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MCF51QE128 Series Features

+ 32-Bit Version 1 ColdFire® Central Processor Unit (CPU) ¢ ACMPx -— Two analog comparators with selectable

— Upto 50.33-MHz ColdFire CPU from 3.6V to 2.1V, and
20-MHz CPU at 2.1V to 1.8V across temperature range
of -40°C to 85°C

— Provides 0.94 Dhrystone 2.1 MIPS per MHz
performance when running from internal RAM
(0.76 DMIPS/MHz from flash)

— Implements Instruction Set Revision C (ISA_C)

— Support for up to 30 peripheral interrupt requests and
seven software interrupts

¢ On-Chip Memory

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

— Random-access memory (RAM)

— Security circuitry to prevent unauthorized access to
RAM and flash contents

* Power-Saving Modes

— Two low power stop modes; reduced power wait mode

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

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

— Very low power real time counter for use in run, wait,
and stop modes with internal and external clock sources
— 6 ps typical wake up time from stop modes

Clock Source Options

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

— Internal Clock Source (ICS) — FLL controlled by
internal or external reference; precision trimming of
internal reference allows 0.2% resolution and 2%
deviation; supports CPU freq. from 2 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

— Illegal opcode and illegal address detection with
programmable reset or exception response

— Flash block protection

Development Support

— Single-wire background debug interface

— 4 PC plus 2 address (optional data) breakpoint registers
with programmable 1- or 2-level trigger response

— 64-entry processor status and debug data trace buffer
with programmable start/stop conditions

ADC — 24-channel, 12-bit resolution; 2.5 ps conversion

time; automatic compare function; 1.7 mV/°C temperature

sensor; internal bandgap reference channel; operation in

stop3; fully functional from 3.6V to 1.8V

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

SCIx — Two SCls with full duplex non-return to zero

(NRZ); LIN master extended break generation; LIN slave

extended break detection; wake up on active edge

SPIx— Two serial peripheral interfaces with Full-duplex

or single-wire bidirectional; Double-buffered transmit and

receive; MSB-first or LSB-first shifting

[1Cx — Two 11Cs with; 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 and two 3-channel; Selectable

input capture, output compare, or buffered edge- or

center-aligned PWMs on each channel

RTC — 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

Input/Output

— 70 GPIOs and 1 input-only and 1 output-only pin

— 16 KBI interrupts with selectable polarity

— Hysteresis and configurable pull-up device on all input
pins; Configurable slew rate and drive strength on all
output pins.

— SET/CLR registers on 16 pins (PTC and PTE)

— 16 bits of Rapid GPIO connected to the CPU’s
high-speed local bus with set, clear, and toggle
functionality
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Chapter 1
Device Overview

The MCF51QE128, MCF51QE64, and MCFS51QE32 are members of the low-cost, low-power,
high-performance Version 1 (V1) ColdFire family of 32-bit microcontroller units (MCUs). All MCUs in
the family use the enhanced V1 ColdFire core and are available with a variety of modules, memory sizes,
and package types. CPU clock rates on these devices can reach 50.33 MHz. Peripherals operate up to
25.165 MHz.

11 Devices in the MCF51QE128/64/32 Series

Table 1-1 summarizes the feature set available in the MCF51QE128/64/32 series of MCUs.
' Table 1-1. MCF51QE128 Series Features by MCU and Package

Feature MCF51QE128 MCF51QE64 MCF51QE32
Flash size (Kbytes) 128 64 32
RAM size (Kbytes) 8 8 8
Pin quantity 80 64 64 64
Version 1 ColdFire core with debug yes
ACMP1 yes
ACMP2 yes
ADC channels 24 l 20 L 20 L 20
ICS yes
lIc1 yes
lIc2 yes
KBI 16
Port 0"+ 2 o | s | 54 54
Rapid GPIO yes
CoP yes
RTC yes
Sci yes
SCI2 yes
SPIH yes
SPI12 yes
Interrupt Controller yes
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Chapter 1 Device Overview

1.2

Table 1-1. MCF51QE128 Series Features by MCU and Package (continued)

Feature MCF51QE128 MCF51QE64 MCF51QE32
External IRQ yes
Low-Voltage Detect (LVD) yes
TPM1 channels 3
TPM2 channels 3
TPM3 channels 6
XO0SsC yes

1 Port I/O count does not include the input-only PTA5/IRQ/TPM1CLK/RESET or the output-only
PTA4/ACMP10/BKGD/MS.
2 16 bits associated with Ports C and E are shadowed with ColdFire Rapid GPIO module.

MCU Block Diagram
The block diagram in Figure 1-1 shows the structure of the MCF51QE128/64/32 MCU.
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Figure 1-1. MCF51QE128/64/32 Block Diagram
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Chapter 1 Device Overview

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

Table 1-2. Module Versions

Module Version
Analog Comparator (ACMP) 4
Analog-to-Digital Converter (ADC) 1
V1 ColdFire Core (CF1_CORE) 1
V1 ColdFire Interrupt Controller (CF1_INTC) 1
V1 ColdFire Debug Module (CF1_DEBUG) 1
General Purpose I/0 (GPIO) 2
Inter-Integrated Circuit (lIC) 2
Internal Clock Source (ICS) 3
Keyboard Interrupt (KBI) 2
Low-Power Oscillator (OSCVLP) 1
Port Set/Clear (PSC) 1
Rapid GPIO (RGPIO) 1
Real-Time Counter (RTC) 1
Serial Communications Interface (SClI) 4
Serial Peripheral Interface (SPI) 3
Timer Pulse Width Modulator (TPM) 3
Voltage Regulator (PMCx) 1

1.3 V1 ColdFire Core

The MCF51QE128/64/32 devices contain the Version 1 (V1) ColdFire core optimized for area and
low-power. This CPU implements ColdFire instruction set architecture revision C (ISA_C):

«  No hardware support for MAC/EMAC and DIV instructions'
*  Provides upward compatibility to all other ColdFire cores (V2—V5)

For more details on the V1 ColdFire core, see Chapter 7, “ColdFire Core”.

1.4 System Clocks
This section discusses on-chip clock generation and distribution for the MCF51QE128/64/32 devices.

1.4.1 Internal Clock Source (ICS) Module

Figure 1-2 shows a simplified view of the internal clock source module. For clarity, only one of three
available FLL modules is shown.

1. These operations can be emulated via software functions.
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1.4.2
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Figure 1-2. Simplified ICS Block Diagram

System Clock Distribution

Figure 1-3 shows a simplified clock connection diagram. Some modules in the MCU have selectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) used to drive the module function.
All memory mapped registers associated with the modules (except RGPIO) are clocked with the peripheral
clock (BUSCLK). The RGPIO registers are clocked with the CPU clock (ICSOUT). With the exception
of the oscillator clock supplied directly to the RTC, the ICS supplies all clock sources:

3

ICSOUT — This clock source is used throughout the core including the CPU. For consistency, it
is known simply as the CPU clock. It is divided by two to generate the peripheral bus clock. Control
bits in the ICS control registers determine which of three clock sources is connected:

— Internal reference clock

— External reference clock

— Frequency-locked loop (FLL) output

See Chapter 12, “Internal Clock Source (SO8ICSV3),” for details on configuring the ICSOUT
clock.

ICSLCLK — This clock source is derived from the 10/20 MHz DCO (digitally controlled
oscillator) of the ICS when the ICS is configured to run off of the internal or external reference
clock. Development tools can select this internal self-clocked source (~10 MHz) to speed up BDC
communications in systems where the bus clock is slow.
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Figure 1-3. System Clock Distribution Diagram

OSCOUT — This is the direct output of the external oscillator module and can be selected as the
real-time counter clock source. See Chapter 14, “Real-Time Counter (SO8RTCV1),” for more
information.

ICSERCLK — This is the external reference clock and can be selected as the real-time counter
clock source or the alternate clock for the ADC module. Section 11.4.7, “External Reference
Clock,” explains the ICSERCLK in more detail. See Chapter 11, “Analog-to-Digital Converter
{(SO8ADCI12V1),” for more information regarding the use of ICSERCLK with this module.
ICSIRCLK — This is the internal reference clock and can be selected as the real-time counter clock
source. Section 11.4.6, “Internal Reference Clock,” explains the ICSIRCLK in more detail. See
Chapter 14, “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
ICSFFCLK is determined by the settings of the ICS. See Section 11.4.8, “Fixed Frequency Clock,”
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 14, “Real-Time Counter (S08RTCV 1),” and Section 5.3.1, “Computer
Operating Properly (COP) Watchdog,” for details on using the LPOCLK with these modules.
TPMxCLK — TPMxCLKSs are optional external clock sources for the TPM modules. The
TPMxCLK must be limited to 1/4 the frequency of the bus clock for synchronization. See
Section 16.2.1, “External TPM Clock Sources,” for more details.
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The ADC module also has an internally generated asynchronous clock that allows it to run in stop mode
(ADACK). This signal is not available externally and is not shown in this figure.

143 ICS Modes of Operation

There are seven modes of operation for the internal clock source (ICS) module: FEI, FEE, FBI, FBILP,
FBE, FBELP, and stop. These are shown in Figure 1-4. The IREFS and CLKS fields are contained within
the ICS module definition. The LP bit is part of the on-chip power management controller (PMC) block.
It is the responsibility of the software to ensure that the system bus frequency is less than 125 kHz and the
FLLs are disengaged prior to enabling switching the LP bit to enable FBELP and FBILP modes of
operation.

The clock source for the BDC is controlled by the debug CLKSW bit, discussed later in this document.
Choices for the BDC clock are ICSOUT and the output from the 10MHz bus / 20 MHz CPU clock FLL.
1.4.3.1 FLL Engaged Internal (FEI)

In FLL engaged internal mode, which is the default mode, the ICS supplies a clock derived from one of
three on chip FLLs, which are controlled by the internal reference clock. Upon exiting reset, the default
FLL generates the 10 MHz bus/20 MHz CPU clocks.

1.43.2 FLL Engaged External (FEE)

In FLL engaged external mode, the ICS supplies a clock derived from one of the three FLLs, which are
controlled by an external reference clock.

1.4.3.3 FLL Bypassed Internal (FBI)

In FLL bypassed internal mode, the FLLs are enabled and controlled by the internal reference clock, but
are bypassed. The ICS supplies a clock derived from the internal reference clock.

1.43.4 FLL Bypassed Internal Low-Power (FBILP)

In FLL bypassed internal low-power mode, the FLLs are disabled and bypassed, and the ICS supplies a
clock derived from the internal reference clock.

1.43.5 FLL Bypassed External (FBE)

In FLL bypassed external mode, the FLLs are enabled and controlled by an external reference clock, but
are bypassed. The ICS supplies a clock derived from the external reference clock. The external reference
clock can be an external crystal/resonator supplied by an OSC controlled by the ICS, or it can be another
external clock source.
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Figure 1-4. ICS Modes of Operation

1.4.36 FLL Bypassed External Low-Power (FBELP)

In FLL bypassed external low-power mode, the FLLs are disabled and bypassed, and the ICS supplies a
clock derived from the external reference clock. The external reference clock can be an external
crystal/resonator supplied by an OSC controlled by the ICS, or it can be another external clock source.

1.43.7 Stop (STOP)

In stop mode, the FLLs are disabled and the internal or external reference clocks can be selected to be
enabled or disabled. The ICS does not provide an MCU clock source unless the debug ENBDM bit is set.
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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

Figure 2-1 shows the 80-pin assignments for the MCF51QE128 devices. Figure 2-2 shows the 64-pin
assignments for the MCF51QE128/64/32 devices.
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Pins in bold are added from the next smaller package.

Figure 2-1. 80-Pin LQFP
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Figure 2-2. 64-Pin LQFP

2.2 Recommended System Connections

Figure 2-3 shows pin connections common to MCF51QE128/64/32 application systems.
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l&«———> PTAO/KBI1PO/TPM1CHO/ADPO/ACMP1+
l«———> PTA1/KBI1P1/TPM2CHO/ADP1/ACMP1-
t«——> PTA2/KBI1P2/SDA1/ADP2
le———> PTA3/KBI1P3/SCL1/ADP3
>» PTA4/ACMP10/BKGD/MS

< PTA5/IRQ/TPM1CLK/RESET

l«———> PTA6/TPM1CH2/ADP8
€———> PTA7/TPM2CH2/ADP9

l«————> PTBO/KBI1P4/RxD1/ADP4
l«———> PTB1/KBI1P5/TxD1/ADP5
l<——> PTB2/KBI1P6/SPSCK1/ADP6
j«————> PTB3/KBI1P7/MOSI1/ADP7
«——> PTB4/TPM2CH1/MISO1
l€«———> PTB5/TPM1CH1/SS81

> PTB6/SDA1/XTAL
» PTB7/SCL1/EXTAL

(«——> PTCO/RGPIO8/TPM3CHO
<———> PTC1/RGPIO9/TPM3CH1
[€«———> PTC2/RGPIO10TPM3CH2
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l«——> PTC7/RGPIO15/TxD2/ACMP2-
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|€«——> PTD1/KBI2P1/MOSI2

[€«———> PTD2/KBI2P2/MISO2
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l«———> PTG5/ADP21
l«——>» PTG6/ADP22
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1

l€«————> PTG7/ADP23

POR or setting CSR2[BDFR] with BGKD held low after issuing the BDM write command.
2 RESET/IRQ features have optional internal pullup device.
3 RC filter on RESET/IRQ pin recommended for noisy environments.

Figure 2-3. Basic System Connections

RESET pin can only be used to reset into user mode; it cannot be used to enter BDM. Entry into BDM is accomplished by holding BGKD low during
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Chapter 2 Pins and Connections

2.2.1 Power

Vpp and Vg are the primary power supply pins for the MCU. This voltage source supplies power to all
1/0 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 a bulk electrolytic capacitor, such as a 10uF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1uF ceramic bypass capacitor located as close to the MCU power pins as
practical to suppress high-frequency noise. The MCF51QE128/64/32has two Vpp pins. Each pin must
have a bypass capacitor for best noise suppression.

Vppap and Vggap are the analog power supply pins for the MCU. This voltage source supplies power to
the ADC module. A 0.1pF ceramic bypass capacitor should be located as close 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 12, “Internal Clock Source (S081CSV3)”.

The oscillator (XOSC) in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic
resonator. Optionally, an external clock source can be connected to the EXTAL input pin.

Refer to Figure 2-3 for the following discussion. Rg (when used) and Ry 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 specifically designed
for high-frequency applications.

R is used to provide a bias path to keep the EXTAL input in its linear range during crystal startup; its value
is not generally critical. Typical systems use 1 MQ to 10 MQ. Higher values are sensitive to humidity and
lower values reduce gain and (in extreme cases) could prevent startup.

C1 and C2 are typically in the SpF to 25pF 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 a load capacitance that
is the series combination of C1 and C2 (which are usually the same size). As a first-order approximation,
use 10pF as an estimate of combined pin and PCB capacitance for each oscillator pin (EXTAL and XTAL).

223 RESET and RSTO

After a power-on reset (POR), the PTA5/IRQ/TPM1CLK/RESET pin defaults to a general-purpose input
port pin, PTAS. Setting RSTPE in SOPT1 configures the pin to be the RESET pin. After configured as
RESET, the pin remains RESET until the next POR. The RESET pin can be used to reset the MCU from
an external source when the pin is driven low. When enabled as the RESET pin (RSTPE = 1), the pin is
configured as an input with an internal pullup device automatically enabled.
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NOTE

The RESET pin does not contain a clamp diode to Vpp and should not be
driven above Vpp.

NOTE

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

After a power-on reset (POR), the PTC4/RGPIO12/TPM3CH4/RSTO pin defaults to a general-purpose
port pin, PTC4. Setting RSTOPE in SOPT1 configures the pin as an open drain with internal pullup acting
as reset out (RSTO). The RSTO pin reflects the current state of the internal MCU reset signal. As long as
the MCU is not in a reset state, the RSTO pin is driven high. When an internal reset occurs and RSTPE is
set, the RSTO pin is pulled low for as long as the internal reset signal is low. This allows other devices in
the system to detect the MCU’s reset state.

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. After being configured as RSTO, the pin
remains in this mode until the next POR.

NOTE

The RSTO pullup should not be used as a pullup for components external to
the MCU. Inputs to internal gates connected to this pin are resistively pulled
high, but VDD is not seen at the pin itself.

224 Background / Mode Select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset (see the BDFR bit in Section 18.3.3,
“Configuration/Status Register 2 (CSR2),” for more information), the PTA4/ACMP10/BKGD/MS pin
functions as a mode select pin. Immediately after any reset, the pin functions as the background data pin
and can be used for background debug communication.

The debug communication function is enabled when SOPT1[BKGDPE] is set. When enabled as the
BKGD/MS pin (BKGDPE = 1), an internal pullup device is automatically enabled. BKGDPE is set
following any reset of the MCU and must be cleared to use the PTA4/ACMP10/BKGD/MS pin’s
alternative pin functions.

If this pin is unconnected, the MCU enters normal operating mode at the rising edge of the internal reset
after a POR or forced BDC reset. If a debug system is connected to the 6-pin standard background debug
header, it can hold BKGD/MS low during a POR or immediately after issuing a background debug force
resetl, which forces the MCU to halt 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. The target MCU’s
BDC clock can be as fast as the bus clock rate, so there should never be any significant capacitance
connected to the BRGD/MS pin that could interfere with background serial communications.

1. Specifically, BKGD must be held low through the first 16 cycles after deassertion of the internal reset.
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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 speed-up pulses to ensure fast rise times. Small capacitances from
cables and the absolute value of the internal pullup device play almost no role in determining rise and fall
times on the BKGD/MS pin.

2.25 ADC Reference Pins (VRgrn, VREFL)

The Vrery and Vigpp pins are the voltage reference high and voltage reference low inputs, respectively,
for the ADC module.

2.2.6 General-Purpose I/O and Peripheral Ports

The MCF51QE128/64/32series of MCUs 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 /O, 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 a port pin is
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pull-up device. Immediately after reset, all of these pins are configured as high-impedance
general-purpose inputs with internal pull-up devices enabled.

PTC4 is a special case I/0 pin. When the PTC4/RGPIO12/TPM3CH4/RSTO pin is configured as RSTO,
it is an open drain output with an internal pullup. The voltage observed on the pin is not pulled to VDD,
and an external pullup resistor is recommended if this pin must drive off-chip signals.

PTAS/IRQ/TPM1CLK/RESET is also a special case I/O pin. It can only be configured as an input.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from the port data registers, even though the peripheral controls the pin direction via the pin’s output
buffer enable. For information about controlling these pins as general-purpose 1/0 pins, see Chapter 6,
“Paralle! Input/Output Control”.

NOTE

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

MCF51QE128 MCU Series Reference Manual, Rev. 3

Freescale Semiconductor 39
Gied the tates] version from fresseale.onm



Chapter 2 Pins and Connections

Table 2-1. Pin Assignment by Package and Pin Sharing Priority

Nu'::l‘:e r Lowest — Priority — Highest
80 | 64 Port Pin Alt1 Alt 2 Alt3 Alt 4
1 1 PTD1 KBI2P1 MOSI2

2 2 PTDO KBI2PO SPSCK2

3 3 PTH7 SDA2

4 4 PTH6 SCL2

5 — PTH5

6 — PTH4

7 5 PTE7 RGPIO7 TPM3CLK

8 6 Vop
9 7 Vopap
10 8 VREFH
1m] 9 VRerL
12 [ 10 Vssap
13 ] 11 Vss
14 12 PTB7 SCL1 EXTAL
15[ 13 PTB6 SDA1 XTAL
16 —_ PTH3

17 —_ PTH2

18 14 PTH1

19 [ 15 PTHO

20 16 PTE6 RGPIO6

21 17 PTES RGPIOS

22 18 PTB5 TPM1CH1 SS1

23 19 PTB4 TPM2CH1 MISO1

24 20 PTC3 RGPIO11 TPM3CH3

25 21 PTC2 RGPIO10 TPM3CH2

26 22 PTD7 KBI2P7

27 23 PTD6 KBI2P6

28 24 PTD5 KBI2P5

29 — PTJ7

30 —_ PTJ6

31 — PTJ5

32 _ PTJ4

33 25 PTC1 RGPIO9 TPM3CH1

34 26 PTCO RGPIO8 TPM3CHO

35 27 PTF7 ADP17
36 28 PTF6 ADP16
37 29 PTF5 ADP15
38 30 PTF4 ADP14
39 31 PTB3 KBI1P7 MOSIH7 ADP7
40 32 PTB2 KBI1P6 SPSCK1 ADP6
41 33 PTB1 KBI1P5 TxD1 ADP5
42 34 PTBO KBI1P4 RxD1 ADP4
43 - PTJ3
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Table 2-1. Pin Assignment by Package and Pin Sharing Priority (continued)

Nu':l?)er Lowest “— Priority — Highest
80 | 64 Port Pin Alt1 Alt 2 Alt3 Alt 4
44 - PTJ2

45 35 PTF3 ADP13
46 36 PTF2 ADP12
47 | 37 PTA7 TPM2CH2 ADP9
48 | 38 PTA6 TPM1CH2 ADP8
49 39 PTE4 RGPIO4

50 40 VDD
51 M VSS
52 | 42 PTF1 ADP11
53 43 PTFO ADP10
54 — PTJ1

55 —_ PTJO

56 44 PTD4 KBI2P4

57 45 PTD3 KBI2P3 SS82

58 46 PTD2 KBI2P2 MISO2

59 | 47 PTA3 KBI1P3 SCL12 ADP3
60 | 48 PTA2 KBI1P2 SDA1 ADP2
61 49 PTA1 KBI1P1 TPM2CHO ADP1 ACMP1-
62 50 PTAO KBI1PO TPM1CHO ADPO ACMP1+
63 51 PTC7 RGPIO15 TxD2 ACMP2-
64 52 PTC6 RGPIO14 RxD2 ACMP2+
65 | — PTG7 ADP23
66 — PTG6 ADP22
67 — PTG5 ADP21
68 —_ PTG4 ADP20
69 53 PTE3 RGPIO3 SS1

70 | 54 PTE2 RGPIO2 MISO1

71 | 55 PTG3 ADP19
72 56 PTG2 ADP18
73 57 PTG1

74 58 PTGO

75 | 59 PTE1 RGPIO1 MOSH

76 60 PTEO RGPIOO TPM2CLK SPSCK1

77 61 PTC5 RGPIO13 TPM3CH5 ACMP20
78 62 PTC4 RGPIO12 TPM3CH4 RSTO

79 63 PTA5 IRQ TPM1CLK RESET

80 64 PTA4® ACMP10 BKGD MS

-

SPI1 pins (SS1, MISO1, MOSI1, and SPSCK2) can be repositioned using
SOPT2[SPI1PS]. Default locations are PTB5, PTB4, PTB3, and PTB2, respectively.

MCF51QE128 MCU Series Reference Manual, Rev. 3

Freescale Semiconductor 41
Gied the iatest version from fresscalooom



Chapter 2 Pins and Connections

2 1IC1 pins (SCL1 and SDA1) can be repositioned using SOPT2[IIC1PS]. Default
locations are PTA3 and PTA2, respectively.
3 PTA4/ACMP10/BKGD/MS is limited to output-only for the port /O function.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MCF51QE128/64/32 are described in this chapter. Entry into each mode, exit
from each mode, and functionality while in each of the modes are described.

The overall system mode is generally a function of a number of separate, but inter-related variables: debug
mode, security mode, power mode, and clock mode. Clock modes were discussed in Section 1.4.3, “I1CS
Mades of Operation”. This chapter explores the other dimensions of the system operating mode.

3.2 Features

¢ Debug mode for code development. For V1 ColdFire devices, such as MCF51QE128/64/32 ,
debug mode is mutually exclusive with use of secure mode (next item).

* Secure mode — BDC access to CPU resources is extremely restricted. It is possible to tell that the
device has been secured, and to clear security, which involves mass erasing the on-chip flash
memory. No other CPU access is allowed. Secure mode can be used in conjunction with each of
the power modes below.

*  Run mode — CPU clocks can be run at full speed and the internal supply is fully regulated.

*  LPrun mode — CPU and peripheral clocks are restricted to 250 kHz CPU clock and 125 kHz bus
clock maximum and the internal supply is in soft regulation.

¢ Wait mode — CPU shuts down to conserve power; peripheral clocks are running and full
regulation is maintained.

* LPwait mode — CPU shuts down to conserve power; peripheral clocks are running at reduced
speed (125 kHz maximum) and the internal voltage regulator is running in loose regulation mode.

» Stop modes — System (CPU and peripheral) clocks are stopped.

— Stop4 — All internal circuits are powered (full regulation mode) and internal clock sources still
at max frequency for fastest recovery.

— Stop3 — All internal circuits are loosely regulated and clocks sources are at minimal values
(125 kHz maximum), providing a good compromise between power utilization and speed of
recovery.

— Stop2 — Partial power-down of internal circuits; RAM content is retained. The lowest power
mode for this device. A reset is required to return from stop2 mode.

On the MCF51QE128/64/32 , wait, stop2, stop3, and stop4 are all entered via the CPU STOP instruction.
See Table 3-1, Figure 3-2, and subsequent sections of this chapter for details.
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Chapter 3 Modes of Operation

3.3 Overview

The ColdFire CPU has two primary user modes of operation, run and stop. (The CPU also supports a halt
mode that is used strictly for debug operations.) The STOP instruction is used to invoke stop and wait
modes for this family of devices.

If the WAITE control bit is set when STOP is executed, the wait mode is entered. Otherwise, if the STOPE
bit is set, the CPU enters one of the stop modes. It is illegal to execute a STOP instruction if neither STOPE
or WAITE are set. This results in reset assertion if CPUCR[IRD] is cleared or an illegal instruction
exception if CPUCR[IRD] is set.

The MCF51QE128/64/32 devices augment stop, wait, and run in a number of ways. The power
management controller (PMC) can run the device in fully-regulated mode, standby mode, and partial
power-down mode. Standby (loose regulation) or partial power-down can be programmed to occur
naturally as a result of a STOP instruction. Additionally, standby mode can be explicitly invoked via the
LPR (low-power) bit in the PMC. Use of standby is limited to bus frequencies less than 125 kHz; and
neither standby nor partial power-down are allowed when the ENBDM bit is set to enable debugging in
stop and wait modes.

During partial power-down mode, the regulator is in standby mode and much of the digital logic on the
chip is switched off. These interactions can be seen schematically in Figure 3-1. This figure is for
conceptual purposes only. It does not reflect any sequence or time dependencies between the PMC and
other parts of the device, nor does it represent any actual design partitioning.

STOP ‘|——j_\ SPMSC2[PPDC]
SOPT1[STOPE] n Stop Mode Partial Power Down
{o]
SOPT1[WAITE] ———’—OL—J
LVD Off
SPMSC1[LVDE] — /
SPMSC1[LVDSE]— Standby Enable
" Standby
CSR2[ENBDM]
SPMSC2[LPR]

Figure 3-1. MCF51QE128/64/32 Power Modes - Conceptual Drawing

It is illegal for the software to have PPDC and LPR asserted concurrently. This restriction arises because
the sequence of events from normal to low-power modes involves use of both bits. After entering a
low-power mode, it is not possible to switch to another low-power mode.
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Chapter 3 Modes of Operation

Table 3-1. CPU / Power Mode Selections

SOPT1 CSR2 SPMSC1 SPMSC2
BDC PMC PMC Effects on Sub-System
. CPU and
Mode of Operation w w = w w - « |Peripheral Clocks Switched
= a s 7] a witc
o o o a BDC Clock
|3 g 2 = > pr} e Power
Run mode - processor and peripherals clocked X X X 0 X on
ormally.
normaty ) On. ICS in any o
X x X x x mode Note: When not n
needed, the BDC
1 X X X X clock can be gated
off at the discretion
LPrun mode with low voltage detect disabled - 0 0 X . of the processor.
processor and peripherals clocked at low X X q 0 Lolv(;g?g :;?é"l'_rgd' The clock is Loose Re
frequency*. 0 1 o mode available within a 9
Low voltage detects are not active. : few cycles of
demand by the
Wait mode - processor clock nominally inactive, but X X X (4] X Periph clocks on. processor,
peripherals are clocked. CPU clock on if normally when a
X 1 X 1 1 X X ENBDM=1. negative edge is On
detected on
1 X N X M on BKGD. The BDM
command
LPwait mode - processor clock is inactive, (] X CPU clock is off. thas;socna:‘gd wgh
peripherals are clocked at low frequency and the « i o 4 o Periph clocks at | thatnegal tvtei ge Loose Re
PMC is loosely regulating. 5 5 low speed. may frfmct ake g
Low voltage detects are not active. ICS in FBELP. atect.
Stop modes disabled; lllegal opcode reset if STOP Function
instruction executed and CPUCRI[IRD] is cleared, of BKGD/ _ Function of
else illegal instruction exception is generated. 0 0 mMsat | =1 =1 =0 =0 =0n BKGD/MS atreset | = O"
reset
Stop4 - Either low-power modes have not been X X X 0 0
requested, or low voltage detects are enabled or Peripheral clocks
ENBDM =1. X 1 1 1 0| off. CPU clock onif | BDC clock enabled
i o ENBDM=1. only if ENBDM=1 On
: i X 1 1 [¢] 1 prior to entering
stop.
CPU clock on.
1 x x X x Periph clocks off.
Stop3 - Low voltage detect in stop is not enabled. 1 d Low freq required.
Clocks must be at low frequency and are gated. The | & ICS in FBELP
regulator is in loose regulation. 1 o0 0 1 a mode. CPU and Off Loose Reg
1 0 X peripheral clocks
are gated off.
Stop2 - Low voltage detects are not active. if BDC is . 1 0
enabled, stop4 is invoked rather than stop2. 1 0 ] 1 N/A N/A Off
(V] X
! ENBDM is located in the upper byte of the XCSR register which is write-accessible only through BDC commands, see
Section 18.3.2, “Extended Configuration/Status Register (XCSR)".
2 250 kHz maximum CPU frequency in LPrun; 125 kHz maximum peripheral clock frequency.
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Chapter 3 Modes of Operation

@ @ Mode Regulator State

Run Full On

Wait Full On

o @ @ Stop4 Full On
LPrun Standby

LPwait Standby

Stop3 Standby

@ @ Stop2 Partial Power Off

Figure 3-2. Allowable Power Mode Transitions for Mission Mode MCF51QE128/64/32

Figure 3-2 illustrates mission mode state transitions allowed between the legal states shown in Table 3-1.
PTAS/IRQ/TPM1CLK/RESET must be asserted low to exit stop2. Only interrupt assertion is necessary to
exit the other stop and wait modes.

Figure 3-3 takes the same set of states and transitions shown in Figure 3-2 and adds the BDM halt mode
for development purposes. If BDM is enabled, the chip automatically shifts LP modes into their fully
regulated equivalents. If software or debugger set the LPR bit in SPMSC2 while BDM is enabled, the
LPRS bit reflects the fact that the regulator is not in standby. Similarly, the PPDF does not indicate a
recovery from stop2 if ENBDM forced stop4 to occur in its place.l

Stated another way, if ENBDM has been set via the BDM interface, then the power management controller
keeps (or puts) the regulator in full regulation despite other settings in the contrary. The states shown in
Figure 3-3 then map as follows:

*  LPrun = Run

e LPwait = Wait
* Stop3 = Stop4
* Stop2 = Stop4

From a software perspective (and disregarding PMC status bits), the system remains in the appropriate
low-power state, and can be debugged as such.

See Section 3.7, “Wait Modes,” for a description of the various ways to enter halt mode.

1. This can have subtle impacts on recovery from stop. The IRQ input can wake the device from stop4 if it has been enabled for
that purpose. That same pin wakes the device from stop2 even when the IRQ is not enabled (there is an asynchronous path to
the power management controller in that state).
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Figure 3-3. All Allowable Power Mode Transitions for MCF51QE128/64/32

Table 3-2 defines triggers for the various state transitions shown in Figure 3-2.

Table 3-2. Triggers for Transitions Shown in Figure 3-2

Transition # From To Trigger
Run LPrun E'g;fgul;esfettings shown in Table 3-1, switch
1 Clear LPR
LPrun Run Interrupt when LPWUI=1
Negative transition on enabled BKGD/MS pin.
Run Stop2 g;_ec;cg)ir:isgtytjur;isoenttings shown in Tabie 3-1, execute
2 Stop2 Run Assert zero on PTAS/IRQ/TPM1 CLK/RESET! or
RTC timeout. Reload environment from RAM
\ LPrun LPwait g;%?::gi;;imngs shown in Table 3-1, execute
LPwait LPrun Interrupt when LPWUI=0
LPrun Stop3 Execute STOP instruction
¢ Stop3 LPrun Interrupt when LPWUI=0
LPwait Run Interrupt when LPWUI=1
® Bun i Not supported.

Pre-configure settings shown in Table 3-1, execute

6 Run Wait STOP instruction
Wait Run Interrupt
Pre-configure settings shown in Table 3-1, execute
7 Run Stop4 STOP instruction
Stop4 Run Interrupt
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Table 3-2. Triggers for Transitions Shown in Figure 3-2 (continued)

Transition # From To Trigger
Stop3 Run Interrupt when LPWUI=1
8 N X X
Pre-configure settings shown in Table 3-1, execute
Run Stop3 STOP instruction
When a BACKGROUND command is received
Stop4 Halt through the BKGD/MS pin (ENBDM must equal
9 one).
o Not supported.
Halt Run GO instruction issued via BDM
When a BACKGROUND command is received
10 Run Halt through the BKGD/MS pin OR

When a HALT instruction is executed OR
When encountering a BDM breakpoint

} When a BACKGROUND command is received
Wait Halt through the BKGD/MS pin (ENBDM must equal
1 one).

‘| Not supported.

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

Individual power states are discussed in more detail in the following sections.

3.4 Debug Mode

Debug mode functions are managed through the background debug controller (BDC) in the Version 1
ColdFire core. The BDC provides the means for analyzing MCU operation during software development.

The debug interface 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 MCF51QE128/64/32 is
shipped from the Freescale Semiconductor factory, the flash program memory is erased by default unless
specifically noted, so there is no program that could be executed in run mode until the flash memory is
initially programmed. The debug interface can also be used to erase and reprogram the flash memory after
it has been previously programmed.

See Chapter 18, “Version | ColdFire Debug (CF1_DEBUG),” for more details regarding the debug
interface.

3.5 Secure Mode

While the MCU is in secure mode, there are severe restrictions on which debug commands can be used.
In this mode, only the upper byte of the core’s XCSR, CSR2, and CSR3 registers can be accessed. See
Chapter 18, “Version 1 ColdFire Debug (CF1_DEBUG),” for details.
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3.6 Run Modes

3.6.1 Run Mode

Run mode is the normal operating mode for the MCF51QE128/64/32. This mode is selected when the
BKGD/MS pin is high at the rising edge of the internal reset signal. Upon exiting reset, the CPU fetches
the supervisor SR and initial PC from locations 0x(00)00_0000 and 0x(00)00_0004 in the memory map
and executes code starting at the newly set value of the PC.

3.6.2 Low-Power Run Mode (LPrun)

In the low-power run mode, the on-chip voltage regulator is put into its standby (or loose regulation) state.
In this state, the power consumption is reduced to a minimum that allows CPU functionality. Power
consumption is reduced the most by disabling the clocks to all unused peripherals by clearing the
corresponding bits in the SCGC1 and SCGC?2 registers'.

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

« FBELP? is the selected clock mode for the ICS. See Section 12.1 5.6, “FLL Bypassed External
Low Power (FBELP),” for more details.

» ICSC2[HGO] is cleared.
* The bus frequency is less than 125 kHz.
* The ADC must be in low-power mode (ADLPC=1) or disabled.

* Low-voltage detect must be disabled. The LVDE and/or LVDSE bit in SPMSCI register must be
cleared.

» Flash programming/erasing is not allowed
After these conditions are met, low-power run mode can be entered by setting SPMSC2[LPR].

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

Assuming that SOPT1[BKGDPE] is set to enable BKGD/MS, the device also switches from LPrun to run
mode when it detects a negative transition on the BKGD/MS pin.

Low-power run mode also provides the option to return to full regulation if any interrupt occurs. This is
done by setting SPMSC2[LPWUI]. The ICS can then be set for full speed immediately in the interrupt
service routine.

3.6.2.1 BDM in Low-Power Run Mode

Low-power run mode cannot be entered when the MCU is in active background debug mode.

Ifadevice is in low-power run mode, a falling edge on an active BKGD/MS pin exits low-power run mode,
clears the LPR and LPRS bits, and returns the device to normal run mode.

1. System clock gating control registers 1 and 2
2. FLL bypassed external low-power
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3.7 Wait Modes

3.7.1 Wait Mode

Wait mode is entered by executing a STOP instruction after configuring the device as per Table 3-1. Upon
execution of the STOP instruction, the CPU enters a low-power state in which it is not clocked.

The V1 ColdFire core does not differentiate between stop and wait modes. Both are stop from the core’s
perspective. The difference between the two is at the device level. In stop mode, most peripheral clocks
are shut down. In wait mode, they continue to run.

XCSR[ENBDM] must be set prior to entering wait mode if the device is required to respond to BDM
commands once in wait.

When an interrupt request occurs, the CPU exits wait mode and resumes with exception processing,
beginning with the stacking operations leading to the interrupt service routine.

3.7.2 Low-Power Wait Mode (LPwait)

Low-power wait mode is entered by executing a STOP instruction while the MCU is in low-power run
mode and configured per Table 3-1. In the low-power wait mode, the on-chip voltage regulator remains in
its standby state as in the low-power run mode. In this state, the power consumption is reduced to a
minimum that allows most modules to maintain funtionality. Power consumption is reduced the most by
disabling the clocks to all unused peripherals by clearing the corresponding bits in the SCGC registers.

Low-power run mode restrictions also apply to low-power wait mode.

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

If the LPWUI bit is cleared when the STOP instruction is executed, the device returns to low-power run
mode.

Any reset exits low-power wait mode, clears the LPR bit, and returns the device to normal run mode.

3.7.2.1 BDM in Low-Power Wait Mode

If a device is in low-power wait mode, a falling 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.

3.8 Stop Modes

One of three stop modes is entered upon execution of a STOP instruction when SOPT1[STOPE] is set. The
SOPT1[WAITE] bit must be clear, else wait mode is entered. In stop3 mode, the bus and CPU clocks are
halted. If the ENBDM bit is set prior to entering stop4, only the peripheral clocks are halted. The ICS
module can be configured to leave the reference clocks running. See Chapter 12, “Internal Clock Source
(S081CSV3),” for more information.
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NOTE

If neither the WAITE nor STOPE bit is set when the CPU executes a STOP
instruction, the MCU does not enter either of the stop modes. Instead, the
MCU initiates an illegal opcode reset if CPUCR[IRD] is cleared or an
illegal instruction exception if CPUCR[IRD] is set.

The stop modes are selected by setting the appropriate bits in the system power management status and
control 2 (SPMSC2) register. Table 3-1 shows all of the control bits that affect mode selection under
various conditions. The selected mode is entered following the execution of a STOP instruction.

Most background commands are not available in stop mode. The memory-access-with-status commands
do not allow memory access, but they report an error indicating that the MCU is in either stop or wait
mode. The BACKGROUND command can be used to wake the MCU from stop4 and enter halt mode if
the ENBDM bit was set prior to entering stop. After entering halt mode, all background commands are
available.

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

Most of the internal circuitry of the MCU is powered off in stop2 with the exception of the RAM and
optionally the RTC. Upon entering stop2, all I/O pin control signals are latched so that the pins retain their
states during stop2.

Exit from stop2 is performed by driving the wake-up pin (PTAS/IRQ/TPM1CLK/RESET) on the MCU to
zero.
NOTE

PTAS/IRQ/TPM1CLK/RESET functions as an active-low wakeup input
when the MCU is in stop2, as long as the pin is configured as an input before
entering stop2. The pullup on this pin is not automatically enabled in stop2.
To enable the internal pullup, set PTAPE[PTAPES].

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, with the exception of the power management
controller (SPMSC1/2/3), RTC, and debug trace buffer. Refer to the individual module chapters for
more information on which other registers are unaffected by wake-up from stop2 mode.

» The LVD reset function is enabled and the MCU remains in the reset state if Vpp is below the LVD
trip point (low trip point selected due to POR).

» The CPU initiates reset exception processing by fetching the vectors at 0x(00)00_0000 and
0x(00)00_0004.
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In addition to the above, upon waking up from stop2, SPMSC2[PPDF] is set. This flag is used to direct
user code to go to a stop2 recovery routine. PPDF remains set and the /0 pin states remain latched until
a 1 is written to SPMSC2[PPDACK].

Wakeup from stop2 can be initiated with an RTC interrupt. Unlike most other modules on the chip, the
RTC is not reset as a result of exiting stop2. This implies that the RTC interrupt is asserted (although
masked) upon exit from stop2.

To maintain I/O states for pins configured as general-purpose I/O before entering stop2, restore the
contents of the I/0 port registers, which have been saved in RAM, to the port registers before writing to
the PPDACK bit. If the port registers are not restored from RAM before writing to PPDACK, the pins
switch to their reset states when PPDACK is written.

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

3.8.11 Low-Range Oscillator Considerations for Stop2

If using a low-range oscillator during stop2, reconfigure the ICSC2 register before PPDACK is written.
The low-range oscillator (ICSC2[RANGE] = 0) can operate in stop2 as the clock source for the RTC
module. If the low-range oscillator is active when entering stop2, it remains active in stop2 regardless of
the value of ICSC2[EREFSTEN]. To disable the oscillator in stop2, switch the ICS into FBI or FEI mode
before executing the STOP instruction.

3.8.2 Stop3 Mode

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

Stop3 can be exited by asserting RESET or by an interrupt from one of the following sources: the RTC,
ADC, ACMP, IRQ, SCI, or KBI. !

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

3.8.3 Stop4: Low Voltage Detect or BDM Enabled in Stop Mode

Stop4 is differentiated from stop2 and stop3 in that the on-chip regulator is fully engaged.

Entry into halt mode from run mode is enabled if the XCSR[ENBDM] bit is set. This register is described
in Chapter 18, “Version 1 ColdFire Debug (CF1_DEBUG)”. If ENBDM is set when the CPU executes a
STOP instruction, the system clocks to the background debug logic remain active when the MCU enters
stop mode. Because of this, background debug communication remains possible. If you attempt to enter
stop2 or stop3 with ENBDM set, the MCU enters stop4 instead (see Table 3-1 for details).
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Stop4 is also entered if SPMSCI1[{LVDE, LVDSE] are set, enabling low voltage detect when the STOP
instruction is executed. The LVD may only be used when the on-chip regulator is in full regulation mode.
Thus, stop3 and stop2 modes are not compatible with use of the LVD.

The LVD system is capable of generating an interrupt or a reset when the supply voltage drops below the
LVD voltage.

Stop4 can be exited by asserting RESET or by an interrupt from one of the following sources: the RTC,
LVD, LVW, ADC, ACMPx, IRQ, SCI or the KBI.

3.9  On-Chip Peripheral Modules in Stop and Low-Power Modes

When the MCU enters any stop mode (wait not included), system clocks to the internal peripheral modules
are stopped. Even in the exception case (ENBDM = 1), where clocks to the background debug logic
continue to operate, clocks to the peripheral systems are halted to reduce power consumption. Refer to
Section 3.8.1, “Stop2 Mode,” and Section 3.8.2, “Stop3 Mode,” for specific information on system
behavior in stop modes.

When the MCU enters LPwait or LPrun modes, system clocks to the internal peripheral modules continue
based on the settings of the clock gating control registers (SCGC1 and SCGC2).

Table 3-3 defines terms used in Table 3-4 to describe operation of components on the chip in the various
low-power modes.

Table 3-3. Abbreviations used in Tabie 3-4

Voltage Regulator Clocked' Not Clocked
Full Regulation FullOn FuliNoClk
FullADACK?
Soft Regulation SoftOn3 SoftNoClk
Disabled
SoftADACK*
Off N/A Off

! Subject to module enables and settings of System Clock Gating Control Registers 1 and 2 (SCGC1 and
SCGC2).

This ADC-specific mode defines the case where the device is fully regulated and the normal peripheral clock
is stopped. In this case, the ADC can run using its internally generated asynchronous ADACK clock.

3 Analog modules must be in their low-power mode when the device is operated in this state.

4 This ADC-specific mode defines the case where the device is in soft regulation and the normal peripheral
clock is stopped. In this case, the ADC can only be run using its low-power mode and internally generated
asynchronous ADACK clock.

Table 3-4. Low-Power Mode Behavior

Mode
Peripheral
Stop2 Stop3 Stop4 LPwait Wait LPrun
CF1_CORE Off SoftNoClk FullNoCik SoftNoClk FullNoClk SoftOn
RAM SoftNoClk SoftNoClk FullNoClk SoftNoClk FullNoClk SoftOn
MCF51QE128 MCU Series Reference Manual, Rev. 3
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Table 3-4. Low-Power Mode Behavior (continued)

Mode
Peripheral
Stop2 Stop3 Stop4 LPwait Wait LPrun
Flash Off SoftNoClk FullNoClk SoftNoClk FullNoClk SoftOn
Port I/0 Registers Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
ADC'2 Off SoftADACK FULLADACK SoftOn FullOn SoftOn
(Wake Up) (Wake Up)
ACMPx Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
(Wake Up) (Wake Up)
BDC Off SoftOn On SoftOn FullOn SoftOn
copP Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
Crystal Oscillator RANGE=0 RANGE=0 All Modes RANGE=0 All Modes RANGE=0
HGO=0 HGO=0 HGO=0 HGO=0
ICS Off Stop or FBELP® | Stop or any FBELP Any mode FBELP
mode
lCx Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
IRQ Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
(Wake Up (Wake Up) (Wake Up)
via POR)*
KBIx Off SoftNoClk FuliNoClk SoftOn FullOn SoftOn
(Wake Up) (Wake Up)
LVD/LVW Off Disabled On Disabled FullOn Disabled
(Wake Up)
RTC Soft SoftOn Full SoftOn FullOn SoftOn
Regulation, (Wake Up) Regulation
LPOCLK if LPOCLK,
enabled ICSERCLK or
(Wake Up ICSIRCLK
via POR) only
(Wake Up)
SCix Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
SPix Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
TPMx Off SoftNoClk FullNoClk SoftOn FullOn SoftOn
Voltage Regulator / PMC Parital Soft Regulation. Full SoftOn FullOn SoftOn
Shutdown. 1 kHz osc if Regulation |1kHzoscon| 1kHzoscon |1kHzoscon
1 kHz osc if enabled 1 kHz osc on
enabled
LPI/O Pins States Held SoftNoClk FullNoClk SoftOn FullOn SoftOn

1" LP mode for the ADC is invoked by setting ADLPC=1. ADACK is selected via the ADCCFG[ADICLK] field in the ADC. See
Chapter 11, “Analog-to-Digital Converter (S08ADC12V1),” for details.

2 LVD must be enabled to run in stop if converting the bandgap channel.
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Chapter 3 Modes of Operation

3 FBELP refers to the ICS FLL bypassed external low-power state. See Chapter 12, “Internal Clock Source (S08ICSV3).” for
more details.

4 The PTA5/IRQ/TPM1CLK/RESET pin also has a direct connection to the on-chip regulator wakeup input. Asserting this pin
low while in stop2 triggers the PMC to wakeup. As a result, the device undergoes a power-on-reset sequence.
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Chapter 4
Memory

41 MCF51QE128/64/32 Memory Map

As shown in Figure 4-1, on-chip memory in the MCF51QE128/64/32 series of MCUs consists of RAM
and flash program memory for nonvolatile code and data storage, plus I/O and control/status registers.

NOTE

Version 1 ColdFire devices contain 24-bit internal address buses, while
previous ColdFire cores have 32-bit internal address buses. Because there
may be some resources that use a 32-bit address, this chapter shows 24-bit
and 32-bit addresses by indicating the extra upper byte in parentheses.

MCF51QE128

CPU Address
0x(00)00_0000
Flash
128 Kbytes

0x(00)01_FFFF
0x(00)02_0000

0x(00)7F_FFFF

0x(00)80_0000
RAM

8 Kbytes

0x(00)80_1FFF
0x(00)80_2000

0x(00)BF_FFFF

0x(00)CO_0000 ColdFire
ox(00)co_oooF | Rapid GPIO

0x(00)C0O_0010

OX(FF)FF_7FFF
Ox(FF)FF_8000

Slave
Peripherals

Ox(FF)FF_FFFF

CPU Address

0x(00)00_0000

0x(00)00_FFFF
0x(00)01_000

0x(00)7F_FFF
0x(00)80_0000

0x(00)80_1FFF
0x(00)80_200!

0x(00)BF_FFF
0x(00)C0_0000

0x(00)CO_000F
0x(00)C0_001

OX(FF)FF_7FF
OX(FF)FF_8000

OX(FF)FF_FFFF

MCF51QE64

Flash
64 Kbytes

RAM
8 Kbytes

ColdFire
Rapid GPIO

Slave
Peripherals

Figure 4-1. MCF51QE128/64/32 Memory Maps

MCF51QE128 MCU Series Reference Manual, Rev. 3

MCF51QE32

CPU Address

(0000 777 | Flash 32 Kbytes]
0x(00)00_7FFF Flash 32 Kbytes

0x(00)00_8000

0x(00)7F _FFFF

0x(00)80_0000
RAM

8 Kbytes

0x(00)80_1FFF
0x(00)80_2000

0x(00)BF_FFFF
0x(00)C0_0000

ColdFire
ox(o0)co_ooor | Rapid GPIO

0x(00)C0_0010

OX(FF)FF_7FFF
Ox(FF)FF_8000

Slave
Peripherals

Ox(FF)FF_FFFF
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Chapter 4 Memory

Regions within the memory map are subject to restrictions with regard to the types of allowable accesses.
These are outlined in Table 4-1. Non-supported access types terminate the bus cycle with an error and
would typically generate a system reset in response to the error termination.

Table 4-1. CPU Access Type Allowed by Region

Read Write
Base Address Region
Byte | Word | Long | Byte | Word | Long
0x(00)00_0000 Flash X X X —_ — X
0x(00)80_0000 RAM X X X X X X
0x(00)C0_0000 Rapid GPIO X X X X X X
Ox(FF)FF_8000 Peripherals X X — X X —

Consistent with past ColdFire devices, flash configuration data is located at 0x400.

The slave peripherals section of the memory map is further broken into the following sub-sections:

0x (FF) FF_8000 - Ox(FF)FF_807F Direct-page peripheral regs
0x (FF) FF_9800 - Ox(FF)FF_98FF High-page peripheral regs
O0x (FF) FF_FFCO - 0x(FF)FF_FFFC Interrupt controller

The section of memory at 0x(00)C0_0000 is assigned for use by the ColdFire Rapid GPIO module. See
Section 4.2.2, “ColdFire Rapid GPIO Memory Map,” for the rapid GPIO memory map and Section 6.4,
“V1 ColdFire Rapid GPIO Functionality,” for further details on the module.

The MCF51QE128/64/32 devices utilize an 8-bit peripheral bus. The bus bridge from the ColdFire system
bus to the peripheral bus is capable of serializing 16-bit accesses into two 8-bit accesses. This can be used
to speed access to properly aligned peripheral registers. Note, not all peripheral registers are aligned to take
advantage of this feature.

CPU accesses to those parts of the memory map marked as unimplemented in Figure 4-1 result in an illegal
address reset if CPUCR[ARD] is cleared or an address error exception if CPUCR[ARD] is set.

The lower 32K of flash memory and slave peripherals sections of the memory map are most efficiently
accessed using the ColdFire absolute short addressing mode. RAM is most efficiently accessed using the
AS5-relative addressing mode (address register indirect with displacement mode).

4.2 Register Addresses and Bit Assignments

Peripheral registers in the MCF51QE128/64/32 are divided into two groups:
» Direct-page registers are located at 0x(FF)FF_8000 in the memory map.
* High-page registers are located at 0x(FF)FF_9800 in the memory map.

There is no functional advantage to locating peripherals in the direct page versus the high page
peripheral space for the MCF51QE128/64/32. Both sets of registers may be efficiently accessed
using the ColdFire absolute short addressing mode. The areas are differentiated to maintain
documentation compatibility with the MC9S08QE128/64/32, where there are significant
performance issues.
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Chapter 4 Memory

NOTE

Peripheral register locations for MCF51QE128/64/32 are shifted
0x(FF)FF_8000 compared with the MCI9S08QE128/64/32 devices.

* The ColdFire interrupt controller module is mapped in the peripheral space and occupies a 64-byte
space at the upper end of memory. Accordingly, its address decode is defined as
0x(FF)FF_FFC0-0x(FF)FF_FFFF. This 64-byte space includes the program-visible registers as
well as the space used for interrupt acknowledge (IACK) cycles.

» There is a nonvolatile register area consisting of a 16-byte block locted in flash memory at
0x(00)00_0400-0x(00)00_040F. 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.

Table 4-2 is a summary of all user-accessible direct-page registers and control bits.

The register names in column two in Table 4-2, Table 4-3, Table 4-6, and Table 4-7 are shown in bold to
set them apart from the bit names to the right. Cells not associated with named bits are shaded. A shaded
cell with a 0 indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or
reserved bit locations that could read as 1s or 0s. When writing to these bits, write a 0 unless otherwise
specified.

Recall that ColdFire uses a big-endian, byte-addressable memory architecture. The most significant byte
of each address is the lowest numbered as shown in Figure 4-2. Multi-byte operands (16-bit words and
32-bit longwords) are referenced using an address pointing to the most significant (first) byte.

31 24 23 16 15 8 7 0
Longword 0x(00)00_0000
Word 0x(00)00_0000 Word 0x(00)00_0002
‘Byte 0x(00)00_0000 | Byte 0x(00)00_0001 | Byte 0x(00)00_0002 | Byte 0x(00)00_0003
Longword 0x(00)00_0004
 Word Ox(0000_ 000 R oxoon0 006

'Byte 0x(00)00_0004 | Byte 0x(00)00_0005 | Byte 0x(00)00_0006 | Byte 0x(00)00_0007

3

Longword Ox(FF)FF_FFFC
Word Ox(FF)FF_FFFC Word Ox(FF)FF_FFFE

Figure 4-2. ColdFire Memory Organization
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Chapter 4 Memory

Address

Ox(FF)FF_8000
0x(FF)FF_8001
Ox(FF)FF_8002
Ox(FF)FF_8003
Ox(FF)FF_8004
Ox(FF)FF_8005
0x(FF)FF_8006
Ox(FF)FF_8007
Ox(FF)FF_8008
Ox(FF)FF_8009
Ox(FF)FF_800A
Ox(FF)FF_800B
Ox(FF)FF_800C
Ox(FF)FF_800D
Ox(FF)FF_800E
Ox(FF)FF_800F
Ox(FF)FF_8010
Ox(FF)FF_8011
Ox(FF)FF_8012
Ox(FF)FF_8013
Ox(FF)FF_8014
Ox(FF)FF_8015
Ox(FF)FF_8016
Ox(FF)FF_8017
Ox(FF)FF_8018
Ox(FF)FF_8019
Ox(FF)FF_801A
Ox(FF)FF_801B
Ox(FF)FF_801C
Ox(FF)FF_801D
Ox(FF)FF_801E
Ox(FF)FF_801F

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

Rﬁgﬁ:” Bit7 6 5 4 3 2 1 Bit0
PTAD PTAD7 | PTAD6 | PTADs | PTAD4 | PTAD3 | PTAD2 | PTADT PTADO
PTADD | PTADD7 | PTADD6 | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
PTBD PTBD7 | PTBD6 | PTBD5 | PTBD4 | PTBD3 | PTBD2 | PTBD1 | PTBDO
PTBDD | PTBDD7 | PTBDD6 | PTBDD5 | PTBDD4 | PTBDD3 | PTBDD2 | PTBDD1 | PTBDDO
PTCD PTCD7 | PTCD6 | PTCD5 | PTCD4 | PTCD3 | PTGD2 | PTCD1 | PTCDO
PTCDD | PTCDD7 | PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO
PTDD PTDD7 | PTDD6 | PTDD5 | PTDD4 | PTDD3 | PTDD2 | PTDD1 | PTDDO
PTDDD | PTDDD7 | PTDDD6 | PTDDD5 | PTDDD4 | PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
PTED PTED7 | PTED6 | PTEDS | PTED4 | PTED3 | PTED2 | PTED1 | PTEDO
PTEDD | PTEDD7 | PTEDD6 | PTEDD5 | PTEDD4 | PTEDD3 | PTEDD2 | PTEDD1 | PTEDDO
PTFD PTFD7 | PTFD6 | PTFD5 | PTFD4 | PTFD3 | PTFD2 | PTFD1 | PTFDO
PTFDD | PTFDD7 | PTFDD6 | PTFDD5 | PTFDD4 | PTFDD3 | PTFDD2 | PTFDD1 | PTFDDO
KBISC KBF KBACK | KBIE | KBIMOD
KBIPE | KBIPE7 | KBIPE6 | KBIPE5 | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
KBHES | KBEDG7 | KBEDG6 | KBEDG5 | KBEDG4 | KBEDG3 | KBEDG2 | KBEDG1 | KBEDGO
IRQSC | IRQPDD | IRQEDG | IRQPE | IRQF | IRQACK | IRQIE | IRQMOD
ADSC1 COCO | AIEN ADCO ADCH
ADSC2 | ADACT | ADTRG | ACFE | ACFGT .

ADRH - 1 ADR9 ADR8
ADCVH ADCV9 ADCV8
ADCVL ADCV7 ADCV6 ADCV5 ADCV4 ADCV3 ADCV2 ADCV1 ADCVO
ADCFG ADLPC ADIV ADLSMP MODE ADICLK
APCTLA1 ADPC7 ADPC6 ADPC5 ADPC4 ADPC3 ADPC2 ADPC1 ADPCO
APCTL2 ADPC15 | ADPC14 | ADPC13 | ADPC12 | ADPC11 | ADPC10 | ADPC9 ADPC8
APCTL3 ADPC23 | ADPC22 | ADPC21 | ADPC20 | ADPC19 | ADPC18 | ADPC17 | ADPC16

ACMP1SC ACME ACBGS ACF ACIE ACO ACOPE | ACMOD1 | ACMODO
ACMP2SC ACME ACBGS ACF ACIE ACO ACOPE | ACMOD1 | ACMODO

PTGD PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGDO
PTGDD PTGDD7 | PTGDD6 | PTGDD5 | PTGDD4 | PTGDD3 | PTGDD2 | PTGDD1 PTGDDO

PTHD PTHD7 PTHD6 PTHD5 PTHD4 PTHD3 PTHD2 PTHD1 PTHDO
PTHDD PTHDD7 | PTHDD6 | PTHDD5 | PTHDD4 | PTHDD3 | PTHDD2 | PTHDD1 PTHDDO
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Address

Ox(FF)FF_8020
Ox(FF)FF_8021
Ox(FF)FF_8022
Ox(FF)FF_8023
Ox(FF)FF_8024
Ox(FF)FF_8025
Ox(FF)FF_8026
Ox(FF)FF_8027
Ox(FF)FF_8028
Ox(FF)FF_8029
Ox(FF)FF_802A
Ox(FF)FF_802B
Ox(FF)FF_802C
Ox(FF)FF_802D
Ox(FF)FF_802E
Ox(FF)FF_802F
0x(FF)FF_8030
Ox(FF)FF_8031
0x(FF)FF_8032
Ox(FF)FF_8033
Ox(FF)FF_8034
0x(FF)FF_8035
Ox(FF)FF_8036
Ox(FF)FF_8037
Ox(FF)FF_8038
Ox(FF)FF_8039
Ox(FF)FF_803A
Ox(FF)FF_803B
Ox(FF)FF_803C
Ox(FF)FF_803D
Ox(FF)FF_803E
Ox(FF)FF_803F

Register
Name

SCI1BDH
SCHBDL
SscHc1
SCliCc2
SCI181
SCI1S82
SCIHC3
SCiiD
SPI1C1
SPI1C2
SPI1BR
SPI1S
Reserved
SPI1D
PTJD
PTJDD
lIC1A
lIC1F
liciCt
Inc1s
lIc1D
lcic2
Reserved
ICSTEST
ICsC1
ICsC2
ICSTRM
ICSSC
KBI2SC
KBI2PE
KBI2ES

Reserved

Chapter 4 Memory

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

Bit 7 6 5 4 3 2 1 Bit0
LBKDIE | RXEDGIE 0 | sBR12 | SBR11 | SBR10 | SBR9 SBRs
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI | RSRC M WAKE T 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 | TXNV | ORE NEIE FEIE PEIE
Bit 7 6 5 4 3 2 1 Bit 0
SPHME | SPIE | SPITIE | MSTR | CPOL | CPHA ‘J SSOE LSBFE
h 0 |MODFEN |BIDIROE | 0  |SPHSWAI| SP1CO
"SPIPR1 | SPIPRO | 0 | SPiR2 | SP1R1 | SPiRO
SPTEF | MODF | o0 | o | o | o
2 208 0 9 ?‘»:”ffd 0
Bit 7 6 5 4 3 2 E BitO
PTJD7 | PTJD6 | PTJD5 | PTJD4 | PTJD3 | PTID2 | PTJD1 PTJDO
PTJDD7 | PTJDD6 | PTJDD5 | PTJDD4 | PTJDD3 | PTJDD2 | PTJDD1 | PTJDDO
AD7 AD6 AD5 AD4 AD3 AD2 AD1 0
MULT TAP2
IICEN IICIE MST ™ TXAK RSTA
TCF IAAS BUSY | ARBL 0 SRW

eE

IREFS | IRCLKEN

IREFSTEN

MCF51QE128 MCU Series Reference Manual, Rev. 3

RDIV
BDIV RANGE | HGO | LP | EREFS |ERCLKEN|EREFSTEN
TRIM
DFR DMX32 | IREFST CLKST OSCINIT | FTRIM
0 o | o | KBF | KBACK | KBIE | KBIMOD
KBIPE7 | KBIPEG | KBIPES | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
KBEDG? | KBEDG6 | KBEDG5 | KBEDG4 | KBEDGS | KBEDG2 | KBEDG1 | KBEDGO
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Address

Ox(FF)FF_8040
Ox(FF)FF_8041
Ox(FF)FF_8042
Ox(FF)FF_8043
Ox(FF)FF_8044
Ox(FF)FF_8045
Ox(FF)FF_8046
Ox(FF)FF_8047
Ox(FF)FF_8048
Ox(FF)FF_8049
Ox(FF)FF_804A
Ox(FF)FF_804B
Ox(FF)FF_804C
Ox(FF)FF_804D

Ox(FF)FF_804E-
Ox(FF)FF_804F

Ox(FF)FF_8050
Ox(FF)FF_8051
Ox(FF)FF_8052
Ox(FF)FF_8053
Ox(FF)FF_8054
Ox(FF)FF_8055
Ox(FF)FF_8056
Ox(FF)FF_8057
0x(FF)FF_8058
Ox(FF)FF_8059
0x(FF)FF_805A
Ox(FF)FF_805B
Ox(FF)FF_805C
Ox(FF)FF_805D

Ox(FF)FF_805E-
Ox(FF)FF_805F

Ox(FF)FF_8060

Register
Name

TPM1SC
TPM1CNTH
TPM1CNTL
TPM1MODH
TPM1MODL
TPM1C0SC
TPM1COVH
TPM1COVL
TPM1C1SC
TPM1C1VH
TPM1C1VL
TPM1C2SC
TPM1C2VH
TPM1C2VL

Reserved

TPM2SC
TPM2CNTH
TPM2CNTL
TPM2MODH
TPM2MODL
TPM2COSC
TPM2COVH
TPM2COVL
TPM2C1SC
TPM2C1VH
TPM2C1VL
TPM2C2SC
TPM2C2VH
TPM2C2VL

Reserved

TPM3SC

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

Bit7 6 5 4 3 2 1 Bit0
TOF TOIE | CPWMS | CLKSB | CLKSA pPS2 PS1 PSO
‘Bit 15 14 13 12 1 10 9 Bit 8
Bit7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
CHOF CHOIE MSOB MSOA | ELSOB | ELSOA 0 0
Bit 15 14 13 12 11 10
Bit7 6 5 4 3 2
CH1F CH1IE MS1B MS1A | ELS1B | ELS1A
Bit 15 14 13 12 11 10
Bit 7 6 5 4 3 2
CH2F CH2IE | MS2B MS2A | ELS2B | ELS2A
Bit 15 14 13 12 11 10
Bit 7 6 5 4

TOF TOIE CPWMS | CLKSB CLKSA PS2 PS1 PSO
Bit 15 14 13 12 1 10 9 Bit 8
Bit7 6 5 4 3 2 1 Bit0
Bit 15 14 13 12 11 10 9 Bit8
Bit7 6 5 4 3 2 1 Bit0
CHOF CHOIE MSoB MSOA ELSOB ELSOA

Bit 15 14 13 12 1 10

Bit7 6 5 4 3 2 1 Bit 0
CH1F CH1IE MS1B MS1A ELS1B ELS1A

Bit 15 14 13 12 1 10

Bit7 6 5 4 3 2 1 Bit0
CH2F CH2IE MS2B MS2A ELS2B ELS2A

Bit 15 14 13 12 11 10

Bit7 6 5 4 3 2

1 Bit 0
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Table 4-2. Direct-Page Register Summary (Sheet 4 of 4)
Address ~ hedister g4 6 5 a 3 2 1 Bit 0
Name

Ox(FF)FF_8061 TPM3CNTH Bit 15 14 13 12 11 10 9 Bit 8
Ox(FF)FF_8062 TPM3CNTL Bit7 6 5 4 3 2 1 Bit 0
Ox(FF)FF_8063 TPM3MODH Bit 15 14 13 12 11 10 9 Bit 8
Ox(FF)FF_8064 TPM3MODL Bit 7 6 5 4 3 2 1 Bit0
Ox(FF)FF_8065 TPM3COSC | CHOF CHOIE MSoB MS0A ELSOB ELSOA 01 0
Ox(FF)FF_8066 TPM3COVH Bit 15 14 13 12 1 10 9 Bit 8
Ox(FF)FF_8067 TPM3COVL Bit7 6 5 4 3
Ox(FF)FF_8068 TPM3C1SC CH1F CH1IE MS1B MS1A ELS1B
Ox(FF)FF_8069 TPM3CiVH | Bit15 14 13 12 11
Ox(FF)FF_806A TPM3C1VL Bit7 6 5 4 3
Ox(FF)FF_806B TPM3C2SC CH2F CH2IE MS2B MS2A ELS2B
Ox(FF)FF_806C TPM3C2VH Bit 15 14 13 12 1
Ox(FF)FF_806D TPM3C2VL Bit 7 6 5 4 3
Ox(FF)FF_806E TPM3C3SC CH3F CH3IE MS3B MS3A ELS3B
Ox(FF)FF_806F TPM3C3VH | Bit15 14 13 12 11
Ox(FF)FF_8070 TPM3C3VL Bit 7 6 5 4 3
Ox(FF)FF_8071 TPM3C4SC CHA4F CH4IE MS4B MS4A ELS4B
Ox(FF)FF_8072 TPM3C4VH Bit 15 14 13 12 11
Ox(FF)FF_8073 TPM3C4VL Bit 7 6 5 4 3
Ox(FF)FF_8074 TPM3C5SC | CH5F CHSIE
Ox(FF)FF_8075 TPM3C5VH Bit 15 14
Ox(FF)FF_8076 TPM3C5VL Bit 7
P s

Address Rﬁg'rf:r
Ox(FF)FF_9800 SRS
Ox(FF)FF_9801  Reserved
Ox(FF)FF_9802 SOPT1 BKGDPE
Ox(FF)FF_9803 SOPT2 IICPS ACIC1
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Address

Ox(FF)FF_9804

Ox(FF)FF_9805

Ox(FF)FF_9806
Ox(FF)FF_9807
Ox(FF)FF_9808
Ox(FF)FF_9809
Ox(FF)FF_980A
Ox(FF)FF_980B

Ox(FF)FF_980C-
Ox(FF)FF_980D

Ox(FF)FF_980E
Ox(FF)FF_980F

Ox(FF)FF_9810-
Ox(FF)FF_981F

(
Ox(FF)FF_9820
Ox(FF)FF_9821

Ox(FF)FF_9822

Ox(FF)FF_9823
Ox(FF)FF_9824
Ox(FF)FF_9825
Ox(FF)FF_9826

Ox(FF)FF_9827
OX(FF)FF_9828
Ox(FF)FF_9829
Ox(FF)FF_982A
0x(FF)FF_982B

Ox(FF)FF_982C

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

Register

Name Bit7 6 5 4 3 2 1

Bit0

SIMCTSC
(Reserved)

SIMCO
(Reserved) |

SDIDH
SDIDL
SPMSC1
SPMSC2

TRSTPE TC

CSs PCOE

ID[11:8]

ID[7:0]
LVDSE
PPDF

LVDF LVDACK

LPRS

LVDIE
LPWUI

e | oo [ o | oo | o |
-j TF':MS :

LVDRE LVDE

PPDACK . » ii::

BGBE

Reserved
SPMSC3

Reserved

TPM1
IRQ

TPM2
FLS

ADC
KBIx

lic2
ACMPx

lic1
RTC

SCl2
SPI2

SCit
SPI1

SCGC1
SCGC2

Reserved

FDIV

FCDIV | FDIVLD | PRDIV8
FOPT

FRSVO0
(Reserved)

FCNFG
FPROT
FSTAT
FCMD

FRSV1 ,
(Reserved) |

FADDRHI |
(Reserved)

FADDRLO
(Reserved)

FRSV2
(Reserved)

FRSV3
(Reserved)

FDATAHI1 |
(Reserved) |

KEYEN

KEYACC
FPS

FCCF | FPVIOL ]FACCERR

FCBEF

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

Register

Address Name Bit7 6 5 4 3 2 ! e
0x(FF)FF_982D fp?ei?b?J)
Ox(FF)FF_982E (';2::?;?)
Ox(FF)FF_982F FFI;ASE:‘I,-ZS ff‘, -

Ox(FF)FF_9830  RTCSC
Ox(FF)FF_9831  RTCCNT RTCCNT
Ox(FF)FF_9832 RTCMOD RTCMOD

Ox(FF)FF_9833-
Ox(FF)FF_9837

Ox(FF)FF_9838  SPI2C1
Ox(FF)FF_9839  SPI2C2
Ox(FF)FF_983A SPI2BR
Ox(FF)FF_983B SPI2S
Ox(FF)FF_983C Reserved
Ox(FF)FF_983D SPI2D

Ox(FF)FF_983E-
Ox(FF)FF_983F

OX(FF)FF_9840  PTAPE | PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPES | PTAPE2 | PTAPE1 | PTAPEQ
OX(FF)FF_9841  PTASE | PTASE7 | PTASE6 | PTASES | PTASE4 | PTASE3 | PTASE2 | PTASE1 | PTASEO
O(FF)FF_9842  PTADS | PTADS7 | PTADS6 | PTADS5 | PTADS4 | PTADS3 | PTADS2 | PTADS1 | PTADS
Ox(FF)FF_9843  Reserved e - = =
OXFFJFF_9844  PTBPE | PTBPE7 | PTBPEG | PTBPE5 | PTBPE4 | PTBPES | PTBPE2 | PTBPE1 | PTBPEO
O(FF)FF_9845 PTBSE | PTBSE7 | PTBSE6 | PTBSES | PTBSE4 | PTBSES | PTBSE2 | PTBSE1 | PTBSEO
Ox(FF)FF_9846  PTBDS | PTBDS7 | PTBDS6 | PTBDS5 | PTBDS4 | PTBDS3 | PTBDS2 | PTBDS1 | PTBDSO

Reserved

Reserved

Ox(FF)FF_9847 Reserved | o : L e e
OX(FF)FF_9848  PTCPE | PTCPE7 | PTCPEG | PTCPES | PTCPE4 | PTCPE3 | PTCPE2 | PTCPE1 | PTCPEO
Ox(FF)FF_9849  PTCSE | PTCSE7 | PTCSE6 | PTCSE5 | PTCSE4 | PTCSE3 | PTCSE2 | PTCSE{ | PTCSEO

Ox(FF)FF_984A  PTCDS | PTCDS7 | PTCDS6 | PTCDS5 | PTCDS4 | PTCDS3 | PTCDS2 | PTCDS1 | PTCDSO
Ox(FF)FF_984B  Reserved 1 = o
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Address

Ox(FF)FF_984C
Ox(FF)FF_984D
Ox(FF)FF_984E
Ox(FF)FF_084F
Ox(FF)FF_9850
Ox(FF)FF_9851
Ox(FF)FF_9852
Ox(FF)FF_9853
Ox(FF)FF_9854
Ox(FF)FF_9855
Ox(FF)FF_9856
Ox(FF)FF_9857
Ox(FF)FF_9858
Ox(FF)FF_9859
Ox(FF)FF_985A
0x(FF)FF_985B
Ox(FF)FF_985C
Ox(FF)FF_985D
Ox(FF)FF_985E
Ox(FF)FF_985F
Ox(FF)FF_9860
Ox(FF)FF_9861
Ox(FF)FF_9862

Ox(FF)FF_9863-
Ox(FF)FF_9867

Ox(FF)FF_9868
Ox(FF)FF_9869
Ox(FF)FF_986A
Ox(FF)FF_986B
Ox(FF)FF_986C
Ox(FF)FF_986D

Ox(FF)FF_986E-
Ox(FF)FF_986F

Register
Name

PTDPE
PTDSE
PTDDS
Reserved
PTEPE
PTESE
PTEDS
Reserved
PTFPE
PTFSE
PTFDS
Reserved
PTGPE
PTGSE
PTGDS
Reserved
PTHPE
PTHSE
PTHDS
Reserved
PTJPE
PTJSE
PTJDS

Reserved

IC2A
lIC2F
lic2C1
lic2s
lIc2D
lic2c2

Reserved

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

Bit7 6 5 4 3 2 1 Bit0
PTDPE7 | PTDPE6 | PTDPE5S | PTDPE4 | PTDPE3 | PTDPE2 | PTDPE1 PTDPEO
PTDSE7 | PTDSE6 | PTDSE5 | PTDSE4 | PTDSE3 | PTDSE2 | PTDSE1 PTDSEO

PTDDS6 | PTDDS5 | PTDDS4 PTDDSO

PTDDS7

PTDDS3 | PTDDS2 | PTDDS1

PTEPE7 | PTEPE6 | PTEPE5 | PTEPE4 | PTEPE3 | PTEPE2 | PTEPE1 PTEPEO
PTESE7 | PTESE6 | PTESES | PTESE4 | PTESE3 | PTESE2 | PTESE1 PTESEO
PTEDS7 PTEDS5 PTEDS3 | PTEDS2 | PTEDS1 PTEDSO

PTEDS6 PTEDS4

PTGPE7

PTFPE7 | PTFPE6 | PTFPES | PTFPE4 | PTFPE3 | PTFPE2 | PTFPE1 | PTFPEO
PTFSE7 | PTFSE6 | PTFSES | PTFSE4 | PTFSE3 | PTFSE2 | PTFSE1 | PTFSEO
PTFDS7 | PTFDS6 | PTFDS5 | PTFDS4 PTFDS1 | PTFDSO

PTFDS3 | PTFDS2

PTGPE6 | PTGPES | PTGPE4 | PTGPE3 | PTGPE2 | PTGPE1 PTGPEO

PTGDS7

PTHPE7

PTGSE7 | PTGSE6 | PTGSE5 | PTGSE4 | PTGSE3 | PTGSE2 | PTGSE1 | PTGSEO
PTGDS6 PTGDS4 PTGDS1

PTGDS5 PTGDS3 | PTGDS2 PTGDSO0

PTHPES PTHPES3

PTHPEG6 PTHPE4 PTHPE2 | PTHPE1 PTHPEO
PTHSE7 | PTHSE6 | PTHSES | PTHSE4 | PTHSE3 | PTHSE2 | PTHSE1 PTHSEO

PTHDS7

PTHDS6

PTHDS5 | PTHDS4 | PTHDS3 | PTHDS2 | PTHDS1 | PTHDSO

PTJPE7 | PTJPE6 | PTJPE5 | PTJPE4 | PTJPE3 | PTJPE2 | PTJPE1 PTJPEO
PTJSE7 | PTJSE6 | PTJSES | PTJSE4 | PTJSE3 | PTJSE2 | PTJSET PTJSEO
PTJDS7 PTJDS5 PTJDS3 | PTJDS2 | PTJDSt

PTJDS6

PTJDS4 PTJDSO

GCAEN

ADEXT 0 0 0

AD10 AD9 AD8
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Address

Ox(FF)FF_9870
Ox(FF)FF_9871
Ox(FF)FF_9872
Ox(FF)FF_9873
Ox(FF)FF_9874
Ox(FF)FF_9875
Ox(FF)FF_9876
Ox(FF)FF_9877
Ox(FF)FF_9878
Ox(FF)FF_9879
Ox(FF)FF_987A
Ox(FF)FF_987B
Ox(FF)FF_987C
Ox(FF)FF_987D

Ox(FF)FF_987E-
Ox(FF)FF_987F

4.21

Several reserved flash memory locations, shown in Table 4-4, are used for storing values used by

Register
Name

SCI2BDH
SCI2BDL
SCi2C1
SCl2c2
SCI2s1
SCI2s2
SCI2C3
SCi2D
PTCSET
PTESET
PTCCLR
PTECLR
PTCTOG
PTETOG

Reserved

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

Chapter 4 Memory

Flash Module Reserved Memory Locations

Bit 7 6 5 4 3 2 1 Bit0
LBKDIE IRXEDGIE ] o SBR([12:8]
SBR[7:0]
LooPS | sciswAl | 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 | BRKI3 | LBKDE RAF
R8 8 TXDIR | TXINV | ORIE NEIE FEIE PEIE
Bit7 6 5 4 3 2 1 Bit 0
PTCSET7 | PTCSET6 | PTCSETS | PTCSET4 | PTCSETS | PTCSET2 | PTCSET1 | PTCSETO
PTESET7 | PTESET6 | PTESETS | PTESET4 | PTESETS | PTESET2 | PTESET1 | PTESETO
PTCCLR7 | PTCCLR6 | PTCCLRS | PTCCLR4 | PTCCLR3 | PTCCLR2 | PTCCLR1 | PTCCLRO
PTECLR7 | PTECLR6 | PTECLR5 | PTECLR4 | PTECLR3 | PTECLR2 | PTECLR1 | PTECLRO
PTCTOG7 | PTCTOGS | PTCTOGS | PTCTOG4 | PTCTOGS | PTCTOG2 | PTCTOGT | PTCTOGO
PTETOG? | PTETOG6 | PTETOGS | PTETOG4 | PTETOGS | PTETOG2 | PTETOG1 | PTETOGO

oSt

corresponding peripheral registers. These registers include an 8-byte backdoor key that can be used to gain

access to secure memory resources. During reset events, the contents of the flash protection byte

(NVPROT) and flash nonvolatile byte (NVOPT) in the reserved flash memory are transferred into the
corresponding FPROT and FOPT registers in the high-page register area to control security and block
protection options.

Table 4-4. Reserved Flash Memory Addresses

LsSB?
Address (0x2) (0x3)
0x(00)00_03FC 'g.?g)n T
Backdoor comparison key bytes 0-3
0x(00)00_0400
byte0 | byte1 | byte2 | byte3
Backdoor comparison key bytes 4-7
0x(00)00_0404
byted L bytes L byte6 L byte7
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Table 4-4. Reserved Flash Memory Addresses

msB! LSB2
(0x0) (0x1) (0x2) (0x3)

Address

0x(00)00_0408
0x(00)00_040C ‘ ! NVPROT Reserved

1 MSB = most significant byte
2 SB = least significant byte

Table 4-5. Reserved Flash Memory Addresses

Address Register
0x(00)00_03FC—
0x(00)00_03FD | Heserved
Storage of
0x(00)00_03FE FTRIM
Storage of
0x(00)00_03FF ICSTRM TRIM
0x(00)00_0400- .
0x(00)00_0407 8-Byte Backdoor Comparison Key
0x(00)00_0408—
0x(00)00_040c | Heserved |
0x(00)00_040D NVPROT
0x(00)00_040E Reserved : . - i
0x(00)00_040F NVOPT

The factory trim values are stored in the flash information row (IFR)! and are automatically loaded into
the ICSTRM and ICSSC registers after any reset. The oscillator trim values stored in TRIM and FTRIM
can be reprogrammed by third party programmers and must be copied into the corresponding ICS registers
(ICSTRM and ICSSC) by user code to override the factory trim.

NOTE

When the MCU is in active BDM, the trim value in the IFR is not loaded.
Instead, the ICSTRM register resets to 0x80 and ICSSC[FTRIM] resets to
Zero.

Provided the key enable (KEYEN) bit is set, the 8-byte comparison key can be used to temporarily

disengage memory security. This key mechanism can be accessed only through user code running in secure
memory (A security key cannot be entered directly through background debug commands). This security
key can be disabled completely by clearing the KEYEN bit. If the security key is disabled, the only way

1. IFR — Nonvolatile information memory that can only be 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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Chapter 4 Memory

to disengage security is by mass-erasing the flash (normally through the background debug interface) and
verifying the flash is blank.

4.2.2 ColdFire Rapid GPIO Memory Map

The rapid GP1IO module is mapped into a 16-byte area starting at location 0x(00)C0_0000. Its memory
map is shown below in Table 4-6.

Table 4-6. V1 ColdFire Rapid GPIO Memory Map

Register

Address Name Bit 7 6 5 4 3 2 1 Bit 0
0x(00)C0_0000 15 14 1 12 11 10 9 8
x(00)C0_0 RGPIO_DIR 8
0x(00)C0_0001 7 6 5 4 3 2 1 0
2 1 14 1 12 1M 10 9
0x(00)CO_000:! RGPIO_DATA 5 3 8
0x(00)C0_0003 7 6 5 4 3 2 1 0
[0) 4 1 4 1 1 1 10 8
x(00)C0_000 RGPIO_ENB 5 1 3 2 9
0x(00)C0_0005 7 6 5 4 3 2 1 0
1 1 1 1

0x(00)C0_0006 RGPIO_CLR 15 14 3 2 0 9 8
0x(00)C0_0007 1 0
0x(00)C0_0008 fee

(00)C0. Reserved
0x(00)C0_0009
0x(00)CO_000A

RGPIO_SET
0x(00)C0_000B
0x(00)C0_000C
Reserved

0x(00)C0_000D
0x(00)C0_000E RGPIO_TOG
0x(00)CO_000F 7 6 5 4 3 2 1 0

423 ColdFire Interrupt Controller Memory Map

The V1 ColdFire interrupt controller (CF1_INTC) register map is sparsely-populated, but retains
compatibility with earlier ColdFire interrupt controller definitions. The CF1_INTC occupies the upper
64 bytes of the device memory map and all memory locations are accessed as 8-bit (byte) operands.

Table 4-7. V1 ColdFire Interrupt Controller Memory Map

Address Register Name msb Bit Number Isb
Ox(FF)FF_FFCO- e g T 7

Ox(FFFF_FFDz  Reserved | - -

OX(FF)FF_FFD3  INTC_FRC
OXFRFF_FFD4- oo

Ox(FF)FF_FFD7

OX(FF)FF_FFD8  INTC_PL6P7

Ox(FF)FF_FFD9  INTC_PL6P6 o

OX(FF)FF_FFDA  Reserved

OX(FF)FF_FFDB  INTC_WCR
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Chapter 4 Memory

Table 4-7. V1 ColdFire Interrupt Controller Memory Map (continued)

Address Register Name msb Bit Number Isb
Ox(FF)FF_FFDC- j : 7 S
Ox(FF)FF_FFDD
Ox(FF)FF_FFDE INTC_SFRC
Ox(FF)FF_FFDF INTC_CFRC
Ox(FF)FF_FFEO INTC_SWIACK |

OxX(FF)FF_FFE1-
Ox(FF)FF_FFE3

Ox(FF)FF_FFE4 INTC_LVL1IACK

Ox(FF)FF_FFE5-
OxX(FF)FF_FFE7

Ox(FF)FF_FFE8 INTC_LVL2IACK

Ox(FF)FF_FFE9—
Ox(FF)FF_FFEB

Ox(FF)FF_FFEC  INTC_LVL3IACK|
Ox(FF)FF_FFED-
Ox(FF)FF_FFEF »
Ox(FF)FF_FFFO  INTC_LVL4IACK

OX(FF)FF_FFF1~ :
Ox(FF)FF_FFF3

Ox(FF)FF_FFF4 INTC_LVL5IACK|

Ox(FF)FF_FFF5-
OX(FF)FF_FFF7

Ox(FF)FF_FFF8 INTC_LVL6IACK

OX(FF)FF_FFFo-
Ox(FF)FF_FFFB

Ox(FF)FF_FFFC INTC_LVL7IACK

Ox(FF)FF_FFFD-
Ox(FF)FF_FFFF

Reserved

Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

Reserved

4.3 RAM

The MCF51QE128/64/32 includes up to 8 Kbytes of static RAM. RAM is most efficiently accessed using
the A5-relative addressing mode (address register indirect with displacement mode). Any single bit in this
area can be accessed with the bit manipulation instructions (BCLR, BSET,etc.).

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

4.4 Flash

The flash memory is intended primarily for program storage and read-only data. In-circuit programming
allows the operating program to be loaded into the flash memory after final assembly of the application
product. It is possible to program the entire array through the single-wire background debug interface.
Because no special voltages are needed for flash erase and programming operations, in-application
programming is also possible through other software-controlled communication paths.
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Chapter 4 Memory

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

Array read access time is one bus cycle for bytes, aligned words, and aligned longwords. Multiple accesses
are needed for misaligned words and longword operands. For flash memory, an erased bit reads 1 and a
programmed bit reads 0. It is not possible to read from a flash block while any command is executing on
that specific flash block.

LARUTION
A flash block address must be in the erased state before being programmed.
Cumulative programming of bits within a flash block address is not allowed
except for status field updates required in EEPROM emulation applications.

Flash memory on MCF51QE128/64/32 must be programmed 32-bits at a time when the low-voltage detect
flag (LVDF) in the system power management status and control 1 register (SPMSC1) is clear. If
SPMSCI[LVDF] is set, the programming sequence must be modified such that odd and even bytes are
written separately. The MCF51QE128/64/32 flash memory is organized as two 16-bit wide blocks
interleaved to yield a 32-bit data path. When programming flash when LVDF is set, alternate bytes must
be set to 0xFF as shown in Table 4-8. Failure to adhere to these guidelines may result in a partially
programmed flash array.

Table 4-8. Lov-Voltage Programming Sequence Example

Addresses Desired Value Values Programmed
0x00 — 0x03 O0x55FF_AAFF
0X00 — 0x03 Ox5555_AAAA OXFF55_FFAA

0x04 — 0x07 O0xCCFF_CCFF
0X04 — 0X07 0xCCCC_ccce OXFFCC_FFCC

0x08 — 0x0B 0x1234_5678 Ox12FF_56FF

0x08 — 0x0B OxFF34_FF78
0X0C — OXOF O0X9AFF_DEFF
0X0C — OXOF 0x9ABC_DEFO O0XFFBC_FFFO

441 Features

Features of the flash memory include:

* Flash size
— MCF51QE128: 131,072 bytes (128 sectors of 1024 bytes each)
— MCF51QE64: 65,536 bytes (64 sectors of 1024 bytes each)
— MCF51QE32: 32,768 bytes (32 sectors of 1024 bytes each)

* Automated program and erase algorithm

* Fast program and sector erase operation

*  Burst program command for faster flash array program times

* Single power supply program and erase
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Chapter 4 Memory

*  Command interface for fast program and erase operation

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

*  Flexible block protection (on any 2-Kbyte memory boundary)

» Security feature to prevent unauthorized access to on-chip memory and resources
*  Auto power-down for low-frequency read accesses

4.4.2  Register Descriptions

The flash module contains a set of 16 control and status registers located between 0x(00)00_0000 and
0x(00)00_000F. Detailed descriptions of each register bit are provided in the following sections.

4.4.21 Flash Clock Divider Register (FCDIV)

The FCDIV register controls the length of timed events in program and erase algorithms executed by the
flash memory controller. All bits in the FCDIV register are readable and writable with restrictions as
determined by the value of FDIVLD when writing to the FCDIV register.

7 6 5 4 I 3 2 1 0

FDIVLD PRDIVS FDIV
Reset 0 0 0 0 } 0 0 0 0

Figure 4-3. Flash Clock Divider Register (FCDIV)

Table 4-9. 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 the
FDIVLD | 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 Prescalar 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 of 150 kHz-200 kHz. The minimum divide ratio is 2 (PRDIV8=0, FDIV=0x01) and the maximum divide ratio is
512 (PRDIV8=1, FDIV=0x3F). Refer to Section 4.5.1.1, “Writing the FCDIV Register” for more information.

4422 Flash Options Register (FOPT and NVOPT)

The FOPT register holds all bits associated with the security of the MCU and flash module. All bits in the
FOPT register are readable but are not writable.
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The FOPT register is loaded from the flash configuration field (see Section 4.2.1) during the reset
sequence, indicated by F in Figure 4-4.

The security feature in the flash module is described in Section 4.5.5, “Security™.

7 6 5 4 3 2 1 0
R KEYEN 0 0 0 0 SEC
Reset F F 0 0 0 0 F F

Figure 4-4. Flash Options Register (FOPT)

Table 4-10. 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 flash module.
00 Disabled
01 Disabled (Preferred KEYEN state to disable Backdoor Key Access)
10 Enabled
11 Disabled

5-2 Reserved, should be cleared.

1-0 Flash Security Bits. The SEC[1:0] bits define the security state of the MCU. If the flash module is unsecured
SEC using backdoor key access, the SEC[1:0] bits are forced to the unsecured state.

00 Unsecured

01 Unsecured

10 Secured

11 Unsecured

4.4.2.3 Flash Configuration Register (FCNFG)
The FCNFG register gates the security backdoor writes.

KEYACC is readable and writable while all remaining bits read 0 and are not writable. KEYACC is only
writable if KEYEN is set to the enabled state (see Section 4.4.2.2, “Flash Options Register (FOPT and
NVOPT)”).

NOTE
Flash array reads are allowed while KEYACC is set.

6 5 4 3 2 1 0

7
R 0 0 0 0 0 0 0
KEYACC
wi o b e e L
Reset 0 0 0 o o0 0 0 0

Figure 4-5. Flash Configuration Register (FCNFG)

MCF51QE128 MCU Series Reference Manual, Rev. 3

Freescale Semiconductor 73
fiet the iatest version from freascale.com




Chapter 4 Memory

Table 4-11. FCNFG Field Descriptions

Field Description

7-6 Reserved, should be cleared.

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.

4-0 Reserved, should be cleared.

44.24 Flash Protection Register (FPROT and NVPROT)

The FPROT register defines which flash sectors are protected against program or erase operations. FPROT
bits are readable and writable as long as the size of the protected flash memory is being increased. Any
write to FPROT that attempts to decrease the size of the protected flash memory is ignored.

During the reset sequence, the FPROT register is loaded from the flash protection byte in the flash
configuration field (see Section 4.2.1), indicated by F in Table 4-6. To change the flash protection loaded
during the reset sequence, the flash sector containing the flash configuration field must be unprotected.
Then, the flash protection byte must be reprogrammed.

Trying to alter data in any protected area in the flash memory results in a protection violation error and
FSTAT[FPVIOLY] is set. The mass erase of the flash array is not possible if any of the flash sectors
contained in the flash array are protected.

7 6 5 4 g 3 2 1 0

R
FPS FPOPEN
w
Reset F F F F | F F F F
Figure 4-6. Flash Protection Register (FPROT)
Table 4-12. FPROT Field Descriptions
Field Description

7-1 Flash Protection Size. With FPOPEN set, the FPS bits determine the size of the protected flash address range
FPS as shown in Table 4-13.

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

Table 4-13. Flash Protection Address Range

Protected Address Range Protected
FPS FPOPEN Relative to Flash Array Base Size
— 0 0x0_0000-0x1_FFFF 128 Kbytes
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Table 4-13. Flash Protection Address Range (continued)

0x00-0x3F 0x0_0000-0x1_FFFF 128 Kbytes
0x40 0x0_0000-0x1_F7FF 126 Kbytes
0x41 0x0_0000-0x1_EFFF 124 Kbytes
0x42 0x0_0000-0x1_E7FF 122 Kbytes
0x43 ! 0x0_0000-0x1_DFFF 120 Kbytes
0x44 0x0_0000-0x1_D7FF 118 Kbytes
0x45 0x0_0000-0x1_CFFF 116 Kbytes
0x46 0x0_0000-0x1_C7FF 114 Kbytes
0x47 0x0_0000-0x1_BFFF 112 Kbytes
0x5B 0x0_0000-0x1_1FFF 72 Kbytes
0x5C 0x0_0000-0x1_17FF 70 Kbytes
0x5D 0x0_0000-0x1_OFFF 68 Kbytes
Ox5E 0x0_0000-0x1_07FF 66 Kbytes
Ox5F 0x0_0000-0x0_FFFF 64 Kbytes
0x60 0x0_0000-0x0_F7FF 62 Kbytes
0x61 0x0_0000-0x0_EFFF 60 Kbytes
0x62 0x0_0000-0x0_E7FF 58 Kbytes
0x63 1 » 0x0_0000-0x0_DFFF 56 Kbytes
0x77 0x0_0000-0x0_3FFF 16 Kbytes
0x78 0x0_0000-0x0_37FF 14 Kbytes
0x79 0x0_0000-0x0_2FFF 12 Kbytes
0x7A 0x0_0000-0x0_27FF 10 Kbytes
ox7B 0x0_0000-0x0_1FFF 8 Kbytes
0x7C 0x0_0000-0x0_17FF 6 Kbytes
0x7D 0x0_0000-0x0_0FFF 4 Kbytes
OX7E 0x0_0000-0x0_07FF 2 Kbytes
Ox7F No Protection 0 Kbytes
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Chapter 4 Memory

4.4.2.5

Flash Status Register (FSTAT)

The FSTAT register defines the operational status of the flash module. FCBEF, FPVIOL and FACCERR
are readable and writable. FBLANK is readable and not writable. The remaining bits read 0 and are not

writable.

5 4 3 2 1
FPVIOL FACCERR 0 FBLANK 0 0
wic wic

Figure 4-7. Flash Status Register (FSTAT)

Table 4-14. FSTAT Field Descriptions

Field

Description

FCBEF

Command Buffer Empty Flag. The FCBEF flag indicates that the command buffer is empty so that a 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, aborts a command write sequence and causes the FACCERR flag to be set. Writinga 0 to
FCBEF outside of a command write sequence does not set the FACCERR flag. Writing a 1 to this bit clears it.
0 Command buffers are full.

1 Command buffers are ready to accept a new command.

FCCF

Command Complete Flag. The FCCF flag indicates that there are no more commands 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 FCCF.

0 Command in progress.

1 All commands are completed.

5
FPVIOL

Protection Violation Flag. The FPVIOL flag indicates an attempt was made to program or erase an address in
a protected area of the flash memory during a command write sequence. Writing a 0 to the FPVIOL flag has no
effect on FPVIOL. Writing a 1 to this bit clears it. 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.

4
FACCERR

Access Error Flag. The FACCERR flag indicates an illegal access has occurred to the flash memory caused by
either a violation of the command write sequence (see Section 4.5.1.2, "Command Write Sequence”), issuing an
illegal flash command (see Section 4.4.2.6, “Flash Command Register (FCMD)"), 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. Writing a 1 to this bit clears it. 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.

Reserved, should be cleared.
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Table 4-14. FSTAT Field Descriptions (continued)

Field Description

2 Flag Indicating the Erase Verify Operation Status. When the FCCF flag is set after completion of an erase
FBLANK | 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.

1-0 Reserved, should be cleared.

4.4.2.6 Flash Command Register (FCMD)

The FCMD register is the flash command register. All FCMD bits are readable and writable during a
command write sequence while bit 7 reads 0 and is not writable.

7 ) 6 5 4 3 2 1 0
R 0
FCMD
will
Reset 0 0 0 0 0 0 0 0

Figure 4-8. Flash Command Register (FCMD)

Table 4-15. FCMD Field Descriptions

Field Description

7 Reserved, should be cleared.

6-0 Flash Command. Valid flash commands are shown below. Writing any command other than those listed sets
FCMD the FACCERR flag in the FSTAT register.
0x05 Erase Verify
0x20 Program
0x25 Burst Program
0x40 Sector Erase
0x41 Mass Erase

4.5 Function Description

4.5.1 Flash Command Operations

Flash command operations 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 programmable divider.
The next sections describe:
1. How to write the FCDIV register to set FCLK
2. Command write sequences to program, erase, and erase verify operations on the flash memory
3. Valid flash commands
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4. Effects resulting from illegal flash command write sequences or aborting flash operations

4511 Writing the FCDIV Register

Prior to issuing any flash command after a reset, write the FCDIV register to divide the bus clock down to
150-200 kHz. The FCDIV[PRDIV8, FDIV] bits must be set as described in Figure 4-9.

For example, if the bus clock frequency is 25 MHz, FCDIV[FDIV] should be set to 0xOF (001111) and the
FCDIV[PRDIVg] bit set to 1. The resulting FCLK frequency is then 195 kHz. In this case, the flash
program and erase algorithm timings are increased over the optimum target by:

(200 - 195) = 200 = 3% Egn. 4-1
ALITHON

Program and erase command execution time increase proportionally with
the period of FCLK. Programming or erasing the flash memory with
FCLK less than 150 kHz should be avoided. Setting FCDIV to a value such
that FCLK is less than 150 kHz can destroy the flash memory due to
overstress. Setting FCDIV to a value where FCLK is greater than 200 kHz
can result in incomplete programming or erasure of the flash memory cells.

If the FCDIV register is written, the FDIVLD bit is automatically set. If the FDIVLD bit is 0, 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 a command write sequence does not execute and FSTAT[FACCERR] is set.
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PRDIV8 = 0 (reset)

bus_clock

0 3MHZ? ALL PROGRAM AND EHAS\?
< 0. Z7

COMMANDS IMPOSSIBLE

bus_clock
>12.8MHz?

Y

set PRDIV8 =1
PRDCLK = bus_clock/8 PRDCLK = bus_clock
e |

<

PRDCLK[kHz)/200 no

an integer?

v

set FDIV[5:0] = INT(PRDCLK[kHz]/200)

set FDIV[5:0] = PRDCLK[kHz}/200-1

FCLK = (PRDCLK)/(1+FDIV[5:0])

Note:
END ¢ FCLK is the clock of the flash timing control block
* INT(x) is the integer part of x (e.g. INT(4.323) = 4)

Figure 4-9. Determination Procedure for PRDIV8 and FDIV Bits

45.1.2 Command Write Sequence

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

Before starting a command write sequence, the FACCERR and FPVIOL flags in the FSTAT register must
be clear and the FCBEF flag must be set (see Section 4.4.2.5).

A command write sequence consists of three steps that 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.
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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.

After a command is launched, the completion of the command operation is indicated by the setting of
FSTAT[FCCF]. The FCCF flag sets upon completion of all active and buffered burst program commands.
452 Flash Commands

Table 4-16 summarizes the valid flash commands along with the effects of the commands on the flash
block.

Table 4-16. Flash Command Description

FCMD NVM Function on Flash Memory
Command
0x05 Erase Verify | Verify all memory bytes in the flash array memory are erased.
If the flash array memory is erased, FSTAT[FBLANK] sets upon command completion.
0x20 Program Program an address in the flash array.

0x25 Burst Program | Program an address in the flash array with the internal address incrementing after the
program operation.

0x40 Sector Erase | Erase all memory bytes in a sector of the flash array.

0x41 Mass Erase Erase all memory bytes in the flash array.

A mass erase of the full flash array is only possible when no protection is enabled prior
to launching the command.

CALITHON

A flash block address must be in the erased state before being programmed.
Cumulative programming of bits within a flash block address is not allowed
except for status field updates required in EEPROM emulation applications.

4.5.2.1 Erase Verify Command
The erase verify operation verifies that the entire flash array memory is erased.

An example flow to execute the erase verify operation is shown in Figure 4-10. The erase verify command
write sequence is as follows:

1. Write to an aligned flash block address to start the command write sequence for the erase verify
command. The address and data written are 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, FSTAT[FCCF] sets 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, FSTAT[FBLANK] is set if all
addresses in the flash array memory are verified to be erased. If any address in the flash array memory is
not erased, the erase verify operation terminates and FSTAT[FBLANK] remains cleared.
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@

l Read: FCDIV register

Clock Register
Written
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yes [ Write: FCDIV register |

v
| Read: FSTAT register J«——

yes
-ACCERR/FPVIO
Set?
no

Note: FCDIV needs to
be set after each reset

Command
Buffer Empty Check

Access Error and
Protection Violation

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

Check
1 Write: Flash Block Address
*| and Dummy Data
I
o | Write: FCMD register l
" |_Erase Verify C_cl>mmand 0x05
3. Write: FSTAT register ‘
Clear FCBEF g[xeo
| Read: FSTAT register
Bit Polling for
Command Completion
Check

Erase Verify
Status

FBLANK
Set?

Flash Block Flash Block
Erased Not Erased

Figure 4-10. Example Erase Verify Command Flow

4522 Program Command

The program operation programs a previously erased address in the flash memory using an embedded
algorithm. An example flow to execute the program operation is shown in Figure 4-11. The program
command write sequence is as follows:

1. Write to an aligned flash block address to start the command write sequence for the program
command. The data written is programmed to the address written.
2. Write the program command, 0x20, to the FCMD register.

3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the program
command.
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If an address to be programmed is in a protected area of the flash block, FSTAT[FPVIOL] sets and the
program command does not launch. After the program command has successfully launched and the
program operation has completed, FSTAT[FCCF] is set.

Read: FCDIV register

Clock Register Note: FCDIV needs to

Written be set after each reset
Check
[ write: FCDIV register |
| " Read: FSTAT register j(—
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

Write: Flash Array Address
and Program Data

1.

|
o | Write: FCMD register J
" |_Program Comr?and 0x20

3. | Write: FSTAT register ‘
Clear FCBEF 0x80
1

l Read: FSTAT register

Bit Polling for
Command Completion
Check

Figure 4-11. Example Program Command Flow
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4523 Burst Program Command

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

While burst programming, two internal data registers operate as a buffer and a register (2-stage FIFO) so
that a second burst programming command along with the necessary data can be stored to the buffers while
the first burst programming command remains in progress. This pipelined operation allows a time
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 4-12. The burst program
command write sequence is as follows:

1. Write to an aligned flash block address to start the command write sequence for the burst program
command. The data written is 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 the entire flash memory even while crossing row
boundaries within the flash array. If data to be burst programmed falls within a protected area of the flash
array, FSTAT[FPVIOL] is set and the burst program command does not launch. After the burst program
command has successfully launched and the burst program operation has completed, FSTAT[FCCF] is set
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, a greater than 50% faster programming time for the entire flash array can be effectively achieved
when compared to using the basic program command.

MCF51QE128 MCU Series Reference Manual, Rev. 3

Freescale Semiconductor 83
et v tabesl varsion from freescals.oom




Chapter 4 Memory
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Figure 4-12. Example Burst Program Command Flow

45.2.4 Sector Erase Command
The sector erase operation erases all addresses in a 1 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 4-13. The sector erase command
write sequence is as follows:

1. Write to an aligned 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 the data written is
ignored.

. 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 a flash sector to be erased is in a protected area of the flash block, FSTAT[FPVIOL] is set and the sector
erase command does not launch. After the sector erase command has successfully launched and the sector
erase operation has completed, FSTAT[FCCF] is set.

Read: FCDIV register

Clock Register Note: FCDIV needs to

Written be set after each reset
Check
| write: FCDIV register |
} Read: FSTAT register I(——
Command
Buffer Empty Check

Access Error and
Protection Violation

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

Check
4 Write: Flash Sector Address
and Dummy Data
I
5 | Write: FCMD register l
Sector Erase Command 0x40
I
3. | Write: FSTAT register I
Clear FCBEF 0x80
1
‘ Read: FSTAT register
Bit Polling for
Command Completion
Check
Figure 4-13. Example Sector Erase Command Flow
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4525 Mass Erase Command

The mass erase operation erases the entire flash array memory using an embedded algorithm. An example
flow to execute the mass erase operation is shown in Figure 4-14. The mass erase command write sequence
is as follows:

1. Write to an aligned flash block address to start the command write sequence for the mass erase
command. The address and data written is ignored.

2. Write the mass erase command, 0x41, to the FCMD register.

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

If the flash array memory to be mass erased contains any protected area, FSTAT[FPVIOL] is set and the
mass erase command does not launch. After the mass erase command has successfully launched and the
mass erase operation has completed, FSTAT[FCCF] is set.

r Read: FCDIV register

Clock Register Note: FCDIV needs to

Written be set after each reset
Check
yes | write: FCDIV register |
I " Read: FSTAT register |<——
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear FACCERR/FPVIOL 0x30

Write: Flash Memory Address
and Dummy Data
|

o | Write: FCMD register
Mass Erase Command 0x41

3. | Write: FSTAT register l
Clear FCBEF 0|580

| Read: FSTAT register

1.

Bit Polling for
Command Completion
Check

Figure 4-14. Example Mass Erase Command Flow
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NOTE

The BDM can also perform a mass erase and verify command. See
Chapter 18, “Version 1 ColdFire Debug (CF1_DEBUQG),” for details.

4.5.3 lllegal Flash Operations

4.5.3.1 Flash Access Violations

The FACCERR flag is 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 a byte, word, or misaligned longword to a valid flash address.

3. Writing to any flash register other than FCMD after writing to a flash address.

4. Writing to a second flash address in the same command write sequence.

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

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

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

8. Writing to a flash address after writing to the FCMD register.

9. Writing to any flash register other than FSTAT (to clear FCBEF) after writing to the FCMD
register.

10. Writing a 0 to the FCBEF flag in the FSTAT register to abort a command write sequence.
The FACCERR flag is also set if the MCU enters stop mode while any command is active (FCCF=0). The

operation is aborted immediately and, if burst programming, any pending burst program command is
purged (see Section 4.5.4.2, “Stop Modes”).

The FACCERR flag does not 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 returns invalid
data and the FACCERR flag is not set.

If the FACCERR flag is set in the FSTAT register, clear the FACCERR flag before starting another
command write sequence (see Section 4.4.2.5, “Flash Status Register (FSTAT)Y™).
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4.5.3.2 Flash Protection Violations

The FPVIOL flag is set after the command is written to the FCMD register if any of the following illegal
operations are attempted:
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.

As a result of any of the above, the command write sequence immediately aborts. If FSTAT[FPVIOL] is
set, clear the FPVIOL flag before starting another command write sequence (see Section 4.4.2.5, “Flash
Status Register (FSTAT)”).

4.5.4  Operating Modes

4541 Wait Mode

Ifa command is active (FCCF = 0) when the MCU enters wait mode, the active command and any buffered
command is completed.

4.5.4.2 Stop Modes

If a command is active (FCCF = 0) when the MCU enters any stop mode, the operation is aborted. If the
operation is program or erase, the flash array data being programmed or erased may be corrupted and the
FCCF and FACCERR flags are set. If active, the high voltage circuitry to the flash array is immediately
switched off when entering stop mode. Upon exit from stop mode, the FCBEF flag is set and any buffered
command is not launched. The FACCERR flag must be cleared before starting a command write sequence
(see Section 4.5.1.2, “Command Write Sequence”).
NOTE
As active commands are immediately aborted when the MCU enters stop
mode, do not use the STOP instruction during program or erase operations.

Active commands continue when the MCU enters wait mode. Use of the
STOP instruction when SOPT1[WAITE] is set is acceptable.

4543 Background Debug Mode

In background debug mode, the FPROT register is writable without restrictions. If the MCU is unsecured,
all flash commands listed in Table 4-16 can be executed. If the MCU is secured, only a compound mass
erase and erase verify command can be executed. See Chapter 18, “Version 1 ColdFire Debug
(CF1_DEBUG),” for details.
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45,5 Security

The flash module provides the necessary security information to the MCU. During each reset sequence,
the flash module determines the security state of the MCU as defined in Section 4.2.1, “Flash Module
Reserved Memory Locations”.

The contents of the flash security byte in the flash configuration field (see Section 4.4.2.3) must be
changed directly by programming the flash security byte location when the MCU is unsecured and the
sector containing the flash security byte is unprotected. If the flash security byte is left in a secured state,
any reset causes the MCU to initialize into a secure operating mode.

45.5.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature that requires knowledge of the
contents of the backdoor keys (see Section 4.2.1). If the KEYEN[1:0] bits are in the enabled state (see
Section 4.4.2.2) and the KEYACC bit is set, a write to a backdoor key address in the flash memory triggers
a comparison between the written data and the backdoor key data stored in the flash memory. If all
backdoor keys are written to the correct addresses in the correct order and the data matches the backdoor
keys stored in the flash memory, the MCU is unsecured. The data must be written to the backdoor keys
sequentially. Values 0x0000_0000 and OxFFFF_FFFF are not permitted as backdoor keys. While the
KEYACC bit is set, reads of the flash memory return valid 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 KEYENT[1:0] bits are in the enabled state (see Section 4.4.2.2), the MCU can be unsecured by the
backdoor key access sequence described below:
1. Set FCNFG[KEYACC].

2. Execute three NOP instructions to provide time for the backdoor state machine to load the starting
address and number of keys required into the flash state machine.

3. Sequentially write the correct longwords to the flash address(es) containing the backdoor keys.

4. 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.

5. If all data written match the backdoor keys, the MCU is unsecured and the SEC[1:0] bits in the
NVOPT register are forced to an unsecured state.

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

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

3. If any of the keys written are all 0’s or all 1’s.

4. If the KEYACC bit does not remain set while the keys are written.
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5. If any of the keys are written on successive MCU clock cycles.
6. Executing a STOP instruction before all keys have been written.

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

In the unsecure state, you have full control of the contents of the backdoor keys by programming the
associated addresses in the flash configuration field (see Section 4.2.1, “Flash Module Reserved Memory
Locations”™).

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
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 by using the backdoor key access sequence in background debug
mode (BDM).

4.5.6 Resets

4.5.6.1 Flash Reset Sequence
On each reset, the flash module executes a reset sequence to hold CPU activity while reading the following
resources from the flash block:

*  MCU control parameters (see Section 4.2.1)

» Flash protection byte (see Section 4.2.1 and Section 4.4.2.4)

» Flash nonvolatile byte (see Section 4.2.1)

* Flash security byte (see Section 4.2.1 and Section 4.4.2.2

4.5.6.2 Reset While Flash Command Active

If a reset occurs while any flash command is in progress, that command is immediately aborted. The state
of the flash array address being programmed or the sector/block being erased is not guaranteed.

4.5.6.3 Program and Erase Times

Before any program or erase command can be accepted, the flash clock divider (FCDIV) must be written
to set the internal clock for the flash module to a frequency (fpy ) between 150 kHz and 200 kHz.

If the initial flash event is a mass erase and verify from BDM, then CSR3[31:24] must be loaded before
the XCSR is written to initiate the erase and verify. The data in the XCSR and CSR3 is then loaded into
the flash’s FCDIV register. (See Section 18.3.4, “Configuration/Status Register 3 (CSR3)”). However, if
the first flash event is executed by the processor directly, the flash’s FCDIV register is written directly, and
the XCSR and CSR3 are not involved.
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One period of the resulting clock (1/fgcy k) is used by the command processor to time program and erase
pulses. An integer number of these timing pulses are used by the command processor to complete a
program or erase command.

Program and erase times are given in the MCF51QFE128 Data Sheet, order number MCF51QE128DS.

4.6  Security

The MCF51QE128/64/32 includes circuitry to prevent unauthorized access to the contents of flash and
RAM memory. When security is engaged, BDM access is restricted to the upper byte of the debug XCSR,
CSR2, and CSR3 registers. RAM, flash memory, peripheral registers, and most of the CPU register set are
not available via BDM. Programs executing from internal memory have normal access to all MCU
memory locations and resources.

Security is engaged or disengaged based on the state of two nonvolatile register bits (SEC01, SEC00) in
the FOPT register. During reset, the contents of the nonvolatile location, NVOPT, are copied from flash
into the working FOPT register in high-page register space. Engage security by programming the NVOPT
location. This can be done at the same time the flash memory is programmed. The 1:1 state disengages
security and the other three combinations engage security. Security is implemented differently than on the
pin-compatible MCIS08QE128/64/32 family of devices. This is a result of differences inherent in the SO8
and ColdFire MCU architectures.

Upon exiting reset, the XCSR[SEC] bit in the ColdFire CPU is set if the device is secured, cleared
otherwise.

You can allow or disallow a security unlocking mechanism through an 8-byte backdoor security key. The
security key can be written by the CPU executing from internal memory. It cannot be entered without the
cooperation of a secure user program. The procedure for this is detailed in Section 4.5.5.1, “Unsecuring
the MCU using Backdoor Key Access”.

Development tools unsecure devices via an alternate BDM-based methodology shown in Figure 4-15.
Because RESET and BKGD pins can be reprogrammed via software, a power-on-reset is required to be
absolutely certain of obtaining control of the device via BDM, which is a required prerequisite for clearing
security. Other methods (outlined in red in Figure 4-15) can also be used, but may not work under all
circumstances.
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Secure state unknown/unpowered

|

Y

N = number of cycles for SIM to release internal

Hold BKGD=0, apply power, wait N+16 cycles
for POR to deassert

/ reset. Adder of 16 imposed by ColdFire core.
BKGD=0 during reset ensures that

T

ENBDM comes up ‘1"

Secure state unknown, CPU halted,
FEI 10 MHz clock, SYNC required

FLL enabled, internal reference (FEI)
at 10MHz is reset default for the ICS.

Y

SYNC ]

Y

Secure state unknown, CPU halted,
FEI 10 MHz clock, synchronized to debugger

Error condition
check code or device.

¥

XCSR[31:24] + 1000_01x1

Read XCSR
XCSR[25] =0
& XCSRI[31:24] = 0x87
- - Already
Set PRDIV8 and clock divider fields in CSR3 ] unsecured

Y

Write XCSR[31:24] = 0x87 to initiate
erase/verify of flash memory
Note: This write is required

l<
<

Is XCSR[25] cleared
(erase/verify complete
?

)

Yes

Ways to enter BDM halt mode:
BKGD=0 during POR

On-chip flash is erased and unsecure

BKGD=0 during external reset

Y

BKGD=0 during BDM reset
BFHBR=1 during BDM reset

Write CSR2[25:24]=11 to initiate BDM reset to halt or
write CSR2[25:24]=01 to initiate BDM reset to run

o s w N

Issue BACKGROUND command
via BDM interface

Y

6. HALT instruction

1 l Delay “f£i¥ cycles

7. BDM breakpoint
l 8. ColdFire fault-on-fault

Y

| Device is unsecure

Of these, only method 1 is guaranteed to work under]
I all circumstances because of the ability to program

1. The last three steps are optional, but recommended.

different functions on the BKGD package pin.

Figure 4-15. Procedure for Clearing Security on MCF51QE128/64/32 via the BDM Port
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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
on the MCF51QE128/64/32. Some interrupt sources from peripheral modules are discussed in greater
detail within other sections of this document. 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.

5.2 Features

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

5.3 Microcontroller Reset

Resetting the MCU provides a way to start processing from a known set of initial conditions. When the
ColdFire processor exits reset, it fetches initial 32-bit values for the supervisor stack pointer and program
counter from locations 0x(00)00_0000 and 0x(00)00_0004 respectively. On-chip peripheral modules are
disabled and 1/0 pins are initially configured as general-purpose high-impedance inputs with pull-up
devices disabled.
The MCF51QE128/64/32 has the following sources for reset:

* Power-on reset (POR)

« External pin reset (PIN)

» Computer operating properly (COP) timer

« Illegal opcode detect (ILOP)

* Illegal address detect (ILAD)

* Low-voltage detect (LVD)

* Background debug forced reset

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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Chapter 5 Resets, Interrupts, and General System Control

5.3.1 Computer Operating Properly (COP) Watchdog

The COP watchdog forces a system reset when the application software fails to execute as expected. To

prevent a system reset from the COP timer (when it is enabled), application software must reset the COP
counter periodically. If the application program gets lost and fails to reset the COP counter before it times
out, a system reset is generated to force the system back to a known starting point.

After any reset, the SOPT1[COPE] bit is set enabling the COP watchdog (see Section 5.7.3, “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. This write does not affect the data in the read-only SRS. Instead, the act of writing to this
address is decoded and sends a reset signal to the COP counter.

The SOPT2[COPCLKS] bit selects the clock source used for the COP timer (see Section 5.7.4, “System
Options Register 2 (SOPT2),” for additional information). 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 the SOPT1[COPT] bit. Table 5-1 summaries the control functions of the COPCLKS
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 23 cycles
1 1 Bus 2'8 cycles

1 Values are shown in this column based on t po = 1 ms.

Write to the write-once SOPT1! and SOPT2 registers during reset initialization to lock in the settings, even
if the application uses the default reset settings of COPE, COPCLKS, and COPT. That way, they cannot
be changed accidentally if the application program gets lost. The initial writes to SOPT1 and SOPT2 reset
the COP counter.

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

In the CPU halt state, the COP counter does not increment.

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

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

1. The SOPT1[WAITE] bit can be written multiple times. Other bits are write-once.
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5.3.2 lllegal Operation Reset

By default, the V1 ColdFire core generates a MCU reset when attempting to execute an illegal instruction
(except for the ILLEGAL opcode), illegal line-A instruction, illegal line-F instruction, or a supervisor
instruction while in user mode (privilege violation). The user may set CPUCR[IRD] to generate the
appropriate exception instead of forcing a reset.

NOTE

The attempted execution of the STOP instruction with SOPT[STOPE,
WAITE] cleared is treated as an illegal instruction.

The attempted execution of the HALT instruction with XCSR[ENBDM]
cleared is treated as an illegal instruction.

5.3.3 lllegal Address Reset

By default, the V1 ColdFire core generates a MCU reset when detecting an address error, bus error
termination, RTE format error, or fault-on-fault condition. The user may set CPUCR[ARD] to generate the
appropriate exception instead of forcing a reset, or simply halt the processor in response to the
fault-on-fault condition.

5.4 Interrupts and Exceptions

The interrupt architecture of ColdFire utilizes a 3-bit encoded interrupt priority level sent from the
interrupt controller to the core, providing seven levels of interrupt requests. Level seven represents the
highest priority interrupt level, while level one is the lowest priority. For more information on exception
processing, see Chapter 8, “Interrupt Controller (CF1_INTC)Y”.

5.41 External Interrupt Request (IRQ) Pin

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

5.4.11 Pin Configuration Options

The IRQ pin enable (IRQPE) control bit in IRQSC must be set for the IRQ pin to act as the interrupt request
(IRQ) input. As an IRQ input, you 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 that can be polled by software (IRQIE).

The IRQ pin, when enabled, defaults to use an internal pull device (IRQPDD = 0), configured as a pull-up
or pull-down depending on the polarity chosen. If you want to use an external pull-up or pull-down, the
IRQPDD can be set to turn off the internal device.
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Chapter 5 Resets, Interrupts, and General System Control

NOTE
This pin does not contain a clamp diode to Vpp and should not be driven
above Vpp.

NOTE

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

5.4.1.2 Edge and Level Sensitivity

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

5.4.1.3 External Interrupt Initialization
When the IRQ pin is first enabled, it is possible to get a false interrupt flag. To prevent a false interrupt
request during IRQ initialization, the user should do the following:
1. Mask interrupts by clearing IRQSC[IRQIE].
Select the pin polarity by setting the appropriate IRQSC[IRQEDG] bits.
If using internal pull-up/pull-down device, clear IRQSC[IRQPDD].
Enable the IRQ pin by setting IRQSC[IRQPE].
Write to IRQSC[IRQACK] to clear any false interrupts.
Set IRQSC[IRQIE] to enable interrupts.

SANRAE ol e

5.5 Low-Voltage Detect (LVD) System

The MCF51QE128/64/32 includes a system to guard 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 a LVD circuit with a user-selectable trip voltage, high (Vypy) or low
(Vivpr)- The LVD circuit is enabled when the SPMSCI1[LVDE)] bit is set and the trip voltage is selected
by the SPMSC3[LVDV] bit. The LVD is disabled upon entering stop2 or stop3 modes unless the LVDSE
bit is set. If LVDE and LVDSE are set when the STOP instruction is processed, the device enters stop4
mode. The LVD can be left enabled in this mode.

5.5.1 Power-On Reset Operation

When power is initially applied to the MCU or the supply voltage drops below the power-on reset re-arm
voltage level, Vpgg, the POR circuit causes a reset condition. As the supply voltage rises, the LVD circuit
holds the MCU in reset until the supply has risen above the LVD low threshold, V| ypp. The
SRS[POR,LVD] bits are set following a POR.
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5.5.2 LVD Reset Operation

The LVD can be configured to generate a reset upon detection of a low voltage condition by setting
LVDRE to 1. The low voltage detection threshold is determined by the LVDV bit. After an LVD resct has
occurred, the LVD system holds the MCU in reset until the supply voltage has risen above the low voltage
detection threshold. SRS[LVD] is set following an LVD reset or POR.

5.5.3 LVD Interrupt Operation

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

5.5.4 Low-Voltage Warning (LVW) Interrupt Operation

The LVD system has a low voltage warning flag (LVWF) to indicate the supply voltage is approaching,
but is above, the LVD voltage. The LVW also has an interrupt associated with it, enabled by setting the
SPMSC3[LVWIE] bit. If enabled, an LVW interrupt request occurs when the LVWF is set. LVWF is
cleared by writing a 1 to the SPMSC3[LVWACK] bit. There are two user-selectable trip voltages for the
LVW, one high (Vywy) and one low (Vv ). The trip voltage is selected by SPMSC3[LVW V] bit.

5.6  Peripheral Clock Gating

The MCF51QE128/64/32 includes a clock gating system to manage the bus clock sources to the individual
peripherals. Using this system, you 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. This reduces the overall
run and wait mode currents.

Out of reset, all peripheral clocks are enabled. For lowest possible run or wait currents, software should
disable the clock source to any peripheral not in use. The actual clock is enabled or disabled immediately
following the write to the clock gating control registers (SCGC1, SCGC2). Any peripheral with a gated
clock cannot be used unless its clock is enabled. Writing to the registers of a peripheral with a disabled
clock has no effect.

NOTE

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

In stop modes, the bus clock is disabled for all gated peripherals, regardless of the settings in the SCGC1
and SCGC2 registers.

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

One 8-bit register in the direct page register space and eight 8-bit registers in the high-page register space
are related to reset and interrupt systems.
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Refer to Chapter 4, “Memory”, for the absolute address assignments for all registers. This section refers
to registers and control bits only by their names. A Freescale-provided equate or header file is used to
translate these names into the appropriate absolute addresses.

Some control bits in the SOPT1 and SPMSC?2 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”.

5.7.1 Interrupt Pin Request Status and Control Register (IRQSC)

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

7 6 5 2 1 0
0
IRQPDD IRQEDG IRQIE IRQMOD
IRQACK
0 0 0 0 0

Figure 5-1. Interrupt Request Status and Control Register (IRQSC)

Table 5-2. IRQSC Register Field Descriptions

Field Description
7 Reserved, should be cleared.
6 Interrupt Request (IRQ) Pull Device Disable. This read/write control bit is used to disable the internal

IRQPDD | pull-up/puli-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 1RQ pull device disabled if IRQPE = 1.

5 Interrupt Request (IRQ) Edge Select. This read/write control bit selects the polarity of edges or levels on the IRQ
IRQEDG | pin that cause IRQF to be set. The IRQMOD control bit determines whether the IRQ pin is sensitive to edges and
levels or only edges. When IRQEDG is set 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 be
IRQPE used as an external interrupt request.
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.

3 IRQ Flag. This read-only status bit indicates when an interrupt request event has occurred.
IRQF 0 No IRQ request.
1 IRQ event detected.

2 IRQ Acknowledge. This write-only bit acknowledges interrupt request events (write 1 to clear IRQF). Writing O
IRQACK | 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.
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Table 5-2. IRQSC Register Field Descriptions (continued)

Field Description

1 IRQ Interrupt Enable. This read/write control bit determines whether IRQ events generate an interrupt request.
IRQIE 0 Interrupt request when IRQF set is disabled (use polling).
1 Interrupt requested when IRQF is set.

0 IRQ Detection Mode. This read/write control bit selects edge-only detection or edge-and-level detection. The
IRQMOD [ IRQEDG control bit determines the polarity of edges and levels detected as interrupt request events. See
Section 5.4.1.2, “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.

5.7.2 System Reset Status Register (SRS)

This high page register includes read-only status flags to indicate the source of the most recent reset. When
a debug host forces reset by setting CSR2[BDFR], none of the status bits in SRS are 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
Rl poR | PN | ocop ILOP ILAD o | o 0
w Writing any value to SRS address clears COP watchdog timer.
POR: 1 0 0 0 0 0 1 0
LVD: u 0 0 0 0 0 1 0
Any other 0 Note' Note' Note' Note' 0 0 0

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

Figure 5-2. System Reset Status (SRS)

Table 5-3. SRS Register Field Descriptions

Field Description
7 Power-On Reset. Reset was caused by the power-on detection logic. Because the internal supply voltage was
POR ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset occurred while

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

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

5 Computer Operating Properly (COP) Watchdog. Reset was caused by the COP watchdog timer timing out. This
COoP reset source is blocked if COPE is cleared.
0 Reset not caused by COP timeout.
1 Reset caused by COP timeout.
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Table 5-3. SRS Register Field Descriptions (continued)

Field Description

4 lllegal Opcode. Reset was caused by an attempt to execute an unimplemented or illegal opcode. This includes
ILOP any illegal instruction (except the ILLEGAL (0x4AFC) opcode) or a privilege violation (execution of a supervisor
instruction in user mode. The STOP instruction is considered illegal if SOPT1[STOPE,WAITE] are cleared. The
HALT instruction is considered illegal if the BDM interface is disabled (XCSR[ENBDM] = 0).

All illegal opcode resets are enabled when CPUCRI[IRD] is cleared. If CPUCR[IRD] is set, then the appropriate
processor exception is generated instead of a reset.

0 Reset not caused by an illegal opcode.

1 Reset caused by an illegal opcode.

3 lllegal Address. Reset was caused by the processor's attempted access of an illegal address in the memory map,
ILAD an address error, an RTE format error, or a fault-on-fault condition. All the illegal address resets are enabled when
CPUCRIARD] is cleared. When CPUCR[ARD] is set, the appropriate processor exception is generated instead
of a reset, or if a fault-on-fault condition is reached, the processor simply halts.

0 Reset not caused by an illegal access.
1 Reset caused by an illegal access.

2 Reserved, should be cleared.

1 Low Voltage Detect. If LVDRE is set and the supply drops below the LVD trip voltage, an LVD reset occurs. This
LvD bit is also set by POR.
0 Reset not caused by LVD trip or POR.
1 Reset caused by LVD trip or POR.

0 Reserved, should be cleared.

5.7.3 System Options Register 1 (SOPT1)

All SOPT1 bit fields, except WAITE, are write-once. Therefore for the write-once bits, only the first write
after reset is honored. Any subsequent attempt to write to these bit fields (intentionally or unintentionally)
isignored to avoid accidental changes to these sensitive settings. All bit fields may be read at any time and
WAITE is write-anytime. SOPT 1 should be written during the reset initialization program to set the desired
controls even if the desired settings are the same as the reset settings.

7 6 5 2 1 0
COPE COPT STOPE RSTOPE BKGDPE RSTPE
w
Reset: 1 1 0 u' 1 u'
POR: 1 1 0 1 0 0 1 0
LVR: 1 1 0 1 0 0 1 0

! u = unaffected

Figure 5-3. System Options Register 1 (SOPT1)
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Table 5-4. 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 SOPT2[COPCLKS] 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 and wait modes are disabled and a
STOPE user program attempts to execute a STOP instruction, an illegal opcode reset may be generated depending on
CPUCR[IRD].

4 Wait Mode Enable. This write-anytime bit is used to enable wait mode. If stop and wait modes are disabled and
WAITE a user program attempts to execute a STOP instruction, an illegal opcode reset may be generated depending on
CPUCRIIRD]. If this bit is set, the value of STOPE is ignored when the STOP instruction is executed.

Note: The user must execute a NOP instruction following any change to WAITE to allow the updated register bit
time to propagate to the processor.

3 Reserved, should be cleared.

2 RSTO Pin Enable. When set, this write-once bit enables the PTC4/RGPI012/TPM3CH4/RSTO pin to function as
RSTOPE | RSTO When clear, the pin functions as one of its alternative functions. This pin defaults to its I/O port function
following an MCU POR. When RSTOPE is set, an internal pullup device is enabled on RSTO. The pin remains
in this mode until the next power-on-reset.

1 Background Debug Mode Pin Enable. When set, this write-once bit enables the PTA4/ACMP10/BKGD/MS pin
BKGDPE |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 RESET Pin Enable. This write-once bit when set enables the PTAS/IRQ/TPM1CLK/RESET pin to function as
RSTPE RESET. When clear, the pin functions as one of its input-only alternative functions. This pin defaults to its 1/0 port
function following an MCU POR. When RSTPE is set, an internal pullup device is enabled on RESET.

5.7.4 System Options Register 2 (SOPT2)

This high page register contains bits to configure MCU specific features on the MCF51QE128/64/32
devices.

7 6 5 4 ; 3 2 1 0

R 0
COPCLKS' {——— SPI1PS ACIC2 licPs ACICH

Reset: 0 0 0 0 0 0 0 0

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

Figure 5-4. System Options Register 2 (SOPT2)
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Table 5-5. 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.

6-4 Reserved, should be cleared.
3 SPI1 Pin Select. This bit selects the location of the SPSCLK1, MOSI1, MISO1, and SS1 pins of the SPI1 module.
SPI1PS
SPI1PS SPSCLK1 MOSIH MISO1 SS1
0 PTB2 PTB3 PTB4 PTB5
1 PTEO PTE1 PTE2 PTE3
2 Analog Comparator 2 to Input Capture Enable. This bit connects the output of ACMP2 to TPM2 input channel 0.

ACIC2 See Chapter 10, “Analog Comparator 3V (ACMPVLPV1),” and Chapter 17, “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.

1 1IC1 Pin Select. This bit selects the location of the SDA1 and SCL1 pins of the /IC1 module.
lIC1PS
lIC1PS SDA1 SCL1
0 PTA2 PTA3
1 PTB6 PTB7
0 Analog Comparator 1 to Input Capture Enable. This bit connects the output of ACMP1 to TPM1 input channel 0.

ACIC1 See Chapter 10, "Analog Comparator 3V (ACMPVLPV1),” and Chapter 17, “Timer/Pulse-Width Modulator
{SOBTPMV3),” 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.

5.7.5  System Device Identification Register (SDIDH, SDIDL)

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

Additional configuration information about the ColdFire core and memory system is loaded into the 32-bit
DO and D1 registers at reset. This information can be stored into memory by the system startup code for
later use by configuration-sensitive application code. See Chapter 7, “ColdFire Core,” for more
information.
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ID[11:8]
| TRl

Reset: — — — — 1 1 0 0

Figure 5-5. System Device ldentification Register High (SDIDH)

Table 5-6. SDIDH Register Field Descriptions

Field Description
7-4 Reserved. Reading these bits results in an indeterminate value; writes have no effect.
Reserved
3-0 Part Identification Number. Each derivative in the ColdFire family has a unique identification number. The
ID[11:8] [MCF51QE128/64/32 are hard coded to the value 0xC15. See also ID bits in Table 5-7.

7 6 5 4 ; 3 2 1 0

R ID[7:0]

Figure 5-6. System Device Identification Register Low (SDIDL)

Table 5-7. SDIDL Register Field Descriptions

Field Description

7-0 Part Identification Number. Each derivative in the ColdFire family has a unique identification number. The
ID[7:0] MCF51QE128/64/32 are hard coded to the value 0xC15. See also ID bits in Table 5-6.

5.7.6 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 it
enables the bandgap voltage reference for use by the ADC module. To configure the low voltage detect
trip voltage, see Table 5-10 for the LVDV bit description in SPMSC3.

SPMSCT1 is not reset when exiting from stop2.

7 6 5 4 3
R
LVDIE LVDRE? LVDSE
w LVDACK
Reset: 0 0 0 1 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.

Figure 5-7. System Power Management Status and Control 1 Register (SPMSC1)
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Table 5-8. SPMSC1 Register Field Descriptions

Field Description
7 Low-Voltage Detect Flag. If LVDE is set, 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 (write

LVDACK |1 to clear LVDF). Reads always return 0.

5 Low-Voltage Detect Interrupt Enable. This bit enables hardware interrupt requests for LVDF.
LVDIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVDF is set.

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 is set.

3 Low-Voltage Detect Stop Enable. If LVDE is set, this read/write bit determines whether the low-voltage detect
LVDSE function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.

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

1 Reserved, must be cleared.

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

5.7.7  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 3.7.2, “Low-Power Wait Mode
(L.Pwait),” and Section 3.8, “Stop Modes,” for more information.

7 6 5 4 i 3 2 1 0
R
LPR PPDE’ PPDC
w PPDACK
Reset: 0 1 0

' PPDE is a write-once bit that can be used to permanently disable the PPDC bit.
Figure 5-8. System Power Management Status and Control 2 Register (SPMSC2)

SPMSC2 is not reset when exiting from stop2.
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Table 5-9. SPMSC2 Register Field Descriptions

Field Description

7 Low-Power Regulator Control. The LPR bit controls entry into the low-power run and low-power wait modes in
LPR which the voltage regulator is put into standby. This bit cannot be set if PPDC=1. If PPDC and LPR are setin a
single write instruction, only PPDC is actually set. LPR is cleared when an interrupt occurs in low-power mode
and the LPWUI bit is 1.

0 Low-power run and low-power wait modes are disabled.
1 Low-power run and low-power wait modes are requested.

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 any
LPWUI active MCU interrupt occurs.
0 The voltage regulator remains in standby on an interrupt.
1 The voltage regulator exits standby on an interrupt. LPR is cleared.

4 Reserved, should be cleared.

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

2 Partial Power-Down Acknowledge. Writing a 1 to PPDACK clears the PPDF bit.
PPDACK
1 Partial Power-Down Enable. The write-once PPDE bit can be used to lockout the partial power-down feature. This
PPDE is a write-once bit.
0 Partial power-down is not enabled.
1 Partial power-down is enabled and controlled via the PPDC bit.
0 Partial Power-Down Control. The PPDC bit controls which power-down mode is selected. This bit cannot be set
PPDC if LPR is set. If PPDC and LPR are set in a single write instruction, only PPDC is actually set. PPDE must be set

for PPDC to be set.

0 Stop3 low-power mode enabled.

1 Stop2 partial power-down mode enabled.

There are also restrictions on LVDE and LVDSE. See Table 3-1 for details.

5.7.8 System Power Management Status and Control 3 Register
(SPMSC3)

This high page register reports the status of the low voltage warning function and to select the low voltage
detect trip voltage. SPMSC3 is not reset when exiting from stop2.
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LVR:

Any other
reset:

5 4 3 1 0
LVDV LYWV LVWIE
0
o' 0 u u 0 0 0 0
o' 0 u u 0 0 0 0

T LVWF is set when Vsupply transitions below the trip point or after reset and Vgyppy is already below V.

Figure 5-9. System Power Management Status and Control 3 Register (SPMSC3)

Table 5-10. 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. Writing a 1 to LVWACK clears LVWF if a low voltage warning is not present.
LVWACK
5 Low-Voltage Detect Voltage Select. The LVDV bit selects the LVD trip point voltage (Vyp)-
LvDV 0 Low trip point selected (V yp = VivpL)-
1 High trip point selected (V| yp = ViypH)-
4 Low-Voltage Warning Voltage Select. The LVWV bit selects the LVW trip point voltage (V| yw)-
Lvwy 0 Low trip point selected (Vi yw = Viywo)-
1 ngh trip point selected (VLVW = VLVWH)'
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 is set.
2-0 Reserved, should be cleared.

Table 5-11. LVD and LVW Trip Point Typical Values'

LVDV:LVWV LVW Trip Point LVD Trip Point
00 Viyw =2.15 ViypL = 1.86
01 ViywL =2.48
10 Viyw =2.15 VoL =2.15
Not Recommended
11 VivwL =248

1 See the MCF51QE128 Data Sheet for minimum and maximum values.
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5.7.9 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, IICx,
and SCIx modules. Gating off the clocks to unused peripherals reduces the MCU’s run and wait currents.
See Section 5.6, “Peripheral Clock Gating,” for more information.

7 6 5 4 3 2 1 0
R
TPM3 TPM2 TPM1 ADC lc2 IIC1 SCl2 SCi
Reset: 1 1 1 1 1 1 1 1
Figure 5-10. System Clock Gating Control 1 Register (SCGC1)
Table 5-12. SCGC1 Register Field Descriptions
Field Description
7 TPM83 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 1IC2 Clock Gate Control. This bit controls the clock gate to the 11IC2 module.
lic2 0 Bus clock to the 11C2 module is disabled.
1 Bus clock to the 1IC2 module is enabled.

2 IIC1 Clock Gate Control. This bit controls the clock gate to the 1IC1 module.
|[e3] 0 Bus clock to the 1IC1 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.
SCl2 0 Bus clock to the SCI2 module is disabled.
1 Bus clock to the SCI2 module is enabled.

0 SCH Clock Gate Control. This bit controls the clock gate to the SCI1 module.
SCit 0 Bus clock to the SCI1 module is disabled.
1 Bus clock to the SCI1 module is enabled.

5.7.10 System Clock Gating Control 2 Register (SCGC?2)

This high page register contains control bits to enable or disable the bus clock to the IRQ, KBI, ACMP,
RTC, and SPLx modules. Gating off the clocks to unused peripherals reduces the MCU’s run and wait
currents. See Section 5.6, “Peripheral Clock Gating,” for more information.
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7 6 5 4 3 2 1 0
FLS IRQ KBIx ACMPx RTC SPI2 SPI1
Reset: 1 1 1 1 1 1 1 1
Figure 5-11. System Clock Gating Control 2 Register (SCGC2)
Table 5-13. SCGC2 Register Field Descriptions
Field Description
7 Reserved, must be set.
6 FTSR Clock Gate Control. This bit controls the bus clock gate to the flash registers. This bit does not affect normal
FLS program execution from the flash array. Only the clock to the flash control registers is affected.
0 Bus clock to flash registers is disabled.
1 Bus clock to 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 bit controls the clock gate to both of the KBI modules.
KBIx 0 Bus clock to the KBl 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.
ACMPx |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 the bus clock is gated; the
RTC ICSERCLK and LPOCLK are still available to the RTC.
0 Bus clock to the RTC module is disabled.
1 Bus clock to the RTC module is enabled.
1 SPI2 Clock Gate Control. This bit controls the clock gate to the SPI2 module.
SPI2 0 Bus clock to the SP12 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 (I/0) and pin control. The
MCF51QE128/64 devices have up to nine parallel I/O ports that include a total of 70 I/O pins and one
input-only and one output-only pin. See Chapter 2, “Pins and Connections,” for more information about
pin assignments and external hardware considerations of these pins.

In addition to standard 1/O port functionality, ports C and E have set/clear/toggle functions integrated as
part of the ColdFire core itself to improve edge resolution on those pins. See Scetion 6.4, “V1 ColdFire
Rapid GPIO Functionality,” and Chapter 9, “Rapid GPIO (RGPIO),” for additional details.

Many port pins are shared with on-chip peripherals such as timer systems, communication systems, or
keyboard interrupts as shown in Figure 1-1. The peripheral modules have priority over the general-purpose
I/O functions so that when a peripheral is enabled, the I/O functions associated with the shared pins may
be disabled.

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

NOTE

Not all general-purpose 1/0 pins are available on all packages. To avoid
extra current drain from floating input pins, the reset initialization routine in
the application program must 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/Os are performed through the port data registers. The direction, input or
output, is controlled through the port data direction registers. The parallel I/O port function for an
individual pin is illustrated in the block diagram shown in Figure 6-1.

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

When a shared digital function is enabled for a pin, the output buffer is controlled by the shared function.
However, the data direction register bit continues to control the source for reads of the port data register.

When a shared analog function is enabled for a pin, the input and output buffers are disabled. A value of
0 is read for any port data bit where the bit is an input (PTxDDr = 0) and the input buffer is disabled. In

general, when a pin is shared with an alternate digital function and an analog function, the analog function
has priority. Therefore, if the digital and analog functions are enabled, the analog function controls the pin.
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Chapter 6 Parallel Input/Output Control
It is good 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 is not driven for a short time with an old data value that
happened to be in the port data register.

PTxDDn

Output Enable
Data Direction Control b Q
PTxDn
; D Q >
Port Data Register Output Data
1
Port Read _
Data
OF—1 Synchronizer (<«— Input Data
BUSCLK T

Figure 6-1. Classic Parallel /0 Block Diagram

6.2  Pull-up, Slew Rate, and Drive Strength

A set of high page registers control pull-ups, slew rate, and drive strength for the pins. They may also be
used with the peripheral functions on these pins. These registers are associated with the parallel I/O ports,
but operate independently of the parallel 1/O registers.

6.2.1 Port Internal Pull-up Enable

An internal pull-up device can be enabled for each port pin by setting the corresponding bit in the pull-up
enable register (PTxPEnr). The pull-up device is disabled if the pin is configured as an output by the parallel
1/0 control logic or any shared peripheral function regardless of the state of the corresponding pull-up
enable register bit. The pull-up device is also disabled if the pin is controlled by an analog function.

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 limits the rate at which an output can transition in order to
reduce EMC emissions. Slew rate control has no effect on pins configured as inputs.
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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, a pin is capable of sourcing and
sinking greater current. Even though every 1/0 pin can be selected as high drive, ensure that the total
current source and sink limits for the MCU are not exceeded. Drive strength selection is intended to affect
the DC behavior of 1/0 pins. However, the AC behavior is also affected. High drive allows a pin to drive
a greater load with the same switching speed as a low drive enabled pin into a smaller load. Because of
this, the EMC emissions may be affected by enabling pins as high drive.

6.3  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/O pins within a single port. Only port C and port E have data set, clear, and toggle registers.
Figure 6-2 should be contrasted with Figure 6-1 to see the the effects of adding set/clear/toggle
functionality to the port cell. SET_Enable, CLR_Enable, and Toggle_Enable are set when you write to 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 Enabli
CLR_Enable b Q
TOGGLE_Enable
PTxDn

Module_Enable D Q >
DATA T Output Data

1

Port Read
Data
Ot Synchronizer < Input Data
BUSCLK T

Figure 6-2. Parallel I/O Block Diagram Equipped with SET/CLR Functionality: Ports C & E
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The set/clear/toggle functionality allows software to affect an individual bit with a single write instruction,
rather than using a read-modify-write sequence.

6.3.1 Port Data Set Registers

The port data set registers (PTxSET) are write-only registers associated with ports C and E. Writing to
these registers has the result: PortData = PortData || SetPattern. A subsequent port data register (PTxD)
read reflects the changed result.

6.3.2 Port Data Clear Registers

The port data clear registers (PTxCLR) are write-only registers associated with ports C and E. Writing to
these registers has the result: PortData = PortData && ~ClearPattern. A subsequent port data register
(PTxD) read reflects the changed result.

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 = PortData * TogglePattern. A subsequent port data register (PTxD)
read reflects the changed result.

6.4 V1 ColdFire Rapid GPIO Functionality

The set/clear/toggle functionality descibed in Section 6.3, “Port Data Set, Clear and Toggle Data
Registers,” resides on the device peripheral bus. The V1 ColdFire core is capable of performing higher
speed /0 via its local bus, which does not have latency penalties associated with the on-chip peripheral
bus bridge. The Rapid GPIO module contains data, direction, and enable registers along with set, clear,
and toggle registers, which are based at address Ox(OO)CO 0000. This functionality can be programmed to
take priority on ports C and E.

This functionality is further defined in Chapter 9, “Rapid GP1O (RGPIO)”.

6.5 Keyboard Interrupts

Some port A, some port B, and all port D pins can be configured as keyboard interrupt inputs and as an
external means of waking the MCU from stop or wait low-power modes. The block diagram for each
keyboard interrupt logic is shown Figure 6-3.
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‘ BUSCLK
L 1 voD )
KBIXPO S T

KEYBOARD
INTERRUPT FF

KBI
INTERRUPT
REQUEST

KBIxPn E

Figure 6-3. Port Interrupt Block Diagram

Writing to the KBIPEn bits in the keyboard x interrupt pin enable register (KBIxPE) independently enables
or disables each port pin. Each port can be configured as edge sensitive or edge and level sensitive based
on KBIxSC[KBIMOD]. Edge sensitivity can be software programmed to be falling or rising; the level can
be 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 detects edges. Prior to detecting an edge, enabled port inputs must be at the deasserted
logic level. A falling edge is detected when an enabled port input signal is seen as a logic 1 (the deasserted
level) during one bus cycle and then a logic 0 (the asserted level) during the next cycle. A rising edge is
detected when the input signal is seen as a logic 0 during one bus cycle and then a logic 1 during the next
cycle.

6.5.1 Edge Only Sensitivity

A valid edge on an enabled port pin sets KBIxSC[KBF]. If the KBIxSC[KBIE] bit is set, an interrupt
request is generated to the CPU. Clearing of KBF is accomplished by writing a 1 to KBIxXSC[KBACK].

6.5.2 Edge and Level Sensitivity

A valid edge or level on an enabled port pin sets KBIxSC[KBF]. If KBIxSC[KBIE] is set, an interrupt
request is generated to the CPU. Clearing of KBF is accomplished by writing a 1 to KBIxSC[KBACK],
provided all enabled port inputs are at their deasserted levels. KBF remains set if any enabled port pin is
asserted while attempting to clear by writing a 1 to KBACK.

6.5.3 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 enable register. If an internal resistor is enabled, the KBIXES register selects
whether the resistor is a pull-up (KBEDGn = 0) or a pull-down (KBEDGn = 1).
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6.5.4  Keyboard Interrupt Initialization
When an interrupt pin is first enabled, it is possible to get a false interrupt flag. To prevent a false interrupt
request during pin interrupt initialization, do the following:
1. Mask interrupts by clearing KBIxSC[KBIE].
Select the pin polarity by setting the appropriate KBIxXES[KBEDGH] bits.
If using internal pull-up/pull-down device, configure the associated pull enable bits in KBLxPE.
Enable the interrupt pins by setting the appropriate KBIxPE[KBIPE#] bits.
Write to KBIxSC[KBACK] to clear any false interrupts.
Set KBIxSC[KBIE] to enable interrupts.

S kv

6.6  Pin Behavior in Stop Modes

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

+ Stop2 mode is a partial power-down mode, whereby /O latches are maintained in their state as
before the STOP instruction was executed (port states are lost and need to be restored upon exiting
stop2). CPU register status and the state of I/O registers should be saved in RAM before the STOP
instruction is executed to place the MCU in stop2 mode.

Upon recovery from stop2 mode, before accessing any 1/0O, examine the state of the
SPMSC2[PPDF] bit. If the PPDF bit is cleared, I/O must be initialized as if a power-on-reset had
occurred. Ifthe PPDF bit is set, I/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. Then, write a 1 to the SPMSC2[PPDACK] bit. Access to I/0 is now
permitted again in the user application program.

 Instop3 and stop4 modes, all I/O is maintained because internal logic circuity stays powered. Upon
recovery, normal I/O function is available to the user.

6.7  Parallel /O, Keyboard Interrupt, and Pin Control Registers

This section provides information about the registers associated with the parallel I/O ports. The data, data
direction registers, and keyboard interrupt 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 tables in Chapter 4, “Memory,” for the absolute address assignments for all parallel I/O and their
pin control registers. This section refers to registers and control bits only by their names. A Freescale
Semiconductor-provided equate or header file normally is translates these names into the appropriate
absolute addresses.

6.7.1 Port A Registers

Port A is controlled by the registers listed below.

MCF51QE128 MCU Series Reference Manual, Rev. 3

118 Freescale Semiconductor
Sat the latest version from freescale.com



-

i
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The PTA4 and PTAS pins are unique. PTA4 is an output only, so the control bits for the input functions do
not have any effect on this pin. PTAS, when configured as an output, is open drain. Therefore, the drive
strength and slew rate controls have no effect on this pin.

6.7.1.1 Port A Data Register (PTAD)

7 6 5 4 3 2 1 0
PTAD7 PTAD6 PTAD5 PTAD4! PTAD3 PTAD2 PTAD1 PTADO
Reset: 0 0 0 0 0 0 0 0

T Reads of bit PTAD4 always return the contents of PTAD4, regardless of the value stored in the PTADD4 bit.
Figure 6-4. Port A Data Register (PTAD)

Table 6-1. PTAD Register Field Descriptions

Field Description

7-0 Port A Data Register Bits. For port A pins configured as inputs, reads return the logic level on the pin. For port A
PTADn pins 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 configured as outputs, the logic level is driven out
the corresponding MCU pin.
Reset forces PTAD to all Os, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.

6.7.1.2 Port A Data Direction Register (PTADD)

7 6 5 4 3 2 1 0

PTADD7 PTADD6 PTADD5 PTADD4' PTADD3 PTADD2 PTADD1 PTADDO

Reset: 0 0 0 0 0 0 0 0

1 PTADDA4 has no effect on the output-only PTA4 pin.
Figure 6-5. Port A Data Direction Register (PTADD)

Table 6-2. PTADD Register Field Descriptions

Field Description

7-0 Data Direction for Port A Bits. These read/write bits control the direction of port A pins and what is read for PTAD
PTADDn |reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port A bit n and PTAD reads return the contents of PTADn.

6.7.1.3 Port A Pull Enable Register (PTAPE)

The port A pull enable register enables pull-ups on the corresponding PTA pin. In some cases, a pull-down
device is enabled if pull-downs are supported by an alternate pin function (e.g., KBI).
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7 6 5 4 3 2 1 [¢]

PTAPE7 PTAPE6 PTAPES PTAPE4' PTAPE3 PTAPE2 PTAPE1 PTAPEO

Reset: 0 0 0 0 0 0 0 0
' PTAPEA4 has no effect on the output-only PTA4 pin.
Figure 6-6. Internal Pull Enable for Port A Register (PTAPE)
Table 6-3. PTAPE Register Field Descriptions
Field Description
7-0

Internal Pull Enable for Port A Bits. Each of these control bits determines if the internal pull-up or pull-down device

PTAPEn |is enabled for the associated PTA pin. For port A pins 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.

6.7.1.4

Port A Slew Rate Enable Register (PTASE)

7 6 5 4 3 2 1 0

PTASE7 PTASE6 PTASES' PTASE4 PTASES3 PTASE2 PTASE1 PTASEO

Reset:

0 0 0 0 0 0 0 0

1 PTASES5 has no effect on the open drain PTA5 pin.

Figure 6-7. Slew Rate Enable for Port A Register (PTASE)

Table 6-4. PTASE Register Field Descriptions

Field Description
7-0 Output Slew Rate Enable for Port A Bits. Each of these control bits determines if the output slew rate control is
PTASEn |enabled for the associated PTA pin. For port A pins 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.
6.7.1.5 Port A Drive Strength Selection Register (PTADS)

7 6 5 4 3 2 1 0

PTADS7 PTADS6 PTADSS' PTADS4 PTADS3 PTADS2 PTADS1 PTADSO

Reset:

0 0 0 0 0 0 0 0

1 PTADSS has no effect on the open drain PTA5 pin.

Figure 6-8. Drive Strength Selection for Port A Register (PTADS)
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Table 6-5. PTADS Register Field Descriptions

Field Description
7-0 Output Drive Strength Selection for Port A Bits. Each of these control bits selects between low and high output
PTADSn |drive for the associated PTA pin. For port A pins 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.
6.7.2 Port B Registers

Port B is controlled by the registers listed below.

6.7.2.1 Port B Data Register (PTBD)
7 6 5 4 3 2 1 0
PTBD7 PTBD6 PTBD5 PTBD4 PTBD3 PTBD2 PTBD1 PTBDO
Reset: 0 0 0 0 0 0 0 0
Figure 6-9. 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 configured as inputs, reads return the logic level on the pin. For port B
PTBDn |pins 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 configured as outputs, the logic level is driven out
the corresponding MCU pin.
Reset forces PTBD to all 0s, but these Os are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.7.2.2 Port B Data Direction Register (PTBDD)
7 6 5 4 3 2 1 0
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
Reset: 0 0 0 0 0 0 0 0
Figure 6-10. Port B Data Direction Register (PTBDD)
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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 PTBD
PTBDDn |reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit nand PTBD reads return the contents of PTBDn.

6.7.2.3 Port B Pull Enable Register (PTBPE)

The port B pull enable register enables pull-ups on the corresponding PTB pin. In some cases, a pull-down
device is enabled if pull-downs are supported by an alternate pin function (e.g., KBI).

PTBPE7 PTBPE®G PTBPES PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO

Reset: 0 0 0 0 0 0 0 0
Figure 6-11. Internal Pull Enable for Port B Register (PTBPE)

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 device
PTBPEn |is enabled for the associated PTB pin. For port B pins 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.

6.7.2.4 Port B Slew Rate Enable Register (PTBSE)

PTBSE7 PTBSE6 PTBSE5S PTBSE4 PTBSES3 PTBSE2 PTBSE1 PTBSEO

Reset: 0 0 0 0 0 0 0 0
Figure 6-12. 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 is
PTBSEn |enabled for the associated PTB pin. For port B pins configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port B bit n.
1 Output slew rate control enabled for port B bit n.
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Chapter 6 Parallel Input/Output Control

6.7.2.5 Port B Drive Strength Selection Register (PTBDS)

PTBDS7 PTBDS6 PTBDS5 PTBDS4 PTBDS3 PTBDS2 PTBDS1 PTBDSO0

Reset: 0 0 0 0 0 0 0 0
Figure 6-13. 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 output
PTBDSn |drive for the associated PTB pin. For port B pins 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.

6.7.3 Port C Registers

Port C is controlled by the registers listed below.

6.7.3.1 Port C Data Register (PTCD)

7 6 5 4 3 2 1 0
PTCD7 PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
w
Reset: 0 0 0 0 0 0 0 0
Figure 6-14. Port C Data Register (PTCD)
Table 6-11. PTCD Register Field Descriptions
Field Description
7-0 Port C Data Register Bits. For port C pins configured as inputs, reads return the logic level on the pin. For port

PTCDn C pins configured as outputs, reads return the last value written to this register.

Wirites are latched into all bits of this register. For port C pins configured as outputs, the logic level is driven out
the corresponding MCU pin.

Reset forces PTCD to all Os, but these 0s are not driven out the corresponding pins because reset also configures
all port pins as high-impedance inputs with pull-ups disabled.
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6.7.3.2 Port C Data Direction Register (PTCDD)

7 6 5 4 3 2 1 0

PTCDD7 PTCDD6 PTCDD5 PTCDD4 PTCDD3 PTCDD2 PTCDD1 PTCDDO

Reset: 0 0 0 0 0 0 0 0
Figure 6-15. 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 PTCD
PTCDDn |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.

6.7.3.3 Port C Data Set Register (PTCSET)

W| PTCSET7 PTCSET5 PTCSET4 PTCSETH1

PTCSET6 PTCSET3 PTCSET2 PTCSETO
Reset: 0 0 0 0 0 0 0 0
Figure 6-16. Port C Data Set Register (PTCSET)
Table 6-13. PTCSET Register Field Descriptions
Field Description

7-0 Data Set for Port C Bits. Writing 1 to any bit in this location sets the corresponding bit in the data register. Writing
PTCSETn |a zero to any bit in this register has no effect.
0 Corresponding PTCDn maintains current value.
1 Corresponding PTCDn is set.

6.7.3.4 Port C Data Clear Register (PTCCLR)

W} PTCCLR7 PTCCLR6 PTCCLR5 PTCCLR4 PTCCLR3 PTCCLR2 PTCCLR1 PTCCLRO
Reset: 0 0 0 0 0 0 0 0
Figure 6-17. Port C Data Clear Register (PTCCLR)
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Table 6-14. PTCCLR Register Field Descriptions

Field Description

7-0 Data Clear for Port C Bits. Writing 0 to any bit in this location clears the corresponding bit in the data register.
PTCCLRn [Writing a one to any bit in this register ha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>