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Addendum for Revision 8.0

1 Addendum for Revision 8.0

Table 1. MCF51EM256RM Rev 8.0 Addendum

Location

Description

Figure 3-1, “MCF51EM256
Series Memory Maps” in
Chapter 3, “Memory”

Updated the memory map, to reflect the actual EM128 silicon. The updated section of the figure

is depicted below:

Address Range

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

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

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

0x(00)BF_FFFF
0x(00)CO_0000

0x(00)CO_000F
0x(00)CO_0010

Ox(FF)FF_7FFF
0x(FF)FF_8000

Ox(FF)FF_FFFF

MCF51EM128
Memory Usage

64 KB Flash
Memory Array 1

Unimplemented

64 KB Flash
Memory Array 2

Unimplemented

8 KB RAM
memory

Unimplemented

ColdFire Rapid
GPIO

Unimplemented

Slave Peripherals
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Revision History

Table 1. MCF51EM256RM Rev 8.0 Addendum

Location

Description

Sub-section “Calibration
Procedure for Improved
Linearity ” for Chapter 21
"Analog-to-Digital Converter
(ADC16)”

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

For applications using the ADC16 in differential mode, improved linearity may be achieved by
using an adjusted calibration procedure as detailed below. The ADC16 does perform to the
published datasheet specification using the original calibration procedure. The adjusted
calibration procedure corrects potential calibration offset errors and diminishes linearity error
spikes that may occur near the ¥4, ¥ and % point of the full scale range.

Adjusted calibration procedure:

¢ Perform auto calibration as defined in the reference manual.

e Then, rewrite ADCCLP1-4, ADCCLMO0-4, ADCPG and ADCMG using ADCLPO and the
following calculations:

ADCCLP1 =ADCCLPO << 1; /[* CLP1is2x CLPO */
ADCCLP2 = ADCCLP1 << 1; /* CLP2is2x CLP1 */
ADCCLP3 = ADCCLP2 << 1; /* CLP3is2x CLP2 */
ADCCLP4 = ADCCLP3 << 1; /* CLP4is2x CLP3 *
ADCCLMO = ADCCLPO; /* minus side calibration values are set equal to the plus side */
ADCCLM1 = ADCCLP1; /* minus side calibration values are set equal to the plus side */
ADCCLM2 = ADCCLP2; /* minus side calibration values are set equal to the plus side */
ADCCLM3 = ADCCLP3; /* minus side calibration values are set equal to the plus side */
ADCCLM4 = ADCCLP4; /* minus side calibration values are set equal to the plus side */

ADCCLMD = ADCCLPD;
ADCCLMS = ADCCLPS;

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

calSum /= 2;

calSum += 0x8000;

ADCPG = calSum;

calSum = 0;

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

calSum /= 2;

calSum += 0x8000;

ADCMG = calSum;

2 Revision History

Table 2 provides a revision history for this document.

Table 2. Revision History Table

Rev. Number Substantive Changes Date of Release
1.0 Initial release. Updated chapter 3, “Memory.” 01/2012
2.0 Added a new section “Calibration Procedure for Improved Linearity ” for Chapter 05/2012
21 "Analog-to-Digital Converter (ADC16)".
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Chapter 1
Device Overview

This chapter provides a brief introduction to the MCF51EM256 series devices. Top level features and
block diagrams are shown; the V1 Coldfire CPU is discussed; and the subject of system clocks is
introduced. Later chapters provide details on memory maps, pinouts, and specific sub-systems.

1.1 MCF51EM256 Series Microcontrollers

1.1.1 Definition
The MCF51EM256 series microcontrollers are systems-on-chips (SoCs) that are based on the V1 ColdFire
core and the following features:

» Operate at processor core speeds up to 50.33 MHz (peripherals operate at half of this speed) at
3.6Vto25Vand20 MHzat25Vto 1.8V

» ColdFire V1 core with MAC unit

* LCD module driver

* Up to 256 KB of flash memory

* Upto 16 KB of RAM

* Independent RTC with separate time base, power domain, and 32 bytes of RAM

» A collection of communications peripherals, including UART, 11C and SPI

* Integrated 16-bit SAR analog-to-digital converter

* Infrared communication modulation/demodulation support by the interconnection of SCI, TPM
and PRACMP modules

These devices are ideal for use in energy meters and monitoring applications.

1.1.2 MCF51EM256 Series Devices

The MCF51EM256 series devices are in various packages, as shown in Table 1-1.
Table 1-1. Package Availability of MCF51EM256 Series

Device Number | 100-Pin LQFP 80-Pin LQFP

MCF51EM256 X X

MCF51EM128 X X
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113 MCF51EM256 Series Device Comparison

Table 1-2 summarizes the feature set available in the MCF51EM256 series MCUSs.

Table 1-2. . MCF51EM256 Series Features by MCU and Package

Feature MCF51EM256 MCF51EM128
Flash size (bytes) 262144 131072
RAM size (bytes) 16384 8192

Robust flash update Yes
supported
Pin quantity 100 80 100 80
PRACMP1 inputs 5 3 5 3
PRACMP2 inputs 5
ADC modules 4 4
ADC differential 4 2 4 2
channels®
ADC single-ended 16 12 16 12
channels
DBG Yes
ICS Yes
IIc Yes
IRQ Yes
IRTC Yes
VREF Yes
LCD drivers 44 37 44 37
Rapid GPIO? 16 16 16 16
Port 1/03 47 40 47 40
Keyboard interface 1 8
Keyboard interface 2 8
SCI1 Yes
SCI2 Yes
SCI3 Yes
SPI1 (FIFO) Yes
SPI2 (standard) Yes
SPI3 (standard) Yes No Yes No
MTIM1 (8-bit) Yes
MTIM2 (8-bit) Yes
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Table 1-2. . MCF51EM256 Series Features by MCU and Package (continued)

Feature MCF51EM256 MCF51EM128
MTIM3 (16-it) Yes
TPM channels 2
PDB Yes
xosc1? Yes
X0SC2° Yes

Each differential channel is comprised of 2 pin inputs
RGPIO is muxed with standard Port 1/0O

Port 1/0 count does not include the ouput only PTC2/BKGD/MS.

IRTC crystal input and possible crystal input to the ICS module

Main external crystal input for the ICS module

Device Overview

Figure 1-1 shows the connections between the MCF51EM256 series MCU pins and functional units.
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PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13

PTA6/RGPIO6/TPMCH1/AD12
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Port B:
e el B
VRrero |1 SCL o
< VREF - 5
Port B/C & D:
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TMRCLK[n] [N w
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DM DBG 168t MTIMS ek Koy | [omemmmz rors o Lo | |E
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Port A: Internal Clock Source <:
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with MAC SPI1 MOSI SST K | |~ Clock Check| |
MISO1 SPSCK1 & Select 5]
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1 Pins with « are not present on 80-pin devices.
2 PRACMP1 has two less available inputs on the 80-pin devices.

Figure 1-1. MCF51EM256 Series Family Block Diagram

PTC7/LCD4
PTC6/LCD3/PRACMP2P4
PTC5/LCD2/PRACMP1P4
PTC4/LCD1/PRACMP20
PTC3/LCDO/PRACMP10
BKGD/MS/PTC2

PTC1/KBI1P7/XTAL2/TX3
PTCO/KBI1P6/EXTAL2/RX3
PTD7/LCD34/KBI2P7
PTD6/LCD33/KBI2P6
PTD5/LCD32/KBI2P5/TMRCLK2
PTD4/LCD31/KBI2P4/TMRCLK1
PTD3/LCD30/KBI2P3
PTD2/LCD29/KBI2P2
PTD1/LCD28/KBI2P1
PTDO/LCD27/KBI2P0

PTE7/LCD5
PTE6/SS3/TX2
PTES5/SCLK3
PTE4/MISO3/MOSI3
PTE3/MOSI3/MISO3
PTE2/PRACMP1P1
PTEL/PRACMP1P3/AD9
PTEO/PRACMP10/ADS8

PTF7/LCD43/AD19
PTF6/LCD42/AD18
PTF5/LCD41/AD17
PTF4/LCD40/AD16
PTF3/LCD39/TX3
PTF2/LCD38/RX3
PTF1/LCD37/EXTRIG
PTFO/LCD36

DADP/M[3,0]
AD[7,4]

l«——— DADP/M[2:1]

AD[6:5]

The IRTC is in a separate
power domain, as is the
LCD controller.
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Table 1-3 describes the functional units of the MCF51EM256 series microcontrollers.

Functional Units

Table 1-3. MCF51EM256 Series Functional Units

Unit

Function

ADC (analog-to-digital converter)

Measures analog voltages at up to 16 bits of resolution. Each ADC has
up to four differential and 24 single-ended inputs.

BDM (background debug module)

Provides single pin debugging interface (part of the V1 ColdFire core)

CF1 CORE (V1 ColdFire core) with MAC

unit

Executes programs, handles interrupts and containes
multiply-accumulate hardware (MAC).

PRACMP1, PRACMP2 (comparators)

Analog comparators for comparing external analog signals against
each other, or a variety of reference levels.

COP (computer operating poperly)

Software watchdog

IRQ (interrupt request)

Single pin high priority interrupt (part of the V1 ColdFire core)

CRC (cyclic Redundancy Check)

High-speed CRC calculation

DBG (debug)

Provides debugging and emulation capabilities (part of the V1 ColdFire
core)

FLASH (flash memory)

Provides storage for program code, constants and variables

IIC (inter-integrated circuits)

Supports standard 1IC communications protocol and SMBus

INTC (interrupt controller)

Controls and prioritizes all device interrupts

KBI1 & KBI2

Keyboard Interfaces 1 and 2

LCD

Liquid crystal display driver

LVD (low voltage detect)

Provides an interrupt to the CF1CORE in the event that the supply
voltage drops below a critical value. The LVD can also be programmed
to reset the device upon a low voltage event

ICS (internal clock source)

Provides clocking options for the device, including a three
frequency-locked loops (FLLs) for multiplying slower reference clock
sources

IRTC (independent real-time clock)

The independent real time clock provides an independent time-base
with optional interrupt, battery backup and tamper protection

VREF (voltage reference)

The voltage reference output is available for both on and off-chip use

MTIM1, MTIM2 (modulo timers)

8-bit modulo timers with configurable clock inputs and interrupt
generation on overflow

MTIM3 (modulo timer)

16-bit modulo timer with configurable clock inputs and interrupt
generation on overflow

PDB (programmable delay block)

This timer is optimized for scheduling ADC conversions

RAM (random-access memory)

Provides stack and variable storage

RGPIO (rapid general-purpose
input/output)

Allows for 1/0 port access at CPU clock speeds and is used to
implement GPIO functionality for PTA and PTB.
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Table 1-3. MCF51EM256 Series Functional Units (continued)

Unit

Function

SCI1, SCI2, SCI3(serial communications
interfaces)

Serial communications UARTS capable of supporting RS-232 and LIN
protocols

SIM (system integration unit)

SPI1 (FIFO), SPI2, SPI3 (serial peripheral
interfaces)

SPI1 has full-complementary drive outputs. SPI2 may be configured
with full-complementary drive output via LCD control registers. SPI3
has open drain outputs on SCLK and (MISO or MOSI). These coupled
with off-chip pullup resistors, allow interface to an external 5V SPI.

TPM (Timer/PWM Module)

Timer/PWM module can be used for a variety of generic timer
operations as well as pulse-width modulation

VREG (voltage regulator)

Controls power management across the device

XOSC1 and XOSC2 (crystal oscillators)

These devices incorporate redundant crystal oscillators in separate
power domains.One is intended primarily for use by the IRTC, and the
other by the CPU and other peripherals.

1.1.5 Module Versions

Table 1-4 shows the functional versions of the on-chip peripherals
Table 1-4. Versions of On-Chip Modules

Module Version

Analog-to-Digital Converter (ADC16)

(CPU)

Central Processing Unit — V1 ColdFire Central Processing Unit 2

Independent Real-Time Clock (IRTC)

Inter-Integrated Circuit (11C)

Internal Clock Source (ICS)

Low Power Oscillator (XOSC1, XOSCZ2)

8-Bit Modulo Timer (MTIM1 & MTIM2)

16-Bit Modulo Timer (MTIM3)

V1 ColdFire In-Circuit Debug/Emulator (DBG)

PRACMP2)

Programmable Reference Analog Comparator (PRACMP1 &

RPlRr[R|RP|RP|W|wW|Fr

Serial Communications Interface (SCI1, SCI2, SCI3)

8- or 16 Bit Serial Peripheral Interface (SPI1)

8-Bit Serial Peripheral Interface (SPI12, SPI3)

Timer Pulse-Width Modulator (TPM)

LCD Display Driver

Keyboard Interrupt(KBI1,KBI2)

N[ PR w| AN A
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Table 1-4. Versions of On-Chip Modules (continued)

Module Version

Voltage Reference (VREF)

Voltage Regulator (VREG)

Interrupt Request (IRQ)

Programmable Delay Block (PDB)

System Integration Module (SIM)

Cyclic Redundancy Check

Flash Wrapper

GPIO

RN RP|W|RP|RP|W|FR,]| PR

Port Control

1.2 V1 ColdFire Core

The MCF51EM256 series devices contain a version of the V1 ColdFire platform that is optimized for area
and low power. The CPU implements ColdFire instruction set architecture revision C (ISA_C) with added
capabilities:
» Hardware MAC support for 16x16 + 32 and 32x32 + 32 bit multiply-accumulate operations (32-bit
accumulator)
» Upward compatibility with all other ColdFire cores (V2-V5)

An integrated multi-master crossbar switch on the ColdFire system busses provides access to system
resources by the CPU.

For more details on the V1 ColdFire core, see Chapter 8, “ColdFire Core.”

1.2.1 User Programming Model
Table 1-5 illustrates the integer portion of the user programming model. It consists of the following
registers:

e 16 general-purpose 32-bit registers (D0-D7, A0-A7)

» 32-bit program counter (PC)

» 8-bit condition code register (CCR)

1.2.2 Supervisor Programming Model

System programmers use the supervisor programming model to implement operating system functions.
All accesses that affect the control features of ColdFire processors must be made in supervisor mode and
can be accessed only by privileged instructions. The supervisor programming model consists of the
registers available in user mode as well as the registers listed in Table 1-5.
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Table 1-5. Version 1 ColdFire CPU Programming Model

Register

Width
(bits)

Reset Value

Supervisor/User Registers

Data Register 0 (DO) 32 OXCF1* **291

Data Register 1 (D1) 32 0x010*0_10*0!

Data Register 2—7 (D2-D7) 32 Undefined

Address Register 0-6 (A0—A6) 32 Undefined

Supervisor/User A7 Stack Pointer (A7) 32 Undefined

Program Counter (PC) 32 Contents of memory at 0x00_0004

Condition Code Register (CCR) 8 Undefined
Supervisor Registers

Status Register (SR) 16 0x27--

User/Supervisor A7 Stack Pointer (OTHER_A7) 32 Contents of memory at 0x00_0000

Vector Base Register (VBR) 32 0x0000_0000

CPU Configuration Register (CPUCR) 32 0x0000_0000

1 depends on the configurations and/or flash/RAM size, refer to Chapter 8, “ColdFire Core,” for details of the configurations.

1.3

1.3.1 Internal Clock Source

System Clock Generation and Distribution

Figure 1-2 shows a simplified view of the internal clock source module.
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Figure 1-2. Simplified ICS Block Diagram

1.3.2 Clock Distribution Diagram

Figure 1-3 shows how clocks from the ICS and XOSC are distributed to the microcontroller’s other
functional units. Some modules in the microcontroller have selectable clock inputs. All memory-mapped
registers associated with the modules (except RGPIO) are clocked with BUSCLK. The RGPIO registers
are clocked with the CPU clock (ICSOUT).

A unique feature of this product family is the independent real time clock (IRTC) and secondary 32 kHz
crystal oscillator operating on an independent power domain. The IRTC can be powered by an independent
coin battery, and will continue to count even when the main CPU supply is down. The “Clock Check &
Select” function allows the CPU to check that oscillator outputs are active prior to switching to one of the
two as the reference for the ICS.
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3 3
N —
s £ 2 E
= x = X . . . . . __
x X l
* # | + ¢ Separate Power Domain |
| |
| * Independent |
X0SC2 X0SC1 RTC
Clock Check | |
& Select | |
L OSCOUT2| A I R N
{ _ _ OSCOUTL TMRCLK1 TMRCLK2
TPMCLK
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to LCD | \
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o LPOCLK KBI & SPI1 SCI1
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Oscillator Control »—/ \—qp
ICSERCLK
ICSFFCLK T~ FFCLK*
2 SYNC*
ICS ICSOUT |_2| ’/ BUSCLK
il i
ICSLCLK
cPU ADC 1
Interrupt ADC 2 PRACMP1
DBG RAM BDM LCD Controlle ADC 3 PDB FLASH |[e3 PRACMP2
RGPIO ADG 4
OSCOUT1&2 ADACK

Note: The ADCs have minimum and maximum frequency requirements. See the ADC chapter and the MCF51EMZ256 Series Data
Sheet. Flash memory has frequency requirements for program and erase operations. Each ADC also has its own internal
asynchronous clock source, which is not shown above.

* The fixed frequency clock (FFCLK) is internally synchronized to the bus clock (BUSCLK) and must not exceed one half of the bus
clock frequency.

Figure 1-3. Clock Distribution Diagram
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1.3.3 System Clocks

Table 1-6 describes each of the system clocks.
Table 1-6. System Clocks

Clock Description

OSCOUT1 This is the direct output of XOSC1 and is used as the clock source for the independent real time
clock (IRTC) module and LCD. This signal can also be consumed by the ICS. See Chapter 11,
“Internal Clock Source (ICS) and Chapter 17, “Independent Real Time Clock (IRTC),” for details.

OSCOouUT2 This is the direct output of XOSC2, and is normally consumed by the ICS. It can also be consumed
by the LCD module.

ICSOUT This clock source is used as the CPU clock and is divided by 2 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

This clock drives the CPU, debug, RAM, and BDM directly and is divided by 2 to clock all peripherals
(BUSCLK).

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

ICSLCLK This clock source runs at 1/2 the rate of the low frequency DCO (10/20 MHz digitally controlled
oscillator). Development tools can select this internal self-clocked source to speed up BDC
communications in systems where the bus clock is slow. Please see Figure 11-6, Figure 26-2, and
their accompanying text for details.

ICSERCLK ICS external reference clock — This is the external reference clock and can be selected as an
alternate clock for the ADCs.

ICSIRCLK ICS internal reference clock — This is the internal reference clock and it is not used outside of the
ICS module.
ICSFFCLK ICS fixed-frequency clock — This generates the fixed frequency clock (FFCLK) after being

synchronized to the bus clock. The FFCLK can be selected as clock source for the MTIM and TPM
modules. The frequency of the FFCLK is determined by the settings of the ICS.

LPOCLK Low-power oscillator clock — This clock is generated from an internal low-power oscillator that is
completely independent of the ICS module. The LPOCLK can be selected as the clock source to the
COP.

TMRCLK1 & Optional external clock sources for the MTIMs. These clocks must be limited to one-quarter the

TMRCLK2 frequency of the bus clock for synchronization. The SIMIPS register (see Section 7.7.14, “SIM Clock

Options Register (SIMCO)") determines which clock source supplies the TCLK input to the MTIMs.

MTIM1 Output The MTIM1 output can be used in place of TMRCLK1, TMRCLK2 and TPMCLK as the external clock
(MTCK) source into the MTIM2, MTIM3 and TPM (see Section 7.7.14, “SIM Clock Options Register
(SIMCO)"). This allows the user to use MTIM1 as a non-power-of-two prescaler of the bus clock.

TPMCLK Optional external clock source for the TPM module (see Section 7.7.14, “SIM Clock Options
Register (SIMCO)”). This clock must be limited to one-quarter the frequency of the bus clock for
synchronization.

ADACK Each ADC module also has an internally generated asynchronous clock which allows it to run in
STOP mode (ADACK). This signal is not available externally.

CLKOUT This is an optional output of the device which can be used to deliver any of a number of the on-chip
clocks, including the crystal oscillator outputs, bus clock, etc. See Section 7.7.14, “SIM Clock
Options Register (SIMCO),” for details.
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1.3.4 Clock Gating

In order to save power, peripheral clocks can be shut off by programming the system clock gating registers.
For details, refer to Section 7.6, “Peripheral Clock Gating.”

1.3.5 ICS Modes of Operation

The ICS operates in one of the modes described in Table 1-7. This information has been abbreviated for
clarity’s sake. See the Chapter 11, “Internal Clock Source (ICS),” for additional details.

Table 1-7. ICS Clock Modes

Mode Description

FLL Engaged Internal (FEI) Default. ICSOUT is derived from the FLL clock, which is controlled by the
internal reference clock. The FLL clock frequency locks to a multiple of the
internal reference frequency. ICSLCLK is derived from the FLL.

FLL Engaged External (FEE) ICSOUT is derived from the FLL clock, which is controlled by the external
reference clock. The external reference clock that is enabled can be
produced by an external crystal, ceramic resonator, or another external
clock source connected to the required crystal oscillator (XOSC).

FLL Bypassed Internal (FBI) ICSOUT is derived from the internal reference clock; the FLL is
operational, but its output clock is not used. This mode is useful to allow
the FLL to acquire its target frequency while the ICSOUT clock is driven
from the internal reference clock.

FLL Bypassed External (FBE) ICSOUT is derived from the external reference clock; the FLL is
operational, but its output clock is not used. This mode is useful to allow
the FLL to acquire its target frequency while ICSOUT is driven from the
external reference clock.

FLL Bypassed Internal Low Power | ICSOUT is derived from the internal reference clock.

(FBILP) The FLLs are disabled, and ICSLCLK is not available for BDC
communications. If the BDM becomes enabled, the mode switches to one
of the bypassed internal modes.

FLL Bypassed External Low ICSOUT is derived from the external reference clock. The external
Power (FBELP) reference clock that is enabled can be produced by an external crystal,
ceramic resonator, or another external clock source connected to the
required crystal oscillator (XOSC).

The FLLs are disabled, and ICSLCLK is not available for BDC
communications. If the BDM becomes enabled, the mode switches to one
of the bypassed external mode.

STOP Entered whenever the MCU enters a stop state. The FLL is disabled, and
all ICS clock signals are static except that ICSIRCLK can be active in stop
mode under certain conditions.

1.3.6 ICS Mode State Diagram

Figure 1-4 shows the valid state transitions for the ICS. The arrows indicate the permitted mode
transistions. See Chapter 11, “Internal Clock Source (ICS),” for additional details.
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IREFS=1
CLKS=00

FLL Engaged
IREFS=1

IREFS=0 Internal (FEI)
CLKS=10 CLKS=01
BDM Enabled BDM Enabled

or LP=0

or LP =0

FLL Bypassed
Internal Low
Power(FBILP)

FLL Bypassed
External Low
Power(FBELP)

FLL Bypassed
Internal (FBI)

FLL Bypassed
External (FBE)

IREFS=1

IREFS=0

CLKS=10 CLKS=01
BDM Disabled BDM Disabled
and LP=1 FLL Engaged and LP=1

External (FEE)

IREFS=0
CLKS=00
Returns to state that was active
Entered from any state_» before MCU entered stop, unless
when MCU enters stop RESET occurs while in stop.

Figure 1-4. Clock Switching Modes

14 ADC Connections

The MCF51EM256 series include four separately controllable ADCs. Assignment of device ADC pins is
spread over each of the available ADCs as shown in Table 21-1.
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Chapter 2
Pins and Connections

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

2.1 Device Pin Assignment

2.1.1 Pinout: 80-Pin LQFP

Pins not available on the 80-pin LQFP are automatically disabled for reduced current consumption. No
user interaction is needed. Software access to the functions on these pins will be ignored. Figure 2-1 shows
the pinout of the 80-pin LQFP.
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Figure 2-1. 80-Pin LQFP Pinout

2.1.2 Pinout: 100-Pin LQFP

Figure 2-2 shows the pinout configuration for the 100-pin LQFP. Pins which are blacked out do not have
an equivalent pin on the 80-pin LQFP package.
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Figure 2-2. 100-Pin LQFP Pinout

Pins and Connections
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Pin Assighnments

The MCF51EM256 series will be available in 80-pin LQFP and 100-pin LQFP package options.

Table 2-1 summaries the functions available on each pin of the various package configurations. The
“Default Function” column specifies the function of the given pin upon exiting the reset state. Alternate
functions 1, 2 and 3 can be assigned to each pin under software control via the MC? registers. The
RGPIO_ENB register is used to select between GPIO and RGPIO functions on pins that have both.

Pins not available on smaller packages are automatically disabled for reduced current consumption. No
user interaction is needed. Software access to the functions on these pins will be ignored

Table 2-1. MCF51EM256 Series Package Pin Assignments

nggp LS?:P Default Function ALT1 ALT2 ALT3 Comment
1 — LCD25
2 — LCD26
3 1 PTDO LCD27 KBI2P0O
4 2 PTD1 LCD28 KBI2P1
5 3 PTD2 LCD29 KBI2P2
6 4 PTD3 LCD30 KBI2P3
7 5 PTD4 LCD31 KBI2P4 TMRCLK1
8 6 PTD5 LCD32 KBI2P5 TMRCLK2
9 7 PTD6 LCD33 KBI2P6
10 8 PTD7 LCD34 KBI2P7
11 9 LCD35 CLKOUT
12 10 PTFO LCD36
13 11 PTF1 LCD37 EXTRIG
14 12 PTF2 LCD38 RX3
15 13 PTF3 LCD39 TX3
16 14 PTF4 LCD40 AD16
17 15 PTF5 LCD41 AD17
18 16 PTF6 LCD42 AD18
19 17 PTF7 LCD43 AD19
20 18 Vbpa
21 19 VREFH
22 — DADPO
23 — DADMO
24 — AD4

1. Port Mux Control registers.
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Pins and Connections

Table 2-1. MCF51EM256 Series Package Pin Assignments (continued)

|_1)0|9p ng’:p Default Function ALT1 ALT2 ALT3 Comment
25 20 DADP1
26 21 DADM1
27 22 AD5
28 23 DADP2
29 24 DADM2
30 25 AD6
31 — DADP3
32 — DADM3
33 — AD7
34 26 VREFO
35 27 VREFL
36 28 Vssa
37 29 EXTAL1
38 30 XTAL1
39 31 Vgar
40 32 TAMPER
41 33 PTAO/RGPIO0 IRQ CLKOUT
42 — PTEO PRACMP10 AD8
43 — PTE1 PRACMP1P3 AD9
44 34 PTA1/RGPIO1 MOSI1
45 35 PTA2/RGPIO2 MISO1 AD10
46 36 PTASIRGPIO3 SCi(l RGPIO_ENB is used to select
47 37 PTA4/RGPIO4 SS1 between standard GPIO and
48 38 PTA5/RGPIO5 TPMCHO AD11 RGPIO
49 39 PTA6/RGPIO6 TPMCH1 AD12
50 40 PTA7/RGPIO7 TPMCLK | PRACMP1P2 AD13
51 — PTE2 PRACMP1P1
RGPIO_ENB is used to select
52 41 PTBO/RGPIO8 KBI1PO PRACMP2P0O RX2 between standard GPIO and
RGPIO
2X Drive Output
53 42 PTB1/RGPIO9 KBILP1 553 ™2 RGPIO_ENB is used to select

between standard GPIO and
RGPIO
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Table 2-1. MCF51EM256 Series Package Pin Assignments (continued)

100

80

LQFP LQFP Default Function ALT1 ALT2 ALT3 Comment

54 43 Vbb

55 44 Vss
RGPIO_ENB is used to select

56 45 PTB2/RGPIO10 KBI1P2 PRACMP1PO RX1 between standard GPIO and
RGPIO
2X drive output RGPIO_ENB is

57 46 PTB3/RGPIO11 KBI1P3 PRACMP2P1 TX1 used to select between standard
GPIO and RGPIO

58 47 PTB4/RGPIO12 SCL PRACMP2P2 RGPIO_ENB is used to select
between standard GPIO and

59 48 PTB5/RGPIO13 SDA PRACMP2P3 RGPIO

60 — PTE3 MOSI3 MISO3

61 — PTE4 MISO3 MOSI3 Open Drain

62 — PTE5 SCLK3 Open Drain

63 — PTE6 SS3 TX2 Open Drain

64 49 PTB6/RGPIO14 KBI1P4 TMRCLK1 AD14 RGPIO_ENB is used to select
between standard GPIO and

65 50 PTB7/RGPIO15 KBI1P5 TMRCLK2 AD15 RGPIO
This pin is an open drain device

66 51 RESET and has an internal pullup. There is
no clamp diode to Vpp.

67 52 PTCO KBI1P6 EXTALZ2 RX3

68 53 PTC1 KBI1P7 XTAL2 X3
This pin has an internal pullup.

69 54 BKGD/MS PTC2 PTC2 can only be programmed as
an output.

70! 551 PTC3 LCDO PRACMP10

711 561 PTC4 LCD1 PRACMP20

721 571 PTC5 LCD2 PRACMP1P4

73t 58t PTC6 LCD3 PRACMP2P4

741 59! PTC7 LCD4

75t 60! PTE7 LCD5

761 61t LCD6 MOSI2

77t 621 LCD7 MISO2

78t 63! LCD8 SCLK2

791 64! LCD9 SS2

80 65 LCD10

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8
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Pins and Connections

Table 2-1. MCF51EM256 Series Package Pin Assignments (continued)

nglgp LS(IJ=P Default Function ALT1 ALT2 ALT3 Comment

81 66 LCD11
82 67 LCD12
83 68 LCD13
84 69 LCD14
85 70 LCD15
86 — LCD16
87 — LCD17
88 — LCD18
89 — LCD19
90 — LCD20
91 71 LCD21
92 72 LCD22
93 73 LCD23
94 74 LCD24
95 75 Vss

96 76 VLL3

97 7 VLL2

98 78 VLL1

99 79 VCAP2
100 80 VCAP1

These pins that are shared with the LCD are open-drain by default if not used as LCD pins. To configure this pins as full
complementary drive outputs, you must have the LCD modules bits configured as follow: FCDEN =1, VSUPPLY =11 and RVEN
= 0. The Input levels and internal pullup resistors are referenced to VLL3. Referer to the LCD chapter for further information.

NOTE

The reset state for all LCD pins is open drain operation. Do not share any
function on LCD pins that is not compatible with this reset state.

Drive strength, pullup enablel, slew rate and input filter settings in the GP1O apply to any digital use of
the associated pin.

The following tables break out pin options on a peripheral by peripheral basis.

1. There is one special case with regard to pullup enable functions. PTAO can be programmed to operate as IRQ. When in that
mode, the pullup enable is controlled via IRQSC[IRQPDD].

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8
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Pins and Connections

Table 2-2. RGPIO Pinout Summary

Lg)l(:)P ngp Default Function Composite Pin Name RGPIO
41 33 PTAO/RGPIOO PTAO/RGPIO0/IRQ/CLKOUT RGPIO0
44 34 PTA1/RGPIO1 PTA1/RGPIO1/MOSI1 RGPIO1
56 45 PTB2/RGPIO10 PTB2/RGPIO10/KBI1P2/PRACMP1PO/RX1 RGPIO10
57 46 PTB3/RGPIO11 PTB3/RGPIO11/KBI1P3/PRACMP2P1/TX1 RGPIO11
58 47 PTB4/RGPIO12 PTB4/RGPIO12/SCL/PRACMP2P2 RGPIO12
59 48 PTB5/RGPIO13 PTB5/RGPIO13/SDA/PRACMP2P3 RGPIO13
64 49 PTB6/RGPIO14 PTB6/RGPIO14/KBI1P4/TMRCLK1/AD14 RGPIO14
65 50 PTB7/RGPIO15 PTB7/RGPIO15/KBI1P5/TMRCLK2/AD15 RGPIO15
45 35 PTA2/RGPIO2 PTA2/RGPIO2/MISO1/AD10 RGPIO2
46 36 PTA3/RGPIO3 PTA3/RGPIO3/SCLK1 RGPIO3
47 37 PTA4/RGPIO4 PTA4/RGPI04/SS1 RGPI0O4
48 38 PTA5/RGPIO5 PTA5/RGPIO5/TPMCHO/AD11 RGPIO5
49 39 PTA6/RGPIO6 PTA6/RGPIO6/TPMCH1/AD12 RGPIO6
50 40 PTA7/RGPIO7 PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13 RGPIO7
52 41 PTBO/RGPIO8 PTBO/RGPIO8/KBI1PO/PRACMP2P0O/RX2 RGPIO8
53 42 PTB1/RGPIO9 PTB1/RGPIO9/KBI1P1/SS3/TX2 RGPIO9
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Table 2-3. PTA Pinout Summary

Pins and Connections

100 LQFP | 80 LQFP Default Function Composite Pin Name PTA
41 33 PTAO/RGPIOO PTAO/RGPIO0/IRQ/CLKOUT PTAO
44 34 PTA1/RGPIO1 PTA1/RGPIO1/MOSI1 PTA1
45 35 PTA2/RGPIO2 PTA2/RGPIO2/MISO1/AD10 PTA2
46 36 PTA3/RGPIO3 PTA3/RGPIO3/SCLK1 PTA3
47 37 PTA4/RGPIO4 PTA4/RGPI04/SS1 PTA4
48 38 PTA5/RGPIO5 PTA5/RGPIO5/TPMCHO/AD11 PTAS
49 39 PTA6/RGPIO6 PTA6/RGPIO6/TPMCH1/AD12 PTAG
50 40 PTA7/RGPIO7 PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13 PTA7
Table 2-4. PTB Pinout Summary
100 LQFP | 80 LQFP | Default Function Composite Pin Name PTB Comment
52 41 PTBO/RGPIO8 PTBO/RGPIO8/KBI1PO/PRACMP2PO0O/RX2 PTBO
53 42 PTB1/RGPIO9 PTB1/RGPIO9/KBI1P1/SS3/TX2 PTB1 2X Drive
56 45 PTB2/RGPIO10 PTB2/RGPIO10/KBI1P2/PRACMP1PO/RX1 PTB2
57 46 PTB3/RGPIO11 PTB3/RGPIO11/KBI1P3/PRACMP2P1/TX1 PTB3 2X Drive
58 47 PTB4/RGPIO12 PTB4/RGPIO12/SCL/PRACMP2P2 PTB4
59 48 PTB5/RGPIO13 PTB5/RGPIO13/SDA/PRACMP2P3 PTB5
64 49 PTB6/RGPIO14 PTB6/RGPIO14/KBI1P4/TMRCLK1/AD14 PTB6
65 50 PTB7/RGPIO15 PTB7/RGPIO15/KBI1P5/TMRCLK2/AD15 PTB7
Table 2-5. PTC Pinout Summary
100 LQFP 80 LQFP Default Function Composite Pin Name PTC
67 52 PTCO PTCO/KBI1P6/EXTAL2/RX3 PTCO
68 53 PTC1 PTC1/KBI1P7/XTAL2/TX3 PTC1
69 54 BKGD/MS BKGD/MS/PTC2 PTC2
70 55 PTC3 PTC3/LCDO/PRACMP10O PTC3
71 56 PTC4 PTC4/LCD1/PRACMP20 PTC4
72 57 PTC5 PTC5/LCD2/PRACMP1P4 PTC5
73 58 PTC6 PTC6/LCD3/PRACMP2P4 PTC6
74 59 PTC7 PTC7/LCD4 PTC7
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Pins and Connections

Table 2-6. PTD Pinout Summary

100 LQFP 80 LQFP Default Function Composite Pin Name PTD
3 1 PTDO PTDO/LCD27/KBI2P0 PTDO
4 2 PTD1 PTD1/LCD28/KBI2P1 PTD1
5 3 PTD2 PTD2/LCD29/KBI2P2 PTD2
6 4 PTD3 PTD3/LCD30/KBI2P3 PTD3
7 5 PTD4 PTD4/LCD31/KBI2P4/TMRCLK1 PTD4
8 6 PTD5 PTD5/LCD32/KBI2P5/TMRCLK2 PTD5
9 7 PTD6 PTD6/LCD33/KBI2P6 PTD6
10 8 PTD7 PTD7/LCD34/KBI2P7 PTD7
Table 2-7. PTE Pinout Summary
Lg’lfp L(8)(I)=P F?Jii:atlijtlatn Composite Pin Name PTE Comment
42 PTEO PTEO/PRACMP10/ADS8 PTEO
43 PTE1l PTE1/PRACMP1P3/AD9 | PTE1l
51 PTE2 PTE2/PRACMP1P1 PTE2
60 PTES PTE3/MOSI3/MISO3 PTE3
61 PTE4 PTE4/MISO3/MOSI3 PTE4 Open Drain
62 PTES PTE5/SCLK3 PTES Open Drain
63 PTE6 PTE6/SS3/TX2 PTEG6 Open Drain
75 60 PTE7 PTE7/LCD5 PTE7
Table 2-8. PTF Pinout Summary
Lg’lfp Lg?:P F?;:f;l::n Composite Pin Name PTF
12 10 PTFO PTFO/LCD36 PTFO
13 11 PTF1 PTF1/LCD37/EXTRIG PTF1
14 12 PTF2 PTF2/LCD38/RX3 PTF2
15 13 PTF3 PTF3/LCD39/TX3 PTF3
16 14 PTF4 PTF4/LCD40/AD16 PTF4
17 15 PTF5 PTF5/LCD41/AD17 PTFS5
18 16 PTF6 PTF6/LCD42/AD18 PTF6
19 17 PTF7 PTF7/LCD43/AD19 PTF7

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8

2-10

Freescale Semiconductor



Table 2-9. KBI1 Pinout Summary

Pins and Connections

Lg’lfp LCBQ?:P Default Function Composite Pin Name KBI1
52 41 PTBO/RGPIO8 PTBO/RGPIO8/KBI1PO/PRACMP2P0O/RX2 | KBI1PO
53 42 PTB1/RGPIO9 PTB1/RGPIO9/KBI1P1/SS3/TX2 KBI1P1
56 45 PTB2/RGPIO10 PTB2/RGPIO10/KBI1P2/PRACMP1PO/RX1 | KBI1P2
57 46 PTB3/RGPIO11 PTB3/RGPIO11/KBI1P3/PRACMP2P1/TX1 | KBI1P3
64 49 PTB6/RGPIO14 PTB6/RGPIO14/KBI1P4/TMRCLK1/AD14 | KBI1P4
65 50 PTB7/RGPIO15 PTB7/RGPIO15/KBI1P5/TMRCLK2/AD15 | KBI1P5
67 52 PTCO PTCO/KBI1P6/EXTAL2/RX3 KBI1P6
68 53 PTC1 PTC1/KBI1P7/XTAL2/TX3 KBI1P7

Table 2-10. KBI2 Pinout Summary
Lg’lfp L(BJ?:P F?JT\]::at?cI)tn Composite Pin Name KBI2
3 1 PTDO PTDO/LCD27/KBI2P0 KBI2P0O
4 2 PTD1 PTD1/LCD28/KBI2P1 KBI2P1
5 3 PTD2 PTD2/LCD29/KBI2P2 KBI2P2
6 4 PTD3 PTD3/LCD30/KBI2P3 KBI2P3
7 5 PTD4 PTD4/LCD31/KBI2P4/TMRCLK1 KBI2P4
8 6 PTD5 PTD5/LCD32/KBI2P5/TMRCLK?2 KBI2P5
9 7 PTD6 PTD6/LCD33/KBI2P6 KBI2P6
10 8 PTD7 PTD7/LCD34/KBI2P7 KBI2P7
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Pins and Connections

Table 2-11. SPI1 Pinout Summary

|_1c?|?p ngP F?J?l]::at?c:tn Composite Pin Name SPN1
45 35 | PTA2/RGPIO2 | PTA2/RGPIO2/MISO1/AD10 MISO1
44 34 | PTA1/RGPIO1 PTA1/RGPIO1/MOSI1 MOSI1
46 36 | PTA3/RGPIO3 PTA3/RGPIO3/SCLK1 SCLK1
47 37 | PTA4/RGPIO4 PTA4/RGPI04/SS1 Ss1

Table 2-12. SPI2 Pinout Summary

100 LQFP | 80 LQFP | Default Function | Composite Pin Name | SPI2
77 62 LCD7 LCD7/MISO2 MISO2
76 61 LCD6 LCD6/MOSI2 MOSI2
78 63 LCD8 LCD8/SCLK2 SCLK2
79 64 LCD9 LCD9/SS2 SS2

Table 2-13. SPI3 Pinout Summary

Lg’lfp L3(|)=P F?;ﬁlij:n Composite Pin Name SPI3 Comment
61 PTE4 PTE4/MISO3/MOSI3 MISO3/MOSI3 Open Drain
60 PTE3 PTE3/MOSI3/MISO3 MOSI3/MISO3
62 PTE5 PTE5/SCLK3 SCLK3 Open Drain
53 42 | PTB1/RGPIO9 | PTB1/RGPIO9/KBI1P1/SS3/TX2 SS3
63 PTE6 PTE6/SS3/TX2 SS3 Open Drain

Table 2-14. LCD Pinout Summary

L1C?I?P LS?:P F?J:;atli‘:n Composite Pin Name LCD
70 55 PTC3 PTC3/LCDO/PRACMP10O LCDO
71 56 PTC4 PTC4/LCD1/PRACMP20 LCD1
72 57 PTC5 PTC5/LCD2/PRACMP1P4 LCD2
73 58 PTC6 PTC6/LCD3/PRACMP2P4 LCD3
74 59 PTC7 PTC7/LCD4 LCD4
75 60 PTE7 PTE7/LCD5 LCD5
76 61 LCD6 LCD6/MOSI2 LCD6
77 62 LCD7 LCD7/MISO2 LCD7
78 63 LCD8 LCD8/SCLK2 LCDS8
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Table 2-14. LCD Pinout Summary (continued)

Pins and Connections

nglgp ngp infcatlij:n Composite Pin Name LCD
79 64 LCD9 LCD9/SS2 LCD9
80 65 LCD10 LCD10 LCD10
81 66 LCD11 LCD11 LCD11
82 67 LCD12 LCD12 LCD12
83 68 LCD13 LCD13 LCD13
84 69 LCD14 LCD14 LCD14
85 70 LCD15 LCD15 LCD15
86 LCD16 LCD16 LCD16
87 LCD17 LCD17 LCD17
88 LCD18 LCD18 LCD18
89 LCD19 LCD19 LCD19
90 LCD20 LCD20 LCD20
91 71 LCD21 LCD21 LCD21
92 72 LCD22 LCD22 LCD22
93 73 LCD23 LCD23 LCD23
94 74 LCD24 LCD24 LCD24
1 LCD25 LCD25 LCD25
2 LCD26 LCD26 LCD26
3 1 PTDO PTDO/LCD27/KBI2P0 LCD27
4 2 PTD1 PTD1/LCD28/KBI2P1 LCD28
5 3 PTD2 PTD2/LCD29/KBI2P2 LCD29
6 4 PTD3 PTD3/LCD30/KBI2P3 LCD30
7 5 PTD4 PTD4/LCD31/KBI2P4/TMRCLK1 LCD31
8 6 PTD5 PTD5/LCD32/KBI2P5/TMRCLK?2 LCD32
9 7 PTD6 PTD6/LCD33/KBI2P6 LCD33
10 8 PTD7 PTD7/LCD34/KBI2P7 LCD34
11 9 LCD35 LCD35/CLKOUT LCD35
12 10 PTFO PTFO/LCD36 LCD36
13 11 PTF1 PTF1/LCD37/EXTRIG LCD37
14 12 PTF2 PTF2/LCD38/RX3 LCD38
15 13 PTF3 PTF3/LCD39/TX3 LCD39
16 14 PTF4 PTF4/LCD40/AD16 LCD40
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Pins and Connections

Table 2-14. LCD Pinout Summary (continued)

nglgp ngp infcatlij:n Composite Pin Name LCD
17 15 PTF5 PTF5/LCD41/AD17 LCD41
18 16 PTF6 PTF6/LCD42/AD18 LCD42
19 17 PTF7 PTF7/LCD43/AD19 LCD43
100 80 VCAP1 VCAP1 VCAP1
99 79 VCAP2 VCAP2 VCAP2
98 78 VLL1 VLL1 VLL1
97 77 VLL2 VLL2 VLL2
96 76 VLL3 VLL3 VLL3
Table 2-15. IIC Pinout Summary
100 LQFP | 80 LQFP | Default Function Composite Pin Name lc
58 47 PTB4/RGPIO12 PTB4/RGPIO12/SCL/PRACMP2P2 SCL
59 48 PTB5/RGPIO13 PTB5/RGPIO13/SDA/PRACMP2P3 SDA
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Table 2-16. Other Pinout Summary

Pins and Connections

L1C?I?P ngp Default Function Composite Pin Name Other Module
69 54 BKGD/MS BKGD/MS/PTC2 PTC2 Debug pin
11 9 LCD35 LCD35/CLKOUT CLKO Clock output
66 51 RESET RESET RESET
13 11 PTF1 PTF1/LCD37/EXTRIG EXTRIG PDB
41 33 PTAO/RGPIOO PTAO/RGPIO0/IRQ/CLKO IRQ/CLKO IRQ module
7 5 PTD4 PTD4/LCD31/KBI2P4/TMRCLK1 TMRCLK1 Timer input
64 49 PTB6/RGPIO14 PTB6/RGPIO14/KBI1P4/TMRCLK1/AD14 TMRCLK1
8 6 PTD5 PTD5/LCD32/KBI2P5/TMRCLK2 TMRCLK2
65 50 PTB7/RGPIO15 PTB7/RGPIO15/KBI1P5/TMRCLK2/AD15 TMRCLK2
34 26 VREFO VREFO VREFO Voltage reference

Table 2-17. P/G Pinout Summary
100 80 Defal_JIt Composite Pin P/G
LQFP | LQFP Function Name
54 43 Vop Vob Vop
20 18 Vopa Vbpa Vbpa
55 44 Vgs Vss Vss
95 75 Vgs Vss Vss
36 28 Vssa Vssa Vssa
39 31 Vear Vear Vear
Table 2-18. SCI1 Pinout Summary
100 80 Default Function Composite Pin Name SCH Comment
LQFP | LQFP
56 45 PTB2/RGPIO10 PTB2/RGPIO10/KBI1P2/PRACMP1P0O/RX1 RX1
57 46 PTB3/RGPIO11 PTB3/RGPIO11/KBI1P3/PRACMP2P1/TX1 TX1 2X Drive
Table 2-19. SCI2 Pinout Summary

Lg)'gp ngp F?J(re\]::atlilcl:n Composite Pin Name SCI2 Comment
52 41 PTBO/RGPIO8 | PTBO/RGPIO8/KBILPO/PRACMP2P0O/RX2 | RX2
53 42 PTB1/RGPIO9 PTB1/RGPIO9/KBI1P1/SS3/TX2 TX2 2X Drive
63 PTEG6 PTE6/SS3/TX2 TX2 Open Drain
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Table 2-20. SCI3 Pinout Summary

Lg)l(:)P L(Zsl?:P F?J?\fcatlijclfn Composite Pin Name SCI3
14 12 PTF2 PTF2/LCD38/RX3 RX3
15 13 PTF3 PTF3/LCD39/TX3 TX3
67 52 PTCO PTCO/KBI1P6/EXTAL2/RX3 RX3
68 53 PTC1 PTC1/KBI1P7/XTAL2/TX3 TX3

Table 2-21. PRACMP1 Pinout Summary

Lg’lfp ngp F?J?Ifcatlilcl)tn Composite Pin Name PRACMP1
42 PTEO PTEO/PRACMP1O/ADS PRACMP10
70 55 PTC3 PTC3/LCDO/PRACMP10 PRACMP10
52 41 | PTBO/RGPIOS PTBO/RGPIOS/KBI1PO/PRACMP2PO/RX2 PRACMP1PO
51 PTE2 PTE2/PRACMP1P1 PRACMP1P1
50 40 | PTA7/RGPIO? PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13 PRACMP1P2
43 PTEL PTEL/PRACMPLP3/ADY PRACMP1P3
72 57 PTCS PTC5/LCD2/PRACMP1P4 PRACMP1P4

Table 2-22. PRACMP2 Pinout Summary

Lg’lfp ngp Default Function Composite Pin Name PRACMP2
71 56 PTC4 PTC4/LCD1/PRACMP20 PRACMP20
56 45 PTB2/RGPIO10 PTB2/RGPIO10/KBI1P2/PRACMP1PO/RX1 | PRACMP2P0O
57 46 PTB3/RGPIO11 PTB3/RGPIO11/KBI1P3/PRACMP2P1/TX1 | PRACMP2P1
58 47 PTB4/RGPIO12 PTB4/RGPIO12/SCL/PRACMP2P2 PRACMP2P2
59 48 PTB5/RGPIO13 PTB5/RGPIO13/SDA/PRACMP2P3 PRACMP2P3
73 58 PTC6 PTC6/LCD3/PRACMP2P4 PRACMP2P4

Table 2-23. ADC Pinout Summary’

L1(;)|2P ngp Default Function Composite Pin Name ADC
23 DADMO DADMO DADMO
26 21 DADM1 DADM1 DADM1
29 24 DADM2 DADM2 DADM2
32 DADM3 DADM3 DADM3
22 DADPO DADPO DADPO
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Table 2-23. ADC Pinout Summary1 (continued)

L1C§)|2P ngp Default Function Composite Pin Name ADC
25 20 DADP1 DADP1 DADP1
28 23 DADP2 DADP2 DADP2
31 DADP3 DADP3 DADP3
21 19 VREFH VREFH VREFH
35 27 VREFL VREFL VREFL
24 AD4 AD4 AD4
27 22 AD5 AD5 AD5
30 25 ADG6 AD6 AD6
33 AD7 AD7 AD7
42 PTEO PTEO/PRACMP10/ADS8 AD8
43 PTE1 PTE1/PRACMP1P3/AD9 AD9
45 35 PTA2/RGPIO2 PTA2/RGPIO2/MISO1/AD10 AD10
48 38 PTA5/RGPIO5 PTA5/RGPIO5/TPMCHO/AD11 AD11
49 39 PTA6/RGPIO6 PTA6/RGPIO6/TPMCH1/AD12 AD12
50 40 PTA7/RGPIO7 PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13 | AD13
64 49 PTB6/RGPIO14 PTB6/RGPIO14/KBI1P4/TMRCLK1/AD14 AD14
65 50 PTB7/RGPIO15 PTB7/RGPIO15/KBI1P5/TMRCLK2/AD15 AD15
16 14 PTF4 PTF4/LCD40/AD16 AD16
17 15 PTF5 PTF5/LCD41/AD17 AD17
18 16 PTF6 PTF6/LCD42/AD18 AD18
19 17 PTF7 PTF7/LCD43/AD19 AD19

1 Refer to Table 21-1 "ADC Channel Assignments" for details of the ADC channel assignment.

Table 2-24. TPM Pinout Summary

Lg’lfp LC8!?=P F?;iz?:n Composite Pin Name TPM
48 38 | PTAS/RGPIOS PTAS/RGPIOS/TPMCHO/AD11 TPMCHO
49 39 | PTA6/RGPIO6 PTA6/RGPIO6/TPMCHL/AD12 TPMCH1
50 40 | PTA7/RGPIO7 | PTA7/RGPIO7/TPMCLK/PRACMP1P2/AD13 | TPMCLK
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Table 2-25. IRTC Pinout Summary’

100 80 Defal."t Composite Pin Name
LQFP | LQFP Function

37 29 EXTAL1 EXTAL1

38 30 XTAL1 XTAL1

39 31 VBAT VBAT

40 32 TAMPER TAMPER

67 52 PTCO PTCO/KBI1P6/EXTAL2/RX3

68 53 PTC1 PTC1KBI1P7/XTAL2/TX3

1 These pins are in IRTC power domain.

2.2 Basic System Connections

Figure 2-3 shows pin connections that are common to MCF51EM256 series application systems.

The following notes apply to Figure 2-3:

1. RESET pin can only be used to reset into user mode, you can not enter BDM using RESET pin.
BDM can be entered by holding MS low during POR or writing a 1 to BDM_RESET in the
ColdFire XCSR register with MS low after issuing BDM command.

2. RC filter on RESET pin recommended for noisy environments.
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Optional LCD Voltage (3 V or 5V) VREFH
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Figure 2-3. Basic System Connections
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2.2.1 Interfacing the SCls to Off-Chip Circuits

SCI1 and SCI2 are designed with twice the normal 1/O drive capability on the TX pins. The RX pins can
either be fed directly from the digital 1/0 buffer, or those signals can be pre-conditioned using comparators
1 and 2 as shown in Figure 2-4. Similarly, the TX outputs can be modulated with the output of one of the
timers before being passed off chip.

SIMIPS2[RX1IN] or [RX2IN]

comparator — —gpto"
isolator |
RX / |
digital | |
buffer
SCI1/2 | |
= — — 2
|
X |
|
¢ Topto
X1/ | isolator |
_ AN
p |
TPM Cho Output VOt€2 |
- | L — — —

TPM Ch1 Output
MTIM2 Output SIMIPS2[MODTX1] é|)R [MODTX2]
|
|
|
|
|

MTIM3 Output

SIMIPS2[MTBASE1] OR [MTBASEZ2]

On-Chip Components Off-Chip Opto-Isolators

1 This is the default SCI Rx digital input.

2 The TPM channels have to be configured to Toggle on output compare. The TPM channel pins can be used
as regular GPIOs. Please see configurations in Section 4.7, “Pin Mux Controls.”

Figure 2-4. On-Chip Signal Conditioning Associated with SCI RX and TX Pins

Controls for the circuitry shown in Figure 2-4 are discussed in Section 7.7.16, “Internal Peripheral Select
Register 2 (SIMIPS2).”
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2.2.2 Power

Vpp, Vear and Vgs; Vs are the primary power supply pins for the microcontroller. Vpp, Vgsg and Vs,
supplies power to all 1/0 buffer circuitry and to an internal voltage regulator; Vg a1 only supply the power
of IRTC and OSC1. The internal voltage regulator provides regulated lower-voltage source to the CPU and
other internal circuitry of the microcontroller.

Typically, application systems have two separate capacitor values across the power pins. In this case, there
must be a bulk electrolytic capacitor, such as a 10 pF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1 puF ceramic bypass capacitor located as close to the microcontroller power
pins as practical to suppress high-frequency noise. Each MCF51EM256 series Vpp pin must havea 0.1 pyF
ceramic bypass capacitor for best noise suppression.

Vppa and Vggp are the analog power supply pins for the microcontroller. This voltage source supplies
power to the ADC module. A 0.1 pF ceramic bypass capacitor should be located as close to the
microcontroller power pins as practical to suppress high-frequency noise. Vppa supplies PRACMP
module as well.

2.2.3 Oscillator

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

The oscillator (XOSC) in this microcontroller 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 R must 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 must be high-quality ceramic capacitors that are specifically designed for
high-frequency applications.

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

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8

Freescale Semiconductor 2-21



|
y

'
A

Pins and Connections

2.2.4 RESET Pin

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

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

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

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

2.2.5 IRQ

The IRQ pin function acts as a non-maskable interrupt to the V1 ColdFire core. This pin can be
reprogrammed to function as PTAO.

2.2.6 Background / Mode Select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset (see bit ENBDM in Section 26.3.2,
“Extended Configuration/Status Register (XCSR),” for more information), the BKGD/MS pin functions
as a mode select pin. Immediately after any reset, the pin functions as the background pin and can be used
for background debug communication. The internal pullup on this pin is enabled upon any device reset.

If the BKGD/MS pin is unconnected, the microcontroller will enter 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 reset!, which forces the microcontroller 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 microcontroller’s BDC clock per bit time. The target
microcontroller’s BDC clock could be as fast as the bus clock rate, so there must never be any significant
capacitance connected to the BKGD/MS pin that could interfere with background serial communications.

Although the BKGD/MS pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high 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.

The BKGD/MS select pin can be reprogrammed to operate as PTC2 on this device. It must only be
programmed for use as an output, as an external signal driving this pin during startup may cause the device
to boot into debug mode.

1. Specifically, BKGD must be held low through the first 16 cycles after deassertion of the internal reset.

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8

2-22 Freescale Semiconductor



Pins and Connections

2.2.7  ADC Reference Pins (VrRerns VREEL)

VRern @nd Vgeg, are the voltage reference high and voltage reference low inputs, respectively, for the
ADC modules. A 0.1 pF ceramic bypass capacitor must be located as near to the ADC reference pins as
practical to suppress high-frequency noise.

2.2.8 General-Purpose I/0 and Peripheral Ports

The MCF51EM256 series microcontrollers support up to 48 general-purpose 1/0O pins (including one
output-only pin), which are shared with on-chip peripheral functions (timers, serial 1/0, ADC, 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 the 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 pullup device. Pad cells on these devices also include an optional low pass filter in
the inputs. Again, this can be enabled via software control.

Immediately after reset, all of these pins (excluding the BKGD/MS pin) are configured as high-impedance
general-purpose inputs with internal pullup devices disabled.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from 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/O pins, see “Chapter 4,
“Parallel Input/Output Control.”
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Chapter 3

Memory

3.1

MCF51EM256 Series Memory Map

The left-most map in Figure 3-1 is the generic, high level, memory map applicable to the V1 ColdFire

family. Memory map areas shown for RAM and flash are a superset for the family. Lesser amounts of both
will usually be included on specific devices. The memory maps for the MCF51EM256 and MCF51EM128
are shown in the center and right, respectively.

Address
Range

0x(00)00_0000

0x(00)3F_FFFF
0x(00)40_0000

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

0x(00)9F_FFFF
0x(00)A0_0000

0x(00)BF_FFFF
0x(00)CO_0000

0x(00)CO_000F
0x(00)C0O_0010

Ox(FF)FF_7FFF
0x(FF)FF_8000

Ox(FF)FF_FFFF

Generic V1
ColdFire Memory
Usage

Allocated to
on-chip flash
memory

Optional off-chip
expansion
(not available on
MCF51EM
devices)

Allocated to
on-chip RAM
memory

Optional off-chip
expansion
(not available on
MCF51EM
devices)

ColdFire Rapid
GPIO

Unimplemented

Slave Peripherals

Address Range

0x(00)00_0000
0x(00)01_FFFF
0x(00)02_0000
0x(00)03_FFFF
0x(00)04_0000

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

0x(00)80_3FFF
0x(00)80_4000

0x(00)BF_FFFF
0x(00)CO_0000

0x(00)CO_000F
0x(00)CO_0010

Ox(FF)FF_7FFF
0x(FF)FF_8000

Ox(FF)FF_FFFF

MCF51EM256
Memory Usage

128 KB Flash
Memory Array 1

128 KB Flash
Memory Array 2

Unimplemented

16 KB RAM
memory

Unimplemented

ColdFire Rapid
GPIO

Unimplemented

Slave Peripherals

Address Range

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

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

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

0x(00)BF_FFFF
0x(00)CO_0000

0x(00)CO_000F
0x(00)C0O_0010

Ox(FF)FF_7FFF
0x(FF)FF_8000

Ox(FF)FF_FFFF

Figure 3-1. MCF51EM256 Series Memory Maps

MCF51EM128
Memory Usage

64 KB Flash
Memory Array 1

64 KB Flash
Memory Array 2

Unimplemented

8 KB RAM
memory

Unimplemented

ColdFire Rapid
GPIO

Unimplemented

Slave Peripherals
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Regions within the memory map are subject to restrictions with regard to the types of CPU accesses
allowed. These are outlined in Table 3-1. 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 3-1. 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

8-bit Peripherals®

OX(FF)FF_E000

16-bit Peripherals2

X

X

X

Ox(FF)FF_8700

LCD registers®

X

X

X

X

1 Allowed access types are peripheral specific. The peripheral bus bridge will serialize 16 and 32-bit
accesses into multiple 8-bit accesses. When using 8-bit peripherals, care must be taken to ensure that all
accesses are properly aligned and only desired 8-bit locations are accessed.

Allowed access types are peripheral specific. The peripheral bus bridge will serialize 32-bit accesses into

multiple 16-bit accesses. When using 16-bit peripherals, care must be taken to ensure that all accesses
are properly aligned and only desired 16-bit locations are accessed.

LCD registers require several cycles between write accesses. Only byte writes should be used to write to
these registers. Finally, consecutive writes must be separated by at least one non-write cycle.

Consistent with past ColdFire devices, flash configuration data is located at 0x(00)00_0400. The slave
peripherals section of the memory map is further broken down as shown in Table 3-2.

Table 3-2. High Level Peripheral Memory Map

Peripheral Description Instance Name | Base Address
RGPIO Rapid General Purpose I/O RGPIO 0x(00)C0_0000

Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTA Ox(FF)FF_8000
Port Control Module | Port I/O Control Module PTA Ox(FF)FF_8008
Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTB Ox(FF)FF_8040
Port Control Module | Port I/O Control Module PTB Ox(FF)FF_8048
Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTC Ox(FF)FF_8080
Port Control Module | Port /O Control Module PTC Ox(FF)FF_8088
Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTD Ox(FF)FF_80CO0
Port Control Module | Port /O Control Module PTD Ox(FF)FF_80C8
Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTE Ox(FF)FF_8100
Port Control Module | Port I/O Control Module PTE Ox(FF)FF_8108
Port I/O Module | General Purpose I/O With Set/Clear/Toggle Functionality PTF Ox(FF)FF_8140
Port Control Module | Port I/O Control Module PTF Ox(FF)FF_8148
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Table 3-2. High Level Peripheral Memory Map (continued)

Memory

Peripheral Description Instance Name | Base Address
KBI Keyboard Interrupt Module KBI1 Ox(FF)FF_8180
KBI Keyboard Interrupt Module KBI2 Ox(FF)FF_81A0
IRQ External Interrupt Module IRQ Ox(FF)FF_81CO0
RESERVED Reserved Memory NONE Ox(FF)FF_81EO
Port Mux Controls | Port Mux Controls MC Ox(FF)FF_8200
ICS Internal Clock Source ICS Ox(FF)FF_8220
Clock Check & Clock Check & Select CCs Ox(FF)FF_8240
Select
RESERVED Reserved Memory NONE Ox(FF)FF_8260
SIM System Integration Module SIM Ox(FF)FF_8280
PMC Power Management Controller PMC Ox(FF)FF_82A0
SCI Serial Communications Interface SCI1 Ox(FF)FF_82C0
SCI Serial Communications Interface SCI2 Ox(FF)FF_82EO0
SCI Serial Communications Interface SCI3 Ox(FF)FF_8300
SPI Serial Peripheral Interface SPI1 Ox(FF)FF_8320
SPI Serial Peripheral Interface SPI2 Ox(FF)FF_8340
SPI Serial Peripheral Interface SPI3 Ox(FF)FF_8360
lc Inter-Integrated IC lc Ox(FF)FF_8380
RESERVED Reserved Memory NONE Ox(FF)FF_83A0
Voltage Reference | Programmable Voltage Reference VREF Ox(FF)FF_83C0
ADC 16-hit Successive Approximation Analog-to-Digital Converter ADC1 Ox(FF)FF_8400
ADC 16-hit Successive Approximation Analog-to-Digital Converter ADC2 Ox(FF)FF_8440
ADC 16-hit Successive Approximation Analog-to-Digital Converter ADC3 Ox(FF)FF_8480
ADC 16-hit Successive Approximation Analog-to-Digital Converter ADC4 Ox(FF)FF_84C0
RESERVED Reserved Memory NONE Ox(FF)FF_8500
PRACMP Programmable Reference Analog Comparator PRACMP1 Ox(FF)FF_8520
PRACMP Programmable Reference Analog Comparator PRACMP2 Ox(FF)FF_8540
MTIM8 8-Bit Modulo Timer MTIM1 Ox(FF)FF_8560
MTIM8 8-Bit Modulo Timer MTIM2 Ox(FF)FF_8580
MTIM16 16-Bit Modulo Timer MTIM3 Ox(FF)FF_85A0
CRC Cyclic Redundancy Check Generator CRC O0x(FF)FF_85C0
2-channel TPM 2-channel Timer / PWM Module TPM Ox(FF)FF_8600
IRTC Independent Real Time Counter IRTC Ox(FF)FF_8640
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Table 3-2. High Level Peripheral Memory Map (continued)

Peripheral Description Instance Name | Base Address
RESERVED Reserved Memory NONE Ox(FF)FF_86A0
LCD Module LCD Module LCD Ox(FF)FF_8700
FTSR Flash Wrapper FTSR1 Ox(FF)FF_8780
FTSR Flash Wrapper FTSR2 Ox(FF)FF_87A0
PDB Programmable Delay Block PDB Ox(FF)FF_EO00
INTC V1 ColdFire Interrupt Controller INTC Ox(FF)FF_FFCO

The section of memory at 0x(00)C0_0000 is assigned for use by the ColdFire rapid GPIO module. See
Table 3-4 for the rapid GPIO memory map and Chapter 5, “Rapid GPIO (RGPIO),” for further details on
the module.

The MCF51EM256 series microcontrollers include 8-bit and 16-bit peripheral busses. The bus bridge from
the ColdFire system bus to the peripheral bus is capable of serializing 32-bit accesses into two 16-bit
accesses or four 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 not implemented in Table 3-2 resultinan illegal
address reset if CPUCR[ARD] = 0 or an address error exception if CFCUCR[ARD] = 1.

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

3.2 Detailed Register Addresses and Bit Assignments

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
Ox(FF)FF_FFCO0-0x(FF)FF_FFFF. This 64-byte space includes the program-visible interrupt controller
registers as well as the space used for interrupt acknowledge (IACK) cycles.

There is a nonvolatile register area consisting of a block of 20 bytes in flash memory as shown in
Table 3-15. 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. MCF51EM256 series have two sets of nonvolatile registers, one for each
flash block. Refer to Section 3.6, “Flash Module Reserved Memory Locations,” for detailed information.

Table 3-3 is a summary of all user-accessible peripheral registers and control bits. Cells that are not
associated with named bits are shaded. A shaded cell with a 0 indicates this unused bit always reads as a
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Memory

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.

Table 3-3. Detailed Peripheral Memory Map (Sheet 1 of 22)

Address Name Bit7 6 5 4 3 2 1 Bit 0
0x(00)C0_0000 RGPIO_DIR DIR[15:8] (Read/Write)
0x(00)C0_0001 DIR[7:0] (Read/Write)
0x(00)C0_0002  RGPIO_DATA DATA[15:8] (Read/Write)
0x(00)C0_0003 DATA[7:0] (Read/Write)
0x(00)C0_0004 RGPIO_ENB ENBJ[15:8] (Read/Write)
0x(00)C0_0005 ENBJ[7:0] (Read/Write)
0x(00)C0_0006 RGPIO_CLR CLR[15:8] (Write only)
CLR[7:0] (Write only)
0x(00)CO_0006  RGPIO_DATA DATA[15:8] (Read only)
DATA[7:0] (Read only)
0x(00)C0_0008 RGPIO_DIR DIR[15:8] (Read only)
0x(00)C0_0009 DIR[7:0] (Read only)
0x(00)CO_000A RGPIO_SET SET[15:8] (Write only)
SET[7:0] (Write only)
0x(00)CO_000A  RGPIO_DATA DATA[15:8] (Read only)
DATA[7:0] (Read only)
0x(00)CO0_o000C RGPIO_DIR DIR[15:8] (Read only)
DIR[7:0] (Read only)
0x(00)CO_000E RGPIO_TOG TOGJ[15:8] (Write only)
TOGJ[17:0] (Write only)
0x(00)CO_O00OE  RGPIO_DATA DATA[15:8] (Read only)
DATA[7:0] (Read only)
0x(00)C0_0010—- Reserved . . . . . . . .
Ox(FF)FF_7FFF
Ox(FF)FF_8000 PTAD D7 D6 D5 D4 D3 D2 D1 DO
Ox(FF)FF_8001 PTADD DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
Ox(FF)FF_8002 PTASET SET7 | SET6 | SETS SET4 SET3 | SET2 SET1 SETO
Ox(FF)FF_8003 PTACLR CLR7 | CLR6 | CLRS CLR4 CLR3 | CLR2 | CLR1 CLRO
Ox(FF)FF_8004 PTATOG TOG7 TOG6 TOG5 TOG4 TOG3 TOG2 TOG1 TOGO
Ox(FF)FF_8005— Reserved . . . . . . . .
Ox(FF)FF_8007
Ox(FF)FF_8008 PTAPE PE7 PEG6 PES5 PE4 PE3 PE2 PE1 PEO
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Address

Ox(FF)FF_8009
Ox(FF)FF_800A
Ox(FF)FF_800B

OX(FF)FF_800C—
OX(FF)FF_803F

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_8047

OxX(FF)FF_8048
OX(FF)FF_8049
OX(FF)FF_804A
OxX(FF)FF_804B

Ox(FF)FF_804C—
OX(FF)FF_807F

Ox(FF)FF_8080
Ox(FF)FF_8081
OX(FF)FF_8082
Ox(FF)FF_8083
Ox(FF)FF_8084

OX(FF)FF_8085—
OX(FF)FF_8087

OX(FF)FF_8088
OX(FF)FF_8089
OX(FF)FF_808A
OX(FF)FF_808B

OX(FF)FF_808C—
OX(FF)FF_80BF

OX(FF)FF_80C0
OX(FF)FF_80C1
OX(FF)FF_80C2
Ox(FF)FF_80C3

Table 3-3. Detailed Peripheral Memory Map (Sheet 2 of 22)

Name
PTASE
PTADS
PTAIFE

Reserved

PTBD
PTBDD
PTBSET
PTBCLR
PTBTOG

Reserved

PTBPE
PTBSE
PTBDS
PTBIFE

Reserved

PTCD
PTCDD
PTCSET
PTCCLR
PTCTOG

Reserved

PTCPE
PTCSE
PTCDS
PTCIFE

Reserved

PTDD
PTDDD
PTDSET
PTDCLR

Bit7 6 5 4 3 2 1 Bit 0
SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO
DS7 DS6 DS5 DS4 DS3 DS2 DS1 DSO
IFE7 IFE6 IFES5 IFE4 IFE3 IFE2 IFE1 IFEO
D7 D6 D5 D4 D3 D2 D1 DO
DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
SET7 SET6 SET5 SET4 SET3 SET2 SET1 SETO
CLR7 CLR6 CLR5 CLR4 CLR3 CLR2 CLR1 CLRO
TOG7 TOG6 TOG5 TOG4 TOG3 TOG2 TOG1 TOGO
PE7 PEG PES PE4 PE3 PE2 PE1 PEO
SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO
DS7 DS6 DS5 DS4 DS3 DS2 DS1 DSO
IFE7 IFE6 IFE5 IFE4 IFE3 IFE2 IFE1 IFEO
D7 D6 D5 D4 D3 D2 D1 DO
DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
SET7 SET6 SETS5 SET4 SET3 SET2 SET1 SETO
CLR7 CLR6 CLR5 CLR4 CLR3 CLR2 CLR1 CLRO
TOG7 TOG6 TOG5 TOG4 TOG3 TOG2 TOG1 TOGO
PE7 PEG6 PE5 PE4 PE3 PE2 PE1 PEO
SE7 SE6 SES5 SE4 SE3 SE2 SE1 SEO
DS7 DS6 DS5 DS4 DS3 DS2 DS1 DSO
IFE7 IFE6 IFE5 IFE4 IFE3 IFE2 IFE1 IFEO
D7 D6 D5 D4 D3 D2 D1 DO
DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
SET7 SET6 SET5 SET4 SET3 SET2 SET1 SETO
CLR7 CLR6 CLR5 CLR4 CLR3 CLR2 CLR1 CLRO
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Table 3-3. Detailed Peripheral Memory Map (Sheet 3 of 22)

Address Name Bit 7 6 5 4 3 2 1 Bit 0

Ox(FF)FF_80C4 PTDTOG TOG7 TOG6 TOG5 TOG4 TOG3 TOG2 TOG1 TOGO

O0x(FF)FF_80C5— Reserved . . . . . . . .
OX(FF)FF_80C7
Ox(FF)FF_80C8 PTDPE PE7 PE6 PES PE4 PE3 PE2 PE1 PEO
Ox(FF)FF_80C9 PTDSE SE7 SE6 SE5 SE4 SE3 SE2 SE1 SEO
Ox(FF)FF_80CA PTDDS DS7 DS6 DS5 DS4 DS3 DS2 DS1 DSO0
O0x(FF)FF_80CB PTDIFE IFE7 IFE6 IFE5 IFE4 IFE3 IFE2 IFE1 IFEO
Ox(FF)FF_80CC- Reserved . . . . . . . .
Ox(FF)FF_80FF
Ox(FF)FF_8100 PTED D7 D6 D5 D4 D3 D2 