2 1 0
R 0 0 0 0 0 0 0 ICS_EXT_CL
K_SEL
W
POR: 0 0 0 0 0 0 0 0
Figure 5-10. Clock Check and Select Control Register (CCSCTRL)
Table 5-11. CCSCTRL Register Bit Fields
Field Description
0 ICS External Clock Select: This bit selects the external clock input to the ICS —
ICS_EXT_C | 0: XOSC2 is selected as the external clock input to the ICS (default)
LK_SEL 1: XOSCH1 is selected as the external clock input to the ICS

Note: This bit should only be changed when the ICS is NOT utilizing the external clock input.
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Chapter 5 Resets, Interrupts, and General System Control

This register contains the bits of the prescaler counter match value. When this 11 bits value is non-zero,
the clock selected by SIMCO is dvided by the Prescaler and the final clock is output from CLKOUT pin.

When the value is non-zero, the Prescaler is disabled and clock is output without any division.

6 5 3 2 1 0
R 0 0 0 0 0
Bit 10 Bit 9 Bit 8
w
POR: 0 0 0 0 0 0 0 0
Figure 5-11. CLKOUT Prescaler Register (CLK_PRSC_H)
Table 5-12. CLK_PRSC_H Register Bit Fields
Field Description
2-0 Bit 10-Bit 8: CLKOUT Prescaler match value bit 10 to bit 8
Bit 10-Bit 8
7 6 5 4 3 2 1 0
R
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
w
POR: 0 0 0 0 0 0 0 0
Figure 5-12. CLKOUT Prescaler Register (CLK_PRSC_L)
Table 5-13. CLK_PRSC_L Register Bit Fields
Field Description
7-0 Bit 7-Bit 0: CLKOUT Prescaler match value bit 7 to bit 0
Bit 7-Bit 0

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor

117




Chapter 5 Resets, Interrupts, and General System Control

5.8.11

System Device Identification Register (SDIDH, SDIDL)

These high-page read-only registers are included so host development systems can identify the HCSOS8
derivative. This allows the development software to recognize where specific memory blocks, registers,
and control bits are located in a target MCU.

7 6 5 4 3 2 1 0
R ID11 ID10 ID9 ID8
W
Reset: — — — — 0 0 0 0
= Unimplemented or Reserved
Figure 5-13. System Device ldentification Register — High (SDIDH)
Table 5-14. SDIDH Register Field Descriptions
Field Description
74 Bits 7:4 are reserved. Reading these bits will result in an indeterminate value; writes have no effect.
Reserved
3.0 Part Identification Number — Each derivative in the HCS08 family has a unique identification number. The
ID[11:8] | MC9S08GW®64 is hard coded to the value 0x030. See also ID bits in Table 5-15.
7 6 5 4 3 2 1 0
R ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
W
Reset: 0 0 1 1 0 0 0 0
= Unimplemented or Reserved
Figure 5-14. System Device ldentification Register — Low (SDIDL)
Table 5-15. SDIDL Register Field Descriptions
Field Description
7:0 Part Identification Number — Each derivative in the HCS08 family has a unique identification number. The
ID[7:0] MC9S08GW64 is hard coded to the value 0x030.See also ID bits in Table 5-14
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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 or ACMP modules. The bandgap voltage
reference is 1.2 V. To configure the low-voltage detect trip voltage, see Table 5-18 for the LVDV bit

description in SPMSC3.
7 6 5 4 3 2 1 0
R LVDF 0
LVDIE LVDRE!' LVDSE LVDE' BGBDS BGBE
w LVDACK
Reset: 0 0 0 1 1 1 0 0
Stop2. 0 u u u u 0 u
wakeup:
= Unimplemented or Reserved u= Unaffected by reset

' This bit can be written only once after reset. Additional writes are ignored.

Figure 5-15. System Power Management Status and Control 1 Register (SPMSC1)
Table 5-16. SPMSC1 Register Field Descriptions

Field Description
7 Low-Voltage Detect Flag — Provided LVDE = 1, this read-only status bit indicates a low-voltage detect event.
LVDF
6 Low-Voltage Detect Acknowledge — This write-only bit is used to acknowledge low voltage detection errors
LVDACK | (write 1 to clear LVDF). Reads always return 0.
5 Low-Voltage Detect Interrupt Enable — This bit enables hardware interrupt requests for LVDF.
LVDIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVDF = 1.
4 Low-Voltage Detect Reset Enable — This write-once bit enables LVDF events to generate a hardware reset
LVDRE (provided LVDE = 1).
0 LVDF does not generate hardware resets.
1 Force an MCU reset when LVDF = 1.
3 Low-Voltage Detect Stop Enable — Provided LVDE = 1, this read/write bit determines whether the low-voltage
LVDSE detect function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.
2 Low-Voltage Detect Enable — This 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.
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Table 5-16. SPMSC1 Register Field Descriptions (continued)

Field Description
1 Bandgap Buffer Drive Select — This bit is used to select the high-drive mode of the bandgap buffer.
BGBDS |0 Bandgap Buffer enabled in low-drive mode if BGBE = 1. Bandgap buffer drive choose VREFO1.
1 Bandgap Buffer enabled in high-drive mode if BGBE = 1. Bandgap buffer drive chooses an internal bandgap
signal.
0 Bandgap Buffer Enable — This bit enables an internal buffer for the bandgap voltage reference for use by the
BGBE ADC module on one of its internal channels.

0 Bandgap Buffer is disabled.
1 Bandgap Buffer is enabled.

5.8.13 System Power Management Status and Control 2 Register

(SPMSC2)

This high-page register contains status and control bits to configure the low power run and wait modes as
well as configure the stop mode behavior of the MCU. See Section 3.3.1, “Low-Power Run Mode
(LPRun),” Section 3.5.1, “Low-Power Wait Mode (LPWait),” and Section 3.6, “Stop Modes,” for more

information.
7 6 5 4 3 2 1 0
R LPRS 0 PPDF 0
LPR LPWUI PPDE! PPDC
W PPDACK
Reset: 0 0 0 0 0 0 1 0
Stop2 0 0 u 0 1 0 1 1
wakeup:

= Unimplemented or Reserved u= Unaffected by reset

T This bit can be written only once after reset. Additional writes are ignored.

Figure 5-16. System Power Management Status and Control 2 Register (SPMSC2)
Table 5-17. SPMSC2 Register Field Descriptions

Field Description
7 Low Power Regulator Control — The LPR bit controls entry into the low power run and wait modes in which
LPR the voltage regulator is put into standby. This bit cannot be set if PPDC = 1. If PPDC and LPR are set in a single
write instruction, only PPDC will actually be set. Automatically cleared when LPWUI is set and an interrupt
occurs.
0 Low power run and wait modes are disabled.
1 Low power run and wait modes are enabled.
6 Low Power Regulator Status — This read-only status bit indicates that the voltage regulator has entered into
LPRS standby for the low power run or wait mode.
0 The voltage regulator is not currently in standby.
1 The voltage regulator is currently in standby.
5 Low Power Wake Up on Interrupt — This bit controls whether or not the voltage regulator exits standby when
LPWUI any active MCU interrupt occurs.
0 The voltage regulator will remain in standby on an interrupt.
1 The voltage regulator will exit standby on an interrupt.
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Table 5-17. SPMSC2 Register Field Descriptions (continued)

Field Description
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
1 Partial Power Down Enable — The write-once PPDE bit can be used to “lockout” the partial power down mode.
PPDE 0 Partial power down is not enabled.
1 Partial power down is enabled and controlled via the PPDC bit.
0 Partial Power Down Control — The PPDC bit controls which power down mode is selected. This bit cannot be
PPDC setif LPR = 1. If PPDC and LPR are set in a single write instruction, only PPDC will actually be set.
0 Stop3 low power mode enabled.
1 Stop2 partial power down mode enabled.
5.8.14 System Power Management Status and Control 3 Register

(SPMSC3)

This high-page register is used to report the status of the low voltage warning function and to select the
low voltage detect trip voltage.

7 6 5 4 3 2 1 0
R LVWF 0 0 0 0
LvDV LVWV LVWIE
w LVWACK
POR: o 0 0 0 0 0 0 0
LVR: o 0 U U 0 0 0 0
Any other 41 0 u u 0 0 0 0
reset:
= Unimplemented or Reserved U= Unaffected by reset

LVWF will be set in the case when Vg, transitions below the trip point or after reset and Vg, is already below Viyyy.

Figure 5-17. System Power Management Status and Control 3 Register (SPMSC3)
Table 5-18. SPMSC3 Register Field Descriptions

Field Description
7 Low-Voltage Warning Flag — The LVWF bit indicates the low voltage warning status.
LVWF 0 Low voltage warning not present.
1 Low voltage warning is present or was present.
6 Low-Voltage Warning Acknowledge — The LVWF bit indicates the low voltage warning status. Writing a 1 to
LVWACK | LVWACK clears LVWF to a 0O if a low voltage warning is not present.
5 Low-Voltage Detect Voltage Select — The LVDV bit indicates the LVD trip point voltage (Vyp)-
LvDV 0 Low trip point selected (Vyp = Vivor)-
1 High trip point selected (V\yp = Vi yoR)-
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Table 5-18. SPMSC3 Register Field Descriptions (continued)

Field Description
4 Low-Voltage Detect Voltage Select — The LVWYV bit indicates the LVW trip point voltage (Vpyw)-
LVvwv 0 Low trip point selected (Vyw = VivwL)-
1 High trip point selected (Vyw = ViywH)-
3 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.

Table 5-19. LVD and LVW Trip Point Typical Values'

LVDV:LVWV LVW Trip Point LVD Trip Point
0:0 ViywL =2.16 V VipL =182V
0:1 ViywH = 2.46 V
1:0? ViywL =2.16 V VivpH=2.16 V
1:1 Viywh = 2.46 V

1 See MC9S08GW&64 Series MCU Data Sheet for minimum and maximum values.

2 This setting is not recommended.

5.8.15 System Clock Gating Control 1 Register (SCGC1)

This high-page register contains control bits to enable or disable the bus clock to the SCIx, IIC, KBI and
ADCx modules. Gating off the clocks to unused peripherals is used to reduce the MCU’s run and wait
currents. See Section 5.7, “Peripheral Clock Gating,” for more information.

User software must disable the peripheral before disabling the clocks to the

NOTE

peripheral. When clocks are re-enabled to a peripheral, the peripheral

registers need to be re-initialized by user software.

R
ADC1 ADCO KBI lIC SCI3 SCI2 SCi1 SCIo
w
Reset: 0 0 0 0 0 0 0

Figure 5-18. System Clock Gating Control 1Register (SCGC1)
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Table 5-20. SCGC1 Register Field Descriptions

Field Description
7 ADC1 Clock Gate Control — This bit controls the clock gate to the ADC1 module.
ADC1 0 Bus clock to the ADC1 module is disabled.
1 Bus clock to the ADC1 module is enabled.
6 ADCO Clock Gate Control — This bit controls the clock gate to the ADCO module.
ADCO 0 Bus clock to the SPI2 module is disabled.
1 Bus clock to the SPI2 module is enabled.
5 KBI Clock Gate Control — This bit controls the clock gate to the KBl module.
KBI 0 Bus clock to the KBI module is disabled.
1 Bus clock to the KBI module is enabled.
4 lIC Clock Gate Control — This bit controls the clock gate to the 11IC module.
11C 0 Bus clock to the [IC module is disabled.
1 Bus clock to the 1IC module is enabled.
3 SCI3 Clock Gate Control — This bit controls the clock gate to the SCI3 module.
SCI3 0 Bus clock to the SCI3 module is disabled.
1 Bus clock to the SCI3 module is enabled.
2 SCI2 Clock Gate Control — This bit controls the clock gate to the SCI2 module.
SCI2 0 Bus clock to the SCI2 module is disabled.
1 Bus clock to the SCI2 module is enabled.
1 SCI1 Clock Gate Control — This bit controls the clock gate to the SCI1 module.
SCIit 0 Bus clock to the SCI1 module is disabled.
1 Bus clock to the SCI1 module is enabled.
0 SCI0 Clock Gate Control — This bit controls the clock gate to the SCIO module.
SCI0 0 Bus clock to the SCIO module is disabled.
1 Bus clock to the SCIO0 module is enabled.
5.8.16 System Clock Gating Control 2 Register (SCGC2)

This high-page register contains control bits to enable or disable the bus clock to the SPIx, LCD, IRQ,

VREEF and bus clock prescaler (CLKPRE, see Section 5.8.10, “CLKOUT Prescaler Register

(CLK_PRSC_H, CLK PRSC _L),” for details) modules. Gating off the clocks to unused peripherals is
used to reduce the MCU’s run and wait currents. See Section 5.7, “Peripheral Clock Gating,” for more
information.

NOTE

User software must disable the peripheral before disabling the clocks to the
peripheral. When clocks are re-enabled to a peripheral, the peripheral

registers need to be re-initialized by user software.
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7 5 4 3 2 1 0
0
CLKPRE VREF IRQ LCD SPI2 SPI1 SPIO
w
Reset: 0 0 1 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-19. System Clock Gating Control 2 Register (SCGC2)
Table 5-21. SCGC2 Register Field Descriptions
Field Description
7 CLKPRE Clock Gate Control — This bit controls the bus clock gate to the CLKPRE module.
CLKPRE |0 Bus clock to the CLKPRE module is disabled.
1 Bus clock to the CLKPRE module is enabled.
5 VREF Clock Gate Control — This bit controls the clock gate to the VREF module.
VREF 0 Bus clock to the VREF module is disabled.
1 Bus clock to the VREF module is enabled.
4 IRQ Clock Gate Control — This bit controls the clock gate to both of the IRQ modules.
IRQ 0 Bus clock to the IRQ modules is disabled.
1 Bus clock to the IRQ modules is enabled.
3 LCD Clock Gate Control — This bit controls the bus clock gate to the LCD module.
LCD 0 Bus clock to the LCD module is disabled.
1 Bus clock to the LCD module is enabled.
2 SPI2 Clock Gate Control — This bit controls the bus clock gate to the SPI2 module.
SPI2 0 Bus clock to the SPI2 module is disabled.
1 Bus clock to the SPI2 module is enabled.
1 SPI1 Clock Gate Control — This bit controls the clock gate to the SPI1 module.
SPI1 0 Bus clock to the SPI1 module is disabled.
1 Bus clock to the SPI1 module is enabled.
0 SPI0 Clock Gate Control — This bit controls the clock gate to the SPI0 module.
SPIO 0 Bus clock to the SPI0 module is disabled.

1 Bus clock to the SPI0 module is enabled.
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5.8.17 System Clock Gating Control 3 Register (SCGC3)

This high-page register contains control bits to enable or disable the bus clock to the PTx modules. Gating
off the clocks to unused peripherals is used to reduce the MCU’s run and wait currents. See Section 5.7,
“Peripheral Clock Gating,” for more information.

NOTE

User software must disable the peripheral before disabling the clocks to the
peripheral. When clocks are re-enabled to a peripheral, the peripheral
registers need to be re-initialized by user software.

7 6 5 4 3 2 1 0
R
PTH PTG PTF PTE PTD PTC PTB PTA
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-20. System Clock Gating Control 2 Register (SCGC3)
Table 5-22. SCGC3 Register Field Descriptions
Field Description
7 PTH Clock Gate Control — This bit controls the bus clock gate to the PTH module.
PTH 0 Bus clock to the PTH module is disabled.
1 Bus clock to the PTH module is enabled.
6 PTG Clock Gate Control — This bit controls the bus clock gate to the PTGmodule.
PTG 0 Bus clock to the PTG module is disabled.
1 Bus clock to the PTG module is enabled.
5 PTF Clock Gate Control — This bit controls the clock gate to the PTF module.
PTF 0 Bus clock to the PTF module is disabled.
1 Bus clock to the PTF module is enabled.
4 PTE Clock Gate Control — This bit controls the clock gate to both of the PTE modules.
PTE 0 Bus clock to the PTE modules is disabled.
1 Bus clock to the PTE modules is enabled.
3 PTD Clock Gate Control — This bit controls the bus clock gate to the PTD module.
PTD 0 Bus clock to the PTD module is disabled.
1 Bus clock to the PTD module is enabled.
2 PTC Clock Gate Control — This bit controls the bus clock gate to the PTC module.
PTC 0 Bus clock to the PTC module is disabled.
1 Bus clock to the PTC module is enabled.
1 PTB Clock Gate Control — This bit controls the clock gate to the PTB module.
PTB 0 Bus clock to the PTB module is disabled.
1 Bus clock to the PTB module is enabled.
0 PTA Clock Gate Control — This bit controls the clock gate to the PTA module.
PTA 0 Bus clock to the PTA module is disabled.
1 Bus clock to the PTAmodule is enabled.
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5.8.18 System Clock Gating Control 4 Register (SCGC4)

This high-page register contains control bits to enable or disable the bus clock to the PIN MUXING, CRC,
FTM, PDB and MTIMx modules. Gating off the clocks to unused peripherals is used to reduce the MCU’s
run and wait currents. See Section 5.7, “Peripheral Clock Gating,” for more information.

NOTE

User software should disable the peripheral before disabling the clocks to
the peripheral. When clocks are re-enabled to a peripheral, the peripheral
registers need to be re-initialized by user software.

6 5 4 3 2 1 0
R 0
MUXCTRL CRC FTM PDB MTIM1 MTIM2 MTIM3
w
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-21. System Clock Gating Control 4 Register (SCGC4)
Table 5-23. SCGC4 Register Field Descriptions
Field Description
6 MUX Control Logic Clock Gate Control — This bit controls the bus clock gate to the MUX Control Logic

MUXCTRL | module.
0 Bus clock to the MUX Control Logic module is disabled.
1 Bus clock to the MUX Control Logic module is enabled.

5 CRC Clock Gate Control — This bit controls the bus clock gate to the CRC module.
CRC 0 Bus clock to the CRC module is disabled.
1 Bus clock to the CRC module is enabled.

4 FTM Clock Gate Control — This bit controls the bus clock gate to the FTM module.
FTM 0 Bus clock to the FTM module is disabled.
1 Bus clock to the FTM module is enabled.

3 PDB Clock Gate Control — This bit controls the bus clock gate to the PDB module.
PDB 0 Bus clock to the PDB module is disabled.
1 Bus clock to the PDB module is enabled.

2 MTIM1 Clock Gate Control — This bit controls the bus clock gate to the MTIM1 module.
MTIMA1 0 Bus clock to the MTIM1 module is disabled.
1 Bus clock to the MTIM1 module is enabled.

1 MTIM2 Clock Gate Control — This bit controls the bus clock gate to the MTIM2 module.
MTIM2 0 Bus clock to the MTIM2 module is disabled.
1 Bus clock to the MTIM2 module is enabled.

0 MTIM3 Clock Gate Control — This bit controls the bus clock gate to the MTIM3 module.
MTIM3 0 Bus clock to the MTIM3 module is disabled.
1 Bus clock to the MTIM3 module is enabled.
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5.8.19 System Clock Gating Control 5 Register (SCGC5)

This high-page register contains control bits to enable or disable the bus clock to the PRACMPx, BKPT,
IRTC, PCNT and FLS modules. Gating off the clocks to unused peripherals is used to reduce the MCU’s
run and wait currents. See Section 5.7, “Peripheral Clock Gating,” for more information.

NOTE

User software should disable the peripheral before disabling the clocks to
the peripheral. When clocks are re-enabled to a peripheral, the peripheral
registers need to be re-initialized by user software.

7 6 5 4 3 2 1 0
R 0
PRACMP2 | PRACMP1 PRACMPO BKPT IRTC PCNT FLS
W
Reset: 0 0 0 1 1 0 0 1
= Unimplemented or Reserved
Figure 5-22. System Clock Gating Control 5 Register (SCGC5)
Table 5-24. SCGCS5 Register Field Descriptions
Field Description
7 PRACMP2 Clock Gate Control — This bit controls the bus clock gate to the PRACMP2 module.
PRACMP2 |0 Bus clock to the PRACMP2 module is disabled.
1 Bus clock to the PRACMP2module is enabled.
6 PRACMP1 Clock Gate Control — This bit controls the bus clock gate to the PRACMP1 module.
PRACMP1 |0 Bus clock to the PRACMP1 module is disabled.
1 Bus clock to the PRACMP1 module is enabled.
5 PRACMPO Clock Gate Control — This bit controls the bus clock gate to the PRACMPO module.
PRACMPO |0 Bus clock to the PRACMPO module is disabled.
1 Bus clock to the PRACMPO module is enabled.
4 BKPT Clock Gate Control — This bit controls the bus clock gate to the BKPT module.
BKPT 0 Bus clock to the BKPT module is disabled.
1 Bus clock to the BKPT module is enabled.
3 IRTC Clock Gate Control — This bit controls the bus clock gate to the IRTC module.
IRTC 0 Bus clock to the IRTC module is disabled.
1 Bus clock to the IRTC module is enabled.
2 PCNT Clock Gate Control — This bit controls the bus clock gate to the PCNT module.
PCNT 0 Bus clock to the PCNT module is disabled.
1 Bus clock to the PCNT module is enabled.
0 FLASH Clock Gate Control — This bit controls the bus clock gate to the FLASH module.
FLS 0 Bus clock to the FLASH module is disabled.
1 Bus clock to the FLASH module is enabled.
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Chapter 6
Parallel Input/Output Control

6.1 Introduction

This section explains software controls related to parallel input/output (I/O) and pin control. The
MC9S08GW64 has eight parallel I/O ports which include a total of 57 I/O pins, including one output-only
pins. 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 as timer systems, communication systems, or
keyboard interrupts, as shown in Table 2-1. The peripheral modules have priority over the general-purpose
I/O functions so that when a peripheral is enabled, the I/O functions associated with the shared pins may
be disabled.

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

Pins that have shared function with the LCD have special behavior based on the state of the VSUPPLY
bits in the LCDSUPPLY register. These pins (PTD, PTE and PTA[5:4]) can operate as full complementary
drive or open drain drive depending on the VSUPPLY bits. When V| | 5 is connected to Vpp externally,
VSUPPLY = 11, FCDEN = 1, and RVEN = 0, the pins operate as full complementary drive. For all other
VSUPPLY modes, the LCD/GPIO will operate as open drain.

NOTE

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

6.2 Port Data and Data Direction

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

The data direction control bit (PTxDDn) determines whether the output buffer for the associated pin is
enabled, and also controls the source for port data register reads. The input buffer for the associated pin is
always enabled unless the pin is enabled as an analog function or is an output-only pin.
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When a shared digital function is enabled for a pin, the output buffer is controlled by the shared function.
However, the data direction register bit will continue to control the source for reads of the port data register.

When a shared analog function is enabled for a pin, both the input and output buffers are disabled. A value
of 0 is read for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled. In
general, whenever a pin is shared with both an alternate digital function and an analog function, the analog
function has priority such that if both the digital and analog functions are enabled, the analog function
controls the pin.

Write to the port data register before changing the direction of a port pin so it becomes an output. This
ensures that the pin are not 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
%
1
Port Read
Data %
0 Synchronizer ~&— Input Data
BUSCLK *

Figure 6-1. Parallel /0O Block Diagram

6.3 Pullup, Slew Rate, and Drive Strength

Associated with the parallel I/O ports is a set of registers located in the high-page register space that
operate independently of the parallel I/O registers. These registers are used to control pullups, slew rate,
and drive strength for the pins and may be used in conjunction with the peripheral functions on these pins.

6.3.1 Port Internal Pullup Enable

For all GPIO, an internal pullup resistor can be enabled for each port pin by setting the corresponding bit
in the pullup enable register (PTxPEn). Typically, GPIO internal pullups are disabled when in output mode.
However, for GPIO that are muxed with LCD pins, the internal pullup is not disabled when in open drain,
output mode.

The pullup device is disabled if the pin is controlled by an analog function or any shared peripheral
function regardless of the state of the corresponding pullup enable register bit.
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6.3.2 Port Slew Rate Enable

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 limits the 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.

6.3.3 Port Drive Strength Select

An output pin can be configured for high output drive strength by setting the corresponding bit in the drive
strength select register (PTxDSn). When high drive is selected, a pin is capable of sourcing and sinking
greater current. Even though every I/O pin can be selected as high drive, the user must ensure that the total
current source and sink limits for the MCU are not exceeded. Drive strength selection is intended to affect
the DC behavior of I/O pins. However, the AC behavior is also affected. High drive allows a pin to drive
a greater load with the same switching speed as a low drive enabled pin into a smaller load. Because of
this, the EMC emissions may be affected by enabling pins as high drive.

6.4 Open Drain Operation

For most cases, port pins that share functions with the LCD operate as open drain outputs. As an open drain
output, the output high of the pin is dependent upon the pullup resistor. The pullup resistor can be an
internal resistor enabled by the PTxPEx bit or an external resistor.

» The value of the internal resistor can be in the range of 17.5 to 52.5 kQ

» The value of an external resistor must be carefully selected to ensure it support the output loads
that are being driven.

Pins that have shared function with the LCD have special behavior based on the state of the VSUPPLY
bits in the LCDSUPPLY register. These pins can operate as full complementary drive or open drain drive
depending on the VSUPPLY bits. When VLL3 is connected to Vpp externally, VSUPPLY = 11, FCDEN
=1 and RVEN = 0, the pins operate as full complementary drive. For all other VSUPPLY modes the
LCD/GPIO operates as open drain.

6.5 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 mode is a partial power-down mode, whereby 1/O latches are maintained in their pre-STOP
instruction state. CPU register status and the state of I/O registers is saved in RAM before the
STOP instruction is executed to place the MCU in stop2 mode. Upon recovery from stop2 mode,
before accessing any /0O, the user must examine the state of the PPDF bit in the SPMSC2 register.
If the PPDF bit is 0, I/O must be initialized as if a power-on reset had occurred. If the PPDF bit is
1, I/O register states are restored from the values saved in RAM before the STOP instruction was
executed. Peripherals may require initialization or restoration to their pre-stop condition. The user
must then write a 1 to the PPDACK bit in the SPMSC2 register. Access to I/O is again permitted
in the user application program.

+ Ifthe LCD module is configured to operate in stop modes, the drive mode of the GPIO shared with
LCD will be retained upon stop recovery.
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* In stop3 mode, all I/O is maintained because internal logic circuitry stays powered up. Upon
recovery, normal I/O function is available to the user.

6.6 Parallel I/O and Pin Control Registers

This section provides information about the registers associated with the parallel I/O ports. The data and
data direction registers are located in direct-page of the memory map. The pullup, slew rate, drive strength,
input filter and interrupt control registers are located in the high-page section of the memory map.

Refer to tables in Chapter 4 , “Memory,” for the absolute address assignments for all parallel I/O and their
pin control registers. This section refers to registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file is normally to translate these names into the appropriate
absolute addresses.

An internal pullup device can be enabled for each port pin by setting the corresponding bit in the pullup
enable register (PTxPE[n]). The pullup device is disabled if the pin is either:

» Configured as an output by the parallel I/O control logic
* Configured as a shared peripheral function

* Controlled by an analog function.

*  Atreset, except for RESET and BKGD/MS.

Slew rate control can be enabled for each port pin by setting the corresponding bit in the slew rate control
register (PTxSE[n]). When enabled, slew control limits the 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.

An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTxDS[n]). When high drive is selected, a pin is capable of sourcing and
sinking greater current. Even though every I/O pin can be selected as high drive, ensure that the total
current source and sink limits for the MCU are not exceeded. Drive strength selection is intended to affect
the DC behavior of I/O pins. However, the AC behavior is also affected. High drive allows a pin to drive
a greater load with the same switching speed as a low drive enabled pin into a smaller load. Because of
this, the EMC emissions may be affected by enabling pins as high drive.

The pad cells on this device incorporate optional low pass filters on the digital input functions. These are
enabled by setting the appropriate bit in the input filter enable register (PTxIFE[n]). When set, a low pass
filter (10 MHz to 30 MHz bandwidth) is enabled in the logic input path. When cleared, the filter is
bypassed.

Table 6-1 shows the fixed control signals for some dedicated pins.

Table 6-1. Fixed Control Signal for Some Pins

PE SE DE IFE
RESET 1 0 1 1
TAMPER1/2 NA NA NA NA
BKGD/MS 1 0 1 1
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Table 6-1. Fixed Control Signal for Some Pins

PE SE DE IFE
IRQ From IRQ NA NA 1
module

Port A Registers

Port A is controlled by the registers listed below.

The pin PTA6 is unique. PTAG6 is an output only, so the control bits for the input functions will not have
any effect on this pin.

6.6.1.1 Port A Data Register (PTAD)
6 5 4 3 2 1 0
R 0
PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

w

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

PTAD[6:0] |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 Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups/pulldowns disabled.
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6.6.1.2 Port A Data Direction Register (PTADD)

6 5 4 3 2 1 0
R 0 (1}
PTADD5 PTADD4 PTADD3 PTADD2 PTADD1 PTADDO
w
Reset: 0 0 0 0 0 0 0 0

T Writing to this bit has no affect on the output-only PTA6 pin.

Figure 6-3. Port A Data Direction Register (PTADD)
Table 6-3. PTADD Register Field Descriptions

Field Description

5:0 Data Direction for Port A Bits — These read/write bits control the direction of port A pins and what is read for
PTADDI[5:0] | 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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6.6.1.3 Port A Pull Enable Register (PTAPE)
5 4 3 2 1 0
R 0 0
PTAPES PTAPE4 PTAPE3 PTAPE2 PTAPE1 PTAPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-4. Internal Pull Enable for Port A Register (PTAPE)
Table 6-4. PTAPE Register Field Descriptions
Field Description
5:0 Internal Pull Enable for Port A Bits — Each of these control bits determines if the internal pullup or pulldown
PTAPE[5:0] |device is enabled for the associated PTA pin. For port A pins that are configured as outputs (except for PTA4 and
PTAS5), these bits have no effect and the internal pull devices are disabled.
0 Internal pullup/pulldown device disabled for port A bit n.
1 Internal pullup/pulldown device enabled for port A bit n.
6.6.1.4 Port A Slew Rate Enable Register (PTASE)
6 5 4 3 2 1 0
R 0
PTASE6 PTASES PTASE4 PTASE3 PTASE2 PTASE1 PTASEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-5. Slew Rate Enable for Port A Register (PTASE)
Table 6-5. PTASE Register Field Descriptions
Field Description
6:0 Output Slew Rate Enable for Port A Bits — Each of these control bits determines if the output slew rate control
PTASE[6:0] |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.

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor

135



Chapter 6 Parallel Input/Output Control

6.6.1.5 Port A Drive Strength Selection Register (PTADS)
6 5 4 3 2 1 0
R 0
PTADS6 PTADS5 PTADS4 PTADS3 PTADS2 PTADSH1 PTADSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-6. Drive Strength Selection for Port A Register (PTADS)
Table 6-6. PTADS Register Field Descriptions
Field Description
6:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADS[6:0] | 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.
6.6.1.6 Port A Input Filter Enable Register (PTAIFE)
5 4 3 2 1 0
R 0 0
PTAIFE5 PTAIFE4 PTAIFE3 PTAIFE2 PTAIFE1 PTAIFEQ
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-7. Port A Input Filter Enable Register (PTAIFE)
Table 6-7. PTAIFE Field Descriptions
Field Description
5.0 Port A Input Filter Enable — Input low-pass filter enable control bits for PTA pins.
PTAIFE[5:0] |0 Input filter disabled
1 Input filter enabled
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Port B Registers

Port B is controlled by the registers listed below.

6.6.2.1 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 6-8. Port B Data Register (PTBD)
Table 6-8. 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
PTBDI[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 0s, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups/pulldowns disabled.
6.6.2.2 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 6-9. Port B Data Direction Register (PTBDD)
Table 6-9. 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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6.6.2.3 Port B Pull Enable Register (PTBPE)
7 6 5 4 3 2 1 0
PTBPE7 PTBPE6 PTBPES5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-10. Internal Pull Enable for Port B Register (PTBPE)
Table 6-10. PTBPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port B Bits — Each of these control bits determines if the internal pullup or pulldown

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 pullup/pulldown device disabled for port B bit n.

1 Internal pullup/pulldown device enabled for port B bit n.

6.6.2.4 Port B Slew Rate Enable Register (PTBSE)

7 6 5 4 3 2 1 0

R
PTBSE7 PTBSE6 PTBSE5 PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSEO

w

Reset: 0 0 0 0 0 0 0 0

Figure 6-11. Slew Rate Enable for Port B Register (PTBSE)
Table 6-11. 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.
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6.6.2.5 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 6-12. Drive Strength Selection for Port B Register (PTBDS)
Table 6-12. 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.
6.6.2.6 Port B Input Filter Enable Register (PTBIFE)
7 6 5 4 3 2 1 0
R
PTBIFE7 PTBIFEG6 PTBIFE5 PTBIFE4 PTBIFE3 PTBIFE2 PTBIFE1 PTBIFEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-13. Port B Input Filter Enable Register (PTBIFE)
Table 6-13. PTBIFE Field Descriptions
Field Description
7:0 Port B Input Filter Enable — Input low-pass filter enable control bits for PTB pins.
PTBIFE[7:0] | 0 Input filter disabled
1 Input filter enabled
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6.6.3

Port C Registers

Port C is controlled by the registers listed below.

6.6.3.1 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 6-14. Port C Data Register (PTCD)
Table 6-14. 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 of the corresponding MCU pin.
Reset forces PTCD to all Os, but these 0s are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.
6.6.3.2 Port C Data Direction Register (PTCDD)
7 6 5 4 3 2 1 0
R
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDDS3 PTCDD2 PTCDD1 PTCDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-15. Port C Data Direction Register (PTCDD)
Table 6-15. 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

PTCDDI[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.
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6.6.3.3 Port C Pull Enable Register (PTCPE)
7 6 5 4 3 2 1 0
PTCPE7 PTCPE6 PTCPES5 PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-16. Internal Pull Enable for Port C Register (PTCPE)
Table 6-16. PTCPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port C Bits — Each of these control bits determines if the internal pullup 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 pullup device disabled for port C bit n.
1 Internal pullup device enabled for port C bit n.
6.6.3.4 Port C Slew Rate Enable Register (PTCSE)
7 6 5 4 3 2 1 0
R
PTCSE7 PTCSE6 PTCSES5 PTCSE4 PTCSE3 PTCSE2 PTCSE1 PTCSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-17. Slew Rate Enable for Port C Register (PTCSE)
Table 6-17. 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.
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6.6.3.5 Port C Drive Strength Selection Register (PTCDS)
7 6 5 4 3 2 1 0
PTCDS?7 PTCDS6 PTCDS5 PTCDS4 PTCDS3 PTCDS2 PTCDS1 PTCDSO0
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-18. Drive Strength Selection for Port C Register (PTCDS)
Table 6-18. 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.
6.6.3.6 Port C Input Filter Enable Register (PTCIFE)
7 6 5 4 3 2 1 0
R
PTCIFE7 PTCIFE6 PTCIFE5 PTCIFE4 PTCIFE3 PTCIFE2 PTCIFEA PTCIFEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-19. Port C Input Filter Enable Register (PTCIFE)
Table 6-19. PTCIFE Field Descriptions
Field Description
7:0 Port C Input Filter Enable — Input low-pass filter enable control bits for PTC pins.
PTCIFE[7:0] | O Input filter disabled
1 Input filter enabled
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6.6.4

Port D is controlled by the registers listed below.

Port D Registers

6.6.4.1 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 6-20. Port D Data Register (PTDD)
Table 6-20. 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 pullups/pulldowns disabled.
6.6.4.2 Port D Data Direction Register (PTDDD)
7 6 5 4 3 2 1 0
R
PTDDD7 PTDDD6 PTDDD5 PTDDD4 PTDDDS3 PTDDD2 PTDDD1 PTDDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-21. Port D Data Direction Register (PTDDD)
Table 6-21. 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
PTDDDI7:0] | 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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6.6.4.3 Port D Pull Enable Register (PTDPE)
7 6 5 4 3 2 1 0
PTDPE7 PTDPE6 PTDPES5 PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-22. Internal Pull Enable for Port D Register (PTDPE)
Table 6-22. PTDPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port D Bits — Each of these control bits determines if the internal pullup or pulldown
PTDPE[7:0] | device is enabled for the associated PTD pin.
0 Internal pullup/pulldown device disabled for port D bit n.
1 Internal pullup/pulldown device enabled for port D bit n.
6.6.4.4 Port D Slew Rate Enable Register (PTDSE)
7 6 5 4 3 2 1 0
R
PTDSE7 PTDSE6 PTDSE5 PTDSE4 PTDSES3 PTDSE2 PTDSE1 PTDSEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-23. Slew Rate Enable for Port D Register (PTDSE)
Table 6-23. 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.
0 Output slew rate control disabled for port D bit n.
1 Output slew rate control enabled for port D bit n.
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6.6.4.5 Port D Drive Strength Selection Register (PTDDS)

7 6 5 4 3 2 1 0
PTDDS?7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDSH1 PTDDSO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-24. Drive Strength Selection for Port D Register (PTDDS)
Table 6-24. 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.

6.6.4.6 Port D Input Filter Enable Register (PTDIFE)

7 6 5 4 3 2 1 0
R
PTDIFE7 PTDIFE6 PTDIFE5 PTDIFE4 PTDIFE3 PTDIFE2 PTDIFE1 PTDIFEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-25. Port D Input Filter Enable Register (PTDIFE)
Table 6-25. PTDIFE Field Descriptions
Field Description
7:0 Port D Input Filter Enable — Input low-pass filter enable control bits for PTD pins.
PTDIFE[7:0] |0 Input filter disabled
1 Input filter enabled
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6.6.5

Port E Registers

Port E is controlled by the registers listed below.

6.6.5.1 Port E Data Register (PTED)
7 6 5 4 3 2 1 0
R
PTED7 PTED6 PTED5 PTED4 PTED3 PTED2 PTED1 PTEDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-26. Port E Data Register (PTED)
Table 6-26. 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
PTEDI[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 0s, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups/pulldowns disabled.
6.6.5.2 Port E Data Direction Register (PTEDD)
7 6 5 4 3 2 1 0
R
PTEDD7 PTEDD6 PTEDD5 PTEDD4 PTEDD3 PTEDD2 PTEDD1 PTEDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-27. Port E Data Direction Register (PTEDD)
Table 6-27. 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
PTEDD[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 PTEDn.
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6.6.5.3 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 6-28. Internal Pull Enable for Port E Register (PTEPE)
Table 6-28. PTEPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port E Bits — Each of these control bits determines if the internal pullup or pulldown
PTEPE[7:0] |device is enabled for the associated PTE pin.
0 Internal pullup/pulldown device disabled for port E bit n.
1 Internal pullup/pulldown device enabled for port E bit n.
6.6.5.4 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 0
Figure 6-29. Slew Rate Enable for Port E Register (PTESE)
Table 6-29. 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.
0 Output slew rate control disabled for port E bit n.
1 Output slew rate control enabled for port E bit n.
6.6.5.5 Port E Input Filter Enable Register (PTEIFE)
7 6 5 4 3 2 1 0
R
PTEIFE7 PTEIFEG6 PTEIFE5 PTEIFE4 PTEIFE3 PTEIFE2 PTEIFE1 PTEIFEO
W
Reset: 0 0 0 0 0 0 0 0

Figure 6-30. Port E Input Filter Enable Register (PTEIFE)
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Table 6-30. PTEIFE Field Descriptions

Field Description
7:0 Port E Input Filter Enable — Input low-pass filter enable control bits for PTE pins.
PTEIFE[7:0] | 0 Input filter disabled
1 Input filter enabled
6.6.6 Port F Registers

Port F is controlled by the registers listed below.

6.6.6.1 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 6-31. Port F Data Register (PTFD)
Table 6-31. 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 Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pullups/pulldowns disabled.
6.6.6.2 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 6-32. Port F Data Direction Register (PTFDD)
Table 6-32. 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.
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6.6.6.3 Port F Pull Enable Register (PTFPE)
7 6 5 4 3 2 1 0
PTFPE7 PTFPE6 PTFPE5 PTFPE4 PTFPES3 PTFPE2 PTFPE1 PTFPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-33. Internal Pull Enable for Port F Register (PTFPE)
Table 6-33. PTFPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port F Bits — Each of these control bits determines if the internal pullup or pulldown
PTFPE[7:0] | device is enabled for the associated PTF pin.
0 Internal pullup/pulldown device disabled for port F bit n.
1 Internal pullup/pulldown device enabled for port F bit n.
6.6.6.4 Port F Slew Rate Enable Register (PTFSE)
7 6 5 4 3 2 1 0
R
PTFSE7 PTFSE6 PTFSE5 PTFSE4 PTFSES3 PTFSE2 PTFSE1 PTFSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-34. Slew Rate Enable for Port F Register (PTFSE)
Table 6-34. 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.
0 Output slew rate control disabled for port F bit n.
1 Output slew rate control enabled for port F bit n.
6.6.6.5 Port F Input Filter Enable Register (PTFIFE)
7 6 5 4 3 2 1 0
R
PTFIFE7 PTFIFE6 PTFIFE5 PTFIFE4 PTFIFE3 PTFIFE2 PTFIFE1 PTFIFEO
W
Reset: 0 0 0 0 0 0 0 0

Figure 6-35. Port F Input Filter Enable Register (PTFIFE)
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Table 6-35. PTFIFE Field Descriptions

Field Description
7:0 Port F Input Filter Enable — Input low-pass filter enable control bits for PTF pins.
PTFIFE[7:0] | O Input filter disabled
1 Input filter enabled
6.6.7 Port G Registers

Port G is controlled by the registers listed below.

6.6.7.1 Port G Data Register (PTGD)
7 6 5 4 3 2 1 0
R
PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-36. Port G Data Register (PTGD)
Table 6-36. PTGD Register Field Descriptions
Field Description
7:0 Port G Data Register Bits — For Port G pins that are inputs, reads return the logic level on the pin. For Port G
PTGDI[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 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 pullups/pulldowns disabled.
6.6.7.2 Port G Data Direction Register (PTGDD)
7 6 5 4 3 2 1 0
R
PTGDD7 PTGDD6 PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-37. Port G Data Direction Register (PTGDD)
Table 6-37. PTGDD Register Field Descriptions
Field Description
7:0 Data Direction for Port G Bits — These read/write bits control the direction of port G pins and what is read for
PTGDDI[7:0] | 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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6.6.7.3 Port G Pull Enable Register (PTGPE)
7 6 5 4 3 2 1 0
PTGPE?7 PTGPE6 PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE( PTGPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-38. Internal Pull Enable for Port G Register (PTGPE)
Table 6-38. PTGPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port G Bits — Each of these control bits determines if the internal pullup or pulldown
PTGPE[7:0] | device is enabled for the associated PTG pin.
0 Internal pullup/pulldown device disabled for port G bit n.
1 Internal pullup/pulldown device enabled for port G bit n.
6.6.7.4 Port G Slew Rate Enable Register (PTGSE)
7 6 5 4 3 2 1 0
R
PTGSE?7 PTGSE6 PTGSE5 PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-39. Slew Rate Enable for Port G Register (PTGSE)
Table 6-39. PTGSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port G Bits — Each of these control bits determines if the output slew rate control
PTGSE[7:0] |is enabled for the associated PTG pin.
0 Output slew rate control disabled for port G bit n.
1 Output slew rate control enabled for port G bit n.
6.6.7.5 Port G Input Filter Enable Register (PTGIFE)
7 6 5 4 3 2 1 0
R
PTGIFE7 PTGIFEG6 PTGIFE5 PTGIFE4 PTGIFE3 PTGIFE2 PTGIFE1 PTGIFEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-40. Port G Input Filter Enable Register (PTGIFE)
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Table 6-40. PTGIFE Field Descriptions

Field Description
7:0 Port G Input Filter Enable — Input low-pass filter enable control bits for PTG pins.
PTGIFE[7:0] |0 Input filter disabled
1 Input filter enabled
6.6.8 Port H Registers

Port H is controlled by the registers listed below.

6.6.8.1 Port H Data Register (PTHD)
5 2 1 0
R 0 0 0 0 0 0
PTHD1 PTHDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-41. Port H Data Register (PTHD)
Table 6-41. PTHD Register Field Descriptions
Field Description
1:0 Port H Data Register Bits — For Port H pins that are inputs, reads return the logic level on the pin. For Port H
PTHD[1:0] |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 H pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTHD 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 pullups/pulldowns disabled.
6.6.8.2 Port H Data Direction Register (PTHDD)
5 2 1 0
R 0 0 0 0 0 0
PTHDD1 PTHDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-42. Port H Data Direction Register (PTHDD)
Table 6-42. PTHDD Register Field Descriptions
Field Description
1:0 Data Direction for Port H Bits — These read/write bits control the direction of port H pins and what is read for
PTHDDI[1:0] | PTHD reads.

0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for Port H bit n and PTHD reads return the contents of PTHDn.
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6.6.8.3 Port H Pull Enable Register (PTHPE)
5 2 1 0
R 0 0 0 0 0 0
PTHPE1 PTHPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-43. Internal Pull Enable for Port H Register (PTHPE)
Table 6-43. PTHPE Register Field Descriptions
Field Description
1:0 Internal Pull Enable for Port E Bits — Each of these control bits determines if the internal pullup or pulldown
PTHPE[1:0] | device is enabled for the associated PTH pin.
0 Internal pullup/pulldown device disabled for port H bit n.
1 Internal pullup/pulldown device enabled for port H bit n.
6.6.8.4 Port H Slew Rate Enable Register (PTHSE)
5 2 1 0
R 0 0 0 0 0 0
PTHSEH1 PTHSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-44. Slew Rate Enable for Port H Register (PTHSE)
Table 6-44. PTHSE Register Field Descriptions
Field Description
1:0 Output Slew Rate Enable for Port H Bits — Each of these control bits determines if the output slew rate control
PTHSE[1:0] | is enabled for the associated PTH pin.
0 Output slew rate control disabled for port H bit n.
1 Output slew rate control enabled for port H bit n.
6.6.8.5 Port H Input Filter Enable Register (PTHIFE)
6 5 2 1 0
R 0 0 0 0 0 0
PTHIFEA PTHIFEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-45. Port H Input Filter Enable Register (PTHIFE)
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Table 6-45. PTHIFE Field Descriptions

Field Description
1:0 Port H Input Filter Enable — Input low-pass filter enable control bits for PTH pins.
PTHIFE[1:0] | 0 Input filter disabled
1 Input filter enabled
6.7 Pin Mux Controls

Package pins on the MC9S08GW64 series can be programmed for up to five different functions using the
Pin Mux Control Registers. Controls are organized by GPIO Port. Each GPIO port has three mux control
registers, comprised 4 bits per package pin. All pin mux registers default to value 0x00 at reset excluding
PTAG6. The default value of PTA6 is 0x11 at reset and its corresponding function is BKRGD/MS. Alternate
values are defined in the remainder of this section. Please note that the encoding for each function matches
the column number in which that function occurs in Table 2-1. That is, default functions are assigned value

0x00, ALT1

functions 0x01 and so forth.

Pin mux controls will leave GPIO input buffers enabled for all digital functions, regardless of mux control
selection. This gives the user the ability to poll a port to decode a key pressed after a keyboard interrupt is
asserted. The same function can be used for IRQ pin level detection and debounce software.

Table 6-46. Pin Mux Control Registers

Address Register Bit7 6 5 4 3 2 1 Bit 0
0x1940 PTAPF1 0 A1 0 A0
0x1941 PTAPF2 0 A3 0 A2
0x1942 PTAPF3 0 A5 0 A4
0x1943 PTAPF4 0 0 0 0 0 A6
0x1944 PTBPF1 0 B1 0 BO
0x1945 PTBPF2 0 B3 0 B2
0x1946 PTBPF3 0 B5 0 B4
0x1947 PTBPF4 0 B7 0 B6
0x1948 PTCPF1 0 C1 0 co
0x1949 PTCPF2 0 C3 0 c2
0x194A PTCPF3 0 C5 0 C4
0x194B PTCPF4 0 c7 0 Cé
0x194C PTDPFA1 0 D1 0 DO
0x194D PTDPF2 0 D3 0 D2
0x194E PTDPF3 0 D5 0 D4
0x194F PTDPF4 0 D7 0 D6
0x1950 PTEPF1 0 E1 0 EO
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Table 6-46. Pin Mux Control Registers

0x1951 PTEPF2 0 E3 0 E2
0x1952 PTEPF3 0 E5 0 E4
0x1953 PTEPF4 0 E7 0 E6
0x1954 PTFPF1 0 F1 0 FO
0x1955 PTFPF2 0 F3 0 F2
0x1956 PTFPF3 0 F5 0 F4
0x1957 PTFPF4 0 F7 0 F6
0x1958 PTGPF1 0 G1 0 GO
0x1959 PTGPF2 0 G3 0 G2
0x195A PTGPF3 0 G5 0 G4
0x195B PTGPF4 0 G7 0 G6
0x195C PTHPF1 0 H1 0 HO
NOTE

Configuring the mux control registers to the ADC pins disables the digital
function of the pin to ensure proper ADC conversion.

The port must not be configured as reserved functions, it may cause pin
damage.

MC9S08GW64 MCU Series Reference Manual, Rev.3

Freescale Semiconductor 155



Parallel Input/Output ControlChapter 6 Parallel Input/Output Control

6.7.1

Port A Pin Function Register 1 (PTAPF1)

6

4

A1l

A0

Reset

0 0

0

0

0 0 0 0

Figure 6-46. Port A Pin Function Register 1 (PTAPF1)

Table 6-47. PTAPF1 Field Descriptions

Field

Description

64
A1

Port A1 Pin Mux Controls.

000 PTA1

001 MISO2

010 PCNTH1

011 SDA

100 AD3
101-111Reserved

2-0
A0

Port AO Pin Mux Controls.

000 PTAO

001 MOSI2

010 PCNTCHO
011 SCL

100 AD2
101-111Reserved
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6.7.2 Port A Pin Function Register 2 (PTAPF2)

6 5 4 3 2 1 0
R 0 0
A3 A2
w
Reset 0 0 0 0 0 0 0 0
Figure 6-47. Port A Pin Function Register 2 (PTAPF2)
Table 6-48. PTAPF2 Field Descriptions
Field Description

64 Port A3 Pin Mux Controls.
A3 000 PTAS3

001 SS2

010 FTMCH1

011 PCNTH1

100 CMMP1

101 ~ 111Reserved

2-0 Port A2 Pin Mux Controls.
A2 000 PTA2

001 SCLK2

010 FTMCHO

011 PCNTO

100 CMPPO
101-111Reserved
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6.7.3 Port A Pin Function Register 3 (PTAPF3)
6 5 4 2 1 0
R 0 0
A5 A4
w
Reset 0 0 0 0 0 0 0 0
Figure 6-48. Port A Pin Function Register 3 (PTAPF3)
Table 6-49. PTAPF3 Field Descriptions
Field Description
6—4 Port A5 Pin Mux Controls.
A5 000 PTA5
001 FTMCLK
010 TxD2
011 EXTRIG
100 IRQ
101-111Reserved
2-0 Port A4 Pin Mux Controls.
A4 000 PTA4
001 MTIMCLK
010 RxD2
011 PCNT2
100 CMPP2
101-111 Reserved
6.7.4 Port A Pin Function Register 4 (PTAPF4)
5 2 1 0
R 0 0 0 0 0
A6
w
Reset 0 0 0 0 0 0 1 1
Figure 6-49. Port A Pin Function Register 4 (PTAPF4)
Table 6-50. PTAPF4 Field Descriptions
Field Description
2-0 Port A6 Pin Mux Controls.
A6 000 PTAG6
001 CMPOUTO
010 CLKOUT
011 BKGD/MS
100-111Reserved
MC9S08GW64 MCU Series Reference Manual, Rev.3
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6.7.5 Port B Pin Function Register 1 (PTBPF1)
6 5 4 2 1
R 0 0
B1 BO
W
Reset 0 0 0 0 0 0 0
Figure 6-50. Port B Pin Function Register 1 (PTBPF1)
Table 6-51. PTBPF1 Field Descriptions
Field Description
64 Port B1 Pin Mux Controls.
B1 000 PTB1
001 KBIP1
010 RxD1
011 CMPP6
100 XTAL2
101 —111Reserved
2-0 Port BO Pin Mux Controls.
BO 000 PTBO
001 KBIPO
010 TxD1
011 EXTAL2

100-111Reserved
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6.7.6

Port B Pin Function Register 2 (PTBPF2)

6

4

B3

B2

Reset

0 0

0

0

0 0 0 0

Figure 6-51. Port B Pin Function Register 2 (PTBPF2)

Table 6-52. PTBPF2 Field Descriptions

Field

Description

64
B3

Port B3 Pin Mux Controls.

000 PTB3

001 KBIP3

010 MISOO0

011 MOSIO0

100 TxDO
101-111Reserved

2-0
B2

Port B2 Pin Mux Controls.

000 PTB2

001 KBIP2

010 MOSIO

011 MISOO

100 RxDO
101-111Reserved
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6.7.7 Port B Pin Function Register 3 (PTBPF3)

7 6 5 4 3 2 1 0

R 0 0

B5 B4
w
Reset 0 0 0 0 0 0 0 0
Figure 6-52. Port B Pin Function Register 3 (PTBPF3)
Table 6-53. PTBPF3 Field Descriptions
Field Description

64 Port B5 Pin Mux Controls.
B5 000 PTB5

001 KBIP5

010 SSO

011 SDA
100-111Reserved

2-0 Port B4 Pin Mux Controls.
B4 000 PTB4

001 KBIP4

010 SCLKO

011 SCL
100-111Reserved

6.7.8 Port B Pin Function Register 4(PTBPF4)

7 6 5 4 3 2 1 0

R 0 0

B7 B6
w
Reset 0 0 0 0 0 0 0 0
Figure 6-53. Port B Pin Function Register 4 (PTBPF4)
Table 6-54. PTBPF4 Field Descriptions
Field Description

64 Port B7 Pin Mux Controls.
B7 000 PTB7

001 KBIP7

010 TxD2

011 LCD1
100-111Reserved

2-0 Port B6 Pin Mux Controls.
B6 000 PTB6

001 KBIP6

010 RxD2

011 LCDO
100-111Reserved
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6.7.9 Port C Pin Function Register 1 (PTCPF1)
6 5 4 3 2 1
R 0 0
C1 Co
w
Reset 0 0 0 0 0 0 0
Figure 6-54. Port C Pin Function Register 1 (PTCPF1)
Table 6-55. PTCPF1 Field Descriptions
Field Description
6—4 Port C1 Pin Mux Controls.
C1 000 PTCH
001 MISO1
010 LCD3
011-111Reserved
2-0 Port CO Pin Mux Controls.
co 000 PTCO
001 MOSHH
010 LCD2
011-111Reserved
6.7.10 Port C Pin Function Register 2 (PTCPF2)
6 5 4 3 2 1
R 0 0
C3 c2
w
Reset 0 0 0 0 0 0 0
Figure 6-55. Port C Pin Function Register 2 (PTCPF2)
Table 6-56. PTCPF2 Field Descriptions
Field Description
64 Port C3 Pin Mux Controls.
C3 000 PTC3
001 SS1
010 LCD5
011-111Reserved
2-0 Port C2 Pin Mux Controls.
c2 000 PTC2
001 SCLK1
010 LCD4

011-111Reserved
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6.7.11 Port C Pin Function Register 3 (PTCPF3)
6 5 4 3 2 1 0
R 0 0
C5 C4
W
Reset 0 0 0 0 0 0 0 0
Figure 6-56. Port C Pin Function Register 3 (PTCPF3)
Table 6-57. PTCPF3 Field Descriptions
Field Description
64 Port C5 Pin Mux Controls.
C5 000 PTC5
001 FTMCHA1
010 TxD1
011 LCD7
100-111Reserved
2-0 Port C4 Pin Mux Controls.
C4 000 PTC4
001 FTMCHO
010 RxD1
011 LCD6
100-111Reserved
6.7.12 Port C Pin Function Register 4 (PTCPF4)
6 5 4 3 2 1 0
R 0 0
Cc7 C6
w
Reset 0 0 0 0 0 0 0 0
Figure 6-57. Port C Pin Function Register 4 (PTCPF4)
Table 6-58. PTCPF4 Field Descriptions
Field Description
64 Port C7 Pin Mux Controls.
Cc7 000 PTC7
001 PCNTCH1
010 TxD3
011 LCD9
100-111Reserved
2-0 Port C6 Pin Mux Controls.
Cé6 000 PTC6
001 PCNTCHO
010 RxD3
011 LCDS8
100-111Reserved
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6.7.13 Port D Pin Function Register 1 (PTDPF1)

6 5 4 3 2 1 0
R 0 0
D1 DO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-58. Port D Pin Function Register 1 (PTDPF1)
Table 6-59. PTDPF1 Field Descriptions
Field Description

64 Port D1 Pin Mux Controls.
D1 000 PTD1

001 KBIP1

010 MISO2

011 LCD11
100-111Reserved

2-0 Port DO Pin Mux Controls.
DO 000 PTDO

001 KBIPO

010 MOSI2

011 LCD10
100-111Reserved

6.7.14 Port D Pin Function Register 2 (PTDPF2)

6 5 4 3 2 1 0
R 0 0
D3 D2
w
Reset 0 0 0 0 0 0 0 0
Figure 6-59. Port D Pin Function Register 2 (PTDPF2)
Table 6-60. PTDPF2 Field Descriptions
Field Description

6—4 Port D3 Pin Mux Controls.
D3 000 PTD3

001 KBIP3

010 SS2

011 LCD13

100 —111Reserved

2-0 Port D2 Pin Mux Controls.
D2 000 PTD2

001 KBIP2

010 SCLK2

011 LCD12
100-111Reserved
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6.7.15 Port D Pin Function Register 3 (PTDPF3)
6 5 4 3 2 1 0
R 0 0
D5 D4
w
Reset 0 0 0 0 0 0 0 0
Figure 6-60. Port D Pin Function Register 3 (PTDPF3)
Table 6-61. PTDPF3 Field Descriptions
Field Description
6-4 Port D5 Pin Mux Controls.
D5 000 PTD5
001 KBIP5
010 CLKOUT
011 LCD15
100-111Reserved
2-0 Port D4 Pin Mux Controls.
D4 000 PTD4
001 KBIP4
010 LCD14
011-111Reserved
6.7.16 Port D Pin Function Register 4 (PTDPF4)
6 5 4 3 2 1 0
R 0 0
D7 D6
w
Reset 0 0 0 0 0 0 0 0
Figure 6-61. Port D Pin Function Register 4 (PTDPF4)
Table 6-62. PTDPF4 Field Descriptions
Field Description
64 Port D7 Pin Mux Controls.
D7 000 PTD7
001 KBIP7
010 LCD17
011-111Reserved
2-0 Port D6 Pin Mux Controls.
D6 000 PTD6
001 KBIP6
010 LCD16
011-111Reserved
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6.7.17 Port E Pin Function Register 1 (PTEPF1)

7 6 5 4 3 2 1 0

R 0 0

E1 EO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-62. Port E Pin Function Register 1 (PTEPF1)
Table 6-63. PTEPF1 Field Descriptions
Field Description

64 Port E1 Pin Mux Controls.

E1 000 PTEA1
001 LCD19
010-111Reserved
2-0 Port EO Pin Mux Controls.
EO 000 PTEO
001 LCD18

010-111Reserved

6.7.18 Port E Pin Function Register 2 (PTEPF2)

7 6 5 4 3 2 1 0

R 0 0

E3 E2
w
Reset 0 0 0 0 0 0 0 0
Figure 6-63. Port E Pin Function Register 2 (PTEPF2)
Table 6-64. PTEPF2 Field Descriptions
Field Description

64 Port E3 Pin Mux Controls.
E3 000 PTE3

001 LCD21

010-111 Reserved

2-0 Port E2 Pin Mux Controls.
E2 000 PTE2
001 LCD20

010-111Reserved
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6.7.19 Port E Pin Function Register 3 (PTEPF3)
6 5 4 3 2 1
R 0 0
ES E4
w
Reset 0 0 0 0 0 0 0
Figure 6-64. Port E Pin Function Register 3 (PTEPF3)
Table 6-65. PTEPF3 Field Descriptions
Field Description
6—4 Port E5 Pin Mux Controls.
E5 000 PTE5
001 Reserved
010 LCD23
011-1111Reserved
20 Port E4 Pin Mux Controls.
E4 000 PTE4
001 Reserved
010 LCD22
011-111Reserved
6.7.20 Port E Pin Function Register 4 (PTEPF4)
6 5 4 3 2 1
R 0 0
E7 E6
w
Reset 0 0 0 0 0 0 0
Figure 6-65. Port E Pin Function Register 4 (PTEPF4)
Table 6-66. PTEPF4 Field Descriptions
Field Description
64 Port E7 Pin Mux Controls.
E7 000 PTE7
001 Reserved
010 LCD25
011-111Reserved
2-0 Port E6 Pin Mux Controls.
E6 000 PTE6
001 Reserved
010 LCD24
011-111Reserved
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6.7.21 Port F Pin Function Register 1 (PTFPF1)

7 6 5 4 3 2 1 0

R 0 0

F1 Fo
w
Reset 0 0 0 0 0 0 0 0
Figure 6-66. Port F Pin Function Register 1 (PTFPF1)
Table 6-67. PTFPF1 Field Descriptions
Field Description

64 Port F1 Pin Mux Controls.

F1 000 PTFA1
001 LCD27
010-111Reserved
2-0 Port FO Pin Mux Controls.
FO 000 PTFO
001 LCD26

010-111Reserved

6.7.22 Port F Pin Function Register 2 (PTFPF2)

7 6 5 4 3 2 1 0

R 0 0

F3 F2
w
Reset 0 0 0 0 0 0 0 0
Figure 6-67. Port F Pin Function Register 2 (PTFPF2)
Table 6-68. PTFPF2 Field Descriptions
Field Description

64 Port F3 Pin Mux Controls.

F3 000 PTF3
001 LCD29
010-111Reserved
2-0 Port F2 Pin Mux Controls.
F2 000 PTF2
001 LCD28

010-111Reserved
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6.7.23 Port F Pin Function Register 3 (PTFPF3)

7 6 5 4 3 2 1 0

R 0 0

F5 Fa4
w
Reset 0 0 0 0 0 0 0 0
Figure 6-68. Port F Pin Function Register 3 (PTFPF3)
Table 6-69. PTFPF3 Field Descriptions
Field Description

64 Port F5 Pin Mux Controls.

F5 000 PTF5
001 LCD31
010-111Reserved
2-0 Port F4 Pin Mux Controls.
F4 000 PTF4
001 LCD30

010 —111Reserved

6.7.24 Port F Pin Function Register 4 (PTFPF4)

7 6 5 4 3 2 1 0

R 0 0

F7 F6
w
Reset 0 0 0 0 0 0 0 0
Figure 6-69. Port F Pin Function Register 4 (PTFPF4)
Table 6-70. PTFPF4 Field Descriptions
Field Description

64 Port F7 Pin Mux Controls.
F7 000 PTF7

001 FTMCLK

010 AD5

011 LCD33
100-111Reserved

2-0 Port F6 Pin Mux Controls.
F6 000 PTF6

001 MTIMCLK

010 AD4

011 LCD32
100-111Reserved
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6.7.25 Port G Pin Function Register 1 (PTGPF1)

7 6 5 4 3 2 1 0

R 0 0

G1 GO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-70. Port G Pin Function Register 1 (PTGPF1)
Table 6-71. PTGPF1 Field Descriptions
Field Description

64 Port G1 Pin Mux Controls.
G1 000 PTG1

001 MISO1

010 AD7

011 LCD35
100-1111Reserved

2-0 Port GO Pin Mux Controls.
GO 000 PTGO

001 MOSIH1

010 AD6

011 LCD34
100-111Reserved

6.7.26 Port G Pin Function Register 2 (PTGPF2)

7 6 5 4 3 2 1 0

R 0 0

G3 G2
w
Reset 0 0 0 0 0 0 0 0
Figure 6-71. Port G Pin Function Register 2 (PTGPF2)
Table 6-72. PTGPF2 Field Descriptions
Field Description

6—4 Port G3 Pin Mux Controls.
G3 000 PTG3

001 SS1

010 AD9

011 LCD37
100-1111Reserved

2-0 Port G2 Pin Mux Controls.
G2 000 PTG2

001 SCLK1

010 AD8

011 LCD36
100-111Reserved

MC9S08GW64 MCU Series Reference Manual, Rev.3

170 Freescale Semiconductor



Parallel Input/Output ControlChapter 6 Parallel Input/Output Control

6.7.27 Port G Pin Function Register 3 (PTGPF3)

6 5 4 3 2 1 0
R 0 0
G5 G4
w
Reset 0 0 0 0 0 0 0 0
Figure 6-72. Port G Pin Function Register 3 (PTGPF3)
Table 6-73. PTGPF3 Field Descriptions
Field Description

64 Port G5 Pin Mux Controls.
G5 000 PTG5

001 CMPOUT2

010 TxD3

011 AD11

100 LCD39
101-111Reserved

2-0 Port G4 Pin Mux Controls.
G4 000 PTG4

001 CMPOUT1

010 RxD3

011 AD10

100 LCD38
101-111Reserved
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6.7.28 Port G Pin Function Register 4 (PTGPF4)
6 5 4 2 1 0
R 0 0
G7 G6
W
Reset 0 0 0 0 0 0 0 0
Figure 6-73. Port G Pin Function Register 4 (PTGPF4)
Table 6-74. PTGPF4 Field Descriptions

Field Description

64 Port G7 Pin Mux Controls.

G7 000 PTG7
001 CMPP4
010 AD13
011 PCNTH1
100 LCD41
101-111Reserved

2-0 Port G6 Pin Mux Controls.

G6 000 PTG6
001 CMPP3
010 AD12
011 PCNTO
100 LCD40
101-111Reserved
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6.7.29 Port H Pin Function Register 1 (PTHPF1)
6 5 4 2 1
R 0 0
H1 HO
w
Reset 0 0 0 0 0 0 0
Figure 6-74. Port H Pin Function Register 1 (PTHPF1)
Table 6-75. PTHPF1 Field Descriptions
Field Description
6-4 Port H1 Pin Mux Controls.
H1 000 PTH1
001 RTCCLKOUT
010 AD15
011 LCD43
100-111Reserved
2-0 Port HO Pin Mux Controls.
HO 000 PTHO
001 CMPP5
010 AD14
011 PCNT2
100 LCD42

101-111Reserved
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Chapter 7
Central Processor Unit (S08CPUV6)

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 HCSOSRMV 1.

The HCSO08 CPU is fully source- and object-code-compatible with the M68HCO08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
a new background debug system which replaces the monitor mode of earlier M68HCO08 microcontrollers
(MCU).

711

Features

Features of the HCS08 CPU include:

Object code fully upward-compatible with M68HCO05 and M68HCO08 Families
64-KB CPU address space with banked memory management unit for greater than 64 KB
16-bit stack pointer (any size stack anywhere in 64-KB CPU address space)
16-bit index register (H:X) with powerful indexed addressing modes

8-bit accumulator (A)

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

Seven addressing modes:

— Inherent — Operands in internal registers

— Relative — 8-bit signed offset to branch destination

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

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

— Extended — Operand anywhere in 64-Kbyte address space

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

— Indexed relative to SP — Improves C efficiency dramatically
Memory-to-memory data move instructions with four address mode combinations

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

Efficient bit manipulation instructions
Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions
STOP and WAIT instructions to invoke low-power operating modes
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7.2 Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

7 0
BECTTCNEE

16-BIT INDEX REGISTER H:X
H| INDEX REGISTER (HIGH) | | INDEX REGISTER (LOW) | X

15 8 7 0
| STACKPOINTER | | sP
15 0
| " 'PROGRAMCOUNTER = ' | PC
7 0
CONDITION CODE REGISTER [V 11 'H | ‘Nz C| CCR
CARRY
——ZERO
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 accumulator 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 accumulator.

7.2.2 Index Register (H:X)

This 16-bit register is actually two separate 8-bit registers (H and X)), which often work together as a 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 M68HCOS5 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
instructions allow data to be transferred from A or transferred to A where arithmetic and logical operations
can then be performed.

For compatibility with the earlier M68HCO05 Family, H is forced to 0x00 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
(LIFO) 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
AIS (add immediate to stack pointer) instruction adds an 8-bit signed immediate value to SP. This is most
often used to allocate or deallocate space for local variables on the stack.

SP is forced to 0xOOFF at reset for compatibility with the earlier M68HCO0S5 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 0OxO0FF).

The RSP (reset stack pointer) instruction was included for compatibility with the M68HCO05 Family and
is seldom used in new HCSO08 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 is loaded with the reset vector that is located 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 bits in 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.
\Y 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
Zz 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, memory, status and
control registers, and input/output (I/O) ports share a single 64-Kbyte CPU address space. This
arrangement means that the same instructions that access variables in RAM can also be used to access I/O
and control registers or nonvolatile program space.

NOTE

For more information about extended addressing modes, see the Memory
Management Unit section in the Memory chapter.

MCU derivatives with more than 64-Kbytes of memory also include a memory management unit (MMU)
to support extended memory space. A PPAGE register is used to manage 16-Kbyte pages of memory
which can be accessed by the CPU through a 16-Kbyte window from 0x8000 through 0xBFFF. The CPU
includes two special instructions (CALL and RTC). CALL operates like the JSR instruction except that
CALL saves the current PPAGE value on the stack and provides a new PPAGE value for the destination.
RTC works like the RTS instruction except RTC restores the old PPAGE value in addition to the PC during
the return from the called routine. The MMU also includes a linear address pointer register and data access
registers so that the extended memory space operates as if it was a single linear block of memory. For
additional information about the MMU, refer to the Memory chapter of this data sheet.

Some instructions use more than one addressing mode. For instance, move instructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such as BRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify the location
of an operand for a test and then use relative addressing mode to specify the branch destination address
when the tested condition is true. 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 is implied 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 value is located in the memory location immediately following the opcode. During execution, if the
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current
contents of the program counter, which causes program execution to continue at the branch destination
address.

7.3.3 Immediate Addressing Mode (IMM)

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

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an address in the direct page
(0x0000-0x00FF). During execution a 16-bit address is 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 is located. This is faster and more memory efficient than specifying a complete 16-bit
address for the operand.

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 variations including 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 (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. The index register pair is then incremented

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

7.3.6.3 Indexed, 8-Bit Offset (IX1)

This variation 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 (1X1+)

This variation 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.
The index register pair is then incremented (H: X = H:X + 0x0001) after the operand has been fetched. This
addressing mode is used only for the CBEQ instruction.
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7.3.6.5 Indexed, 16-Bit Offset (IX2)

This variation of indexed addressing uses the 16-bit value in the H: X index register pair plus a 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.

7.3.6.7 SP-Relative, 16-Bit Offset (SP2)

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

7.4  Special Operations

The CPU performs a few special operations that are similar to instructions but do not have opcodes like
other CPU instructions. In addition, a few 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 a reset event
occurs, the CPU immediately stops whatever it is doing (the MCU does not wait for an instruction
boundary before responding to a reset event). For a more detailed discussion about how the MCU
recognizes resets and determines the source, refer to 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 source is done and when the reset pin is no longer asserted. At the conclusion of a reset 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.

7.4.2 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 is where
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:
1. Store the contents of PCL, PCH, X, A, and CCR on the stack, in that order.
2. Set the I bit in the CCR.
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Fetch the high-order half of the interrupt vector.
Fetch the low-order half of the interrupt vector.
Delay for one free bus cycle.

S kW

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

After the CCR contents are pushed onto the stack, the I bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the I bit with an instruction in the
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 M68HCO05 MCU s, 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
the interrupt service routine. It is not necessary to save H if you are certain that the interrupt service routine
does not use any instructions or auto-increment addressing modes that might change the value of H.

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

7.4.3 Wait Mode Operation

The WAIT instruction enables interrupts by clearing the I bit in the CCR. It then halts the clocks to the
CPU to reduce overall power consumption while the CPU is waiting for the interrupt or reset event that
will 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 a serial BACKGROUND command is issued to the MCU through the background debug interface while
the CPU is in wait mode, CPU clocks will resume and the CPU will enter active background mode where
other serial background commands can be processed. This ensures that a host development system can still
gain access to a target MCU even if it is in wait mode.

74.4 Stop Mode Operation

Usually, all system clocks, including the crystal oscillator (when used), are halted during stop mode to
minimize power consumption. In such systems, external circuitry is needed to control the time spent in
stop mode and to issue a signal to wake up the target MCU when it is time to resume processing. Unlike
the earlier M68HCO0S5 and M68HC08 MCUs, the HCSO08 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 MCU was reset into

active background mode), the oscillator is forced to remain active when the MCU enters stop mode. In this
case, if a serial BACKGROUND command is issued to the MCU through the background debug interface
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while the CPU is in stop mode, CPU clocks will resume and the CPU will enter active background mode
where other serial background commands can be processed. This ensures that a host development system
can still gain access to a target MCU even if it is in stop mode.

Recovery from stop mode depends on the particular HCSO8 and whether the oscillator was stopped in stop
mode. Refer to the Modes of Operation chapter for more details.

7.4.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEI1, 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 reaches this breakpoint address, the CPU is forced to active
background mode rather than continuing the user program.

The CALL is similar to a jump-to-subroutine (JSR) instruction, but the subroutine that is called can be
located anywhere in the normal 64-Kbyte address space or on any page of program expansion memory.
When CALL is executed, a return address is calculated, then it and the current program page register value
are stacked, and a new instruction-supplied value is written to PPAGE. The PPAGE value controls which
of the possible 16-Kbyte pages is visible through the window in the 64-Kbyte memory map. Execution
continues at the address of the called subroutine.

The actual sequence of operations that occur during execution of CALL is:

1. CPU calculates the address of the next instruction after the CALL instruction (the return address)
and pushes this 16-bit value onto the stack, low byte first.

2. CPU reads the old PPAGE value and pushes it onto the stack.

3. CPU writes the new instruction-supplied page select value to PPAGE. This switches the destination
page into the program overlay window in the CPU address range 0x8000 OxBFFF.

4. Instruction queue is refilled starting from the destination address, and execution begins at the new
address.

This sequence of operations is an uninterruptable CPU instruction. There is no need to inhibit interrupts
during CALL execution. In addition, a CALL can be performed from any address in memory to any other
address. This is a big improvement over other bank-switching schemes, where the page switch operation
can be performed only by a program outside the overlay window.

For all practical purposes, the PPAGE value supplied by the instruction can be considered to be part of the
effective address. The new page value is provided by an immediate operand in the instruction.

The RTC instruction is used to terminate subroutines invoked by a CALL instruction. RTC unstacks the
PPAGE value and the return address, the queue is refilled, and execution resumes with the next instruction
after the corresponding CALL.
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The actual sequence of operations that occur during execution of RTC is:
1. The return value of the 8-bit PPAGE register is pulled from the stack.
2. The 16-bit return address is pulled from the stack and loaded into the PC.
3. The return PPAGE value is written to the PPAGE register.
4. The queue is refilled and execution begins at the new address.

Since the return operation is implemented as a single uninterruptable CPU instruction, the RTC can be
executed from anywhere in memory, including from a different page of extended memory in the overlay
window.

The CALL and RTC instructions behave like JSR and RTS, except they have slightly longer execution
times. Since extra execution cycles are required, routinely substituting CALL/RTC for JSR/RTS is not
recommended. JSR and RTS can be used to access subroutines that are located outside the program overlay
window or on the same memory page. However, if a subroutine can be called from other pages, it must be
terminated with an RTC. In this case, since RTC unstacks the PPAGE value as well as the return address,
all accesses to the subroutine, even those made from the same page, must use CALL instructions.
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Table 7-2 provides a summary of the HCS08 instruction set in all possible addressing modes. The table
shows operand construction, execution time in internal bus clock cycles, and cycle-by-cycle details for
each addressing mode variation of each instruction.

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

@ ° » Affect
. [} . K] _hy-
S,?;'{.;e Operation 59 Object Code | o CySeI:\a/“CS:yc on CCR
3= o Vi1H|INZC

ADC #opr8i IMM A9 ii 2 |pp
ADC opr8a DIR B9 dd 3 |rpp
ADC opri6a EXT C9 hh 11 4 |prpp
ADC oprx16,X Add with Carry X2 D9 ee ff 4  |prpp t111] =111
ADC oprx8,X A« (A)+ (M) +(C) X1 E9 ff 3 |rpp
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 AB ii 2 |pp
ADD opr8a DIR BB dd 3 |rpp
ADD opri6a EXT CB hh 11 4  |prpp
ADD oprx16,X Add without Carry IX2 DB ee ff 4 |prpp 1111 =111
ADD oprx8,X A<« (A) + (M) IX1 EB ff 3 |rpp
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 ii 2 |pp i I R

SP « (SP) + (M)

Add Immediate Value (Signed) to
AIX #opr8i Index Register (H:X) IMM AF ii 2 |pp -11-|-=---

H:X « (H:X) + (M)
AND #opr8i IMM A4 i 2 |pp
AND opr8a DIR B4 dd 3 |rpp
AND opri6a EXT C4 hh 11 4 |prpp
AND oprx16,X Logical AND IX2 D4 ee ff 4 |prpp 011-|-11-
AND oprx8,X A« (A) & (M) 1X1 E4 ff 3 |rpp
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 ([T T T T 0 INH 58 1 P11-|-111
ASL oprx8,X b7 bo IX1 68 ff 5 |rfwpp
ASL X 1X 78 4 |rfwp
ASL oprx8,SP (Same as LSL) SP1 9E 68 ff 6 |prfwpp
ASR opr8a DIR 37 dd 5 |rfwpp
ASRX —_— INH 57 1 |p t11-] 111
ASR opr&X LT X1 o7 £t 5 |rfupp
ASR X b7 b0 IX 77 4  |rfwp
ASR o0prx8,SP SP1 9E 67 ff 6 |prfwpp
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Table 7-2. Instruction Set Summary (Sheet 2 of 9)

? o » Affect
Source ; (-] ; 2 | Cyc-by-Cyc on CCR
Form Operation g § Object Code S Details
< o Vi1iH|INZC
BCC rel Branch if Carry Bit Clear REL 24 rr 3 |ppp 1o _
(ifC=0)
DIR (b0) 11 dd 5 |rfwpp
DIR (b1) 13 dd 5 |rfwpp
DIR (b2) 15 dd 5 |rfwpp
Clear Bit n in Memory DIR (b3) 17 dd 5 |rfwpp o
BCLR n.opr8a (Mn < 0) DIR (b4) 19 dd 5 |rfwpp 1
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 1
BEQ rel Branch if Equal (if Z = 1) REL 27 rr 3 |ppp 1-|-=---
Branch if Greater Than or Equal To
BGE rel (if N® V = 0) (Signed) REL 90 rr 3 |ppp 1-|-=-=-=-
Enter active background if ENBDM=1
BGND Waits for and processes BDM commands INH 82 5+ |fp...ppp 1-|-=-=-=
until GO, TRACEH1, or TAGGO
Branch if Greater Than (if Z| (N & V) = 0) -
BGT rel (Signed) REL 92 rr 3 |ppp 1
BHCC rel Branch if Half Carry Bit Clear (if H = 0) REL 28 rr 3 |ppp 1-]-=---
BHCS rel Branch if Half Carry Bit Set (if H = 1) REL 29 rr 3 |ppp 1-]-=-=--
BHI rel Branch if Higher (if C | Z = 0) REL 22 rr 3 |ppp 1-|-=-=-=
Branch if Higher or Same (if C = 0) o
BHS rel (Same as BCC) REL 24 rr 3 |ppp 1
BIH rel Branch if IRQ Pin High (if IRQ pin = 1) REL 2F rr 3 |ppp 1-]-=-=--
BIL rel Branch if IRQ Pin Low (if IRQ pin = 0) REL 2E rr 3 |ppp 1 - -=--=
BIT #0pr8i IMM A5 ii 2 |pp
BIT opr8a DIR B5 dd 3 |rpp
BIT opri6a Bit Test EXT C5 hh 11 4 |prpp
BIT oprx16,X IX2 D5 ee ff 4 |prpp
BIT oprx8X Eé)cgﬁ(gl )dated but Operands Not Changed) | X! BS £f 8 |rpp B
BIT X P P 989 ix F5 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 (f Z1 (N @ V) = 1) (Signed) REL 93 rr 3 |ppp 1-1-=---
BLO rel Branch if Lower (if C = 1) (Same as BCS) REL 25 rr 3 |ppp 1-|-=-=-=
BLS rel Branch if Lower or Same (if C | Z=1) REL 23 rr 3 |ppp 1-]-=-=--
BLT rel Branch if Less Than (if N @ V = 1) (Signed) |REL 91 rr 3 |ppp 1-]-=-=--
BMC rel Branch if Interrupt Mask Clear (if | = 0) REL 2C rr 3 |ppp 1-|-=---
BMI rel Branch if Minus (if N = 1) REL 2B rr 3 |ppp 1-|-=---
BMS rel Branch if Interrupt Mask Set (if | = 1) REL 2D rr 3 |ppp 1-|-=-=--
BNE rel Branch if Not Equal (if Z = 0) REL 26 rr 3 |ppp 1-|-=-=--
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Table 7-2. Instruction Set Summary (Sheet 3 of 9)

2o o Affect
. [ . 29 -by-
Slg:rrr::‘e Operation 50 Object Code | o Cygelgg“(s?yc on CCR
2= S Vi1H|INZC
BPL rel Branch if Plus (if N = 0) REL 2A rr 3 |ppp -11 -] -=---
BRA rel Branch Always (if | = 1) REL 20 rr 3 |ppp -11-|-=---
DIR (b0) 01 dd rr 5 |rpppp
DIR (b1) 03 dd rr 5 |rpppp
DIR (b2) 05 dd rr 5 |rpppp
BRCLR n,opr8a,rel |Branch if Bit n in Memory Clear (if (Mn) = 0) B:g Egi; 8; gg ii g igggg -11-|-=-=-1
DIR (b5) 0B dd rr 5 |rpppp
DIR (b6) 0D 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 (b1) 02 dd rr 5 |rpppp
DIR (b2) 04 dd rr 5 |rpppp
BRSET n,opr8a,rel |Branch if Bit nin Memory Set (if (Mn) = 1) B:Q Egii 8: gg o g iigii 41| ———t
DIR (b5) OA dd rr 5 |rpppp
DIR (b6) 0C dd 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
BSET n,opr8a Set Bit nin Memory (Mn « 1) 8:2 ggi; i: gg g iixgg 11 -|---=
DIR (b5) 1A dd 5 |rfwpp
DIR (b6) 1Cc dad 5 |rfwpp
DIR (b7) 1E dd 5 |rfwpp

Branch to Subroutine
PC « (PC) + $0002
BSR rel push (PCL); SP « (SP) — $0001 REL AD rr 5 |ssppp -11 -] -=---
push (PCH); SP « (SP) — $0001
PC « (PC) + rel

CALL page, opri6a |Call Subroutine EXT AC pg hhll 8 |ppsssppp -11-|-=-=--
CBEQ opr8a,rel Compare and... Branch if (A) = (M) DIR 31 dd rr 5 |rpppp

CBEQA #opr8i,rel Branch if (A) = (M) IMM 41 ii rr 4  |pppp

CBEQX #opr8i,rel Branch if (X) = (M) IMM 51 ii rr 4  |pppp 11l __
CBEQ o0prx8,X+,rel Branch if (A) = (M) IX1+ 61 ff rr 5 |rpppp

CBEQ ,X+,rel Branch if (A) = (M) IX+ 71 rr 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 oprx8X 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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Table 7-2. Instruction Set Summary (Sheet 4 of 9)

2o o Affect
- ] . < -by-
Slg:rrr::‘e Operation 50 Object Code | o CySeI:\a/“CS:yc on CCR
3= o ViiH|INZC
CMP #opr8i IMM Al ii 2 |pp
CMP opr8a DIR Bl dd 3 |rpp
CMP opri6a . EXT Cl hh 11 4 |prpp
CMP oprx16,X Compare Accumulator with Memory IX2 D1 ce ff 4 |prpp
CMP oprx8,X A-M IX1 E1l ff 3 |rpp b =111
CMP X (CCR Updated But Operands Not Changed) IX 1 3 |rep
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 oprx8X 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 |prfwpp
CPHX opr16a. Compare Index Register (H:X) with Memory EXT 38 hh 1 6 |prripp
CPHX #opr16i (H:X) — (M:M + $0001) IMM 65 jj kk 3 |ppp t11-]-111
CPHX opréa (CCR Updated But Operands Not Changed) |21 75 dd 5 |rrfpp
CPHX  0prx8,SP P P 9% |sp1 9E F3 ff 6 |prrpp
CPX #opr8i IMM A3 ii 2 |pp
CPX opr8a DIR B3 dd 3 |rpp
CPX opri6a Compare X (Index Register Low) with EXT C3 hh 11 4 |prpp
CPX oprx16,X Memory IX2 D3 ee ff 4 |prpp t11-|-111
CPX oprx8,X X-M IX1 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 o0prx8,SP SP1 9E E3 ff 4 |prpp
Decimal Adjust Accumulator
DAA After ADD or ADC of BCD Values INH 72 T uti-|-ttl
DBNZ opr8a,rel DIR 3B dd rr 7 |rfwpppp
DBNZA rel Decrement A, X, or M and Branch if Not Zero INH 4B rr 4 |fepp
DBNZX rel . INH 5B rr 4 | fppp
(if (result) = 0) -11-|-=--
DBNZ oprx8,X,rel DBNZX Affects X Not H IX1 6B ff rr 7 |rfwpppp
DBNZ ,X,rel IX 7B 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 11— 11~
DEC oprx8,X M « (M) — $01 IX1 6A ff 5 |rfwpp
DEC ,X M « (M) — $01 IX 7A 4 |rfwp
DEC oprx8,SP M « (M) — $01 SP1 9E 6A ff 6 |prfwpp
Divide
DIV A < (H:A)+(X): H < Remainder INH 52 6 |fffffp R R
EOR #opr8i Exclusive OR Memory with Accumulator IMM A8 ii 2 |pp
EOR opr8a A« (A@M) DIR B8 dd 3 |rpp
EOR opri6a EXT C8 hh 11 4 |prpp
EOR oprx16,X IX2 D8 ee ff 4 |prpp 011-|-11-
EOR oprx8,X IX1 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)

? o @ Affect
S,?;'{.;e Operation %é Object Code | o Cygél:gi-lcsiyc on CCR

< o Vi1iH|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
INC X M « (M) + $01 IX 7¢C 4 |rfwp
INC oprx8,SP M « (M) + $01 SP1 9E 6C ff 6 |prfwpp
JMP opr8a DIR BC dd 3 |ppp
jmg 0pr163x Jump :i(XT CC hh 11 4  |pppp

oprx16, 2 DC ee ff 4  |pppp -11=-|=-==-
JMP oprx8.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 opri6a 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 ii 2 |pp
LDA opr8a DIR B6 dd 3 |rpp
LDA opri6a EXT Cé6 hh 11 4  |prpp
LDA oprx16,X Load Accumulator from Memory IX2 D6 ee ff 4 |prpp 011-|-11-
LDA oprx8,X A« (M) 1X1 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 #opr16i IMM 45 3 kk 3 |ppp
LDHX opr8a DIR 55 dd 4 |rrpp
LDHX opri6a Load Index Register (H:X) EXT 32 hh 11 5 |prrpp
LDHX ,X H:X < (M:M + $0001) IX 9E AE 5 |prrfp 011-|-11-
LDHX oprx16,X ’ ' IX2 9E BE ee ff 6 |pprrpp
LDHX oprx8,X X1 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 opri6a EXT CE hh 11 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) 1X1 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{ [ [ 111 J=o0 INH 58 1 |p t11-|-111
LSL oprx8,X b7 b0 X1 68 ff 5 |rfwpp
LSL X IX 78 4 |rfwp
LSL oprx8,SP (Same as ASL) SP1 9E 68 ff 6 |prfwpp
tgg A"prga Logical Shift Right ﬁ)\:ﬁ o dd ‘:’ ;prp
LSRX —_— INH 54 1 |p t11-|-011
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 |prfwpp
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Table 7-2. Instruction Set Summary (Sheet 6 of 9)

a2 o » Affect
Source ; (-] ; 2 | Cyc-by-Cyc on CCR
Operation =0 Object Code o :
Form 3= 5. Details
< Vi1H|INZC
MOV opr8a,opr8a Move DIR/DIR 4E dd dd 5 |rpwpp
MOV opr8a,X+ (M)gestination < (M)source DIR/X+ 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 _ o
MUL XA < (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 — ( INH 40 1 |p
NEGX X < —(X) = $00 - (X) |INH 50 1 |p P11 —111
NEG oprx8,X M < — (M) = $00 — IX1 60 ff 5 |rfwpp
NEG ,X M « — (M) = $00 — 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 « (A[3:01:A[7:4)) INH 62 1p nELEL et
ORA #opr8i IMM AR ii 2 |pp
ORA opr8a DIR BA dd 3 |rpp
ORA opri6a EXT CA hh 11 4 |prpp
ORA oprx16,X Inclusive OR Accumulator and Memory IX2 DA ee ff 4 |prpp 011-|-11-
ORA oprx8,X A<« (A) | (M) 1X1 EA ff 3 |rpp
ORA X IX FA 3 |rfp
ORA oprx16,SP SP2 9E DA ee ff 5 |pprpp
ORA 0prx8,SP SP1 9E EA ff 4  |prpp
Push Accumulator onto Stack
PSHA Push (A); SP < (SP) — $0001 INH 87 2 |sp -11-|----
Push H (Index Register High) onto Stack _ ol
PSHH Push (H): SP < (SP) — $0001 INH 8B sp T
Push X (Index Register Low) onto Stack _ ol
PSHX Push (X): SP < (SP) — $0001 INH 89 sp T
Pull Accumulator from Stack
PULA SP < (SP + $0001); Pull (A) INH 86 ufp L Bl
Pull H (Index Register High) from Stack _ o
PULH SP « (SP +$0001); Pull (H) INH 8a ufp 11
Pull X (Index Register Low) from Stack N o
PULX SP « (SP + $0001): Pull (X) INH 88 3 |ufp T
ROL opr8a Rotate Left through Carry DIR 39 dd S |rfwpp
ROLA INH 49 1 |p
ROLX INH 59 1 |p
ROL opré.X Lot X1 o5 £t 5 |>ewpp Pr-| -t
ROL ,X b7 b0 IX 79 4 |rfwp
ROL oprx8,SP SP1 9E 69 ff 6 |prfwpp
ROR opréa Rotate Right through Carry DIR 36 dad 5 |rfwpp
RORA INH 46 1 |p
RORX INH 56 1 |p
ROR opr&X T X1 o £t 5 |>ewpp AR REEE
ROR ,X b7 b0 IX 76 4 |rfwp
ROR oprx8,SP SP1 9E 66 ff 6 |prfwpp
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Table 7-2. Instruction Set Summary (Sheet 7 of 9)

a2 o » Affect
Source ; (-] ; 2 | Cyc-by-Cyc on CCR
Form Operation g § Object Code S Details
< o Vi1H|INZC
Reset Stack Pointer (Low Byte)
RSP SPL « $FF INH aC 1 |p -11-|-=--
(High Byte Not Affected)
RTC Return from CALL INH 8D 7 |uuufppp -11 -] -==--
Return from Interrupt
SP « (SP) + $0001; Pull (CCR)
SP « (SP) + $0001; Pull (A)
RTI SP < (SP) + $0001: Pull (X) INH 80 9 |uuuuufppp 111711117
SP « (SP) + $0001; Pull (PCH)
SP « (SP) + $0001; Pull (PCL)
Return from Subroutine
RTS SP « SP + $0001; Pull (PCH) INH 81 5 |ufppp -11 -] -==-=
SP « SP + $0001; Pull (PCL)
SBC #opr8i IMM A2 ii 2 |pp
SBC opr8a DIR B2 dd 3 |rpp
SBC opri6a EXT C2 hh 11 4 |prpp
SBC oprx16,X Subtract with Carry IX2 D2 ee ff 4 |prpp t11-|-111
SBC oprx8,X A« (A)-(M)-(C) X1 E2 ff 3 |rpp
SBC X 1X F2 3 |rfp
SBC oprx16,SP SP2 9E D2 ee ff 5 |pprpp
SBC o0prx8,SP SP1 9E E2 ff 4 |prpp
Set Carry Bit
SEC (C 1) INH 99 1 |p -11-|-=--1
SEI Set Interrupt Mask Bit INH oB 1 |p 11 l1-__
(I« 1)
STA opr8a DIR B7 dd 3 |wpp
STA opri6a EXT C7 hh 11 4  |pwpp
STA oprx16,X . IX2 D7 ee ff 4  |pwpp
STA oprx8,X l\SAtore(z;:cumulatorln Memory X4 B7 £f 3 |wop 011-|-11-
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 ?&03 J':'g)ggfff_ FZGHQ)'E) EXT 96 hh 11 5 |pwwpp 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 opri6a EXT CF hh 11 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 0o11—-|-11-
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)

a2 o » Affect
Source ; (-] ; 2 | Cyc-by-Cyc on CCR
Operation =0 Object Code o :
Form 3= 5. Details
< Vi1iH|INZC
SUB #opr8i IMM AQ ii 2 |pp
SUB opr8a DIR BO dd 3 |rpp
SUB opri16a EXT CO0 hh 11 4 |prpp
SUB oprx16,X Subtract IX2 DO ee ff 4  |prpp t11-|-111
SUB oprx8,X A« (A)— (M) X1 EO ff 3 |rpp
SUB ,X 1X 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 _ -
SWI Push (A): SP < (SP) — $0001 INH 83 11 |sssssvvippp 1 1
Push (CCR); SP « (SP) — $0001
|« 1;
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
Transfer Accumulator to CCR
TAP CCR < (A) INH 84 1 |p 17107117
Transfer Accumulator to X (Index Register
TAX Low) INH 97 1 |p 1-1----
X« (A)
Transfer CCR to Accumulator
TPA A < (CCR) INH 85 1 |p 1-1----
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 1-]-11-
TST oprx8X (M) — $00 1X1 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 T=|-=—-
XA Transfer X (Index Reg. Low) to Accumulator INH 9F 1 o PR
A« (X)
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Table 7-2. Instruction Set Summary (Sheet 9 of 9)

? o » Affect
Source ; (-] ; 2 | Cyc-by-Cyc on CCR
Form Operation g § Object Code S Details
< o Vi1H|INZC
Transfer Index Reg. to SP
TXS SP « (H:X) — $0001 INH 94 2 |fp -11 -] =-==-
Enable Interrupts; Wait for Interrupt _ _ _
WAIT I bit < O; 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.
opr16i  Any label or expression that evaluates to a 16-bit immediate value.
opr8a  Any label or expression that evaluates to an 8-bit direct-page address ($00xx).
opri6a 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 END v Cycle-by-Cycle Codes.: o
| Logical OR £ Free cycle. Th|s indicates a cycle where the CPU
@ Logical EXCLUSIVE OR does r_lot require use of the system buses. An f
0 Contents of cyclg is always one cycle of the system bus clock
+ Add and is always a read cycle. .
_ Subtract, Negation (two's complement) P Prog!'am_ fetch; read from next consecutive
« Multiply location in program memory
N 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: CCR Effects:
\ Overflow bit ! Set or cleared
H Half-carry bit - Not affected
| Interrupt mask U Undefined
N Negative bit
4 Zero bit
C Carry/borrow bit
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Table 7-3. Opcode Map (Sheet 1 of 2)
Bit-Manipulation Branch Read-Modify-Write Control Register/Memory
00 5110 5120 3 (30 40 1150 1160 5|70 4 180 9 (90 3 |AO 2 |BO 0 4 |EO FO 3
BRSETO | BSETO BRA NEG NEGA NEGX NEG NEG RTI BGE SuB SuB SuUB 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 5 |21 3 |31 5 |41 4 |51 4 |61 5|71 5 |81 6 |91 3 |A1 2 |B1 C1 4 |D1 E1 F1
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
02 5112 5|22 3 (32 5 |42 5 |52 6 |62 1172 1182 5+ |92 A2 2 |B2 c2 4 |D2 4 |E2 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
03 513 5|23 33 5 |43 1|53 1|63 5|73 4 183 11 |93 A3 2 |B3 C3 4 |D 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 IX
04 5 [14 5 (24 34 44 1 (54 1 (64 5 (74 4 |84 1 (94 A4 2 [B4 3 [ca 4 D 4 [E4 3 [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 5|25 5 4 |45 3 |55 4 |65 3|75 5|85 1|95 A5 2 |B5 C5 4 |D5 E5 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 IX
06 5|16 5 |26 36 46 1 |56 1|66 5|76 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 37 47 1|57 1|67 5|77 4 |87 2 |97 1 [A7 2 |B7 Cc7 4 |D7 4 |E7 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 IX
08 5118 5|28 3 |38 48 1 |58 1|68 5|78 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
09 519 529 3 |39 49 159 1 (69 5179 4 189 2 |99 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 IX
0A 5 1A 5 |2A 3A 4A 1 |5A 1 |6A 5 |7A 4 |8A 3 |9A AA 2 |BA 3 |CA 4 |DA 4 |EA 3 |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 |2B 3B 7 |4B 4 |5B 4 |6B 7 6 |8B 2 |9B AB 2 |BB 3 |CB 4 |DB 4 |EB 3 |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 IX
0oC 5|1C 5 |2C 3C 4C 1 [5C 1 [6C 7C 4 |8C 1 [9C AC 8 |BC 3 |CC 4 |DC 4 |EC 3 |FC 3
BRSET6 | BSET6 BMC INC INCA INCX INC INC CLRH RSP CALL 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 |4 EXT |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
oD 5|1D 512D 3 |3D 4 14D 1 (5D 1 (6D 4 |7D 3 |8D 7 |9D 1 [AD 5 |BD CD 6 |DD 6 |ED FD 5
BRCLR6 | BCLR6 BMS TST TSTA TSTX TST TST RT NOP BSR JSR SR JSR JSR JSR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 {1 IX |1 INH |1 INH |2 REL |2 DIR |3 EXT |3 IX2 |2 IX1 {1 IX
OE 5 |1E 5 |2E 3 |3E 6 |4E 5E 5 |6E 4 |7E 5 |8E 2+ |9E AE 2 |BE CE 4 |DE 4 |EE 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 3F 5 |4F 5F 1 [6F 5 |7F 4 |8F 2+ |9F AF 2 |BF CF 4 |DF 4 |El 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 IX
INH Inherent REL Relative SP1  Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct 1X1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended 1X2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIR to IX+ Post Increment o f
pcode in
Hexadecimal | FO 3 |HCSO08 Cycles

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

Bit-Manipulation Branch Read-Modify-Write Control

9E60 6
3 SP1
6

CBEQ

Register/Memory

9EF3 6
CPHX
3 SP1

9EAE 5 |9EBE 6 |9ECE 5 [9EDE 5
LDHX LDHX
2 IX |4 IX2 |3

3 SP1
INH Inherent REL Relative SP1 Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct X1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended 1X2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD  IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D  IX+to DIR DIX+ DIR to IX+ Post Increment

Note: All Sheet 2 Opcodes are Preceded by the Page 2 Prebyte (9E) Prebyte (9E) and Opcode in
Hexadecimal |9E60 6 |HCS08 Cycles

NEG |Instruction Mnemonic

Number of Bytes |3 SP1 | Addressing Mode
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Chapter 8
Keyboard Interrupt (S08KBIV?2)

8.1 Introduction

The keyboard interrupt (KBI) module provides up to eight independently enabled external interrupt
sources. All KBI pins share KBI functionality with GPIO pins. Each keyboard interrupt has independent
pin enable bit and edge select bit for different usages.

8.1.1 KBI Clock Gating

The bus clock to the KBI module can be gated on and off using the KBI bit in SCGCI1. This bit is cleared
after any reset, which disables the bus clock to this module. To conserve power, the KBI bit can be cleared
to disable the clock to this module. See Section 5.7, “Peripheral Clock Gating,” for details.
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Chapter 8 Keyboard Interrupt (S08KBIV2)

VopalV
v DD‘>V SSA > Voo Voon . DB ort A —f<> PTAO/MOSI2/PCNTCHO/SCL/AD2
REFIL__REFL »| Vegrn/Vaer trigll] L Ltrig[1:0] EXTRIG <> PTA1/MISO2/PCNTCH1/SDA/AD3
»| Ap[i5) Port AF,G,H: |selll] sel[1:0] < > PTA2/SCLK2/FTMCHO/PCNTO/CMPPO
AD[15:2] £ <> PTA3/SS2/FTMCH1/PCNT1/CMPP1
ADC1 DADP/M[] KBI Port B, D: & > PTA4/MTIMCLK/RXD2/PCNT2/CMPP2
trig[0] KBIP[7:0] <> PTA5/FTMCLK/TXD2/EXTRIG/IRQ
> VoowVssa sel[0] |__l<>» PTA6/CMPOUTO/CLKOUT/BKGD/MS
2 VRerHVREFL  port p F G H: 2-Channel FTM P;TV;A?:!HC[()E [ |<<> PTBO/KBIPO/TXD1/EXTAL2
»-| AD[15] AD[15:2] FTMGLK <> PTB1/KBIP1/RxD1/XTAL2
ADCO DADP/M[O] <> PTB2/KBIP2/MOSI0/MISO0/RXDO
VRero 16-bit MTIM3 Port A, F: g |t PTB3/KBIP3/MISO0/MOSI0/TxD0
- MTIMCLK & |=> PTB4/KBIP4/SCLKO/SCL
Voo <> PTB5/KBIP5/SS0/SDA
Vss VREG _ <> PTB6/KBIP6/RXD2/LCDO
Voo 8-bit MTIM1 Port A, F: |_l<«» PTB7/KBIP7/TxD2/LCD1
' MTIMCLK
—J<«> PTCO/MOSI1/LCD2
- <> PTC1/MISO1/LCD3
PCRC 8-bit MTIM2 Port A, F: <> PTC2/SCLK1/LCD4
MTIMCLK o |» PTC3/SS1/LCD5
& > PTC4/FTMCHO/RxD1/LCD6
$08 Core V6 SPI0 Port B: <> PTC5/FTMCH1/TxD1/LCD7
MOSI0 MISO0 <> PTC6/PCNTCHO/RXD3/LCD8
SCLK0 S50 | _}<» PTC7/PCNTCH1/TXD3/LCD9
BKGD/MS [ - | sPn PortC,G:|  [—Je» PTDOKBIPO/MOSI2/LCD10
L g'gﬁ('} %01 <« PTD1/KBIP1/MISO2/LCD11
= o |=> PTD2/KBIP2/SCLK2/LCD12
P ot ALD: ¢ |«>»PTD3/KBIP3/5S2/L.CD13
MOSI2 MISO2 o l>» PTD4/KBIP4/LCD14
RESETB _ o SCLK2 552 <> PTD5/KBIP5/CLKOUT/LCD15
> — —— <> PTD6/KBIP6/LCD16
cop A | _l<>» PTD7/KBIP7/LCD17
SCL
<> PTEO/LCD18
b scio Port B: l«» PTE1/LCD19
RxDO <> PTE2/LCD20
TxDo 4 > PTE3/LCD21
FLASH & j=>» PTE4/LCD22
GW64 64 KB scn Port F?;([():1 l«>» PTE5/LCD23
GW32 32 KB TxD1 > PTE6/LCD24
| le» PTE7/LCD25
RAM sci2 Port A, B: [ |<> PTF0/LCD26
GW64 4 KB TXD2 <> PTF1/LCD27
GW322 KB <> PTF2/LCD28
sci3 Port C, G: % j>» PTF3/LCD29
Internal Clock Source RxD3 S k<> PTF4/LCD30
REFCLK  IRCLK TxD3 > PTF5/LCD31
] <> PTF6/MTIMCLK/AD4/LCD32
PRACMPO  PortA, G, H: | <> PTF7/FTMCLK/AD5/LCD33
| Iclock Check & Select CMPPOTL2/3/4/5/6 |
<> PTGO/MOSI1/AD6/LCD34
<> PTG1/MISO1/AD7/LCD35
XTAL2 X0SC2 PRACMP1 PortA, G, H: | <> PTG2/SCLK1/AD8/LCD36
EXTAL2 R A © l€» PTG3/SST/ADY/LCD37
> CLKO 5
5 > PTG4/CMPOUT1/RXxD3/AD10/LCD38
r— L <> PTG5/CMPOUT2/TxD3/AD11/LCD39
X! X0SC1 PRACHPE o PpCrLh, O, H: <> PTG6/CMPP3/AD12/PCNTO/LCDA40
EXTALT |= cLKo | CMPOUT2 | l<>» PTG7/CMPP4/AD13/PCNT1/LCDA41
Voar | | ooNT coAconl  [Tf<> PTHOCMPPS/AD14/PCNT2/LCD42
TAMPER1 i Independent PCNTO PCNT1 PCNT2) 5 <> PTH1/RTCCLKOUT/CMPP6/AD15/LCD43
TAMPER2 g | PCNTCHO PCNTCH1 [ <]
| The RTC is ir_1 a separate ‘ LCD PortB, C, D, E, F, G, H:
 _Ppowerdomain LCD[0:43]

Figure 8-1. MC9S08GW64 Series Block Diagram Highlighting KBI Module and Pins
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Keyboard Interrupt (S08KBIV2)

8.1.2 Features

The KBI features include:
» Up to eight keyboard interrupt pins with individual pin enable bits.

* Each keyboard interrupt pin is programmable as falling edge (or rising edge) only, or both falling
edge and low level (or both rising edge and high level) interrupt sensitivity.

* One software enabled keyboard interrupt.
» Exit from low-power modes.

8.1.3 Modes of Operation

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

8.1.3.1 KBI in Wait Mode

The KBI continues to operate in wait mode if enabled before executing the WAIT instruction. Therefore,
an enabled KBI pin (KBPEx = 1)) can be used to bring the MCU out of wait mode if the KBI interrupt is
enabled (KBIE = 1).

8.1.3.2 KBI in Stop Modes

The KBI operates asynchronously in stop3 mode if enabled before executing the STOP instruction.
Therefore, an enabled KBI pin (KBPEx = 1) can be used to bring the MCU out of stop3 mode if the KBI
interrupt is enabled (KBIE = 1).

During either stop1 or stop2 mode, the KBI is disabled. In some systems, the pins associated with the KBI
may be sources of wakeup from stop1 or stop2, see the stop modes section in the Modes of Operation
chapter. Upon wake-up from stop1 or stop2 mode, the KBI module will be in the reset state.

8.1.3.3 KBI in Active Background Mode

When the microcontroller is in active background mode, the KBI will continue to operate normally.

8.1.4 Block Diagram

The block diagram for the keyboard interrupt module is shown Figure 8-2.
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BUSCLK
o w g | =
——
KBIPO Og LDCLRQ

SYNCHRONIZER —¢
KBEDGO

o

KEYBOARD STOP BYPASS KBI
INTERRUPT FF INTERRU
PT

L
KBIPn OS

.

Figure 8-2. KBI Block Diagram

8.2 External Signal Description

The KBI input pins can be used to detect either falling edges, or both falling edge and low level interrupt
requests. The KBI input pins can also be used to detect either rising edges, or both rising edge and high
level interrupt requests.

The signal properties of KBI are shown in Table 8-1.
Table 8-1. Signal Properties

Signal Function /0

KBIPn Keyboard interrupt pins |

8.3  Register Definition

The KBI includes three registers:
* An 8-bit pin status and control register.
* An 8-bit pin enable register.
* An 8-bit edge select register.

Refer to the direct-page register summary in the Memory chapter for the absolute address assignments for
all KBI registers. This section refers to registers and control bits only by their names.

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

8.3.1 KBI Status and Control Register (KBISC)
KBISC contains the status flag and control bits, which are used to configure the KBI.
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5 3 2 1 0
R 0 0 0 0 KBF 0
KBIE KBMOD
w KBACK
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 8-3. KBI Status and Control Register

Table 8-2. KBISC Register Field Descriptions

Field Description
74 Unused register bits, always read 0.
3 Keyboard Interrupt Flag — KBF indicates when a keyboard interrupt is detected. Writes have no effect on KBF.
KBF 0 No keyboard interrupt detected.
1 Keyboard interrupt detected.
2 Keyboard Acknowledge — Writing a 1 to KBACK is part of the flag clearing mechanism. KBACK always reads
KBACK |as 0.
1 Keyboard Interrupt Enable — KBIE determines whether a keyboard interrupt is requested.
KBIE 0 Keyboard interrupt request not enabled.
1 Keyboard interrupt request enabled.
0 Keyboard Detection Mode — KBMOD (along with the KBEDG bits) controls the detection mode of the keyboard
KBMOD |interrupt pins.0OKeyboard detects edges only.
1 Keyboard detects both edges and levels.
8.3.2 KBI Pin Enable Register (KBIPE)
KBIPE contains the pin enable control bits.
7 6 5 4 3 2 1 0
R
KBIPE7 KBIPE6 KBIPES KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
w
Reset: 0 0 0 0 0 0 0 0

Figure 8-4. KBI Pin Enable Register

Table 8-3. KBIPE Register Field Descriptions

Field Description
7:0 Keyboard Pin Enables — Each of the KBIPEn bits enable the corresponding keyboard interrupt pin.
KBIPEn |0 Pin not enabled as keyboard interrupt.
1 Pin enabled as keyboard interrupt.
8.3.3 KBI Edge Select Register (KBIES)

KBIES contains the edge select control bits.
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Reset:

Keyboard Interrupt (S08KBIV2)

7

6

5

4

3

2

1

0

KBEDG7

KBEDG6

KBEDGS5

KBEDG4

KBEDGS3

KBEDG2

KBEDG1

KBEDGO

0

0

0

0

Figure 8-5. KBI Edge Select Register

Table 8-4. KBIES Register Field Descriptions

Field Description

7:0 Keyboard Edge Selects — Each of the KBEDGn bits selects the falling edge/low level or rising edge/high level
KBEDGnN | function of the corresponding pin).
0 Falling edge/low level.
1 Rising edge/high level.

8.4

This on-chip peripheral module is called a keyboard interrupt (KBI) module because originally it was
designed to simplify the connection and use of row-column matrices of keyboard switches. However, these
inputs are also useful as extra external interrupt inputs and as an external means of waking the MCU from
stop or wait low-power modes.

Functional Description

The KBI module allows up to eight pins to act as additional interrupt sources. Writing to the KBIPEn bits
in the keyboard interrupt pin enable register (KBIPE) independently enables or disables each KBI pin.
Each KBI pin can be configured as edge sensitive or edge and level sensitive based on the KBMOD bit in
the keyboard interrupt status and control register (KBISC). Edge sensitive 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 KBEDGn bits in the keyboard interrupt edge select register (KBIES).

8.4.1

Synchronous logic is used to detect edges. A falling edge is detected when an enabled keyboard interrupt
(KBIPEn=1) input signal is seen as a logic 1 (the deasserted level) during one bus cycle and then a logic 0
(the asserted level) during the next cycle. A rising edge is detected when the input signal is seen as a logic
0 (the deasserted level) during one bus cycle and then a logic 1 (the asserted level) during the next
cycle.Before the first edge is detected, all enabled keyboard interrupt input signals must be at the
deasserted logic levels. After any edge is detected, all enabled keyboard interrupt input signals must return
to the deasserted level before any new edge can be detected.

A valid edge on an enabled KBI pin will set KBF in KBISC. If KBIE in KBISC is set, an interrupt request
will be presented to the CPU. Clearing of KBF is accomplished by writing a 1 to KBACK in KBISC.

Edge Only Sensitivity

8.4.2 Edge and Level Sensitivity

A valid edge or level on an enabled KBI pin will set KBF in KBISC. If KBIE in KBISC is set, an interrupt
request will be presented to the CPU. Clearing of KBF is accomplished by writing a 1 to KBACK in
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KBISC provided all enabled keyboard inputs are at their deasserted levels. KBF will remain set if any
enabled KBI pin is asserted while attempting to clear by writing a 1 to KBACK.

8.4.3 KBI Pullup/Pulldown Resistors

The KBI pins can be configured to use an internal pullup/pulldown resistor using the associated I/O port
pullup enable register. If an internal resistor is enabled, the KBIES register is used to select whether the
resistor is a pullup (KBEDGn = 0) or a pulldown (KBEDGn = 1).

8.44 KBI Initialization

When a keyboard interrupt pin is first enabled it is possible to get a false keyboard interrupt flag. To
prevent a false interrupt request during keyboard initialization, the user should do the following:

1. Mask keyboard interrupts by clearing KBIE in KBISC.

Enable the KBI polarity by setting the appropriate KBEDGn bits in KBIES.

If using internal pullup/pulldown device, configure the associated pullup enable bits in PTxPE.
Enable the KBI pins by setting the appropriate KBIPEn bits in KBIPE.

Write to KBACK in KBISC to clear any false interrupts.

Set KBIE in KBISC to enable interrupts.

Sk w
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Chapter 9
8-Bit Serial Peripheral Interface (S08SPIV4)

9.1 Introduction
There are three 8-bit serial peripheral interface (SPI) modules in MC9S08GW64 series MCUs.

9.1.1 AMR SPIO

SPIO is designed for AMR operation. It’s SS0, SCLK0 and MISOO in Slave mode or MOSIO in Master
mode are open drain and can be compatible with 5V devices. See Section 2.3.8, “AMR Pins Compatible
with 5 V Interface,” for more information.

9.1.2 SPI Clock Gating

The bus clock to the SPIx modules can be gated on and off using the SPIx bit in SCGC?2. This bit is cleared
after any reset, which disables the bus clock to this module. To conserve power, the SPIx bit can be cleared
to disable the clock to this module. See Section 5.7, “Peripheral Clock Gating,” for details.

NOTE

Ignore any references to stopl low-power mode in this chapter, because this
device does not support it. For details on low-power mode operation, refer
to Table 6-5 in Chapter 6 , “Parallel Input/Output Control.”
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VopalV
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REFH TREFL | VeernVaer trigll] L trig[1:0] EXTRIG <> PTA1/MISO2/PCNTCH1/SDA/AD3
»| Ap[i5) Port AF.GH: sel[l] sel[1:0] < > PTA2/SCLK2/FTMCHO/PCNTO/CMPPO
[15:2] £ <> PTA3/SS2/FTMCH1/PCNT1/CMPP1
ADC1 DADP/M[] KBI Port B, D: & | PTA4/MTIMCLK/RXD2/PCNT2/CMPP2
trig[0] KBIP[7:0] <> PTA5/FTMCLK/TXD2/EXTRIG/IRQ
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' MTIMCLK
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- <> PTC1/MISO1/LCD3
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& Je> PTC4/FTMCHO/RxD1/LCD6
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MOSI0 MISO0 <> PTC6/PCNTCHO/RXD3/LCD8
SCLK0 S50 |_}<» PTC7/PCNTCH1/TXD3/LCD9
BKGD/MS [ - | P PortC,G:|  [—J<e» PTDOKBIPO/MOSI2/LCD10
L g'g&'} %01 <« PTD1/KBIP1/MISO2/LCD11
= o |=> PTD2/KBIP2/SCLK2/LCD12
P = < | <> PTD3/KBIP3/SS2/LCD13
MOSI2 MISO2 o l<>» PTD4/KBIP4/LCD14
RESETB _ o SCLK2 S§S2 <> PTD5/KBIP5/CLKOUT/LCD15
> <> PTD6/KBIP6/LCD16
cop e Port Ao |_|<«>»PTD7/KBIP7/LCD17
SCL
<> PTEO/LCD18
b scio Port B: l«» PTE1/LCD19
RxDO <> PTE2/LCD20
TxDo 4 > PTE3/LCD21
FLASH & j=>» PTE4/LCD22
GW64 64 KB sci Port F?)l[():{ l€«» PTE5/LCD23
GW32 32 KB TxD1 l«» PTE6/LCD24
| _le>» PTE7/LCD25
RAM sCI2 Port A, B: [ <> PTFO/LCD26
RxD2
GW64 4 KB D2 <> PTF1/LCD27
GW322 KB <> PTF2/LCD28
sci3 Port C, G: £ <> PTF3/LCD29
Internal Clock Source RxD3 S k= PTF4/L.CD30
REFCLK  IRCLK TxD3 > PTF5/LCD31
] <> PTF6/MTIMCLK/AD4/LCD32
PRACMPO  PortA, G, H: | <> PTF7/FTMCLK/AD5/LCD33
| CMPPO0/1/2/3/4/5/6
Clock Check & Select CMPOUTO —J<> PTGO/MOSI1/AD6/LCD34
YTAL? AGPT — <> PTG1/MISO1/AD7/LCD35
'or H
-< X0SC2 CMPPO/A/2/3/415/6 o > PTG2/SCLK1/AD8/LCD36
EXTAL2 CMPOUT1 C <> PTG3/SS1/AD9/LCD37
> CLKO 5 > PTG4/CMPOUT1/RxD3/AD10/LCD38
r— L | «>» PTG5/CMPOUT2/TxD3/AD11/LCD39
X xosci PR Proa e <> PTG6/CMPP3/AD12/PCNTO/LCDA0
EXTALT |= cLKo | CMPOUT2 | R<«» PTG7/CMPP4/AD13/PCNT1/LCD41
Vear . | ooNT coAconl  [Tf<> PTHOCMPPS/AD14/PCNT2/LCD42
TAMPER1 e Independent ‘ PCNTO PCNT1 PCNT2) 5 <> PTH1/RTCCLKOUT/CMPP6/AD15/LCD43
TAMPER2 '; PCNTCHO PCNTCH1 [ <]
| The RTC is in a separate ‘ LCD PortB,C,D,E, F, G, H:
 _Ppowerdomain " LoD[o:43]

Figure 9-1. MC9S08GW64 Series Block Diagram Highlighting SPI Modules and Pins
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9.1.3 Features

Features of the SPI module include:
* Master or slave mode operation
* Full-duplex or single-wire bidirectional option
* Programmable transmit bit rate
* Double-buffered transmit and receive
» Serial clock phase and polarity options
» Slave select output
» Selectable MSB-first or LSB-first shifting

9.1.4 Block Diagrams

This section includes block diagrams showing SPI system connections, the internal organization of the SPI
module, and the SPI clock dividers that control the master mode bit rate.

9.1.4.1 SPI System Block Diagram

Figure 9-2 shows the SPI modules of two MCUs connected in a master-slave arrangement. The master
device initiates all SPI data transfers. During a transfer, the master shifts data out (on the MOSI pin) to the
slave while simultaneously shifting data in (on the MISO pin) from the slave. The transfer effectively
exchanges the data that was in the SPI shift registers of the two SPI systems. The SPSCK signal is a clock
output from the master and an input to the slave. The slave device must be selected by a low level on the
slave select input (SS pin). In this system, the master device has configured its SS pin as an optional slave
select output.

p MASTER SLAVE N
) [S
MOSI MOSI
SPI SHIFTER SPI SHIFTER
7 6 5 4 3 2 1 0 MISO MISO 7 6 5 4 3 2 10
A A
SPSCK SPSCK

CLOCK
GENERATOR 55 55

Figure 9-2. SPI System Connections
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The most common uses of the SPI system include connecting simple shift registers for adding input or
output ports or connecting small peripheral devices such as serial A/D or D/A converters. Although
Figure 9-2 shows a system where data is exchanged between two MCUs, many practical systems involve
simpler connections where data is unidirectionally transferred from the master MCU to a slave or from a
slave to the master MCU.

9.1.4.2 SPI Module Block Diagram

Figure 9-3 is a block diagram of the SPI module. The central element of the SPI is the SPI shift register.
Data is written to the double-buffered transmitter (write to SPID) and gets transferred to the SPI shift
register at the start of a data transfer. After shifting in a byte of data, the data is transferred into the
double-buffered receiver where it can be read (read from SPID). Pin multiplexing logic controls
connections between MCU pins and the SPI module.

When the SPI is configured as a master, the clock output is routed to the SPSCK pin, the shifter output is
routed to MOSI, and the shifter input is routed from the MISO pin.

When the SPI is configured as a slave, the SPSCK pin is routed to the clock input of the SPI, the shifter
output is routed to MISO, and the shifter input is routed from the MOSI pin.

In the external SPI system, simply connect all SPSCK pins to each other, all MISO pins together, and all
MOSI pins together. Peripheral devices often use slightly different names for these pins.
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Figure 9-3. SPI Module Block Diagram

SPI Baud Rate Generation

SPI
INTERRUPT
REQUEST

As shown in Figure 9-4, the clock source for the SPI baud rate generator is the bus clock. The three

prescale bits (SPPR2:SPPR1:SPPRO) choose a prescale divisor of 1, 2, 3, 4, 5, 6, 7, or 8. The three rate
select bits (SPR3:SPR2:SPR1:SPRO) divide the output of the prescaler stage by 2, 4, 8, 16, 32, 64, 128,
256,0r 512 to get the internal SPI master mode bit-rate clock.
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PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY | DIVIDE BY '\SﬂFlleTER
> 1,2,3,4,5,6,7,018 2,4,8,16,32,64, 128,256, 0r512 [ > prlpare
A A
| oPpResPPR1SPPRO. | [ SPR3:SPR2:SPR1:SPRO

Figure 9-4. SPI Baud Rate Generation

9.2 External Signal Description

The SPI optionally shares four port pins. The function of these pins depends on the settings of SPI control
bits. When the SP1 is disabled (SPE = 0), these four pins revert to being general-purpose port I/O pins that
are not controlled by the SPI.

9.2.1 SPSCK — SPI Serial Clock

When the SPI is enabled as a slave, this pin is the serial clock input. When the SPI is enabled as a master,
this pin is the serial clock output.

9.2.2 MOSI — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO0) is 0 (not bidirectional mode), this
pin is the serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional data I/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and slave mode is
selected, this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

9.2.3 MISO — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO0) is 0 (not bidirectional mode), this
pin is the serial data input. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is selected, this pin becomes
the bidirectional data I/O pin (SISO) and the bidirectional mode output enable bit determines whether the
pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master mode is selected,
this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

9.24 SS — Slave Select

When the SPI is enabled as a slave, this pin is the low-true slave select input. When the SPI is enabled as
a master and mode fault enable is off (MODFEN = 0), this pin is not used by the SPI and reverts to being
a general-purpose port I/O pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determines whether this pin acts as the mode fault input (SSOE = 0) or as the slave select
output (SSOE = 1).
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9.3 Modes of Operation

9.3.1 SPI in Stop Modes

The SPI is disabled in all stop modes, regardless of the settings before executing the STOP instruction.
During either stop1 or stop2 mode, the SPI module will be fully powered down. Upon wake-up from stop1
or stop2 mode, the SPI module will be in the reset state. During stop3 mode, clocks to the SPI module are
halted. No registers are affected. If stop3 is exited with a reset, the SPI will be put into its reset state. If
stop3 is exited with an interrupt, the SPI continues from the state it was in when stop3 was entered.

9.4 Register Definition

The SPI has five 8-bit registers to select SPI options, control baud rate, report SPI status, and for
transmit/receive data.

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address
assignments for all SPI registers. This section refers to registers and control bits only by their names, and
a Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

9.4.1 SPI Control Register 1 (SPIC1)

This read/write register includes the SPI enable control, interrupt enables, and configuration options.

7 6 5 4 3 2 1 0
R
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
W
Reset 0 0 0 0 0 1 0 0
Figure 9-5. SPI Control Register 1 (SPIC1)
Table 9-1. SPIC1 Field Descriptions
Field Description
7 SPI Interrupt Enable (for SPRF and MODF) — This is the interrupt enable for SPI receive buffer full (SPRF)

SPIE and mode fault (MODF) events.
0 Interrupts from SPRF and MODF inhibited (use polling)
1 When SPRF or MODF is 1, request a hardware interrupt

6 SPI System Enable — Disabling the SPI halts any transfer that is in progress, clears data buffers, and initializes
SPE internal state machines. SPRF is cleared and SPTEF is set to indicate the SPI transmit data buffer is empty.
0 SPI system inactive
1 SPI system enabled

5 SPI Transmit Interrupt Enable — This is the interrupt enable bit for SPI transmit buffer empty (SPTEF).
SPTIE 0 Interrupts from SPTEF inhibited (use polling)
1 When SPTEF is 1, hardware interrupt requested
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Table 9-1. SPIC1 Field Descriptions (continued)

Field Description
4 Master/Slave Mode Select
MSTR 0 SPI module configured as a slave SPI device
1 SPI module configured as a master SPI device
3 Clock Polarity — This bit effectively places an inverter in series with the clock signal from a master SPI or to a
CPOL slave SPI device. Refer to Section 9.5.4, “SPI Clock Formats” for more details.
0 Active-high SPI clock (idles low)
1 Active-low SPI clock (idles high)
2 Clock Phase — This bit selects one of two clock formats for different kinds of synchronous serial peripheral
CPHA devices. Refer to Section 9.5.4, “SPI Clock Formats” for more details.
0 First edge on SPSCK occurs at the middle of the first cycle of an 8-cycle data transfer
1 First edge on SPSCK occurs at the start of the first cycle of an 8-cycle data transfer
1 Slave Select Output Enable — This bit is used in combination with the mode fault enable (MODFEN) bit in
SSOE SPCR2 and the master/slave (MSTR) control bit to determine the function of the SS pin as shown in Table 9-2.
0 LSB First (Shifter Direction)
LSBFE 0 SPI serial data transfers start with most significant bit

1 SPI serial data transfers start with least significant bit

Table 9-2. SS Pin Function

MODFEN SSOE Master Mode Slave Mode
0 0 General-purpose 1/O (not SPI) Slave select input
0 1 General-purpose /0O (not SPI) Slave select input
1 0 SS input for mode fault Slave select input
1 1 Automatic SS output Slave select input

NOTE

Ensure that the SPI should not be disabled (SPE=0) at the same time as a bit change to the CPHA bit. These
changes should be performed as separate operations or unexpected behavior may occur.

9.4.2

SPI Control Register 2 (SPIC2)

This read/write register is used to control optional features of the SPI system. Bits 7, 6, 5, and 2 are not
implemented and always read 0.

5 4 3 2 1 0
R 0 0 0 0
MODFEN BIDIROE SPISWAI SPCO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-6. SPI Control Register 2 (SPIC2)
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Table 9-3. SPIC2 Register Field Descriptions

Field Description
4 Master Mode-Fault Function Enable — When the SPI is configured for slave mode, this bit has no meaning or
MODFEN | effect. (The SS pin is the slave select input.) In master mode, this bit determines how the SS pin is used (refer to
Table 9-2 for more details).
0 Mode fault function disabled, master SS pin reverts to general-purpose 1/O not controlled by SPI
1 Mode fault function enabled, master SS pin acts as the mode fault input or the slave select output
3 Bidirectional Mode Output Enable — When bidirectional mode is enabled by SPI pin control 0 (SPCO0) = 1,
BIDIROE |BIDIROE determines whether the SPI data output driver is enabled to the single bidirectional SPI 1/O pin.
Depending on whether the SPI is configured as a master or a slave, it uses either the MOSI (MOMI) or MISO
(SISO) pin, respectively, as the single SPI data 1/O pin. When SPCO0 = 0, BIDIROE has no meaning or effect.
0 Output driver disabled so SPI data I/O pin acts as an input
1 SPI I/O pin enabled as an output
1 SPI Stop in Wait Mode
SPISWAI |0 SPI clocks continue to operate in wait mode
1 SPI clocks stop when the MCU enters wait mode
0 SPI Pin Control 0 — The SPCO bit chooses single-wire bidirectional mode. If MSTR = 0 (slave mode), the SPI
SPCO uses the MISO (SISO) pin for bidirectional SPI data transfers. If MSTR = 1 (master mode), the SPI uses the MOSI
(MOMI) pin for bidirectional SPI data transfers. When SPCO = 1, BIDIROE is used to enable or disable the output
driver for the single bidirectional SPI I/O pin.
0 SPI uses separate pins for data input and data output
1 SPI configured for single-wire bidirectional operation
9.4.3 SPI Baud Rate Register (SPIBR)

This register is used to set the prescaler and bit rate divisor for an SPI master. This register may be read or
written at any time.

6 5 4 3 2 1 0
R 0
SPPR2 SPPR1 SPPRO SPR3 SPR2 SPR1 SPRO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-7. SPI Baud Rate Register (SPIBR)
Table 9-4. SPIBR Register Field Descriptions
Field Description
6:4 SPI Baud Rate Prescale Divisor — This 3-bit field selects one of eight divisors for the SPI baud rate prescaler
SPPR[2:0] |as shown in Table 9-5. The input to this prescaler is the bus rate clock (BUSCLK). The output of this prescaler
drives the input of the SPI baud rate divider (see Figure 9-4).
2:0 SPI Baud Rate Divisor — This 4-bit field selects one of nine divisors for the SPI baud rate divider as shown in
SPRI[3:0] | Table 9-6. The input to this divider comes from the SPI baud rate prescaler (see Figure 9-4). The output of this

divider is the SPI bit rate clock for master mode.
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9.4.4

Table 9-5. SPI Baud Rate Prescaler Divisor

SPPR2:SPPR1:SPPRO

Prescaler Divisor

0:0:0

0:0:1

0:1:0

0:1:1

1:0:0

1:0:1

1:1:0

1:1:1

O|IN|O[O|BA|WO|N| =

Table 9-6. SPI Baud Rate Divisor

SPR3:SPR2:SPR1:SPR0O Rate Divisor
0:0:0:0 2
0:0:0:1 4
0:0:1:0 8
0:0:1:1 16
0:1:0:0 32
0:1:0:1 64
0:1:1:0 128
0:1:1:1 256
1:0:0:0 512

All other combinations reserved

SPI Status Register (SPIS)

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

7 5 4 1 0
R SPRF 0 SPTEF MODF 0 0 0

W
Reset 0 0 1 0 0 0 0

= Unimplemented or Reserved

Figure 9-8. SPI Status Register (SPIS)
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Table 9-7. SPIS Register Field Descriptions

Field

Description

SPRF

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

0 No data available in the receive data buffer

1 Data available in the receive data buffer

SPTEF

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

0 SPI transmit buffer not empty

1 SPI transmit buffer empty

MODF

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

0 No mode fault error

1 Mode fault error detected

9.4.5

SPI Data Register (SPID)

Bit 7 6 5 4 3 2 1 Bit 0

Reset

0 0 0 0 0 0 0 0
Figure 9-9. SPI Data Register (SPID)

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

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

Data may be read from SPID any time after SPRF is set and before another transfer is finished. Failure to
read the data out of the receive data buffer before a new transfer ends causes a receive overrun condition
and the data from the new transfer is lost.
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9.5 Functional Description

9.5.1 General

The SPI system is enabled by setting the SPI enable (SPE) bit in SPI Control Register 1. While the SPE
bit is set, the four associated SPI port pins are dedicated to the SPI function as:

« Slave select (SS)

+ Serial clock (SPSCK)

* Master out/slave in (MOSI)

* Master in/slave out (MISO)

An SPI transfer is in