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Preface

This Reference Manual provides information about the MAC7100 Family of microcontroller devices,
which are made up of standard System-on-a-Chip modules and an ARM7TDMI-S™ processor core.

Document Structure

This document is part of the documentation needed to complete a design usinga MAC7100 Family device.
A complete set of device manuals also includes the ARM7TDMI-S core manuals and the MAC7100
Microcontroller Family Hardware Specifications:

* ARM Architecture Reference Manual (ARM DDI-0100)

*  ARMT7TDMI-S (Rev 4) Technical Reference Manual (ARM DDI 0234A)

*  MAC7100 Microcontroller Family Hardware Specifications (MAC7100EC)

How To Use This Document

If the reader is new to the MAC7100 family of devices, it is recommended that the following list of
sections be read before bringing up a MAC7100 Family device:
» Chapter 1, “Introduction,” — Describes the features of the MAC7100 Family.
» Chapter 2, “Signal Description,” — Describes the functionality of MAC7100 Family device pins
» Chapter 4, “System Clocks Module (OSC and CRG),” — Describes clock generation and
distribution to modules on MAC7100 Family devices.
» Chapter 5, “Resets,” — Describes the reset functionality of the MAC7100 Family.
» Chapter 6, “Exceptions,” — Describes the system and interrupt exceptions of the MAC7100
Family.
» Chapter 7, “Modes of Operation,” — Describes the operational modes of the MAC7100 Family.
» Chapter 8, “Device Memory Map,” — Describes the memory map of the MAC7100 Family
devices in various operating modes.

If the functionality of particular peripheral is of interest, refer to the appropriate module description
(Chapter 9, “ARM7TDMI-S™ Processor Core,” through Chapter 26, “System Services Module (SSM)”).
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Conventions

The following table gives conventions for terms used throughout this document.

Table i. Conventions

Terms Description

logic level one The voltage level that corresponds to a Boolean true (1) state.

logic level zero The voltage level that corresponds to a Boolean false (0) state.

ACTIVE_HIGH Names for signals that are active high are shown in uppercase text without an overbar. Signals
that are active high are referred to as asserted when they are logic 1 and negated when they

are logic 0.
ACTIVE_LOW A bar over a signal name indicates that the signal is active low. Active-low signals are referred
to as asserted when they are logic 0 and negated when they are logic 1.
asserted Signal is in the active logic state. In active high logic, the signal is asserted when it changes to
logic level one; in active low logic, the signal is asserted when it changes to logic zero.
negated Signal is in the inactive logic state. In active high logic, the signal is negated when it changes
to logic level zero; in active low logic, the signal is negated when it changes to logic level one.
set To establish logic level one on a bit or bits
clear To establish logic level zero on a bit or bits
0x0000 Hexadecimal numbers
0b0011 Binary numbers
n Indicates a numeric place holder. In register field contexts, indicates a value that may be written

or read. In register names, indicates any one of a set of multiple, identical registers. For
example, UCCRn indicates a reference to any one of the eMIOS Channel Control Registers,
UCCRO through UCCR15.

X In certain contexts, such as bit or signal encoding, this indicates a don’t care. For example, if a
four-bit binary field is represented as 0bx001, the state of the first bit is a don’t care. In other
contexts, such as module or register names, this is a place holder for a letter to designate a
module instantiation. For example, ATD_x indicates a reference to either ATD_A or ATD_B.

b Bit place holder

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Terminology

Terminology

The following table lists definitions for abbreviations and names used throughout this document

Table ii. Terminology

Terms Description
AIPS AMBA to IPS interface unit
ALC Amplitude Limitation Control
ATD Analog-to-digital converter with DMA interface with 16 channels, resolution of 10 bits
Baud Rate Rate of data transmission in bits per second.
Byte 8 bits
CAN Controller Area Network, a serial communication protocol defined in Reference 1 and

Reference 2.

CFM Common Flash Module. Acronym used throughout this document to reference the Flash
memory module. The CFM includes the Common Flash bus interface, IP bus interface, Flash
command controller, Flash memory controller, and Flash arrays.

Clock Phase Determines when the data should be sampled relative to the active edge of SCK

Clock Polarity Determines the idle state of the SCK signal.

coherency/coherent | Coherent access is used to indicate an action to guarantee data consistency, preventing data
access from being accessed simultaneously using different methods in such a way that it is not
completely updated before being used.

Command Write A three-stop command instruction sequence to program, erase, or verify the Flash memory.

Sequence
CPI CAN Protocol Interface, a FlexCAN sub-module containing the CAN protocol engine.
CPU Central Processor Unit
CRC Cyclic Redundancy Check.
CRG Clock and Reset Generator module
CSs Chip Select. In Master Mode, the CS signal is used to select which slave device to talk to.
DAC Digital to Analog Converter: Converts a binary value into a voltage
DAIC Double Action Input Capture
DAOC Double Action Output Compare
Debug Mode This is a system mode intended for debugging operations. When this mode is triggered, a
global Debug Mode Request signal is sent to all modules, so that they can prepare themselves
with debugging capabilities.
DMA Direct memory access
DMA Mux Direct Memory Access Multiplexer module
Dominant Bit A dominant bit wins the arbitration on the CAN bus. It is transmitted as ‘0.
Doze Mode This is a system low power mode in which the CPU bus is kept alive and a global Doze Mode
request is sent to all peripherals asking them to enter low power mode. Typically, when Doze
Mode is requested, each peripheral can be enabled individually to enter or not low power
mode.
DSPI (Deserialized) Serial Peripheral Interface

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Table ii. Terminology (continued)

Terms Description
EIM External Interface Module
eDMA Enhanced Direct Memory Access controller module
eMIOS Enhanced Modular Input/Output Subsystem
EOQ End of Queue

Erase State

Flash array bit state that reads as a “1.”

eSCl Enhanced SCI module with LIN hardware and DMA support
Field Two or more register bits grouped together.
Flash Array A non-volatile SuperFlash® memory array used to build the Program Flash blocks, which

includes a Flash memory core with built-in high voltage generation and parametric features.

Flash Logical Page

4096 bytes of contiguous Flash memory consisting of two interleaved Flash physical blocks
representing the smallest section of the Flash memory that can be erased.

Flash Logical Sector

Section of contiguous Flash memory that can be protected from program, erase, and
unauthorized access.

Flash User Mode

Flash module operations defined for User/Normal mode.

Frame The data content of a serial transmission. Also referred to as DSPI Data.
FSM Finite State Machine
GPIO General purpose Input/Output
Half word 16 bits
Hard Reset Reset coming from external pin and/or following power-on. It resets everything.
Host Refers to the MCU or other bus master module

input capture

Sampling of a time base value upon the occurrence of an input signal transition.

IPF Input Programmable Filter
IPS Intelligent Peripheral Subsystem bus interface
IPM Input Period Measurement
IPWM Input Pulse Width Measurement
LC Loop Control
LIN Local Interconnect Network — A protocol for low-cost automobile networks
LIN FSM LIN Finite State Machine — The control logic of the LIN hardware
LSB Least Significant Bit
LVR Low Voltage Reset
match Match an event that occurs when the value of a match register becomes equal to the value of
the selected time-base.
MC Modulus Counter
MCU Microcontroller Unit.

Message Buffer (MB)

Internal FlexCAN data structure containing bytes received or to be transmitted to the CAN line,
as well as information about this data.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Table ii. Terminology (continued)

Terms Description
MSB Most Significant Bit
MUX Multiplexer
NSM New command word state machine
OpAmp Operational Amplifier
OPWFM Output Pulse Width and Frequency Modulation
OPWM Output Pulse Width Modulation
OoPWMC Center Aligned Output Pulse Width Modulation
OSCCLK Oscillator clock

Output Compare

The modification of an output signal due to a time base match.

PCS Peripheral Chip Select
PEA Pulse/Edge Accumulation
PEC Pulse/Edge Counting
Pipeline Act of initiating a bus cycle while another bus cycle is in progress. Thus the bus can have
multiple bus cycles pending at one time.
PIT Periodic Interrupt Timer
PLL Phase Locked Loop
POR Power on Reset

Program State

Flash array bit state that reads as a “0.”

QDEC

Quadrature Decode

RC

Resistor-Capacitor

Receive or RX FIFO

First-In-First-Out buffer for received data

Recessive Bit

A recessive bit loses the arbitration on the CAN bus. It is transmitted as ‘1.

Reset Sequence

Coming out of reset, the CFM will read the Flash configuration field and load specific registers.

RTI Real Time Interrupt - A timer with an independent clock which can run in system Doze or
Pseudo-Stop mode, and can be used for system wakeup.
SAIC Single Action Input Capture
SAOC Single Action Output Compare
SAR Successive Approximation Register: A method to adjust a reference voltage to an input voltage
SCI Serial Communications Interface
SCM Self Clock Mode
Serialize To convert data from a parallel format to a serial format.
Slave A bus slave is a device that responds to a bus transaction, but never initiates a cycle on the
bus.
Soft Reset Global reset typically used by peripherals to re-initialize some of its registers, but not all of
them.
SPI Serial Peripheral Interface

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Table ii. Terminology (continued)

Terms Description

SS Slave Select. Signal from the SPI master to the SPI slave indicating which SPI slave device
the Master want to communicate with.

Stop Mode This is a system low power mode in which all MCU clocks are stopped for maximum power
savings. Typically, when Stop Mode is requested, each module will put itself in a known state
and then send a Stop Acknowledge signal to inform the CPU that it can stop the clocks.

SWT Software Watchdog Timer
SYSCLK System clock (fgys) is the clock used by the core CPU (peripherals operate at fgyg + 2)
Transaction A bus transaction consists of an address transfer (address phase) and one or more data

transfer(s) (data phase).

Transmit or TX FIFO | First-In-First-Out buffer for transmit data

uCn Unified channel n, submodule that performs timed input or output functions supported by the
eMIOS
VCO Voltage Controlled Oscillator
VREG Voltage regulator
VRH High reference voltage
VRrL Low reference voltage
Word 32 bits
WPTA Windowed Programmable Time Accumulation
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Register Descriptions

Register Descriptions

Each peripheral module chapter (Chapter 3, Chapter 4 and Chapter 9 through Chapter 26) contains a
register description subsection that details the location and definition of the user-accessible control and
status bits and fields for the peripheral. All register descriptions in this manual use bit 31 to represent the
most significant bit and bit O to represent the least significant bit. Refer to “Accessing Registers” on
page 8-100 for details on how registers may be accessed.

Each register description subsection includes a register diagram figure showing bit field mnemonic names
and locations followed by a table containing the full name for each bit field, a short description of
operational characteristics and exact bit value definitions. The figure and tables below show an example
of the format used for register figures, field descriptions and the conventions used to specify bit fields.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w
Reset| — — — — — — — — — — — — — — — —
Reg Addr Base + Offset
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
R O 0 0 0 0 0 0 0 0 0 FIELD ln:D RO 0
w é WO
Reset| — — — — — — — — — — 0 0 0 0 0 —
Reg Addr Base + Offset
Figure i. Example Register (EXREG)
Table iii. Register Diagram Conventions
LZ%V(ZI Column(s) Content
XX Bit number, specifies the location of the bit or field within the register.
R Behavior for read accesses. If named, the description table below the register diagram specifies the

definition. If zero, the bit will always read as zero. If shaded, the read value is undefined and the bit position
is reserved and must be ignored for future compatibility.

W Behavior for write accesses. If named, the description table below the register diagram specifies the
definition. If shaded, the bit position is reserved and must be written as zero for future compatibility.

Reset |Bit state immediately after a reset operation. Zero or one indicates how the bit state is affected by reset, an
emdash indicates that the bit state is not affected by reset.

Reg Addr|Specifies the address of the most significant byte of the register (for a 16- or 32-bit register). Base is the
module address as specified in Chapter 8, “Device Memory Map,” Table 8-10 on page 8-99. Offset is a
hexadecimal number in the format 0x0000, or a formula used to calculate the offset, that is added to Base
to calculate the address of the register.
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Table iv. EXREG Field Descriptions

Bits Name Description
15-6 — Reserved; always reads as zero, must be written as zero.
5-4 FIELD[1:0] | Bit field. This is a two-bit read/write field.

00 Behavior when field is written as 0b00, or status indicated when read as 0b00
01 Behavior when field is written as 0b01, or status indicated when read as 0b01
10 Behavior when field is written as 0b10, or status indicated when read as 0b10
11 Behavior when field is written as Ob11, or status indicated when read as Ob11

3 RWBIT Read/write bit. This is a writable control bit that is used to specify certain behavior
of the module. Reading the bit position will return the last value written.

0 Behavior when bit is cleared

1 Behavior when bit is set

2 RO Read-only. Normally used for status bits that reflect operating characteristics at
the time of the read access. Writes are ignored, but for future compatibility zero
should always be written.

0 Status definition if bit is clear

1 Status definition if bit is set

1 wo Write-only bit. Normally used for control bits that trigger an event when written as
one, but always read as zero.
0 Writing zero has no effect
1 Writing one triggers event

0 — Undefined bit. Normally indicates bits that are used only for factory testing and
must not be modified by customer code, and whose read contents are
indeterminate. Writing non-zero values may cause erratic device behavior.

Table v. Register Field Description Conventions

Column Row Content
Label
Bits Bit number, specifies the exact location of the bit field within the register. Always listed from the

most significant bit in the register to the least significant. For bit fields, the most significant and
least significant bit numbers are shown.

Name Mnemonic name of the bit or field. For bit fields, the mnemonic is followed by bracketed numbers
specifying the size of the field.

Description |Full name of the bit or field. Includes a short definition of operational characteristics. Often
contains cross-references to detailed functional descriptions of module behaviors that are
affected by a control field or that are reflected in a status field. Followed by paragraphs listing
definitions for each possible value of the bit or field. For more complex definitions, or where bits
or fields interact with other bits or fields in various modes, tables are often embedded within the
field description cell for more detailed information.

0 single-bit value definitions

1 single-bit value definitions

0..0 firstin a list of multi-bit field value definitions

1..1 lastin a list of multi-bit-field value definitions
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* Added Port | information to Table 18-1, Figure 18-1, Table 18-2, Table 18-3, Table 18-4
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21-443

Chapter 22, “Deserial Serial Peripheral Interface Module (DSPI).”

« Updated Section 22.1 and Section 22.2 for new chip select options

* Added PCSIS[3:4, 6:7] to Table 22-1, Section 22.4.2, Section 22.4.3, Figure 22-3,
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» Changed references to “system clock” or fgyg to “peripheral bus clock” or fipg:
— Table 22-5 (DBR, PBR[1:0], CSSCK]J3:0], ASC[3:0], DT[3:0], BR[3:0]),
— Section 22.6.4 (all subsections and tables),
— Figure 22-18, Figure 22-19
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Chapter 1
Introduction

1.1 Overview

MAC7100 microcontrollers (MCUs) are members of a pin-compatible family of 32-bit
Flash-memory-based devices developed specifically for embedded automotive applications. The
pin-compatible family concept enables users to select between different memory and peripheral options
for scalable designs. All MAC7100 devices are composed of a 32-bit ARM7TDMI-S™ central processing
unit, up to 1 Mbyte of high performance embedded Flash memory for program storage, an optional
32 Kbytes of embedded Flash for data and/or program storage, and up to 48 Kbytes of RAM.

The family is implemented with an enhanced DMA (eDMA) controller, which executes in parallel with
the CPU to improve the performance of data transfers between memory and many of the on-chip
peripherals. DMA transfers may be triggered by various peripheral events, such as data frame transmission
or reception, elapsed timer periods, and analog-to-digital conversion completions. The peripheral set
includes enhanced asynchronous serial communications interfaces (eSCI) with Local Interconnect
Network (LIN) support hardware to reduce interrupt overhead, serial peripheral interfaces (DSPI) with
flexible chip selects and fast baud rate switching, inter-integrated circuit (IZCTM) bus controllers, FlexCAN
interfaces with flexible message buffering, an enhanced modular 1/0 subsystem (eMIOS) with sixteen
high-performance 16-bit timers, one or two sixteen-channel 10-bit analog-to-digital converters (ATD),
general-purpose timers (Programmable Interrupt Timer (PIT)) and two special-purpose timers (Real Time
Interrupt (RTI) and Software Watchdog Timer (SWT)). The peripherals share a large number of general
purpose input-output (GPIO) pins, all of which are bidirectional and may be configured to generate
interrupts, which may be used to trigger wake-up from low-power modes. See Table 1-1 for a comparison
of MACT7100 devices and the availability of peripheral modules on various devices.

Internal data paths between the CPU core, eDMA, memory and peripherals are all 32 bits wide, further
improving performance for 32-bit applications. The MAC7111, MAC7116, MAC7131 and MAC7136
also offer a 16-bit wide external data bus with 22 address lines, allowing access of up to 4 MBytes of
external address space. The inclusion of a programmable PLL module allows power consumption and
performance to be adjusted to suit operational requirements. Both E-ICE and Nexus 2 interfaces are
implemented to support development and debug tool chains.

MAC7100 devices include an on-chip multi-output voltage regulator, thus requiring only a single external
3.3V to 5V power supply. The maximum operating range of devices in the family covers a junction
temperature of —40° C to 150° C and CPU clock frequencies up to 50 MHz. Packaging options range from
100-pin LQFP up to 208-pin MAP BGA.
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1.2

Block Diagram
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Figure 1-1. MAC7100 Family Block Diagram
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Block Diagram

The following table provides a comparison of members of the MAC7100 Family and the availability of
peripheral modules on the various devices.

Table 1-1. MAC7100 Family Device Derivatives

= I - - = T - T = T = O I -
Module Options B B B B B B B B B B B B
S| s ||| || ||| 5 ]|:¢s
Program Flash 512 KBytes 256 KBytes 1 MByte
Data Flash 32 KBytes
SRAM 32 KBytes 16 KBytes 48 KBytes
External Bus — Yes — Yes — — — — — Yes — Yes
ATD Modules® A| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B| Yes — — Yes — — — — Yes — — Yes
CAN Modules A| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
C| Yes Yes Yes Yes — — — — Yes Yes Yes Yes
D| Yes Yes Yes Yes — — — — Yes Yes Yes Yes
eSCl Modules A| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
C| Yes Yes Yes Yes — Yes Yes — Yes Yes Yes Yes
D| Yes Yes Yes Yes Yes — — — Yes Yes Yes Yes
DSPI Modules A| Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes ?
B| Yes | Yes | Yes®| Yes | Yes | Yes | Yes®| Yes | Yes | Yes | Yes3| Yes?
1°C Module Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
eMIOS Module 16 channels, 16-bit
Timer Module 10 channels, 24-bit
Al 10 16 10 16 4 16 10 4 10 16 10 16
B| 16 16 15 16 16 16 15 16 16 16 15 16
e " C| 12 16 1 16 — 16 1 — 12 16 1 16
g £ D| 104| 164 | 114| 164 | 104| 16 11 10 10 16 11 16
Ez % E| 16 16 16 16 16 16 16 16 16 16 16 16
g g F| 16 16 16 16 16 16 16 16 16 16 16 16
3= G| 16 16 16 16 10 16 16 10 16 16 16 16
H| 16 — — 16 — — — — 16 — — 16
| — — — — — — — — — — — 16
Total (max.) 1124 | 1124 | 854 | 1284| 724 | 112 85 72 112 | 112 85 144
Package 144 144 112 208 100 144 112 100 144 144 112 208
LQFP | LQFP | LQFP | BGA | LQFP | LQFP | LQFP | LQFP | LQFP | LQFP | LQFP | BGA

16 channels, 8/10-bit, per module.
Four additional chip selects available.

3 PB11/PCS2_B not available on non-L49P-mask devices; PB10 / PCS5_B / PCSS_B not available on mask L47W
devices.

4 Reduce these values by one for mask set L49P devices (PD2 is not available for general-purpose use).
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1.3

As shown in Figure 1-1, MAC7100 Family devices are organized into two major blocks: the standard
product platform (SPP) and the intelligent peripheral subsystem (IPS). The SPP consists of the
ARMT7TDMI-S processor core and enhanced direct memory access (eDMA) controller connected to a
high-performance 32-bit bus through a cross-bar bus switch (XBS) to the rest of the chip modules. The
SPP also contains an interrupt controller (INTC), SRAM controller, Flash memory controller (CFM),
external bus interface (EIM), peripheral bus bridge (AIPS), and miscellaneous control module (MCM).

The IPS consists of the voltage regulator (VREG), clock and reset generator (OSC & CRG), port
integration module (PIM), DMA request multiplexer (DMAMux), analog-to-digital (ATD) converter(s),
enhanced modular 1/0 subsystem (eMIOS), enhanced serial communications interface (eSCI) controllers,
serial peripheral interface(s) (DSPI), FlexCAN controller(s), an inter-integrated circuit (1°C) bus

Qualification Status
Core Code

Core Number
Generation / Family
Package Option
Device Number
Temperature Range
Package Identifier
Speed (MHz)

Optional Package Identifiers

Features

Figure 1-2. Order Part Number Example

Temperature Options
C =—40° Ct085° C
V =—40° C to105° C
M =—40° C to125° C
Package Options

FU =100 LQFP

PV =112/ 144 LQFP
VF =208 MAP BGA

controller, programmable interrupt timer (PIT) and system services module (SSM).

The key features of each module are listed below:

General MAC7100 Family features

— Up to 50MHz operating frequency.
— RISC core, eDMA and memory connected via high performance 32-bit bus.
— Separate 32-bit bus interface for slower system peripherals.
— External bus interface to support off-chip devices (7111/7116/7131/7136 only).
— Internal 5V to 2.5V Regulator.
32-bit ARM7TDMI-S RISC Core
— Supports 32-bit and 16-bit (THUMB) instruction sets for code size efficiency.

— 32 bit wide data path.

— Alternate general purpose registers.
— Byte (8-bit), halfword (16-bit), word (32-bit) data types supported.

Enhanced Direct Memory Access (eDMA) Controller and Channel Multiplexer (DMAMux)
— Supports transfers between memory, external devices, peripherals (ATD, DSPI, eMIOS, eSCI

and 12C), and general-purpose 1/0 using a dual address transfer protocol.
— DMAMux allows assignment of any DMA request source to any eDMA channel.
— Programmable transfer control descriptors stored in local eEDMA memory.
— Programmable source and destination address with configurable offset.
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Features

— Programmable size, nested transfers via 32-bit major/16-bit minor loop counters.
— Different final source and destination addresses allow circular queue operation.
— Channel-to-channel linking and scatter/gather operation. *
— Programmable priority levels for each channel, with channel preemption. *
— Bandwidth control for each channel.
— Independently programmable read/write sizes.
— Periodic triggering of up to 8 channels.
* Memory options
— Up to 1 MByte Program Flash EEPROM
— 50 MHz single cycle non-sequential access for aligned halfword/word data.
— State machine controlled program/erase operations; internal voltage generator.
— Small Flash sector protection sizes.
— Configurable flexible Flash protection fields.
— Protection violation flag.
— 10,000-cycle program / erase endurance
— 15 year data retention.
— Up to 32 KByte Data Flash EEPROM
— 16-bit wide memory accessed via peripheral bus interface.
— Relocatable to page zero to provide data Flash boot operation.
— State machine controlled program/erase operations; internal voltage generator.
— Up to 8 protected sectors in the data Flash.
— 10,000-cycle program / erase endurance
— 15 year data retention.
— Up to 48 KByte RAM
— Single cycle accesses to RAM for byte, halfword and word reads and writes.
* Interrupt Controller (INTC)
— 64 vectored interrupt sources (44 peripheral, 17 DMA, 1 software watchdog timer, 2 external).
— 16 programmable interrupt priorities for every source, even in low-power modes.
— Multiple level interrupt nesting, with hardware support for first nesting level.
— Normal and Fast interrupt support.
» General Purpose Input/Output
— Up to 144 port pins shared with peripherals (for 208-pin package).
— All ports are 16 bits wide, with pins bidirectional and independently controlled.
— Port-wide and single-pin access methods for improved software performance.
— Each pin configurable for drive type and strength, and internal pull-up/down.
— Level or edge-sensitive interrupt available on all port pins.
* Analog-to-Digital Converter(s) (ATD)
— One or two ATD modules.
— 16 analog input channels per ATD module.
— 10-bit resolution with +2 counts accuracy.

1. Some eDMA features are not implemented on mask set L49P devices (refer to Chapter 12 for details).
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7 uS minimum conversion time.

Internal sample and hold circuitry.

Programmable input sample time for various source impedances.

Queued conversion sequences supported by eDMA controller.

Unused analog channels can be used as digital 1/0.

External and on-chip sample triggers, including periodic triggering via the PIT.
Synchronized sampling on ATD modules using external or on-chip triggers.

CAN 2.0 A, B software compatible modules (FlexCAN)

Up to four CAN modules.

Full implementation of the CAN 2.0 protocol specification.

Programmable bit rate up to 1 Mbps.

Up to 32 flexible message buffers of 0 to 8 bytes data length for each module.
All message buffers configurable for either Rx/Tx.

Unused message buffer space can be used as general purpose RAM.

Supports standard or extended messages.

Time stamp, based on a 16-bit free-running counter.

Maskable interrupts, including low-power mode wake up on bus activity.
Programmable 1/0 modes.

Enhanced Modular I/0O Subsystem (eMIOS)

16 unified channels, each of which can be enabled for eDMA service.
Three 16-bit counter buses, with synchronization between timebases.
One global prescaler plus prescaler available on each channel.
Fourteen channel operating modes available:

— General purpose input/output

— Single action input capture

— Single action output compare

— Input pulse width measurement

— Input period measurement

— Double action output compare

— Pulse/edge accumulation

— Pulse/edge counting

— Quadrature decode

— Windowed programmable time accumulation modulus counter

— Output pulse width and frequency modulation

— Center aligned output pulse width modulation

— Output pulse width modulation

Channels can be individually disabled to reduce power consumption.

Serial Peripheral Interface (DSPI)

One or two DSPI modules.

Full duplex, synchronous transfers.
Master or slave operation.
Programmable master bit rates.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Features

— Programmable clock polarity and phase.
— End-of-transmission interrupt flag.
— Flexible baud rates available.
— Programmable data frames from 4 bits to 16 bits.
— Up to 8 chip selects support up to 256 external devices using external muxing.
— Two DMA request lines per module for message frame support.
— Separate transmit and receive FIFOs for improved system performance.
— Queueing operation possible through use of the eDMA controllers channels.
— Fast switching between SPI slave devices types via transfer attributes coupled with data.
— General purpose /O functionality on pins when not used for DSPI
» Enhanced Serial Communications Interface (eSCI)
— Up to four eSCI modules.
— Standard non-return-to-zero (NRZ) mark/space format.
— Full-duplex operation.
— Software selectable word length (8- or 9-bit words).
— 10/11- or 13/14-bit break character formats available.
— 13-bit programmable baud-rate modulus counter.
— Separately enabled transmitter and receiver.
— Separate receiver and transmitter CPU interrupt requests.
— Programmable transmitter output polarity.
— Two receiver wake-up methods.
— Interrupt-driven operation with eight flags.
— Receiver framing error detection.
— Hardware parity checking.
— 1/16-bit time noise reduction.
— Two DMA request lines on per module for receive and transmit data.
— Support for LIN bus protocol (version 1.2 and version 2.0).
— Full LIN master node autonomous message frame handling.
— Frame hardware significantly reduces interrupt overhead.
— LIN message header generation.
— Slave timeout detection.
— Optional CRC message checking.
— Detection and flagging of LIN errors.
« Inter-Integrated Circuit (1°C) Bus module
— Two wire bi-directional serial bus for on-board communications.
— Compatibility with 1°C Bus standard.
— Multi-master operation.
— Software-programmable for one of 256 different serial clock frequencies.
— Interrupt-driven byte-by-byte data transfer.
— Arbitration-lost interrupt with automatic mode switching from master to slave.
— Calling address identification interrupt.
— Start and stop signal generation/detection.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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— Repeated START signal generation.
— Acknowledge bit generation/detection.
— Bus-busy detection.
— Two DMA request lines to receive and transmit data
Periodic Interrupt Timer (PIT) Module
— Independent timeout periods for each of the ten 24-bit timers
— One real-time interrupt (RTI) timer to wake up the CPU in wait mode or pseudo-stop mode
— Eight timers that can be configured to generate DMA trigger pulses
— Two timers that can be configured to generate ATD trigger pulses
— Four timers that can be configured to generate interrupts instead of DMA triggers
Miscellaneous Control Module (MCM)
— Software watchdog timer with programmable, staged response.
— Cross-bar switch remapping.
— SPP module configuration status.
— Access address information for faulted memory accesses.
System Services Module (SSM)
— System configuration and status
Memory sizes and status
Security status
Device mode
— eDMA status
— Wake-up Source ID
Development support
— Real-time instruction trace support via Nexus Class 2 Plus interface.
— Selectable Nexus port position on 208-pin MAP BGA and 144-pin LQFP packaged devices.
— ARMY7 Embedded ICE debug interface.
— JTAG Test Access Port (TAP) interface.
— Debug mode access to CPU registers.
— Real Time memory access.
— Hardware Breakpoints.
Clock generation
— Selectable Standard Pierce or low-power Amplitude Loop Controlled (ALC) Pierce oscillator.
— Phase-locked loop clock frequency multiplier.
— Self-clocking mode available in absence of external clock.
— Low power 0.5 to 16 MHz crystal oscillator reference clock.
— Clock generation and monitor, reset control, and software watchdog timer.
1/0 lines with 5V input and drive capability.
5V ATD converter inputs and 1/0 lines with 5V input and drive capability.
2.5V logic supply.
208-pin MAP BGA, 144-pin LQFP, 112-pin LQFP and 100-pin LQFP package options.
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Modes of Operation

1.4  Modes of Operation

Chip modes (Refer to Chapter 7, “Modes of Operation,” for more details)

* Normal Single-Chip Mode
— All debug features available.
— Boot from program Flash.
* Normal Expanded Mode
— All debug features available.
— Boot from off-chip device using the external bus interface.
— Program and data Flash memory available.
e Secured Single-Chip Mode
— No debug features available.
— No external bus interface.
— Boot from program Flash.
— JTAG lockout recovery available.
» Secured Expanded Mode
— All debug features available.
— Boot from off-chip device using the external bus interface.
— Program and data Flash memory not available.
» Data Flash Boot Mode
— All debug features available.
— Boot from data Flash.
» Secured Data Flash Boot Mode
— No debug features available.
— No external bus interface.
— Boot from data Flash.
— JTAG lockout recovery available.

Low power modes (available in all chip modes)

» Stop Mode (provides the lowest power consumption).
» Pseudo-Stop Mode.
* Doze Mode.
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Chapter 2
Signal Description

MAC7100 Family device signals are divided into three primary groups: Clocks and Control, General
Purpose/Peripheral 1/0, and Power Supply. The following subsections contain descriptions of signal
functionality in various operating modes, availability of signals in different packages and assignment of
signals to pins in each package.

2.1  External Signal Description

2.1.1 Clocks and Control

2.1.1.1 EXTAL, XTAL — Oscillator

The crystal driver and external clock pins. On reset all the device clocks are derived from the EXTAL input
frequency. XTAL is the crystal drive output.

2.1.1.2 XFC —PLL Loop Filter

The XFC pin allows the user to specify the external PLL loop filter components in order to modify the
response rate and stability of the PLL. Refer to the MAC7100 Microcontroller Family Hardware
Specifications (MAC7100EC) for more details on this pin and for the calculation of the component values.

2.1.1.3 RESET — External Reset

The bidirectional, open drain, active low RESET signal acts as an input to initialize the MCU to a known
start-up state, and an output when an internal MCU function causes a Reset.

2.1.1.4 TCK — Test Clock

The TCK pin is an input from the JTAG port. The signal provides the test clock input to synchronize the
device test logic. TCK is independent of the processor clock.

2.1.1.5 TMS — Test Mode

The TMS pin is an input from the JTAG port. The input is used to initiate the test mode sequence of the
TAP controller state machine. The signal is sampled on the rising edge of TCK.

2.1.1.6 TDI— Test Data In
The TDI pin is an input from the JTAG port. The signal is sampled on the rising edge of TCK.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Signal Description

2.1.1.7 TDO — Test Data Out

The TDO pin is an output to the JTAG port. It is a signal that is actively driven in the shift-IR and shift-DR
controller states. The signal state changes on the falling edge of TCK.

2.1.1.8 TA/AS — Transfer Acknowledge / Address Strobe

This active-low synchronous input/output signal may be configured to indicate either the completion of a
requested data transfer operation or the presence of a valid address on the external bus (present only on the
MAC7111, MAC7116, MAC7131 and MAC7136). Note that the AS function is not available on mask set
L49P devices.

2.1.1.9 TEST — Factory Test

This input only pin is reserved for Freescale factory testing. The pin must be tied to system ground in all
applications.

2.1.1.10 Configuration and Optional Control Signals

In addition to the dedicated control signal pins described above, several of the general purpose / peripheral
1/0 pins described below also provide configuration or control functionality. Refer to Section 2.1.2.1.8
(PS), Section2.1.2.1.9 (AA), Section?2.1.2.4.1 (MODA, MODB), Section2.1.2.4.3 (XIRQ) and
Section 2.1.2.4.4 (IRQ) for more information.

2.1.2 General Purpose / Peripheral 1/0

MAC7100 Family devices have up to 128 pins (depending on package configuration) that can be used as
general purpose or peripheral function 1/O signals. Pins are grouped into 16-signal ports, with most pins
capable of operating in two to four independent modes. Some pin modes are mutually exclusive while
others are complementary.

When not in expanded mode (refer to Chapter 7, “Modes of Operation”), the default mode for all port pins
is the general purpose input (GPI) function. As an input, a GP10 pin state can be read by software at any
time, and either pull-up or pull-down resistors can be enabled or disabled for each pin. All port pins may
also be configured as outputs, with the high or low state of a GPIO pin directly controlled by software via
writing the appropriate port data register, and each pin can be independently configured for totem-pole or
open-drain operation and to provide either high or reduced drive current. Refer to Chapter 18, “Port
Integration Module (PIM),” for a more detailed description of the GP10 function.

In addition to the GP1O function, each pin can be independently configured to generate an interrupt and/or
wake the system out of low-power mode (STOP or DOZE) when an external signal transition occurs. Refer
to Section 7.3, “Power Consumption Considerations,” on page 7-90 and Section 18.7.2.4, “Using Port
Interrupts,” on page 18-309 for more detailed information on the wake-up and interrupt functions.

In expanded mode (refer to Chapter 7, “Modes of Operation”), the GPIO mode for ports A, C and D
(except for the PD3 and PD4) is overridden to provide the External Interface Module address and data bus
function. Refer to Chapter 13, “External Interface Module (EIM),” for more information.
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External Signal Description

Depending on the state of the PF1/eMIOSO/NEXPS pin during RESET assertion, the GPIO mode for the
lower six pins of either port A or E may be overridden to provide the Nexus debug port (refer to
Appendix A, “Debug Interface”).

Most pins have an assigned peripheral input/output function that replaces the GP1O function when the
associated peripheral module is enabled. A few pins also have an initialization function where the state of
the signal is latched during RESET assertion and used to determine various operating modes. The
following subsections describe in more detail the alternate functions associated with each port pin.

All signal functions described herein are not available on all devices. In packages smaller than 208 pins,
all non-bonded out pins should be configured as an output after reset in order to avoid current draw from
floating inputs. Table 2-1 below details which pins should be configured in this manner for each device.

Table 2-1. Pins Not Bonded Out By Device Derivative

Peripheral | MAC7101 | MAC7111 MAC7121 MAC7131
Function MAC7106 | MAC7116 MAC7112 MAC7126 MACT7122 MAC7136 MAC7141 | MAC7142
External | TA/AS1? — — TA/AS!? — TA/AS!?

Bus PA[12:7] PA[6:1] PA[6:1] PA[14:10,6:0] | PA[14:10,6:0]
Interface | PC[15:12] PC[14:0] PC[14:0] PC[15:0] PC[15:0]

PD[10:5] PD[15:11] | PD[15:11] PD[15:11,5] | PD[15:11,5]

DSPI — — — PB112 PB11 — — —
Modules

eSCl — — — — — — PG[15:14] | PG[15:14]
Modules

CAN — — — — — — PG[11:8] | PG[11:8]
Modules

ATD — PH[15:0] — PH[15:0] — — PH[15:0] —
Modules

PIM PI[15:0] % | PI[15:0]3 — PI[15:0] 3 — — — —
Module

On mask set L49P devices, it is not possible to apply internal pull-up/down to TA or select the AS output to reduce
power consumption.

On mask set L49P devices, PB10 is not bonded and must be configured as an output (PB11 may be used as
required).
Mask set L38Y devices only.

2.1.2.1 Port A Signal Group

NOTE

If the Nexus interface is used in the primary position (PA[6:0]), the external
bus size 1 must be 8 bits. Refer to Section 13.6.1.1, “8- and 16-Bit Port
Sizing,” on page 13-191 for more information.

1. Only on devices that implement the EIM.
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Signal Description

2.1.2.1.1 PAO/DATAO/MCKO — Port A I/0, external data bus ! or Nexus

PAO is multiplexed with the external data bus signal, DATAO, and the Nexus clock output, MCKO. PA[6:0]
is the default position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.

2.1.2.1.2  PA1/DATA1/EVTO — Port A I/O, external data bus * or Nexus

PA1 is multiplexed with the external data bus signal, DATA1, and the Nexus event out signal, EVTO.
PA[6:0] is the default position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.
2.1.2.1.3 PA2/DATA2/EVTI — Port A I/O, external data bus * or Nexus

PA2 is multiplexed with the external data bus signal, DATA2, and the Nexus event in signal, EVTI.
PA[6:0] is the default position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.
2.1.2.1.4  PA[4:3] / DATA[4:3] / MDOJ[1:0] — Port A 1/O, external data bus * or Nexus

PA[4:3] are multiplexed with the external data bus signals, DATA[4:3], and the Nexus data out signals,
MDO[1:0]. PA[6:0] is the default position of the Nexus auxiliary port when Nexus debugging is enabled
via JTAG.

2.1.2.1.5 PA5/DATA5/ MSEO — Port A 1/0, external data bus * or Nexus

PA5 multiplexed with the external data bus signal, DATA5, and the Nexus message start/end out signal,
MSEO. PA[6:0] is the default position of the Nexus auxiliary port when Nexus debugging is enabled via
JTAG.

2.1.2.1.6 PA6/DATA6/RDY — Port A 1/0, external data bus * or Nexus

PAG is multiplexed with the external data bus signal, DATAG, and the Nexus ready signal, RDY. PA[6:0]
is the default position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.

2.1.2.1.7 PA[13:7] / DATA[13:7] — Port A I/O or external data bus !

PA[13:7] are multiplexed with the external data bus signals, DATA[13:7].

2.1.2.1.8 PA14/DATA14/PS — Port A I/O or external data bus 1

PA14 is multiplexed with the external data bus signal, DATA14. At reset the level on the pin is read to
determine width of the external data bus for expanded mode. * If the signal level is low an 8-bit data bus
will be used, if the signal level is high a 16-bit data bus will be used.

2.1.2.1.9 PA15/DATA15/AA — Port A I/O or external data bus 1

PALS is multiplexed with the external data bus signal, DATA15. At reset the signal level on the pin is read
to determine if the auto acknowledge feature is used for CS0 in global chip select mode. * If the signal
level on the pin is low, auto acknowledge is used; if the signal level is high, an external acknowledge must
be supplied.

1. Only on devices that implement the EIM.
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External Signal Description

2.1.2.2 Port B Signal Group

2.1.2.21 PBO/SDA — Port B I/O or I°C bus
PBO is multiplexed with the 1°C serial data signal, SDA.

2.1.2.22 PB1/SCL— Port B /O or I°C bus
PB1 is multiplexed with the 1°C serial clock, SCL.

2.1.2.2.3 PB2/SIN_A — Port B I/O or DSPI_A
PB2 is multiplexed with the DSPI A serial data in, SIN_A.

21.2.24 PB3/SOUT_A —PortB I/Oor DSPI_A
PB3 is multiplexed with the DSPI A serial data out, SOUT_A.

21225 PB4/SCK_A —Port B I/O or DSPI_A
PB4 is multiplexed with the DSPI A serial clock, SCK_A.

21226 PB5/PCSO_A/SS_A — Port B I/O or DSPI_A

PB5 is multiplexed with the DSPI A chip select, PCSO_A, when in master mode or slave select, SS_A,
when in slave mode.

2.1.2.2.7 PB[7:6]/ PCS[2:1]_A — Port B I/O or DSPI_A
PBJ[7:6] are multiplexed with the DSPI A chip selects, PCS[2:1]_A, when in master mode.

21228 PB8/PCS5 A/PCSS_A — Port B I/O or DSPI_A

PB8 is multiplexed with the DSPI A chip select, PCS5_A, when in master mode or as a peripheral chip
select strobe, PCSS_A, to qualify the chip selects PCS[2:0]_A.

21229 PB9/PCS0_B/SS_B —PortB I/O or DSPI_B

PB9 is multiplexed with the DSPI B chip select, PCS0_B, when in master mode or slave select, SS_B,
when in slave mode.

2.1.2.2.10 PB10/PCS5 B /PCSS_B — Port B I/0 or DSPI_B

PB10 is multiplexed with the DSPI B chip select, PCS5_B, when in master mode or as a peripheral chip
select strobe, PCSS_B, to qualify the chip selects PCS[2:0]_B.

2.1.2.2.11 PB[12:11] / PCS[1:2] B — Port B I/0 or DSPI_B
PB[12:11] are multiplexed with the DSPI B chip selects, PCS[1:2]_B, when in master mode.
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Signal Description

2.1.2.2.12 PB13/SCK_B — Port B I/O or DSPI_B
PB13 is multiplexed with the DSPI B serial clock, SCK_B.

2.1.2.2.13 PB14/SOUT_B — Port B I/O or DSPI_B
PB14 is multiplexed with the DSPI B serial data out, SOUT_B.

2.1.2.2.14 PB15/SIN_B — Port B I/O or DSPI_B
PB15 is multiplexed with the DSPI B serial data in, SIN_B.

2.1.2.3 Port C Signal Group

2.1.2.3.1 PC[15:0] / ADDR[15:0] — Port C I/O or external address bus !
PC[15:0] are multiplexed with the external address bus signals, ADDR[15:0].

2.1.2.4 Port D Signal Group

2.1.2.41 PD[1:0] / BS[1:0] / MOD[A:B] — Port D I/O or bus control, ! and mode select

PD[1:0] are multiplexed with the external data bus byte select signals, BS[1:0]. At reset the signal levels
on these pins are read to determine the chip operating mode. Refer to Table 7-1 on page 7-87 for more
information.

21242 PD2 / CLKOUT / XCLKS — Port D I/O or Clock Out, and Oscillator Selection

PD2 is multiplexed with the clock out signal, which is used to output the system clock (fsyg) for use with
the external bus or to drive external synchronous devices. At reset the signal level on the pin is read to
determine the mode of the Pierce oscillator. If the signal level is high, the oscillator operates in the loop
controlled mode; if the signal level is low, the oscillator operates in the full swing or external clock mode.

NOTE

The PD2 function is not available on mask set L49P devices, as the
corresponding pin position is used only for the CLKOUT / XCLKS
functions.

2.1.2.4.3 PD3/XIRQ — Port D I/O or interrupt input

PD3 is multiplexed with the interrupt request input, XIRQ. Refer to Section 10.6, “Functional
Description,” on page 10-116 for more information on interrupt signal behavior.

2.1.2.4.4 PD4/IRQ — Port D I/O or interrupt input

PD4 is multiplexed with the interrupt request input, IRQ. Refer to Section 10.6, “Functional Description,”
on page 10-116 for more information on interrupt signal behavior.

1. Only on devices that implement the EIM.
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External Signal Description

2.1.2.45 PD[10:5] / ADDR[21:16] — Port D I/O or external address bus !
PD[10:5] are multiplexed with the external address bus, ADDR[21:16].

2.1.2.46 PD11/OE — Port D I/O or bus control
PD11 is multiplexed with the output enable, OE.

2.1.2.4.7 PD[14:12] / CS[0:2] — Port D I/O or bus control !
PD[14:12] are multiplexed with external bus chip select, CS[0:2].

2.1.2.48 PD15/R/W — Port D I/O or bus control !
PD15 is multiplexed with the external bus read/write, R/W.

2.1.2.5 Port E Signal Group

2.1.251 PEO/ANO_A/MCKQO'— Port E I/O, ATD_A input or Nexus'

PEO is multiplexed with the analog-to-digital converter input ANO_A and the Nexus clock output,
MCKO'. PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging is enabled
via JTAG.

21252 PE1/AN1_A/EVTO' — Port E I/O, ATD_A input or Nexus'

PE1 is multiplexed with the analog-to-digital converter input AN1_A and the Nexus event out signal,
EVTO'. PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging is enabled via
JTAG.

2.1.253 PE2/AN2_A/EVTI'— Port E I/O, ATD_A input or Nexus'

PE2 is multiplexed with the analog-to-digital converter input AN2_A and the Nexus event in signal,
EVTI'. PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging is enabled via
JTAG.

2.1.254 PE[4:3] / AN[4:3]_A /MDO[1:0]' — Port E I/O, ATD_A input or Nexus'

PE[4:3] is multiplexed with the analog-to-digital converter inputs AN[4:3]_A and the Nexus data out
signals, MDO[1:0]'. PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging
is enabled via JTAG.

21255 PE5/AN5_A/MSEQO'— Port E I/0O, ATD_A input or Nexus'

PE5 is multiplexed with the analog-to-digital converter input AN5_A and the Nexus message start/end out
signal, MSEQ'. PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging is
enabled via JTAG.

1. Only on devices that implement the EIM.
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Signal Description

21.25.6 PE6/AN6_A/RDY'— Port E I/O, ATD_A input or Nexus'

PEG6 is multiplexed with the analog-to-digital converter input AN6_A and the Nexus ready signal, RDY".
PE[6:0] is the alternate position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.
2.1.25.7 PE[15:7] / AN[15:7] A — Port E I/O or ATD_A input

PE[15:7] are multiplexed with the analog-to-digital converter inputs AN[15:7]_A.

2.1.2.6 Port F Signal Group

2.1.2.6.1 PFO0/eMIOSO/NEXPS — Port F I/O or eMIOS 1/O, and Nexus port selection

PFO is multiplexed with the eMIOS unified channel 0 signal, eMIOSO0. At reset the signal level on the pin
is read to determine the position of the Nexus auxiliary port when Nexus debugging is enabled via JTAG.
If the signal level is low the PA[6:0] position is used, if the signal level is high the PE[6:0] position is used.

2.1.2.6.2 PF1/eMIOS1/NEXPR — Port F I/0O or eMIOS I/O, and Nexus present

PF1 is multiplexed with the eMIOS unified channel 1 signal, eMIOS1. At reset the signal level on the pin
is read to determine if the Nexus Port can be enabled. If the signal level is low the Nexus interface is
disabled, if the signal level is high the Nexus interface can be enabled based on the state of the JTAG EVTI
signal (PA2 / DATA2 / EVTl or PE2/ AN2_A/ EVTI).

2.1.2.6.3 PF[15:2] / eMIOS[15:2] — Port F I/O or eMIOS 1/O
PF[15:2] are multiplexed with the eMIOS unified channel signals, eMIOS[15:2].

NOTE

If the optional debug status port is enabled (see Section 26.4.1.6, “SSM
Debug Status Port Control Register (DEBUGPORT),” on page 26-570), the
PF[15:0] and eMIOS[15:0] signal functions are not available on the pins.
The debug status port feature is not available on mask set L49P devices.

2.1.2.7 Port G Signal Group

2.1.271 PGO/RXD_B —PORTGI/O oreSCI_B
PGO is multiplexed with the eSCI controller B receive data signal, RXD_B.

21272 PG1/TXD_B — PORT G I/O or eSCI_B
PG1 is multiplexed with the eSCI controller B transmit data signal, TXD_B.

2.1.2.7.3 PG2/RXD_A — PORT G I/O or eSCI_A
PG2 is multiplexed with the eSCI controller A receive data signal, RXD_A.
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External Signal Description

21274 PG3/TXD_A —PORT G I/O or eSCI_A
PG3 is multiplexed with the eSCI controller A transmit data signal, TXD_A.

2.1.2.7.5 PG4/ CNTX_A — PORT G I/O or FlexCAN_A
PG4 is multiplexed with the CAN controller A transmit signal, CNTX_A.

2.1.2.7.6 PG5/ CNRX_A — PORT G I/O or FIexCAN_A
PG5 is multiplexed with the CAN controller A receive signal, CNRX_A.

2.1.2.7.7 PG6/CNTX B — PORT G I/O or FlexCAN_B
PG6 is multiplexed with the CAN controller B transmit signal, CNTX_B.

2.1.27.8 PG7/CNRX_B — PORT G I/O or FlexCAN_B
PG7 is multiplexed with the CAN controller B receive signal, CNTX_B.

2.1.2.79 PG8/CNTX_C — PORT G I/O or FlexCAN_C
PG8 is multiplexed with the CAN controller C transmit signal, CNTX_C.

2.1.2.7.10 PG9/CNRX_C — PORT G I/O or FIexCAN_C
PG9 is multiplexed with the CAN controller C receive signal, CNTX_C.

2.1.2.7.11 PG10/CNTX_D — PORT G I/O or FlexCAN_D
PG10 is multiplexed with the CAN controller D transmit signal, CNTX_D.

2.1.2.7.12 PG11/CNRX D — PORT G I/O or FlexCAN_D
PG11 is multiplexed with the CAN controller D receive signal, CNTX_D.

2.1.2.7.13 PG12/RXD_D—PORT G I/O or eSCI_D
PG12 is multiplexed with the eSCI controller D receive data signal, RXD_D.

2.1.2.7.14 PG13/TXD_D — PORT G I/O or eSCI_D
PG13 is multiplexed with the eSCI controller D transmit data signal, TXD_D.

2.1.2.7.15 PG14/RXD_C —PORT G I/O or eSCI_C
PG14 is multiplexed with the eSCI controller C receive data signal, RXD_C.

2.1.2.7.16 PG15/TXD_C — PORT G I/O or eSCI_C
PG15 is multiplexed with the eSCI controller C transmit data signal, TXD_C.
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Signal Description

2.1.2.8 Port H Signal Group

2.1.2.8.1 PH[15:0] / AN[15:0]_B — PORT H I/O or ATD_B input
PH[15:0] are multiplexed with the analog-to-digital converter inputs AN[15:0]_B.

2.1.2.9 Portl Signal Group

NOTE
Port I is available only on mask set L38Y devices in the 208-pin MAP BGA

package (MAC7136).
2.1.2.9.1 PI[3:0] / PCS[7:6, 4:3]_A — Port | I/O or DSPI_A
PI[3:0] are multiplexed with the DSPI A chip selects, PCS[7:6, 4:3]_A, when in master mode.

2.1.2.9.2 PI[7:4] | PCS[7:6, 4:3] B — Port | I/O or DSPI_B
P1[7:4] are multiplexed with the DSPI B chip selects, PCS[7:6, 4:3]_B, when in master mode.

2.1.29.3 PI[15:8] — Port | I/O
PH[15:8] are used only for general-purpose input/output.

2.2 Power Supply, Bypass and Reference

3.3V or 5V power is supplied to all MAC7100 Family devices via a set of Vpp and Vgg pins. Internal
logic operates at 2.5V, therefore an on-chip voltage regulator is used to generate the necessary internal
voltage.

Because fast signal transitions place short-duration high current demands on the power supply, bypass
capacitors with high-frequency characteristics should be used and placed as close to the MCU as possible.
Bypass requirements depend on how heavily the MCU pins are loaded. Refer to Chapter 3, “Voltage
Regulator Module (VREG),” for details on filter component selection and board layout.

NOTE
All Vgg pins must be connected to the same system ground.

2.2.1  VppX,VggX — I/O Drivers Power and Ground

Power and ground inputs for 1/0 drivers. The nominal voltage for VppX with respect to VggX is 3.3 V or
5V.

2.2.2 VppR, VggR — Internal Voltage Regulator Supply

The VppR and VggR inputs provide the power input to the internal voltage regulator. The nominal voltage
for VppR with respect to VggR is 3.3 V or 5 V. The internal voltage regulator is disabled if VppR is tied
to ground.
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Power Supply, Bypass and Reference

2.2.3 VppA, VgsA — Analog Reference Supply

The VppA and VggA inputs provide the quiet reference voltage for the internal voltage regulator and
analog-to-digital converter(s) (ATD(s)). These pins are used to support separate external filter capacitors
for the reference voltage, independent of the main 1/O supply (VppX and VggX) decoupling capacitors.

2.24 Vpp2.5,Vgg2.5 — Core Power Supply Bypass

Vpp2.5 and Vgg2.5 are connected to the primary output of the on-chip 2.5 V voltage regulator, which
supplies the internal core logic. When the internal voltage regulator is enabled, no static load is allowed
on Vpp2.5 and these pins are used only to provide external filter capacitors to improve regulator
performance. If the internal voltage regulator is disabled, an external regulator must be used to power the
core logic via these pins.

2.2.5 VppPLL, VggPLL — PLL Power Supply Bypass

VppPLL and VggPLL are connected to the secondary output of the on-chip 2.5 V voltage regulator, which
supplies the Pierce oscillator. When the internal voltage regulator is enabled, no static load is allowed on
VppPLL and these pins are used only to provide external filter capacitors to improve regulator
performance. If the internal voltage regulator is disabled, an external regulator must be used to power the
PLL via these pins.

2.2.6  Vgry, VgL — ATD Reference Voltage

Vrp and Vg, are the reference voltage input pins for the resistor ladder digital-to-analog converter (DAC)
block of the analog-to-digital ATD converter module(s).
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Signal Description

2.3

Signal Properties Summary

Table 2-2 summarizes signal properties. Refer to the MAC7100 Microcontroller Family Hardware
Specifications (MAC7100EC) for availability of signals in various package options.

Table 2-2. Signal Properties Summary

Internal
Primary / Peripheral External Debug Read on Resistors Power o
GPIO 1 | Function? Bus 1| Function 1| Reset R Supply Description
Function Function CTRL eset
State
EXTAL — — — — N/A None | VppPLL | Oscillator pins
XTAL — — — — N/A None |VppPLL
XFC — — — — N/A None | VppPLL | PLL loop filter
RESET — — — — — None VppX | External Reset
TDI — — — — PIM Up? VppX |JTAG test data in
TDO — — — — PIM None ? VppX |JTAG test data out
TCK — — — — PIM | Down? | VppX [JTAG test clock
TMS — — — — PIM Up 2 VppX |JTAG test mode
— — TA/ASS — — PIM Up? VppA | External bus control
PAO — DATAO MCKO — TDI | Disabled | VppX |PortAl/O, external data bus,
PA1 — DATA1 EVTO — TDI | Disabled | VppX |Primary Nexus port
PA2 — DATA2 EVTI — TDI | Disabled | VppX
PA3 — DATA3 MDOO — TDI | Disabled | VppX
PA4 — DATA4 MDO1 — TDI | Disabled | VppX
PA5 — DATA5 MSEO — TDI | Disabled | VppX
PA6 — DATA6 RDY — TDI | Disabled | VppX
PA7 — DATA7 — — — Disabled | VppX [Port A I/O, external data bus
PA8 — DATA8 — — — Disabled | VppX
PA9 — DATA9 — — — Disabled | VppX
PA10 — DATA10 — — — Disabled | VppX
PA11 — DATAl11 — — — Disabled | VppX
PA12 — DATA12 — — — Disabled | VppX
PA13 — DATA13 — — — Disabled | VppX
PA14 — DATA14 — PS — Disabled | VppX |PortA /O, ext. data bus, port
PA15 — DATA15 — AA — | Disabled | Vppx |Size/CSO auto-ack
PBO SDA — — — — Disabled | VppX |Port B I/O, I°C bus
PB1 SCL — — — — Disabled | VppX
PB2 SIN_A — — — — Disabled | VppX |PortB /O, DSPI_A
PB3 SOUT A — — — — | Disabled | vppx |(serial datain and out,

P81 | SCKA | = | = | = | — | Disabled | VooX | cock b seec00r
PB5 PCSO_A/ — — — — | Disabled | VppX |and 2, chip select 5 or chip
SS_A select strobe)

PB6 PCS1_A — — — — Disabled | VppX
PB7 PCS2_A — — — — Disabled | VppX
PB8 PCS5_A/ — — — — Disabled | VppX
PCSS_A
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Table 2-2. Signal Properties Summary (continued)

Signal Properties Summary

Internal
Primary / Peripheral External Debug Read on Resistors Power -
GPIO 1 | Function? Bus 1| Function 1| Reset R Supply Description
Function Function CTRL eset
State
PB9 PCS0_B/ — — — — | Disabled | VppX |PortB I/O, DSPI_B
SS B (chip select 0 or slave select,

PB10 | PCS5_B/ — — — — | Disabled | Vppx |chip select 5 or chip select

PCSS_B strobe, chip selects 2 and 1,
PB1L | PCS2 B _ — — — | Disabled | VppX Zﬁg"’}'n()’mk’ serial data out
PB12 PCS1 B — — — — | Disabled | VppX
PB13 SCK_B — — — — | Disabled | VppX
PB14 SOUT_B — — — — | Disabled | VppX
PB15 SIN_B — — — — | Disabled | VppX
PCO — ADDRO — — — Disabled | VppX [Port C I/O, external
PC1 — ADDR1 — — — | Disabled | Vppx |2address bus
PC2 — ADDR2 — — — | Disabled | VppX
PC3 — ADDR3 — — — | Disabled | VppX
PC4 — ADDR4 — — — | Disabled | VppX
PC5 — ADDR5 — — — | Disabled | VppX
PC6 — ADDRS6 — — — | Disabled | VppX
PC7 — ADDR7 — — — | Disabled | VppX
PC8 — ADDRS — — — | Disabled | VppX
PC9 — ADDR9 — — — | Disabled | VppX
PC10 — ADDR10 — — — Disabled | VppX [Port C /O, external
PC11 — ADDR11 — — — | Disabled | Vppx |address bus
PC12 — ADDR12 — — — Disabled | VppX
PC13 — ADDR13 — — — Disabled | VppX
PC14 — ADDR14 — — — Disabled | VppX
PC15 — ADDR15 — — — Disabled | VppX
PDO — BSO — MODB — Down VppX |Port D I/O, external bus byte
PD1 _ BS1 _ MODA — Down VppX select, mode select input
PD24 CLKOUT — — XCLKS — Disabled | VppX |[PortD I/O, clock, osc select
PD3 XIRQ — — — — Disabled | VppX [PortD /O, external
PD4 IRQ — _ _ — Disabled | VppX interrupt inputs
PD5 — ADDR16 — — — Disabled | VppX [PortD I/O, external
PD6 — ADDR17 — — — | Disabled | Vppx |2address bus
PD7 — ADDR18 — — — | Disabled | VppX
PD8 — ADDR19 — — — | Disabled | VppX
PD9 — ADDR20 — — — | Disabled | VppX
PD10 — ADDR21 — — — Disabled | VppX

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0

Freescale Semiconductor

Preliminary

2-23



Signal Description

Table 2-2. Signal Properties Summary (continued)

Internal
Primary / Peripheral External Debug Read on Resistors Power -
GPIO 1 | Function? Bus 1| Function 1| Reset R Supply Description
Function Function CTRL eset
State
PD11 — OE — — — | Disabled | VppX |PortD I/O, external
PD12 — cs2 — — Disabled | VppX |Pus control
PD13 — Cs1 — — Disabled | VppX
PD14 — CS0 — — — | Disabled | VppX
PD15 — RIW — — — | Disabled | VppX
PEO ANO_A — MCKO' — TDI None VppA | Port E I/0, ATD_A analog
PE1 AN1_A _ EVTO' . TDI None VppA input, alternate Nexus port
PE2 ANZ2_A — EVTI' — TDI None VppA
PE3 AN3_A — MDOO0' — TDI None VppA
PE4 AN4_A — MDO1' — TDI None VppA
PES ANS_A — MSEO' — TDI None VppA
PEG6 ANG_A — RDY' — TDI None VppA
PE7 AN7_A — — — — None VppA |Port E I/O, ATD_A
PES ANS_A — — — — None | VppA |2analoginput
PE9 AN9_A — — — — None VppA
PE10 AN10_A — — — — None VppA
PE11 AN11_A — — — — None VppA
PE12 AN12_A — — — — None VppA
PE13 AN13_A — — — — None VppA
PE14 AN14_A — — — — None VppA
PE15 AN15_A — — — — None VppA
PFO eMIOSO — Debug Status |  NEXPS — Disabled | VppX [PortF /O, eMIOS I/O, Nexus
PF1 eMIOS1 — Debug Status | NEXPR | — | Disabled | Vppx |POrtselection/portpresent,
PF2 eMIOS2 — [DebugStaus |  — — [ Disabled | vppx | OPtional debug status port
PF3 eMIOS3 — Debug Status — — Disabled | VppX
PF4 eMIOS4 — Debug Status — — Disabled | VppX
PF5 eMIOS5 — Debug Status — — Disabled | VppX
PF6 eMIOS6 — Debug Status — — Disabled | VppX
PF7 eMIOS7 — Debug Status — — Disabled | VppX
PF8 eMIOS8 — Debug Status — — Disabled | VppX
PF9 eMIOS9 — Debug Status — — Disabled | VppX
PF10 eMIOS10 — Debug Status — — Disabled | VppX
PF11 eMIOS11 — Debug Status — — Disabled | VppX
PF12 eMIOS12 — Debug Status — — Disabled | VppX
PF13 eMIOS13 — Debug Status — — Disabled | VppX
PF14 eMIOS14 — Debug Status — — Disabled | VppX
PF15 eMIOS15 — Debug Status — — Disabled | VppX
MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Table 2-2. Signal Properties Summary (continued)

Signal Properties Summary

Internal
Primary / Peripheral External Debug Read on Resistors Power .
GPIO 1 | Function? Bus 1| Function 1| Reset R Supply Description
Function Function CTRL eset
State

PGO RXD_B — — — — Disabled | VppX |PortG I/O, eSCI_B
PG1 TXD B — — — — | Disabled | vppx |Serial data

PG2 RXD_A — — — — | Disabled | VppX |PortG 1/O, eSCI_A
PG3 TXD_A — — — — | Disabled | Vppx |Serial data

PG4 CNTX_A — — — — | Disabled | VppX [PortG I/O, CAN_A
PG5 CNRX_A — — — — | Disabled | vppx |Serial data

PG6 CNTX_B — — — — | Disabled | VppX |PortG /O, CAN_B
PG7 CNRX_B — — — — | Disabled | vppx |Serial data

PG8 CNTX_C — — — — | Disabled | VppX |PortG /O, CAN_C
PG9 CNRX_C — — — — | Disabled | Vppx |Serial data
PG10 CNTX_D — — — — | Disabled | VppX |PortG /O, CAN_D
PG11 | CNRX D — — — — | Disabled | vppx |Serial data
PG12 RXD_D — — — — | Disabled | VppX |PortG1/0, eSCI_D
PG13 TXD_D — — — — | Disabled | vppx |Serial data
PG14 RXD_C — — — — | Disabled | VppX |PortG /O, eSCI_C
PG15 TXD_C — — — — | Disabled | Vppx |Serial data

PHO ANO_B — — — — | Disabled | VppA [PortH I/0, ATD_B
PH1 AN1_B — — — — | Disabled | VppA |2@naloginput

PH2 AN2_B — — — — Disabled | VppA

PH3 AN3_B — — — — | Disabled | VppA

PH4 AN4_B — — — — | Disabled | VppA

PH5 AN5_B — — — — Disabled | VppA

PH6 AN6_B — — — — | Disabled | VppA

PH7 AN7_B — — — — | Disabled | VppA

PH8 AN8_B — — — — Disabled | VppA

PH9 AN9_B — — — — | Disabled | VppA

PH10 AN10_B — — — — | Disabled | VppA

PH11 AN11 B — — — — | Disabled | VppA

PH12 AN12_B — — — — | Disabled | VppA

PH13 AN13 B — — — — | Disabled | VppA

PH14 AN14 B — — — — | Disabled | VppA

PH15 AN15_B — — — — | Disabled | VppA

PIOS PCS3_A — — — — | Disabled | VppX |Port11/0, DSPI_A
PI1® PCS4_A — — — — | Disabled | VppXx | chip selects

PI2° PCS6_A — — — — | Disabled | VppX

PI3® PCS7_A — — — — | Disabled | VppX

P46 PCS3_B — — — — | Disabled | VppX [Portl1/O, DSPI_B
PI5 06 PCS4 B — — — — | Disabled | vppx |chip selects

Pl6 ® PCS6_B — — — — | Disabled | VppX

PI7° PCS7_B — — — — | Disabled | VppX
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Signal Description

Table 2-2. Signal Properties Summary (continued)

) Internal
Primary / Peripheral External Debug Read on Resistors Power o

GPIO = ] Bus = : 1 R S | Description
Function * | TUNCUON ™ | £ jnction 1| FUNCtion eset Reset R

CTRL
State

P18 °© — — — — — | Disabled | VppX |Portl1/O

P19 ® — — — — — | Disabled | VppX

P110° — — — — — | Disabled | VppX

PI11° — — — — — | Disabled | VppX

PI12° — — — — — | Disabled | VppX

P113° — — — — — | Disabled | VppX

PI1146 — — — — — | Disabled | VppX

PI15° — — — — — | Disabled | VppX

on page 1-3 for availability of ports and peripheral functions on various devices.

/ CLKOUT Configuration”).

Pull-up/down is not available on these pins on mask set L49P devices.
The AS function is not available on mask set L49P devices.
4 The PD2 function is not available on mask set L49P devices (CLKOUT may be controlled as described in Section 18.7.3, “PD2

Control Register (DEBUGPORT),” on page 26-570 for more information.
6 Port | functions are available only on mask set L38Y devices in the 208-pin MAP BGA package (MAC7136).

Table 2-3. Power Supply, Voltage Regulator and Reference Summary

Pin Name Description
VppX Power and ground input for I/O drivers
VgeX
VppR Voltage regulator power input
VssR
VppA Voltage regulator and ATD quiet power input
VssA
Vpp2.5 Voltage regulator bypass for core logic
Vsg2.5
VppPLL Voltage regulator bypass for PLL
VsgPLL
VRH ATD high reference input
VgL ATD low reference input
TEST Reserved for testing, must be tied to system ground.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Packaging Options

2.4  Packaging Options

The MAC7100 Family is available in 208-pin ball grid array (MAP BGA) package, 144-pin low profile
quad flat package (LQFP), 112-pin LQFP, and 100-pin LQFP options. The family of devices offer
pin-compatible packaged devices to assist with system development and accommodate expansion of the
application. Refer to Table 1-1 on page 1-3 for a comparison of the peripheral sets and package options for
each device. Refer to the MAC7100 Microcontroller Family Hardware Specifications (MAC7100EC) for
detailed package diagrams and pin assignments.

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0
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Chapter 3
Voltage Regulator Module (VREG)

3.1 Overview

The voltage regulator (VREG) module provides the internal voltage for the on-chip logic, which enables
devices in the MAC7100 family to be supplied with a single 5V power supply source.

The VREG module is a dual output voltage regulator providing two separate 2.5V (typical) supplies
differing in the amount of current that can be sourced. The regulator input voltage range is from 3.3V up
to 5V (typical).

In low power modes of operation the voltage regulator output can be reduced in order to further assist with
power saving. The VREG can also be shutdown by connecting the VR pin to VgsR (which must also be
connected to VggX).

Figure 3-1 and Figure 3-2 show functional block diagrams of the voltage regulator for the L49P and later
mask sets, respectively. The regulator core REG consists of two parallel subblocks, REG1 and REG2,
providing two independent output voltages.

3.2 Features

The voltage regulator includes these distinctive features:
» Two parallel, linear voltage regulators
* Bandgap reference
» Power On Reset (POR)
* Low \oltage Reset (LVR)
» Low Woltage Detect (LVD) with Low Voltage Interrupt (LVI)
«  Autonomous Periodic Interrupt (API)
« High Temperature Detect (HTD)!

1. This feature is not implemented on mask set L49P devices.
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Pins

Voltage Regulator Module (VREG)

VpoR [X]
VssR X

VopA X

VssA X

Pins
VppR X

VssR X

VopA X

VssA X

Pins
REG2 ™X] VppPLL
Regulator VeoPLL
Core ,E SS
(REG) X Vpp2.5
REG1
Low Low- Power-on
Voltage A | voltage -
Detect < > Reset Reset —> POR
(LvD) (LVR) (POR)
X vsg2.5
Y > LVR
o Regulator Control o
> (CTRL) > LVI
Figure 3-1. VREG Block Diagram for L49P Mask Devices
Pins
REG2 Xl VppPLL
Regulator > VggPLL
Core
REG
(REG) REG1 T T X Vopas
Low Low
A Power-on
Voltage Voltage
Detect | Reset (RPeOsgt) POR
(LVD) (LVR)
X Vss2s
L] High
_ Temperature
Reaulat - Detect
egulator HTD =
Control ( ) > LVR
(CTRL) > HTI
> LVI
Auto Periodic
Ag('al'zztte < > Interrupt ——> AP
(API)

f

fips

Figure 3-2. VREG Block Diagram for non-L49P Mask Devices
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Modes of Operation

3.3 Modes of Operation

There are three modes in which the voltage regulator can operate:

* Full Performance Mode (FPM) (CPU is not in Stop Mode)
The regulator is active, providing the nominal supply voltage of 2.5V with full current sourcing
capability at both outputs. LVD (Low Voltage Detect), LVR (Low Voltage Reset), API 1
(Autonomous Periodic Interrupt), POR (Power-On Reset) and HTD? (High Temperature Detect)
are available.

* Reduced Power Mode (RPM) (CPU is in Stop Mode)
The purpose is to reduce power consumption of the device. The output voltage may degrade to a
lower value than in Full Performance Mode, additionally the current sourcing capability is
substantially reduced. Only the POR and API ! are available; LVD, LVR, and HTD? are disabled.

» Shutdown Mode
Controlled by the voltage level on the V5R pin. This mode is characterized by minimumfower
consumption. The regulator outputs are in a high impedance state, only the POR and API - are
available; LVD, LVR, and HTD* are disabled. This mode must be used to disable the chip internal
regulator voltage regulator, i.e. to bypass the voltage regulator to use external supplies.

NOTE

Switching from FPM or RPM to shutdown mode and vice versa is not
supported while the device is powered.

3.4  Signal Description

Since the voltage regulator provides the chip internal power supply voltages, most VREG signals are
power supply signals connected to pads. Table 3-1 shows the signals of the voltage regulator associated
with pins.

Table 3-1. VREG Signal Properties

Name Function

VppR Voltage Regulator power input (positive supply)

VgsR Voltage Regulator power input (ground)

VppA Voltage Regulator quiet input (positive supply)

VgsA Voltage Regulator quiet input (ground)

Vpp2.5 | Voltage Regulator primary output (positive supply)

Vss2.5 | Voltage Regulator primary output (ground)

VppPLL | Voltage Regulator secondary output (positive supply)

VgsPLL | Voltage Regulator secondary output (ground)

Refer to Section 2.2, “Power Supply, Bypass and Reference,” on page 2-20 for the relationship of the
VREG pins to the entire set of power supply pins utilized by MAC7100 Family devices.

1. This feature is not implemented on mask set L49P devices
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Voltage Regulator Module (VREG)

3.4.1 VR, ViR — Regulator Power Input

Signal VR is the power input of the voltage regulator. All currents sourced into the regulator loads flow
through this pin. A chip external decoupling capacitor (100nF...220nF, X7R ceramic) between VR and
VggR can smooth ripple on VpR. The regulator may be disabled (shutdown mode) by connecting VppR
to ground, in which case power must be supplied to VpA, Vpp2.5 and VppPLL by external regulators.

3.4.2 VA, VssA — Regulator Reference Input

Signals VppA/VssA are relatively quiet inputs used to supply the analog sections of the regulator, as well
as the on-chip ATD module(s). Internal precision reference circuits are supplied from these signals. A chip
external decoupling capacitor (100nF...220nF, X7R ceramic) between VpA and VggA can further improve
the quality of this supply.

3.4.3 V2.5, V2.5 — Regulator Output 1 (Core Logic)

Signals Vpp2.5/Vsg2.5 are the primary outputs of the voltage regulator that provide the power supply for
the core logic. These signals are connected to external pins to support decoupling capacitors
(100nF...220nF, X7R ceramic) to improve the stability of the regulator output. In VREG shutdown mode
an external voltage regulator must supply Vpp2.5/Vgs2.5.

3.4.4  VyPLL, VsPLL — Regulator Output 2 (PLL)

Signals VpPLL/VssPLL are the secondary outputs of the voltage regulator that provide the power supply
for the PLL and Oscillator. These signals are connected to external pins to support decoupling capacitors
(100nF...220nF, X7R ceramic) in order to improve the stability of the regulator output. In VREG shutdown
mode an external voltage regulator must supply VppPLL/VgsPLL.

3.5 Memory Map / Register Definition

Table 3-2 provides an overview of all registers used to control the VREG module.
Table 3-2. VREG Memory Map

VREG Offset Register Description Access
0x0000 VREG High Temperature Control Register (VREGHTCL) * R/W
0x0001 VREG Control Register (VREGCTRL) 2 RIW
0x0002 VREG Autonomous Periodic Interrupt Control Register (VREGAPICL) 3 R/W
0x0003 VREG Autonomous Periodic Interrupt Trimming Register (VREGAPITR) 3 R/W

1 On mask set L49P devices, this register is not implemented and VREGCTRL is at this offset
2 On mask set L49P devices, this register is at offset 0x0000.
3 On mask set L49P devices, this register is not implemented and the offset is reserved.
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Memory Map / Register Definition

3.5.1 Register Descriptions

All registers utilize an 8-bit wide format. Even though MAC7100 Family devices implement a 32-bit
peripheral interface, the implementation of the VREG module interface is only 16 bits wide, and 32-bit
reads/writes to the VREG will produce unpredictable results. 8-bit accesses to any offset and 16-bit
accesses to even offsets are supported.

3.5.1.1 VREG High Temperature Control Register (VREGHTCL)
The VREGHTCL register is used to configure the VREG temperature sense features.

5 4 2 1
R 0 0 VSEL VAE 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
Reg Addr VREG Base + 0x0000*
1 For mask set L49P devices, this offset is used for the VREGCTRL register.
Figure 3-3. VREG High Temperature Control Register (VREGHTCL)
Table 3-3. VREGHTCL Field Descriptions
Bits Name Description
7-6 — Reserved.
5 VSEL Voltage access select. Selects the voltage that is available for monitoring via ATD
A channel 0. Internal voltage monitoring must be enabled by the VAE bit.
0 Temperature proportional voltage Vi can be monitored by ATD A channel 0.
1 Logic supply voltage Vpp2.5 can be monitored by ATD A channel 0.
4 VAE Voltage access enable. If set the voltage selected by VSEL can be accessed
internally via ATD A channel 0.
0 ATD A channel O connected to external pin.
1 ATD A channel 0 connected to voltage selected by VSEL.
3-0 — Reserved.

3.5.1.2 VREG Control Register (VREGCTRL)
The VREGCTRL register is used to enable VREG low voltage monitoring features.

5 2 1 0
R 0 0 0 0 0 LVDS LVIE LVIF
w
Reset 0 0 0 0 0 0 0 0
Reg Addr VREG Base + 0x0001 1

1 For mask set L49P devices, this register is at offset 0x0000

Figure 3-4. VREG Control Register (VREGCTRL)
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Voltage Regulator Module (VREG)

Table 3-4. VREGCTRL Field Descriptions

Bits Name Description

7-3 — Reserved.

2 LvDS Low voltage detect status. This read-only status bit reflects the input voltage.
Writes have no effect.

0 Input voltage VppA is above level V|y,p or RPM or Shutdown Mode.

1 Input voltage VppA is below level V|5 and FPM.

1 LVIE Low voltage interrupt enable.
0 Interrupt request is disabled.
1 Interrupt will be requested whenever LVIF is set.

0 LVIF Low voltage interrupt flag. LVIF is set to 1 when LVDS status bit changes. This
flag can only be cleared by writing a 1. Writing a 0 has no effect. If enabled
(LVIE=1), LVIF causes an interrupt request.

0 No change in LVDS bit.

1 LVDS bit has changed.

Note: LVIF is not cleared on entering the reduced power mode.

3.5.1.3 VREG Autonomous Periodic Interrupt Control Register (VREGAPICL)

NOTE
This register is not present on mask set L49P devices.

The VREGAPICL register is used to configure the autonomous periodic interrupt.

7 6 5 4 3 2 1 0
R| APICLK APIR APIFE APIE APIF
w
Reset 0 0 0 0 0 0 0 0
Reg Addr VREG Base + 0x0002

Figure 3-5. VREG Autonomous Periodic Interrupt Control Register (VREGAPICL)

Table 3-5. VREGCTRL Field Descriptions

Bits Name Description

7 APICLK | Autonomous periodic interrupt clock select. Selects the clock source for the API.
Writable only if APIFE = 0.

0 Autonomous Periodic Interrupt clock used as source.

1 fjps used as source.

6-3 APIR[3:0] | Autonomous periodic interrupt rate. This field defines the timeout period of the
API. See Table 3-6 below for selectable API periods. Writable only if APIFE = 0.

2 APIFE Autonomous periodic interrupt feature enable. Enables the API feature and starts
the API timer when set.

0 API is disabled.

1 APIis enabled and timer starts running.
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Table 3-5. VREGCTRL Field Descriptions (continued)

Memory Map / Register Definition

elapsed. This flag can only be cleared by writing a 1 to it. Clearing of the flag has
precedence over setting. Writing a 0 has no effect. If APIE =1, APIF =1

Bits Name Description
1 APIE Autonomous periodic interrupt enable.
0 API interrupt request is disabled.
1 APl interrupt will be requested whenever APIF is set.
0 APIF Autonomous periodic interrupt flag. APIF is set when the API configured time has

generates an interrupt request.
0 API timeout has not yet occurred.
1 API timeout has occurred.

3.5.14

Table 3-6. VREG Selectable Autonomous Periodic Interrupt Periods

Selected Period

APIR[3:0]
APICLK =0 APICLK =1

0000 05ms? 5 x fipg period
0001 1ms? 10 x f,pg period
0010 2ms? 20 x f,pg period
0011 25ms? 25 x fipg period
0100 5ms?! 50 x fipg period
0101 75ms? 75 x fipg period
0110 10ms? 100 x f,pg period
0111 20ms? 200 x fpg period
1000 25ms? 250 x fpg period
1001 50 ms ! 500 x f,pg period
1010 75ms?t 750 x fpg period
1011 100 ms?! 1000 x fipg period
1100 200 ms * 2000 x fpg period
1101 250 ms ! 2500 x fipg period
1110 500 ms ! 5000 x fpg period
1111 750 ms 7500 x fpg period

1 When trimmed within specified accuracy. See electrical specification for details.

VREG Autonomous Periodic Interrupt Trimming Register (VREGAPITR)

NOTE
This register is not present on mask set L49P devices.

The VREGAPITR register allows trimming of the API timeout period.
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Voltage Regulator Module (VREG)

7 6 5 4 3 2 1
R APITR 0 0
w
Reset 0 0 0 0 0 0 0 0
Reg Addr VREG Base + 0x0003

Figure 3-6. VREG Autonomous Periodic Interrupt Trimming Register (VREGAPITR)

Table 3-7. VREGAPITR Field Descriptions

Bits Name Description
7-2 APITR[5:0] | API period trimming. See table below for trimming effects.
Bit Trimming Effect

APITR5 |increases period by ~25.0%
APITR4 | decreases period by ~12.5%
APITR3 |decreases period by ~ 6.2%
APITR2 |decreases period by ~ 3.1%
APITR1 |decreases period by ~ 1.6%
APITRO |decreases period by ~ 0.8%

1-0 — Reserved

3.6  Functional Description

The VREG module is a dual voltage regulator as depicted in Figure 3-1 and Figure 3-2. The regulator
functional elements are the regulator core (REG), a low voltage detect module (LVD), a control block
(CTRL), a power-on reset module (POR), a low voltage reset module (LVR), and a high temperature
sensor (HTD).

3.6.1 REG - Regulator Core

The VREG module has two parallel, independent regulation loops (REG1 and REG2) that differ only in
the amount of current that can be delivered.

The regulator is a linear regulator with a bandgap reference when operated in full performance mode. It
acts as a voltage clamp in reduced power mode. All load currents flow from the VR input to Vg2.5 or
VssPLL. The reference circuits are supplied by VppA and VgSA.

3.6.1.1 Full Performance Mode

In full performance mode the output voltage is compared with a reference voltage by an operational
amplifier. The amplified input voltage difference drives the gate of an output transistor.
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Functional Description

3.6.1.2 Reduced Power Mode

In reduced power mode the gate of the output transistor is connected directly to a reference voltage to
reduce power consumption.

3.6.2 LVD - Low Voltage Detect

The LVD block shown in Figure 3-1 and Figure 3-2 generates the low voltage interrupt (LVI). LVD
monitors the input voltage (VppA-VgsA) and continuously updates the status flag LVDS. Interrupt flag
LVIF is set whenever the status flag LVDS changes value. The LVD is available in Full Performance Mode
and is inactive in reduced power mode or shutdown mode.

3.6.3 POR — Power-On Reset

This functional block monitors Vpp2.5. If Vpp2.5 is below Vporp, POR is asserted, if Vpp2.5 is above
Vporp: the POR signal is driven low. Asserting POR forces the device into Reset, POR Deasserted will
trigger the power-on sequence.

3.6.4 LVR-Low Voltage Reset

The LVR block monitors the primary output voltage of the regulator (Vpp2.5). If it drops below the
assertion level (V,yra) @ low voltage reset is asserted. When V2.5 rises above the deassertion level
(V.ro) the low voltage reset signal is negated. This function is available only in full performance mode.

3.6.5 CTRL - Regulator Control

This block contains the registers of the voltage regulator and further digital functionality needed to control
the operating modes. CTRL also represents the interface to the digital core logic.

3.6.6 APl - Autonomous Periodic Interrupt

The API block can generate periodic interrupts independent of the clock source of the device. The timer
is enabled when the APIFE bit is set.

The API timer is either clocked by an adjustable internal RC oscillator or f;pg. Timer operation will freeze
when the device clock source is selected and f,pg is turned off. See Chapter 4, “System Clocks Module
(OSC and CRG),” for details. The clock source can be selected with APICLK bit. APICLK can only be
written when APIFE is not set.

The period of the API timer is selected using the APIR[3:0] bits, which select the amount of time after
which an interrupt should be generated. The first length of the first period after writing the APIR[3:0] value
might differ if APIR[3:0] is changed while APIFE = 1. As soon as APIFE is set the timer starts running.
When the configured time has elapsed, the APIF flag is set and an interrupt is signaled if the interrupt
enable bit, APIE, is set. The timer is reset and continues counting after APIF is set.

The API trimming bits, APITR[5:0], may be used to calibrate the interrupt period. See Table 3-7 for the
trimming effect of APITR.
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Voltage Regulator Module (VREG)

NOTE
This feature is not present on mask set L49P devices.

The first period after enabling the counter by APIFE might be reduced.

The API internal RC-oscillator clock is not available if the VREG is in
Shutdown Mode.

3.6.7 Resets

This section describes how the voltage regulator controls the reset of the device. The reset values of
registers and signals are provided in Section 3.5, “Memory Map / Register Definition.” Possible reset
sources are listed in Table 3-8.

Table 3-8. VREG Reset Sources

Reset Source Local Enable
Power-on Reset always active
Low-voltage Reset active only in full performance mode

3.6.7.1 Power-On Reset (POR)

During chip power-up, the digital core may not operate correctly if the supply voltage Vpp2.5 is below
the POR deassertion level (Vporp)- Therefore the POR signal holds all other device modules in reset until
Vpp2.5 exceeds Vporp. The device begins the start-up sequence after POR is negated. The power-on reset
is active in all VREG operating modes.

3.6.7.2 Low-Voltage Reset (LVR)

Refer to Section 3.6.4, “LVVR — Low \oltage Reset,” for more information.

3.6.8 Interrupts

The interrupt vectors requested by the VREG module are listed in Table 3-9. Refer to Chapter 6,
“Exceptions,” for specific vector addresses and interrupt priorities.

Table 3-9. VREG Interrupt Vectors

Interrupt Source Local Enable

Low Voltage Interrupt (LVI) LVIE=1
available only in full performance mode

Autonomous Periodic Interrupt (API) APIE=1

3.6.8.1 LVI-Low Voltage Interrupt

In FPM the VREG module monitors the input voltage VppA. Whenever VppA drops below level Vv a
the status bit LVDS is set to 1. Vice versa, LVDS is reset to 0 when VppA rises above level V| p. An
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Initialization / Application Information

interrupt, indicated by flag LVIF=1, is triggered by any change of the status bit LVDS if interrupt enable
bit LVIE=L1.

NOTE
LVIF is not cleared on entering reduced power mode.

3.6.8.2 APl - Autonomous Periodic Interrupt

When the configured timeout period of the API has elapsed, the APIF bit is set and an interrupt is signaled
if the APIE bit is set.

NOTE
This feature is not present on mask set L49P devices.

3.7 Initialization / Application Information

3.7.1  Circuit Board Layout

The PCB must be carefully laid out to ensure proper operation of the voltage regulator. Table 3-10 and
Table 3-11 below provides a description of the components used on the device power supplies and outlines
recommended values to be used. Figure 3-7, Figure 3-8, Figure 3-9, Figure 3-10 and Figure 3-11 below
provide recommended board layouts for the different package options for the MAC7100 family.

The following rules must be observed:

» The central point of the ground star should be the V¢gR pin.
» Central power input should be the Vpp,A/VgsA pins.

» Every supply pair must be decoupled by a ceramic capacitor connected as near as possible to the
corresponding pins.

» Use low ohmic low inductance connections between V¢s2.5 and VggR.
*  VgsPLL must be directly connected to VggR.

» Keep traces for VgsPLL, EXTAL and XTAL as short as possible, and occupied board area for
oscillator load capacitors, filter capacitors and quartz resonator as small as possible.

» Do not place other signals or supplies underneath the areas occupied by the oscillator load
capacitors, quartz resonator and the connection area to the device.
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Voltage Regulator Module (VREG)

Table 3-10. VREG Recommended Circuit Board Component Values — LQFP

Component Purpose Type Value
C1 Vpp2.5 filter cap ceramic X7R 100 .. 220nF
c2 Vpp2.5 filter cap ceramic X7R 100 .. 220nF
C3 VppA filter cap ceramic X7R >100nF
C4 VppR filter cap X7R/tantalum >100nF
C5 VppPLL filter cap ceramic X7R 100 .. 220nF
C6 VppX filter cap X7R/tantalum >100nF
C7 OSC load cap See MAC7100 Microcontroller Family
cs OSC load cap Hardware Specifications (MAC7100EC)
C9/Cg PLL loop filter cap See MAC7100 Microcontroller Family
C10/Cp PLL loop filter cap Hardware Specifications (MAC7100EC)
Ci1 VppX filter cap X7R/tantalum >100nF
C12 VppX filter cap X7RNantalum > 100nF
C13 VppX filter cap X7R/tantalum > 100nF
C14 VppX filter cap X7R/tantalum > 100nF
C15 VppX filter cap X7R/tantalum >100nF
R1 PLL loop filter res See MAC7100 Microcontroller Family
R2/Rg OSC res Hardware Specifications (MAC7100EC)
R3/Rg OSC res
Q1 Quartz

Table 3-11. VREG Recommended Circuit Board Component Values — 208 MAP BGA

Component Purpose Type Value

C1 VppA filter cap ceramic X7R 100 .. 220nF
c2 Vpp2.5 filter cap ceramic X7R 220nF
C3 VppX filter cap ceramic X7R 100 .. 220nF
C4 VppX filter cap ceramic X7R 100 .. 220nF
C5 VppR filter cap ceramic X7R 220nF
C6 Vpp2.5 filter cap ceramic X7R 220nF
Cc7 VppX filter cap ceramic X7R 100 .. 220nF
Cc8 VppPLL filter cap ceramic X7R 220nF
C9 OSC load cap Contact crystal manufacturer
C10 OSC load cap

Cll/Cgqg PLL loop filter cap See MAC7100 Microcontroller Family

C12/Cp PLL loop filter cap Hardware Specifications (MAC7100EC)
R1 PLL loop filter res
Q1 Quartz Resonator —
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Initialization / Application Information
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Figure 3-7. Recommended PCB Layout for 144 QFP
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Voltage Regulator Module (VREG)
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Figure 3-8. Recommended PCB Layout for 112 LQFP
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Voltage Regulator Module (VREG)
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Chapter 4
System Clocks Module (OSC and CRG)

4.1 Overview

The Clock and Reset Generator (CRG) module, which utilizes a Pierce oscillator (OSC), provides the
internal clock signals for the core and all peripheral modules. Figure 4-1 shows the clock connections to
all modules.

The system clock can be supplied to the device in several ways, enabling a range of system operating
frequencies to be supported:

» From the oscillator, with a frequency set by an external crystal reference
» From the on-chip phase-locked loop, using the oscillator clock as a reference
e From the PLL in self-clocking mode

The clock generated by the oscillator or the phase-locked loop (PLL) provides the main system clock
frequency, fsys. As shown in Figure 4-1, the system clock is used throughout the device to drive the core
and the memories. The IPS peripherals and read access to the program Flash use a clock equal to half the
system clock frequency, fps.

NOTE

When using an oscillator-generated or a PLL synthesized clock, a clock
reference of no more than 16 MHz must be applied to the external pins. This
IS not necessary when the PLL is in self-clocking mode.

The program Flash memory is supplied by both fgy 5 and fjps. fsy g is used for access to the Flash controller,
but the interleaved Flash arrays operate at half the system frequency to allow enough time to access the
array. Interleaved arrays enable the memory controller to achieve close to single-cycle access times at the
full system frequency. Refer to Chapter 15, “Common Flash Module (CFM),” for more information.

The CAN modules may be configured to utilize either the peripheral clock (f;ps) or the Oscillator clock
(OSCCLK). This allows the user to select the CAN clock based on the required jitter performance. Refer
to Chapter 23, “Controller Area Network Module (FlexCAN),” for more details.

The Periodic Interrupt Timer (PIT) and Software Watchdog Timer (SWT) can be configured to run from
the Oscillator or the PLL generated clock. This allows these functions to continue to run during low power
operating modes if required. Refer to Chapter 25, “Periodic Interrupt Timer Module (PIT),” and
Chapter 11, “Miscellaneous Control Module (MCM),” for more information.

The frequency generated by the PLL, PLLCLK, is determined by the values of two of the CRG module

control registers, REFDIV and SYNR. The frequency is calculated using the following equation.
SYN[5:0] + 1

REFDV[3:0] + 1

When the system frequency, fsys, is derived from the PLL, the value is calculated based on this equation:

PLLCLK = 2x OSCCLK x Eqgn. 4-1

fsys = PLLCLK Eqn. 4-2
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System Clocks Module (OSC and CRG)

When the system frequency, fgys, is derived from the oscillator, the value

equation:

fgys = OSCCLK

is

calculated based on this

Eqgn. 4-3

fSYS

Y

Y

ARM7TDMI-S

Oscillator +—

OSCCLK

PLLCLK

NEXUS 2

Y

INTC

Y

eDMA

Y

DMA MUX

SRAM

System Clock

Y

XBS

Y

AIPS

EIM

SWT Clock

YYYY

MCM

Flash Controller

fIPS

Peripheral Bus Clock

Y

Y

Program Flash

Data Flash

SSM

PIM

Y

eMIOS

12C

ATD_A, ATD B

Y

DSPI_A, DSPI_B

Y

eSCI_A, eSCI_B,
eSCI_C, eSCI_D

Y

Figure 4-1. MAC7100 Family Clock Connections

RTI Clock

CAN_A, CAN_B,
CAN_C, CAN_D

Yy

PIT

Note that it is possible to configure the PLL to generate a system frequency higher than that supported by
the design of the device. It is the responsibility for the user to insure that the device is operated within its

specified limits at all times.

In order to ensure the presence of the clock, the device includes an on-chip hardware clock monitor
connected to OSCCLK. The clock monitor can be configured to enable the PLL self-clocking mode or to

generate a system reset if it is allowed to time out when no OSCCLK is present.

In addition to the clock monitor, the device also provides a clock quality checker which performs a more
accurate check of the clock. The clock quality checker counts a predetermined number of clock edges
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On-Chip Oscillator (OSC) Module

within a defined time window to insure that the clock is running. The checker can be invoked following
specific events such as on wake-up or a clock monitor failure.

4.2  On-Chip Oscillator (OSC) Module

421 OSC Overview

MACT7100 Family devices feature an internal Pierce oscillator that can operate in standard Pierce and low
power amplitude loop controlled modes with a minimum number of external components. The oscillator
is designed for optimal startup margin with typical crystal oscillators. Selection of the oscillator type is
performed at reset based on the signal level on the CLKOUT / XCLKS pin. After start-up or a power on
reset, the quality of the oscillation is checked by the clock quality checker before the oscillator is connected
to the internal system clocks. In the event that a stable oscillator output is not detected within a predefined
time, the device will be switched to the internal self-clock mode. Figure 4-2 shows a block diagram of the
Oscillator.

The oscillator power is supplied from a separate 2.5 V supply voltage (VppPLL/VgsPLL) generated by
the voltage regulator in order to minimize noise. The oscillator continues to run in doze and pseudo-stop
low-power modes, but is halted in full-stop mode.

A square wave input can be supplied to the device through the oscillator by connecting an external clock
source to the EXTAL pin with the oscillator operating in standard Pierce mode.

Clock monitor_failure _
Monitor >
A
S >0 > OSCCLK
Peak < '
Detector Gain Control
VppPLL
— VggPLL
Ry
EXTAL Elg Al Elﬂ XTAL
1 i 1

Figure 4-2. Oscillator Block Diagram

4.2.2 OSC Features

The OSC contains circuitry to dynamically control current gain in the output amplitude. This ensures a
signal with low harmonic distortion, low power and good noise immunity.
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System Clocks Module (OSC and CRG)

» High noise immunity due to input hysteresis.
* Low RF emissions with peak to peak swing limited dynamically.
» Transconductance (gm) sized for optimum start-up margin for typical oscillators.
» Dynamic gain control eliminates the need for external current limiting resistor.
» Integrated resistor eliminates the need for external bias resistor.
* Low power consumption:
— Operates from 2.5 V (nominal) supply
— Amplitude control limits power consumption
* Clock monitor

4.2.3 OSC Modes of Operation

Two modes of operation are available for the OSC module:

» Loop controlled Pierce oscillator.
» External square wave mode using full swing Pierce without internal feedback resistor.

Device operating modes may also affect the oscillator module: it is placed in a static state when the device
enters stop mode; the oscillator operates normally in run, doze and pseudo-stop modes.

4.2.4  OSC Signal Description

4241 VppPLL, VgsPLL

VppPLL, VgsPLL are the power supply and ground input pins for the Pierce oscillator. The VppPLL and
VgsPLL pins allow the supply voltage to the PLL to use external filter capacitors independent of the main
1/0 supply (VppX and VggX).

4.2.4.2 EXTAL, XTAL

These pins provide the interface for either a crystal or a CMOS compatible clock which acts as a time-base
reference for the oscillator. EXTAL is the external clock input or the input to the crystal oscillator
amplifier. XTAL is the output of the crystal oscillator amplifier. In full-stop mode (PSTP=0) the EXTAL
pin is pulled down by an internal resistor of 200k Q (typical). Figure 4-3, Figure 4-4 and Figure 4-5
illustrate the configuration of EXTAL and XTAL in each mode of operation.

NOTE

Freescale recommends an evaluation of the application board layout and
chosen resonator or crystal by the resonator or crystal supplier. Refer to
Section 3.7.1, “Circuit Board Layout,” on page 3-39 for more details.
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4.2.4.3

On-Chip Oscillator (OSC) Module

CLKOUT / XCLKS

At reset the signal level on the CLKOUT / XCLKS pin is read to determine the mode of the Pierce
oscillator. If the signal level is high the oscillator operates in the loop controlled mode, if the signal level
is low the oscillator operates in the full swing or external clock mode.

EXTAL ||
MCU — Crystal or Ceramic
T Resonator
XTAL . ||
C
VgsPLL
Figure 4-3. Loop Controlled Pierce Oscillator Connections
NOTE

Loop controlled circuit is not suited for overtone resonators and crystals.

EXTAL . . |

MCU Re = Crystal or Ceramic

Resonator
RS* T
XTAL . |
VggPLL

* Rg can be zero (shorted) when used with higher frequency crystals.
Refer to manufacturer’s data.

Figure 4-4. Full Swing Pierce Oscillator Connections
NOTE

Full swing Pierce circuit is not suited for overtone resonators and crystals
without a careful component selection

CMOS Compatible External Oscillator

-~
EXTAL (VppPLL-Level)

MCU

XTAL — NC

Figure 4-5. External Clock Connections
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System Clocks Module (OSC and CRG)

4.2.5 OSC Functional Description

The OSC module has control circuitry to maintain the crystal oscillator circuit voltage level to an optimal
level as determined by the amount of hysteresis and the maximum oscillation range.

4251 Gain control

A closed-loop control system is utilized to modulate the amplifier to keep the output waveform sinusoidal
and to limit the oscillation amplitude. The output peak-to-peak voltage is kept above twice the maximum
hysteresis level of the input buffer. Refer to MAC7100 Microcontroller Family Hardware Specifications
(MACT7100EC) for details.

4.25.2 Clock Monitor

The clock monitor is based on an internal RC time delay circuit such that it can operate without any device
clocks. If no OSCCLK edges are detected within the RC time delay, the clock monitor indicates failure by
enabling self-clock mode or generates a system reset depending on the state of CRGINT[SCME] bit (see
Section 4.3.5.4, “CRG Interrupt Enable Register (CRGINT)”). If the clock monitor is disabled or the
presence of clocks is detected no failure is indicated. The clock monitor function is enabled or disabled by
the PLLCTL[CME] bit (see Section 4.3.5.6, “CRG PLL Control Register (PLLCTL)”).

4.3 Clock and Reset Generator (CRG) Module

43.1 CRG Overview

The CRG module uses the output of the OSC module to provide the clocks for the device, and controls
reset operations and low power operating modes. The CRG module also provides information in a flag
register to help identify the source of a reset event.

Voltage Power-on Reset
Regulator
Sce== CRG
_RESET A
&‘ Reset System Reset =
I CM FAIL Generator ~
CLKOUT/XCLKS 0SC System Clock (fave) .
EXTAL = OSCCLK | | Clock Quality Peripheral Bus Clock (fips)
& XTAL MC|°_Ck Checker Oscillator Clock =
< onitor >
! RTI Clock _
XFC Y Registers SWT Clock 4
VppPLL PLLCLK
< > PLL > Clock & Reset PLL Lock Interrupt >
X< VssPLL > Control Self Clock Mode Interrupt

Figure 4-6. Clock and Reset Generator Block Diagram
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Clock and Reset Generator (CRG) Module

The CRG is used to control entry into the low power operating modes of the device, as well as the features
of the device which continue to operate during low power modes. Doze and stop mode are entered by
writing to the Stop/Doze Control (SDMCTL) Register, while configuration of the Clock Select (CLKSEL)
Register controls whether the PLL, Real Time Interrupt (RTI) and Software Watchdog Timer (SWT)
clocks are disabled. By setting the [PSTP] bit, when stop mode is requested, the device will enter
pseudo-stop mode, where the oscillator continues to run, allowing the RTI1 and SWT to continue operating.

The module provides a Clock Monitor which detects the presence of the oscillator clock. If the oscillator
clock is not present within a defined time, determined by the Clock Monitor timeout period, the module
will either generate a Reset, or initiate the PLLs self-clock mode. In self-clock mode the PLL will generate
its own clock based on the minimum VCO frequency. This can be used to clock the device in order to
continue some basic operation in the absence of an external clock.

The Clock Quality Checker (CQC) is included in the CRG and provides a more accurate check of the
oscillator output clock. The CQC operates following events such as power on reset or wake-up from stop
mode, and counts the number of clocks over a defined time window. Failure of the Clock Quality Checker
can be used to initiate self-clocking mode or a clock monitor reset event.

4.3.2 CRG Features

The main features of this module are:

* Phase Locked Loop (PLL) frequency multiplier
— Reference divider
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— CPU interrupt on entry or exit from locked condition
— Self-clock mode in absence of reference clock

» System Clock Generator
— Clock quality check

— User selectable fast wake-up from stop in self-clock mode for power saving and immediate
program execution *

— Clock switch for either oscillator or PLL based system clocks

— User selectable disabling of clocks during doze mode for reduced power consumption
» System reset generation from the following possible sources:

— Power on reset

— Low-voltage reset

— Software watchdog timer reset

— Clock monitor failure (with self-clock mode disabled) reset

— External pin reset

1. On mask set L49P devices, this feature is not implemented
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System Clocks Module (OSC and CRG)

4.3.3

CRG Modes of Operation

This subsection briefly describes all operating modes supported by the CRG.

Run Mode — All functional parts of the CRG are running during normal run mode.

Doze Mode — This mode allows to disable the system and peripheral clocks depending on the

configuration of the individual bits in the CLKSEL register.

Stop Mode — Depending on the setting of the PSTP bit, stop mode can be differentiated between

full stop mode (PSTP=0) and pseudo-stop mode (PSTP=1).

— Full-Stop Mode — The oscillator is disabled and thus all system and peripheral clocks are
stopped. The SWT and the RTI remain frozen.

— Pseudo-Stop Mode — The oscillator continues to run and most of the system and peripheral
clocks are stopped. If the respective enable bits are set, the SWT and RT1 will continue to run,
else they remain frozen.

Self-Clock Mode — Self-clock mode will be entered if the PLLCTL clock monitor enable (CME)
and self-clock mode enable (SCME) bits are both set and the clock monitor in the oscillator block
detects a loss of clock. As soon as self-clock mode is entered, the CRG starts to perform a clock
quality check. Self-clock mode remains active until the clock quality check indicates that the
required quality of the incoming clock signal is met (frequency and amplitude). Self-clock mode
should be used for safety purposes only. It provides reduced functionality to the device in case
where a loss of clock is causing severe system conditions.

4.3.4 CRG Signal Description
Table 4-1. CRG Signal Properties
Name I/O Type Function
VppPLL Input Operating Voltage
VggPLL Input Ground
XFC Output/Input External Loop Filter
RESET Output/Input Reset Input/Output
CLKOUT / XCLKS | Output/Input Clock Output / OSC Select Input
4341 XFC

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of the PLL. Refer to MAC7100 Microcontroller
Family Hardware Specifications (MAC7100EC) for calculation of PLL loop filter (XFC) components. If
PLL usage is not required, the XFC pin must be tied to VppPLL.
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Clock and Reset Generator (CRG) Module

VppPLL
 m—
|
Cs
MCU
— Cp
Rs
XFC -

Figure 4-7. PLL Loop Filter Connections

43.4.2 RESET

RESET is an active low bidirectional reset pin. As an input, it initializes the device asynchronously to a
known start-up state. As an open-drain output, it indicates that a system reset (internal to device) has been
triggered.

4.3.43 CLKOUT/XCLKS

This pin is used to output the device system clock (fsys) for use with the external bus or to drive external
synchronous devices. At reset the signal level on the pin is read to determine the mode of the Pierce
oscillator. If the signal level is high the oscillator operates in the loop-controlled mode, if the signal level
is low the oscillator operates in the full swing or external clock mode. Refer to Section 18.7.3, “PD2 /
CLKOUT Configuration,” for more information on utilizing this signal in various modes.

4.3.5 CRG Memory Map / Register Definition

Figure 4-2 gives an overview of all CRG registers.
Table 4-2. CRG Memory Map

CRG Offset Register Description Access
0x0000 CRG Synthesizer Register (SYNR) R/W
0x0001 CRG Reference Divider Register (REFDV) R/W
0x0003 CRG Flags Register (CRGFLG) R/W
0x0004 CRG Interrupt Enable Register (CRGINT) R/W
0x0005 CRG Clock Select Register (CLKSEL) R/W
0x0006 CRG PLL Control Register (PLLCTL) R/W
0x0007 CRG Stop/Doze Control Register (SDMCTL) R/W
0x0008 CRG BDM Control Register (BDMCTL) R/W

1 Register Address = CRG base address + offset, where the base address is defined in Chapter 8, “Device
Memory Map.”
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System Clocks Module (OSC and CRG)

4.35.1 CRG Synthesizer Register (SYNR)

The SYNR controls the multiplication factor of the PLL. The bits in this register can be written anytime
except when the PLLSEL bit is set in the CLKSEL register.

If the PLL is on, the count in the loop divider register (SYNR) effectively multiplies the PLL clock
(PLLCLK) from the reference frequency by 2 x (SYN + 1). PLLCLK will not be below the minimum VVCO

frequency (fSCM)'

_ SYN[5:0] + 1 )
PLLCLK = 2x OSCCLK x pZentizors Eqn. 4-4

NOTE

If CLKSEL[PLLSEL] is set, fsyg = PLLCLK. fgyg must not exceed the
maximum operating system frequency specified in MAC7100
Microcontroller Family Hardware Specifications (MAC7100EC).

7 5 4 3 2 1 0
R 0 0 SYN
W
Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0000

Figure 4-8. CRG Synthesizer Register (SYNR)

NOTE
Writing to this register initializes the lock detector and track detector bits.

4.3.5.2 CRG Reference Divider Register (REFDV)

The REFDV register provides a finer granularity for the PLL multiplier steps. The bits in this register can
be written anytime except when the CLKSEL[PLLSEL] bit is set. The count in the reference divider is
used to divide the OSCCLK frequency by REFDV + 1.

6 3 2 1 0
R 0 0 0 0 REFDV
w
Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0001

Figure 4-9. CRG Reference Divider Register (REFDV)

NOTE
A write to this register initializes the lock detector and track detector bits.
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Clock and Reset Generator (CRG) Module

4.3.5.3 CRG Flags Register (CRGFLG)
This register provides CRG status bits and flags.

7 6 5 4 3 2 1 0
R| STPEF PORF LVRF LOCKIF LOCK TRACK | SCMIF SCM
w
Reset 0 ! —2 0 0 0 0 0
Reg Addr CRG Base + 0x0003

1 PORF is set when a power on reset occurs. Unaffected by system reset.
2 LVRF is set when a low voltage reset occurs. Unaffected by system reset.

Figure 4-10. CRG Flags Register (CRGFLG)

Table 4-3. CRGFLG Field Descriptions

Bits Name Description

7 STPEF ! Stop entry flag. STPEF is cleared when the SDMCTL[STOP] bit (see

Section 4.3.5.7) is written. It is set when the system actually enters STOP mode.
It is not set if the system receives a wake-up interrupt before the stop procedure
completes. The flag is cleared by writing a 1.

0 System did not enter STOP mode after last STOP command

1 System entered STOP mode after last STOP command

6 PORF Power-on reset flag. PORF is set to 1 when a power on reset occurs. This flag can
be cleared by writing a 1 to this bit. Writing a 0 has no effect.

0 Power-on reset has not occurred

1 Power-on reset has occurred

5 LVRG Low-voltage reset flag. LVRF is set to 1 when a low-voltage reset occurs. This flag
can be cleared by writing a 1 to this bit. Writing a 0 has no effect. This bit will not
be valid if the Voltage Regulator is bypassed.

0 Low-voltage reset has not occurred

1 Low-voltage on reset has occurred

4 LOCKIF | PLL lock interrupt flag. LOCKIF is set to 1 when the LOCK status bit changes.
This flag can be cleared by writing a 1 to this bit. Writing a 0 has no effect. If
enabled (LOCKIE=1), LOCKIF causes an interrupt request.

0 No change in LOCK bit

1 LOCK bit has changed

3 LOCK Lock status bit. LOCK reflects the current state of PLL lock condition. This bit is
cleared in Self Clock Mode. Writes have no effect.

0 PLL VCO is not within the desired tolerance of the target frequency

1 PLL VCO is within the desired tolerance of the target frequency

2 TRACK | Track status bit. TRACK reflects the current state of the PLL track condition. This
bit is cleared in Self-Clock Mode. Writes have no effect.

0 Acquisition mode status

1 Tracking mode status

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0

Freescale Semiconductor Preliminary 4-55



System Clocks Module (OSC and CRG)

Table 4-3. CRGFLG Field Descriptions (continued)

Bits

Name

Description

SCMIF

Self-clock mode interrupt flag. SCMIF is set to 1 when the SCM status bit
changes. This flag can be cleared by writing a 1 to this bit. Writing a 0 has no
effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.

0 No change in SCM bit

1 SCM bit has changed

SCM

Self-clock mode status. SCM reflects the current clocking mode. Writes have no

effect.

0 MCU is operating normally with OSCCLK available

1 MCU is operating in Self Clock Mode with OSCCLK in an unknown state. All
clocks are derived from PLLCLK running at its minimum frequency fgcy

1 On mask set L49P devices, this bit is not implemented. It should be considered Reserved.

4354

CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

7 5 4 3 2 1 0
R 0 0 0 LOCKIE 0 0 SCMIE 0
W
Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0004
Figure 4-11. CRG Interrupt Enable Register (CRGINT)
Table 4-4. CRGINT Field Descriptions
Bits Name Description
7-5 — Reserved.
4 LOCKIE |Lock interrupt enable.
0 LOCK interrupt requests are disabled
1 Interrupt will be requested whenever LOCKIF is set
3-2 — Reserved.
1 SCMIE | Self-clock mode interrupt enable.
0 SCM interrupt requests are disabled
1 Interrupt will be requested whenever SCMIF is set
0 — Reserved.
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4.3.5.5

Clock and Reset Generator (CRG) Module

CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection. Refer to Figure 4-17 for more details.

7 6 5 4 3 2 1 0
R| PLLSEL PSTP 0 0 PLLDOZE 0 RTIDOZE |[SWTDOZE
w

Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0005
Figure 4-12. CRG Clock Select Register (CLKSEL)
Table 4-5. CLKSEL Field Descriptions
Bits Name Description

7 PLLSEL |PLL select bit. Writing a one when LOCK=0 and AUTO=1, or TRACK=0 and
AUTO=0 has no effect. This prevents the selection of an unstable PLLCLK as
fsys. The PLLSEL bit is cleared when the MCU enters self-clock mode, stop
mode or doze mode with the PLLDOZE bit set.

0 System clocks are derived from OSCCLK (fgyg = OSCCLK)
1 System clocks are derived from PLLCLK (fgyg = PLLCLK)

6 PSTP Pseudo-stop. This bit controls the functionality of the oscillator during stop mode.

0 Oscillator is disabled in stop mode.
1 Oscillator continues to run in stop mode (pseudo-stop).
Note: Pseudo-stop allows for faster stop recovery and reduces the mechanical
stress and aging of the resonator when frequent stop conditions are asserted at
the expense of a slightly increased power consumption.

5-4 — Reserved.

3 PLLDOZE |PLL stops in doze mode. If PLLDOZE is set, the CRG will clear the PLLSEL bit
before entering doze mode. The PLLON bit remains set during doze mode, but
the PLL is powered down. Upon exiting doze mode, the PLLSEL bit must be set
manually if PLL clock is required. While the PLLDOZE bit is set, the AUTO bit is
set in order to allow the PLL to lock automatically on to the selected target
frequency after exiting doze mode.

0 PLL keeps running in doze mode.
1 PLL stops in doze mode.
2 — Reserved.
1 RTIDOZE |RTI stops in doze mode.
0 RTI keeps running in doze mode
1 RTI stops and initializes the RTI dividers when the part goes into doze mode

0 SWTDOZE | SWT stops in doze mode. In normal modes, this bit can be written once. In special

modes, it can be written anytime.
0 SWT keeps running in doze mode
1 SWT stops and initializes the SWT dividers when the part goes into doze mode
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4356 CRG PLL Control Register (PLLCTL)
The PLLCTL register controls the PLL functionality.

7 6 5 4 3 2 1 0
R CME PLLON AUTO ACQ FSTWKP PRE PWE SCME
w
Reset 1 1 1 1 0 0 0 1
Reg Addr CRG Base + 0x0006
Figure 4-13. CRG PLL Control Register (PLLCTL)
Table 4-6. PLLCTL Field Descriptions
Bits Name Description
7 CME Clock monitor enable. CME enables the clock monitor. Write anytime except
when SCM = 1.
0 Clock monitor is disabled
1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor
reset sequence or self-clock mode.
Note: In stop mode (PSTP=0) the clock monitor is disabled independently of the
CME bit setting and loss of clock will not be detected. Operating with CME=0 will
not detect any loss of clock. In cases of poor clock quality, this could cause
unpredictable operation of the MCU.
6 PLLON | Phase lock loop on. PLLON turns on the PLL circuitry. In self-clock mode, the PLL
is turned on, but the PLLON bit reads the last latched value. Write anytime except
when PLLSEL = 1.
0 PLL is turned off
1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically
5 AUTO Automatic bandwidth control. AUTO selects either the high bandwidth
(acquisition) mode or the low bandwidth (tracking) mode depending on how close
to the desired frequency the VCO is running. Write anytime except when
PLLDOZE=1, because PLLDOZE sets the AUTO bit to 1.
0 Automatic mode control is disabled and the PLL is under software control,
using the ACQ bit
1 Automatic mode control is enabled and the ACQ bit has no effect
4 ACQ Acquisition. Write anytime. If AUTO=1 this bit has no effect.
0 Low bandwidth filter is selected
1 High bandwidth filter is selected
3 FSTWKP ! | Fast Wake-up. FSTWKP enables fast wake-up from full stop mode. If self-clock
mode is disabled (SCME=0) this bit has no effect.
0 Fast wake-up from full stop mode is disabled.
1 Fast wake-up from full stop mode is enabled.
2 PRE RTI enable during pseudo-stop mode. PRE enables the RTI clock during
pseudo-stop mode. Write anytime.
0 RTI stops running during pseudo-stop mode.
1 RTI continues running during pseudo-stop mode.
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Table 4-6. PLLCTL Field Descriptions (continued)

Bits Name Description
1 PWE SWT enable during pseudo stop. PWE enables the SWT clock during
pseudo-stop mode. Write anytime.
0 SWT stops running during pseudo-stop mode
1 SWT continues running during pseudo-stop mode
0 SCME Self-clock mode enable. In normal modes, this bit can be written once. In special

modes, it can be written at any time. SCME cannot be cleared while operating in
self-clock mode (CRGFLG[SCM] bit is set).
0 Detection of crystal clock failure causes clock monitor reset (see
Section 4.3.6.7.3, “Clock Monitor Reset”)
1 Detection of crystal clock failure forces the MCU into self-clock mode (see
Section 4.3.6.10.3, “Run, Self-Clock Mode")

1 On mask set L49P devices, this bit is not implemented, and is reserved.

4.3.5.7

CRG Stop/Doze Control Register (SDMCTL)

This register controls how the MCU transitions between stop and doze modes.

5 1 0
R 0 0 0 0 0 0 DOZE STOP
w
Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0007
Figure 4-14. CRG Stop/Doze Control Register (SDMCTL)
Table 4-7. SDMCTL Field Descriptions
Bits Name Description
7-2 — Reserved.
1 DOZE Doze control. Setting this bit starts a transition to doze mode. Refer to
Figure 4-26.
0 Remain in run mode
1 Activate doze sequence
0 STOP Stop control. Setting this bit starts a transition to stop mode. When a write access
with the STOP bit set occurs, the CRG holds the bus until it is ready to turn off the
clocks. Thus, after writing the STOP bit, no other accesses to peripherals are
possible. Refer to Figure 4-27.
0 Remain in run mode
1 Activate stop sequence
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4.3.5.8 CRG BDM Control Register (BDMCTL)
This register controls the SWT (Software Watchdog Timer) and RTI clocks in debug mode.

7 6 5 4 3
R 0 RSBCK 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
Reg Addr CRG Base + 0x0008
Figure 4-15. CRG BDM Control Register (BDMCTL)
Table 4-8. BDMCTL Field Description
Bits Name Description
7 — Reserved.
6 RSBCK | SWT and RTI stop in debug mode. This bit can be written once.
0 Allows the SWT and RTI to keep running in debug mode
1 Stops the SWT and RTI counters whenever the part is in debug mode
5-0 — Reserved.

4.3.6 CRG Functional Description

4.3.6.1 Phase Locked Loop (PLL)

The PLL is used to drive the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided by 1 to 16 to generate the reference frequency. The PLL can multiply
this reference frequency by 2, 4, 6,... 126 or 128 based on the two control registers SYNR and REFDIV.

The frequency generated by the PLL, PLLCLK, is determined by the values of two of the CRG module
control registers, REFDIV and SYNR. The frequency is calculated using the following equation:

- SYN[5:0]+1 )
PLLCLK = 2xOSCCLK x REFDV[3:0] + 1 Eqn. 4-5

NOTE

Although it is possible to choose the two parameters to set a very high clock
frequency, do not exceed the frequency limit specified in the MAC7100
Microcontroller Family Hardware Specifications (MAC7100EC). If the
CLKSEL[PLLSEL] bit is set, fgyg = PLLCLK.

The PLL is a frequency generator that operates in either acquisition mode or tracking mode, depending on
the difference between the output frequency and the target frequency. The PLL can change between
acquisition and tracking modes either automatically or manually.

The VCO has a minimum operating frequency, which corresponds to the self clock mode frequency fgc .
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Reference
REFDV[3:0] > |ock > LOCK
¢ Feedback; Detector
EXTAL —>Loop-Controlled| osccLK Reference Up
Pierce >| Programmable > >
XTAL < Oscillator Divider Phase Charge VCO
Y _ Detector Down Pump
Crystal |
Monitor Loop VooPLL
Programmable <
Divider
T Loop
SYN[5:0] Filter® -
_T (xFc
Pin
1 Refer to Section 3.7.1, “Circuit Board Layout,” on J

page 3-39 for suggested component values. PLLCLK

Figure 4-16. PLL Block Diagram

4.3.6.1.1 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider and is
divided in a range of 1 to 16 (REFDV + 1) to output the REFERENCE clock. The VCO output clock,
(PLLCLK) is fed back through the programmable loop divider and is divided in a range of 2 to 128 in
increments of [2 x (SYN + 1)] to output the FEEDBACK clock (see Figure 4-16).

The phase detector then compares the FEEDBACK clock with the REFERENCE clock. Correction pulses
are generated based on the phase difference between the two signals. The loop filter then slightly alters the
DC voltage on the external filter capacitor connected to XFC pin, based on the width and direction of the
correction pulse. The filter can make fast or slow corrections depending on its mode, as described in the
next subsection. The values of the external filter network and the reference frequency determine the speed
of the corrections and the stability of the PLL.

4.3.6.1.2 Acquisition and Tracking Modes

The lock detector compares the frequencies of the FEEDBACK clock and the REFERENCE clock.
Therefore, the speed of the lock detector is directly proportional to the final reference frequency. The
circuit determines the mode of the PLL and the lock condition based on this comparison.

The PLL filter can be manually or automatically configured into one of two possible operating modes:

» Acquisition mode: The filter can make large frequency corrections to the VCO. This mode is used at
PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is far from the
desired frequency. When in acquisition mode, the TRACK status bit is cleared in the CRGFLG register.

» Tracking mode: The filter makes only small corrections to the frequency of the VCO. PLL jitter is
much lower in tracking mode, but the response to noise is also slower. The PLL enters tracking
mode when the VCO frequency is nearly correct and the TRACK bit is set in the CRGFLG register.
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The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (PLLCTL[AUTQ] = 1), the lock detector automatically switches
between acquisition and tracking modes. Automatic bandwidth control mode is also used to determine
when the PLL clock (PLLCLK) is safe to use as the source for the system and peripheral clocks. If the PLL
LOCK interrupt requests are enabled, the software can wait for an interrupt request and then check the
CRGFLGI[LOCK] bit. If CPU interrupts are disabled, software can poll the LOCK bit continuously
(usually during PLL start-up) or at periodic intervals. In either case, only when the LOCK bit is set is the
PLLCLK clock safe to use as the source for the system and peripheral clocks. If the PLL is selected as the
source for the system and peripheral clocks and the LOCK bit is clear, the PLL has suffered a severe noise
hit and the software must take appropriate action, depending on the application.

The following conditions apply when the PLL is in automatic bandwidth control mode (AUTO=1):

* The CRGFLG[TRACK] bit is a read-only indicator of the mode of the filter.

» The CRGFLG[TRACK] bit is set when the VCO frequency is within a certain tolerance, A, and
is clear when the VCO frequency is out of a certain tolerance, A pt.

* The CRGFLG[LOCK] bit is a read-only indicator of the locked state of the PLL.

» The CRGFLG[LOCK] bit is set when the VCO frequency is within a certain tolerance, A 4., and
is cleared when the VCO frequency is out of a certain tolerance, Ay

e CPU interrupts can occur if enabled (CRGINT[LOCKIE] = 1) when the lock condition changes,
toggling the CRGFLG[LOCK] bit.

The PLL can also operate in manual mode (PLLCTL[AUTQO] = 0). Manual mode is used by systems that
do not require an indicator of the lock condition for proper operation. Such systems typically operate well
below the maximum system frequency (fgys) and require fast start-up. The following conditions apply
when in manual mode:
» PLLCTL[ACQ] is a writable control bit that controls the mode of the filter. Before turning on the
PLL in manual mode, the ACQ bit should be set to configure the filter in acquisition mode.
o After turning on the PLL by setting the PLLCTL[PLLON] bit, software must wait a given time
(tacq) before entering tracking mode (ACQ = 0).
» After entering tracking mode, software must wait a given time (t,) before selecting the PLLCLK
as the source for system and peripheral clocks (by setting the CLKSEL[PLLSEL] bit).
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4.3.6.2 System Clocks Generator

PLLSEL or SCM
¢ STOP
Phase | priclk PSTOP
II:OCk > O\O fsys z N o System
0oop > - ClOCk, fSYS
A >—0 0
Clock Peripheral
scM DOZES(.Ii%LPOZE) +2 > Phase > Bus Clock,
¢ PSTOP (PRE) Generator fips
DEBUG
> O{O
EXTAL > _ OSCCLK > RTI Clock
Oscillator >—0 0
XTAL < V DOZE (SWTDOZE)
STOP
Clock PSTOP (PWE)
Monitor DEBUG
) z > SWT Clock
Gating
Condition STOP
z PSTOP
= Clock Gate Z _ Oscillator
~ Clock

Figure 4-17. System Clocks Generator Block Diagram

The clock generator creates the clocks used in the MCU (see Figure 4-17). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (STOP, PSTOP, DOZE,
DEBUG) and the setting of the respective configuration bits.

The CPU uses the system clock, fsys. The peripherals and memory modules use the peripheral bus clock,
fips. Some peripheral modules also use the oscillator clock (see Figure 4-1). If the MCU enters self-clock
mode (see Section 4.3.6.10.3, “Run, Self-Clock Mode”) the oscillator clock source is switched to
PLLCLK, fpg, running at its minimum frequency, fscp,. The system clock is twice the peripheral bus
clock, fips, as shown in Figure 4-18. Note that a CPU cycle corresponds to one peripheral bus clock, fps.

PLL clock mode is selected with the PLLSEL bit in the CLKSEL register. When selected, the PLL output
clock drives fgyg for the main system, including the CPU and peripherals. The PLL cannot be turned off
by clearing the PLLCTL[PLLON] bit if the PLL clock is selected. When CLKSEL[PLLSEL] is changed,
it takes a maximum of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all
clocks freeze and CPU activity ceases.

Peripheral Bus Clock (fips)
Memory Clock (fyvmor) ’_‘ |_‘ ’_‘ ’_‘ !_L

Figure 4-18. System Clock and Peripheral Bus Clock Relationship

MAC7100 Microcontroller Family Reference Manual, Rev. 1.0

Freescale Semiconductor Preliminary 4-63



System Clocks Module (OSC and CRG)

4.3.6.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator block
generates a clock monitor fail event. The CRG then asserts self-clock mode or generates a system reset
depending on the state of the PLLCTL[SCME] bit. If the clock monitor is disabled or the presence of
clocks is detected, no failure is indicated by the oscillator block. The clock monitor function is
enabled/disabled by the PLLCTL[CME] bit.

4.3.6.4 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality checker
provides a more accurate check in addition to the clock monitor.

A clock quality check is triggered by any of the following events:

» Power-on reset (POR)

* Low-voltage reset (LVR)

*  Wake-up from full-stop mode (exit full-stop)
» Clock monitor fail indication (CM FAIL)

A time window of 50,000 VCO clock cycles (which are generated by the PLL when running at minimum
frequency fgcp) is called check window. A number greater than or equal to 4096 rising OSCCLK edges
within a check window is called osc ok. Note that osc ok immediately terminates the current check
window. See Figure 4-19 as an example.

:4 Check Window >;
49999 50000

oz ] u L m

2 4096
OSCCLK . | '
4095 V
osc ok

Figure 4-19. Check Window Example

The sequence for clock quality check is shown in Figure 4-20 and Figure 4-21.
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Clock and Reset Generator (CRG) Module

v

< Clock OK

Exit Full Stop

num=0

num=0

v

Enter SCM

Clock Monitor Reset <

POR| LVR
SCME=1 &
FSTWKP=1
Y Y
num =50
Check Window < num =num -1

Enter SCM

Switch to OSCCLK

v

Exit SCM

Figure 4-20. Sequence for Clock Quality Check on Non-Mask Set L49P Devices

NOTE

Note that in parallel to additional actions caused by self-clock mode or clock
monitor reset handling (setting the SCME bit), the clock quality checker
continues to check the OSCCLK signal.

The clock quality checker enables the PLL and the VREG anytime a clock
check has to be performed. An ongoing clock quality check could also cause
a running PLL (fgcp) and an active VREG during pseudo-stop mode or

doze mode
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i | CM FAIL ¢
< Clock OK ) num =50

POR| LVR Exit Full-Stop
Y y Y Clock Monitor Reset [«
num =0
< Y Enter SCM
\ A
Check Window = num =num + 1

Switch to OSCCLK

v

Exit SCM
|

Figure 4-21. Sequence for Clock Quality Check on Mask Set L49P Devices

4.3.6.5 Software Watchdog Timer (SWT)

The SWT (free running watchdog timer) allows the user to check that a program is running and sequencing
properly. The watchdog timer is contained in the MCM module (refer to Chapter 11, “Miscellaneous
Control Module (MCM)”). However, the CRG module provides the clock for the watchdog timer. If the
PLLCTL[PWE] bit is set, the SWT will continue to run in pseudo-stop mode.

4.3.6.6 Real Time Interrupt (RTI)

The RTI (real time interrupt) counter is contained in the PIT module (refer to Chapter 25, “Periodic
Interrupt Timer Module (PIT)”). However, the CRG module provides a special RTI clock. This is a gated
OSCCLK. If the PLLCTL[PRE] bit is set, the RTI will continue to run in pseudo-stop mode.

436.7 Resets

This section describes how to reset the CRG and how the CRG controls the reset of the MCU, including
all special reset requirements. Since the reset generator for the MCU is part of the CRG, this section also
describes all automatic actions that occur during or as a result of individual reset conditions. The reset
values of registers and signals are provided in Section 4.3.5, “CRG Memory Map / Register Definition.”
All reset sources are listed in Table 4-9. Refer to Chapter 6, “Exceptions,” for related vector addresses and
priorities.
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Table 4-9. CRG Reset Source Summary

Reset Source Local Enable
Power on Reset None
External Reset None
Clock Monitor Reset PLLCTL (CME=1, SCME=0)
SWT Watchdog Reset None

4.3.6.7.1 Reset Operation Description

The reset sequence is initiated by any of the following events:

* Low level is detected at the RESET pin

» Power on is detected

» Software watchdog timeout

* Clock monitor failure is detected and self-clock mode was disabled (PLLCTL[SCME]=0)

On detection of any reset event, an internal circuit drives the RESET pin low for 256 fgyg cycles (see
Figure 4-22). Since entry into reset is asynchronous, it does not require a running fgyg. However, the
internal reset circuit of the CRG cannot sequence out of the current reset condition without a running fgys.
The number of 256 fgyg cycles might be increased by n=3 to 6 additional fgyg cycles depending on the
internal synchronization latency. After 256 + n fgyg cycles the RESET pin is released. The reset generator
of the CRG waits for an additional 64 fsyg cycles and then samples the RESET pin to determine the
originating source. Figure 4-10 shows which vector will be fetched.

Table 4-10. CRG Reset Vector Selection

sampled RESET pin Clock Monitor SWT Reset
. . Vector fetch
(64 cycles after release) | Reset pending pending
1 0 0 POR / LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 SWT Reset
0 X X POR / LVR / External Reset
with rise of RESET pin
NOTE

External circuitry connected to the RESET pin should not include a large
capacitance that would interfere with the ability of this signal to rise to a
valid logic one within 64 fgyg cycles after the low drive is released.

The internal reset of the MCU remains asserted while the reset generator completes the 320 fgy 5 long reset
sequence. The reset generator circuitry always makes sure the internal reset is negated synchronously after
completion of the 320 fgy 5 cycles. When the RESET pin is externally driven low for more than these 320
fsys cycles (external reset), the internal reset also remains asserted.
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Figure 4-22. RESET Timing

At least 128 cycles before the internal reset is negated, the Flash reset is negated. This provides the CFM
controller with ample time to execute a self-test sequence. Like the internal reset, the Flash reset will also
be negated synchronously. The debug module reset is asserted together with the internal reset, but will not
be extended by the external RESET pin. In addition, the debug module reset will be asserted only if the
reset sequence was initiated by a power-on or low-voltage indication.

This enables the user to activate the debugger in two ways: either by holding the reset input asserted while
the debugger is being activated or by setting up the debugger after a power-on reset, then applying an
additional reset that will not affect the debug logic (i.e. not a power-on reset).

Note that the power-on reset sequence is not complete until at least 8 cycles after the CRG releases RESET.
If another external reset occurs before the 8 cycles have expired, the new reset will also be treated as a
power-on reset, so DEBUG_RESET will be asserted again.

4.3.6.7.2 JTAG Reset?

DEBUG_RESET can also be asserted via a JTAG command. This causes a muc