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MC9S08QE128 Series Features

8-Bit HCS08 Central Processor Unit (CPU)

Development Support

* Upto50.33-MHz HCS08 CPU from 3.6 V to 2.1V, and
20-MHz CPU at 2.1V to 1.8 V across temperature range
of -40°Cto 85°C

» HCO08 instruction set with added BGND instruction
 Support for up to 32 interrupt/reset sources

On-Chip Memory

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

» Random-access memory (RAM)

 Security circuitry to prevent unauthorized accessto RAM
and flash contents

Power-Saving Modes

¢ Single-wire background debug interface

« Breakpoint capability to allow single breakpoint setting
during in-circuit debugging (plustwo more breakpointsin
on-chip debug module)

¢ On-chip in-circuit emulator (ICE) debug module
containing three comparators and nine trigger modes.
Eight deep FIFO for storing change-of-flow addressesand
event-only data. Debug module supports both tag and
force breakpoints.

Peripherals

» Two very low power stop modes, one of which allows
limited use of peripherals

» Reduced power wait mode

 Peripheral clock enable register can disable clocks to
unused modules, thereby reducing currents; allows clocks
to remain enabled to specific peripheralsin stop3 mode

» Very low power external oscillator that can be used in
stop3 mode to provide accurate clock source to active
peripherals

* Very low power real time counter for usein run, wait, and
stop modes with internal and external clock sources

e 6 ustypica wake up time from stop3 mode

Clock Source Options

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

 Internal Clock Source (ICS) — Internal clock source
module containing a frequency-locked-loop (FLL)
controlled by internal or external reference; precision
trimming of internal reference allows 0.2% resol ution and
2% deviation over temperature and voltage; supports CPU
frequencies from 2 MHz to 50.33 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 detection with reset or interrupt; selectable
trip points

* |llegal opcode detection with reset
 Flash block protection

e ADC — 24-channel, 12-bit resolution; 2.5 us conversion
time; automatic compare function; 1.7 mV/°C
temperature sensor; internal bandgap reference channel;
operation in stop3; fully functional from3.6 V to 1.8V

* ACM Px — Two analog comparators with selectable
interrupt on rising, falling, or either edge of comparator
output; compare option to fixed internal bandgap
reference voltage; outputs can be optionally routed to
TPM module; operation in stop3

U[Local Interconnect Network (LIN)

e SCIx — Two full duplex non-return to zero (NRZ);[LIN
master extended break generation; LIN slave extended
break detection; wake up on active edge

e SPIx— Two serial peripheral interfaces with full-duplex
or single-wirebidirectional; double-buffered transmit and
receive; master or slave mode; M SB-first or L SB-first
shifting 12C

¢ 11Cx — Two lICswith; up to 100 kbps with maximum
bus loading; multi-master operation; programmable slave
address; interrupt driven byte-by-byte data transfer;
supports broadcast mode and 10 bit addressing

¢ TPMx — One 6-channel (TPM3) and two 3-channel
(TPM1 and TPM2); Selectable input capture, output
compare, or buffered edge- or center-aligned PWM on
each channel

¢ RTC — (Real-time counter) 8-bit modulus counter with
binary or decimal based prescaler; external clock source
for precise time base, time-of-day, calendar or task
scheduling functions; free running on-chip low power
oscillator (1 kHz) for cyclic wake-up without external
components; runsin all MCU modes

Input/Output

« 70GPI Os and 1 input only and 1 output only pin

{' T—|ystere5|s and coﬁﬁguraBle puﬂ up devlce onal ir |nput y
L pins, configurable slew rate and drive strength on all
y output ins. Schmitt Trigger

e SET/CLRregisterson 16 pins (PTC and PTE)

4
4
4

Package Options

« 80-LQFP, 64-LQFP, 48-QFN, 44-QFP, 32-LQFP
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Chapter 1
Device Overview

The MC9S08QE128, MC9S08QE96, and M CI9S08QE64 are members of the low-cost, low-power,
high-performance HCS08 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 MC9S08QE128 Series

Table 1-1 summarizes the feature set available in the MC9S08QE128 Series of MCUs.
‘ Table 1-1. MC9S08QE128 Series Features by MCU and Package

Feature MC9S08QE128 MC9S08QE96 MC9S08QE64
Flash size (bytes) 131,072 98,304 65,536
RAM size (bytes) 8064 6016 4096
Pin quantity 80 | 64 | 48 | 44 | 80 |64 |48 |44 |64 |48 | 44| 32
ACMP1 yes
ACMP2 yes
ADC channels 24 [ 22|10 |10 |24 [22] 1010 |22 | 10 [ 10 | 10
DBG yes
ICS yes
lci yes
lcz yes|yes| no | no |yes|yes| no | no |yes| no | no | no
IRQ yes
KBI 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 12
Port 1/0* 70 | 54 | 38 | 34 | 70 | 54 | 38 | 34 | 54 | 38 | 34 | 26
RTC yes
SCI1 yes
SCI2 yes
SPI1 yes
SPI2 yes
TPM1 channels
TPM2 channels
TPM3 channels
X0SC yes

1 Port I/O count does not include the input only PTAS/IRQ/TPM1CLK/RESET or the output
only PTA4/ACMP10/BKGD/MS.
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1.2 MCU Block Diagram
The block diagram in Figure 1-1 shows the structure of the MC9S08QE128 Series MCU.
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Figure 1-1. MC9S08QE128 Series Block Diagram
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Table 1-2 provides the functional version of the on-chip modules.

Table 1-2. Module Versions

Module Version
Very Low Power Analog Comparator (ACMPVLP) 1
12-bit Analog-to-Digital Converter ~ (ADC12) 1
Central Processor Unit (CPUL) 4
General-Purpose 1/10 (GPIO) 2
Inter-Integrated Circuit (lne) 2
Internal Clock Source (ICS) 3
Keyboard Interrupt (KBI) 2
Low Power Oscillator (XOSCVLP) 1
On-Chip In-Circuit Debug/Emulator (DBG) 3
Port Set/Clear (PSC) 1
Real-Time Counter (RTC) 1
Serial Communications Interface (SCI) 4
Serial Peripheral Interface (SPI) 3
Timer Pulse Width Modulator (TPM) 3
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Chapter 1 Device Overview

System Clock Distribution

Figure 1-2 showsasimplified clock connection diagram. Some modulesin the M CU have sel ectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function. All memory mapped registers associated with the modul es are clocked with BUSCLK. The ICS
supplies the clock sources:

ICSOUT — This clock source is used as the CPU clock and is divided by 2 to generate the
peripheral bus clock. Control bitsin the ICS control registers determine which of three clock
sources is connected:

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

See Chapter 11, “Internal Clock Source (SO8ICSV3)” for details on configuring the ICSOUT
clock.

ICSLCLK — Thisclock sourceisderived fromthedigitally controlled oscillator (DCO) of the ICS
when the ICSis configured to run off of theinternal or external reference clock. Development tools
can select thisinternal self-clocked source (~ 8 MHZz) to speed up BDC communicationsin systems
where the bus clock is slow. See Chapter 11, “Internal Clock Source (S08ICSV 3)” for details.

ICSERCLK — Thisisthe external reference clock and can be selected as the alternate clock for
the ADC module. The Optional External Reference Clock section in Chapter 11, “Internal Clock
Source (SO8ICSV 3)” explainsthe ICSERCLK in more detail. See Chapter 10, “Analog-to-Digital
Converter (SOBADC12V1)” for more information regarding the use of ICSERCLK with these
modules.

ICSIRCLK — Thisistheinterna reference clock and can be selected asthereal-time counter clock
source. The Internal Reference Clock section in Chapter 11, “Internal Clock Source (S08ICSV 3)
explainsthe ICSERCLK in more detail. See Chapter 13, “Real-Time Counter (SO8RTCV1)” for
more information regarding the use of ICSIRCLK.

ICSFFCLK — This generates the fixed frequency clock (FFCLK) after being synchronized to the
bus clock. It can be selected as clock source for the TPM modules. The frequency of the
|CSFFCLK is determined by the settings of the ICS. See the Fixed Frequency Clock section in
Chapter 11, “Internal Clock Source (SO08ICSV 3)” 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 RTC or
COP modules. See Chapter 13, “Real-Time Counter (SOB8RTCV 1)” and Section 5.4, “Computer
Operating Properly (COP) Watchdog” for details on using the LPOCLK with these modules.

OSCOUT — Thisisthe direct output of the external oscillator module and can be selected as the
real-time counter clock source. See Chapter 13, “Real-Time Counter (SOBRTCV 1)” for details.
TPMxCLK — TPMxCLKSs are optional external clock sources for the TPM modules. The
TPMxCLK must be limited to 1/4th the frequency of the bus clock for synchronization. See the
External TPM Clock Sources section in Chapter 16, “ Timer/Pulse-Width Modulator (SO8TPMV 3)
for more details.
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Figure 1-2. System Clock Distribution Diagram
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Chapter 2
Pins and Connections

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

2.1 Device Pin Assignment
This section shows the pin assignments for MC9S08QE128 Series devices in the available packages.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Figure 2-1. 80-Pin LQFP

Pins in bold are added from the next smaller package.
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Pins in bold are added from the next smaller package.
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Pins in bold are added from the next smaller package.

Figure 2-3. 48-Pin QFN
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2.2 Recommended System Connections
Figure 2-6 shows pin connections that are common to MC9S08QE128 Series application systems.
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2.2.1 Power

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

Typically, application systems have two separate capacitors across the power pins. In this case, there
should be abulk electrolytic capacitor, such as a 10-uF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1-uF ceramic bypass capacitor located as near to the MCU power pins as
practical to suppress high-frequency noise. Actual decoupling capacitor values and number will vary
according to layout and application. The MC9S08QE128 Series has two V pp pins except on the 32-pin
package. Each pin must have a bypass capacitor for best noise suppression.

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

2.2.2 Oscillator

Immediately after reset, the MCU uses an internally generated clock provided by the internal clock source
(ICS) module. For more information on the ICS, see Chapter 11, “Internal Clock Source (SO8ICSV 3).”

The oscillator (XOSCVLP) inthisMCU isaPierce oscillator that can accommodate a crystal or ceramic
resonator. Optionally, an external clock source can be connected to the EXTAL input pin. The oscillator
can be configured to run in stop2 or stop3 modes.

Refer to Figure 2-6 for the following discussion. Rg (when used) and Rg should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors, and some metal film resistors, have
too much inductance. C1 and C2 normally should be high-quality ceramic capacitors that are specifically
designed for high-frequency applications.

Rg isused to provide abias path to keep the EXTAL input initslinear range during crystal startup; itsvalue
isnot generally critical. Typical systemsuse 1 MQ to 10 MQ. Higher values are sensitive to humidity and
lower values reduce gain and (in extreme cases) could prevent startup.

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

When using the oscillator in low range and low gain mode, the external componentsRg, Rg, C; and C, are
not required.

2.2.3 RESET and RSTO

After a power-on reset (POR), the PTAS/IRQ/TCLK/RESET pin defaults to a general-purpose input port
pin, PTAS. Setting RSTPE in SOPT1 configuresthe pinto bethe RESET pin. After configured as RESET,
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the pin will remain RESET until the next POR. The RESET pin can be used to reset the MCU from an
external source when the pinisdriven low. When enabled as the RESET pin (RSTPE = 1), the pinis
configured as an input only with an internal pullup device automatically enabled.

NOTE
This pin does not contain a clamp diode to V pp and should not be driven
above VDD'

NOTE

The RESET pinispulledtoV pp internally. The external voltage measured
on the RESET pin will be lessthan Vpp. Therefore, the RESET pullup
should not be used to pullup components externa to the MCU.

NOTE

In EM C-sensitive applications, an external RC filter isrecommended on the
RESET pin, if enabled. See Figure 2-6 for an example.

After apower-on reset (POR), the PTC4/TPM3CH4/RSTO pin defaults to a general-purpose port pin,
PTCA4. Setting RSTOPE in SOPT 1 configures the pin to be the RSTO pin. After configured as RSTO, the
pinwill remain RSTO until the next POR. The RSTO pinwill reflect the current state of the internal MCU
reset signal. Aslong asthe MCU isnot in areset state, the RSTO pin will drive high. Whenever the MCU
isin areset state, this pin will drive low until the internal reset signal is released. When enabled as the
RSTO pin (RSTOPE = 1), the pin is automatically configured as an output only. The RSTO pin can be
enabled independently of the RESET pin.

2.2.4 Background / Mode Select (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 PTA4/ACMPO/BKGD/MS pin
functions as amode select 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 isset. BKGDPE is
set following any reset of the MCU and must be cleared to use the PTA4/ACMPO/BKGD/MS pin’'s
aternative pin functions.

If nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of the
internal reset after a POR or force BDC reset. If a debug system is connected to the 6-pin standard
background debug header, it can hold BKGD/MS low during a POR or immediately after issuing a back-
ground debug force reset, which will force the MCU to active background mode.

The BKGD/MS pin is used primarily for background debug controller (BDC) communications using a
custom protocol that uses 16 clock cycles of the target MCU’s BDC clock per bit time. Thetarget MCU’s
BDC clock could be as fast as the bus clock rate, so there should never be any significant capacitance
connected to the BKGD/MS pin that could interfere with background serial communications.
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Although the BKGD/MS pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cables and the absol ute value of theinternal pull-up device play amost no rolein determining rise and fall
times on the BKGD/MS pin.

2.2.5 ADC Reference Pins (Vrern: VREEL)

The Vrery and Ve, pins are the voltage reference high and voltage reference low inputs, respectively,
for the ADC module. In the 32—p|n package, VREFH and VREFL are shared with VDDA and VSSA’
respectively.

2.2.6 General-Purpose I/O and Peripheral Ports

The MC9S08QE128 Series of MCUSs support up to 70 general-purpose 1/0 pins 1 input-only pin, and 1
output-only pin, which are shared with on-chip peripheral functions (timers, serial 1/0, ADC, ACMP, etc.).

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

PTA5 isaspecial-caseinput pin. When the PTAS/IRQ/TCLK/RESET pin is configured as PTA5 with the
pullup enabled, the voltage observed on the pin will not be pulled to Vpp. However, the internal voltage
on the PTA5 node will be at VDD.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. For information about controlling these pins as general-purpose |/0O
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 should either enable on-chip pull-up
devices or change the direction of unused or non-bonded pins to outputs so
they do not float.
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Table 2-1. Pin Assignment by Package and Pin Sharing Priority

Pin Number <-- Lowest Priority --> Highest
80 | 64 | 48 | 44 | 32 Port Pin Alt 1 Alt 2 Alt 3 Alt 4
1 1 1 1 1 |PTD1 KBI2P1 MOSI2
2 2 2 | PTDO KBI2P0O SPSCK2
3 3 — | — | — | PTHY SDA2
4 4 — | — | — | PTH6 SCL2
5 — — — — | PTH5
6 — | — | — | — |PTH4
7 5 3 3 — | PTEY TPM3CLK
8 6 4 4 3 Vbop
ol 7|55, VbDpA
0] 8| 6| 6 VREFH
1| o 7] 7 VREFL
12 | 10 8 8 > Vgsa
13|12 9] 9| 6 Vss
14 | 12 10 | 10 7 | PTB7 scL1! EXTAL
15| 13 | 11 11 8 | PTB6 SDA1! XTAL
6| —| —| — | — |PTH3
17 — — — — | PTH2
18| 14| — | — | — [PTH1
19 15| — | — | — |PTHO
20| 16| 12| — | — |PTE6
21 17 13| — | — |PTES
22 18 | 14 | 12 9 | PTB5 TPM1CH1 | SS1°
23 | 19 15| 13 | 10 |PTB4 TPM2CH1 | MISO12
24 ( 20| 16 | 14 | 11 | PTCS3 TPM3CH3
25| 21 17 15 | 12 | PTC2 TPM3CH2
26 22 18 16 — | PTD7 KBI2P7
27 | 23| 19 17 | — |PTD6 KBI2P6
28 | 24| 20| 18 | — | PTD5 KBI2P5
29 — — — — | PTJ7
30| —| —| —| — |PTJ6
31| —| —| —| — |PTJS
32( —| —| — | — |PTIH
33| 25| 21 19 13 | PTC1 TPM3CH1
34| 26| 22| 20| 14 |PTCO TPM3CHO
3|27 —| —| — |PTF7 ADP17
36| 28| — | — | — |PTF6 ADP16
371 29| —| — | — |PTF5 ADP15
383 | —| —| — |PTF4 ADP14
39| 31| 23| 21 15 | PTB3 KBI1P7 MOSI1? ADP7
40 | 32| 24| 22 16 | PTB2 KBI1P6 SPSCK1? ADP6
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Table 2-1. Pin Assignment by Package and Pin Sharing Priority (continued)

Pin Number <-- Lowest Priority --> Highest
80 | 64| 48 | 44| 32| PortPin Alt 1 Alt 2 Alt 3 Alt 4
41| 33| 25| 23| 17 |PTB1 KBIIP5 | TxD1 ADP5
42 | 34| 26 | 24| 18 |PTBO KBI1P4 RxD1 ADP4
43| — | —| —| — |PTI3
4| — | — | — | —|PTI2
45| 35| — | — | — |PTF3 ADP13
46 | 36| —| —| — |PTF2 ADP12
47| 37| 27| 25| 19 | PTA7 TPM2CH2 ADP9
48 | 38| 28| 26| 20 |PTA6 TPM1CH2 ADP8
49| 39| 29| — | — |PTE4
50| 40| 30| 27| — Vob
51| 41| 31| 28| — Vss
52| 42| —| — | — [PTR1 ADP11
53| 43| — | — | — [PTFO ADP10
54| —| —| —| —[PTQ1
55| —| —| — | — |[PTJO
56 | 44| 32| 29| — |PTD4 KBI2P4
57 | 45| 33| 30| 21 |PTD3 KBI2P3 | SS2
58 | 46 | 34| 31| 22 |PTD2 KBI2P2 MISO2
59 | 47| 35| 32 | 23 |PTA3 KBI1P3 scLit ADP3
60 | 48| 36 | 33| 24 |PTA2 KBI1P2 SDA1! ADP2
61| 49| 37| 34| 25 |PTAL KBILP1 | TPM2CHoO | ADP13 ACMP1-3
62| 50 | 38| 35| 26 |PTAO KBILPO | TPM1CHO | ADPO® ACMP1+3
63| 51| 39| 36 | 27 |PTC7 TxD2 ACMP2-
64 | 52| 40| 37 | 28 |PTC6 RxD2 ACMP2+
65| —| —| — | — |PTGY ADP23
66| —| —| —| — |PTG6 ADP22
67| —| —| — | — |PTGS5 ADP21
68| —| —| —| — |PTG4 ADP20
69 | 53| 41| — | — |PTES SS1°
70| 54| 42| 38| — |PTE2 MISO1?
71| 55| —| —| — [PTG3 ADP19
72| 56| —| —| — |PTG2 ADP18
73| 57| —| —| —|PTG1
74| 58| —| —| — [PTGO
75| 59| 43| 39 | — |PTE1 MOSI1?
76 | 60| 44| 40| — |PTEO TPM2CLK | SPSCK1?
77| 61| 45| 41| 29 |PTC5 TPM3CH5 ACMP20
78 | 62| 46 | 42 | 30 |PTC4 TPM3CH4 | RSTO
79 | 63| 47 | 43| 31 |PTA5 IRQ TPM1CLK | RESET
80 | 64| 48 | 44 | 32 |PTA4 ACMP10O |[BKGD MS
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Chapter 2 Pins and Connections

e pins (SCL1 and SDA1) can be repositioned using IIC1PS in SOPT2. Default locations are
PTA3 and PTA, respectively.

2 sPi1 pins (SS1, MISO1, MOSI1, and SPSCK1) can be repositioned using SPI1PS in SOPT2.
Default locations are PTB5, PTB4, PTB3, and PTB2.

If ADC and ACMP1 are enabled, both modules will have access to the pin.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MC9S08QE128 Series are described in this chapter. Entry into each mode,
exit from each mode, and functionality while in each of the modes are described.

3.2 Features
» Active background mode for code devel opment
* Run mode — CPU clocks can be run at full speed and the internal supply isfully regulated.

* LPRUN mode — CPU clocks are restricted to a maximum of 250 kHz, peripheral clocks are
restricted to a maximum of 125 kHz, and the internal voltage regulator isin standby

* Wait mode — CPU shuts down to conserve power; system clocks are running and full regulation
ismaintained

* LPWAIT mode— CPU shuts down to conserve power; peripheral clocks arerestricted to 125 kHz
maximum and the internal voltage regulator isin standby

» Stop modes — System clocks are stopped and voltage regulator isin standby
— Stop3 — All internal circuits are powered for fast recovery
— Stop2 — Partial power down of internal circuits, RAM content is retained; 1/0 states are held

3.3 Run Mode

Thisisthe normal operating mode for the MC9S08QE128 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. In this state, the
power consumption is reduced to a minimum that still allows CPU functionality. Power consumption is
reduced the most by disabling the clocksto all unused peripheralsby clearing the corresponding bitsin the
SCGC1 and SCGC2 registers.

Before entering this mode, the following conditions must be met:

» FBELPIsthe selected clock mode for the ICS (See the FBEL P section in Chapter 11, “Internal
Clock Source (S08ICSV3).”

* TheHGO bhit inthe ICSC2 register is clear.

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 39



Chapter 3 Modes of Operation

» Thebusfrequency is 125 kHz or less.

 The ADC if enabled must be configured to use the asynchronous clock source, ADACK, to meet
the ADC minimum frequency requirements. The bandgap channel cannot be converted in low
power run mode.

* TheLVDE or LVDSE bit in SPM SC1 register must be clear. LVD and LVW will automatically be
disabled.

* Flash programming/erasing is not allowed.
* ACMP option to compare to internal bandgap reference is not allowed.
* TheMCU cannot be in active background mode.

Once these conditions are met, low power run mode can be entered by setting the LPR bit in the SPM SC2
register.

To re-enter standard run mode, simply clear the LPR bit. The LPRS bit in the SPMSC2 register isa
read-only status bit that can be used to determine if the regulator isin full regulation mode or not. When
LPRSis*0’, theregulator isin 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. Thisis done
by setting the LPWUI bit in the SPM SC2 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.

3.3.1.3 BDM in Low Power Run Mode

Low power run mode cannot be entered when the MCU isin active background debug mode.

If adeviceisinlow power run mode, afalling edge on an active BKGD/M S pin exitslow power run mode,
clearsthe LPR and LPRS bits, and returns the device to normal run mode.

3.3.14 BDM in Low Power Wait Mode

If adeviceisinlow power wait mode, afalling edge on an active BKGD/MS pin exits low power wait
mode, clears the LPR and LPRS bits, and returns the device to normal run mode.
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3.4  Active Background Mode

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

*  When the BKGD/MS pinislow during POR

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

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

*  When aBGND instruction is executed

*  When encountering a BDC breakpoint

*  When encountering a DBG breakpoint
After entering active background mode, the CPU isheld in a suspended state waiting for serial background
commands rather than executing instructions from the user application program.
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 whilethe MCU isinrun
mode; non-intrusive commands can al so be executed when the MCU isin the active background
mode. Non-intrusive commands include:

— Memory access commands

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

— The BACKGROUND command

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

— Read or write CPU registers

— Trace one user program instruction at atime

— Leave active background mode to return to the user application program (GO)
The active background mode is used to program a bootloader or user application program into the flash
program memory before the MCU is operated in run mode for the first time. When the MC9S08QE128
Seriesis shipped from the Freescal e Semiconductor factory, the flash program memory iserased by default
unless specifically noted, so thereisno program that could be executed in run mode until the flash memory

isinitially programmed. The active background mode can aso be used to erase and reprogram the flash
memory after it has been previously programmed.

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

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

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

351 Low Power Wait Mode (LPWait)

Low power wait mode is entered by executing a WAIT instruction while the MCU isin low power run
mode. In thelow power wait mode, the on-chip voltage regulator remainsin its standby state asin the low
power run mode. In this state, the power consumption is reduced to a minimum that still allows most
modules to maintain functionality. Power consumption is reduced the most by disabling the clocksto all
unused peripherals by clearing the corresponding bits in the SCGC register.

The same restrictions from 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
regul ation when wait modeisexited. The ICS can be set for full speed immediately in theinterrupt service
routine.

If the LPWUI bit isclear when the WAIT instruction is executed, an interrupt will return the deviceto low
power run mode.

If the LPWUI bit isset when the WAIT instruction isexecuted, aninterrupt will return the deviceto normal
run mode with full regulation and the LPR and LPRS bits will be cleared.

35.1.2 Resets in Low Power Wait Mode

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

3.6 Stop Modes

Either 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
regulator isin standby. In stop2 the regulator isin partial powerdown. The |CS module can be configured
to leave the reference clocks running. See Chapter 11, “Internal Clock Source (S08ICSV3)” for more
information.
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If the STOPE bit is not set when the CPU executes a STOP instruction, the MCU will not enter either of
the stop modes and anillegal opcodereset isforced. The stop modes are selected by setting the appropriate
bits in the Section 5.8.10, “ System Clock Gating Control 1 Register (SCGC1).”

Table 3-1 showsall of the control bits that affect stop mode sel ection and the mode sel ected 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
Bit Stop Mode
: STOPE | ENBDM ! LVDE LVDSE PPDC
name
0 X X X Stop modes disabled; illegal opcode reset if STOP
instruction executed
1 1 X X Stop3 with BDM enabled 2
1 0 Both bits must be 1 X Stop3 with voltage regulator active
1 0 Either bita 0 0 Stop3
1 0 Either bita 0 1 Stop2

1 ENBDM is located in the BDCSCR, which is only accessible through BDC commands; see the “BDC Status and Control
Register (BDCSCR)” section in Chapter 17, “Development Support.”

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

3.6.1 Stop2 Mode

3.6.1.1 Stop2 Entry

Stop2 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1.

3.6.1.2 Behavior in Stop2

Most of theinternal circuitry of the MCU is powered off in stop2 with the exception of the RAM and
optionally the RTC and low power oscillator (LPO), and the low-range low-gain oscillator (XOSCVLP).
Upon entering stop2, all 1/0 pin control signals are latched so that the pinsretain their states during stop2.

3.6.1.3 Exit from Stop2
Exit from stop2 is performed by asserting the wake-up pin (PTA5/IRQ/TCLK/RESET) on the MCU.

NOTE

PTA5/IRQ/TPM1CLK/RESET functions as an active-low wakeup input
when the MCU isin stop2. The pullup on this pin is not automatically
enabled in stop2. To enable the internal pullup, set the PTAPES bit in the
port A pull enable register (PTAPE).
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3.6.1.4 RTC Considerations for Stop2
In addition, the real-time counter (RTC) can wake the MCU from stop2, if enabled.

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

» All module control and status registers are reset, except for SPM SC1-SPM SC3, DBG trace buffer,
and RTC registers

e The CPU takesthe reset vector

3.6.1.5 I/O Considerations for Stop2

In addition to the above, upon waking up from stop2, the PPDF bit in SPMSC2 is set. Thisflag isused to
direct user code to go to astop2 recovery routine. PPDF remains set and the 1/O pin states remain latched
until a1 iswritten to PPDACK in SPMSC2.
GPIO — To maintain 1/O states for pins that were configured as general-purpose I/O, the user must:

1. Before entering stop2, save the contents of the 1/0 registersinto RAM before entering stop2.

2. Restore the contents of the I/O port registers, which have been saved in RAM, to the port registers
before writing to the PPDACK hbit.
If the port registers are not restored from RAM before writing to PPDACK, then the pinswill
switch to their reset states when PPDACK iswritten.

Peripheral 1/0 —For pinsthat were configured as peripheral 1/0, 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 /O latches are opened.
NOTE

The RSTPE bit will be cleared by the stop2 recovery and should not be set
before writing to the PPDACK bit. Doing so will cause a second reset event
and the PPDF hit will be cleared at the end of the second reset.

3.6.1.6 Low-Power Oscillator Considerations for Stop2

If using the low power oscillator during stop2, the user must reconfigure the | CSC2 register which contains
oscillator control bits before PPDACK iswritten.

Thelow power (HGO=0), low range (RANGE=0) oscillator can operate in stop2 to be the clock sourcefor
the RTC module. If the low power low range oscillator is active upon entering stop2, it will remain active
in stop2 regardless of the value of EREFSTEN. To disablethe oscillator in stop2, the |CS must be switched
into FBI or FEI mode before executing the STOP instruction.

3.6.2 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The
states of al of theinternal registers and logic, RAM contents, and 1/O pin states are maintained.
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Stop3 can be exited by asserting RESET, or by an interrupt from one of the following sources. the RTC,
LVD, LVW, ADC, ACMP¥, IRQ, SCI, or the KBI.

If stop3isexited by means of the RESET pin, then the MCU isreset 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.
Thisregister isdescribed in Chapter 17, “ Development Support.” If ENBDM isset 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 isin either stop or wait
mode. The BACKGROUND command can be used to wake the MCU from stop and enter active
background mode if the ENBDM bit is set. After entering background debug mode, all background
commands are available.

3.6.4 LVD Enabled in Stop Mode

TheLVD systemiscapable of generating either an interrupt or areset when the supply voltage drops bel ow
the LVD voltage. If the LVD isenabled in stop (LVDE and LVDSE bitsin 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 hit 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 whilein low
power run. Existing stop3 with areset will put the device back into normal run mode. If LPWUI isclear,
interrupts will exit stop3 mode, return the device to low power run mode, and then service the interrupt. If
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.
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Table 3-2. Power Mode Selections

BDCSCR SPMSC1 SPMSC2
BDM PMC PMC Effects on Sub-System
Mode of Operation CPU & Periph CLKs
ENBDM ! | LVDE |LVDSE| LPR | PPDC BDM Clock | _Yoltage
Regulator
RUN mode 0 X X 0 X on. ICS in any mode. off on
1 1 1
1 X X X on
LPRUN mode 0 0 X 1 0 low freq required. ICS in off standby
1 0 FBELP mode only.
WAIT mode - (Assumes WAIT instruction executed.) 0 X X 0 X CPU clock is off; off on
1 1 1 peripheral clocks on. ICS
state same as RUN mode.
1 X X X on
LPWAIT mode - (Assumes WAIT instruction executed.) 0 0 X 1 0 CPU clock is off; off standby
1 0 peripheral clocks
at low speed. ICS in
FBELP mode.
STOP3 - (Assumes STOPE bit is set and STOP 0 0 X X 0 ICS in STOP. LPO, off standby
instruction executed.) Note that STOP3 is used in 0 1 0 X 0 |OSCOUT,ICSERCLKand off
place of STOP2 if the BDM or LVD is enabled. ICSIRCLK optionally on?
0 1 1 X X off on - stop
1 X X X X ICSLCLK still active. on currents will
be increased
STOP2 - (Assumes STOPE bit is set and STOP 0 X 0 1 LPO and OSCOUT off partial
instruction executed.) If BDM or LVD is enabled, 1 0 optionally on%3 powerdown
STOP3 will be invoked rather than STOP2.

Support.”

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

ENBDM is located in the BDC status and control register (BDCSCR) which is write accessible only through BDC commands, see Chapter 17, “Development
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Mode Regulator State

RUN Full on

WAIT Full on

LPRUN Standby
LPWAIT | Standby
STOP3 Standby
STOP2 Partial power off

Figure 3-1. Allowable Power Mode Transitions for the MC9S08QE128 Series

Figure 3-1 illustrates mode state transitions allowed between the legal states shown in Table 3-1.

PTAS/IRQ/TPM1CLK/RESET must be asserted low (or an RTC interrupt must occur) in order 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
RUN LPRUN Confi_gure settings shown in Table 3-1, switch
LPR=1 last
1 Clear LPR
LPRUN RUN
Interrupt when LPWUI=1
Pre-configure settings shown in Table 3-1, issue
RUN STOP2 STOP instruction
2 —
BESETL
STOP?2 RUN Assert zero on PTA5/IRQ/TPM1CLK/RESET",
reload environment from RAM
LPRUN LPWAIT WAIT instruction
3
LPWAIT LPRUN Interrupt when LPWUI=0
LPRUN STOP3 STOP instruction
4
STOP3 LPRUN Interrupt when LPWUI=0
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Table 3-3. Triggers for Transitions Shown in Figure 3-1. (continued)

Transition # From To Trigger
LPWAIT RUN Interrupt when LPWUI=1
° RUN LPWAIT NOT SUPPORTED
RUN WAIT WAIT instruction
° WAIT RUN Interrupt or reset
, STOP3 RUN Lnrtfgglgt)t (if LPR =0, or LPR =1 and LPWUI =1)
RUN STOP3 STOP instruction

1 An analog connection from this pin to the on-chip regulator will wake up the regulator, which will then initiate a
power-on-reset sequence.

3.7.1

When the MCU enters any stop mode, system clocksto 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.

On-Chip Peripheral Modules in Stop and Low Power Modes

Whenthe MCU enters L PWait or L PRun modes, system clocksto theinternal peripheral modules continue

based on the settings of the clock gating control registers (SCGC1 and SCGC2).

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
Port 1/0 Pins States Held Peripheral Control Peripheral Control On
ADC Off Optionally On? Optionally On? Optionally On?
ACMPx Off Optionally on? Optionally On Optionally On
BDM Off3 Optionally On off* off*
COP Off Off Optionally On Optionally On
ICS Off Optionally On® on® on®
[ICx Off Standby Optionally On Optionally On
IRQ Wake Up Optionally On Optionally On Optionally On
KBIx Off Optionally On Optionally On Optionally On
LVD/LVW Off’ Optionally On off8 Off8
RTC Optionally On Optionally On Optionally On Optionally On
MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Table 3-4. Stop and Low Power Mode Behavior (continued)

Mode
Peripheral
Stop2 Stop3 LPWait LPRun
SCIx Off Standby Optionally On Optionally On
SPIx Off Standby Optionally On Optionally On
TPMx Off Standby Optionally On Optionally On
Voltage Regulator Partial Powerdown Optionally On® Standby Standby
XOSC Optionally On Optionally On'? Optionally On Optionally On
1 Requires the asynchronous ADC clock. For stop3, LVD must be enabled to run in stop if converting the bandgap channel.
2 LVD must be enabled to run in stop if using the bandgap as a reference.
3 If ENBDM is set when entering stop2, the MCU will actually enter stop3.
4 If ENBDM is set when entering LPRun or LPWait, the MCU will actually stay in run mode or enter wait mode, respectively.
5 IRCLKEN and IREFSTEN set in ICSC1, else in standby.
6 |CS must be configured for FBELP, bus frequency limited to 125kHz in LPRUN or LPWAIT.
7 If LVDSE is set when entering stop2, the MCU will actually enter stop3.
8 |f LVDSE is set when entering LPRun or LPWait, the MCU will actually enter run or wait mode, respectively.
9

10 ERCLKEN and EREFSTEN set in ICSC2, else in standby.

Requires the LVD to be enabled, else in standby. See Section 3.6.4, “LVD Enabled in Stop Mode”.
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Chapter 4
Memory

4.1 MC9S08QE128 Series Memory Map

Asshown in Figure 4-1, Figure 4-2, and Figure 4-3, on-chip memory in the MC9S08QE128 Series of
MCUs consists of RAM, flash program memory for nonvolatile data storage, and |/O and control/status

registers—Fheregisters-afe divided into three groups:
» Direct-page registers (0x0000 through 0x007F)
» High-page registers (0x1800 through 0x187F)
* Nonvolatile registers (OXFFBO through OXFFBF)

Extended Address CPU Address
0x00000 DIRECT PAGE | 0x0000
B PAGE 0 REGISTERS
128 BYTES Ox007F
0x0080--0xFF: 128 Bytes Direct "Page" RAM,
----G-O-iGRg’\YA_'I_'E'S' """"""""" (not in the sense of MMU 8 Pages...)
‘When PPAGE 0 is ' 0x17FF +When the CPU !
‘accessed through the ! HIGH 0x1800 'accesses PPAGE 0 X
\linear address pointer , ,directly, RAM and !
.or through the paging FLASH PAGE REGISTERS rregisters, when present, '
'window, the flash | 16384 BYTES 128 BYTES ox187F 'take priority over flash |
‘memory is read. , ox1880 'Mmemory. \
! ' RAM ettt mtmmmmmmmm e ‘
"""""""" ! 2048 BYTES
________ . O0x207F
0x2080
; FLASH |PPAGE=7 u
OX03FFF YV | BOG4BYTES  |garpp PPAGE=6 W |
WL |
In the Figure 4-1, 0xQ4000 PAGE 1 0x4000 PPAGE=5 ||
BLUE arrows (for Program PPAGE=4 w L 2 8'
and Constants), does NOT FLASH L g 3
. — 16384 BYTES %58 |
depend on PPAGE; only . Qsle =
on: Logical 16 bit PPAGE=2 u &8 g 12
address being OUT of ox07EEE| \ OX7EEE i = § x /
PAGE 2 range. Physical  0x08000paging Window - |0X8000 S 53
A16 will always be "@". Extended address- g & 64K -
PPAGES values @, 1 & 3 es formed with S +o4aKk:
ARE NOT OF ANY USE!! PPAGE and AYTES < up to
........................... AniAO of CPU ad- é 128K
This is why ISRs MUST dress
be located in pages 0, OxOBFFF| OxBFFFéaf
1 or 3: they do NOT 0x0C000 , ] 0xC000 . RED arrows (program
. PAGE -3 and constants)
use PPAGE, that is NOT ) .
S o DOES DEPEND, indeed,
preserved over Inter- FLASH Co mm——
rupts. NEVER locate 16384 BYTES &5 ©On both: CRAGE, 2nd
ISRs in page 2 é&’ Logical 16 bit add-
. page 2. ress being INSIDE of
Inside ISRs you may PAGE 2 If
use code located on OxQFFFF| OXEEEE range. 50,

Banked Memory (Pages Physical Address is:

2,4,5,6,7) employing . eeedee el

CALL/RTC to save Figure 4-1. MC9S08QE128 Memory Map AL5:Al4 are  NEVER
used to form Physical
and restore PPAGE.

Address
lCompletly modifyied, corrected, commented and augmented by Luis G. Uribe C. Mar/Jun 2912]
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Original page 51...

Chapter
Memory

4.1

4

MC9S08QE128 Series Memory Map
Asshown in Figure 4-1, Figure 4-2, and Figure 4-3, on-chip memory in the MC9S08QE128 Series of

MCUs consists of RAM, flash program memory for nonvolatile data storage, and 1/0 and control/status
registers. The registers are divided into three groups:

» Direct-page registers (0x0000 through 0x007F)
» High-page registers (0x1800 through 0x187F)
* Nonvolatile registers (OXFFBO through OXFFBF)

.......

‘When PPAGE 0 is '
'accessed through the |
'linear address pointer ,
1or through the paging
'window, the flash
‘memory is read.

Extended Address

CPU Address

0x00000 DIRECT PAGE 0x0000
X PPAGE=0 REGISTERS
128 BYTES 0X007F
RAM 0x0080
........ 6016 BYTES
Ox17FF
HIGH 0x1800
: FLASH PAGE REGISTERS
‘| 16384 BYTES 128BYTES | y1g7F
X 0x1880
. RAM
-------- 2048 BYTES
0x207F
0x2080
FLASH
OXO3FEE 8064 BYTES OX3EFE
0x04000 PPAGE=1 0x4000
FLASH
16384 BYTES
OXO7FFF, OX7FFF
0x08000| paging Window - |0x8000
Extended address-
es formed with
PPAGE and
A13:A0 of CPU ad-
dress
OXOBFFF OxBFFF
0xC000
0x0C000 EPACESS
FLASH
16384 BYTES
OXOFFFF OXFFFF

______________

+When the CPU
'accesses PPAGE 0
,directly, RAM and

1registers, when present, '

'take priority over flash '
,memory. .
|PPAGE=7 n
| PPAGE=6 w |
—
|PPAGE=5 n 'é X
| PPAGE=4 MISELE
LL T
|PPAGE=3 EIEE
| PPAGE=2 w | 5]8 g |3
[PPAGE=1 LE (RS [S)
o g Q8| x
PPAGE=0 wls| 8185
LS| |19 x
Ligle QLS
FLAsH  S|& |8 |8
16384 BYTES &8 |3 =
I
SR
=i
o
x
o
ke]
g o
eQ
JChe]
X O
4 <

Figure 4-1. MC9S08QE128 Memory Map
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Chapter 4 Memory

Extended Address

CPU Address

0x00000 DIRECT PAGE 0x0000
PPAGE=0 REGISTERS
128 BYTES 0x007F
'When PPAGE 0is 0x17FF :When the CPU .
'accessed through the | HIGH 0x1800 'gcceslses PPAGI(Ej 0 '
\linear address pointer , .directly, RAM an ,
\or through the paging FLASH PAGE REGISTERS iregisters, when present, _ L
'window, the flash '| 16384 BYTES 128 BYTES ox1g7F 'take priority over flash ! PPAGE=7 m
‘memory is read. . ox18g0 rmemory. ' PPAGE=6 ol
! ! RESERVED | """~ """ °"7°°-°7°°° ! L
"""""""" ! 2048 BYTES o &
0x207F RESERVED 3 la
0x2080 16384 BYTES 8‘ §
FLASH 213
OXO3FFF 8064 BYTES | oy3rFF X[
IV E—— 0x4000 [PPAGE=S n =
— L - @
ELASH | PPAGE=4 HE 28
16384 BYTES |PPAGE=3 il KRS =32
[PPAGE=2 wlit| 38
SEEE
OX07FFH OX7FFF |PPAGE=1 BRI
Extended L 2ls]g X
addresses formed ey 81418 &
with PPAGE and EJE=ARS
16384 BYTES 22| X
A13:A0 of CPU g|3le
address S| 3
OXOBFFF OXBFFF =
0xC000 =)
0x0C000 PPAGE=3 -
[T’
23
FLASH g5
16384 BYTES o]
w <
OXOFFFF OXFFFF
Figure 4-2. MC9S08QE96 Memory Map
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Extended Address

CPU Address

Chapter 4 Memory

0x00000 DIRECT PAGE 0x0000
X PPAGE=0 REGISTERS
128 BYTES 0Ox007F
‘When PPAGE 0is 0x107F :When the CPU .
'accessed through the ! RESERVED 0x1080 'accesses PPAGE 0 '
‘linear address pointer , 1920 BYTES OX17EE ,directly, RAM and )
«or through the paging FLASH niGH 0x1800 'Tegisters, when present, : |PPAGE=7 e
'window, the flash ! 16384 BYTES 'take priority over flash [T
‘memory is read ' PAGE REGISTERS ‘memory. : | - o
! : ; 128 BYTES OXI87E Lo o PPAGE=6 |9
""""""" 4 RESERVED 0x1880 |PPAGE:5 LLII: E C'>
2048 BYTES 0x207F PPAGE=4 b L3 §
0x2080 il A=A RSN @)
FLASH 9128
8064 BYTES RESERVED X g|e|e
Ox03FFF O0x3FFF 16384 BYTES & 2|8 _
0x4000 S (o
0x04000 PPAGE=1 X 8|
-
x
FLASH =)
16384 BYTES |PPAGE=3 H Ty
[PPAGE=2 u L 28
= O
O0XO7FFF OX7FFF |PPAGE=1 g (S 52
0x08000 | paging Window - |0x8000 PPAGE=0 W "g" S §
Extended Ll X|le |0
addresses formed FLASH % pig § %
ith PPAGE =
AI3:A0 of CPU 16384BYTES 3| S |8
address S| K
ol e
OXOBFFF OXBFFF 2
0xC000 ©
0x0C000 PPAGE=3 =
L v
T8
FLASH g =
16384 BYTES %S
W <
OXOFFFF OXFFFF

4.2

Figure 4-3. MC9S08QE64 Memory Map

Reset and Interrupt Vector Assignments

Table 4-1 shows address assignments for reset and interrupt vectors. The vector names shown in thistable
are the labels used in the Freescale Semiconductor provided equate file for the MC9S08QE128 Series.

Table 4-1. Reset and Interrupt Vectors

(I—?\igﬂ;ll_az\s/v) Vector Vector Name
OxXFFCO:0xFFC1 TPM3 Overflow Vtpm3ovf
OxFFC2:0xFFC3 TPM3 Channel 5 Vtpm3ch5
OxFFC4:0xFFC5 TPM3 Channel 4 Vtpm3ch4
OxFFCG6:0xFFC7 TPM3 Channel 3 Vtpm3ch3
OxFFC8:0xFFC9 TPM3 Channel 2 Vtpm3ch2
OxFFCA:O0xFFCB TPM3 Channel 1 Vtpm3chl
OxFFCC:0xFFCD TPM3 Channel 0 Vtpm3chO
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Table 4-1. Reset and Interrupt Vectors (continued)

(Iﬁ}gﬂ;fzjv) Vector Vector Name
OxFFCE:OxFFCF RTC Vrtc
OXFFDO0:0xFFD1 SCI2 Transmit Vsci2tx
OxXFFD2:0xFFD3 SCI2 Receive Vsci2rx
OxFFD4:0xFFD5 SCI2 Error Vscizerr
OXFFD6:0XFFD7 ACMPx! Vacmpx
OxFFD8:0xFFD9 ADC Conversion Vadc
OxFFDA:0xFFDB KBIx In'[errupt2 Vkeyboard
OxFFDC:0xFFDD lex® Viicx
OXFFDE:OxFFDF SCI1 Transmit Vsciltx
OXFFEO:0xFFE1 SCI1 Receive Vscilrx
OXFFE2:0xFFE3 SCI1 Error Vscilerr
OxFFE4:0xFFES SPI1 Vspil
OxFFEG6:0xFFE7 SPI2 Vspi2
OxFFE8:0xFFE9 TPM2 Overflow Vtpm2ovf
OXFFEA:OXFFEB TPM2 Channel 2 Vtpm2ch2
OXFFEC:0xFFED TPM2 Channel 1 Vtpm2chl
OXFFEE:OXFFEF TPM2 Channel 0 Vtpm2chO
OxFFFO:0xFFF1 TPM1 Overflow Vtpmlovf
OXFFF2:0xFFF3 TPM1 Channel 2 Vtpmich2
OxFFF4:0xFFF5 TPM1 Channel 1 Vtpmlchl
OXFFF6:0xFFF7 TPM1 Channel 0 Vtpml1chO
OXFFF8:0xFFF9 Low Voltage Detect or Low Voltage Warning Vivd
OxFFFA:OxFFFB IRQ Virg
OXFFFC:0xFFFD SwiI Vswi
OXFFFE:OXFFFF Reset Vreset

1 ACMP1 and ACMP2 share this vector, if both modules are enabled user should poll each flag
to determine pending interrupt.

2 KBI1 and KBI2 share this vector, if both modules are enabled user should poll each flag to
determine pending interrupt.

3 JIC1 and IIC2 share this vector, if both modules are enabled user should poll each flag to
determine pending interrupt.
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Chapter 4 Memory

4.3 Register Addresses and Bit Assighments

The registersin the MC9S08QE128 Series are divided into these groups.

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

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

* Thenonvolatile register area consists of ablock of 16 locations in flash memory at
OxFFBO-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 4-2 isasummary of all
user-accessible direct-page registers and control bits.

The direct page registersin Table 4-2 can use the more efficient direct addressing mode, which requires
only the lower byte of the address. Because of this, the lower byte of the address in column oneis shown
in bold text. In Table 4-3 and Table 4-4, the whole address in column one is shown in bold. In Table 4-2,
Table 4-3, and Table 4-4, the register names in column two are shown in bold to set them apart from the
bit namesto the right. Cells that are not associated with named bits are shaded. A shaded cell witha0
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.

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 55



Chapter 4 Memory

Address

0x0000
0x0001
0x0002
0x0003
0x0004
0x0005
0x0006
0x0007
0x0008
0x0009
0x000A
0x000B
0x000C
0x000D
0x000E
0x000F
0x0010
0x0011
0x0012
0x0013
0x0014
0x0015
0x0016
0x0017
0x0018
0x0019
0x001A
0x001B
0x001C
0x001D
0x001E
0x001F
0x0020
0x0021
0x0022
0x0023
0x0024
0x0025
0x0026
0x0027
0x0028
0x0029

Register

Name
PTAD
PTADD
PTBD
PTBDD
PTCD
PTCDD
PTDD
PTDDD
PTED
PTEDD
PTFD
PTFDD
KBI1SC
KBI1PE
KBI1ES
IRQSC
ADCSC1
ADCSC2
ADCRH
ADCRL
ADCCVH
ADCCVL
ADCCFG
APCTL1
APCTL2
APCTL3
ACMP1SC
ACMP2SC
PTGD
PTGDD
PTHD
PTHDD
SCI1BDH
SCI1BDL
SCl1C1
SCl1C2
SCI1s1
SCI1S2
SCI1C3
SCI1D
SPI1C1
SPI1C2

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

Bit 7 6 5 4 3 2 1 Bit 0
PTAD7 PTAD6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
PTADD7 PTADD6 PTADD5S PTADD4 PTADDS3 PTADD2 PTADD1 PTADDO
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
PTDDD7 PTDDD6 PTDDD5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDDO
PTED7 PTEDG6 PTEDS PTED4 PTED3 PTED2 PTED1 PTEDO
PTEDD7 PTEDD6 PTEDDS PTEDD4 PTEDD3 PTEDD2 PTEDD1 PTEDDO
PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDDO

0 0 0 0 KBF KBACK KBIE KBIMOD
KBIPE7 KBIPEG6 KBIPES KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
KBEDG7 KBEDG6 KBEDG5 KBEDG4 KBEDG3 KBEDG2 KBEDG1 KBEDGO

0 IRQPDD | IRQEDG IRQPE IRQF IRQACK IRQIE IRQMOD

COCO AIEN ADCO ADCH
ADACT ADTRG ACFE ACFGT — — Reserved | Reserved

0 0 0 0 ADR11 ADR10 ADR9 ADRS8
ADR7 ADRG6 ADRS5 ADR4 ADR3 ADR2 ADR1 ADRO

0 0 0 0 ADCV11 ADCV10 ADCV9 ADCV8
ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCVO0
ADLPC ADIV ADLSMP MODE ADICLK
ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
ADPC15 ADPC14 ADPC13 ADPC12 ADPC11 ADPC10 ADPC9 ADPC8
ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16

ACME ACBGS ACF ACIE ACO ACOPE ACMOD
ACME ACBGS ACF ACIE ACO ACOPE ACMOD
PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
PTGDD7 PTGDD6 PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDDO
PTHD7 PTHD6 PTHD5 PTHD4 PTHD3 PTHD2 PTHD1 PTHDO
PTHDD7 PTHDDG6 PTHDD5 PTHDD4 PTHDDS3 PTHDD2 PTHDD1 PTHDDO
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 RwWU 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

SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
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Table 4-2. Direct-Page Register Summary (Sheet 2 of 4)

Chapter 4 Memory

Address Rﬁlga'rf]teer Bit 7 6 5 4 3 2 1 Bit 0
0x002A SPI1BR 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
0x002B SPI1S SPRF 0 SPTEF MODF 0 0 0 0
0x002C Reserved 0 0 0 0 0 0 0 0
0x002D SPI1D Bit 7 6 5 4 3 2 1 Bit O
0x002E PTJD PTJD7 PTJD6 PTJD5 PTJD4 PTJD3 PTJD2 PTJD1 PTJDO
0x002F PTJDD PTJDD7 PTJDD6 PTJDD5 PTJDDA4 PTJDD3 PTJDD2 PTJDD1 PTJDDO
0x0030 IlIC1A AD7 AD6 AD5 AD4 AD3 AD2 AD1 0
0x0031 IIC1F MULT ICR
0x0032 lIC1C1 IICEN lICIE MST TX TXAK RSTA 0 0
0x0033 IlIC1S TCF IAAS BUSY ARBL 0 SRW IICIF RXAK
0x0034 1IC1D DATA
0x0035 lIC1C2 GCAEN ADEXT 0 0 0 AD10 AD9 ADS8
0x0036 Reserved — — — — — — — —
0x0037 Reserved — — — — — — — —
0x0038 ICSC1 CLKS RDIV IREFS IRCLKEN | IREFSTEN
0x0039 ICSC2 BDIV RANGE HGO LP EREFS | ERCLKEN |EREFSTEN
0x003A ICSTRM TRIM
0x003B ICSSC DRS/DRST DMX32 IREFST CLKST OSCINIT FTRIM
0x003C KBI2SC 0 0 0 0 KBF KBACK KBIE KBIMOD
0x003D KBI2PE KBIPE7 KBIPE6 KBIPE5S KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
0x003E KBI2ES KBEDG7 | KBEDG6 | KBEDG5 | KBEDG4 | KBEDG3 | KBEDG2 | KBEDG1 | KBEDGO
0x003F Reserved — — — — — — — —
0x0040 TPM1SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
0x0041 TPMI1CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0042 TPMI1CNTL Bit 7 6 5 4 3 2 1 Bit O
0x0043 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0044 TPM1MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0045 TPM1COSC CHOF CHOIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0046 TPM1COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0047 TPM1COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0048 TPM1C1SC CH1F CHL1IE MS1B MS1A ELS1B ELS1A 0 0
0x0049 TPMI1C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x004A TPM1C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x004B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
0x004C TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8
0x004D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0
0x004E- Reserved — — — — — — — —
0x004F — — — — — — — —
0x0050 TPM2SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
0x0051 TPM2CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0052 TPM2CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0053 TPM2MODH Bit 15 14 13 12 11 10 9 Bit 8
MC9S08QE128 MCU Series Reference Manual, Rev. 2
Freescale Semiconductor 57




Chapter 4 Memory

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

Register

Address Name Bit 7 6 5 4 3 2 1 Bit 0
0x0054 TPM2MODL Bit 7 6 5 4 3 2 1 Bit O
0x0055 TPM2CO0SC CHOF CHOIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0056 TPM2COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0057 TPM2COVL Bit 7 6 5 4 3 2 1 Bit O
0x0058 TPM2C1SC CH1F CHL1IE MS1B MS1A ELS1B ELS1A 0 0
0x0059 TPM2C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x005A TPM2C1VL Bit 7 6 5 4 3 2 1 Bit O
0x005B TPM2C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
0x005C TPM2C2VH Bit 15 14 13 12 11 10 9 Bit 8
0x005D TPM2C2VL Bit 7 6 5 4 3 2 1 Bit O
Ox005E- Reserved — — — — — — — —
0x005F — — — — — — — —
0x0060 TPM3SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PSO
0x0061 TPM3CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0062 TPM3CNTL Bit 7 6 5 4 3 2 1 Bit O
0x0063 TPM3MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0064 TPM3MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0065 TPM3CO0SC CHOF CHOIE MSO0B MSO0A ELSOB ELSOA 0 0
0x0066 TPM3COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0067 TPM3COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0068 TPM3C1SC CH1F CHL1IE MS1B MS1A ELS1B ELS1A 0 0
0x0069 TPM3C1VH Bit 15 14 13 12 11 10 9 Bit 8
O0x006A TPM3C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x006B TPM3C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0
0x006C TPM3C2VH Bit 15 14 13 12 11 10 9 Bit 8
0x006D TPM3C2VL Bit 7 6 5 4 3 2 1 Bit 0
0x006E TPM3C3SC CH3F CHSIE MS3B MS3A ELS3B ELS3A 0 0
0x006F TPM3C3VH Bit 15 14 13 12 11 10 9 Bit 8
0x0070 TPM3C3VL Bit 7 6 5 4 3 2 1 Bit 0
0x0071 TPM3C4SC CH4F CH4IE MS4B MS4A ELS4B ELS4A 0 0
0x0072 TPM3C4VH Bit 15 14 13 12 11 10 9 Bit 8
0x0073 TPM3C4VL Bit 7 6 5 4 3 2 1 Bit 0
0x0074 TPM3C5SC CH5F CHS5IE MS5B MS5A ELS5B ELS5A 0 0
0x0075 TPM3C5VH Bit 15 14 13 12 11 10 9 Bit 8
0x0076 TPM3C5VL Bit 7 6 5 4 3 2 1 Bit 0
0x0077 Reserved — — — — — — — —
0x0078 PPAGE 0 0 0 0 0 XA16 XA15 XAl4
0x0079 LAP2 0 0 0 0 0 0 0 LA16
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Address

0x007A
0x007B
0x007C
0x007D
0x007E
0x007F

Register
Name
LAP1
LAPO
LWP
LBP
LB
LAPAB

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

Chapter 4 Memory

Bit 7 6 5 4 3 2 1 Bit 0
LA15 LA14 LA13 LA12 LAl1l LA10 LA9 LA8
LA7 LAG LAS LA4 LA3 LA2 LAl 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

High-page registers, shown in Table 4-3, 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.

Register Name

Address
0x1800 SRS
0x1801  SBDFR
0x1802 SOPT1
0x1803 SOPT2
0x1804 — Reserved
0x1805
0x1806 SDIDH
0x1807 SDIDL
0x1808  SPMSC1
0x1809 SPMSC2
0x180A  Reserved
0x180B  SPMSC3
0x180C  Reserved
0x180D  Reserved
0x180E  SCGC1
0x180F  SCGC2
0x1810 DBGCAH
0x1811 DBGCAL
0x1812 DBGCBH
0x1813 DBGCBL
0x1814 DBGCCH
0x1815 DBGCCL
0x1816 DBGFH
0x1817 DBGFL
0x1818 DBGCAX
0x1819 DBGCBX
0x181A  DBGCCX
0x181B  DBGFX
0x181C DBGC
0x181D DBGT
0x181E  DBGS

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

Bit 7 6 5 4 3 2 1 Bit 0
POR PIN CoP ILOP 0 0 LVD 0
0 0 0 0 0 0 0 BDFR
COPE | COPT | STOPE — 0 RSTPOE | BKGDPE | RSTPE
COPCLKS 0 0 0 SPIIPS | ACIC2 | IICIPS | ACIC1
— — — — ID11 ID10 ID9 ID8
ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
LVDF | LVDACK | LVDIE | LVDRE | LVDSE | LVDE 0 BGBE
LPR LPRS | LPWUI 0 PPDF | PPDACK | PPDE PPDC
LVWF | LVWWACK | LVDV LVWV | LVWIE = = =
TPM3 TPM2 TPM1 ADC lIC2 lic1 SCI2 sci1
DBG FLS IRQ KB ACMP RTC SPI2 SPI1
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
RWAEN | RWA | PAGSEL 0 0 0 0 Bit 16
RWBEN | RWB | PAGSEL 0 0 0 0 Bit 16
RWCEN | RWC | PAGSEL 0 0 0 0 Bit 16
PPACC 0 0 0 0 0 0 Bit 16
DBGEN | ARM TAG BRKEN 0 0 0 LOOP1
TRGSEL | BEGIN 0 0 TRG
AF BF CF 0 0 0 0 ARMF
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Table 4-3. High-Page Register Summary (Sheet 2 of 4)

Address Register Name Bit 7 6 5 3 2 1 Bit O
0x181F  DBGCNT 0 0 0 | CNT
0x1820 FCDIV FDIVLD PRDIV8 FDIV
0x1821 FOPT KEYEN 0 0 0 0 SEC
0x1822 Reserved — — — — — — — —
0x1823 FCNFG 0 0 KEYACC 0 0 0 0 0
0x1824 FPROT FPS FPOPEN
0x1825 FSTAT FCBEF FCCF FPVIOL |FACCERR 0 FBLANK 0 0
0x1826 FCMD 0 FCMD
0x1827- Reserved — — — — — — — —
0x1829 — — — — — — — —
0x182A  Reserved
0x182B- Reserved . . . . . . . .
0x182F
0x1830 RTCSC RTIF RTCLKS RTIE RTCPS
0x1831 RTCCNT RTCCNT
0x1832 RTCMOD RTCMOD
0x1833- Reserved — — — — — — — —
0x1837 — — — — — — — —
0x1838 SPI2C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0x1839 SPI2C2 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x183A  SPI2BR 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
0x183B  SPI2S SPRF 0 SPTEF MODF 0 0 0 0
0x183C  Reserved 0 0 0 0 0 0 0 0
0x183D  SPI2D Bit 7 6 5 4 3 2 1 Bit O
0x183E- Reserved — — — — — — — —
0x183F — — — — — — — —
0x1840 PTAPE PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 | PTAPE1l | PTAPEO
0x1841 PTASE PTASE7 | PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 | PTASE1l | PTASEO
0x1842 PTADS PTADS7 | PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 | PTADS1 | PTADSO
0x1843 Reserved — — — — — — — —
0x1844 PTBPE PTBPE7 | PTBPE6 | PTBPE5 | PTBPE4 | PTBPE3 | PTBPE2 | PTBPE1l | PTBPEO
0x1845 PTBSE PTBSE7 | PTBSE6 | PTBSE5 | PTBSE4 | PTBSE3 | PTBSE2 | PTBSE1l | PTBSEQ
0x1846 PTBDS PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO
0x1847 Reserved — — — — — — — —
0x1848 PTCPE PTCPE7 | PTCPE6 | PTCPE5 | PTCPE4 | PTCPE3 | PTCPE2 | PTCPEl | PTCPEO
0x1849 PTCSE PTCSE7 | PTCSE6 | PTCSES5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE1 | PTCSEO
0x184A  PTCDS PTCDS7 | PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
0x184B Reserved — — — — — — — —
0x184C  PTDPE PTDPE7 | PTDPE6 | PTDPE5 | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1l | PTDPEO
0x184D  PTDSE PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 | PTDSEO
0x184E  PTDDS PTDDS7 | PTDDS6 | PTDDS5 | PTDDS4 | PTDDS3 | PTDDS2 | PTDDS1 | PTDDSO
0x184F  Reserved — — — — — — — —
0x1850 PTEPE PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1l | PTEPEO
MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Address

0x1851
0x1852
0x1853
0x1854
0x1855
0x1856
0x1857
0x1858
0x1859
0x185A
0x185B
0x185C
0x185D
Ox185E
0x185F
0x1860
0x1861
0x1862

0x1863—
0x1867

0x1868
0x1869
0x186A
0x186B
0x186C
0x186D

Ox186E—
0x186F

0x1870
0x1871
0x1872
0x1873
0x1874
0x1875
0x1876
0x1877
0x1878
0x1879
0x187A
0x187B
0x187C

Register Name

PTESE
PTEDS
Reserved
PTFPE
PTFSE
PTFDS
Reserved
PTGPE
PTGSE
PTGDS
Reserved
PTHPE
PTHSE
PTHDS
Reserved
PTJPE
PTJSE
PTJDS
Reserved

IIC2A
IIC2F
lIc2C1
lcas
IIC2D
lIca2c2
Reserved

SCI2BDH
SCI2BDL
SCI2C1
SCl2C2
SCI2s1
SCI2S2
SCI2C3
SCI2D
PTCSET
PTESET
PTCCLR
PTECLR
PTCTOG

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

Chapter 4 Memory

Bit 7 6 5 4 3 2 1 Bit 0
PTESE7 | PTESE6 | PTESES | PTESE4 | PTESE3 | PTESE2 | PTESE1l | PTESEO
PTEDS7 | PTEDS6 | PTEDSS | PTEDS4 | PTEDS3 | PTEDS2 | PTEDS1 | PTEDSO
PTFPE7 | PTFPE6 | PTFPE5 | PTFPE4 | PTFPE3 | PTFPE2 | PTFPEl1 | PTFPEO
PTFSE7 | PTFSE6 | PTFSES | PTFSE4 | PTFSE3 | PTFSE2 | PTFSE1 | PTFSEO
PTFDS7 | PTFDS6 | PTFDSS5 | PTFDS4 | PTFDS3 | PTFDS2 | PTFDS1 | PTFDSO
PTGPE7 | PTGPE6 | PTGPE5 | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO
PTGSE7 | PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO
PTGDS7 | PTGDS6 | PTGDS5 | PTGDS4 | PTGDS3 | PTGDS2 | PTGDS1 | PTGDSO
PTHPE7 | PTHPE6 | PTHPES | PTHPE4 | PTHPE3 | PTHPE2 | PTHPE1l | PTHPEO
PTHSE7 | PTHSE6 | PTHSE5 | PTHSE4 | PTHSE3 | PTHSE2 | PTHSE1 | PTHSEO
PTHDS7 | PTHDS6 | PTHDS5 | PTHDS4 | PTHDS3 | PTHDS2 | PTHDS1 | PTHDSO
PTJPE7 | PTIJPE6 | PTJPE5 | PTJPE4 | PTJPE3 | PTJPE2 | PTJPEl1 | PTJIPEO
PTJSE7 | PTJSE6 | PTJSES | PTJSE4 | PTJSE3 | PTJSE2 | PTJSE1l | PTJSEO
PTJDS7 | PTIDS6 | PTJDS5 | PTJDS4 | PTJDS3 | PTIDS2 | PTIDS1 | PTJDSO

AD7 AD6 AD5 AD4 AD3 AD2 AD1 0

MULT ICR
IICEN IICIE MST TX TXAK RSTA 0 0
TCF IAAS BUSY ARBL 0 SRW IICIF RXAK
DATA
GCAEN ADEXT 0 0 0 AD10 AD9 AD8
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
PTCSET7 | PTCSET6 | PTCSETS | PTCSET4 | PTCSET3 | PTCSET2 | PTCSET1 | PTCSETO
PTESET7 | PTESET6 | PTESETS | PTESET4 | PTESET3 | PTESET2 | PTESET1 | PTESETO
PTCCLR7 | PTCCLR6 | PTCCLR5 | PTCCLR4 | PTCCLR3 | PTCCLR2 | PTCCLR1 | PTCCLRO
PTECLR7 | PTECLR6 | PTECLR5 | PTECLR4 | PTECLR3 | PTECLR2 | PTECLR1 | PTECLRO

PTCTOG7 | PTCTOG6 | PTCTOGS [ PTCTOG4 | PTCTOG3 | PTCTOG2 | PTCTOGL1 | PTCTOGO
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Table 4-3. High-Page Register Summary (Sheet 4 of 4)

Address Register Name Bit 7 6 5 4 3 2 1 Bit O
0x187D  PTETOG PTETOG7 | PTETOG6 | PTETOGS | PTETOG4 | PTETOG3 | PTETOG2 | PTETOGL1 | PTETOGO
0x187E— Reserved — — — — — — — —
0x187F — — — — — — — —

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

The factory ICS trim value is stored in the flash information row (I FRl) and will be loaded into the
ICSTRM and ICSSC registers after any reset. Theinternal referencetrim 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.
NOTE

When the MCU isin active BDM, the trim value in the IFR will not be
loaded. Instead, the ICSTRM register will reset to 0x80 and the FTRIM bit
in the ICSSC register will be reset to 0.

Table 4-4. Reserved Flash Memory Addresses

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

OXFFAE  Reserved for

Storage of FTRIM v v v v v v v FTRIM
OxFFAF Reserved for

Storage of TRIM

ICSTRM
OXFFBO - NVBACKKEY .
OXFFB7 8-Byte Comparison Key
OxFFB8 — Reserved — — — — — — — _
OxFFBC = — — — — — — —
OXFFBD  NVPROT FPS FPOPEN
OXFFBE  Reserved — | — — — — — — —
OXFFBF NVOPT KEYEN 0 0 0 0 SEC

Provided the key enable (KEY EN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. Thiskey mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEY EN bit to O. If the security key is disabled, the
only way to disengage security is by mass erasing the flash if needed (normally through the background

1. IFR — Nonvolatile information memory that can be only accessed during production test. During production test, system
initialization, configuration and test information is stored in the IFR. This information cannot be read or modified in normal user
or background debug modes.
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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).

4.4 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 64K byte CPU addressable memory map. The MMU uses a
paging scheme similar to that seen on other MCU architectures, such as HCS12. The extended memory
when used for dafalcan also be accessed linearly using alinear address pointer and data access registers.

44.1 Features

Key features of the MMU module are;

* Memory Management Unit extends the HCS08 memory space
— upto 4 MB for program and data space (22-bits)

» Extended program space using paging scheme
— PPAGE register used for page selection
— fixed 16K byte memory window
— architecture supports up to 256, 16K pages (4 MB)

» Extended data space using linear address pointer
— up to 22-hit linear address pointer

— 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

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

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

4.4.2 Register Definition

4.42.1 Program Page Register (PPAGE) from 64 basic, to 128K in MC9S@8QE128

The HCS08 Core architecture limits the CPU addressable space available to 64K bytes. The address space
can be extended to 128K bytes using a paging window scheme. The Program Page (PPAGE) allows for
selecting one of the 16K byte 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.
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6 5 2 1 0
R 0 0 0 0 0
XA16 XA15 XAl1l4
W
Reset: 0 0 0 0 0 0 1 0
Figure 4-4. Program Page Register (PPAGE)
Table 4-5. Program Page Register Field Descriptions
Field Description
2:0 When the CPU addresses the paging window, 0x8000-OxBFFF, the value in the PPAGE register along with the
XA16:XA14 |CPU addresses A13:A0 are used to_create a 17-bit extended address.

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

The 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.

7 6 5 4 2 1 0
R 0 0 0 0 0 0 0
LA16
w
R
LA15 LA14 LA13 LA12 LAll LA10 LA9 LA8
w
R
LA7 LA6 LA5 LA4 LA3 LA2 LAl LAO
w
Reset: 0 0 0 0 0 0 0 0
Figure 4-5. Linear Address Pointer Registers 2:0 (LAP2:LAPO)
Table 4-6. 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
LA21:LAO |as the extended address when accessing any of the data registers LB, LBP and LWP.

4.4.2.3 Linear Word Post Increment Register (LWP)

Thisregister 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 L AP2:L APO 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.
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Chapter 4 Memory

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 4-6. Linear Word Post Increment Register (LWP)
Table 4-7. Linear Word Post Increment Register Field Descriptions
Field Description
7:0 Reads of this register will first return the data value pointed to by the linear address pointer, LAP2:LAPO and then

D7:DO will increment LAP2:LAPO. Writes to this register will first write the data value to the memory location specified
by the linear address pointer and then will increment LAP2:LAPO. Writes to this register are most commonly used
when writing to the flash block(s) during programming.

4.4.2.4 Linear Byte Post Increment Register (LBP)

Thisregister 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:L APO make up the extended address
of the flash memory location to be addressed. When accessing datausing L BP, the contentsof 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 4-7. Linear Byte Post Increment Register (LBP)
Table 4-8. Linear Byte Post Increment Register Field Descriptions
Field Description
7:0 Reads of this register will first return the data value pointed to by the linear address pointer, LAP2:LAPO and then

D7:D0O will increment LAP2:LAPO. Writes to this register will first write the data value to the memory location specified
by the linear address pointer and then will increment LAP2:LAPO. Writes to this register are most commonly used
when writing to the flash block(s) during programming.
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4.4.2.5

Thisregister 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 APO make up the extended address
of the flash memory location to be addressed.

Linear Byte Register (LB)

7

6

5

4

3

R

D7 D6 D5 D4 D3 D2 D1 DO
w

Reset: 0 0 0 0 0 0 0 0

Figure 4-8. Linear Byte Register (LB)
Table 4-9. Linear Data Register Field Descriptions
Field Description
7:0 Reads 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.

4.4.2.6 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 will be added to the current contents of LAP2:LAPO.

7 6 5 4 2 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 4-9. Linear Address Pointer Add Byte Register (LAPAB)
Table 4-10. 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:D0 LAP2:LAPO. Writing a value of 0x7f 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.

4.4.3 Functional Description

443.1

The HCS08 Core architecture limits the CPU addressabl e space available to 64K bytes. The Program Page
(PPAGE) allows for integrating up to 4M byte of flash into the system by selecting one of the 16K byte
blocks to be accessed through the paging window located at 0x8000-OxBFFF. The MMU module also
provides alinear address pointer that allows extension of data access up to 4M bytes.

Memory Expansion
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': When the MMU detects that the CPU is addressing the paging window, the value currently in PPAGE will

Chapter 4 Memory

443.1.1 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 asthe CALL and RTC instructions. The
user should not change PPAGE directly when running from paged memory, only CALL and RTC should
be used.

“"'"Y"""Y""Y"""Y""Y"""Y"""Y""Y"""Y""YYYYYYYYYYYYYYYYYYYYYYYY"‘

r be used to create an extended address that the MCU’s decode logic will useto select the desired flash 4

- <
v location. p

O OO OO UUOUUOUVUO U UUUUUUUPUIUUVUUTUVPUPUUTIrVPFUPTUPTVPTPTP PP PP P VP PV VP U PP PP PP P PO U O DO DO N

Asseenin Figure 4-1, 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.

443.1.2 CALL and RTC (Return from Call) Instructions

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

During the execution of a CALL instruction, the CPU:

» Stacksthe return address.

» Pushesthe current PPAGE value onto the stack.

*  Writes the new instruction-supplied PPAGE value into the PPAGE register.
* Transfers control to the subroutine of the new instruction-supplied address.

This sequenceis 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 vaueis provided by an immediate operand in the instruction along with the address
within the paging window, 0x8000-0xBFFF.

RTC issimilar to an RTS instruction.
The RTC instruction terminates subroutines invoked by a CALL instruction.
During the execution of an RTC instruction, the CPU:

* Pullsthe old PPAGE value from the stack and loads it into the PPAGE register
e Pullsthe 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 addressin memory.
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Chapter 4 Memory

4.43.1.3 Data Space

Thelinear address pointer registers, LAP2:L APO along with the linear data register allow the CPU to read
or write any addressin the extended flash memory space. Thislinear 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 addressin the 22-bit
address pointer, LAP2:LAPO. Accessing one of the three linear dataregisters LB, LBP and LWP will
access the extended memory location specified by LAP2:LAPO. 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 alows 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. Writes to LAPAB with a 2s compliment value will cause the
MMU to add that value to the existing value in LAP2:LAPO.

44314 PPAGE and Linear Address Pointer to Extended Address

See Figure 4-1, on how the program PPAGE memory pages and the Linear Address Pointer are mapped to
extended address space.
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45 RAM

The MCOS08QE128 Series includes 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 variablesin 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 (Vram)-

For compatibility with M68HCO05 M CUs, the HCSO08 resets the stack pointer to OXO0FF. In the
MCOS08QE128 Series, it isusually best to reinitialize the stack pointer to the top of the RAM so the direct
page RAM can be used for frequently accessed RAM variables and bit-addressable program variables.
Include thefollowing 2-instruction sequencein your reset initialization routine (where RamL ast is equated
to the highest address of the RAM in the Freescale Semiconductor-provided equate file).

LDHX #RanmlLast +1 ; poi nt one past RAM

TXS : SP<- (H: X- 1)
When security is enabled, the RAM is considered a secure memory resource and is not accessible through
BDM or through code executing from non-secure memory. See Section 4.6.5, “Flash Module Security,”
for adetailed description of the security feature.

4.6 Flash

The flash memory isintended primarily for program storage. 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.

The flash memory isideal for single-supply applications allowing for field reprogramming without
requiring external high voltage sources for program or erase operations. The flash module includes a
memory controller that executes commands to modify flash memory contents.

Array read accesstimeisonebuscycle per byte. For flash memory, an erased bit reads 1 and aprogrammed
bit reads 0. It is not possible to read from a flash block while any command is executing on that specific
flash block. It is possible to read from a flash block while g command is executing on a different flash
block. ngU 4

CAUTION

A flash block address must be in the erased state before being programmed.
Cumulative programming of bitswithin aflash block addressisnot allowed
except for status field updates required in EEPROM emulation applications.

For amore detailed discussion of in-circuit and in-application programming, refer to the HCS08 Family
Reference Manual, Volume |, Freescale Semiconductor document order number HCSOSRMv 1.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Chapter 4 Memory

46.1 Features

Features of the flash memory include:
* Flashsize
— MC9S08QE128: 131,072 bytes (256 pages of 512 bytes each)
— MC9S08QE96: 98,304 bytes (192 pages of 512 bytes each)
— MC9S08QE®64: 65,536 bytes (128 pages of 512 bytes each)
» 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
» Upto 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
» Auto power-down for low-frequency read accesses

4.6.2 Register Descriptions

The flash module contains a set of 16 control and status registers. Detailed descriptions of each register bit
are provided in the following sections.

46.2.1 Flash Clock Divider Register (FCDIV)

The FCDIV register isused to control thelength of timed eventsin program and erase algorithms executed
by the flash memory controller.

7 6 5 4 3 2 1 0
R
FDIVLD PRDIV8 FDIV
w
Reset 0 0 0 0 0 0 0 0

Figure 4-10. Flash Clock Divider Register (FCDIV)

All bitsin the FCDIV register are readable and writable with restrictions as determined by the value of
FDIVLD when writing to the FCDIV register (see Table 4-11).
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Table 4-11. FCDIV Field Descriptions

Field Description
7 Clock Divider Load Control — When writing to the FCDIV register for the first time after a reset, the value of
FDIVLD |the FDIVLD bit written controls the future ability to write to the FCDIV register:
0 Writing a 0 to FDIVLD locks the FCDIV register contents; all future writes to FCDIV are ignored.
1 Writing a 1 to FDIVLD keeps the FCDIV register writable; next write to FCDIV is allowed.
When reading the FCDIV register, the value of the FDIVLD bit read indicates the following:
0 FCDIV register has not been written to since the last reset.
1 FCDIV register has been written to since the last reset.
6 Enable Prescaler by 8.
PRDIV8 |0 The bus clock is directly fed into the clock divider.
1 The bus clock is divided by 8 before feeding into the clock divider.
5:0 Clock Divider Bits — The combination of PRDIV8 and FDIV[5:0] must divide the bus clock down to a frequency
FDIV[5:0] |of 150 kHz—200 kHz. The minimum divide ratio is 2 and the maximum divide ratio is 512. Please refer to Section
4.6.3.1.1, “Writing the FCDIV Register” for more information.

if PRDIV8 = 0 — frc k = fgus + (DIV + 1) Eqn. 4-1
if PRDIV8 = 1 — fec g = fgus = (8 x (DIV + 1)) Eqn. 4-2
Table 4-12 shows the appropriate values for PRDIV8 and DIV for selected bus frequencies.
Table 4-12. Flash Clock Divider Settings
f PRDIV8 DIV f Program/Erase Timing Pulse
Bus (Binary) (Decimal) FCLK (5 us Min, 6.7 us Max)

20 MHz 1 12 192.3 kHz 5.2 us

10 MHz 0 49 200 kHz 5 s

8 MHz 0 39 200 kHz 5us

4 MHz 0 19 200 kHz 5us

2 MHz 0 9 200 kHz 5 s

1 MHz 0 4 200 kHz 5us

200 kHz 0 0 200 kHz 5us

150 kHz 0 0 150 kHz 6.7 us
4.6.2.2 Flash Options Register (FOPT and NVOPT)
The FOPT register holds all bits associated with the security of the MCU and flash module.

7 6 4 2 1 0
R KEYEN 0 0 0 0 SEC
w |
Reset F F 0 0 0 0 F F

= Unimplemented or Reserved

]

Figure 4-11. Flash Options Register (FOPT)
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All bitsin the FOPT register are readable but are not writable. To change the value in this register, erase
and reprogram the NVOPT location in flash memory as usual and then issue an MCU reset.

The FOPT register isloaded from the flash location, NVOPT, during the reset sequence, indicated by Fin

Figure 4-11.
Table 4-13. FOPT Field Descriptions
Field Description
7:6 Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
KEYEN[1:0] | flash module as shown in Table 4-14.
1:0 Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 4-15. If the
SEC[1:0] |flash module is unsecured using backdoor key access, the SEC[1:0] bits are forced to the unsecured state.

Table 4-14. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access
00 DISABLED
01! DISABLED
10 ENABLED
11 DISABLED

1 preferred KEYEN state to disable Backdoor Key Access.

Table 4-15. Flash Security States

SEC[1:0] Status of Security
00 SECURED
01! SECURED
10 UNSECURED
11 SECURED

1 preferred SEC state to set MCU to secured state.

The security feature in the flash module is described in Section 4.6.5, “ Flash Module Security”.

4.6.2.3

Flash Configuration Register (FCNFG)
The FCNFG register enables the flash interrupts and gates the security backdoor writes.

7 5
R 0 0 0 0 0 0 0
KEYACC
w
Reset 0 0 0 0 0 0 0 0

]

= Unimplemented or Reserved

Figure 4-12. Flash Configuration Register (FCNFG)
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CBEIE, CCIE and KEYACC hits are readable and writable while all remaining bits read 0 and are not
writable. KEYACC isonly writable if KEYEN is set to the enabled state (see Section 4.6.2.2, “Flash
Options Register (FOPT and NVOPT)”.

Table 4-16. FCNFG Field Descriptions

Field Description

5 Enable Security Key Writing
KEYACC |0 Writes to the flash block are interpreted as the start of a command write sequence.
1 Writes to the flash block are interpreted as keys to open the backdoor.

NOTE
Flash array reads are allowed while KEYACC is set.

4.6.2.4 Flash Protection Register (FPROT and NVPROT)
The FPROT register defines which flash sectors are protected against program or erase operations.

7 6 5 4 3 2 1 0
R
FPS FPOPEN
w
Reset F F F F F F F F

Figure 4-13. Flash Protection Register (FPROT)

FPROT bits are readable and writable aslong as the size of the protected flash memory isbeing increased.
Any writeto FPROT that attempts to decrease the size of the protected flash memory will be ignored.

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

Trying to alter datain any protected areain the flash memory will result in a protection violation error and
the FPVIOL flag will be set in the FSTAT register. The mass erase of the flash array is not possible if any
of the flash sectors contained in the flash array are protected.

Table 4-17. FPROT Field Descriptions

Field Description

7:1 Flash Protection Size — With FPOPEN set, the FPS bits determine the size of the protected flash address
FPS[6:0] |range as shown in Table 4-18.

0 Flash Protection Open
FPOPEN ([0 Flash array fully protected.
1 Flash array protected address range determined by FPS bits.

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 73



Chapter 4 Memory

Table 4-18. Flash Protection Address Range

Protected Address Range
FPS[6:0] FPOPEN Relative to Flash Array Base Pro&‘tiezceted
Flash Array O Flash Array 1
- 0 0x0_0000-0x0_FFFF 0x1_0000-0x1_FFFF 128 Kbytes
0x00 0x0_0000-0x0_FFFF 0x1_0400-0x1_FFFF 127 Kbytes
0x01 0x0_0000-0x0_FFFF 0x1_0800-0x1_FFFF 126 Kbytes
0x02 0x0_0000-0x0_FFFF 0x1_0C00-0x1_FFFF 125 Kbytes
0x03 0x0_0000-0x0_FFFF 0x1_1000-0x1_FFFF 124 Kbytes
0x04 0x0_0000-0x0_FFFF 0x1_1400-0x1_FFFF 123 Kbytes
0x05 0x0_0000—-0x0_FFFF 0x1_1800-0x1_FFFF 122 Kbytes
0x06 0x0_0000-0x0_FFFF 0x1_1C00-0x1_FFFF 121 Kbytes
0x37 0x0_0000-0x0_FFFF 0x1_E000-0x1_FFFF 72 Kbytes
0x38 0x0_0000—-0x0_FFFF 0x1_E400-0x1_FFFF 71 Kbytes
0x39 0x0_0000-0x0_FFFF 0x1_E800-0x1_FFFF 70 Kbytes
0x3A 0x0_0000-0x0_FFFF 0x1_ECO00-0x1_FFFF 69 Kbytes
0x3B 0x0_0000-0x0_FFFF 0x1_F000-0x1_FFFF 68 Kbytes
0x3C 0x0_0000-0x0_FFFF 0x1_F400-0x1_FFFF 67 Kbytes
0x3D 0x0_0000-0x0_FFFF 0x1_F800-0x1_FFFF 66 Kbytes
O0x3E 0x0_0000-0x0_FFFF 0x1_FC00-0x1_FFFF 65 Kbytes
Ox3F 0x0_0000-0x0_FFFF 64 Kbytes
0x40 0x0_0400-0x0_FFFF 63 Kbytes
0x41 0x0_0800-0x0_FFFF 62 Kbytes
0x42 0x0_0C00-0x0_FFFF 61 Kbytes
0x43 0x0_1000-0x0_FFFF 60 Kbytes
0x44 0x0_1400-0x0_FFFF 59 Kbytes
0x45 0x0_1800-0x0_FFFF 58 Kbytes
0x46 0x0_1C00-0x0_FFFF 57 Kbytes
0x77 0x0_E000-0x0_FFFF 8 Kbytes
0x78 0x0_E400-0x0_FFFF 7 Kbytes
0x79 0x0_E800-0x0_FFFF 6 Kbytes
Ox7A 0x0_ECO00-0x0_FFFF 5 Kbytes
0x7B 0x0_F000-0x0_FFFF 4 Kbytes
0x7C 0x0_F400-0x0_FFFF 3 Kbytes
0x7D 0x0_F800-0x0_FFFF 2 Kbytes
OX7E 0x0_FC00-0x0_FFFF 1 Kbyte
Ox7F No Protection 0 Kbytes
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4.6.2.5 Flash Status Register (FSTAT)
The FSTAT register defines the operational status of the flash module.

FCCF, FPVIOL, and FACCERR are readable and writable, FCCF and FBLANK are readable and not

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

: = Unimplemented or Reserved

Figure 4-14. Flash Status Register (FSTAT)

writable, remaining bits read 0 and are not writable.

Table 4-19. FSTAT Field Descriptions

Field Description

7 Flash Command Buffer Empty Flag — The FCBEF flag indicates that the command buffer is empty so that a
FCBEF new command write sequence can be started when performing burst programming. Writing a 0 to the FCBEF
flag has no effect on FCBEF. Writing a 0 to FCBEF after writing an aligned address to the flash array memory,
but before FCBEF is cleared, will abort a command write sequence and cause the FACCERR flag to be set.
Writing a 0 to FCBEF outside of a command write sequence will not set the FACCERR flag. The FCBEF flag is
cleared by writing a 1 to FCBEF.

0 Command buffers are full.
1 Command buffers are ready to accept a new command.

6 Flash Command Complete Interrupt Flag — The FCCF flag indicates that there are no more commands
FCCF pending. The FCCF flag is cleared when FCBEF is cleared and sets automatically upon completion of all active
and pending commands. The FCCF flag does not set when an active program command completes and a
pending burst program command is fetched from the command buffer. Writing to the FCCF flag has no effect on
FCCE
0 Command in progress.

1 All commands are completed.

5 Flash Protection Violation Flag —The FPVIOL flag indicates an attempt was made to program or erase an
FPVIOL |address in a protected area of the flash memory or flash IFR during a command write sequence. Writing a 0 to
the FPVIOL flag has no effect on FPVIOL. The FPVIOL flag is cleared by writing a 1 to FPVIOL. While FPVIOL
is set, it is not possible to launch a command or start a command write sequence.

0 No protection violation detected.
1 Protection violation has occurred.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Table 4-19. FSTAT Field Descriptions

Field

Description

4
FACCERR

Flash Access Error Flag — The FACCERR flag indicates an illegal access has occurred to the flash memory
or flash IFR caused by either a violation of the command write sequence (see Section 4.6.3.1.2, “Command
Write Sequence”), issuing an illegal flash command (see Table 4-21), or the execution of a CPU STOP instruction
while a command is executing (FCCF = 0). Writing a 0 to the FACCERR flag has no effect on FACCERR. The
FACCERR flag is cleared by writing a 1 to FACCERR.While FACCERR is set, it is not possible to launch a
command or start a command write sequence.

0 No access error detected.

1 Access error has occurred.

2
FBLANK

Flash Flag Indicating the Erase Verify Operation Status — When the FCCF flag is set after completion of an
erase verify command, the FBLANK flag indicates the result of the erase verify operation. The FBLANK flag is
cleared by the flash module when FCBEF is cleared as part of a new valid command write sequence. Writing to
the FBLANK flag has no effect on FBLANK.

0 Flash block verified as not erased.

1 Flash block verified as erased.

4.6.2.6

Flash Command Register (FCMD)

The FCMD register is the flash command register.

6 5 4 3 2 1 0
R 0
FCMD
W
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-15. Flash Command Register (FCMD)

All FCMD bits are readable and writable during a command write sequence while bit 7 reads 0 and is not

writable.
Table 4-20. FCMD Field Descriptions
Field Description
6:0 Flash Command — Valid flash commands are shown in Table 4-21. Writing any command other than those
FCMDI[6:0] |listed in Table 4-21 sets the FACCERR flag in the FSTAT register.

Table 4-21. Valid Flash Command List

FCMDI6:0] NVM Command
0x05 Erase Verify
0x20 Program
0x25 Burst Program
0x40 Sector Erase
0x41 Mass Erase

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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4.6.3 Functional Description

4.6.3.1

Flash command operations are used to execute program, erase, and erase verify algorithms described in
this section. The program and erase algorithms are controlled by the flash memory controller whose time
base, FCLK, is derived from the bus clock via a programmabl e divider.

Flash Command Operations

The next sections describe:

How to write the FCDIV register to set FCLK

Command write sequences to program, erase, and erase verify operations on the flash memory
Valid flash commands

Effects resulting from illegal flash command write sequences or aborting flash operations

Moo bp e

46.3.1.1

Prior to issuing any flash command after areset, the user isrequired to write the FCDIV register to divide
the bus clock down to within the 150 kHz to 200 kHz range. This register can be written only once, so
normally this write is done during reset initialization. FCDIV cannot be written if 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/fgcy k) is used by the command processor to time program
and erase pulses. Aninteger number of these timing pul ses are used by the command processor to complete
aprogram or erase command.

Writing the FCDIV Register

Table 4-22 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fgcLk)- Thetimefor one cycle of FCLK istgc k = Ufgc k- The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tec = 5 us. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-22. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 us
Byte program (burst) 4 20 pst
Page erase 4000 20 ms
Mass erase 20,000 100 ms
1 Excluding start/end overhead
NOTE

Program and erase command execution time will increase proportionally
with the period of FCLK. Programming or erasing the flash memory with
FCLK < 150 kHz should be avoided. Setting FCDIV to avalue such that
FCLK < 150 kHz can destroy the flash memory due to overstress. Setting
FCDIV to avalue such that FCLK > 200 kHz can result in incomplete

programming or erasure of the flash memory cells.
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If the FCDIV register iswritten, the FDIVLD bit is set automatically. If the FDIVLD bit is0, the FCDIV
register has not been written since the last reset. If the FCDIV register has not been written to, the flash
command loaded during acommand write sequence will not execute and the FACCERR flag inthe FSTAT
register will set.

4.6.3.1.2 Command Write Sequence

The flash command controller isused to supervise the command write sequence to execute program, erase,
and erase verify algorithms.

Before starting a command write sequence, the FACCERR and FPVIOL flagsin the FSTAT register must
be clear and the FCBEF flag must be set (see Section 4.6.2.5).

A command write sequence consists of three steps which must be strictly adhered to with writes to the flash
module not permitted between the steps. However, flash register and array reads are allowed during a
command write sequence. The basic command write sequence is as follows:

1. Write to a valid address in the flash array memory.

2. Write a valid command to the FCMD register.

3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the command.
Once acommand is launched, the completion of the command operation isindicated by the setting of the

FCCF flag in the FSTAT register. The FCCF flag will set upon completion of all active and buffered burst
program commands.

4.6.3.2 Flash Commands

Table 4-23 summarizes the valid flash commands along with the effects of the commands on the flash
block.

Table 4-23. Flash Command Description

NVM

FCMDB Function on Flash Memory
Command
0x05 Erase Verify all memory bytes in the flash array memory are erased.
Verify If the flash array memory is erased, the FBLANK flag in the FSTAT register will set upon
command completion.
0x20 Program Program an address in the flash array.
0x25 Burst Program an address in the flash array with the internal address incrementing after the
Program program operation.
0x40 Sector Erase all memory bytes in a sector of the flash array.
Erase
0x41 Mass Erase all memory bytes in the flash array.
Erase A mass erase of the full flash array is only possible when no protection is enabled prior

to launching the command.

CAUTION

A flash block address must be in the erased state before being programmed.
Cumulative programming of bitswithin aflash block addressisnot allowed
except for status field updates required in EEPROM emulation applications.
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46.3.2.1 Erase Verify Command
The erase verify operation will verify that a flash block is erased.

An example flow to execute the erase verify operation is shown in Figure 4-16. The erase verify command
write sequence is as follows:

1. Write to a flash block address to start the command write sequence for the erase verify command.
The address and data written will be ignored.

2. Write the erase verify command, 0x05, to the FCMD register.

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

After launching the erase verify command, the FCCF flag in the FSTAT register will set after the operation
has completed. The number of bus cycles required to execute the erase verify operation is equal to the
number of addresses in the flash array memory plus several bus cycles as measured from the time the
FCBEF flag is cleared until the FCCF flag is set. Upon completion of the erase verify operation, the
FBLANK flag in the FSTAT register will be set if all addresses in the flash array memory are verified to
be erased. If any addressin the flash array memory is not erased, the erase verify operation will terminate
and the FBLANK flag in the FSTAT register will remain clear.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Read: FCDIV register

Clock Register NOTE: FCDIV needs to

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

Buffer Empty Check

Access Error and Write: FSTAT register

ACCERR/FPVIOL

Protection Violation Clear FACCERR/FPVIOL 0x30
Check
1 Write: Flash Block Address -
and Dummy Data
I
2 Write: FCMD register
Erase Verify Command 0x05
[
3 Write: FSTAT register
Clear FCBEF 0x80
Read: FSTAT register
Bit Polling for
Command Completion
Check
Erase Verify FBLANK
Status Set?

Flash Block Flash Block
Erased Not Erased

Figure 4-16. Example Erase Verify Command Flow

4.6.3.2.2 Program Command

The program operation will program a previously erased address in the flash memory using an embedded
algorithm.

An example flow to execute the program operation is shown in Figure 4-17. The program command write
sequence is as follows:

1. Write to a flash block address to start the command write sequence for the program command. The
data written will be programmed to the address written.

2. Write the program command, 0x20, to the FCMD register.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the program
command.

If an address to be programmed isin a protected area of the flash block, the FPVIOL flag in the FSTAT
register will set and the program command will not launch. Once the program command has successfully
launched, the FCCF flag in the FSTAT register will set after the program operation has compl eted.

| Read: FCDIV register |

Clock Register
Written
Check

NOTE: FCDIV needs to
be set after each reset

| Write: FCDIV register

Read: FSTAT register

Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

1 Write: Flash Array Address -

and Program Data
I
Write: FCMD register

Program Command 0x20

3 Write: FSTAT register
Clear FCBEF 0x80
|

Read: FSTAT register

Bit Polling for
Command Completion
Check

Figure 4-17. Example Program Command Flow

4.6.3.2.3 Burst Program Command

The burst program operation will program previously erased data in the flash memory using an embedded
algorithm.

While burst programming, two internal data registers operate as a buffer and aregister (2-stage FIFO) so
that asecond burst programming command along with the necessary data can be stored to the bufferswhile
the first burst programming command is still in progress. This pipelined operation allows atime
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optimization when programming more than one consecutive address on a specific row in the flash array as
the high voltage generation can be kept active in between two programming commands.

An example flow to execute the burst program operation is shown in Figure 4-18. The burst program
command write sequence is as follows:

1. Writeto aflash block address to start the command write sequence for the burst program command.
The data written will be programmed to the address written.

2. Write the program burst command, 0x25, to the FCMD register.

3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the program burst
command.

4. After the FCBEF flag in the FSTAT register returns to a 1, repeat steps 1 through 3. The address
written is ignored but is incremented internally.

The burst program procedure can be used to program an entire flash array even while crossing row
boundaries within the flash array. However, the burst program command cannot cross array boundaries.
Thearray boundary for this M CU occurs between extended addresses OxOFFFF and 0x10000. At least two
burst commands are required to program the entire 128K of flash memory.

If datato be burst programmed falls within a protected area of the flash array, the FPVIOL flag in the
FSTAT register will set and the burst program command will not launch. Once the burst program command
has successfully launched, the FCCF flag in the FSTAT register will set after the burst program operation
has completed unless a new burst program command write sequence has been buffered. By executing a
new burst program command write sequence on sequential addresses after the FCBEF flag in the FSTAT
register has been set, greater than 50% faster programming timefor the entire flash array can be effectively
achieved when compared to using the basic program command.
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Figure 4-18. Example Burst Program Command Flow

46.3.2.4 Sector Erase Command

Chapter 4 Memory

The sector erase operation will erase all addressesin a1 Kbyte sector of flash memory using an embedded

algorithm.
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An example flow to execute the sector erase operation is shown in Figure 4-19. The sector erase command

write sequence is as follows:

1. Write to a flash block address to start the command write sequence for the sector erase command.
The flash address written determines the sector to be erased while global address bits [8:0] and the

data written are ignored.
2. Write the sector erase command, 0x40, to the FCMD register.

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

command.

If aflash sector to be erased isin aprotected area of the flash block, the FPVIOL flag inthe FSTAT register
will set and the sector erase command will not launch. Once the sector erase command has successfully
launched, the FCCF flag in the FSTAT register will set after the sector erase operation has compl eted.

| Read: FCDIV register |

Clock Register
Written
Check

NOTE: FCDIV needs to
be set after each reset

| Write: FCDIV register

Read: FSTAT register

Command
Buffer Empty Check

Access Error and
Protection Violation

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

Check

Write: Flash Sector Address -

and Dummy Data
I
Write: FCMD register

Sector Erase Command 0x40

Write: FSTAT register
Clear FCBEF 0x80

Read: FSTAT register

Bit Polling for
Command Completion
Check

Figure 4-19. Example Sector Erase Command Flow
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4.6.3.3 lllegal Flash Operations

4.6.3.3.1 Flash Access Violations
The FACCERR flag will be set during the command write sequence if any of the following illegal steps
are performed, causing the command write sequence to immediately abort:

1. Writing to a flash address before initializing the FCDIV register.

2. Writing to any flash register other than FCMD after writing to a flash address.
3. Writing to a second flash address in the same command write sequence.
4

. Writing an invalid command to the FCMD register unless the address written was in a protected
area of the flash array.

Writing a command other than burst program while FCBEF is set and FCCF is clear.

When security is enabled, writing a command other than mass erase to the FCMD register when
the write originates from a non-secure memory location or from the background debug mode.

7. Writing to a flash address after writing to the FCMD register.
8. Writing to any flash register other than FSTAT (to clear FCBEF) after writing to the FCMD register.
9. Writing a 0 to the FCBEF flag in the FSTAT register to abort a command write sequence.

o o

The FACCERR flag will also be set if the MCU enters stop mode while a program or erase operation is
active. The operation is aborted immediately and, if burst programming, any pending burst program
command is purged (see Section 4.6.4.2, “Stop Mode”).

The FACCERR flag will not be set if any flash register is read during a valid command write sequence.

If the flash memory is read during execution of an algorithm (FCCF = 0), the read operation will return
invalid data and the FACCERR flag will not be set.

If the FACCERR flag is set in the FSTAT register, the user must clear the FACCERR flag before starting
another command write sequence (see Section 4.6.2.5, “Flash Status Register (FSTAT)”).

46.3.3.2 Flash Protection Violations

The FPVIOL flag will be set after the command is written to the FCMD register during a command write
sequence if any of the following illegal operations are attempted, causing the command write sequence to
immediately abort:

1. Writing the program command if the address written in the command write sequence was in a
protected area of the flash array.

2. Writing the sector erase command if the address written in the command write sequence was in a
protected area of the flash array.

3. Writing the mass erase command while any flash protection is enabled.
4. Writing an invalid command if the address written in the command write sequence was in a
protected area of the flash array.

If the FPVIOL flag isset inthe FSTAT register, the user must clear the FPVIOL flag before starting another
command write sequence (see Section 4.6.2.5, “Flash Status Register (FSTAT)”).

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 85



Chapter 4 Memory

4.6.4 Operating Modes

46.4.1 Wait Mode

If acommand isactive (FCCF = 0) when the M CU enterswait mode, the active command and any buffered
command will be completed.

4.6.4.2 Stop Mode

If acommand is active (FCCF = 0) when the MCU enters stop mode, the operation will be aborted and, if
the operation is program or erase, the flash array data being programmed or erased may be corrupted and
the FCCF and FACCERR flags will be set. If active, the high voltage circuitry to the flash array will
immediately be switched off when entering stop mode. Upon exit from stop mode, the FCBEF flag is set
and any buffered command will not be launched. The FACCERR flag must be cleared before starting a
command write sequence (see Section 4.6.3.1.2, “Command Write Sequence”).

NOTE

As active commands are immediately aborted when the MCU enters stop
mode, it is strongly recommended that the user does not use the STOP
instruction during program or erase operations.

4.6.4.3 Background Debug Mode

In background debug mode (BDM), the FPROT register iswritable. If the MCU isunsecured, then all flash
commands listed in Table 4-23 can be executed.

4.6.5 Flash Module Security

The MC9S08QE128 Series includes 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 accessto 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).

The flash module provides the necessary security information to the MCU. During each reset sequence,
the flash modul e determines the security state of the MCU as defined in Section 4.6.2.2, “Flash Options
Register (FOPT and NVOPT)".

The contents of the flash security bytein NVOPT must be changed directly by programming the NVOPT
location when the MCU is unsecured and the sector containing NVOPT is unprotected. If NVOPT isleft
in asecured state, any reset will cause the MCU to initialize into a secure operating mode.

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.
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4.6.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge of the
contents of the backdoor keys (NVBACKKEY through NVBACKKEY +7, see Table 4-4 for specific
addresses). If the KEY EN[1:0] bits are in the enabled state (see Section 4.6.2.2) and the KEYACC bit is
set, awrite to abackdoor key address in the flash memory triggers a comparison between the written data
and the backdoor key data stored in the flash memory. If al backdoor keys are written to the correct
addressesin the correct order and the data matches the backdoor keys stored in the flash memory, the MCU
will be unsecured. The datamust be written to the backdoor keys sequentially. Values 0x0000 and OXFFFF
are not permitted as backdoor keys. While the KEYACC bit is set, reads of the flash memory will return
invalid data.

The user code stored in the flash memory must have a method of receiving the backdoor keys from an
external stimulus. This external stimulus would typically be through one of the on-chip serial ports.

If the KEYEN(1:0] bits are in the enabled state (see Section 4.6.2.2), the MCU can be unsecured by the
backdoor key access sequence described below:

1. Set the KEYACC bit in the flash configuration register (FCNFG).

2. Sequentially write the correct eight 8-bit bytes to the flash addresses containing the backdoor keys.

3. Clear the KEYACC bit. Depending on the user code used to write the backdoor keys, a wait cycle
(NOP) may be required before clearing the KEYACC bit.

4. If all data written match the backdoor keys, the MCU is unsecured and the SEC[1:0] bits in the
FOPT register are forced to the unsecure state of 1:0.

The backdoor key access sequence is monitored by an internal security state machine. An illegal operation
during the backdoor key access sequence will cause the security state machine to lock, leaving the MCU
in the secured state. A reset of the MCU will cause the security state machine to exit the lock state and
allow a new backdoor key access sequence to be attempted. The following operations during the backdoor
key access sequence will lock the security state machine:

1. If any of the keys written does not match the backdoor keys programmed in the flash array.
If the keys are written in the wrong sequence.

If more keys than are required are written.

If any of the keys written are all Os or all 1s.

If the KEYACC bit does not remain set while the keys are written.

If any of the keys are written on successive MCU clock cycles.

7. Executing a STOP instruction while the KEYACC bit is set.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU is
unsecured, the flash security byte can be programmed to the unsecure state, if desired.

S

In the unsecure state, the user has full control of the contents of the backdoor keys by programming the
associated addressesin NVBACKKEY through NVBACKKEY +7.

The security as defined in the flash security byte is not changed by using the backdoor key access sequence
to unsecure. The stored backdoor keys are unaffected by the backdoor key access sequence. After the next
reset of the MCU, the security state of the flash module is determined by the flash security byte. The

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 87



Chapter 4 Memory

backdoor key access sequence has no effect on the program and erase protections defined in the flash
protection register (FPROT).

It is not possible to unsecure the MCU in special mode by using the backdoor key access sequence in
background debug mode (BDM).

4.6.6 Resets

If areset occurs while any flash command isin progress, that command will beimmediately aborted. The
state of the flash array address being programmed or the sector/block being erased is not guaranteed.
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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 MC9S08QE128 Series. Some interrupt sources from peripheral modules are discussed in greater
detail within other sections of thisreference manual. This section gathers basic information about all reset
and interrupt sources in one place for easy reference. A few reset and interrupt sources, including the
computer operating properly (COP) watchdog are not part of on-chip peripheral systems with their own
chapters.

52 Features

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

53 MCU Reset

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

The MC9S08QE128 Series has the following sources for reset:
* Power-on reset (POR)
» Externa pinreset (PIN)
»  Computer operating properly (COP) timer
* lllega opcode detect (ILOP)
» Low-voltage detect (LVD)
» Background debug forced reset

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

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

|After any reset, the COPE becomes set in SOPT 1 enabling the COP watchdog|(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 COPE. The COP counter is reset by writing any value to the
address of SRS. Thiswrite does not affect the datain 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 SOPT2 (see Section 5.8.5, “ System Options Register 2 (SOPT?2),” for additional
information) selects the clock source used for the COP timer. The clock source options are either the bus
clock or an internal 1-kHz clock source. With each clock source, there is an associated short and long
time-out controlled by COPT in SOPT 1. Table 5-1 summariesthe control functions of the COPCLK S and
COPT bits. The COP watchdog defaults to operation from the 1-kHz clock source and the associated long
time-out (28 cycles).

Table 5-1. COP Configuration Options

Control Bits
Clock Source COP Overflow Count
COPCLKS COPT
0 0 ~1 kHz 25 cycles (32 ms)?!
0 1 ~1 kHz 28 cycles (256 ms)!
1 0 Bus 283 cycles
1 1 Bus 218 cycles

1 Values are shown in this column based on t po = 1 ms. See t pg in the data sheet for the
tolerance of this value.

Even if the application will use the reset default settings of COPE, COPCLKS, and COPT, the user must
write to the write-once SOPT 1 and SOPT 2 registers during reset initialization to lock in the settings. That
way, they cannot be changed accidentally if the application program getslost. Theinitial writesto SOPT1
and SOPT2 will reset the COP counter.

Thewriteto 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.

In background debug mode, the COP counter will not increment.

When the bus clock source is selected, the COP counter does not increment while the system isin stop
mode. The COP counter resumes as soon as the MCU exits stop mode.
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Chapter 5 Resets, Interrupts, and General System Control

When the 1-kHz clock sourceis selected, the COP counter isre-initialized to zero upon entry to stop mode.
The COP counter begins from zero after the MCU exits stop mode.

5.5 Interrupts

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

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

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

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

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

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

NOTE

In order for the ISR to be available in the memory map regardless of the

PPAGE value, 1SRs should be located in pag@ ﬁ; i; EE 3; Exclude: 2

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

NOTE

For compatibility with M68HCO8 devices, the H register is not
automatically saved and restored. It is good programming practice to push
H onto the stack at the start of the interrupt service routine (ISR) and restore
it immediately before the RTI that is used to return from the ISR.
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Chapter 5 Resets, Interrupts, and General System Control

If more than one interrupt is pending when the | bit is cleared, the highest priority sourceis serviced first
(see Table 5-2).

55.1 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 avail able |ocation on the stack which isthe address that is one less than
the address where the CCR was saved. The PC value that is stacked isthe address of the instruction in the
main program that would have executed next if the interrupt had not occurred.

UNSTACKING
ORDER T TOWARD LOWER ADDRESSES
7 0
SP AFTER
INTERRUPT STACKING
5 1 CONDITION CODE REGISTER
4 2 ACCUMULATOR
3 3 INDEX REGISTER (LOW BYTE X)*
2 4 PROGRAM COUNTER HIGH
1 5 PROGRAM COUNTER LOW ?EIEBE\IF'I'CI)EIEQT?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 RTI sequence, the CPU fills the instruction pipeline by reading three bytes of program information,
starting from the PC address recovered from the stack.

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

55.2 External Interrupt Request (IRQ) Pin

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

ThelRQ pin enable (IRQPE) control bit in IRQSC must be 1 in order for the IRQ pin to act asthe interrupt
request (IRQ) input. As an IRQ input, the user can choose the polarity of edges or levels detected
(IRQEDG), whether the pin detects edges-only or edges and levels (IRQMOD), and whether an event
causes an interrupt or only sets the IRQF flag which can be polled by software (IRQIE).

The IRQ pin, when enabled, ltst intern 1l ice (IRQPDD = 0), configured as a pull-up
or pull-down depending on the polarity chosen. If the user desiresto use an external pull-up or pull-down,
the IRQPDD can be written to a 1 to turn off the internal device.

BIH and BIL instructions may be used to detect the level on the IRQ pin when the pinis configured to act
asthe IRQ input.

NOTE
This pin does not contain a clamp diode to Vy and should not be driven
above VDD'

NOTE

The voltage measured on the internally pulled up RESET pin will not be
pulled to Vpp. The internal gates connected to this pin are pulled to Vpp.
The RESET pullup should not be used to pullup components external to the
MCU.

5.5.2.2 Edge and Level Sensitivity

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

5.5.2.3 External Interrupt Initialization

When the IRQ pinisfirst enabled, it is possible to get afalse interrupt flag. To prevent a false interrupt
reguest during IRQ initialization, the user should do the following:

1. Mask interrupts by clearing IRQIE in IRQSC.

Select the pin polarity by setting the appropriate IRQEDG bitsin IRQSC.

If using internal pull-up/pull-down device, clear the IRQPDD bit in IRQSC.
Enable the IRQ pin by setting the appropriate IRQPE bit in IRQSC.
Writeto IRQACK in IRQSC to clear any false interrupts.

Set IRQIE in IRQSC to enable interrupts.

o gk wbd

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
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Chapter 5 Resets, Interrupts, and General System Control

first address in the vector address column, and the low-order byte of the address for the interrupt service
routine islocated at the next higher address.

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

Vector

Vector

Address

Vector

Priority | Number (High/Low) Name Module Source Enable Description
31 OXFFCO/OXFFC1 | Vtpm3ovf TPM3 TOF TOIE TPM3 overflow
Lowest 30 OXFFC2/0xFFC3 | Vtpm3ch5 TPM3 CH5F CHS5IE TPM3 channel 5
A 29 OxFFC4/0xFFC5 | Vtpm3ch4 TPM3 CH4F CH4IE TPM3 channel 4
28 OxFFC6/0xFFC7 | Vtpm3ch3 TPM3 CH3F CHSIE TPM3 channel 3
27 OXFFC8/0XFFC9 | Vtpm3ch2 TPM3 CH2F CH2IE TPM3 channel 2
26 OxFFCA/OXFFCB | Vtpm3chl TPM3 CH1F CH1IE TPM3 channel 1
25 OXFFCC/OXFFCD | Vtpm3chO TPM3 CHOF CHOIE TPM3 channel 0
24 OXFFCE/OXFFCF Vrtc RTC RTIF RTIE Real-time interrupt
23 OxFFDO/OXFFD1 | Vsci2tx SCI2 TDRE, TC TIE, TCIE SCI2 transmit
22 OxFFD2/0xFFD3 | Vsci2rx SCI2 IDLE, LBKDIF, | ILIE, LBKDIE, RIE, SCI2 receive
RDRF, RXEDGIF RXEDGIE
21 OxFFD4/0xFFD5 | Vsci2err SCI2 OR, NF ORIE, NFIE, SCI2 error
FE, PF FEIE, PFIE
20 OXFFD6/0XFFD7 | Vacmpx ACMPx* ACF ACIE Analog comparator x
19 OXFFD8/0xFFD9 Vadc ADC COCo AIEN ADC
18 OxFFDA/OXFFDB | Vkeyboard KBIx? KBF KBIE Keyboard x pins
17 OxFFDC/0XFFDD Viicx lICx? lICIS IICIE [ICx control
16 OxFFDE/OXFFDF | Vsciltx SCI1 TDRE, TC TIE, TCIE SCI1 transmit
15 OXFFEO/OXFFEL1 | Vscilrx SCi1 IDLE, LBKDIF, | ILIE, LBKDIE, RIE, SCI1 receive
RDRF, RXEDGIF RXEDGIE
14 OxFFE2/0xFFE3 | Vscilerr SCi1 OR, NF, ORIE, NFIE, SCI1 error
FE, PF FEIE, PFIE
13 OxFFE4/0xFFE5 Vspil SPI1 SPIF, MODF, SPIE, SPIE, SPTIE SPI1
SPTEF
12 OXFFE6/0xFFE7 Vspi2 SPI2 SPIF, MODF, SPIE, SPIE, SPTIE SPI2
SPTEF
11 OXFFEB8/OXFFE9 | Vtpm2ovf TPM2 TOF TOIE TPM2 overflow
10 OXFFEA/OXFFEB | Vtpm2ch2 TPM2 CH2F CH2IE TPM2 channel 2
9 OXFFEC/OXFFED | Vtpm2chl TPM2 CH1F CH1IE TPM2 channel 1
8 OXFFEE/OXFFEF | Vtpm2chO TPM2 CHOF CHOIE TPM2 channel 0
7 OXFFFO/OXFFF1 | Vtpmlovf TPM1 TOF TOIE TPM1 overflow
6 OXFFF2/0xFFF3 | Vtpmlch2 TPM1 CH2F CH2IE TPM1 channel 2
5 OxFFF4/0xFFF5 | Vtpmlchl TPM1 CH1F CHL1IE TPM1 channel 1
4 OxFFF6/0xFFF7 | Vipm1chO TPM1 CHOF CHOIE TPM1 channel 0
3 OxFFF8/0xFFF9 Vivd System LVDF, LVWF LVDIE, LVWIE Low-voltage detect,
control Low-voltage warning
2 OxFFFA/OxFFFB Virg IRQ IRQF IRQIE IRQ pin
v 1 OXFFFC/OXFFFD Vswi Core SWI Instruction — Software interrupt
0 OXFFFE/OXFFFF Vreset System COP, COPE Watchdog timer
Highest control LVD, LVDRE Low-voltage detect
RESET pin, — External pin
lllegal opcode, — lllegal opcode

1 ACMP1 and ACMP2 share this vector, if both modules are enabled user should poll each flag to determine pending interrupt.
2 KBI1 and KBI2 share this vector, if both modules are enabled user should poll each flag to determine pending interrupt.
3 1IC1 and IIC2 share this vector, if both modules are enabled user should poll each flag to determine pending interrupt.
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5.6 Low-Voltage Detect (LVD) System

The MC9S08QE128 Seriesincludes asystem to protect against low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system is comprised of a
power-on reset (POR) circuit and aLV D circuit with auser selectable trip voltage, either high (V| ypp) OF
low (V| ypL)- TheLVD circuit is enabled when LVDE in SPMSCL1 is set 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 SPMSC1. 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 isinitially applied to the MCU, or when the supply voltage drops bel ow the power-on reset
rearm voltage level, VpoR, the POR circuit will cause areset condition. As the supply voltage rises, the
LVD circuit will hold the MCU in reset until the supply has risen above the low voltage detection low
threshold, V| \p.. Both the POR bit and the 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 alow voltage condition by setting
LVDRE to 1. Thelow 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 LV D reset or POR.

5.6.3 Low-Voltage Detection (LVD) Interrupt Operation

When alow voltage condition is detected and the LV D circuit is configured using SPM SC1 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 SPM SC1.

5.6.4 Low-Voltage Warning (LVW) Interrupt Operation

The LVD system has alow voltage warning flag (LVWF) to indicate to the user that the supply voltageis
approaching, but is above, the LVD voltage. The LVW also has an interrupt associated with it, enabled by
setting the LVWIE bit in the SPM SC3 register. If enabled, an LVW interrupt request will occur when the
LVWEF is set. LVWEF 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| \ywn) ahd onelow (Vi )- Thetrip voltageis selected
by LVWV in SPMSC3.

5.7  Peripheral Clock Gating

The MC9S08QE128 Series includes 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, all peripheral clockswill be enabled. For lowest possible run or wait currents, user software
should 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 (SCGC1 and SCGC2). Any
peripheral with a gated clock can not be used unlessiits clock is enabled. Writing to the registers of a
peripheral with adisabled clock has no effect.

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.

In stop modes, the bus clock is disabled for all gated peripherals, regardless of the settingsin SCGC1 and
SCGC2.
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5.8 Reset, Interrupt, and System Control Registers and Control Bits

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

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

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

5.8.1

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

Interrupt Pin Request Status and Control Register (IRQSC)

6

5

2

IRQPDD IRQEDG IRQPE L IRQIE 1% IRQMOD
w IRQACK 4 1
Reset 0 0 0 0 0 L 0 1 0
AAANS
= Unimplemented or Reserved IRQ was Power On Reset ENABLED on old MC68HC908GP32
Figure 5-2. Interrupt Request Status and Control Register (IRQSC)
Table 5-3. IRQSC Register Field Descriptions
Field Description
6 Interrupt Request (IRQ) Pull Device Disable— This read/write control bit is used to disable the internal
IRQPDD | pull-up/pull-down device when the IRQ pin is enabled (IRQPE = 1) allowing for an external device to be used.
0 IRQ pull device enabled if IRQPE = 1.
1 IRQ pull device disabled if IRQPE = 1.
5 Interrupt Request (IRQ) Edge Select — This read/write control bit is used to select the polarity of edges or
IRQEDG |levels on the IRQ pin that cause IRQF to be set. The IRQMOD control bit determines whether the IRQ pin is
sensitive to both edges and levels or only edges. When IRQEDG = 1 and the internal pull device is enabled, the
pull-up device is reconfigured as an optional pull-down device.
0 IRQ is falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.
4 IRQ Pin Enable — This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can
IRQPE be used as an interrupt request.
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.
3 IRQ Flag — This read-only status bit indicates when an interrupt request event has occurred.
IRQF 0 No IRQ request.
1 IRQ event detected.
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Chapter 5 Resets, Interrupts, and General System Control

Table 5-3. IRQSC Register Field Descriptions

Field Description

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.

5.8.2 System Reset Status Register (SRS)

Thishigh pageregister includes read-only statusflagsto indicate the source of the most recent reset. When
adebug host forces reset by writing 1 to BDFR in the SBDFR register, none of the status bitsin SRS will
be set. Writing any value to this register address 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 CcoP ILOP 0 0 LvD 0
w Writing any value to SRS address clears COP watchdog timer.

POR: 1 0 0 0 0 0 1 0

LVD: ut 0 0 0 0 0 1 0
Any

other 0 Note 2 Note 2 Note? 0 0 0 0
reset:

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)
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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.
COP This reset source can be blocked by COPE = 0.
0 Reset not caused by COP timeout.
1 Reset caused by COP timeout.
4 lllegal Opcode — Reset was caused by an attempt to execute an unimplemented or illegal opcode. The STOP
ILOP instruction is considered illegal if stop is disabled by STOPE = 0 in the SOPT register. The BGND instruction is
considered illegal if active background mode is disabled by ENBDM = 0 in the BDCSC register.
0 Reset not caused by an illegal opcode.
1 Reset caused by an illegal opcode.
1 Low Voltage Detect — If the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset will
LvD occur. This bit is also set by POR.
0 Reset not caused by LVD trip or POR.
1 Reset caused by LVD trip or POR.
5.8.3 System Background Debug Force Reset Register (SBDFR)

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

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

1

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

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

MC9S08QE128 MCU Series Reference Manual, Rev. 2

100

Freescale Semiconductor




Chapter 5 Resets, Interrupts, and General System Control

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, PTA4/ACMPO/BKGD/MS must be high immediately after
issuing WRITE_BYTE command. To enter BDM, PTA4/ACMPO/BKGD/MS must be low immediately after issuing
WRITE_BYTE command. See the data sheet for more information.
5.8.4 System Options Register 1 (SOPT1)

This high page register is awrite-once register so only the first write after reset is honored. It can be read
at any time. Any subsequent attempt to write to SOPT 1 (intentionally or unintentionally) isignored to

avoid accidental changes to these sensitive settings./SOPT 1 should be written during the user’s reset
initialization program to set the desired controlsieven|if the desired settings are the same as the reset

settings.
7 6 5 2 1 0
R 0 0
COPE COPT STOPE RSTOPE BKGDPE RSTPE
w
Reset 1 1 0 0 0 ut 1 ut
POR: @ 1 0 0 0 0 1 @
LVR: 1 1 0 0 0 0 1 0

= Unimplemented or Reserved

1

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

u = unaffected

Table 5-6. SOPT1 Register Field Descriptions

Field Description
7 COP Watchdog Enable — This write-once bit selects whether the COP watchdog is enabled.
COPE 0 COP watchdog timer disabled.
1 COP watchdog timer enabled (force reset on timeout).
6 COP Watchdog Timeout — This write-once bit selects the timeout period of the COP. COPT along with
COPT COPCLKS in SOPT2 defines the COP timeout period.
0 Short timeout period selected.
1 Long timeout period selected.
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.
2 RSTO Pin Enable — This write-once bit when set enables the PTC4/TPM3CH4/RSTO pin to function as RSTO.
RSTOPE |When clear, the pin functions as one of its alternative functions. This pin defaults to its I/O port function following
an MCU POR.
, i i r TPM3CH4.
1 PTC4/TPM3CH4/RSTO pin functions as RSTO.
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Chapter 5 Resets, Interrupts, and General System Control

Table 5-6. SOPT1 Register Field Descriptions (continued)

Field Description
1 Background Debug Mode Pin Enable — This write-once bit when set enables the PTA4/ACMPO/BKGD/MS
BKGDPE | pin to function as BKGD/MS. When clear, the pin functions as one of its output only alternative functions. This
pin defaults to the BKGD/MS function following any MCU reset.
0 PTA4/ACMPO/BKGD/MS pin functions as PTA4 or ACMPO.
1 PTA4/ACMPO/BKGD/MS pin functions as BKGD/MS.
0 RESET Pin Enable — This write-once bit when set enables the PTA5/IRQ/TCLK/RESET pin to function as
RSTPE RESET. When clear, the pin functions as one of its input only alternative functions. This pin defaults to the PTA5
function following an MCU POR. When RSTPE is set, an internal pullup device is enabled on RESET.
0 PTA5/IRQ/TCLK/RESET]pin functions as PTA5,[IRQJor TCLK<}— This is Power ON Reset Default
1 PTAS5/IRQ/TCLK/RESET pin functions as RESET.
5.8.5 System Options Register 2 (SOPT2)
This high page register contains bits to configure MCU specific features on the MC9S08QE128 Series
devices.
7 5 3 2 1 0
R 0 0 0
COPCLKS?! SPI1PS ACIC2 IIC1PS ACIC1
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

1

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

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

Table 5-7. SOPT2 Register Field Descriptions

Field Description
7 COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog.
COPCLKS |0 Internal 1-kHz clock is source to COP.
1 Bus clock is source to COP.
3 SPI1 Pin Select — This bit selects the location of the MOSI1, MISO1, SPSCLK1, and SS1 pins of the SPI1
SPI1PS module.
0 SPSCLK1 on PTB2, MOSI1 on PTB3, MISO1 on PTB4, and SS1 on PTB5.
1 SPSCLK1 on PTEO, MOSI1 on PTE1, MISO1 on PTE2, and SS1 on PTE3.
2 Analog Comparator 2 to Input Capture Enable — This bit connects the output of ACMP2 to TPM2 input
ACIC2 channel 0. See Chapter 9, “Analog Comparator 3V (ACMPVLPV1),” and Chapter 16, “Timer/Pulse-Width
Modulator (SO8TPMV3),” for more details on this feature.
0 ACMP2 output not connected to TPM2 input channel 0.
1 ACMP2 output connected to TPM2 input channel 0.
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Chapter 5 Resets, Interrupts, and General System Control

Table 5-7. SOPT2 Register Field Descriptions (continued)

Field Description
1 IIC1 Pin Select— This bit selects the location of the SDA1 and SCL1 pins of the 1IC1 module.
IIC1PS 0 SDA1 on PTA2, SCL1 on PTA3.
1 SDA1l on PTB6, SCL1 on PTBY.
0 Analog Comparator 1 to Input Capture Enable— This bit connects the output of ACMP1 to TPM1 input
ACIC1 channel 0. See Chapter 9, “Analog Comparator 3V (ACMPVLPV1),” and Chapter 16, “Timer/Pulse-Width
Modulator (SO8TPMV3),” for more details on this feature.
0 ACMP output not connected to TPM1 input channel 0.
1 ACMP output connected to TPM1 input channel 0.
5.8.6 System Device ldentification Register (SDIDH, SDIDL)

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

7 6 5 4 3 2 1 0
R ID11 ID10 ID9 ID8
W
Reset: — — — — 0 0 0 0
= Unimplemented or Reserved
Figure 5-7. System Device Identification Register — High (SDIDH)
Table 5-8. SDIDH Register Field Descriptions
Field Description
7:4 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] MC9S08QE128 is hard coded to the value 0x015. See also ID bits in Table 5-9.
7 6 5 4 3 2 1 0
R ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
w
Reset: 0 0 0 1 0 1 0 1
= Unimplemented or Reserved

Figure 5-8. System Device Identification Register — Low (SDIDL)
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Table 5-9. SDIDL Register Field Descriptions

Field Description
7:0 Part Identification Number — Each derivative in the HCS08 Family has a unique identification number. The
ID[7:0] MC9S08QE128 is hard coded to the value 0x015. See also ID bits in Table 5-8.
5.8.7 System Power Management Status and Control 1 Register

(SPMSC1)

This high page register contains status and control bits to support the low voltage detect function, and to
enabl e the bandgap voltage reference for use by the ADC module. To configure the low voltage detect trip
voltage, see Table 5-12 for the LVDV bit description in SPMSC3.

7 6 5 4 3 2 1 0
R LVDF 0 0
LVDIE LVDRE? LVDSE LVDE 2 BGBE
W LVDACK
Reset: 0 0 0 1 1 1 0 0
Stop2
Wakeup: u 0 u u u u 0 u

= Unimplemented or Reserved u = Unaffected by reset

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

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

Table 5-10. 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 O.
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.
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Table 5-10. SPMSC1 Register Field Descriptions (continued)

Field Description

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

0 Bandgap Buffer Enable — This bit enables an internal buffer for the bandgap voltage reference for use by the
BGBE ADC module on one of its internal channels or as a voltage reference for ACMP module.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.

5.8.8 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 0 0
Stop2
Wakeup: 0 0 u 0 1 0 1 1
= Unimplemented or Reserved u = Unaffected by reset

Figure 5-10. System Power Management Status and Control 2 Register (SPMSC2)
1 PPDE is a write-once bit that can be used to disable the PPDC bit until any reset.
Table 5-11. 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=L1. 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 low-power wait modes are disabled.
1 Low-power run and low-power 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 5-11. 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 disable the partial power-down feature.
PPDE 0 Partial power-down is disabled
1 Partial power-down is enabled and controlled by 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. PPDE must
be set in order for PPDC to be set. There are restrictions on LVDE and LVDSE. See Table 3-1 for details.
0 Stop3 low power mode enabled.
1 Stop2 partial power down mode enabled.
5.8.9 System Power Management Status and Control 3 Register

(SPMSC3)

Thishigh page register isused to report the status of thelow voltage warning function and to select thelow
voltage detect trip voltage.

7 6 5 4 3 2 1 0
R LVWF 0 0 0 0
LVDV LVWV LVWIE
w LVWACK
POR: ol 0 0 0 0 0 0 0
Stop2
Wakeup u 0 u u u 0 0 0
LVR: ol 0 u u 0 0 0 0
Any
other ol 0 u u 0 0 0 0
reset:

= Unimplemented or Reserved u = Unaffected by reset

1

Figure 5-11. System Power Management Status and Control 3 Register (SPMSC3)

LVWF will be set in the case when Vg5, transitions below the trip point or after reset and Vgypply is already below Vi

Table 5-12. 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 0 if a low voltage warning is not present.
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Table 5-12. SPMSC3 Register Field Descriptions (continued)

Field Description
5 Low-Voltage Detect Voltage Select — The LVDV bit selects the LVD trip point voltage (V|yp).
LvDV 0 Low trip point selected (Vyp = VivpL)-
1 High trip point selected (V yp = Vi vpH)-
4 Low-Voltage Warning Voltage Select — The LVWYV bit selects the LVW trip point voltage (Vpw)-
LVWV 0 Low trip point selected (Vpyw = VivwL)-
1 High trip point selected (Vyw = VivwH)-
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 5-13. LVD and LVW Trip Point Typical Values?!
LVDV:LVWV LVW Trip Point LVD Trip Point
0:0 VLVWL =215V VLVDL =184V
0:1 VLVWH =248V
1:0? Viywe = 2.15V ViypH = 2.15V
1:1 VLVWH =248V
1 see the data sheet for minimum and maximum values.
2 This setting is not recommended
5.8.10 System Clock Gating Control 1 Register (SCGC1)

This high page register contains control bits to enable or disable the bus clock to the TPMx, ADC, 11Cx,
and SCIx modules. Gating off the clocks to unused peripheralsis used to reduce the MCU’s run and wait
currents. See Section 5.7, “Peripheral Clock Gating,” for more information.

NOTE

User software shouldidisable the peripheral before disabling the clockslto
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
TPM3 TPM2 TPM1 ADC 1IC2 lIci SCI2 SCI1

"

Reset: 1 1 1 1 1 1 1 1

Figure 5-12. System Clock Gating Control 1 Register (SCGC1)
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Chapter 5 Resets, Interrupts, and General System Control

Table 5-14. SCGC1 Register Field Descriptions

Field Description
7 TPM3 Clock Gate Control — This bit controls the clock gate to the TPM3 module.
TPM3 0 Bus clock to the TPM3 module is disabled.
1 Bus clock to the TPM3 module is enabled.
6 TPM2 Clock Gate Control — This bit controls the clock gate to the TPM2 module.
TPM2 0 Bus clock to the TPM2 module is disabled.
1 Bus clock to the TPM2 module is enabled.
5 TPM1 Clock Gate Control — This bit controls the clock gate to the TPM1 module.
TPM1 0 Bus clock to the TPM1 module is disabled.
1 Bus clock to the TPM1 module is enabled.
4 ADC Clock Gate Control — This bit controls the clock gate to the ADC module.
ADC 0 Bus clock to the ADC module is disabled.
1 Bus clock to the ADC module is enabled.
3 IIC2 Clock Gate Control — This hit controls the clock gate to the 11IC2 module.
lc2 0 Bus clock to the IIC2 module is disabled.
1 Bus clock to the 11IC2 module is enabled.
2 IIC1 Clock Gate Control — This bit controls the clock gate to the 1IC1 module.
lIC1 0 Bus clock to the IIC1 module is disabled.
1 Bus clock to the IIC1 module is enabled.
1 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.
0 SCI1 Clock Gate Control — This bit controls the clock gate to the SCI1 module.
> SCI1 0 Bus clock to the SCI1 module is disabled.
Cl) Bus clock to the SCI1 module is enabled.
5.8.11 System Clock Gating Control 2 Register (SCGC2)

This high page register contains control bits to enable or disable the bus clock to the RTC and SPIx
modules. Gating off the clocks to unused peripheralsis 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
DBG FLS IRQ KBI ACMP RTC SPI2 SPI1
W
Reset: 1 1 1 1 1 1 1 1
= Unimplemented or Reserved

Figure 5-13. System Clock Gating Control 2 Register (SCGC2)
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Chapter 5 Resets, Interrupts, and General System Control

Table 5-15. SCGC2 Register Field Descriptions

Field Description

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

6 Flash Register Clock Gate Control — This bit controls the bus clock gate to the flash registers. This bit does
FLS not affect normal program execution from with the flash array. Only the clock to the flash control registers is
affected.

0 Bus clock to the flash registers is disabled.
1 Bus clock to the flash registers is enabled.

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

4 KBI Clock Gate Control — This hit controls the clock gate to both of the KBI modules.
KBI 0 Bus clock to the KBI modules is disabled.
1 Bus clock to the KBI modules is enabled.

3 ACMP Clock Gate Control — This bit controls the clock gate to both of the ACMP modules.
ACMP 0 Bus clock to the ACMP modules is disabled.
1 Bus clock to the ACMP modules is enabled.

2 RTC Clock Gate Control — This bit controls the bus clock gate to the RTC module. Only ICSIRCLK is gated,
RTC OSCOUT and LPOCLK are still available to the RTC.
0 ICSIRCLK to the RTC module is disabled.
1 ICSIRCLK to the RTC module is enabled.

1 SPI2 Clock Gate Control — This bit controls the clock gate to the SP12 module.
SPI2 0 Bus clock to the SPI12 module is disabled.
1 Bus clock to the SPI2 module is enabled.

0 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.
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Chapter 6
Parallel Input/Output Control

This section explains software controls related to parallel input/output (1/0) and pin control. The
MC9OS08QE128 has nine parallel 1/0 ports which include atotal of 70 1/0 pins and one output-only pin.
See Chapter 2, “Pinsand Connections,” for moreinformation about pin assignmentsand external hardware
considerations of these pins.

Many of these pins are shared with on-chip peripherals such astimer 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 functionsfor each pin are configured asfollows:. slew rate control disabled
(PTXSEn = 0), low drive strength selected (PTxDSn = 0), and internal pull-ups disabled (PTXPEn = 0).

NOTE

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

6.1 Port Data and Data Direction

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

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

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

When ashared anal og function is enabled for a pin, both the input and output buffers are disabled. A value
of Oisread for any port data bit where the bit is an input (PTxDDn = 0) and the input buffer is disabled.
In general, whenever apin is shared with both an alternate digital function and an analog function, the
analog function has priority such that if both the digital and analog functions are enabled, the analog
function controls the pin.
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Chapter 6 Parallel Input/Output Control

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

PTxDDn

D 0 L » Output Enable

PTxDn

D Q » Output Data

Buffer???
1
Port Read
Data

0 Synchronizer <€— Input Data

A

BUSCLK
Figure 6-1. Parallel 1/0 Block Diagram

6.2  Pull-up, Slew Rate, and Drive Strength

Associated with the parallel 1/0 portsisaset of registerslocated in the high page register spacethat operate
independently of the parallel 1/O registers. Theseregistersare used to control pull-ups, slew rate, and drive
strength for the pins and may be used in conjunction with the peripheral functions on these pins.

6.2.1 Port Internal Pull-Up Enable

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

6.2.2 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 limitsthe rate at which an output can transition in order to
reduce EMC emissions. Slew rate control has no effect on pins that are configured as inputs.

6.2.3 Port Drive Strength Select

An output pin can be selected to have high output drive strength by setting the corresponding bit in the
drive strength select register (PTxDSn). When high drive is selected, apin is capable of sourcing and
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Chapter 6 Parallel Input/Output Control

sinking greater current. Even though every 1/O pin can be selected as high drive, the user must ensure that
thetotal current source and sink limitsfor the MCU are not exceeded. Drive strength selection isintended
to affect the DC behavior of 1/0 pins. However, the AC behavior is also affected. High drive allows apin
to drive a greater load with the same switching speed as alow drive enabled pin into a smaller load.
Because of this, the EMC emissions may be affected by enabling pins as high drive.

6.3  Port Data Set, Clear and Toggle Data Registers

The Port Data Set, Clear and Toggle registers provide an alternate method for setting and clearing
individual port I/0 pinswithin asingle port. Only port C and port E have dataset, clear and toggleregisters.
Figure 6-2 should be contrasted with Figure 6-1 to see the effects of adding Set/Clear/Toggle functionality
tothe port cell. SET_Enable, CLR_Enable, and Toggle Enable will be set to 1 when the user writesto the
Data Set, Clear or Toggle register, respectively. The bit pattern on the peripheral bus port is then used to
perform the requested function on the port data register.

PTxDDn
SET_Enable Output Enable
CLR_Enable D Q —
TOGGLE_Enable
PTxDn
Module_Enable E D Q ° 5
DATA . Output Data
1
Port Read
Data
Or— Synchronizer [«— Input Data
4
BUSCLK

Figure 6-2. Parallel 1/0 Block Diagram Equipped with SET/CLR Functionality: Ports C & E
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6.3.1 Port Data Set Registers

The Port Data Set registers (PTXSET) arewrite only registers associated with ports C & E. Writing to these
registers hastheresult: PortData = PortData | SetPattern. A subsequent read of the corresponding port data
register will reflect the changed result (a one clock cycle delay is required to see the proper value).

6.3.2 Port Data Clear Registers

The Port Data Clear registers (PTXCLR) are write only registers associated with ports C & E. Writing to
these registers has the result: PortData = PortData & NOT ClrPattern. A subsequent read of the
corresponding port data register will reflect the changed result (a one clock cycle delay isrequired to see
the proper value).

6.3.3 Port Data Toggle Register

The Port Data Toggle registers (PTXTOG) are write only registers associated with ports C & E. Writing to
these registers has the result: PortData[i] = NOT PortDatdi] for any bit written asa one to PTXTOG. A
subsequent read of the corresponding port data register will reflect the changed result (a one clock cycle
delay isrequired to see the proper value).

6.4  Pin Behavior in Stop Modes

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

* Stop2 modeisapartial power-down mode, whereby 1/O latches are maintained in their state as
before the STOP instruction was executed. CPU register status and the state of 1/0 registers should
be saved in RAM before the STOP instruction is executed to place the MCU in stop2 mode. Upon
recovery from stop2 mode, before accessing any 1/0O, the user should examinethe state of the PPDF
bit in the SPMSC2 register. If the PPDF bit is0, I/O must beinitialized asif a power on reset had
occurred. If the PPDF bitis 1, 1/O register states should be restored from the values saved in RAM
before the STOP instruction was executed and 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. Accessto I/0O is now permitted again in the user application program.

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

6.5 Parallel I/O and Pin Control Registers

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

Refer to tablesin Chapter 4, “Memory,” for the absolute address assignmentsfor all parallel 1/0 and their
pin control registers. This section refersto registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is used to tranglate these names into the
appropriate absolute addresses.
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H Inconsistent treatment of symbology: PTA4 AND PTAD4, for example
6.5.1 Port A Registers yibesoey P

Port A is controlled by the registers listed below.

The pins PTA4 and PTAS5 are unique. PTA4 is an output only, so the control bits for the input functions
will not have any effect on this pin. PTA5 isan input only, so the control bits for the output functions will
not have any effect on this pin.

6.5.1.1 Port A Data Register (PTAD)

7 6 5 4 3 2 1 0
R PTADS
PTAD7 PTADG6 PTAD4! PTAD3 PTAD2 PTAD1 PTADO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-3. Port A Data Register (PTAD)
1 Reads of bit PTAD4 always return the contents of PTAD4, regardless of the value stored in bit PTADDA4.

Table 6-1. PTAD Register Field Descriptions

Field Description

7:0 Port A Data Register Bits — For port A pins that are inputs, reads return the logic level on the pin. For port A
PTAD[7:0] |[pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port A pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTAD to all 0s, but these 0s are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.

6.5.1.2 Port A Data Direction Register (PTADD)

7 6 5 4 3 2 1 0

PTADD7 PTADDG6 PTADD5? PTADD42 PTADD3 PTADD2 PTADD1 PTADDO

w

Reset: 0 0 0 0 0 0 0 0

Figure 6-4. Port A Data Direction Register (PTADD)

1 PTADDS has no effect on the input-only PTA5 pin.
2 PTADDA4 has no effect on the output-only PTA4 pin.

Table 6-2. PTADD Register Field Descriptions

Field Description

7:0 Data Direction for Port A Bits — These read/write bits control the direction of port A pins and what is read for
PTADDI[7:0] | PTAD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port A bit n and PTAD reads return the contents of PTADn.
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Chapter 6 Parallel Input/Output Control

6.5.1.3

Port A Pull Enable Register (PTAPE)

The port A enable register (PTAPE) enables pull-ups on the corresponding PTA pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an alternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTAPE7 PTAPEG6 PTAPES PTAPE4! PTAPE3 PTAPE2 PTAPE1 PTAPEO
W
Reset: 0 0 0 0 0 0 0 0

Figure 6-5. Internal Pull Enable for Port A Register (PTAPE)

PTAPEA4 has no effect on the output-only PTA4 pin.

Table 6-3. PTAPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port A Bits — Each of these control bits determines if the internal pull-up or pull-down
PTAPE[7:0] | device is enabled for the associated PTA pin. For port A pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port A bit n.
1 Internal pull-up/pull-down device enabled for port A bit n.
6.5.1.4 Port A Slew Rate Enable Register (PTASE)
7 6 5 4 3 2 1 0
R
PTASE7 PTASE6 PTASE5! PTASE4 PTASE3 PTASE2 PTASE1 PTASEO
w
Reset: 0 0 0 0 0 0 0 0

Figure 6-6. Slew Rate Enable for Port A Register (PTASE)

1 PTASES will have no effect on the input-only PTA5 pin.

Table 6-4. PTASE Register Field Descriptions

Field Description
7:0 Output Slew Rate Enable for Port A Bits — Each of these control bits determines if the output slew rate control
PTASE[7:0] |is enabled for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.

0 Output slew rate control disabled for port A bit n.
1 Output slew rate control enabled for port A bit n.
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6.5.1.5 Port A Drive Strength Selection Register (PTADS)
7 6 5 3 2 1 0
PTADS7 PTADS6 PTADS5! PTADS4 PTADS3 PTADS2 PTADS1 PTADSO
w
Reset: 0 0 0 0 0 0 0

Table 6-5. PTADS Register Field Descriptions

Figure 6-7. Drive Strength Selection for Port A Register (PTADS)
1 PTADSS5 will have no effect on the input-only PTA5 pin

Field Description
7:0 Output Drive Strength Selection for Port A Bits — Each of these control bits selects between low and high
PTADS[7:0] |output drive for the associated PTA pin. For port A pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port A bit n.
1 High output drive strength selected for port A bit n.
6.5.2 Port B Registers

Port B is controlled by the registers listed below.

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor

117




Chapter 6 Parallel Input/Output Control

6.5.2.1 Port B Data Register (PTBD)
7 6 5 4 3 2 1 0
R
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-8. Port B Data Register (PTBD)
Table 6-6. PTBD Register Field Descriptions
Field Description
7:0 Port B Data Register Bits — For port B pins that are inputs, reads return the logic level on the pin. For port B
PTBD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port B pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTBD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.2.2 Port B Data Direction Register (PTBDD)
7 6 5 4 3 2 1 0
R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-9. Port B Data Direction Register (PTBDD)
Table 6-7. 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
PTBDDI[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.
6.5.2.3 Port B Pull Enable Register (PTBPE)

The port B enable register (PFTBPE) enables pull-ups on the corresponding PTB pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTBPE7 PTBPE6 PTBPE5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
"
Reset: 0 0 0 0 0 0 0 0

Figure 6-10. Internal Pull Enable for Port B Register (PTBPE)
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Table 6-8. PTBPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port B Bits — Each of these control bits determines if the internal pull-up or pull-down
PTBPE[7:0] |device is enabled for the associated PTB pin. For port B pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port B bit n.
1 Internal pull-up/pull-down device enabled for port B bit n.
6.5.2.4 Port B Slew Rate Enable Register (PTBSE)
7 6 5 4 3 2 1 0
R
PTBSE7 PTBSEG6 PTBSES 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 6-9. 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.
6.5.2.5 Port B Drive Strength Selection Register (PTBDS)
7 6 5 4 3 2 1 0
R
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 6-10. PTBDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port B Bits — Each of these control bits selects between low and high
PTBDS[7:0] | output drive for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port B bit n.
1 High output drive strength selected for port B bit n.
6.5.3 Port C Registers

Port C is controlled by the registers listed below.
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6.5.3.1 Port C Data Register (PTCD)
7 6 5 4 3 2 1 0
R
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-13. Port C Data Register (PTCD)
Table 6-11. PTCD Register Field Descriptions
Field Description
7:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups disabled.
6.5.3.2 Port C Data Direction Register (PTCDD)
7 6 5 4 3 2 1 0
R
PTCDDY PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-14. Port C Data Direction Register (PTCDD)
Table 6-12. PTCDD Register Field Descriptions
Field Description
7:0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[7:0] | PTCD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.
6.5.3.3 Port C Data Set Register (PTCSET)
7 6 5 4 3 2 1 0
R
W| PTCSET7 PTCSET6 PTCSET5 PTCSET4 PTCSET3 PTCSET2 PTCSET1 PTCSETO
Reset: 0 0 0 0 0 0 0 0

Figure 6-15. Port C Data Set Register (PTCSET)
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Table 6-13. PTCSET Register Field Descriptions

Field Description
7:0 Data Set for Port C Bits — Writing any bit to one in this location will set the corresponding bit in the data register
PTCSETn [to one. Writing a zero to any bit in this register has no effect.
0 Corresponding PTCDn maintains current value.
1 Corresponding PTCDn is set.
6.5.3.4 Port C Data Clear Register (PTCCLR)
7 6 5 4 3 2 1 0
R
W| PTCCLRY PTCCLR6 PTCCLR5 PTCCLR4 PTCCLR3 PTCCLR2 PTCCLR1 PTCCLRO
Reset: 0 0 0 0 0 0 0 0
Figure 6-16. Port C Data Clear Register (PTCCLR)
Table 6-14. PTCCLR Register Field Descriptions
Field Description
7:0 Data Clear for Port C Bits —Writing any bit to zero in this location will clear the corresponding bit in the data
PTCCLRn |register to zero. Writing a one to any bit in this register has no effect.
0 Corresponding PTCDn maintains current value.
1 Corresponding PTCDn is cleared.
6.5.3.5 Port C Toggle Register (PTCTOG)
7 6 5 4 3 2 1 0
R
W| PTCTOG7 | PTCTOG6 PTCTOG5 | PTCTOG4 | PTCTOG3 | PTCTOG2 | PTCTOG1l | PTCTOGO
Reset: 0 0 0 0 0 0 0 0
Figure 6-17. Port C Toggle Register (PTCTOG)
Table 6-15. PTCTOG Register Field Descriptions
Field Description
7:0 Toggle for Port C Bits — Writing any bit to one in this location will toggle the corresponding bit in the data
PTCTOGnN |register. Writing a zero to any bit in this register has no effect.
0 Corresponding PTCDn maintains current value.
1 Corresponding PTCDn is inverted.
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6.5.3.6

Port C Pull Enable Register (PTCPE)

The port C enable register (PTCPE) enables pull-ups on the corresponding PTC pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an alternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTCPE7 PTCPE6 PTCPES PTCPE4 PTCPE3 PTCPE2 PTCPE1 PTCPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-18. 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 pull-up device is
PTCPE[7:0] | enabled for the associated PTC pin. For port C pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port C bit n.
1 Internal pull-up device enabled for port C bit n.
6.5.3.7 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 6-19. 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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6.5.3.8 Port C Drive Strength Selection Register (PTCDS)
7 6 5 3 2 1 0
PTCDS7 PTCDS6 PTCDS5 PTCDS4 PTCDS3 PTCDS2 PTCDS1 PTCDSO
W
Reset: 0 0 0 0 0 0 0
Figure 6-20. 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.
6.5.4 Port D Registers

Port D is controlled by the registers listed bel ow.
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6.5.4.1 Port D Data Register (PTDD)
7 6 5 4 3 2 1 0
R
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-21. Port D Data Register (PTDD)
Table 6-19. 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 Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.4.2 Port D Data Direction Register (PTDDD)
7 6 5 4 3 2 1 0
R
PTDDDY PTDDD6 PTDDD5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-22. Port D Data Direction Register (PTDDD)
Table 6-20. 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
PTDDD[7:0] | PTDD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port D bit n and PTDD reads return the contents of PTDDn.
6.5.4.3 Port D Pull Enable Register (PTDPE)

The port D enable register (PTDPE) enables pull-ups on the corresponding PTD pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTDPE7 PTDPE6 PTDPES5 PTDPE4 PTDPE3 PTDPE2 PTDPE1 PTDPEO
"
Reset: 0 0 0 0 0 0 0 0

Figure 6-23. Internal Pull Enable for Port D Register (PTDPE)
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Table 6-21. PTDPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port D Bits — Each of these control bits determines if the internal pull-up or pull-down
PTDPE[7:0] | device is enabled for the associated PTD pin. For port D pins that are configured as outputs, these bits have no
effect and the internal pull devices are disabled.
0 Internal pull-up/pull-down device disabled for port D bit n.
1 Internal pull-up/pull-down device enabled for port D bit n.
6.5.4.4 Port D Slew Rate Enable Register (PTDSE)
7 6 5 4 3 2 1 0
R
PTDSE7 PTDSE6 PTDSES5 PTDSE4 PTDSE3 PTDSE2 PTDSE1 PTDSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-24. Slew Rate Enable for Port D Register (PTDSE)
Table 6-22. PTDSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port D Bits — Each of these control bits determines if the output slew rate control
PTDSE[7:0] |is enabled for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port D bit n.
1 Output slew rate control enabled for port D bit n.
6.5.4.5 Port D Drive Strength Selection Register (PTDDS)
7 6 5 4 3 2 1 0
R
PTDDS7 PTDDS6 PTDDS5 PTDDS4 PTDDS3 PTDDS2 PTDDS1 PTDDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-25. Drive Strength Selection for Port D Register (PTDDS)
Table 6-23. PTDDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port D Bits — Each of these control bits selects between low and high
PTDDSJ[7:0] | output drive for the associated PTD pin. For port D pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port D bit n.
1 High output drive strength selected for port D bit n.
6.5.5 Port E Registers

Port E is controlled by the registers listed below.
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6.5.5.1 Port E Data Register (PTED)
7 6 5 4 3 2 1 0
R
PTED7 PTED6 PTEDS PTED4 PTED3 PTED2 PTED1 PTEDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-26. Port E Data Register (PTED)
Table 6-24. PTED Register Field Descriptions
Field Description
7:0 Port E Data Register Bits — For port E pins that are inputs, reads return the logic level on the pin. For port E
PTED[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port E pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTED to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.
6.5.5.2 Port E Data Direction Register (PTEDD)
7 6 5 4 3 2 1 0
R
PTEDD7 PTEDDG6 PTEDDb5 PTEDDA4 PTEDD3 PTEDD2 PTEDD1 PTEDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-27. Port E Data Direction Register (PTEDD)
Table 6-25. PTEDD Register Field Descriptions
Field Description
7:0 Data Direction for Port E Bits — These read/write bits control the direction of port E pins and what is read for
PTEDDI[7:0] | PTED reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port E bit n and PTED reads return the contents of PTEDnN.
6.5.5.3 Port E Data Set Register (PTESET)
7 6 5 4 3 2 1 0
R
W| PTESET7 PTESET6 PTESET5 PTESET4 PTESET3 PTESET2 PTESET1 PTESETO
Reset: 0 0 0 0 0 0 0 0

Figure 6-28. Port E Data Set Register (PTESET)
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Table 6-26. PTESET Register Field Descriptions

Field Description
7:0 Data Set for Port E Bits — Writing any bit to one in this location will set the corresponding bit in the data register
PTESETn |to one. Writing a zero to any bit in this register has no effect.
0 Corresponding PTEDn maintains current value.
1 Corresponding PTEDn is set.
6.5.5.4 Port E Data Clear Register (PTECLR)
7 6 5 4 3 2 1 0
R
W| PTECLR7 PTECLR6 PTECLR5 PTECLR4 PTECLR3 PTECLR2 PTECLR1 PTECLRO
Reset: 0 0 0 0 0 0 0 0
Figure 6-29. Port E Data Clear Register (PTECLR)
Table 6-27. PTECLR Register Field Descriptions
Field Description
7:0 Data Clear for Port E Bits — Writing any bit to zero in this location will clear the corresponding bit in the data
PTECLRnN |register to zero. Writing a one to any bit in this register has no effect.
0 Corresponding PTEDn maintains current value.
1 Corresponding PTEDn is cleared.
6.5.5.5 Port E Toggle Register (PTETOG)
7 6 5 4 3 2 1 0
R
W| PTETOGY PTETOG6 PTETOG5 PTETOG4 PTETOG3 PTETOG2 PTETOG1 PTETOGO
Reset: 0 0 0 0 0 0 0 0
Figure 6-30. Port E Toggle Register (PTETOG)
Table 6-28. PTETOG Register Field Descriptions
Field Description
7:0 Toggle for Port E Bits — Writing any bit to one in this location will toggle the corresponding bit in the data
PTETOGnN |register. Writing a zero to any bit in this register has no effect.
0 Corresponding PTEDn maintains current value.
1 Corresponding PTEDn is inverted.
6.5.5.6 Port E Pull Enable Register (PTEPE)

The port E enable register (PTEPE) enables pull-ups on the corresponding PTE pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.
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7 6 5 4 3 2 1 0
R
PTEPE7 PTEPEG6 PTEPES PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPEO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-31. Internal Pull Enable for Port E Register (PTEPE)
Table 6-29. PTEPE Register Field Descriptions
Field Description
7:0 Internal Pull Enable for Port E Bits — Each of these control bits determines if the internal pull-up device is
PTEPE[7:0] |enabled for the associated PTE pin. For port E pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port E bit n.
1 Internal pull-up device enabled for port E bit n.
6.5.5.7 Port E Slew Rate Enable Register (PTESE)
7 6 5 4 3 2 1 0
R
PTESE7 PTESEG6 PTESES PTESE4 PTESE3 PTESE2 PTESE1 PTESEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-32. Slew Rate Enable for Port E Register (PTESE)
Table 6-30. PTESE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port E Bits — Each of these control bits determines if the output slew rate control
PTESE[7:0] |is enabled for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port E bit n.
1 Output slew rate control enabled for port E bit n.
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6.5.5.8 Port E Drive Strength Selection Register (PTEDS)
7 6 5 3 2 1 0
PTEDS7 PTEDS6 PTEDS5 PTEDS4 PTEDS3 PTEDS2 PTEDS1 PTEDSO
w
Reset: 0 0 0 0 0 0 0
Figure 6-33. Drive Strength Selection for Port E Register (PTEDS)
Table 6-31. PTEDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port E Bits — Each of these control bits selects between low and high
PTEDS[7:0] | output drive for the associated PTE pin. For port E pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port E bit n.
1 High output drive strength selected for port E bit n.
6.5.6 Port F Registers

Port F is controlled by the registers listed below.
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6.5.6.1 Port F Data Register (PTFD)
7 6 5 4 3 2 1 0
R
PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-34. Port F Data Register (PTFD)
Table 6-32. 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 pull-ups disabled.
6.5.6.2 Port F Data Direction Register (PTFDD)
7 6 5 4 3 2 1 0
R
PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-35. Port F Data Direction Register (PTFDD)
Table 6-33. 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

PTFDD[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.

6.5.6.3 Port F Pull Enable Register (PTFPE)

The port F enable register (PTFPE) enables pull-ups on the corresponding PTF pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTFPE7 PTFPEG6 PTFPES PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPEO
"
Reset: 0 0 0 0 0 0 0 0

Figure 6-36. Internal Pull Enable for Port F Register (PTFPE)
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Table 6-34. PTFPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port F Bits — Each of these control bits determines if the internal pull-up device is
PTFPE[7:0] |enabled for the associated PTF pin. For port F pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port F bit n.
1 Internal pull-up device enabled for port F bit n.
6.5.6.4 Port F Slew Rate Enable Register (PTFSE)
7 6 5 4 3 2 1 0
R
PTFSE7 PTFSEG6 PTFSES PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-37. Slew Rate Enable for Port F Register (PTFSE)
Table 6-35. PTFSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port F Bits — Each of these control bits determines if the output slew rate control
PTFSE[7:0] |is enabled for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port F bit n.
1 Output slew rate control enabled for port F bit n.
6.5.6.5 Port F Drive Strength Selection Register (PTFDS)
7 6 5 4 3 2 1 0
R
PTFDS7 PTFDS6 PTFDS5 PTFDS4 PTFDS3 PTFDS2 PTFDS1 PTFDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-38. Drive Strength Selection for Port F Register (PTFDS)
Table 6-36. PTFDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port F Bits — Each of these control bits selects between low and high
PTFDSJ[7:0] |output drive for the associated PTF pin. For port F pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port F bit n.
1 High output drive strength selected for port F bit n.
6.5.7 Port G Registers

Port G is controlled by the registers listed below.
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6.5.7.1 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 6-39. Port G Data Register (PTGD)
Table 6-37. 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 pull-ups disabled.
6.5.7.2 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 6-40. Port G Data Direction Register (PTGDD)
Table 6-38. 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
PTGDD[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.
6.5.7.3 Port G Pull Enable Register (PTGPE)

The port G enable register (PTGPE) enables pull-ups on the corresponding PTG pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTGPE7 PTGPE6 PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPEO
"
Reset: 0 0 0 0 0 0 0 0

Figure 6-41. Internal Pull Enable for Port G Register (PTGPE)
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Table 6-39. PTGPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port G Bits — Each of these control bits determines if the internal pull-up device is
PTGPE[7:0] | enabled for the associated PTG pin. For port G pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port G bit n.
1 Internal pull-up device enabled for port G bit n.
6.5.7.4 Port G Slew Rate Enable Register (PTGSE)
7 6 5 4 3 2 1 0
R
PTGSE7 PTGSEG6 PTGSES PTGSE4 PTGSE3 PTGSE2 PTGSE1l PTGSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-42. Slew Rate Enable for Port G Register (PTGSE)
Table 6-40. 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. For port G pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port G bit n.
1 Output slew rate control enabled for port G bit n.
6.5.7.5 Port G Drive Strength Selection Register (PTGDS)
7 6 5 4 3 2 1 0
R
PTGDS7 PTGDS6 PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-43. Drive Strength Selection for Port G Register (PTGDS)
Table 6-41. PTGDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port G Bits — Each of these control bits selects between low and high
PTGDS[7:0] | output drive for the associated PTG pin. For port G pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port G bit n.
1 High output drive strength selected for port G bit n.
6.5.8 Port H Registers

Port H is controlled by the registers listed below.
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6.5.8.1 Port H Data Register (PTHD)
7 6 5 4 3 2 1 0
R
PTHD?7 PTHD6 PTHD5 PTHD4 PTHD3 PTHD2 PTHD1 PTHDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-44. Port H Data Register (PTHD)
Table 6-42. PTHD Register Field Descriptions
Field Description
7:0 Port H Data Register Bits — For port H pins that are inputs, reads return the logic level on the pin. For port H
PTHD[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 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 pull-ups disabled.
6.5.8.2 Port H Data Direction Register (PTHDD)
7 6 5 4 3 2 1 0
R
PTHDD?7 PTHDD6 PTHDD5 PTHDD4 PTHDD3 PTHDD2 PTHDD1 PTHDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-45. Port H Data Direction Register (PTHDD)
Table 6-43. PTHDD Register Field Descriptions
Field Description
7:0 Data Direction for Port H Bits — These read/write bits control the direction of port H pins and what is read for
PTHDD[7:0] | 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.
6.5.8.3 Port H Pull Enable Register (PTHPE)

The port H enable register (PTHPE) enables pull-ups on the corresponding PTH pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTHPE7 PTHPE6 PTHPES PTHPE4 PTHPE3 PTHPE2 PTHPE1 PTHPEO
"
Reset: 0 0 0 0 0 0 0 0

Figure 6-46. Internal Pull Enable for Port H Register (PTHPE)
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Table 6-44. PTHPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port H Bits — Each of these control bits determines if the internal pull-up device is
PTHPE[7:0] | enabled for the associated PTH pin. For port H pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port H bit n.
1 Internal pull-up device enabled for port H bit n.
6.5.8.4 Port H Slew Rate Enable Register (PTHSE)
7 6 5 4 3 2 1 0
R
PTHSE7 PTHSEG6 PTHSES PTHSE4 PTHSES3 PTHSE2 PTHSE1 PTHSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-47. Slew Rate Enable for Port H Register (PTHSE)
Table 6-45. PTHSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port H Bits — Each of these control bits determines if the output slew rate control
PTHSE[7:0] |is enabled for the associated PTH pin. For port H pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port H bit n.
1 Output slew rate control enabled for port H bit n.
6.5.8.5 Port H Drive Strength Selection Register (PTHDS)
7 6 5 4 3 2 1 0
R
PTHDS7 PTHDS6 PTHDS5 PTHDS4 PTHDS3 PTHDS2 PTHDS1 PTHDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-48. Drive Strength Selection for Port H Register (PTHDS)
Table 6-46. PTHDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port H Bits — Each of these control bits selects between low and high
PTHDSJ[7:0] | output drive for the associated PTH pin. For port H pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port H bit n.
1 High output drive strength selected for port H bit n.
6.5.9 Port J Registers

Port Jis controlled by the registers listed below.
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6.5.9.1 Port J Data Register (PTJD)
7 6 5 4 3 2 1 0
R
PTJD7 PTJD6 PTJD5 PTJD4 PTJD3 PTJD2 PTJID1 PTJDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-49. Port J Data Register (PTJD)
Table 6-47. PTJD Register Field Descriptions
Field Description
7:0 Port J Data Register Bits — For port J pins that are inputs, reads return the logic level on the pin. For port J
PTJD[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 J pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTJD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.
6.5.9.2 Port J Data Direction Register (PTJDD)
7 6 5 4 3 2 1 0
R
PTJDD7Y PTJDD6 PTJDD5 PTJDD4 PTJDD3 PTJDD2 PTJDD1 PTJDDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-50. Port J Data Direction Register (PTJDD)
Table 6-48. PTJDD Register Field Descriptions
Field Description
7:0 Data Direction for Port J Bits — These read/write bits control the direction of port J pins and what is read for
PTJDD[7:0] | PTJD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port J bit n and PTJD reads return the contents of PTJDn.
6.5.9.3 Port J Pull Enable Register (PTJPE)

The port J enable register (PTJPE) enables pull-ups on the corresponding PTJ pin. In some cases, a
pull-down device will be enabled if pull-downs are supported by an aternative pin function, such as KBI.

7 6 5 4 3 2 1 0
R
PTJPE7 PTJPE6 PTJPES PTJPE4 PTJPE3 PTJPE2 PTJPE1 PTJPEO
W
Reset: 0 0 0 0 0 0 0 0

Figure 6-51. Internal Pull Enable for Port J Register (PTJPE)
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Table 6-49. PTJPE Register Field Descriptions

Field Description
7:0 Internal Pull Enable for Port J Bits — Each of these control bits determines if the internal pull-up device is
PTJPE[7:0] |enabled for the associated PTJ pin. For port J pins that are configured as outputs, these bits have no effect and
the internal pull devices are disabled.
0 Internal pull-up device disabled for port J bit n.
1 Internal pull-up device enabled for port J bit n.
6.5.9.4 Port J Slew Rate Enable Register (PTJSE)
7 6 5 4 3 2 1 0
R
PTJSE7 PTJSEG6 PTJSES PTJSE4 PTJSE3 PTJSE2 PTJSE1 PTJSEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-52. Slew Rate Enable for Port J Register (PTJSE)
Table 6-50. PTJSE Register Field Descriptions
Field Description
7:0 Output Slew Rate Enable for Port J Bits — Each of these control bits determines if the output slew rate control
PTJSE[7:0] |is enabled for the associated PTJ pin. For port J pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port J bit n.
1 Output slew rate control enabled for port J bit n.
6.5.9.5 Port J Drive Strength Selection Register (PTJDS)
7 6 5 4 3 2 1 0
R
PTJDS7 PTJDS6 PTJDS5 PTJDS4 PTJDS3 PTJDS2 PTJDS1 PTJDSO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-53. Drive Strength Selection for Port J Register (PTJDS)
Table 6-51. PTJDS Register Field Descriptions
Field Description
7:0 Output Drive Strength Selection for Port J Bits — Each of these control bits selects between low and high
PTJDSI[7:0] | output drive for the associated PTJ pin. For port J pins that are configured as inputs, these bits have no effect.
0 Low output drive strength selected for port J bit n.
1 High output drive strength selected for port J bit n.
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Chapter 7
Keyboard Interrupt (SO8KBIV2)

7.1 Introduction

The keyboard interrupt (KBI) module provides up to eight independently enabled external interrupt
sources. MC9S08QE128 Series devices contain two KBI modules, called KBI1 and KBI2. Each KBI
module has up to eight interrupt sources.

7.1.1 KBI Clock Gating

The bus clock to the KBI can be gated on and off using the KBI bit in SCGC2. This bit is set after any
reset, which enables the bus clock to this module. To conserve power, the KBI bit can be cleared to disable
the clock to this module when not in use. See Section 5.7, “Peripheral Clock Gating,” for details.

7.1.2 Features

The KBI features include:
* Uptoeight 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.

7.1.3 Modes of Operation

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

7.1.3.1 KBI in Wait Mode

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

7.1.3.2 KBIin 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).
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During stop2 mode, the KBI is disabled. Upon wake-up from stop2 mode, the KBI module will bein the
reset state.

7.1.3.3 KBl in Active Background Mode

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

7.1.4 Block Diagram
The block diagram for the keyboard interrupt module is shown Figure 7-1.

KBACK BUSCLK
v ‘ RESET
> 5

KBIPO :D—_ [ Gax 9

SYNCHRONIZER —¢

STOPBYPASS [T kB
INTERRUPT
REQUEST

poa i iDa

KEYBOARD
INTERRUPT FF

Figure 7-1. KBI Block Diagram
7.2  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.

Table 7-1. KBI1 Pin Mapping

Port Pin | PTB3 PTB2 PTB1 PTBO PTA3 PTA2 PTA1 PTAO

KBI1 Pin | KBI1P7 KBI1P6 KBI1PS KBI1P4 KBI1P3 KBI1P2 KBI1P1 KBI1PO

Table 7-2. KBI2 Pin Mapping

Port Pin PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO

KBI2 Pin | KBI2P7 KBI2P6 KBI2P5 KBI2P4 KBI2P3 KBI2P2 KBI2P1 KBI2PO
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7.3 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 absol ute address assignments for

all KBI registers. This section refers to registers and control bits only by their names and relative address
offsets.

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

7.3.1 KBI Interrupt Status and Control Register (KBIXSC)

5 3 2 1 0
R 0 0 0 0 KBF 0
KBIE KBIMOD
W KBACK
Reset: 0 0 0 0 0 0 0 0

Figure 7-2. KBI Interrupt Status and Control Register (KBIXSC)
Table 7-3. KBIXSC Register Field Descriptions

Field Description

3 KBI Interrupt Flag — KBF indicates when a KBI interrupt is detected. Writes have no effect on KBF.
KBF 0 No KBI interrupt detected.
1 KBI interrupt detected.

2 KBI Interrupt Acknowledge — Writing a 1 to KBACK is part of the flag clearing mechanism. KBACK always
KBACK reads as 0.

1 KBI Interrupt Enable — KBIE determines whether a KBI interrupt is requested.
KBIE 0 KBI interrupt request not enabled.
1 KBI interrupt request enabled.

0 KBI Detection Mode — KBIMOD (along with the KBIES bits) controls the detection mode of the KBI interrupt
KBIMOD | pins.
0 KBI pins detect edges only.
1 KBI pins detect both edges and levels.
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7.3.2 KBI Interrupt Pin Select Register (KBIXPE)

7 6 5 4 3 2 1 0
R
KBIPE7 KBIPE6 KBIPE5 KBIPE4 KBIPE3 KBIPE2 KBIPE1 KBIPEO
W
Reset: 0 0 0 0 0 0 0 0
Figure 7-3. KBI Interrupt Pin Select Register (KBIXPE)
Table 7-4. KBIXPE Register Field Descriptions
Field Description
7.0 KBI Interrupt Pin Selects — Each of the KBIPEn bits enable the corresponding KBI interrupt pin.

KBIPE[7:0] [0 Pin not enabled as interrupt.
1 Pin enabled as interrupt.

7.3.3 KBI Interrupt Edge Select Register (KBIXES)

7 6 5 4 3 2 1 0
R
KBEDG7 KBEDG6 KBEDGb5 KBEDG4 KBEDG3 KBEDG2 KBEDG1 KBEDGO
w
Reset: 0 0 0 0 0 0 0 0
Figure 7-4. KBl Edge Select Register (KBIXES)
Table 7-5. KBIXES Register Field Descriptions
Field Description
7:0 KBI Edge Selects — Each of the KBEDGn bits serves a dual purpose by selecting the polarity of the active

KBEDG]7:0] |interrupt edge as well as selecting a pull-up or pull-down device if enabled.

0 A pull-up device is connected to the associated pin and detects falling edge/low level for interrupt generation.

1 A pull-down device is connected to the associated pin and detects rising edge/high level for interrupt
generation.

7.4  Functional Description

Writing to the KBIPEN bitsin the keyboard x interrupt pin enableregister (KBIXPE) independently enables
or disables each port pin. Each port can be configured as edge sensitive or edge and level sensitive based
on the KBIMOD bhit in the keyboard interrupt status and control register (KBIxSC). Edge sensitivity can
be software programmed to be either falling or rising; the level can be either low or high. The polarity of
the edge or edge and level sensitivity is selected using the KBEDGn bits in the keyboard interrupt edge
select register (KBIXES).

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

7.4.1 Edge Only Sensitivity

A valid edge on an enabled port pin will set KBF in KBIXSC. If KBIE in KBIXSC is set, an interrupt
request will be presented to the CPU. Clearing of KBF is accomplished by writing a1 to KBACK in
KBIXSC.

7.4.2 Edge and Level Sensitivity

A valid edge or level on an enabled port pin will set KBF in KBIXSC. If KBIE in KBIXSC is s&t, an
interrupt request will be presented to the CPU. Clearing of KBF isaccomplished by writing al to KBACK
in KBIXSC provided all enabled port inputs are at their deasserted levels. KBF will remain set if any
enabled port pin is asserted while attempting to clear by writing a1 to KBACK.

7.4.3 Pull-Up/Pull-Down Resistors

The keyboard interrupt pins can be configured to use an internal pull-up/pull-down resistor using the
associated 1/0 port pull-up enableregister. If aninternal resistor isenabled, the KBIXES register isused to
select whether the resistor is a pull-up (KBEDGnN = 0) or a pull-down (KBEDGn = 1).

7.4.4 Keyboard Interrupt Initialization
When aninterrupt pinisfirst enabled, it is possible to get afalse interrupt flag. To prevent afalse interrupt
request during pin interrupt initialization, the user should do the following:
1. Mask interrupts by clearing KBIE in KBIXSC.
Select the pin polarity by setting the appropriate KBEDGn bitsin KBIXES.
If using internal pull-up/pull-down device, configure the associated pull enable bitsin KBIXPE.
Enable the interrupt pins by setting the appropriate KBIPEN bitsin KBIXPE.
Write to KBACK in KBIXSC to clear any false interrupts.
Set KBIE in KBIXSC to enable interrupts.

o bk wbd
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Chapter 8
Central Processor Unit (S08CPUV4)

8.1 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 HCSO8BRMV 1/D.

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

8.1.1 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-hit stack pointer (any size stack anywherein 64-KB CPU address space)
* 16-bit index register (H:X) with powerful indexed addressing modes
* 8-bit accumulator (A)
* Many instructionstreat X as a second general-purpose 8-bit register
Sel,&enaddr ng modes:
1 — Inherent — Operandsin internal registers
1 — Relative — 8-bit signed offset to branch destination
2 — Immediate — Operand in next object code byte(s)
1 — Direct — Operand in memory at 0x0000—Ox00FF
1 — Extended — Operand anywhere in 64-Kbyte address space
5
2
o4

— Indexed relative to H: X — Five submodes including auto increment
— Indexed relative to SP — Improves C efficiency dramatically
Memory-to-memory data move instructions with four address mode combinations

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

» Efficient bit manipulation instructions
» Fast 8-hit by 8-bit multiply and 16-bit by 8-bit divide instructions
e STOP and WAIT instructions to invoke low-power operating modes
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Chapter 8 Central Processor Unit (SO8CPUV4)

8.2 Programmer’s Model and CPU Registers
Figure 8-1 shows the five CPU registers. CPU registers are not part of the memory map.

15 8 7 0

L. . . . sTackpowter  , , . |sP

15 0

. . . . PROGRAMICOUNIER , , , |FPC
7 0

CONDITION CODEREGISTER|V 1 1 H | N Z C| CCR

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

Figure 8-1. CPU Registers

8.2.1 Accumulator (A)

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

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

8.2.2 Index Register (H:X)

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

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

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

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

SPisforced to OXOOFF at reset for compatibility with the earlier M68HCO05 Family. HCS08 programs
normally change the value in SP to the address of the last location (highest address) in on-chip RAM
during reset initialization to free up direct page RAM (from the end of the on-chip registers to OXO0FF).

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

8.2.4 Program Counter (PC)

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

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

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

8.2.5 Condition Code Register (CCR)

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

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

Figure 8-2. Condition Code Register

Table 8-1. CCR Register Field Descriptions

Field Description
7 Two’s Complement Overflow Flag — The CPU sets the overflow flag when a two’s complement overflow occurs.
\% The signed branch instructions BGT, BGE, BLE, and BLT use the overflow flag.
0 No overflow
1 Overflow
4 Half-Carry Flag — The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during
H an add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for binary-coded
decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and C condition code bits to
automatically add a correction value to the result from a previous ADD or ADC on BCD operands to correct the
result to a valid BCD value.
0 No carry between bits 3 and 4
1 Carry between bits 3 and 4
3 Interrupt Mask Bit — When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts
| are enabled when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the first instruction of the interrupt service
routine is executed.
Interrupts are not recognized at the instruction boundary after any instruction that clears | (CLI or TAP). This
ensures that the next instruction after a CLI or TAP will always be executed without the possibility of an intervening
interrupt, provided | was set.
0 Interrupts enabled
1 Interrupts disabled
2 Negative Flag — The CPU sets the negative flag when an arithmetic operation, logic operation, or data
N manipulation produces a negative result, setting bit 7 of the result. Simply loading or storing an 8-bit or 16-bit value
causes N to be set if the most significant bit of the loaded or stored value was 1.
0 Non-negative result
1 Negative result
1 Zero Flag — The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation
Z produces a result of 0x00 or 0x0000. Simply loading or storing an 8-bit or 16-bit value causes Z to be set if the
loaded or stored value was all Os.
0 Non-zero result
1 Zero result
0 Carry/Borrow Flag — The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit
C 7 of the accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test and

branch, shift, and rotate — also clear or set the carry/borrow flag.
0 No carry out of bit 7
1 Carry out of bit 7
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8.3  Addressing Modes

Addressing modes define the way the CPU accesses operands and data. In the HCS08, memory, status and
control registers, and input/output (1/0) ports share a single 64-Kbyte CPU address space. This
arrangement means that the same instructions that access variablesin RAM can also be used to access /0O
and control registers or nonvolatile program space.

MCU derivatives with more than 64-Kbytes of memory also include amemory management unit (MMU)
to support extended memory space. A PPAGE register isused to manage 16-K byte pages of memory which
can be accessed by the CPU through a 16-K byte window from 0x8000 through OxBFFF. The CPU includes
two special instructions (CALL and RTC). CALL operateslikethe 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 alinear address pointer register and data access registers
so that the extended memory space operates as if it was asingle 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, moveinstructions use one addressing
mode to specify the source operand and a second addressing mode to specify the destination address.
Instructions such asBRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify thelocation
of an operand for atest and then use relative addressing mode to specify the branch destination address
when the tested condition istrue. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing modelisted in
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative
addressing mode isimplied for the branch destination.

8.3.1 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.

8.3.2 Relative Addressing Mode (REL)

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

8.3.3 () 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,
the high-order byteislocated in the next memory location after the opcode, and the low-order byteis
located in the next memory location after that.  B1G ENpIAN — Intel is LITTLE ENDIAN

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor 149


LG
Underline

LG
Underline

LG
Underline

LG
Typewritten Text
BIG ENDIAN

LG
Typewritten Text
Intel is LITTLE ENDIAN

LG
Typewritten Text
(2)
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834 DireCt AddreSSing MOde (DlR) direct "page": Not in the sense of MMU 8 pages

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

the desired operand islocated. Thisisfaster and more memory efficient than specifying a complete 16-bit
address for the operand.

8.3.5 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).

8.3.6 Indexed Addressing Mode

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

8.3.6.1 Indexed, No Offset (I1X)

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.

8.3.6.2 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.

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

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

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

8.3.6.5 Indexed, 16-Bit Offset (1X2)

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

MC9S08QE128 MCU Series Reference Manual, Rev. 2

150 Freescale Semiconductor


LGUC
Underline

LGUC
Typewritten Text
direct "page": Not in the sense of MMU 8 pages


Chapter 8 Central Processor Unit (SO8CPUV4)

8.3.6.6 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.

8.3.6.7 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.

8.4  Special Operations

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

8.4.1 Reset Sequence

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

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

8.4.2 Interrupt Sequence

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

The CPU sequence for an interrupt is:

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

Fetch the high-order half of the interrupt vector.

Fetch the low-order half of the interrupt vector.

Delay for one free bus cycle.

o ks~ wbNhPRE
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Indepent of PPAGE register value !!!

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

After the CCR contents are pushed onto the stack, the | bit in the CCR is set to prevent other interrupts
while in the interrupt service routine. Although it is possible to clear the | bit with an instruction in the
mterrupt service routine, thlswould allow nesti ng of mterrupts (which-isnetrecommended-because

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

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

8.4.3 Wait Mode Operation

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

If aserial BACKGROUND command isissued to the M CU through the background debug interface while
the CPU isinwait mode, CPU clocks will resume and the CPU will enter active background mode where
other serial background commands can be processed. This ensuresthat ahost development system can still
gain access to atarget MCU evenif it isin wait mode.

8.4.4 Stop Mode Operation

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

When a host debug system is connected to the background debug pin (BKGD) and the ENBDM control
bit has been set by a serial command through the background interface (or because the M CU was reset into
active background mode), the oscillator isforced to remain active when the M CU enters stop mode. Inthis
case, if aserial BACKGROUND command isissued to the MCU through the background debug interface
while the CPU isin stop mode, CPU clocks will resume and the CPU will enter active background mode
where other seria background commands can be processed. This ensures that a host development system
can still gain access to atarget MCU evenif it isin stop mode.
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Chapter 8 Central Processor Unit (SO8CPUV4)

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

8.4.5 BGND Instruction

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

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

The CALL issimilar to ajump-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 isexecuted, areturn addressis 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 pagesis 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 caculatesthe 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 writesthe new instruction-supplied page sel ect valueto PPAGE. Thisswitchesthe destination
page into the program overlay window in the CPU address range 0x8000 OxBFFF.

4. Instruction queueisrefilled starting from the destination address, and execution begins at the new
address.

This sequence of operationsis an uninterruptable CPU instruction. There is no need to inhibit interrupts
during CALL execution. In addition, aCALL can be performed from any addressin memory to any other
address. Thisis abig 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 queueisrefilled, and execution resumes with the next instruction
after the corresponding CALL.
The actual sequence of operations that occur during execution of RTC is:

1. Thereturn value of the 8-bit PPAGE register is pulled from the stack.

2. The 16-bit return addressis pulled from the stack and loaded into the PC.

3. Thereturn PPAGE value is written to the PPAGE register.
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4. The queueisrefilled and execution begins at the new address.

Since the return operation isimplemented 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 dlightly longer execution
times. Since extra execution cycles are required, routinely substituting CALL/RTC for JSR/RTS s not
recommended. JSR and RT S can be used to access subroutinesthat 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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8.5 HCSO08 Instruction Set Summary

Instruction Set Summary Nomenclature

The nomenclature listed hereis used in the instruction descriptionsin Table 8-2.

Operators
() = Contentsof register or memory location shown inside parentheses
< = Isloaded with (read: “gets’)
& = Boolean AND
| Boolean OR
® = Booleanexclusve-OR
X = Multiply
+ = Divide
: = Concatenate
+ = Add
— = Negate (two’s complement)
CPU registers
A = Accumulator
CCR = Condition code register
H = Index register, higher order (most significant) 8 bits
X = Index register, lower order (least significant) 8 bits
PC = Program counter
PCH = Program counter, higher order (most significant) 8 bits
PCL = Program counter, lower order (least significant) 8 bits
SP = Stack pointer

Memory and addressing

M = A memory location or absolute data, depending on addressing mode

M:M + 0x0001= A 16-bit value in two consecutive memory locations. The higher-order (most
significant) 8 bits are located at the address of M, and the lower-order (least
significant) 8 bits are located at the next higher sequential address.

Condition coderegister (CCR) bits
V = Two's complement overflow indicator, bit 7

H Half carry, bit 4
I Interrupt mask, bit 3
N Negative indicator, bit 2
Z Zero indicator, bit 1
C = Carry/borrow, bit O (carry out of bit 7)

CCR activity notation
= Bit not affected
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0 = BitforcedtoO
1 = Bitforcedtol
t = Bitsetorcleared according to results of operation
U = Undefined after the operation
M achine coding notation
dd = Low-order 8 bits of adirect address 0x0000—0x00FF (high byte assumed to be 0x00)
ee = Upper 8 bits of 16-bit offset
ff = Lower 8 bitsof 16-bit offset or 8-bit offset
i = Onebyte of immediate data
J = High-order byte of a 16-bit immediate data value
kk = Low-order byte of a 16-bit immediate data value
hh = High-order byte of 16-bit extended address
I = Low-order byte of 16-bit extended address
pg = Peage
rr = Relative offset
Source form

Everything in the source forms columns, except expressionsin italic characters, isliteral information that
must appear in the assembly source file exactly as shown. The initial 3- to 5-letter mnemonic is always a
literal expression. All commas, pound signs (#), parentheses, and plus signs (+) are 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
oprl6i — Any label or expression that evaluates to a 16-bit immediate value
opr8a — Any label or expression that evaluatesto an 8-hit value. The instruction treats this 8-bit
value as the low order 8 bits of an address in the direct page of the 64-Kbyte address
space (0x00xx).
oprléa — Any label or expression that evaluatesto a 16-bit value. The instruction treats this
value as an address in the 64-K byte address space.
oprx8 — Any label or expression that evaluates to an unsigned 8-bit value, used for indexed
addressing
oprx1l6 — Any label or expression that evaluates to a 16-bit value. Because the HCS08 has a
16-bit address bus, this can be either a signed or an unsigned value.
page — Any label or expression that evaluatesto a valid bank number for the PPAGE register.
For a 128-Kbyte deravative, any value between 0 and 7 is valid.
rel — Any label or expression that refers to an address that is within —128 to +127 locations
from the next address after the last byte of object code for the current instruction. The
assembler will calculate the 8-bit signed offset and includeit in the object code for this
instruction.

Address modes
INH = Inherent (no operands)
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IMM 8-bit or 16-bit immediate
DIR 8-bit direct
EXT 16-hit extended
IX 16-bit indexed no offset
IX+ 16-bit indexed no offset, post increment (CBEQ and MOV only)
IX1 16-bit indexed with 8-bit offset from H: X
IX1+ 16-bit indexed with 8-bit offset, post increment
(CBEQ only)
IX2 16-bit indexed with 16-bit offset from H:X
REL 8-bit relative offset
SP1 Stack pointer with 8-bit offset
SP2 Stack pointer with 16-bit offset
Table 8-2. HCSO08 Instruction Set Summary (Sheet 1 of 7)
Effect i
on CCR 20 | S| 2|32
Source Operation Description 23 S o >
Form Ss a e O
H|I[N|Z < O | o | 2
m
ADC #0pr8i IMM A9ii 2
ADC opr8a DIR B9|dd 3
ADC oprl6a EXT colhh Il | 4
ADG obadX |Addwith cany A (A)+ (M) +(C) =] | RS Dolee ™| 4
ADC X IX F9 3
ADC o0prx16,SP SP2 9EDY|ee ff | 5
ADC oprx8,SP SP1 9EE9|ff 4
ADD #opr8i IMM ABlii 2
ADD opr8a DIR BB |dd 3
ADD opri6a EXT CBlhh Il | 4
ADD gg%exx Add without Carry A (A) + (M) =] X2 DBlee ff] 4
ADD IX FB 3
ADD oprx16,SP SP2 9EDB |ee ff 5
ADD oprx8,SP SP1 9EEB|ff 4
: Add Immediate Value SP « (SP) + (M) o -
AIS #opr8i (Signed) to Stack Pointer | M is sign extended to a 16-bit value IMM ATl 2
Add Immediate Value
. p H:X « (H:X) + (M) N "
AIX #opr8i g’ég?ggz Eﬁ%ﬂex M is sign extended to a 16-bit value IMM ARl 2
AND #0pr8i IMM Adlii 2
AND opr8a DIR B4|dd 3
AND oprl6a EXT C4|hh 1 4
AND oprx16,X - IX2 D4|ee ff 4
AND oers,x Logical AND A (A) & (M) —=1¢] X1 Ealit 3
AND X IX F4 3
AND oprx16,SP SP2 9ED4 |ee ff 5
AND oprx8,SP SP1 9EE4 |ff 4
ASL opr8a DIR 38|dd 5
ASLA INH 48 1
ASLX Arithmetic Shift Left = ol INH 58 1
ASL oprx8,X (Same as LSL) Ce{ [ TTTTTT]=o0 IX1 68| ff 5
ASL ,X b7 bo IX 78 4
ASL oprx8,SP SP1 9EGS8 |ff 6
ASR opr8a DIR 37|dd 5
ASRA —_— INH 47 1
ASRX i et R e INH 57 1
ASR 0prx8,X Arithmetic Shift Right - oo =11t f: IX1 67| 5
ASR X IX 77 4
ASR o0prx8,SP SP1 9EG67 |ff 6
BCC rel Branch if Carry Bit Clear Branch if (C) =0 e e e REL 241rr 3
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Table 8-2. HCS08 Instruction Set Summary (Sheet 2 of 7)

Effect W
on CCR 20 | S| 2|32
Source . L
Operation Description 23 S o >
Form Ss a @ | ©
HII[N|Z < o (@) g
m
DIR (b0) 11(dd 5
DIR (b1) 13|dd 5
DIR (b2) 15|dd 5
. DIR (b3) 17|dd 5
BCLR n,opr8a Clear Bit n in Memory Mn < 0 ——=-- DIR (b4) 19|dd 5
DIR (b5) 1B|dd 5
DIR (b6) 1D|dd 5
DIR (b7) 1F(dd 5
Branch if Carry Bit Set ; —
BCS rel (Same as BLO) Branch if (C) =1 —|=-1- REL 25|rr 3
BEQ rel Branch if Equal Branch if () =1 —|=1-1- REL 27 |rr 3
Branch if Greater Than or
BGE rel Equal To Branchif (N® V)=0 —|=1-1- REL 90|rr 3
(Signed Operands)
" Waits For and Processes BDM
BGND Enter Active Background | commands Until GO, TRACEL, or | — | — | —|—|— |- [INH 82 5+
if ENBDM =1
TAGGO
Branch if Greater Than . _
BGT rel (Signed Operands) Branchif (Z)|(N® V) =0 el el el REL 92|rr 3
BHCC rel Branch it Half Carry Bit Branch if (H) = 0 —|=]=]=|=|rREL 28| 3
BHCS rel Branch if Half Carry Bit Branch if (H) = 1 —|=|=|=]=|rREL 29|rr 3
BHI rel Branch if Higher Branch if (C) | (2) =0 —|=1-|- REL 22(rr 3
Branch if Higher or Same ; _
BHS rel (Same as BCC) Branch if (C) =0 —|=-1- REL 24|rr 3
BIH rel Branch if IRQ Pin High Branch if IRQ pin=1 —|=1-1- REL 2F (rr 3
BIL rel Branch if IRQ Pin Low Branch if IRQ pin =0 el el el REL 2E|rr 3
BIT #opr8i IMM A5 |ii 2
BIT opr8a DIR B5|dd 3
BIT oprl6a (A) & (M) EXT C5|hh I 4
BIT oprx16,X Bit Test (CCR Updated but Operands —|=]t]t X2 DS|ee ff 4
BIT oprx8,X Not Changed) IX1 E5 |ff 3
BIT X 9 IX F5 3
BIT oprx16,SP SP2 9ED5[ee ff 5
BIT oprx8,SP SP1 9EES 4
Branch if Less Than
BLE rel or Equal To Branchif Z) |[(N®V)=1 —|=1-1- REL 93|rr 3
(Signed Operands)
Branch if Lower ; —
BLO rel (Same as BCS) Branch if (C) =1 —|=1-1- REL 25]rr 3
BLS rel Branch if Lower or Same Branchif (C)| (2)=1 e el el REL 23|rr 3
Branch if Less Than . _
BLT rel (Signed Operands) Branchif( N®V)=1 —|=1-1- REL 91|rr 3
BMC rel Branch if Interrupt Mask Branch if (I) = 0 —|=|=|=]=|rREL 2C|ir 3
BMI rel Branch if Minus Branch if (N) =1 —|=1-|- REL 2B|rr 3
BMS rel Branch if Interrupt Mask Branch if (1) = 1 —l=|=|=]=|rREL 2D|rr 3
BNE rel Branch if Not Equal Branch if (Z) =0 —|=1-1- REL 26|rr 3
BPL rel Branch if Plus Branch if (N) =0 el el el REL 2A|rr 3
BRA rel Branch Always No Test el el el REL 20|rr 3
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Effect w o = "$
on CCR 0 o ° = o
r . . o
Source Operation Description 23 S o >
Form 3= s @ | O
HII[N|Z < o (@) g
m
DIR (b0) 01(dd rr 5
DIR (b1) 03|dd rr 5
DIR (b2) 05(dd rr 5
Branch if Bitn in Memory ; _ . DIR (b3) 07|dd rr| 5
BRCLR n,opr8a,rel Clear Branch if (Mn) =0 DIR (b4) 09ldd r 5
DIR (b5) 0B(dd rr 5
DIR (b6) oD|dd rr 5
DIR (b7) OF|dd rr 5
BRN rel Branch Never Uses 3 Bus Cycles e e REL 21 rr 3
DIR (b0O) 00(dd rr 5
DIR (b1) 02(dd rr 5
DIR (b2) 04 (dd rr 5
Branch if Bit n in Memory : _ . DIR (b3) 06(dd rr 5
BRSET n,opr8a,rel Set Branch if (Mn) =1 DIR (b4) o08ldd rr 5
DIR (b5) OA(dd rr 5
DIR (b6) oc|dd rr 5
DIR (b7) OE|(dd rr 5
DIR (b0) 10(dd 5
DIR (b1) 12|dd 5
DIR (b2) 14|dd 5
BSET n,opr8a Set Bit n in Memory Mn « 1 —|—-1-1- B:g Egzg ig gg g
DIR (b5) 1A|dd 5
DIR (b6) 1C|(dd 5
DIR (b7) 1E|dd 5
PC « (PC) + 0x0002
. push (PCL); SP « (SP) — 0x0001 .

BSR rel Branch to Subroutine push (PCH): SP « (SP) — 0x0001 REL AD|rr 5

PC « (PC) +rel

PC«PC+4

Push (PCL); SP « (SP) — 0x0001

CALL page, oprl6a |Call Subroutine pséﬁk(]p(ggg)asg;J%g%:;?ég%%%l —=-|- EXT AC |pghll 8

PPAGE « page

PC « Unconditional Address

CBEQ opr8a,rel Branch if (A) = (M) DIR 31|dd rr 5
CBEQA #opr8i,rel Branch if (A) = (M) IMM A1\ 4
CBEQX #opr8i,rel |Compare and Branch if Branch if (X) = (M) . IMM 51)ii rr 4
CBEQ oprx8,X+,rel |Equal Branch if (A) = (M) IX1+ 61|(ff rr 5
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71|rr 5
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9EG61(ff rr 6
CLC Clear Carry Bit C«0 —|=1-1- INH 98 1
CLI Clear Interrupt Mask Bit 1«0 —10|—-]- INH 9A 1
CLR opr8a M « 0x00 DIR 3F|dd 5
CLRA A « 0x00 INH 4F 1
CLRX X « 0x00 INH 5F 1
CLRH Clear H « 0x00 —-{=10]1 INH 8C 1
CLR oprx8,X M « 0x00 IX1 6F |ff 5
CLR X M « 0x00 IX 7F 4
CLR oprx8,SP M « 0x00 SP1 9EG6F | ff 6
CMP #opr8i IMM Allii 2
CMP opr8a DIR B1l|dd 3
CMP oprl6a (A) - (M) EXT Clihh |l 4
CMP oprx16,X Compare Accumulator - IX2 Dl|ee ff 4
CMP oprx8,X with Memory (CCR Updatgﬂa?]”zg)pera“ds Not LT IXL E1|ff 3
CMP X 9 IX F1 3
CMP oprx16,SP SP2 9ED1|ee ff 5
CMP oprx8,SP SP1 9EE1|ff 4
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Table 8-2. HCSO08 Instruction Set Summary (Sheet 4 of 7)

Effect W
on CCR 20 | S| 2|32
Source . L
Form Operation Description g 2 S g 3
o
H{1[N|zZ 22 | 8|8 | ¢
m
COM opr8a M « (M)= OXFF — (M) DIR 33|dd 5
COMA A « (A) = OXFF — (A) INH 43 1
COMX Complement X « (X) = OxFF - (X) S Y [ N INH 53 1
COM oprx8,X (One’s Complement) M « (M) = OXFF — (M) IX1 63 |ff 5
COM X M « (M) = OXFF — (M) IX 73 4
COM o0prx8,SP M « (M) = OXFF — (M) SP1 9E63 | ff 6
CPHX oprl6a . . EXT 3E|hh Il 6
. . H:X) — (M:M + 0x0001)
CPHX #oprl6i Compare Index Register ( | IMM 65 KK| 3
CPHX oprga (H:X) with Memory (CCR Updatgﬂa?]gzgfera”ds Not YUY DR 75(dd 5
CPHX oprx8,SP SP1 9EF3|ff 6
CPX #opr8i IMM A3|ii 2
CPX opr8a DIR B3|dd 3
CPX 16 EXT C3|hh i 4
CPX oprx16.X Compare X (Index (X) — (M) IX2 D3lee ff | 4
CPX opr«8.X Register Low) with (CCR Updated But Operands Not —|—=]1t]? IX1 E3|ff 3
CPX ‘))(X ’ Memory Changed) IX F3 3
CPX 6prx16,SP SP2 9ED3|ee ff 5
CPX oprx8,SP SP1 9EE3|ff 4
Decimal Adjust
DAA Accumulator After ADD or (A)10 —|=t] INH 72 1
ADC of BCD Values
DBNZ opr8a,rel DIR 3B|dd rr 7
DBNZA rel INH 4B |rr 4
DBNZX rel Decrement and Branch if %ergrnecrmp;ré’sa(ﬁ)oégﬁ . INH 5B |rr 4
DBNZ opnd.Xrel | Not Zero DBNZX Affects X Not H X1 S
DBNZ oprx8,SP,rel SP1 9E6B|ff 1T 8
DEC opr8a M « (M) — 0x01 DIR 3A|dd 5
DECA A « (A) — 0x01 INH 4A 1
DECX X « (X) — 0x01 | INH 5A 1
DEC oprx8,X Decrement M < (M) — 0x01 LT ixe BA|ff 5
DEC X M « (M) — 0x01 IX 7A 4
DEC oprx8,SP M « (M) — 0x01 SP1 9EBA | ff 6
P A — (H:A)+(X) NN
DIV Divide H < Remainder 1 INH 52 6
EOR #opr8i IMM A8lii 2
EOR opr8a DIR B8|dd 3
EOR oprl6a . EXT C8|hh I 4
Exclusive OR
EOR oprx16,X ; IX2 D8|ee ff 4
EOR oprx8,X 'I\A/Iemorylwnh A—(A®M) —|—=11t]: IX1 Eslff 3
EOR | ccumulator X F8 3
EOR oprx16,SP SP2 9EDS8|ee ff 5
EOR oprx8,SP SP1 9EES8|ff 4
INC opr8a M « (M) + 0x01 DIR 3C|dd 5
INCA A « (A) + Ox01 INH 4C 1
INCX X « (X) + 0x01 INH 5C 1
INC oprx8,X Increment M « (M) + 0x01 T T ixa 6C|ff 5
INC X M « (M) + 0x01 IX 7C 4
INC oprx8,SP M « (M) + 0x01 SP1 9E6C | ff 6
JMP opr8a DIR BC|dd 3
JMP oprl6a EXT CC|hh 1l 4
JMP oprx16,X Jump PC « Jump Address —|=1-1- IX2 DC|ee ff 4
JMP oprx8,X IX1 EC|ff 3
JMP X IX FC 3
1SR opriea PCe (PO)+n (n=1.2,0r3) EXT Colmn 1 | ¢
p . Push (PCL); SP « (SP)— 0x0001
JSR oprx16,X Jump to Subroutine . ol Bt Bt B IX2 DD|ee ff 6
ISR oDIX8.X Push (PCH); SP « (SP) - 0x0001 IX1 ED | ff 5
ISR f ’ PC « Unconditional Address IX ED 5
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Table 8-2. HCSO08 Instruction Set Summary (Sheet 5 of 7)

Effect w o = "$
Source . . on CCR g9 = g | ©
Operation Description 23 S o >
Form 3= s @ | O
VIH[I[N|Z|C| < o o) g
m
LDA #opr8i IMM AB |ii 2
LDA opr8a DIR B6|dd 3
LDA oprl6a EXT C6|hh Il 4
LDA oprx16,X Load Accumulator from A (M) ol=|=|:1:]= IX2 D6 |ee ff 4
LDA oprx8,X Memory IX1 EG6 |ff 3
LDA X IX F6 3
LDA oprx16,SP SP2 9ED6 |ee ff 5
LDA oprx8,SP SP1 9EES6 | ff 4
LDHX #opri6i IMM 451  kk|f 3
LDHX opr8a DIR 55(dd 4
LDHX oprl6a : . EXT 32|hh I 5
LDHX ,X road tndex Register (H:X) H:X < (M:M + 0x0001) ol=|=|+]1]=|ix 9EAE 5
LDHX oprx16,X y IX2 9EBE |ee ff 6
LDHX oprx8,X IX1 9ECE|ff 5
LDHX oprx8,SP SP1 9EFE |ff 5
LDX #opr8i IMM AE [ii 2
LDX opr8a DIR BE|dd 3
LDX oprl6a EXT CE|hh 1 4
LDX oprx16,X Load X (Index Register X (M) ol=|=|:|:|=[X2 DE|ee ff 4
LDX oprx8,X Low) from Memory IX1 EE | ff 3
LDX X IX FE 3
LDX oprx16,SP SP2 9EDE |ee ff 5
LDX oprx8,SP SP1 9EEE | ff 4
LSL opr8a DIR 38|dd 5
LSLA INH 48 1
LSLX Logical Shift Left (TTTTTTT}=o0 cl=l=ls] | |INH 58 1
LSL oprx8,X (Same as ASL) b7 bo IX1 68| ff 5
LSL X IX 78 4
LSL oprx8,SP SP1 9E68|ff 6
LSR opr8a DIR 34|dd 5
LSRA INH 44 1
LSRX , - o[ TTTTTTT] R INH 54 1
LSR oprx8,X Logical Shift Right - ” P Ofs]: IX1 64 5
LSR X IX 74 4
LSR oprx8,SP SP1 9E64 |ff 6
MOV opr8a,opr8a (M)gestination < M)source DIR/DIR 4E(dddd| 5
MOV opr8a,X+ Move ol-l_l:|;]—|DIRAX+ 5E|dd 5
MOV #opr8i,opr8a H:X « (H:X) + 0x0001 in IMM/DIR 6E|ii dd| 4
MOV ,X+,0pr8a IX+/DIR and DIR/IX+ Modes IX+/DIR 7E|dd 5
MUL Unsigned multiply XA « (X) x (A) —|{O|=[=|=|O[INH 42 5
NEG opr8a M « — (M) = 0x00 — (M) DIR 30|dd 5
NEGA A « — (A) = 0x00 — (A) INH 40 1
NEGX Negate X « — (X) = 0x00 — (X) B I I I T 50 1
NEG oprx8,X (Two’s Complement) M « — (M) = 0x00 — (M) IX1 60 |ff 5
NEG X M « — (M) = 0x00 — (M) IX 70 4
NEG oprx8,SP M « — (M) = 0x00 — (M) SP1 9E60 | ff 6
NOP No Operation Uses 1 Bus Cycle —|==1=|—-|—|INH 9D 1
Nibble Swap AT A[7-
NSA Accumulator A « (A[3:0]:A[7:4]) —|=|-|-|-|-[INH 62 1
ORA #opr8i IMM AAlii 2
ORA opr8a DIR BA|dd 3
ORA opril6a EXT CAlhh I 4
ORA oprx16,X Inclusive OR Accumulator IX2 DA|ee ff 4
ORA 0prx8,X and Memory A (A (M) O=I=|t]"|~|iX EA|ff 3
ORA X IX FA 3
ORA oprx16,SP SP2 9EDA |ee ff 5
ORA o0prx8,SP SP1 9EEA | ff 4
PSHA Push Accumulator onto Push (A); SP « (SP)—=0x0001 | —|—|—|—|=|=]|iNH 87 2
Push H (Index Register . NN .
PSHH High) onto Stack Push (H); SP « (SP) —0x0001 INH 8B 2
Push X (Index Register .
PSHX Low) onto Stack Push (X); SP « (SP) —0x0001 —|=—1—-|—|—|INH 89 2
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Table 8-2. HCSO08 Instruction Set Summary (Sheet 6 of 7)

Effect w o = "$
on CCR 0 o ° = o
r . L o
Source Operation Description 23 S o >
Form Ss a @ | ©
VIH| I |IN[Z < @] @) g
m
Pull Accumulator from .
PULA Stack SP « (SP + 0x0001); Pull (A) —(=1-1-1- INH 86 3
Pull H (Index Register .
PULH High) from Stack SP « (SP + 0x0001); Pull (H) ol el el e INH 8A 3
Pull X (Index Register .
PULX Low) from Stack SP « (SP + 0x0001); Pull (X) —[=1=1-1- INH 88 3
ROL opr8a DIR 39|dd 5
ROLA INH 49 1
ROLX L INH 50 1
ROL oprx8,X Rotate Left through Carry Cle{ [ TTTTTT] ==t IX1 69 |ff 5
ROL X b7 bo IX 79 4
ROL oprx8,SP SP1 9EB9 |ff 6
ROR opr8a DIR 36|dd 5
RORA INH 46 1
RORX Rotate Right through L.m PR I I I INH 56 1
ROR oprx8,X Carry IX1 66 | ff 5
ROR ,X b7 bo IX 76 4
ROR oprx8,SP SP1 9EG66 | ff 6
. SP « OxFF
RSP Reset Stack Pointer (High Byte Not Affected) —|=-1-1- INH 9C 1
SP « (SP) + 0x0001; Pull (PPAGE)
RTC Return fom CALL SP « (SP) + 0x0001; Pull (PCH) |[—|—|—|—|—- INH 8D 7
SP « (SP) + 0x0001; Pull (PCL)
SP « (SP) + 0x0001; Pull (CCR)
SP « (SP) + 0x0001; Pull (A)
RTI Return from Interrupt SP « (SP) + 0x0001; Pull (X) o] INH 80 9
SP « (SP) + 0x0001; Pull (PCH)
SP « (SP) + 0x0001; Pull (PCL)
. SP « SP +0x0001; Pull(PCH) | [ [ _[_]_
RTS Return from Subroutine SP « SP + 0x0001: Pull (PCL) INH 81 6
SBC #opr8i IMM A2ii 2
SBC opr8a DIR B2|dd 3
SBC oprl6a EXT C2|hh Il 4
SBC oprx16,X ; 1X2 D2|ee ff 4
SBC oprx8,X Subtract with Carry A—(A)-(M)-(C) tl=(—=]1t]|¢ IX1 Eo|ff 3
SBC X IX F2 3
SBC oprx16,SP SP2 9ED2|ee ff 5
SBC oprx8,SP SP1 9EE2|ff 4
SEC Set Carry Bit Ce«1 —|=|=]-1- INH 99 1
SEI Set Interrupt Mask Bit <1 —|=11[-|- INH 9B 1
STA opr8a DIR B7|dd 3
STA oprl6a EXT C7|hh I 4
STA oprx16,X : IX2 D7|ee ff 4
STA oprx8,X Ftore Accumulator in M < (A) (o) S I O 1% E7|ff 3
STA y IX F7 2
STA oprx16,SP SP2 9ED7 |ee ff 5
STA oprx8,SP SP1 9EE7 |ff 4
STHX opr8a DIR 35|dd 4
STHX oprl6a Store H:X (Index Reg.) (M:M + 0x0001) « (H:X) O[—|—|1]? EXT 96|hh I 5
STHX oprx8,SP SP1 9EFF|ff 5
Enable Interrupts:
Stop Processin ; . ;
STOP Refgr to MCU 9 | bit « 0; Stop Processing —=10[-|- INH 8E 2+
Documentation
STX opr8a DIR BF|dd 3
STX oprl6a EXT CF|hh I 4
STX oprx16,X Store X (Low 8 Bits of IX2 DF|ee ff 4
STX oprx8,X Index Register) M « (X) O|—|—f1]2 IX1 EF |ff 3
STX X in Memory IX FF 2
STX oprx16,SP SP2 9EDF |ee ff 5
STX oprx8,SP SP1 9EEF|ff 4
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Chapter 8 Central Processor Unit (SO8CPUV4)

Table 8-2. HCS08 Instruction Set Summary (Sheet 7 of 7)

Effect W
on CCR 20 | S| 2|32
Source . _
Operation Description 23 S o >
Form Ss a @ | ©
VIH[I[N|Z|C| < o (@) g
m
SUB #opr8i IMM AO |ii 2
SUB opr8a DIR BO|dd 3
SUB oprl6a EXT CO|[hh I 4
SUB oprx16,X 1X2 DO|ee ff 4
SUB oprx8,X Subtract A~ (A)-(M) el el E R N I 0 EO|ff 3
SUB X IX FO 3
SUB oprx16,SP SP2 9EDO |ee ff 5
SUB oprx8,SP SP1 9EEO | ff 4
PC « (PC) + 0x0001
Push (PCL); SP « (SP) — 0x0001
Push (PCH); SP « (SP) — 0x0001
Push (X); SP « (SP) — 0x0001
SWI Software Interrupt Push (A); SP « (SP) — 0x0001 —|=11|=|—=|—]|INH 83 11
Push (CCR); SP « (SP) — 0x0001
I« 1;
PCH « Interrupt Vector High Byte
PCL « Interrupt Vector Low Byte
Transfer Accumulator to
TAP COR (Pswu\ u CCR « (A) tlefsfs]e]s|INH 84 1
Transfer Accumulator to
TAX X (Index Register Low) X (A) ===~ ||~ |'NH 97 1
Transfer CCR to
TPA Accumulator A« (CCR) —[=1=1—=[=—|INH 85 1
TST opr8a (M) — 0x00 DIR 3D|dd 4
TSTA (A) — 0x00 INH 4D 1
TSTX . (X) — 0x00 INH 5D 1
TST oprx8,X Test for Negative or Zero (M) — 0x00 O|=|—=1t]2]=- IX1 6D |ff 4
TST X (M) — 0x00 IX 7D 3
TST oprx8,SP (M) — 0x00 SP1 9E6D | ff 5
TSX Transfer SP to Index Reg. H:X « (SP) + 0x0001 —|=|=1=|—-|—|INH 95 2
Transfer X (Index Reg.
XA Low) to Accumulator Ae(X) ol e e el e e 9F 1
TXS Transfer Index Reg. to SP SP « (H:X) — 0x0001 —|=|=[=[=[-[INH 94 2
Enable Interrupts; Wait ; .
WAIT for Interrupt | bit « 0; Halt CPU —|=10|=[=|—]INH 8F 2+

1 Bus clock frequency is one-half of the CPU clock frequency.
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Chapter 8 Central Processor Unit (SO8CPUV4)

Table 8-3. Opcode Map (Sheet 1 of 2)

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

Hexadecimal

Number of Bytes
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Chapter 8 Central Processor Unit (SO8CPUV4)

Table 8-3. Opcode Map (Sheet 2 of 2)

Read-Modify-Write Control

Bit-Manipulation Branch

Register/Memory

9EF3 6
CPHX
3 SP1

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

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

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

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

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

NEG [Instruction Mnemonic

Number of Bytes[3  SP1 |Addressing Mode

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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Chapter 9
Analog Comparator 3V (ACMPVLPV1)

9.1 Introduction

MC9S08QE128 Series MCUs have two independent analog comparators (ACMPs), named ACMP1 and
ACMP2.

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

Figure 9-1 shows the MC9S08QE128 Series block diagram with the ACMP highlighted.

NOTE

Ignore any references to stopl low-power mode in this chapter, because the
MC9S08QE128 device does not support it.

9.1.1 ACMP Configuration Information

When using the bandgap reference voltage for input to ACMP1+ and/or ACMP2+, the user must enable
the bandgap buffer by setting SPMS[BGBE]. For value of bandgap voltage reference see the data sheet.

9.1.2 ACMP/TPM Configuration Information

The ACMP modules can be configured to connect the output of the analog comparator to a TPM input
capture channel 0 by setting the corresponding ACICx bit in SOPT2. With ACICx set, the TPMxCHO pin
is not available externally regardless of the configuration of the TPMx module.

The ACMP1 output can be connected to TPM1CHO; The ACMP2 output can be connected to TPM2CHO.

9.1.3 ACMP Clock Gating

The bus clock to both of the ACMPs can be gated on and off using the SCGC2[ACMP] bit. This bit is set
after any reset, which enables the bus clock to this module. To conserve power, the ACMP bit can be
cleared to disable the clock to this module when not in use. See Section 5.7, “Peripheral Clock Gating,”
for details.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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9.1.4 Interrupt Vectors

ACMP1 and ACMP2 share a single interrupt vector. When interrupts are enabled for both ACMPs, the
ACF bit in ACMP1SC and ACMP2SC must be polled to determine which ACMP caused the interrupt. See
Section 4.2, “Reset and Interrupt Vector Assignments,” for the ACMP interrupt vector assignment.
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—>[ |<«—> PTA7/TPM2CH2/ADP9
HCS08 CORE 3-CHANNEL TIMER/PWM T=PM1CH2- > |<«—> PTAG/TPM1CH2/ADP8
= MODULE (TPM) . CHD e o PTA5/IRQITPM1CLK/RESET
o < TPM1CLK Ly = | PTA4/ACMP10/BKGD/MS
= cPU e ACMPLO & | =—> PTA3/KBIIP3/SCL1/ADP3
o
g ANALOG COMPARATOR C ~<«—> PTA2/KBI1P2/SDA1/ADP2
& —> | LCMPLt
> (ACMPY) oNPL <€ PTA1/KBI1P1/TPM2CHO/ADPL/ACMP1-
Ly BDC | | BKP | < #|__| = PTAO/KBILPO/TPM1CHO/ADPO/ACMPL+
INTERNAL CLOCK %EL > |<«—>» PTB7/SCLUEXTAL
HCS08 SYSTEM CONTROL ___SOURCE(ICS) | »| |<«—> PTB6/SDAL/XTAL
TS AND NTERRLRTS OSCILLATOR (XOSC) S aPpEe PTB5/TPM1CH1/SS1
MODES OF OPERATION M2CH2- i -<«—>» PTB4/TPM2CH1/MISO1
POWER MANAGEMENT 3-CHANNEL TIMERPWM  [Tov2cHo S ~«—>» PTB3/KBI1P7/MOSI1/ADP7
| | MODULE (TPM2) [ ~—> PTB2/KBILP6/SPSCK1/ADP6
cor | wo | o -t >  |<—> PTBLUKBILP5/TXDL/ADPS
| e | | RQ | ol <SCLL ||~ PTBO/KBILP4/RXD1/ADP4
ICMODULE (IC) | Sgﬁéz+ | |~ PTCTTXD2IACMP2-
YT <— PTC6/RXD2/ACMP2+
TLI| ANALOG COMPARATOR Cns »| <> P1CSTPMICHSIACMP20
USER FLASH (ACMP2) <ACMPZ © |<«—> PTC4/TPM3CH4/RSTO
128K / 96K / 64K TPMCHS - | T & |<«—>PTC3/TPM3CH3
YT & |«—>pPTC2/TPM3CH2
6-CHANNEL TIMER/PWM t <«—> PTC1/TPM3CH1
MODULE (TPM3) «PM3CLK <> PTCO/TPM3CHO
USER RAM 10 —
8K/ 6K 4K ~—>» PTD7/KBI2P7
<> PTD6/KBI2P6
TxD1
P
- [m]
DEBUG MODULE (DBG) a— = PTD4/KBI2P4
<552 »| 5 |<«—> PTD3/KBI2P3/SS2
SERIAL PERIPHERAL -t MISO2 » o ~«—>» PTD2/KBI2P2/MISO2
REAL TIME COUNTER (RTC) INTERFACE MODULE (SPI2) [10S!2 »| |<—> PTDLKBI2PLMOSI2
«SPSCK2 »| |<—> PTDOKBI2PO/SPSCK2
Voo —» —
o TxD2 ~—> PTE7/TPM3CLK
Voo S~ VOLTAGE SERIAL COMMUNICATIONS [ Rynp <—> PTE6
xss > REGULATOR INTERFACE (SCI2) - ~<—>»PTE5
o | <«—> PTE4
— sst e -
- - > & | PTE3/SST
PTI6 < SERIAL PERIPHERAL <t/ =0 »| © |<«—> PTE2IMISO1
PTI5 <> _ INTERFACE MODULE (SPIL) <o - » |«—>» PTEUMOSIL
PTI4 <> & < ’ » |<«—» PTEO/TPM2CLK/SPSCKL
PTIS -—>|Q |~ PTF7/ADP17
PTJ2 <—>~ — | |<«—> PTF6/ADP16
PTI1 <—>~ 24-CHANNEL,12-BIT | |<—>PTF5/ADP15
PTJO o ANALOG-TO-DIGITAL | - | <«—> PTF4/ADP14
. CONVERTER (ADC) | % | <> PTF3/ADP13
Vooa - L% |<—> PTF2/ADP12
Vssa - ~<—> PTF1/ADP11
- | |<—> PTFO/ADP10
PTH7/SDA2 <«—>»| |@— SDAZ. —
PTH6/SCL? <€—3 ‘—SCL2> [IC MODULE (lIC2) —  |«—» PTG7/ADP23
PTH5 <€—>] — l—» PTG6/ADP22
PTHE <3| = —————— (» [<«—> PTG5/ADP21
PTH3 <] O k- |<—> PTG4/ADP20
PTH? <l O |<«—> PTG3/ADP19
. — | |«—>PTG2/ADPI18
EI:(I) ® - Vpepn/VRerL internally connected to Vppa/Vssa in 48-pin and 32-pin packages «—>» PTG1
> o - Vpp and Vgg pins are each internally connected to two pads in 32-pin package | |«—>PTG0

Figure 9-1. MC9S08QE128 Series Block Diagram Highlighting ACMP Block and Pins
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9.1.5 Features

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

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

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

9.1.6 Modes of Operation
This section defines the ACMP operation in wait, stop and background debug modes.

9.1.6.1 ACMP in Wait Mode

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

9.1.6.2 ACMP in Stop Modes

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

During either -step or stop2 mode, the ACMP module will be fully powered down. Upon wake-up from
stept-or stop2 mode, the ACMP module will be in the reset state.

During stop3 mode, clocks to the ACMP module are halted. No registers are affected. In addition, the
ACMP comparator circuit will enter alow power state. No compare operation will occur while in stop3.

If stop3 isexited with areset, the ACMP will be put into itsreset state. If stop3 is exited with an interrupt,
the ACMP continues from the state it was in when stop3 was entered.

9.1.6.3 ACMP in Active Background Mode

When the microcontroller isin active background mode, the ACMP will continue to operate normally.

9.1.7 Block Diagram
The block diagram for the Analog Comparator module is shown Figure 9-2.

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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ACMPx+
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9.2

Analog Comparator (SOBACMPV3)
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.

Internal Bus
ACMPX
INTERRUPT
ACBGS ACIE REQUEST
Status & Control
ACF
ACME Register /
ACOPE
_>
o L
@] Q
% <
X &
+
Interrupt
/ Control
Comparator
- ACMPxO

External Signal Description

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

The ACMP hastwo analog input pins, ACMPx+ and ACMPx- and one digital output pin ACMPxO. Each
of these pins can accept an input voltage that varies across the full operating voltage range of the MCU.
As shown in Figure 9-2, the ACMPx- pin is connected to the inverting input of the comparator, and the
ACMPx+ pinisconnected to the comparator non-inverting input if ACBGSisa0. Asshownin Figure 9-2,
the ACMPxO pin can be enabled to drive an external pin.

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

Table 9-1. Signal Properties

Signal Function I/0
ACMPx- Inverting analog input to the ACMP. (Minus input) I
ACMPx+ Non-inverting analog input to the ACMP. (Positive input) I
ACMPxO Digital output of the ACMP. (@)

9.3

Register Definition

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

MC9S08QE128 MCU Series Reference Manual, Rev. 2

Freescale Semiconductor

171



Analog Comparator (SOBACMPV3)

Refer to the direct-page register summary in the memory section of this data sheet for the absolute address
assignments for the ACMP register.This section refersto register and control bits only by their names and
relative address off sets.

Some MCUs may have more than one ACMP, so register names include placeholder charactersto identify
which ACMP is being referenced.

9.3.1

ACMPx Status and Control Register (ACMPxSC)

ACMPXSC contains the status flag and control bits which are used to enable and configure the ACMP.

7 6 5 4 3 2 1 0
R ACO
ACME ACBGS ACF ACIE ACOPE ACMOD
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 9-3. ACMPx Status and Control Register

Table 9-2. ACMPx Status and Control Register Field Descriptions

Field Description
7 Analog Comparator Module Enable — ACME enables the ACMP module.
ACME 0 ACMP not enabled
1 ACMP is enabled
6 Analog Comparator Bandgap Select — ACBGS is used to select between the bandgap reference voltage or
ACBGS |the ACMPx+ pin as the input to the non-inverting input of the analog comparator.
0 External pin ACMPx+ selected as non-inverting input to comparator
1 Internal reference select as non-inverting input to comparator
5 Analog Comparator Flag — ACF is set when a compare event occurs. Compare events are defined by ACMOD.
ACF ACF is cleared by writing a one to ACF.
0 Compare event has not occurred
1 Compare event has occurred
4 Analog Comparator Interrupt Enable — ACIE enables the interrupt from the ACMP. When ACIE is set, an
ACIE interrupt will be asserted when ACF is set.
0 Interrupt disabled
1 Interrupt enabled
3 Analog Comparator Output — Reading ACO will return the current value of the analog comparator output. ACO
ACO is reset to a 0 and will read as a 0 when the ACMP is disabled (ACME = 0).
2 Analog Comparator Output Pin Enable — ACOPE is used to enable the comparator output to be placed onto
ACOPE |the external pin, ACMPXO.
0 Analog comparator output not available on ACMPxO
1 Analog comparator output is driven out on ACMPxO
1:0 Analog Comparator Mode — ACMOD selects the type of compare event which sets ACF.
ACMOD |00 Encoding 0 — Comparator output falling edge

01 Encoding 1 — Comparator output rising edge
10 Encoding 2 — Comparator output falling edge
11 Encoding 3 — Comparator output rising or falling edge

MC9S08QE128 MCU Series Reference Manual, Rev. 2
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9.4  Functional Description

The analog comparator can be used to compare two analog input voltages applied to ACMPx+ and
ACMPXx-; or it can be used to compare an analog input voltage applied to ACMPx- with an internal
bandgap reference voltage. ACBGS is used to select between the bandgap reference voltage or the
ACMPx+ pin as the input to the non-inverting input of the analog comparator. The comparator output is
high when the non-inverting input is greater than the inverting input, and is low when the non-inverting
input is less than the inverting input. ACMOD is used to select the condition which will cause ACF to be
set. ACF can be set on arising edge of the comparator output, afalling edge of the comparator output, or
either arising or afaling edge (toggle). The comparator output can be read directly through ACO. The
comparator output can be driven onto the ACMPxO pin using ACOPE.
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Chapter 10
Analog-to-Digital Converter (S08ADC12V1)

10.1 Introduction

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

Figure 10-1 shows the MC9S08QE128 Series with the ADC module and pins highlighted.

NOTE

Ignore any references to-stept-low-power mode in this chapter, because the
MC9S08QE128 device does not support it.

10.1.1 ADC Clock Gating

The bus clock to the ADC can be gated on and off using the SCGC1[ADC] bit. This bit is set after any
reset, which enables the bus clock to this module. To conserve power, the ADC bit can be cleared to disable
the clock to this module when not in use. See Section 5.7, “Peripheral Clock Gating,” for details.
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Figure 10-1. MC9S08QE128 Series Block Diagram Highlighting ADC Block and Pins
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10.1.2
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Module Configurations

This section provides device-specific information for configuring the ADC on the MC9S08QE128 Series.

10.1.2.1

Channel Assignments

The ADC channel assignments for the MC9S08QE128 Series devices are shown in Table 10-1. Reserved
channels convert to an unknown value.

Table 10-1. ADC Channel Assignment

ADCH | Channel Input Pin Control ADCH | Channel Input Pin Control
00000 ADO PTAO/ADPO ADPCO 10000 AD16 PTF6/ADP16 N/A
00001 AD1 PTA1/ADP1 ADPC1 10001 AD17 PTF7/ADP17 N/A
00010 AD2 PTA2/ADP2 ADPC2 10010 AD18 PTG2/ADP18 N/A
00011 AD3 PTA3/ADP3 ADPC3 10011 AD19 PTG3/ADP19 N/A
00100 AD4 PTBO/ADP4 ADPC4 10100 AD20 PTG4/ADP20 N/A
00101 AD5 PTB1/ADP5 ADPC5 10101 AD21 PTG5/ADP21 N/A
00110 AD6 PTB2/ADP6 ADPC6 10110 AD22 PTG6/ADP22 N/A
00111 AD7 PTB3/ADP7 ADPC7 10111 AD23 PTG7/ADP23 N/A
01000 ADS8 PTA6/ADP8 N/A 11000 AD24 Reserved N/A
01001 AD9 PTA7/ADP9 N/A 11001 AD25 Reserved N/A
01010 AD10 PTFO/ADP10 N/A 11010 AD26 Temperature N/A
Sensor!
01011 AD11 PTF1/ADP11 N/A 11011 AD27 Internal Bandgap N/A
01100 AD12 PTF2/ADP12 N/A 11100 — Reserved N/A
01101 | AD13 PTF3/ADP13 N/A 11101 | Vgern Vop N/A
01110 | AD14 PTF4/ADP14 N/A 11110 | Vger Vss N/A
01111 AD15 PTF5/ADP15 N/A 11111 Module None N/A
Disabled

10.1.2.2

For information, see Section 10.1.2.4, “Temperature Sensor.”

NOTE

Selecting the internal bandgap channel requires SPMSC1[BGBE] to be set,
see Section 5.8.7, “System Power Management Status and Control 1
Register (SPMSC1).” For the value of bandgap voltage reference see the
data sheet.

Alternate Clock

The ADC is capable of performing conversions using the MCU bus clock, the bus clock divided by two,
the local asynchronous clock (ADACK) within the module, or the alternate clock (ALTCLK). The
ALTCLK on the MC9S08QE128 Series is the ICSERCLK. See Chapter 11, “Internal Clock Source
(S081CSV3),” for more information.
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10.1.2.3 Hardware Trigger

The ADC may initiate a conversion via software or a hardware trigger. The RTC can be enabled as the
hardware trigger for the ADC module by setting ADCSC2[ADTRG]. When enabled, the ADC is triggered
each time RTCINT matches RTCMOD. The RTC interrupt does not have to be enabled to trigger the ADC.

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

10.1.2.4 Temperature Sensor

The ADC module includes a temperature sensor whose output is connected to one of the ADC analog
channel inputs. Equation 10-1 provides an approximate transfer function of the temperature sensor