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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

111

MCF51EM256 Series Microcontrollers

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

Up to 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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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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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

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8

Freescale Semiconductor



































































































































































Chapter 4
Parallel Input/Output Control

4.1 MCF51EM256 Series Functions Overview
NOTE
The configuration of the GPIOs as slew rate control, drive strenght, pullup
and input filter affects all modules that share these pins as digital 1/0
functions.
4.1.1 Summary

This section explains software controls related to parallel input/output (1/0O) and pin control. The
MCF51EM256 series MCUs have up to six parallel 1/0 ports which include a total of 48 1/0O pins,
including one output-only pin. See Chapter 2, “Pins and Connections,” for more information about pin
assignments and external hardware considerations of these pins. The MCF51EM256 series MCUs have
multiplexed functions in several pins and there is a set of registers to control the multiplex functions in
those pins, see Section 4.7, “Pin Mux Controls” for more information.

Table 4-1 summarizes capabilities for the MCF51EM256 series MCUs on a per port basis.
Table 4-1. Functionality on a Per Port Basis

Port Name Width GPIO Implementaton? Keyboard Interface Pin Control?
PTA 8 SCT & RGPIO[7:0] — PE, SE, DS, IFE
PTB 8 SCT & RGPIO[15:8] PTB[7:6,3:0] = KBI1[5:0] PE, SE, DS, IFE
PTC 8 SCT PTC[1:0] = KBI1[7:6] PE, SE, DS, IFE
PTD 8 SCT KBI2[7:0] PE, SE, DS, IFE
PTE 8 SCT — PE, SE, DS, IFE
PTF 8 SCT — PE, SE, DS, IFE

1 Possible values are “Standard”, “SCT” and RGPIO. SCT GPIO has all functions associated with Standard GPIO, with
the addition of SET, CLEAR and TOGGLE functions. SCT functions are not present on all V1 ColdFire devices. RGPIO
standards for “Rapid GPIO”, and is a high data rate implementation bundled with the V1 ColdFire.

2 PE= Pullup Enable, SE = Slew Rate Enable, DS = Drive Strength Control, IFE = Input Filter Enable.

4.1.2

In addition to standard GPIO functionality, Ports A and B are implemented using “Rapid GP10O” functions
which are integrated as part of the ColdFire core itself to improve edge resolution on those pins. RGPIO

Ports Implemented via Rapid GPIO
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4.2 Pin Controls

This section shows the superset of pin control functions which may be present on V1 ColdFire devices.
Some devices may not include all of these controls. See the summary table earlier in the chapter for
specific capabilities for your device.

4.2.1 Pin Controls Overview

A set of registers (shown in Figure 4-1) control pullups, slew rate, drive strength and input filter enables
for the pins. They may also be used in conjunction with the peripheral functions on these pins. These
registers are associated with the parallel 1/0 ports and Rapid GP1O (RGPI10) ports, but operate
independently of both.

A Read xPE
-

Write xPE PTXPE[n] P Port Pullpullupup Enable
Read xSE
3 Write XSE
rite x
i | PTXSE[n] P Port Slew Rate Control
Read xDS
Write xDS
- PTxDS[n] B Port Drive Strength Control
Read xIFE
Write xIFE
Ly PTXIFE[n] B Port Input Filter Enable

V4

Figure 4-1. Pin Control Logic Block Diagram

4.2.2 Pin Controls Programming Model

These registers control the pullups, slew rate, drive strength, and input filter for all the pins and may be
used for the peripheral functions (FEC, Mini-FlexBus, etc.) on these pins.
NOTE

The full complement of pin controls may not be present on all Freescale
devices. See the summary table earlier in the chapter to determine which of
these are present on your device.
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Parallel Input/Output Control

4.7 Pin Mux Controls

Package pins on the MCF51EM256 series can be programmed for up to four different functions using the
Pin Mux Control Registers. Controls are organized by GPIO Port. Each GPIO port has two mux control
registers, comprised 2 bits per package pin. All pin mux registers default to value 0x00 at reset. Alternate
values are defined in the remainder of this section. Please note that the encoding for each function matches
the column number in which that function occurs in Table 2-2. That is, default functions are assigned value
0x00, ALT1 functions 0x01 and so forth.

The RGPIO_ENB register is used to select between GPIO and RGPIO functions on pins that have both.

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

Table 4-21. Pin Mux Control Registers

Address Register Bit 7 6 5 4 3 2 1 Bit 0
Ox(FF)FF_8200 PTAPF1 A7 A6 A5 A4
Ox(FF)FF_8201 PTAPF2 A3 A2 Al A0
Ox(FF)FF_8202 PTBPF1 B7 B6 B5 B4
Ox(FF)FF_8203 PTBPF2 B3 B2 Bl BO
Ox(FF)FF_8204 PTCPF1 c7 c6 C5 c4
Ox(FF)FF_8205 PTCPF2 c3 c2 c1 co
Ox(FF)FF_8206 PTDPF1 D7 D6 D5 D4
Ox(FF)FF_8207 PTDPF2 D3 D2 D1 DO
Ox(FF)FF_8208 PTEPF1 E7 E6 E5 E4
Ox(FF)FF_8209 PTEPF2 E3 E2 E1l EO
Ox(FF)FF_820A PTFPF1 F7 F6 F5 F4
Ox(FF)FF_820B PTFPF2 F3 F2 F1 FO
Ox(FF)FF_820C LCDPF1 LCD9 LCD8 LCD7 LCD6
Ox(FF)FF_820D LCDPF2 0 0 0 0 0 0 LCD35

NOTE

Configuring the mux control registers to the ADC pins disables the digital
function of the pin to ensure proper ADC conversion.
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Chapter 5
Rapid GPIO (RGPIO)

5.1 Introduction

The Rapid GPIO (RGPIO) module provides a 16-bit general-purpose I/0 module directly connected to the
processor’s high-speed 32-bit local bus. This connection plus support for single-cycle, zero wait-state data
transfers allows the RGPI1O module to provide improved pin performance when compared to more
traditional GP1O modules located on the internal slave peripheral bus.

Many of the pins associated with a device may be used for several different functions. Their primary
functions are to provide external interfaces to access off-chip resources. When not used for their primary
function, many of the pins may be used as general-purpose digital 1/0 (GP10) pins. The definition of the
exact pin functions and the affected signals is specific to each device. Every GPIO port, including the
RGPIO module, has registers that configure, monitor, and control the port pins.

Figure 5-1 shows the MCF51EM256/128 block diagram with the RGPIO highlighted.

MCF51EM256 Series ColdFire Integrated Microcontroller Reference Manual, Rev. 8

Freescale Semiconductor 5-1




































Chapter 6
Modes of Operation

6.1

Introduction

The operating modes of the MCF51EM256 series 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 1.3.5, “ICS
Modes of Operation”. This chapter explores the other dimensions of the system operating mode.

6.2

Features

Debug mode for code development. For V1 ColdFire devices, such as MCF51EM256 series, 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 loose 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 d