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General Description

The National Semiconductor PC87591E, PC87591S and
PC87591L are highly integrated, embedded controllers with
an embedded-RISC core and integrated advanced func-
tions. These devices are targeted for a wide range of porta-
ble applications that use the Low Pin Count (LPC) interface.

The PC87591S is targeted for security applications and in-
cludes supporting hardware such as the Hardware Random
Number Generator. The PC8591L replaces the on-chip
flash with 4K of boot ROM for value solutions using shared
BIOS architecture. “PC87591x” refers to all the devices.
The PC87591x incorporates National's CompactRISCH
CR16B core (a high-performance 16-bit RISC processor),
on-chip flash (ROM for the PC87591L) and RAM memories,
system support functions and a Bus Interface Unit (BIU) that
directly interfaces with optional external memory (such as
flash) and I/O devices.

System support functions include: WATCHDOG and other
timers, interrupt control, general-purpose 1/0 (GPIO) with
internal keyboard matrix scanning, PS/2® Interface,
ACCESS.bus® interface, high accuracy analog-to-digital
(ADC) and digital-to-analog converters (DAC) for battery
charging, system control, system health monitoring and an-
alog controls.

The PC87591x interfaces with the host via an LPC interface
that provides the host with access to the Keyboard and em-
bedded controller interface channels, integrated functions,
Real-Time Clock (RTC), BIOS firmware and security func-
tions.

Like members of National's Superl/O family, the PC87591x
is PCO1 and ACPI compliant.

Outstanding Features

m  Host interface, based on Intel's LPC Interface Specifi-
cation Revision 1.0, September 29th, 1997

m  PCO1 Rev 1.0, and ACPI 2.0 compliant

m  16-bit RISC core, with 2 Mbyte address space, and
running at up to 20 MHz

m  Software and Hardware controlled clock throttling
m  Shared BIOS flash memory (internal and/or external)
m  Y2K-compliant RTC

m 84/117 GPIO ports (for 128-pin/176-pin packages)
with a variety of wake-up events

m  Extremely low current consumption in ldle mode
m  JTAG-based debugger interface

m  128-pin and 176-pin options,
(PC87591L is 176-pin only)

in LQFP package
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PC87591E/S/L

Features (Continued)
Device-Specific Information

the PC87591x family.

The following table compares features for the devices in the PC87591x family. The features listed below are a superset of

Function PC87591E PC87591E PC87591S PC87591S PC87591L
128-Pin 176-Pin 128-Pin 176-Pin 176-Pin

Flash Size 64K 64K 128K 128K -

ROM Size - - - - 4K
RAM Size 2K 2K 4K 4K 2K
General-Purpose Input/Output Ports (GPIO) 62 93 62 93 93

Shared BIOS NO YES NO YES YES
RNG NO NO YES YES NO
Memory Protection NO NO YES YES YES

Features

m  Processing Unit

CompactRISC CR16B 16-bit embedded RISC pro-
cessor core (the “core”)

2 Mbyte address space

= Internal Memory

Up to 128 Kbytes of on-chip flash memory (4 Kbytes
of ROM in the PC87591L)

Supports BIOS (flash) memory sharing with PC host

On-chip flash is field upgradable by host, CR16B,
parallel interface or JTAG

Boot blocks for both CR16B and Host Code
Memory contents protection and security
Hardware-protected boot zone with block protection
circuit

2K (PC87591E/L) or 4K of on-chip RAM (PC87591S)
All memory types can hold both code and data

m  Expansion Memory (Optional in 176-pin package)

Up to 1 Mbyte of additional code and data
Supports BIOS (flash) memory sharing with PC host
Supports external memory power-down mode

Field upgradable with flash or SRAM devices

Supports host-controlled code download and up-
date

Bus Interface Unit (BIU)

O Three address zones for static devices (SRAM,
ROM, flash, 1/0O)

0O Configurable wait states and fast-read, single-
cycle bus cycles

O 8- or 16-bit wide bus

LPC System Interface

Synchronous cycles, up to 33 MHz bus clock
Serial IRQ

I/0O and Memory read and write cycles
Bootable memory support

Bus Master read and write cycles

Reset input

Base Address (BADDR) strap to determine the base
address of the Index-Data register pair

LPCPD and CLKRUN support
FWH Transaction support

Security Function Support

Random Number Generator (RNG)

Full Random using temperature, voltage and system
noise.

Memory access protection

Embedded Controller System Features
Host Bus Interface (HBI)

Three host interface channels, typically used for the
KBC, ACPI Private or Shared EC channels

8042 KBC standard Interface (legacy 604g, 641¢)
Intel 80C51SL compatible

IRQ1 and IRQ12 support

Fast Gate A20 and Fast Host Reset via firmware
PM interface port (legacy 6244, 661¢)

ACPI Embedded Controller with either Shared or
Private interface

IRQ, SMI or SCI generation
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Features (Continued)

Interrupt Control Unit (ICU)

— 31 maskable vectored interrupts (of which 26 are ex-
ternal)

— General-purpose external interrupt inputs through
MIWU

— Enable and pending indication for each interrupt
— Non-maskable interrupt input

Multi-Input Wake-Up (MIWU)
— Supports up to 32 wake-up or interrupt inputs

— Generates wake-up event to PMC (Power Manage-
ment Controller)

— Generates interrupts to ICU
— Provides user-selectable trigger conditions

General-Purpose 1/0 (GPIO)

— 84/117 port pins in 128-pin/176-pin package, re-
spectively.

— 1/O pins individually configured as input or output

— Configurable internal pull-up resistors

— Special ports for internal keyboard matrix scanning
0 16 open-collector outputs
0O Eight Schmitt inputs with internal pull-ups

— Input for system On/Off switch

— 27 external wake-up events

— Low-cost external GPIO expansion through the
BIU I/O Expansion protocol

PS/2 Interface

— Supports four external ports: Keyboard, mouse and
two additional pointing devices

— Supports byte-level handling via hardware accelera-
tor
Two ACCESS.bus (ACB) Interface modules. Each is:

— Intel SMBus® and Philips 12C® compatible

— ACCESS.bus master and slave

— Up to three simultaneous slave addresses detected
— Supports polling and interrupt controlled operation

— Generates a wake-up signal on detection of a Start
Condition while in Idle mode

— Optional internal pull-up on SDA and SCL pins

Two 16-bit Multi Function Timer (MFT16) modules.

Each module:

— Contains two 16-bit timers

— Supports Pulse Width Modulation (PWM), Capture
and Counter

Universal Synchronous/ Asynchronous Receiver-trans-

mitter (USART)

— A full-duplex USART channel

— Programmable baud rate

— Data transfer via interrupt or polling

— Synchronous mode with either internal or external
clock

— 7-, 8- or 9-bit protocols.

m  Pulse Width Modulation (PWM) Module
— Eight outputs
— 8-bit duty cycle resolution
— Common input clock prescaler

m  Timer and WATCHDOG (TWM)

— 16-bit periodic interrupt timer with 30 ps resolution
and 5-bit prescaler for system tick and periodic
wake-up tasks

— 8-bit WATCHDOG timer

m  Analog to Digital Converter (ADC)
— Fourteen channels, with 10-bit resolution
— Sigma-delta technology for high noise rejection

— Three voltage measurements and one temperature
measurement every 100 ms

— Internal voltage reference

m  Hardware Monitoring
— Controlled by embedded controller
— System Voltage Measurement
0 Up to eight external measurement points
0 Four internal measurement points
0O Smart power failure detection
— Diode-Based Temperature Measurement
O Software-controlled fault detection
0 Hardware-monitored over-temperature detection
— Production time calibration using flash parameters

= Digital to Analog Converter (DAC)
— Four channels, 8-bit resolution
— 1 ps conversion time for 50 pF load
— Full output range from AGND to AVCC

m  Analog Comparators Monitor (ACM)
— Eight comparator inputs on KBD scan inputs
— 6-bit input measurement resolution
— Scan and Threshold modes
— Supports low-current system wake-up
m  Development Support Features
— Interface to debugger via JTAG pins
0 ISE/ADB mode
0 On-board Debug mode
— Flash programing via JTAG
m  CR16B Access to Host Controlled Functions
— Enabled when host inactive

Host Controlled Functions Features

m  Supports Microsoft® Advanced Power Management
(APM) Specifications Revision 1.2, February 1996

— Generates the System Management Interrupt (SMI)

m  PC1 and ACPI Compliant
— PnP Configuration Register structure
— Flexible resource allocation for all logical devices
O Relocatable base address
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PC87591E/S/L

Features (Continued)

O 15 IRQ routing options m  Clocks
m  Legacy free support — Single 32.768 KHz crystal oscillator
m  Real-Time Clock (RTC) — LPC clock, up to 33 MHz
— DS1287 and MC146818 compatible — On-chip high frequency clock generator
— 242-byte battery backed-up CMOS RAM 0 CPU clock 4-20 MHz
— Calendar including century and automatic leap-year 0 Software-controlled frequency generation
adjustment (Y2K compliant) O Multiplier source 32 KHz input
— Optional adjustment for daylight saving time __ 32 KHz clock out

— BCD or binary format for timekeeping __ CRI16B clock out

— Three individually maskable interrupt event flags:
periodic rates from 122 us to 500 ms; time-of-day .
alarm, once-per-second to once-per-day — 3.3V supply operation

— Double-buffer time registers — 5V tolerance and back-drive protection on all pins

— Alarm wake-up (except LPC bus pins and keyboard scan inputs)

— Separate supply for Host I/F (Vpp) and Embedded

m  Power Supply

m  Mobile System Wake-Up Control (MSWC) Controller functions (Vcc)
— Wake-up on detection of RI1, RI2, RING activity — Backup battery input for RTC, and wake-up configu-
0O External modem ring on serial port ration.
0 Ring pulse or pulse train on RING input signal — Reduced power consumption capability
O Software-controlled off events — Four power modes, switched by software or hard-
ware

— Optional routing of power-up request on IRQ and/or )
SMl lines O Active mode current (TBD mA)

0O Active mode executing WAIT
0 Idle (15 pA)
g

= Strap Input Controlled Operating Modes Power off for RTC only (0.9 pA typical) from
— Turn on shared BIOS backup battery

— TRI-STATE
— Development

Clocking, Supply and Package Information

— Automatic wake-up on system events
m  Package Options
— On-board development — 128-pin LQFP package

— Programing environment — 176-pin LQFP package for more GPIO pins, Expan-
sion Memory use and development systems
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1.0 Introduction

1.1 DOCUMENT ORGANIZATION

This document describes the PC87591x architecture and device specifications. It is organized as follows:

Chapter 1, Introduction, provides an overview of PC87591x modules, system connections, operating modes and configura-
tion.

Chapter 2, Signal/Pin Description and Configuration, lists the PC87591x pins and describes their functions and multiplex-
ing options.

Chapter 3, Power, Reset and Clocks, describes the PC87591x power supplies, clock scheme and reset sequence.

Chapter 4, Embedded Controller Modules, describes the modules that comprise the CompactRISC core peripherals.

Chapter 5, Host Controller Interface Modules, describes the modules and functions that interface core operation with the
host.

Chapter 6, Host-Controlled Modules and Host Interface, defines the configuration and control functions.
Chapter 7, Device Specifications, defines the AC, DC and analog characteristics of the PC87591x.

Appendix A, Summary of Registers, provides a composite listing of all relevant data on core domain registers and summa-
rizes the registers’ layouts.

Appendix B, This section includes directions for the software to handle some predetermined hardware interfaces and pro-
vides details of software-to-hardware interface conventions.

1.2 GENERAL DESCRIPTION

The PC87591x is a highly integrated, embedded controller with an embedded RISC core and system functions. Targeted
for a wide range of portable applications that use the Low Pin Count (LPC) interface, it also features a security system and
host BIOS firmware.

1.2.1 System Connections

Figure 1 shows the system connections of the PC87591x in a typical mobile PC application. The PC87591x requires little, if
any, system glue elements. For a typical application, the PC87591x includes all required memory and peripherals on-chip.
For more complex applications, it allows simple low-cost expansion, using its bus. Some of the features illustrated are mu-
tually exclusive, depending on pin functions.

The major elements of the PC87591x are:

* Embedded Controller (EC) functions, which include: PS/2 devices, keyboard matrix, ACCESS.bus, timers, D/A and
A/D converters and GPIO pins that can be assigned to various functions, as needed. External memory and peripheral
devices may be added to extend the functionality of the on-chip resources.

* Host Processor interface based on the LPC bus and additional signals for interrupts and system power management
* Power Supplies for Host interface functions, EC and backup battery

* Clocks, using a 32.768 KHz crystal and optional clock output

* Strap inputs to initialize the PC87591x to different operation modes

In addition to the wide range of internal peripherals, the PC87591x provides hooks so that the system can be expanded in
an easy and cost-effective manner, as follows:

* 1/O expansion to support additional I/O port pins, using low-cost, standard 74HCxx devices or ASICs
* On-chip memories may be expanded to interface with external RAM, flash or ROM devices (176-pin package only).

1.2.2 Power Management

The PC87591x has an advanced power management scheme controlled by the host and/or the PC87591x firmware. The
supported Superl/O functions may be controlled directly by the host, using ACPI compliant schemes. The EC may also in-
terface with the host via one or two communication channels. Power Management events are available for ACPIl-compliant
operation with the respective parts of the host chipset.

The PC87591x is designed to operate as the embedded controller of an ACPI-compliant system. It is equipped with various
system power monitor and control functions and advanced means to control its own power consumption and power modes.

ACPI-compliant wake-up and sleep control is integrated into the PC87591x. These functions are powered by V¢
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Figure 1. PC87591x System Connection Diagram, 128-Pin and 176-Pin Packages
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The Keyboard Controller and the EC functions (core and associated peripherals) are powered by V¢, which remains active
as long as the system has a power source (e.g., main battery or outlet). Using V¢, the core may be programed to monitor
and control the system even when the host processor is turned off. To support this, the PC87591x is equipped with advanced
means to control its power consumption: software controlled clock frequency throttling, the ability to disable modules, and
four power modes. These power modes include:

* Active Mode - Full functionality
* Active Mode Executing WAIT Instruction - Core execution and associated operations (such as memory access) are suspended

* Idle - Main clock is stopped, but the device can be woken up by internal or external events. The system tick timer is
still operational and can be used to periodically wake up the device.

* Power Off - V¢ is absent and only backup battery is available to supply the Real Time Clock (RTC) and retain the
state of some memory and configuration elements.

1.2.3 Operating Environments

The PC87591x can operate in one of the following four environments:

* Internal ROM Enabled (IRE). Used while the PC87591x operates in the production system and executes the appli-
cation. The on-chip flash or ROM is the main source of code for the device.

* On-Board Development (OBD). Used to debug the PC87591x code while it is mounted on its final production board.
All pins have their IRE functionality. Interface to a debugger (running on the host) is through the JTAG-based debug-
ger interface. OBD environment is binary and cycle-by-cycle compatible with IRE environment.

* Development (DEV). Used in Application Development Boards (ADB) or In System Emulators (ISE). In this environ-
ment, the on-chip flash or ROM is replaced with off-chip SRAM memory to allow flexible and fast development of ap-
plication code. Some pins are allocated to development system use, and the GPIO functions associated with them
are replicated using off-chip logic as part of the ADB system. DEV environment is binary and cycle-by-cycle compat-
ible with OBD and IRE environments.

* Programing (PROG). Used to program the on-chip flash in parallel programers. No other operation is possible in this
environment.

1.3 INTERNAL ARCHITECTURE

The PC87591x consists of several main components divided into three groups:
* Core Domain
— CR16B core processing unit
— Bus Interface Unit and Memory Controller (BIU)
— RAM and flash memory
— Core peripherals
* Host Domain
— Host-Controlled functions
— Host Interface
* Host-Controller Interface
The descriptions below detail the functions of the various blocks shown in Figure 2.
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Figure 2. PC87591x Functional Block Diagram

1.3.1 Processing Unit

The CompactRISC CR16B core (referred to in this datasheet as the “core”) is an advanced, general-purpose 16-bit micro-
processor core with a RISC architecture. The core is responsible for arithmetic and logic operations, as well as program
control.

For more details about the core structure and instruction set, see CR16B Programmer’s Reference Manual, Revision 2.2,
September 1999 (Literature Number: 633150-001)

1.3.2 Bus Interface Unit and Memory Controller (BIU)

The BIU enables access to off-chip memory and 1/O devices. It is organized in zones, as follows:

* Zone 0 - Expansion Memory (flash and/or SRAM). This memory may be used for the core code, data and/or the host
BIOS program.

* Zone 1 - This zone is available for off-chip in DEV environment only and is used for emulating the operation of the
off-chip base memory, using an off-chip SRAM. In IRE and OBD environments, the configuration of this zone should
be the same as in DEV environment to enable cycle-by-cycle compatibility.

The Base memory is partitioned into two zones, fast and slow. The access time to the fast zone is defined by the con-
figuration registers of Zone 1 in the BIU. The access time to the slow zone is defined by the configuration registers of
Zone 2 in the BIU. Only one chip select signal is used—the AND of the two BIU select outputs.

* 1/O Zone - This zone can be used for I/O expansion. In DEV environment, it can be used to recreate GPIO signals,
whose pins are used for the development system interface.

Configuration registers that control the bus transactions are associated with each zone and are part of the BIU module, See
Section 4.1 on page 69 for details. For details about the link between DEV environment and the BIU, see Section 1.4.3 on
page 30.

1.3.3 On-Chip Memory

RAM. The 2048/4096-byte on-chip RAM is mostly used for the storage of program variables and the stack. It can also store
short programs used while the flash memory is being updated. Part of the on-chip RAM is reserved for use by the core de-
velopment tools monitor program, TMON. For information, see the CompactRISCO PC87591x Tmonlib Version 3.1.2.3 Re-
lease Letter, March 2001,

Flash. The PC87591E and PC87591S are equipped with a large on-chip flash. This flash includes a main block and an in-
formation block. The flash main block is also referred to as on-chip Base Memory and may be used to store core code and
constant data.
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The PC87591x hardware arbitrates flash usage by the core firmware and the host processor BIOS program when Shared-
BIOS configuration is selected. Flash sharing is based on in-parallel “cycle stealing” so both the host processor and the core
can execute code in parallel from the same memory device. The host processor typically copies the flash contents to the
host's main memory (DRAM) on system boot to improve access time to it and enable execution when the flash’s contents
is compressed. It is important to do this early in the boot process to reduce resource contention between the core and the
host.

The PC87591E and PC87591S flash memory may be updated by the core firmware, host software, JTAG protocol or via the
parallel interface. Protection mechanisms limit the read, write and erase rights of various sources to guarantee flash content
integrity and confidentiality, where applicable. See Section 4.16.6 on page 226 for more details about the flash update and
protection mechanisms.

In DEV environment, access to the main block of the flash is disabled and replaced by off-chip SRAM to enable easy and
efficient debugging. For operation in OBD environment, the application should be linked with the TMON program and loaded
into the on-chip flash. See the CompactRISCO PC87591x Tmonlib Version 3.1.2.3 Release Letter, March 2001, for infor-
mation on TMON program integration and specification of requirements.

The PC87591L is equipped with a small pre-programed flash, which functions as a boot ROM. The devices are shipped pre-
programed and may not be programed in the field. Some devices intended for development purpose may be programed via
the JTAG interface.

The information block of the flash has two dedicated areas: one for factory parameters and another for the protection word.
The factory parameters are saved during the device production and are used for various calibrations (see Appendix B.1 on
page 434 for the factory parameters block organization and usage). The protection word holds information on access rights
to the flash and the size of the core and host boot blocks. See Section 4.16.6 on page 226 and Appendix B.2 on page 435
for more information.

1.3.4 Peripherals

The ICU (Interrupt Control Unit) collects interrupts from various internal and external (through the MIWU) sources and no-
tifies the core of the event using the vectored interrupt mechanism. It supports 31 maskable interrupt inputs (see Table 16
on page 99 for the interrupt assignment) and a non-maskable interrupt (NMI) through the PFAIL input.

The MIWU (Multi-lnput Wake-Up) module enables collecting various internal and external interrupt sources (events), gen-
erates interrupts in Active mode and enables the PC87591x to return from Idle mode to Active mode. The core can individ-
ually enable or disable the various wake-up conditions. The PC87591x has a total of 28 wake-up signals, some of which are
grouped to generate a single interrupt signal to the ICU.

The PMC (Power Management Controller) controls PC87591x power consumption according to the required activity level.
Power consumption is adjusted by controlling the clock frequency and selective enabling/disabling of three power modes:
Active, Idle and Power Off. Activity can be resumed by external events (through the MIWU) or internal events, such as a
periodic wake-up.

The Clock Generator provides clocks for the various core-related on-chip modules. These clocks are generated directly
from a 32.768 KHz crystal or from the on-chip High-Frequency Clock Generator (HFCG). The HFCG generates the high-
frequency clock using the RTC'’s 32.768 KHz clock signal as a reference. The PC87591x operation frequency is set by pro-
graming the HFCG registers. The PMC enables and disables high-frequency clock generation, according to the required
power mode.

The GPIO Ports (General-Purpose Input/Output) module consists of up to 117 GPIO signals (84 in the 128-pin package)
that provide interface and control for the PC system. Some of these I/O port signals share their pins with an alternate function
(see Table 8 on page 54) and may be mutually exclusive. When configured as inputs, some of these signals can interrupt
the core when an event is detected, even if the device is in Idle mode. An example is the SWIN input, which is dedicated to
the PC On/Off switch.

Internal keyboard scanning is supported by 16 open-drain output signals and eight input signals. Switch-based keyboard
matrices are supported with CMOS Schmitt trigger inputs with internal pull-up resistors. Resistive keyboard matrices are
supported with analog comparator inputs with variable thresholds and optional internal pull-up resistors. Section 4.14 on
page 208 describes the functionality of the analog comparator (ACM) circuitry. For power efficiency, the inputs include an
interrupt and a wake-up capability, so that pressing/releasing keys may be identified without scanning the keyboard matrix
in either Active or Idle modes. The keyboard interrupt is controlled by the MIWU.

The PS/2 Interface enables interface with industry-standard, PS/2-compatible keyboard, mouse and other pointing devic-
es. The PC87591x supports up to four PS/2 devices via its dedicated 4-channel PS/2 interface module. Each channel has
two quasi-bidirectional signals. The symmetric structure of the channels enables software-controlled interchanging of devic-
es to channels.

The PC87591x includes a hardware accelerator, which allows the PS/2 channels to be controlled with minimal software
overhead. It also eliminates the sensitivity to interrupt latency that characterized traditional solutions.
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The ACB Interface is a two-wire serial interface compatible with the ACCESS.bus physical layer. It is also compatible with
Intel's SMBus and Philips’ 12C. This module can serve as a bus master or slave and performs both transmit or receive op-
erations. As a slave, it can respond to two assigned addresses, a global call address and an SMBus ARP address.

The PC87591x includes two ACB Interface modules to allow operation on two isolated buses in the system.

The USART (Universal Synchronous Asynchronous Receiver Transmitter) gives full-duplex support for a wide range of
software programmable baud rates and data formats. It handles automatic parity generation and several error detection
schemes. It also supports DMA transfers to allow for fast processor-independent receive and transmit. It implements flow
control logic to provide the capability for hardware handshaking.

The MFT16 (Multi-Function 16-Bit Timer) contains two 16-bit timers with a range of operation modes. These timers can op-
erate, using several clock sources, in PWM, Capture or Counter mode to satisfy a wide range of application requirements.

The PC87591x includes two MFT16 modules, each of which may be assigned to functions and configured independently.

The TWD (Timer and WATCHDOG) module has a 16-bit periodic interrupt timer that can be programed to generate inter-
rupts at pre-defined intervals and an 8-bit WATCHDOG timer that can reset the PC87591x whenever the software loses
control of the processor.

The periodic timer is typically used as a system tick timer. This timer is fed by the 32.768 KHz clock. Thus its counting is not
impacted by the setting of the HFCG, and it may continue to operate even in Idle mode. This enables it to serve as a periodic
wake-up source during ldle mode.

The PWM (Pulse Width Modulator) module provides eight modulated outputs. The output signals have the same program-
mable frequency and individually-controlled duty cycles.

The ADC (Analog to Digital Converter) provides the PC87591x with an accurate means for measuring slow changing volt-
ages and temperature. The ADC module can measure up to ten external and four internal voltages with 10-bit resolution
over a voltage range of 0 to 2.97V. It can measure temperature using thermistors or perform diode-based temperature mea-
surement. Special circuits are provided to allow accurate measurement of temperature, based on the voltage drop on the
diode junction. This technique is tuned for measuring the temperature of processors with an internal diode.

The DAC (Digital to Analog Converter) has four channels of voltage output. Each of the four DAC channels has an 8-bit res-
olution with a full output range from AGND to AVc. The DAC provides a settling time of about 1 ps on a 50 pF load.

The Debugger Interface module provides a JTAG-based interface to a remote, host-based debugger. This interface en-
ables device debugging while in OBD environment (i.e., in the final production board) or in DEV environment once in the
development system. The Debugger Interface module uses the JTAG interface to enable programing of the on-chip flash in
both these environments.

1.3.5 Host-Controller Interface Modules

Chapter 5 on page 277 describes a set of modules that resides in the boundary between the host-controlled functions and
the core-controlled functions. These modules are used for message communication, data exchange, memory access and
generating power management events to the host. Chapter 5 also discusses the mechanism that enables the core to access
the host-controlled peripherals.

The Keyboard Controller, Power Management module has three channels that are available for keyboard and power
management (EC)-related host-controller communication.

The keyboard and mouse data channel (i.e., host legacy 1/0 addresses 6016 and 64,¢) is compatible with the legacy inter-
face of keyboard controllers. It may be used with polling or interrupts. For use with interrupts, the module can generate the
two legacy IRQ signals: IRQ1 and IRQ12. In addition, the PC87591x generates the gate A20 control signal (GA20 pin) and
a soft reset signal (KBRST pin) to the host. Optionally, this KBRST reset signal can be used to prevent the host from ac-
cessing the shared flash when the PC87591x cannot perform the shared memory access during PC87591x boot-up. See
“GA20 Pin Functionality” on page 322 and “Host Keyboard Fast Reset” on page 322 for details).

The PC87591x supports three Power Management channels, compliant with ACPI requirements for Embedded Controller
(EC) interface. This enables the PC87591x to implement an EC interface that operates in either shared or private modes.
The number of Power Management channels in use and the addresses they respond to (i.e., legacy host I/O addresses 6244
and 66,¢) are configured in the Host Controlled Functions configuration space. These channels may generate IRQ, SMI or
SCI events to the host. The Power Management channels include a PC87570-compatible mode and an enhanced scheme
that enables more efficient control by the core.

Shared Memory and Security is supported between the host and the core. This sharing may be used for the support of a
shared BIOS scheme, secured information storage and/or for the PC87591x firmware update by the host. The base memory
of the PC87591x and, if needed, the expansion memory can be used as shared memory. The use of the Expansion memory
is optional. The Shared Memory module provides means for the host to access the shared memory. It can also secure ac-
cess to portions of the shared memory for read and/or write operations to allow reliable and tamper-protected storage and
secured update. In addition (PC87591S only), this module includes a random number generator (RNG) that provides hard-
ware-generated random numbers to the core.
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The Mobile System Wake-Up module includes various system wake-up and power management services that may be
handled either by the host or the core. “(wake-upsources may be the RTC or external events such as ring detection on the
RING input or modem Rl inputs. The module provides hooks for ACPI-compliant drivers, which enable the drivers to handle
wake-up events, change the system power state (including turning it off) and interface to the core firmware. Mask bits can
be enabled to determine whether the core or the host handles each one of the events. In addition, this module provides sta-
tus information about the host domain (e.g., reset input state and Vpp supply status).

The Core Access to Host-Controlled Peripherals module enables core access to Superl/O modules. It can interleave us-
age of a module with the host or take control of it and prevent any host access to that module.

1.3.6 Host-Controlled Superl/O Modules and Host Interface

The Host Interface is based on Intel's Low Pin Count (LPC) interface, as defined in LPC Interface Specification, Revision
1.0. This interface enables the host to perform read and write cycles using I/O space accesses and memory space accesses
and FWH transactions. Interrupts are sent to the host, using the serial IRQ protocol.

The PC87591x supports the advanced power management features of the LPC bus. The SMI signal may be sent to interrupt
the host and put it in System Management Mode (SMM). The PWUREQ signal may be connected to one of the wake-up
inputs of the host chipset and used to trigger an SCI event for various EC communication purposes. The PC87591x can
operate with a slowed down or stopped LPC clock and can re-start the LPC clock as part of the system power management
capabilities, using the CLKRUN signal. The LPCPD input enables turning off LPC bus supply while the PC87591x and some
Host Controlled functions are operating.

Host Configuration. The PC87591x includes seven logical devices, each with associated configuration registers, in addi-
tion to a set of global configuration registers.

The central configuration register set supports ACPI-compliant PnP configuration. The configuration registers are structured
as a subset of the Plug and Play Standard registers defined in Appendix A of the Plug and Play ISA Specification, Revision
1.0a by Intel and Microsoft. All system resources assigned to the functional blocks (I/O address space and IRQ lines) are
configured in and managed by the central configuration register set. In addition, some function-specific parameters are con-
figurable through the configuration registers and distributed to the functional blocks through special control signals.

The RTC (Real Time Clock) has a low-power timekeeping mechanism that provides a time-of-day, year-2000-compatible
calendar with a century counter and alarm features. It can work from either V¢ or a backup battery, using an internal switch.
Other features include three maskable interrupt sources and 242 bytes of general-purpose RAM. An external battery source
maintains valid RAM and time during V¢ failure. The RTC is software compatible with the DS1287 and MC146818.

1.4 OPERATING ENVIRONMENTS

On power-up reset, the ENV1-0 and TRIS input signals select one of the following operating environments:
* Internal ROM Enabled (IRE)

* On Board Development (OBD)

* Development (DEV)

* Programing (PROG)

See Section 2.3 on page 53 for more information about these pins and controlling the loads connected to them.

Code written for IRE environment is executable in all environments, since it is binary compatible. The execution time of code
in on-chip Base Memory (in IRE environment) is identical to that in OBD and DEV environments; i.e., the operation is cycle-
by-cycle compatible.

PC87591x devices are tested to ensure that they operate in either IRE or OBD environment. Only selected parts are tested
for operation in DEV environment.

1.4.1 IRE Environment

IRE environment is used while the PC87591x operates in the production system and executes the application. The on-chip
flash (ROM in PC87591L) is the main source of code for the device. In this environment, after reset, the PC87591x starts
running the code written in the internal flash first address, which is part of the flash’s core boot block. In PC87591E and
PC87591S the core boot-code size may vary from 4 Kbytes t0128 Kbytes, as defined in the protection word. To prevent ex-
ecution from non-programed flash (typically due to interrupted update), the code in the boot sector should verify the validity
of the information in other parts of the flash. Once this is successfully done, the core may start executing from these parts
as well. The External Memory, if available, can also be used to store code and/or data.

The PC87591L is shipped with 4 Kbytes of on-chip boot code. The user is expected to use an external memory for most of
the code and constant data.

To maximize on-chip flash (ROM) performance, configure the BIU as described in Section 4.1.11 on page 86 and
Section 4.16.2 on page 219.
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See Figure 1 on page 24 for a system example in IRE environment. In this environment, the ENVO, ENV1 and TRIS strap
pins do not need any external pull-up resistors.

1.4.2 OBD Environment

OBD environment is used for debugging the PC87591x firmware while it is mounted on its final production board. All pins
have their IRE functionality, and the interface to a debugger running on the host is enabled using the JTAG based debugger
interface. In OBD Environment, code is executed from the on-chip flash memory. Breakpoints on data and code access may
be applied using the core hardware breakpoint mechanism. The monitor stored in the on-chip flash is used as part of the
debugging environment. Erasing and reprograming the flash is enabled through the JTAG-based debugger interface.

OBD environment is binary and cycle-by-cycle compatible with IRE environment.

See Figure 3 on page 31 for a system example in OBD environment. In this environment, the ENVO and TRIS strap pins are
left unconnected, and ENV1 requires an external pull-up resistor. If the flash Contents Protect bit in the protection word is
cleared (0), the PC87591x remains reset until the bit is set; see Section 4.16.6 on page 226.

1.4.3 DEV Environment

DEV environment is used in Application Development Boards (ADBSs) or In System Emulators (ISEs). It may only be used
when the chip is packed in its 176-pin package. In this mode, the on-chip flash is replaced with off-chip SRAM memory to
allow flexible and fast development of application code. Some pins are allocated for development system use, and the GPIO
functions associated with the pins are replicated using off-chip logic as part of the ADB system. DEV environment is binary
and cycle-by-cycle compatible with OBD and IRE environments.

In this environment, the pins of ports PH, PI, PJ, PK, PL and PM are allocated for the interface to the off-chip Base Memory,
core status signals, reset output and a breakpoint input. The system may regain these ports using the 1/0 Expansion protocol
and off-chip logic, while maintaining cycle-by-cycle and binary compatibility with IRE and OBD environments. Using the
same software, this environment is binary and cycle-by-cycle compatible with IRE and OBD environments. All features of
IRE environment can be implemented either directly or by using additional external logic.

See Figure 4 on page 32 for a system example in DEV environment. In this environment, the ENVO strap pin needs an ex-
ternal pull-up resistor and the ENV1 and TRIS pins are left unconnected. If the flash Contents Protect bit in the protection
word is cleared (0), the PC87591x remains reset until the bit is set; see Section 4.16.6 on page 226.

1.4.4 PROG Environment

PROG environment is used to program the on-chip flash. It can be used to program the on-chip flash with an external flash
programer. In PROG environment, the PC87591x remains reset indefinitely, 1/O pins are allocated for the on-chip flash in-
terface ports and the on-chip flash interface is accessible directly through the 1/O pins.

In this environment, both ENVO and ENV1 strap pins need an external pull-up resistor. The TRIS pin can be either left un-
connected or connected to a pull-down resistor.

1.5 MEMORY MAP

The PC87591x has two address domains: core and host. The host address space is composed of the host I/0 address space
and the host memory space. Section 1.5.1 discusses the mapping of memories and peripherals into the core address space.
Figure 5 illustrates the memory map and the shared access schemes that are possible. Section 1.5.2 discusses the mapping
of the host address space and ways of accessing it. The PC87591x enables several memories in the core address space
to have restricted access to the host. These memories are referred to as “shared memory” or “shared BIOS”. In addition, the
core can access the Host Controlled Functions. Section 1.5.2 and Section 1.5.3 discuss these instances of cross-domain
access, respectively.
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Figure 3. OBD Environment PC87591x System Connection Diagram, 128-Pin and 176-Pin Packages
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Figure 5. PC87591x Memory Domains

1.5.1 Core Address Domain Memory Map

The memory and 1/O devices are directly mapped into the 2 Mbyte address space of the core. The core address space can
include both code and data. However, access to data stored in the first 64 Kbytes of the address space is more efficient.

Most of the core code and constant data (including its boot section) is stored in the Base Memory. This memory is:

* On-chip flash in IRE and OBD environments
* Off-chip memories (SRAM or flash memory) in DEV environment

External memory may be added to the Base Memory to expand the amount of memory available for the application. The on-
chip RAM and various peripherals are also mapped into the core address space.

Tables 1 to 3 show how the PC87591x memory and I/O devices are mapped in the core address space. Appendix A on
page 408 shows the address map of the registers for the other modules.

Addresses not included in the following three tables or Appendix A are reserved. Attempts to access reserved addresses

produce unpredictable results.

Table 1. PC87591S Memory Map

Core Address Domain

PC87591E
PC87591S PC87591L
2M
External External
Expansion Expansion
Memory Memory
1M
External
Expansion
Memory
4K
0

[ Wrap-Around 2M) = == - - - '

(End of Core Meméry '

Expansion Memory?

i Description
Address Size
(Bytes) Purpose Environment
00 0000, — 00 DFFF4g 56K Base Memory IRE & OBD - Internal Flash
DEV - External Base Memory
00 E800. — 00 F7FF,5| 4K | System RAM
00 F88045 — 00 F8FF¢6 Flash Control Registers®
00 F900,6 — 00 F90A46 1 Shared BIOS and Security Registers?
00 F9801¢ — 00 F98F 16 16 BIU Registers!
00 FAOO;6 — 00 FA7F6 DMA Controller Registers1®
00 FBOO,g — 00 FBFF g 256 I/O Expansion
00 FCO0;6 — 00 FFFF;6 1K On-chip Module Registers!
01 0000, — 01 FFFF4g 64K Base Memory (cont.) IRE & OBD - Internal flash
DEV - External Base Memory
02 000046 — OF FFFFg 896K |Reserved IRE & OBD
Base Memory DEV - External Base Memory
10 00005 — 1F FFFF.q|  1024K

1. See Appendix A on page 408 for details of the implemented registers.

2. Available in 176-pin package only.
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Table 2. PC87591E Memory Map

Address Size Description
(Bytes) Purpose Environment
00 0000, — 00 DFFF| 56K |Base Memory IRE & OBD - Internal Flash
DEV - External Base Memory

00 FO004¢ — 00 F7FF15| 2K |System RAM
00 F88046 — 00 F8FF1¢ Flash Control Registers!
00 F90016 — 00 F90A16| 11 |shared BIOS and Security Registers!
00 F980,6 — 00 F98F15| 16 |B|U Registers’
00 FAOO;6 — 00 FA7F;6 DMA Controller Registers1!
00 FB0O,¢ — 00 FBFF5| 256 |lI/O Expansion
00 FC0046 — 00 FFFF16/ 1K |On-chip Module Registers!
010000, — OF FFFF,g| 960K |Reserved IRE & OBD

Base Memory DEV - External Base Memory
10 00004 — 1F FFFF.g | 1024K Expansion Memory2

1. See Appendix A on page 408 for details of the implemented registers.
2. Available in 176-pin package only.

Table 3. PC87591L Memory Map

Address

Size

Description

(Bytes) Purpose

Environment

00 0000, — 00 OFFF,5| 4K |Base Memory

IRE & OBD - Internal Flash
DEV - External Base Memory

00 100046 - 00 DFFF16| 52K |Expansion Memory *

00 FO00,¢ - 00 F7FF;g] 2K |System RAM

00 F88046 — 00 F8FF1¢6 Flash Control Registers®

00 F900,6 — 00 F90Ag| 11

Shared BIOS and Security Registers?

00 F98016 - 00 F98F16 16 BIU Registersl

00 FAQO6 — 00 FA7F;6 DMA Controller Registers1!

00 FB0O,¢ — 00 FBFF5| 256 |lI/O Expansion

00 FC0046 — 00 FFFF16/ 1K |On-chip Module Registers!

01 000046 — OF FFFF.5| 960K |Expansion Memory

10 00004 — 1F FFFFg| 1024K |Expansion Memory

below 01 000016

Register Abbreviations and Access

The following abbreviations are used to indicate the Register Type:
* R/W= Read/Write

write to the same address is to a different register.
* W= The Write portion of a register as described above for ‘R’.
* RO= Read Only
* WO= Write Only

1. The Expansion Memory size is limited to 1 Mbyte and is aliased between addresses above and

2. See Appendix A on page 408 for details of the implemented registers.

* R/WI1C= Read/Write 1 to Clear. Writing 1 to a bit clears it to 0. Writing 0 has no effect.

* R= The Read portion of a register, where a read from a specific address returns the value of a specific register; a
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Either byte-wide or word-wide transactions to any address within the memory address space may be used to access memory
devices.

Only byte-wide transactions may be used to access byte-wide registers, and only word-wide transactions may be used to
access word-wide registers. Attempts to read a write-only register or write to a read-only register cause unpredictable re-
sults.

Zeros must be written to reserved bits unless stated otherwise. Reading reserved bits returns an undefined value. When
modifying a register with reserved bits, the data read from reserved a bit can be written back to it.

Accessing Base Memory

In the PC87591E and PC87591S the Base memory is the main storage for code and data. When Shared BIOS is enabled,
the Base memory may also be used for storing BIOS code and data. Figure 6 on page 35 illustrates how on-chip and off-
chip Base Memory are mapped to the PC87591E and PC87591S address space.

The Base Memory is divided into two zones:

* Fast Zone - for addresses with Base Memory in the range of 00 0000 to 01 FFFF. The access time to this zone is
controlled by the BIU Zone 1 configuration registers.

* Slow Zone - for addresses with Base Memory in the range of 02 0000 to OF FFFF. The access time to this zone is
controlled by the BIU Zone 2 configuration registers.

In the PC87591L, the base memory is used for storing code and data required for basic boot operations. The rest of the code
and data are stored in the Expansion Memory shared by the core firmware and host BIOS. Figure 7 on page 36 illustrates
how on-chip and off-chip Base Memory are mapped to the PC87591L address space.

IRE and OBD Environments - On-Chip Base Memory. In IRE and OBD environments, the on-chip flash (ROM) is used as
Base memory. Note that the size of the available memory may differ among members of PC87591x family (see Tables 1 to
3). The access time to it is controlled by BIU Zones 1 and 2. To allow cycle-by-cycle compatibility with DEV environment,
both zones should be programed in the same way for all environments. Thus to maximize on-chip flash (ROM) performance,
configure BIU Zones 1 and 2, as described in Section 4.1.11 on page 86 and Section 4.16 on page 218, with minimal access
time supported at the frequency in use, as defined in “Flash Read, Write and Erase Time” on page 222.

Off-Chip Base Memory. In DEV environment (when on-chip flash is disabled), the code and constant data are stored in off-
chip Base Memory. In the PC87591E and PC87591S, this off-chip Base Memory has 1016 Kbytes of address space
(00 000046 to 00 DFFF;5 and 01 000044 to OF FFFF4g). In the PC87591L, the size of the off-chip Base Memory is 4 Kbytes.

To ensure that the code fits into the on-chip flash in IRE and OBD environments later on, both the code and constant data
should fit within the defined flash size, for the selected member of the PC87591x family.

2M
iIM_ OF FFFF
Zone 2
Access Time
Control
PC87591S
Flash Size 128K ——m (- — — — — — 02 0000
01 FFFF
PC87591E
Flash Size 64K ——mp — — — — — - — = Zone 1
56 K — — — —-56K Access Time
Control
- 00 0000
Core Address Map On-Chip Base Memory Off-Chip Base Memory

Figure 6. Base Memory Address Mapping - PC87591E and PC87591S
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Figure 7. Base Memory Address Mapping - PC87591L

Accessing Expansion Memory

Expansion Memory Configuration is available in PC87591x versions packed in 176-pin packages. Access to it is enabled
only after:

* The pins used for the memory interface are configured to operate as Expansion Memory interface signals (see
Section 2.4 on page 54 for details on the alternate functions configuration).

* The BIU Zone 0 Configuration register (SZCFGO0), which controls the memory access parameters (e.g., bus width and
access time), is set to support the configuration in use.

The interface signals to the Expansion Memory are:

* 8-bit flash or SRAM: SELO, RD, WRO0, D0-7 and A0-19 (fewer address lines may be used with a smaller flash).

* 16-bit flash or SRAM: SELO, RD, WR0-1, D0-15 and A1-19 (fewer address lines may be used with a smaller flash).

Figure 8 shows the External Memory Address Range mapping to the core, in the PC87591E and PC87591S devices.

Figure 9 shows the External Memory Address Range mapping to the core in the PC87591L device. Note that in PC87591L

devices, the External Memory is aliased to low addresses of the core address space, enabling access to memory locations
in the flash from both an address in the low memory and an address in the upper part of the memory.
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Figure 8. Expansion Memory (Zone 0) Address Range - PC87591E and PC87591S
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Figure 9. Expansion Memory (Zone 0) Address Range - PC87591L

External Memory Mapping into Shared BIOS Memory

When the shared BIOS memory is enabled using the SHBM strap input (SHBM=1) or the Shared Memory Configuration
Registers (LDN=10h), the Expansion Memory address range is mapped into the address range of the host. The PC87591x
uses the wrap-around effect of the core address space (on a 2 Mbyte boundary) using “growing down” addresses, which
enables the host to view the Expansion flash as a continuation of the BIOS Memory. See Section 5.3.2 on page 297 for de-

tails of the memory mapping scheme.

Accessing I/O Expansion Space

The 1/0 expansion protocol enables implementing 1/0 devices or GPIO ports in the system, in addition to those available on-
chip, for IRD, OBD and DEV environments. In addition, in DEV environment, some of the on-chip 1/O port pins are used to
interface with off-chip peripherals. In such a case, the 1/0O expansion protocol is used to implement the functionality of these
I/0O ports, using off-chip external logic. Access to these ports is through the same addresses used for the ports’ on-chip im-

plementation.
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1.0 Introduction (Continued)

The I/O expansion space is mapped to the address space 00 FB00,¢ to 00 FBFF 4. This space is partitioned as follows:

* Addresses in the range 00 FB00,¢ to 00 FB22,4 are used by GPIO ports PH, PI, PJ, PK, PL and PM (either on-chip
or in their off-chip implementation, while the chip is in DEV environment).

* Address 00 FBFE4 is used only in DEV environment by the MCFGSH register and must be written after each write
to the MCFG with the same data written to the MCFG.

* Addresses in the range 00 FBCO,¢ to 00 FBFF ¢ are reserved for development board use.
* All other addresses may be used by the application for adding additional 1/0 elements.

The PC87591x accesses the off-chip I/O expansion using the 1/O zone of the BIU. The zone select signal (SELIO), address
lines AO-7 and the RD and WRO signals are used to interface to the off-chip logic.

1.5.2 Host Address Domain Memory Map
The host address space includes memory space and I/O space.

The 1/O space used by the PC87591x is configured through the PC87591x configuration registers. The configuration register
address is defined by strap inputs (BADDRO-1) to be one of two fixed addresses or an address defined by the core using
registers in the MSWC module.

When a Shared BIOS scheme is enabled via the SHBM strap input, the PC87591x is mapped to enable the host to boot from
a shared flash device. The PC87591x supports either memory or FWH transactions for the host memory interface, with au-
tomatic selection between them (see Section 6.1.11 on page 349). Section 5.3 on page 297 discusses the mapping of mem-
ory between the host and core domains and the read and write access protection scheme from the host and core sides.

Following the boot process, the Shared Memory configuration registers (see Section 6.1.11 on page 349) enable setting
memory sharing. The configuration setting includes defining the memory protocol in use (memory or FWH) and the address
range used in the host address space. The configuration registers allow the defaults set by the SHBM strap input to be over-
ridden; this enables using the shared memory for purposes other than system BIOS (e.g., PC87591x firmware update and
secured storage of information).

1.5.3 Core Access to Host Controlled Peripherals

The core may access host domain devices through the Core to Host Controlled Functions access bridge. The bridge em-
ploys an indirect mapping scheme.

There is only a single set of peripheral registers for host and core use. The bus arbitration guarantees that only one of the
two register accesses occurs at any given time, but this does not prevent problems that may be caused by conflicting write
transactions. When such a case is expected, the core lock mechanism may be used to protect access to one or more of the
devices. The lock may also be used to protect from the host from access to devices due to the security reasons.

The core accesses a register by specifying the logical device and the offset of the register within the logical device. Note that
the configuration registers’ index and data registers are also handled as a logical device. The core triggers a read by writing
1 to the read start bit and waits for the bit to clear; it can then read the data from the data register. The core triggers a write
by performing a write operation to the data register.

Section 5.4 on page 313 provides details of the bridge and its operation.
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2.0 Signal/Pin Description and Configuration

2.1 CONNECTION DIAGRAMS
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176-pin Low Profile Plastic Quad Flatpack (LQFP)
Order Number PC87591E-VPC / PC87591S-VPC / PC87591L-VPC
NS Package Number VPC176
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2.0 Signal/Pin Description and Configuration (Continued)
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128-pin LQFP Package
Order Number: PC87591E-VLB / PC87591S-VLB
NS Package Number VLB128
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2.0 Signal/Pin Description and Configuration (Continued)

2.2 BUFFER TYPES AND SIGNAL/PIN DIRECTORY

The following sections contain detailed functional descriptions and electrical DC characteristics for the PC87591x signals.
The pin multiplexing and function selection criteria are described in Section 2.4 on page 54. The signal DC characteristics
are denoted by a buffer type symbol described briefly below and in further detail in Section 7.2 on page 374. The pin multi-

plexing information refers to two different types of multiplexing:

* MUX - Multiplexed, denoted by a slash (/) between pins in the diagram in Section 2.1 on page 39. Pins are shared
between two different functions. Each function is associated with different board connectivity. Normally, the function
selection is determined by the board design and can not be changed dynamically. The multiplexing options must be

configured by the core in order to comply with the board implementation.

* MM - Multiple Mode, denoted by an underscore (_) between pins in the diagram in Section 2.1 on page 39. Pins have
two or more modes of operation within the same function. These modes are associated with the same external
(board) connectivity. Mode selection may be controlled by the device driver through the registers of the functional
block and do not require a special setup. These pins are not considered multiplexed pins from the configuration per-
spective. The mode selection method as well as the signal specification in each mode are described in the functional

description.

Table 4. Buffer Types

Symbol Description
INAC Input, analog to ACM
INAD Input, analog to ADC
INcs Input, CMOS compatible, with Schmitt Trigger
INp, Input, analog from remote diode
INosc Input, from crystal oscillator (not characterized)
INpc| Input, PCI 3.3V
Y Input, SMBus compatible
INT Input, TTL compatible
INTs Input, TTL compatible, with Schmitt Trigger
INULR Input, power, resistor protected (not characterized)
Opin Output, push-pull output buffer that is capable of sourcing p mA and sinking
n mA
oD, Output, open-drain output buffer that is capable of sinking n mA
Opa Output, analog from DAC
Op Output, analog to remote diode
Oosc Output, to crystal oscillator (not characterized)
Opc Output, PCI 3.3V
PWR Power pin
GND Ground pin
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PC87591E/S/L

2.2.1 ACCESS.bus (ACB1 and ACB?2) Interface

2.0 Signal/Pin Description and Configuration (Continued)

Signal 128-Pin|176-Pin 10 Buffer |Power Description
9 LQFP | LQFP Type | Well P
SCL2-1 125, 169, I/0 | INg/ODy | Ve |ACCESS.bus Serial Clock 1 and 2 Signals.
121 163 An internal pull-up for this pin is optional.
SDA2-1 126, 170, I/0 | INgy/OD5, | Ve |ACCESS.bus Serial Data 1 and 2 Signals. An
122 164 internal pull-up for this pin is optional.
2.2.2 Analog Interface
. 128-Pin| 176-Pin Buffer | Power _
Signal LOFP | LQFP I/O Type Well Description
AD9-0 70-61 |94-93, I INAD AVcc |Analog to Digital Converter Inputs.
90-87,
84-81

DA3-0 76-73 |102-99 Opa AV |Digital to Analog Converter Outputs.

DP 69 93 Op, AV |Diode Anode. Remote diode current source.
Connected to remote discrete diode.

DN 70 94 INp) AV |Diode Cathode. Remote diode current sink.
Connected to remote discrete diode. Must be
grounded when not used.

2.2.3 Clocks
. 128-Pin|176-Pin Buffer |Power .
Signal LOFP | LOFP 1/0 Type well Description

32KCLKIN |116 158 I INT Vpp [32.768 KHz Clock Input.

32KX1 116 158 I INosc Vpp [32.768 KHz Crystal Oscillator Input. Input
from external crystal oscillator circuitry. See

Figure 113 on page 356.

32KX2 118 160 o Oosc Vpp [32.768 KHz Crystal Oscillator Output. Output
to external crystal oscillator circuitry. See

Figure 113 on page 356.

CLK N/A 47 o Oq0 Vee |Clock Output. PC87591x Core Domain system
clock. Available in all environments, in the
176-pin package option.

CLKOUT |3 1 (0] Oy Ve |Clock Output. This pin may output either the
32.768 KHz clock or the Core Domain system
clock (CLK). CLKM bit in MCFG register
selects the output clock frequency.
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2.0 Signal/Pin Description and Configuration (Continued)

2.2.4 Core Bus Interface Unit (BIU)

Signal 128-Pin| 176-Pin e Buffer |Power| Description
LQFP | LQFP Type | Well

A3-0 95-92 |127-124| O Oqp Vce |Address Bus, bits 0-19. Core external address
bus. Affected or used by any transaction on the

A19-8 N/A 103-104 internal core-bus, including DMA transactions

112-113 and accesses to the internal memory.
120-121
129-130
134-135
142-143
AT7-4 99-96 |133-131,] O Oy/12 Vee
128

D7-4, 109- 147-144| 1/0| IN{/Oq, | Ve |Data bus, bits 0-15. Core external data bus.

D3-0 102 141-138 Used for core access to external memory or /O
devices. When accessing an 8-bit external

D15-14, N/A 149-148 memory or I/O device, only DO-7 should be

D13-12, 156-155 used.

D11-10, 4-3

D9-8 28-27

RD 110 150 o Oq/2 Vcc |Read Control. Core external read strobe. Can
be used as output enable for external memory
of 1/0 devices.

SELO N/A 173 o Oq/o Vce |Zone Select 0. Chip-select signal for external
memory devices mapped to zone O.

SEL1 N/A 174 0o Oq/2 Vce |Zone Select 1. Chip-select signal for external
memory devices mapped to zones 1 and 2
(Base Memory). Available in DEV environment
for off-chip emulation of the on-chip flash or
ROM. In IRE and OBD environments, zones 1
and 2 are mapped to the on-chip flash or ROM
and SEL1 output is inactive.

SELIO 112 152 O Oq/p Ve |I/O Zone Select. Chip-select signal for external
I/0O devices mapped to this zone. Can be used
for mapping off-chip 1/0O expansion devices to
the core address space.

WR1 N/A 48 (0] O10 Ve |Write Control 1 and 0. Indicates writes to bytes

— 1 and 0, respectively, of the BIU data bus.

WRO 111 151
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2.2.5 Development System Support

2.0 Signal/Pin Description and Configuration (Continued)

Signal 128-Pin| 176-Pin 1o Buffer |Power Description
9 LQFP | LQFP Type | Well P

BE1-0 N/A 121,129 O O12 Vce |Byte Enable bits 1 and 0 on monitor bus
cycles.

BRKL_RSTO [N/A 76 I | INt/Oq» | Ve |Break Line and Reset Out. When the Core
bus is active, the pin is used as a BRKL input.
It Indicates to the core that a breakpoint is
needed once the currently fetched instruction
goes into execution.
When the core bus is not active, the signal is
used as a RSTO output. It indicates to the
system that an internal reset to the core and
its peripherals occurred.

BST2-0 N/A 69, O O1pp Vce |Bus Status bits 2-0 on monitor bus cycles. In

63-62 DEV environment, these pins allow monitoring

of the external bus cycles. When OBR bit in
BCFG register is set, the internal bus cycles
are also visible on the external bus. See also
Table 41 on page 273.

CBRD N/A 120 o O12 Vcce |Core Bus Read Status on monitor bus
cycles.
Available in all modes. See Section 4.1.9 on
page 81.

PES N/A 70 O1p2 Vce |Pipe Flow Status.

PLI N/A 75 Oyp0 Vee |Pipe Long Instruction.

TCK 78 106 | INTs Vce |[JTAG Test Clock.

TDI 80 108 | INT Ve |JTAG Test Data In.

TDO 79 107 O Oqp2 Vce |JTAG Test Data Out.

TINT 77 105 (0] oD, Vee |JTAG Test Interrupt.

TMS 81 109 I INT Vce |[JTAG Test Mode Select.
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2.0 Signal/Pin Description and Configuration (Continued)

2.2.6 General-Purpose I/O (GPIO) and Internal Keyboard Scan

Signal 128-Pin|176-Pin e Buffer |Power| Description
LQFP | LQFP Type | Well
KBSIN7-0 60-53 |80-77, | | | INcs/INpc| Ve |Keyboard Scan Inputs. The input side of the
74-71 internal keyboard scan lines. These inputs may
be configured to work with either Schmitt trigger
inputs, for operation with switch based
keyboards, or with internal analog voltage
comparators to interface to a resistive keyboard
matrix. KBSIN7-0 are referenced to V¢ and
are designed to work using a 3.3V supply. See
Section 4.14 on page 208 for more details.
KBSOUT15-0/52-37 |68-64, | O ODg Vcc |Keyboard Scan Outputs. The output side of
61-56, the internal keyboard scan lines.
53-49
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2.0 Signal/Pin Description and Configuration (Continued)
. 128-Pin| 176-Pin Buffer |Power N
Signal LOFP | LQFP I/0 Type Well Description
IOPA7-0 33-26 |43, I/0| INts/Og/5| Ve |General-Purpose 1/O Ports. The GPIO
40-36, registers are accessible by the core for read,
33-32 write and configuration. Each of these GPIO
signals can be individually configured to be
IOPD1-0 23-22 |29, 26 input or output. The pins may be used as GPIO
IOPB7- 12 1 | IN v or as,_5|gned to thelr_ respective alternate
OPBT-3 6-53’ 6655 IO Nts/O12| Ve |fynctions. See Section 2.4 on page 54 for
122-121164-163 assignment of GPIO pins to alternate functions.
See Section 4.5 on page 113 for further details
IOPC6-1 2-1, 176-175 on the GPIO pins and their functionality.
128-125|172-169
IOPH3-0 95-92 |127-124
IOPI7-0 109-102|147-144
141-138
IOPJ7-2 N/A 76-75
70-71
63-62
IOPJ1-0 111-110{151-150
IOPK7-0 N/A 120-121
129-130
134-135
142-143
IOPL4-0 N/A 48,
103-104
112-113
IOPM7-0 N/A 28-27,
4-3,
156-155
149-148
IOPB2-0 120, 162, I/0| INTs/Og4| Ve
114-113|154-153
IOPC7 3 1
IOPD7-4 N/A 55-54, |1/O|INts/Op12| Vec
42-41
IOPD3-2 25-24 |31-30
IOPF7-0 89-82 [119-114
111-110
IOPH7-4 99-96 |133-131
128
IOPCO 124 168 @) Oz Vce |General-Purpose Output Port IOPCO. IOPCO
is are targeted for use as power supply control
for the power supply unit. It is accessible by the
core for write and configuration. On V¢ Power-
Up reset, the default state TRI-STATE; it is not
affected by other types of reset. See Section 4.5
on page 113 for further details on these GPIO
pins and their functionality.
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2.0 Signal/Pin Description and Configuration (Continued)

Signal 128-Pin|176-Pin /0 Buffer |Power Description
LQFP | LQFP Type Well
IOPE7-0 21-20, |25-24, | | INTs Vce |General-Purpose Input Port. These pins serve
34, 44, as input-only pins. The GPIO registers are
4, 2, accessible by the core for read and
68-65 |90-87 configuration. The pins may be used as GPIO

or assigned to their respective alternate
functions. IOPEO-3 and IOPES5 do not have an
internal pull-up resistor option. Note that
IOPEO-3 and IOPEG6-7 are not 5V tolerant. See
Section 2.4 on page 54 for GPIO pin
assignment to alternate functions. See

Section 4.5 on page 113 for further details on
the GPIO pins and their functionality.
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2.2.7 Host Interface

2.0 Signal/Pin Description and Configuration (Continued)

Signal

128-Pin
LQFP

176-Pin
LQFP

110

Buffer
Type

Power
Well

Description

CLKRUN

21

25

110

Clock Run. Same as PCI CLKRUN. When
high, indicates that the LPC clock will be slowed
down or stopped. In this case, the PC87591x
may pull it down to request full speed of the
clock.

GA20

O

Gate A20. Implemented using IOPB5 port
output. See Section 5.5.4 on page 322 for
signal operation and behavior when Vpp is
down.

KBRST

O

Keyboard Reset Output. See Section 5.5.4
on page 322 for signal operation and behavior
when Vpp is down.

LADO-3

10-13

15-13,

11O

INpc/Opc

LPC Address-Data. Multiplexed command,
address bidirectional data and cycle status.

LCLK

16

18

INpc|

LPC Clock. Practically the PCI clock (up to 33
MHz).

ECSCI

25

31

012

EC SCI. Generates an Embedded Controller
SCI interrupt to the chipset. This signal is
typically connected to one of the chipset GPI
inputs.

LDRQ

Opci

LPC DMA Request. Encoded Bus Master
request for LPC I/F.

LFRAME

INpc|

LPC Frame. Low pulse indicates the beginning
of a new LPC cycle or the termination of a
broken cycle.

LPCPD

20

24

INpc|

Power Down. Indicates that power will be shut
off on the LPC interface.

RESET1

17

19

INpc

Reset 1. A falling edge on this signal starts a
reset sequence of the PC87591x. For details,
see details in Section 3.2 on page 65.

RESET2

24/123

30/165

INcs

Reset 2. A level low reset to the LPC interface
and Host Controlled Functions configuration
registers and Shared Memory host registers.
For details, see Section 3.2 on page 65.
RESET?2 is either assigned to one of two
optional pins or it is disabled, as defined in the
protection words stored in the flash memory.
See Section 2.4.1 on page 54 and

Section 4.16.6 on page 226 for the
configuration of this signal.

PWUREQ

19

23

Oy

Power-Up Request.

SERIRQ

110

INpc/Opc

Serial IRQ. The interrupt requests are
serialized over a single pin, where each IRQ
level is delivered during a designated time slot.

0
=

18

22

110

System Management Interrupt.
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2.0 Signal/Pin Description and Configuration (Continued)

2.2.8 Interrupt and Wake-Up Inputs (ICU and MIWU)

Signal 128-Pin|176-Pin e Buffer |Power Description
9 LQFP | LQFP Type | Well P

EXWINT20 |22 26 I INTg Vce |External Wake-up/Interrupt Inputs. Fed into

EXWINT21 |23 29 the Multi-Input Wake-up Unit (MIWU) for wake-
up or interrupt. Can be used as external

EXWINT22 128 172 source for wake-up or interrupt. For details on

EXWINT23 |2 176 interrupt and wake-up event assignment, see

EXWINT24 |24 30 Table 17 on page 105.

EXWINT40 |34 44

EXWINT45 |20 24

EXWINT46 |21 25

PFAIL 123 165 INcs Vce |Power Fail. Non-maskable external interrupt
source. This assigned interrupt is non-
maskable only after being enabled by software
after reset.

SWIN 4 2 INcs Vce |Power Switch Input. Indicates a user request
to turn the power on or off. This signal is
connected to the Multi-Input Wake-up Unit
(MIWU) for wake-up of the core domain and
interrupt generation to the core for handling.
For details on interrupt and wake-up event
assignment, see Table 17 on page 105.

2.2.9 Power and Ground
. 128-Pin| 176-Pin Buffer |Power o
Signal LOFP | LOFP /10 Type | Well Description

AGND 72 96 I GND Analog Ground. Used as ground for the Analog
to Digital Converter (ADC) and the Digital to
Analog Converter (DAC).

AV 71 95 PWR Analog 3.3V Power supply. Used as power
supply for the Analog to Digital Converter (ADC)
and the Digital to Analog Converter (DAC).

GND 15, 36, |17, 35, GND Ground. Serves for both on-chip logic, output

90, 46,122, drivers and back-up battery circuit. See “Power
101, 137, Connection and Layout Guidelines” on page 63
117 159,167 for details on connections with AGND.

VAT 119 161 I INULR Battery Power Supply. Provides battery backup
to the Mobile System Wake-Up Control registers,
to the RTC and to the 32 KHz crystal oscillator
when V¢ is lost. The pin is connected to the
internal logic through a series resistor for UL
protection.

Vee 35, 34, 45, I PWR Standby Digital 3.3V Power Supply. Used for

91,100, (123,136, all core-domain digital logic and all associated
115 157,166 I/O pins.

Vpp 14 16 I PWR Digital 3.3V Power Supply. Serves as power
supply for the LPC interface and some of the
host-controlled functions.
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2.2.10 PS/2 Interface

2.0 Signal/Pin Description and Configuration (Continued)

Signal 128-Pin|176-Pin e Buffer |Power Description
9 LQFP | LQFP Type | Well P
PSCLK4-1 |88, 86, |118, I/O | INT/Og/12 | Ve |PS/2 Channel 1 through 4 Clock signal.
84, 82 |116,
114,
110
PSDAT4-1 |89, 87, |119, I/0 | INt/Og15 | Ve |PS/2 Channel 1 through 4 Data signal.
85, 83 |117,
115,
111
2.2.11 Strap Configuration
. 128-Pin | 176-Pin Buffer |Power _
Signal LOFP | LQFP 1/0 Type | Well Description

BADDR1-0 |95-94 |127-126| | INcs | Ve |I/O Base Address. Sampled at V¢ Power-Up
reset to determine the base address of the
configuration Index-Data register pair as follows:
No pull-up resistor: 2E14-2F1¢
10 KQ external pull-up

resistor on BADDRO:4E45-4F 16
10 KQ external pull-up
resistor on BADDR1:Core defined

ENV1-0 93-92 |125-124| | INcs | Vee |Environment Select 1 and 0. Sampled at V¢
Power-Up reset to determine the device
operation environment, either IRE, OBD or DEV.
Each pin is pulled to O (set environment to IRE =
00) by an internal resistor or set to 1 by an
external 10 KQ pull-up resistor.

For further details refer to Section 2.3 on
page 53.

SHBM 97 131 INcs | Vec |Shared Host BIOS Memory. Sampled at Ve
Power-Up reset to determine the state of the
shared Host BIOS memory. Pulled to 0 (disables
the shared host BIOS memory) by an internal
resistor or set to 1 by an external 10 KQ pull-up
resistor to enable the shared BIOS mode.

TRIS 96 128 INcs | Vec |TRI-STATE. Forces the device to float all its
output and I/O pins (except for DAC outputs and
32KX2) if an external pull-up resistor is
connected. Sampled at V¢ Power-Up reset.
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2.0 Signal/Pin Description and Configuration (Continued)

2.2.12 Mobile System Wake-Up Control (MSWC)

128-Pin

176-Pin

Buffer

Power

Signal LOFP | LOFP 110 Type well Description

RING 123 165 | INcs Vcc |Telephone Line Ring. Detection of a pulse
train on this pin is a wake-up event that can
activate the power-up request (PWUREQ). The
pin has a Schmitt Trigger input buffer, powered
by Vce.

RI1 22 26 I INTg Vce |Ring Indicator. When low, indicates that a
telephone ring signal has been received by the

RI2 23 29 modem. Ring signals are monitored during
power-off for wake-up event detection.

2.2.13 Timers and PWM
. 128-Pin|176-Pin Buffer |Power R
Signal LOFP | LQFP Ife] Type Well Description

TA2 1 175 I/O | INT Oqjp | Ve |Timer Pin A for Timers 2 and 1.

TAl 127 171

TB2 2 176 INT Vce |Timer Pin B for Timers 2 and 1.

TB1 128 172

PWM7-0 33-26 |43, O 03/6 Vee |PWM Output 7-0.

40-36,
32-33

2.2.14 Universal Synchronous/Asynchronous Receiver/Transmitter (USART)

128-Pin

176-Pin

Buffer

Power

Signal LOFP | LQFP I/O Type Well Description
UTXD 114 154 (0] Oys Vee |USART Transmit Data.
URXD 113 153 [ INT Vcee |USART Receive Data.
USCLK 120 162 I/O | INcg/Og/s | Vcc |USART Serial Clock. May be used as input or

output when the USART is configured to
operate in its synchronous mode of operation.
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2.2.15 Internal Pull-Up and Pull-Down Resistors

2.0 Signal/Pin Description and Configuration (Continued)

Table 5. Internal Pull-Up and Pull-Down Resistors

. 128-Pin 176-Pin
Signal LQFP LQFP Type Comments
ACCESS.bus (ACB)
SCL2-1 125, 169, PUgq Programmable
121 163
SDA2-1 126, 170, PUgq Programmable
122 164
General-Purpose 1/0 (GPIO) Ports
IOPA7-0 33-26 43, 40-36, PUgq Programmable
33-32
IOPB7-0 123, 6-5, 165, 6-5, PUgq Programmable
122,121,120,|164-163,
114-113 120,114-113
IOPC7-0 3-1,128-125 |3,176-175, PUgq Programmable
172-169
IOPD7-4 N/A 55-54, 42- PUgq Programmable
41
IOPD3-0 25-21 31-30, 29,
26
IOPE7,6,4 21-20, 4 25-24, 2 PUgg Programmable
IOPF7-0 89-82 119-114, PUgq Programmable
111-110
Internal Keyboard Scan (KBC)
KBSIN7-0 60-53 80-77, 74- PUgq Programmable
71
PS/2 Interface
PSCLK4-1 88, 86, 118,116, PUgq Programmable
84, 82 114,110
PSDAT4-1 89, 87, 119,117, PUgq Programmable
85, 83 115,111
Strap Configuration
BADDR1-0 95-94 127-126 PDgq Strap!
ENV1-0 93-92 125-124 PDgq Strap*
TRIS 96 128 PDgq Strap!
SHBM 97 131 PDgg Strap!

1. Active only during V¢ Power-Up reset.

The signals listed in Table 5 can optionally support internal pull-up (PU) and/or pull-down (PD) resistors. See Section 7.3 on
page 377 for the values of each resistor type.
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2.0 Signal/Pin Description and Configuration (Continued)

2.3 STRAP PINS

During V¢ Power-Up reset, the ENV(0-1), TRIS, SHBM and BADDR strap input signals are sampled. Internal pull-down
resistors set these signals to 0. These resistors are active only during Vo Power-Up reset. An external 10 KQ resistor con-
nected to Vo may be used to set them to 1.

Setting the Environment

ENVO and ENV1 determine the operating environment. Table 6 shows the settings allowed. Pulling both ENVO and ENV1
to 1 produces unpredictable results. In IRE and OBD environments, the TRIS strap input may be used for floating all the
device signals. In other cases it should be kept low.

Table 6. Environment Pin Settings

Environment ENVO ENV1 TRIS
IRE 0 0 o!
OBD 0 1 o!
DEV 1 0 0
PROG 1 1 0

1. When set to 1, the PC87591x is put in TRI-STATE
mode.

Figures 1 on page 24, 3 on page 31 and 4 on page 32 demonstrate how to use the ENVO-1 signals to configure the
PC87591x for IRE, OBD and DEV environments, respectively.

Other Strap Pin Settings

Table 7 provides brief descriptions of other strap inputs. For details on SHBM and TRIS, see Section 5.3 on page 297 and
Section 4.20.4 on page 272, respectively.

Table 7. Other Strap Pin Settings

Strap Pin Internal Pull-Down (0) External Pull-Up (1)

BADDR1-0 |Superl/O Configuration Base Address see Table 47 on page 335

SHBM Disables shared memory with host BIOS |Enables shared memory with host BIOS

While in IRE and OBD environments, causes PC87591x to
TRIS Normal operation float its output and I/O signals for system test purposes
and clip-on ISE use

System Load on Strap Pins

The loads on the strap pins should not cause the voltage on them to drop below V4 when the pins should be high (1), or to
rise above V|_when they should be low (0). See Section 7.3.2 on page 377.

If the load caused by the system on the strap pins exceeds 10 pA, use either an external pull-down resistor to keep the pin
at 0 or a pull-up resistor with lower resistance to keep the pin at 1.

To reduce power consumption, in Idle mode, pins with strap inputs on them and a signal function other than GPIO are put
in TRI-STATE or drive the strap-pin value. For pins with strap inputs that function as GPIO, it is recommended that the ap-
plication drive the strap value as output to the value defined by the strap pin. For pins with strap and address line function-
ality, when the address configuration is enabled, the signal is driven by the hardware to its strap value on reset.
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2.0 Signal/Pin Description and Configuration (Continued)

Strap Pin Status Register (STRPST)

The STRPST register is a byte-wide, read-only register. It enables the software to read the value set to strap pins during
Power-Up reset. STRPST bits provide the value of their respective strap input. See Table 7 for bit details.

Location: 00 FF12¢
Type: RO
Reset Value: According to external straps

Bit 7 | e | 5 | 4 | 3 2 ! 0
Name Reserved BADDR1 BADDRO SHBM
Reset ‘ ‘ ‘ ‘

2.4 ALTERNATE FUNCTIONS

2.4.1 GPIO with Alternate Functions

The PC87591x uses the GPIO port pins to multiplex functions, thereby maximizing the device’s flexibility. Table 8 lists all the
pins with such alternate functions and summarizes their selection criteria. To select alternate pin functions, strap inputs flash
memory and configuration registers are used as follows:

* The ports’ Alternate Function Control register controls the IOPA, IOPB, IOPC, IOPD, IOPE and IOPF pins. Each of
the ports’ pins may be used as a GPIO port or its alternate function, based on the setting of the corresponding bit in
PXALT register.

* The environment setting and MCFG bits control port IOPH, I0PI, IOPJ, IOPK, IOPL and IOPM pins. In IRE and OBD
environments, these pins may function either as GPIO or their alternate function (as indicated in the table). In DEV
environment, they all function as their alternate functions.

* Interrupts may be enabled together with the use of the pin as input or with its alternate function when the alternate
function is an input. Enabling the interrupt input is done via the port’s alternate function or the respective bit in EICFG
register.

* Strap inputs and their associated internal pull-down resistor function during V¢ Power-Up reset.
* The Protection Word in the flash configures the use of RESET2 input.
When a pin is used as GPIO and not as its alternate function, disable the alternate function in the relevant module’s register.

Note: In Table 8, the PKG column shows pins available in both 128- and 176-pin packages and pins available only in 176-
pin packages.

Table 8. Alternate Function Selection

PKG GPIO Alternate Function 1 Alternate Function 2
128/176 \Name | Type Module Signal Name Select Module | Signal Name Select
128/176| IOPAO | 1/O PWM PWMO PAALT.O
128/176| IOPAL1 | 1/O PWM1 PAALT.1
128/176| IOPA2 | 1/O PWM2 PAALT.2
128/176| IOPA3 | /O PWM3 PAALT.3
128/176| IOPA4 | 1/O PWM4 PAALT.4
128/176| IOPA5 | 1/O PWM5 PAALT.5
128/176| IOPA6 | 1/O PWM6 PAALT.6
128/176| IOPA7 | 1/O PWM7 PAALT.7
128/176| IOPBO | /O USART URXD PBALT.O
128/176| IOPB1 | I/O UTXD PBALT.1
128/176| IOPB2 | /O USCLK PBALT.2
128/176| IOPB3 | /O | ACCESS.bus SCL1 PBALT.3
128/176| I0PB4 | 1/O SDA1 PBALT.4
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2.0 Signal/Pin Description and Configuration (Continued)

Table 8. Alternate Function Selection (Continued)

PKG GPIO Alternate Function 1 Alternate Function 2
128/176 |Name | Type Module Signal Name Select Module | Signal Name Select
128/176| IOPB5 | 1/O GA20 and (GA20) PBALT.5=01

KBRST
128/176| 10PB6 | /O KBRST PBALT.6
128/176| IOPB7 | 1/O MSWC RING PBALT.7 ICU PFAIL/ PBALT.7/
RESET2? REST2EN=01
128/176| IOPC1 | 1/0O | ACCESS.bus SCL2 PCALT.1
128/176| IOPC2 | 1/O SDA2 PCALT.2
128/176| IOPC3 | 1/O Timers TAl PCALT.3
128/176| IOPC4 | 1/O TB1 PCALT.4 MIWU EXWINT22 PCALT.4
128/176| IOPC5 | /O TA2 PCALT.5
128/176| IOPC6 | /O TB2 PCALT.6 MIWU EXWNT23 PCALT.6
128/176| IOPC7 | 1/O Clocks CLKOUT PCALT.7 &
MCFG.CLKOM
128/176| IOPDO | /O MSWC RI1 PDALT.O MIWU EXWINT20 PDALT.O
128/176| IOPD1 | /O RI2 PDALT.1 EXWINT21 PDALT.1
128/176| IOPD2 | 1/O RESET2 RST2EN=10 EXWINT24 PDALT.2
128/176| IOPD3 | 1/O Host I/F ECSCI PDALT.3
128/176| IOPEO | ADC Voltage AD4 PEALT.0
128/176| IOPE1 | AD5 PEALT.1
128/176| IOPE2 | ADG6 PEALT.2
128/176| IOPE3 | AD7 PEALT.3
128/176| IOPE4 | MIWU SWIN PEALT.4
128/176| IOPES | MIWU EXWINT40 PEALT.5
128/176| IOPE6 | LPC Interface LPCPD PEALT.6 EXWINT45 EICFG.
EXWINT45
128/176| IOPE7 | CLKRUN PEALT.7 EXWINT46 EICFG.
EXWINT46
128/176| IOPFO | /O | PS2 Interface PSCLK1 PFALT.O
128/176| IOPF1 | 1/O PSDAT1 PFALT.1
128/176| IOPF2 | 1/O PSCLK2 PFALT.2
128/176| IOPF3 | 1/O PSDAT2 PFALT.3
128/176| IOPF4 | 1/O PSCLK3 PFALT.4
128/176| IOPF5 | 1/O PSDAT3 PFALT.5
128/176| IOPF6 | 1/O PSCLK4 PFALT.6
128/176| IOPF7 | 1/O PSDAT4 PFALT.7
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Table 8. Alternate Function Selection (Continued)

2.0 Signal/Pin Description and Configuration (Continued)

PKG GPIO Alternate Function 1 Alternate Function 2
128/176 |Name | Type Module Signal Name Select Module | Signal Name Select
128/176| IOPHO | 1/O Core BIU A0 DEV Env or Straps ENVO Power-up
128/176| IOPH1 | 1/0 Al E'\,f,(éﬁ)cil ENV1
128/176| IOPH2 | 1/O A2 or MCFG. BADDRO
128/176| IOPH3 | /O A3 ENEMEM=L BADDR1
128/176| IOPH4 | 1/O A4 TRIS
128/176| IOPH5 | 1/O A5 SHBM
128/176| IOPH6 | 1/O A6
128/176| IOPH7 | 1/O A7
128/176| I10PIO | /O DO
128/176| I0PI1 1/0 D1
128/176| I0PI2 110 D2
128/176| I10PI3 | 1/O D3
128/176| I0OPI4 110 D4
128/176| I10PI5 | 1/O D5
128/176| I10PI6 | 1/O D6
128/176| I0PI7 1/0 D7
128/176| 10PJO | /O RD
128/176| 10PJ1 | /O WRO

176 IOPJ2 | 1/O | Development BSTO DEV Env.

176 | IOPJ3 | I/O Obzgf\t/zrt?ility BST1

176 IOPJ4 | 1/O BST2

176 IOPJ5 | 1/O PFS

176 IOPJ6 | 1/O PLI

176 IOPJ7 | 1/O BRKL_RSTO

www.nhational.com

56

Revision1.07



2.0 Signal/Pin Description and Configuration (Continued)

Table 8. Alternate Function Selection (Continued)

PKG GPIO Alternate Function 1 Alternate Function 2
128/176|Name |Type Module Signal Name Select Module | Signal Name Select
176 IOPKO | 1/O Core BIU A8 DEV Env. or
MCFG.
176 IOPK1 | /O A9 ENEMEM=1
176 IOPK2 | 1/O Al10
176 IOPK3 | 1/O All
176 IOPK4 | 1/0 Al2
176 IOPK5 | 1/O Al13 BEO
176 IOPK6 | 1/O Al4 BE1
176 IOPK7 | 1/O Al15_CBRD
176 IOPLO | /O Al6
176 IOPL1 | /O Al7
176 IOPL2 | 1/O Al18
176 IOPL3 | /O Al9
176 IOPL4 110 WR1 DEV Env. or
(MCFG.
176 | IOPMO | I/O D8 ENEMEM=1
and MCFG.
176 | IOPM1| 1/O D9 EXMEM16=1)
176 | IOPM2 | 1/O D10
176 | IOPM3| 1/O D11
176 | IOPM4 | 1/O D12
176 IOPM5 | 1/O D13
176 | IOPM6 | 1/O D14
176 | IOPM7 | 1/O D15
128/176 ADC Voltage AD9 ADCCNF. REM-| ADC Temp DN ADCCNF.
DEN=0 REMDEN=1
128/176 ADS8 DP

1. GA20 is implemented using the GPIO.

2. RESET2 use is orthogonal to the other alternate functions and is determined by the setting in the on-chip flash
Protection Word (see Section 4.16.6 on page 226), although it is recommended to use it in conjunction with an

interrupt on the same pin. See “Using RESET2 Input” on page 67.

Revision 1.07

57

www.national.com

1/S/3165.80d



PC87591E/S/L

2.0 Signal/Pin Description and Configuration (Continued)

2.4.2 System Configuration Registers
For a summary of the abbreviations used for Register Type, see Section 2 on page 34.

Register Map

Mnemonic Register Name Type
MCFG Module Configuration Register R/W
EICFG External Interrupts Configuration Register R/W
:8&5 and Input to Output Echo Enable Register 1 and 2 R/W

Module Configuration Register (MCFG)
The MCFG register is a read/write, byte-wide register. It is used for global system configuration and setup.

Write operations to the MCFG register should write zeros to all reserved bits. On reset, non-reserved bits of MCFG are
cleared to 0. MCFG can be written in Active mode only. Its contents is preserved in Idle mode.

In IRE and OBD environments, all MCFG fields should be used to designate associated pins as GPIO ports or their alternate
functions. In DEV environment, the pins are always allocated for development system use. The 1/O ports functionality can
be implemented using off-chip logic.

To guarantee binary and cycle-by-cycle compatibility among the different environments, define the MCFG fields as required
for IRE and OBD even when in DEV environment, and use the I/O Expansion protocol to build an off-chip implementation
of the I/0O ports when they are used by the application.

ADBs or ISE systems use the MCFG Shadow (MCFGSH, write only) register to select the functionality of the signal that
reaches the user’s application.

All write operations to the MCFG must be immediately followed by a write to the MCFG Shadow (MCFGSH) register. This
register is part of the development system and is accessed by an access to the /O Zone (SELIO).

MCFG is loaded with either 00, or 80,4 0On reset. See the description of GTMON for behavior of bit 7 during reset.
Software should load MCFGSH with the MCFG register’s value after reset.

The format of MCFG (and MCFGSH) is as follows:

MCFG Location: 00 FF104¢

MCFGSH Location: 00 FBFE ¢

Type: RIW

Bit 7 6 | 5 4 | 3 2 1 0

Name GTMON Reserved CLKOM EXMEM16 | ENEMEM | ENEIO

Reset See text o | o o | o 0 0 0
Bit Description

0 ENEIO (Enable Expansion 1/0). Enables the use of the I/O Expansion protocol for expanding the amount of

GPIO pins available to the application. In IRE and OBD environments, when ENEIO is cleared, the associated
pins are used as GPIO signals. When set, enables the use of BIU I/O Zone (SELIO) for the interface with off-
chip logic. Use the BIU I/O Zone configuration to select the access parameters to the /0 Expansion logic and
its bus width.

1 ENEMEM (Enable Expansion Memory). Enables the use of the Expansion memory for expanding the amount
of memory available to the application to more than what is provided on chip. When cleared, the associated pins
are used as GPIO signals. When set, enables the use of BIU Zone 0 (SELO) and the associated address and
data lines for the interface with flash or SRAM devices. Use BIU Zone 0 configuration to select the access
parameters to the Expansion memory and its width.

Set this bit in the 176-pin package only.
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2.0 Signal/Pin Description and Configuration (Continued)

Bit Description

2 |EXMEM16 (16-bit-Wide Expansion Memory). Enables the use of the 16-bit-wide Expansion memory, when the
ENEMEM is set. The bus width indicated in this register should be the same as the bus width defined in Zone
0 of the BIU (SELDO).

0: The External Memory to be eight bits wide
1: Enables the use of a 16-bit-wide External Memory

4-3 |CLKOM (Clock Out Mode). Selects the mode of operation of the CLKOUT signal. This field is in effect only
when this signal is set for output.

Bits

4 3 Description

0 0: Reserved (default)

0 1. CLK-aclock at the core frequency is driven out
1 0: 32.768 KHz clock output

1 1: Reserved

6-4 |Reserved.

7 |GTMON (Go-to Target Monitor Set Flag). This bit is set to indicate that the code should jump to the beginning
of the Target Monitor (TMON). The reset routine of the application should check this bit and behave accordingly.

Once cleared, this bit can not be set by software.

External Interrupts Configuration Register (EICFG)

The EICFG register is a read/write, byte-wide register. It enables the use of some of the external interrupts. The EICFG bits
have impact only when the pin is configured to its GPIO function. EICFG is cleared (00,¢) on reset.

Note that some of the pins that have an external interrupt (not controlled by the EICFG register) have an alternate function
that is an input. When a pin’s alternate function is selected, its interrupt function is also enabled.

The format of EICFG is as follows:
Location: 00 FF004¢

Type: RIW
Bit 7 6 | 5 | 4 | 3| 2 1 0
Name Reserved EXWINT46 | EXWINT45
Reset 0 | 0 | 0 | 0 | 0 | 0 0 0

Bit Description

0 EXWINT45 (Enable EXWINT45).
0: EXWINTA45 input is blocked (disabled) while not being read as a GPIO.
1: EXWINTA45 input is open; this enables the detection of changes on the input to trigger interrupts.

1 EXWINT46 (Enable EXWINT46).
0: EXWINTA46 input is blocked (disabled) while not being read as a GPIO.
1. EXWINTA46 input is open; this enables the detection of changes on the input to trigger interrupts.

7-2 |Reserved.

2.4.3 GPIO with Echo Configuration

Some of GPIO pins may be paired to generate an input to output echoing with software masking. The input GPIO are input
ports (Px or Py) with a wake-up function. The output ports are a Px type enhanced with the echo mechanism, as described
in Section 4.5.2 on page 114. The input echoing is enabled only when the respective Echo Enable bit in IOEE1-2 registers
is set. The input port should be configured to enable the interrupt function.
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2.0 Signal/Pin Description and Configuration (Continued)

Table 9. GPIO Echo Functions Routing and Echo Enable Bit Assignments

Output Port Echo Enable Bit Input Port
IOPAO EEPAO bit in IOEEL1 register IOPC4/EXWINT22
IOPAL EEPAL1 bit in IOEEL1 register IOPEG/LPCPD/EXWINT45
IOPA2 EEPA2 bit in IOEEL1 register IOPE7/CLKRUN/EXWINT46
IOPA3 EEPAS3 bit in IOEEL1 register IOPF6/PSCLK4
IOPA4 EEPA4 bit in IOEEL1 register IOPF7/PSDAT4
IOPCO EEPCO bit in IOEE2 register IOPE4/SWIN
IOPBO EEPBO bit in IOEE2 register IOPDO/EXWINT20
IOPB1 EEPBL1 bit in IOEE2 register IOPD1/EXWINT21
IOPB2 EEPB2 bit in IOEE2 register IOPC6/EXWINT23
IOPD3 EEPD3 bit in IOEE2 register IOPD2/EXWINT24

Input to Output Echo Enable Register 1 and 2 (IOEE1 and IOEE?2)

The IOEE1 and IOEE2 registers are read/write, byte-wide registers. They enable the echoing of some of the General-Pur-
pose Input ports, equipped with wake-up, to a specified output. The IOEE bits have an impact only when the output GPIO
is configured to its GPIO function. IOEE1 and IOEE2 are cleared (004g) on reset.

The format of IOEEL1 is:
IOEEL1 Location: 00 FF024¢

Type: RIW
Bit 7 | 6 4 3 2 1 0
Name Reserved EEPA4 EEPA3 EEPA2 EEPA1 EEPAO
Reset 0 | 0 0 0 0 0 0
Bit Description
0 EEPAO.
0: Echo Disabled
1. Echo Enabled
1 EEPAL.
0: Echo Disabled
1. Echo Enabled
2 EEPA2.
0: Echo Disabled
1. Echo Enabled
3 EEPAS.
0: Echo Disabled
1. Echo Enabled
4 EEPA4.
0: Echo Disabled
1. Echo Enabled
7-5 |Reserved.
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The format of IOEE2 is:
IOEE2 Location: 00 FF044¢

Type: RIW
Bit 7 | 6 4 3 2 1 0
Name Reserved EEPCO EEPD3 EEPB2 EEPB1 EEPBO
Reset o | o 0 0 0 0 0
Bit Description
0 EEPBO.
0: Echo Disabled
1. Echo Enabled
1 EEPB1.
0: Echo Disabled
1. Echo Enabled
2 EEPB2.
0: Echo Disabled
1. Echo Enabled
3 EEPDS3.
0: Echo Disabled
1. Echo Enabled
4 EEPCO.
7-5 |Reserved.

See Table 9 on page 60 for the assignment of the Echo Enable bits to GPIO pairs.
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3.0 Power, Reset and Clocks

3.1 POWER

3.1.1 Power Planes
The PC87591x has four power planes (wells), as shown in Table 10.

Table 10. PC87591x Power Planes

Power Plane Description Power Pins| Ground Pins

Powers the LPC interface and host controlled
Host Domain functions (except for RTC and MSWC) and Vbp GND

some external signals!

Powers the core domain, the host-core interface,

. . V GND
the MSWC and their external S|gnals1 ce

Suspend

Powers some internal analog circuits and their

i AV AGND
external signals® cc

Analog

Powers the RTC, some MSWC registers, the
ked 32.768 KHz clock/crystal oscillator signals and 2
Battery Backe some other storage elements that should be Vep

preserved at all times?*

GND

1. See the tables in Section 2.2.1 on page 42 to Section 2.2.13, specifically the Power Well
column, for how the PC87591x external interface signals are assigned to various power
planes.

2. Vpp is an internal power signal derived from Ve or Vgar Vpp is taken from V¢ if it is
greater than the minimum value defined; otherwise, Vgat is used as the Vpp source. For
more details on the switching between them, refer to Section 6.2.9 on page 360.

For correct PC87591x operation, Vcc must be applied whenever Vpp is applied. Apply AVc at the same time that Ve is
applied, protection is provided against rise-time differences only.

3.1.2 Power States
The PC87591x has three main power states:

Battery Fail

Host Domain, Suspend, Analog and Battery Backed power planes are all powered off (i.e., in this case Vpp, Ve,
AVcc and Vgug are all inactive).

Power Fail

Host Domain, Suspend and Analog power planes are powered off. Battery Backed power plane is powered on (i.e.,
in this case Vpp, Vcc and AV are inactive; Vgar is active).

Power Applied

Suspend, Analog and Battery Backed power planes are powered on, Host Domain power plane may be on or off (i.e.,
in this case V¢, AVc are active, Vgar and Vpp may be active or inactive).

The Power Applied state has several sub-states, depending on the domain:

— The host domain has Host Power On and Host Power Off states, according to the Vpp status;
— The core domain and host-core interface have Active and Idle states. For details, see Section 4.17 on page 235.

The following power states are illegal:
* Host domain on and Suspend and/or Analog off (i.e., Vpp active and V¢ and/or AV¢ are inactive).
* Suspend on and Analog off (i.e., V¢ active and AV¢ inactive) and vice-versa.
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3.0 Power, Reset and Clocks (Continued)

The following table summarizes the power states described in relation with the PC87591x power planes.

Table 11. PC87591x Power States and Related Power Planes

. Battery
Host Domain | Suspend | Analo
Power State P 9 | Backed VBaT

(Vob) (Vee) (AVce) (Vop)

PP
Battery Fail - - - - -
Power Fail - - - + +
Active and Idle X + + + X
. Host Power Off - + + + X

Power Applied
Host Power On + + + + X
+ - - X X
1 X + - X X
lllegal

X - + X X

1. Operation is not guaranteed.

Figure 10 shows the power state transitions.
VeaT Off and Vee Off (Vpp Off)

Battery Falil

VgaT On (Vpp ON) Vgat On (Vpp ON)

and V¢ Off

Power Fail

Vce On and
VDD Off

e /T INO T power Applied |
I (Ve On) |
| |
Host

| Software |
| Power Off Controlled |
| Software |
| Controlled  Hardware |
Ve Onan Event |
IVpp On Host Active

| Power On with WAIT )|
| |
!_ L Host Domain —1 L Core Domain —|JI

Figure 10. Power State Transitions

3.1.3 Power Connection and Layout Guidelines

The PC87591x requires a power supply voltage of 3.3V * 10% for all the digital supplies (Vcc and Vpp). The analog power
supply requires a voltage of 3.3V £ 10% or 3.3V = 5%. A 3.3V = 5% analog supply is recommended since it improves the
accuracy of measuring input voltage values close to the full-scale (see Section 7.4.1 on page 378).

VCC On
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Both AVc and V¢ should be applied for correct operation; and although the PC87591x is protected against damage if op-
erated with only one of them (AV¢ or Vc), the ADC and DAC modules do not function correctly in such a case and may
cause current leakage. Therefore, ADC and DAC modules should be left at their reset condition (disabled) or disabled by
firmware until AV is within the limits specified above. In addition, the AV is internally isolated from V¢ to enable AV
to be externally filtered or driven by a low-noise power supply.

The PC87591x is designed to operate with a Lithium backup battery that supplies voltage up to 3.6V. The PC87591x includes
an internal current-limiting resistor on the Vgt input as required to meet UL regulations.

Vpp: Ve and Vgt use a common ground return, named digital ground and marked GND. The analog circuits supplied by
AV use a separate ground return, named analog ground and marked AGND. This ensures effective isolation of the analog
modules from noise caused by the digital modules.

The following directives are recommended for the PC87591x power and ground connections (see Figure 11 for the power
supply connections):
Ground Connection

Use two ground planes, one for the digital signals (GND) and one for the analog signals (AGND). The following ground con-
nections should also be made:

* The analog ground plane (AGND) should be connected at only one point to the digital ground plane (GND). This point
should be located physically near the PC87591x.

* The analog ground return pin of the PC87591x (AGND) should be connected to the analog ground plane.

* The decoupling capacitors of the analog supply (AVcc) pin should be connected to the analog ground plane as close
as possible to the AGND pin.

* The ground reference of the voltage input signals to the ADC module (V|\0-9 in Figure 11) should be connected to
the AGND plane close to the PC87591x.

* The ground reference of the voltage output signals from the DAC module (Vg10-3 in Figure 11) should be connected
to the AGND plane close to the PC87591x.

* All GND pins of the PC87591x must be connected to the GND plane.

* The decoupling capacitors of the Suspend digital supply (Vcc) pin should be located near each Vc-GND pin pair;
one side of each capacitor should be connected to the ground plane.

* The ground reference of the voltage input signals to the ACM module (KBV|y0-7 in Figure 11) should be connected
to the GND plane close to the PC87591x.

* The decoupling capacitors of the Host digital supply (Vpp) pin should be located near the Vpp-GND pair; one side of
each capacitor should be connected to the ground plane.

* The ground return and the decoupling capacitor of the backup battery supply (Vgar) pin should be located near the
PC87591x; one of the capacitor's sides should be connected to the ground plane.

Note that low-impedance ground layers improve noise isolation and reduce ground bounce problems.

Power Connection

All PC87591x supply pins must be connected to the appropriate power plane, and decoupling capacitors must be used as
recommended below.

The analog supply pin, AVcc, should be connected to a low-noise power supply that has the same voltage as the digital
supply (3.3V). If the AV¢ pin is connected to the same power supply as the V¢ pin, it is recommended to use an external
LC or RC filter for the AV¢ pin. An example of an LC filter [L; and (C4+C,)] is shown in Figure 11. An RC filter is obtained
by replacing L, (in Figure 11) with a 10Q resistor (not shown in the figure).

Decoupling Capacitors

The following decoupling capacitors should be used to reduce power supply deeps, ground bounce and EMI (refer to
Figure 11 for the position of capacitors, e.g., C1, C2, etc.):

* Suspend digital supply (Vcc): Place one 0.1 pF capacitor (C3) on each Vcc-GND pin pair as close as possible to the
pin pair. Also, place one 10-47 pF C, tantalum capacitor on the common net as close as possible to the chip.

* Host digital supply (Vpp): Place one 0.1 pF capacitor (C5) on the Vpp-GND pin pair as close as possible to the pin
pair. Also, place one 10-47 pF tantalum capacitor (C6) on the common net as close as possible to the chip.

* Backup battery (Vgar): Place one 0.1 pF capacitor (C7) on the Vgar pin as close as possible to the pin.

* Analog supply (AVcc): Place a 0.1 pF capacitor (C2) and a 10-47 pF tantalum capacitor (C1) on the AVcc pin as
close as possible to the pin.
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Suspend Host
Analog Digital Digital
Power ?, Power Power
(3.3V) _ @3V)_Y @3v)

ADO KBSIN'O
KBSIN7

0 PC87591x

VBAT

VDD

KBVINO

KBVIN7

Analog Ground Plane

Digital Ground Plane

Figure 11. PC87591x Power Supply Connection

3.2 RESET SOURCES AND TYPES

The PC87591x has several input reset types:

* Vpp Power-Up reset (for Vpp supplied functions only)
Activated when either V¢ or Vgt is powered up after both have been off.

* V¢ Power-Up reset
Activated when V¢ is powered up.

* Warm reset
Activated on RESET1 input falling edge.

* WATCHDOG and Debugger Interface resets:

— WATCHDOG reset

Activated on request from the TWD module (WATCHDOG signal is asserted); see Section 4.10 on page 164.

— Debugger Interface reset

Activated on request from the Debugger Interface module used during debug and flash updates; see Section 4.19

on page 248.
* Host Domain reset

This is divided into two sub-groups: Host Domain Hardware and Host Domain Software reset. Combinations consist-

ing of the flowing events are used to trigger these reset operations:

— RESET1 active

— When Vpp is active, RESET? is active

— On Vpp power-up

— A Software reset triggered by a write of 1 to bit 1 of SIOCF1 register in the Superl/O Configuration registers; see

Section 6.1.8 on page 343

Unless otherwise noted, reset references throughout the PC87591x modules default to the following types:
* For Vpp retained functions: Vpp Power-Up reset

* For core domain functions and host-core interface functions: V¢ Power-Up reset, Warm reset, WATCHDOG reset,

Debugger Interface reset and Software reset

* For host domain functions: Host Domain reset
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In DEV environment, the PC87591x outputs to the BRKL_RSTO signal an indication that a reset occurred at the core
domain. See Section 4.20.3 on page 272 for the implementation and usage of RSTO.

The following sections detail the sources and effects of the various resets on the PC87591x, per reset type.

3.2.1 Vpp Power-Up Reset

Vpp is an internal power signal derived from V¢ and Vgat. Vpp Power-Up reset is generated by an internal circuit that de-
tects the status of the Vpp power. Vpp Power-Up reset signal is active from the rising of Vpp until the Vpp power is detected
as “good” (i.e., Vpp is above Vgarptc). When active, this signal resets all registers whose values are retained by Vpp.

For more details, see Section 6.2.9 on page 360.

3.2.2 V¢ Power-Up Reset

Vcc Power-Up reset is generated by an internal circuit. The PC87591x performs a V¢ Power-Up reset when V¢ power is
applied. This reset is completed tjgrgt after the internal clocks have stabilized (see Section 7.6.2 on page 384).

If the 32 KHz crystal is disabled before V¢ power-up, external devices should wait at least t3oxosc before accessing the
PC87591x. Any host processor access during this time results in:

* The host processor is stalled (by driving a “Long WAIT sync” response on the LPC bus) until after the reset process
is completed and the bus request can be performed.

* If HRAPU bit in MSWCTLL1 register is set (1), the host processor is reset by asserting KBRST until the internal reset
is completed.

On V¢ Power-Up reset, the PC87591x responds as follows:

* Enables the 32 KHz crystal, if it is disabled.

* Resets the High-Frequency Clock Generator (HFCG) to its default frequency.
* Loads default values to all registers whose values are retained by Vcc.

* Puts pins with strap options into TRI-STATE and enables the internal pull-downs on the strap pins.
* Samples the values of the strap pins.

* Resets the TAP controller of the Debugger Interface module.

* Resets the MSWC, excluding those MSWC registers whose values are retained by Vpp

* Resets Port PCO.

* Carries out all the Warm reset actions (see below).

3.2.3 WATCHDOG Reset and Debugger Interface Reset

The PC87591x generates a WATCHDOG reset on request from the TWD module (i.e., a WATCHDOG signal is asserted).
It generates a Debugger Interface reset on request from the Debugger Interface module (reset command). During these re-
sets, the PC87591x performs the V¢ Power-Up reset actions, with the following exceptions:

* The PC87591x does not sample the value of any strap pin; instead, it maintains the configuration determined by the
strap pins at Vo Power-Up reset.

* It does not reset the TAP controller.

* On Debugger I/F, reset PCO is not reset (it is reset on WATCHDOG reset).
* It resets the HFCG to its default frequency.

* Some MSWC registers do not reset on WATCHDOG or Debugger I/F reset.

The reset periods are identical to the V¢ Power-Up reset period.

3.2.4 Warm Reset

Warm reset is activated on the falling edge of RESET1 input. If Warm reset and V¢ Power-Up reset occur at the same time,
V¢ power-up takes precedence.
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During a Warm reset, the PC87591x responds as follows:

* Terminates core executed instructions

* Discards results not yet written to memory

* Eliminates any pending core interrupts and traps

* Clears the internal latch for the core domain’s edge-sensitive external interrupt

* Deactivates the external bus control signals WR(0-1), SEL(0-1), SELIO, RD and BST(0-2)

* Puts the address A(0-19) and data D(0-15) buses in TRI-STATE

* Switches to core domain’s Active mode

* Loads default values into registers, with the exception of:
— The Mobile System Wake-Up Control (MSWC) and RTC registers retained by Vpp
— Some registers that are specifically noted to be cleared only by other events

* Resets the Debugger interface, except for TAP controller

During Warm reset, strap pins are not sampled and the configuration determined at V¢ power-up is unaffected by subse-
quent Warm resets.

The PC87591x core domain and some parts of the host-core interface functions can operate when RESET1 is still asserted
(low). Some parts of the Host Domain Functions that are reset by the Host Domain reset (see following section) are kept
reset as long as RESET1 is asserted.

3.2.5 Host Domain Reset

Using RESETZ Input

The RESET2 input signal is enabled as an alternate function on one of two pins. The Protection Word in the flash memory
is used to define whether the RESET2 input is enabled and, if so, on which of the two pins. See Section 4.16.6 on page 226
for details on RESET2 input configuration.

Note that enabling RESET?2 input on either of the signals causes that pin to be used as an input GPIO with an interrupt input
associated with it. It is recommended to use this interrupt function to interrupt the core when a RESET2 event occurs and
to use the interrupt routing to stop activities and resume default values to some system elements not directly reset by the
event.

Host Domain Reset Actions

The reset actions on the host domain are broken into two categories that depend on the reset event source; some of the
actions may happen for both these reset source types and thus are named Host Domain Rest.

Host Domain Hardware Reset: While RESET1 is active, RESET2 is also active if Vpp is on or during Vpp power-up.
Host Domain Hardware reset performs the following actions:
* It brings the LPC interface state machine to its inactive state.
* It resets all Superl/O configuration registers except for those that are battery-backed (see Section 6.1.8 on page 343).
* It resets Shared Memory Host Controlled registers
Host Domain Software Reset: This reset is triggered by a write of 1 to bit 1 in SIOCF1 register in the Superl/O Configura-
tion registers.
Host Domain Software reset performs the following actions:

* It resets all Superl/O configuration registers except those noted to be protected from software reset (i.e., bits that are
locked from write accesses).

* It resets Mobile System Wake-Up Control (MSWC) bits and RTC bits marked to be reset by software.

Note that lock bits and memory protect bits are not reset by software reset; instead, they require a hardware reset to unlock
them; this requirement protects these bits from any faulty or malicious software.

For more details, see Section 6.1.3 on page 341.

Host Domain Reset: This term is used when a bit is reset by either a Host Domain Hardware reset or Host Domain Soft-
ware reset.
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3.3 CLOCK DOMAINS
The PC87591x has three clock domains, as shown in Table 12.

Table 12. PC87591x Clock Domains

Clock Domain Frequency Source Usage
Core See Section 4.18 HFCG Core domain and host-core interface
on page 239
LPC Up to 33 MHz LPC clock input LPC bus interface
RTC 32 KHz Clock input or on-chip oscillator! RTC, HFCG, TWD, PMC, ACM

1. See Section 6.2.3 on page 356 and Section 6.2.4 on page 357.

Core Domain Clock
The core clock is sourced by the HFCG. The following section gives an overview of the clock domain.

On V¢ Power-Up reset, the HFCG is set to generate a 4 MHz clock. The HFCG frequency can be modified by core firm-
ware. See Section 4.18 on page 239.

On WATCHDOG reset (or Debugger interface reset), the HFCG is reset.

LPC Clock

The LPC interface is driven by the LCLK input. LCLK frequency can be up to 33 MHz. The clock CLKRUN signal may be
used as part of a power management scheme that slows the clock down; see “CLKRUN Functionality” on page 343.

RTC (32 KHz) Clock

The RTC clock is the reference for the generation of all other clocks in the PC87591x. The clock is enabled at V¢ power-
up and is kept active while Vpp is active. Keeping the RTC clock active significantly reduces the PC87591x wake-up time.
The RTC clock is used for time keeping in the RTC; it is also fed into the Power Management Controller (PMC), which pro-
vides the clock to other functions (such as TWD and ACM) that are active at all times (including Idle).
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4.1 BUS INTERFACE UNIT (BIU)

The BIU directly interfaces with a wide variety of devices, including ROM, SRAM and flash memory devices and 1/O devices.
It interfaces via address, data and control buses without the need for external glue logic.

The BIU also defines the access time to the on-chip flash Main block to provide cycle-by-cycle compatibility between envi-
ronments; see Section 1.4 on page 29 and “Accessing Base Memory” on page 35. To optimize access time to the on-chip
Base Memory, the Base Memory is split into Fast and Slow Zones. These zones are associated with Zone 1 and Zone 2 of
the BIU, respectively. The SEL1 output signal of the PC87591x is the logical AND of the two SELi outputs of Zones 1 and 2.

4.1.1 Features

* Four address zones for static devices (SRAM, ROM, flash, 1/0O).
* Basic bus cycle: two clock cycles.

* Configurable fast read bus cycles with 1-cycle read duration.

* Wait states: configurable between zero and seven clock cycles.
* Hold cycles: configurable between zero and three clock cycles.
* 1/O expansion support.

* Configurable burst on read.

* Burst read: one clock cycle.

* Configurable early write or late write.

* Bus width: configurable per zone - 16-bit or 8-bit.

4.1.2 Functional Description

Interface
The BIU interfaces between:

* Internal core bus

* External static memory

* Off-chip /0O (memory-mapped) devices

The BIU performs the following functions:

* Distinguishes between four static memory zones

* Selects the relevant configured parameters of the accessed zone (e.g., the number of wait states)
* Issues the appropriate bus cycle to access the zone

Each memory zone has a different address range and a set of parameters that define access to this zone. The set of pa-
rameters is software configurable.

Static Memory and 1/O Support

The BIU accesses static memory devices (ROM, SRAM, flash and 1/O devices) using static read and write bus cycles. The
BIU can be configured to extend the bus cycles with wait cycles.

The BIU supports burst read bus cycles if the accessed zone is configured as burstable. (A burst-read bus cycle is an ex-
tension of the basic-read bus cycle in which additional data is accessed. A burst access usually requires only one clock cycle
per additional data item. It may be extended by up to two clock cycles per additional data item.)

To support both 1/0 and static memory devices that require long hold times at the end of the access, the BIU can be config-
ured to add up to three T4 Clock cycles at the end of the bus cycle. In addition, the BIU can be configured to insert a Tigje
clock cycle between two consecutive accesses to different zones.

Byte Access

The internal core bus is 16-bits wide and supports byte and word transactions.

The BIU issues the appropriate bus cycle to access the right bytes, according to the core bus transaction and the memory de-
vice bus width. Table 13 and Table 14 summarize the details:
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Table 13. Bus Cycles of a 16-Bit Data Bus

Number of Transferred Core Address (LSB)| Data Bus Pins
Bytes Bus Bytes
1 BO 0 0-7
1 Bl 1 8-15
2 Bl BO 0 0-15
2 B1 1 8-15
BO Then 0 0-7

Table 14. Bus Cycles of an 8-Bit Data Bus

Number of Transferred Core Address (LSB)| Data Bus Pins
Bytes Bus Bytes

1 BO 0 0-7

1 Bl 1 0-7

2 BO 0 0-7

Bl Then 1 0-7%

2 B1 1 0-7

BO Then 0 0-7

1. Burst bus cycle, if burstable; otherwise, the core transaction is
broken into “basic” bus cycles.

On write cycles of a single byte, the remaining eight bits of the bus are floating.
On read cycles of a single byte, the remaining eight bits of the bus are ignored. There is no need for external pull-up resistors.

Clock and Bus Cycles

There are two types of bus cycles: data transfer and non-data transfer. Data transfer bus cycles cause transfer of data from
or to the memory device. Non-data transfer bus cycles (described in Section 4.1.9 on page 81) are used for observability of
internal bus transactions and do not involve data transfer from or to external devices.

There are four types of data transfer bus cycles:
* Early write
* Late write
* Normal read
* Fast read

The BIU uses EWR configuration bit in BCFG register to select the early or late write data transfer bus cycle. It uses FRE in
SZCFGn register (where “n” refers to zone 0, 1 or 2) to select normal read or fast read data transfer bus cycles.

The basic late write bus cycle takes two clock cycles. The basic early write bus cycle takes three clock cycles. When the BIU
uses the early write bus cycle, the RD signal is not required for interfacing with the memory device (with the exception of
flash). On reset, the early write bus cycle is configured.

The basic normal read bus cycle takes two clock cycles. Fast read bus cycle always takes one clock cycle. On reset, the
normal read bus cycle is configured.

Notes:

1. Inthe descriptions that follow, the “n” in SELn signal refers to two of the three available BIU select signals (numbered 0
or 1, corresponding to zone 0 or zone 1 respectively). The third signal is labelled SELIO.

2. For all timing diagrams, the value of BST0-2 depends on the type of core bus transaction.

3. Inthe following paragraphs, SZCFGn refers to three of the four BIU zone configuration registers (n =0, 1 or 2) - the fourth
configuration register is labelled IOCFG.
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4.1.3 Clock Cycles

Basic Bus Cycle

A basic bus cycle comprises one to three clock cycles (depending on the type of bus cycle). Adding extra wait or hold clock
cycles extends the data transfer bus cycles. Every data transfer bus cycle has the T1 and T2 clock cycles, with the exception
of the fast read bus cycle, which has only one clock cycle (T1-2).

Tiqie Cycle Clock cycles that are not used for bus cycles are called Idle clock cycles (Tigje). Tigie Cycles are added when the
BIU does not need to generate a bus transaction or as specifically configured pauses between two consecutive transactions.
When more than one Tjqe Cycle is requested as a pause, the Ty cycles overlap and only one Tjq cycle is added.

Tigle Clock cycles can be inserted between two consecutive accesses in different zones (to allow long hold times or buffer
disable times). To do this, either program IPRE and/or IPST in SZCFGn register (or IPST in IOCFG register); see Figure 18
on page 77.

Tigle clock cycles are also added between an early write and a read bus cycle, and between a late write and a fast read bus
cycle; see Figure 23 on page 80.

T1 Cycle Every bus cycle starts with T1. In this clock cycle, the address of the selected device (either external or internal)
is set on the address pins. Write bus cycles never drive data during T1.

T2 Cycle The read T2 bus cycles always sample the data at the end of T2.

The write T2 bus cycles always drive data during T2. If no T,,4q clock cycles follow, the data bus is put in TRI-STATE after
the T2 cycle.

T1-2 Cycle The fast read T1-2 bus cycle is a one-cycle read transaction.

At the start of the clock cycle, the address of the selected device is set on the address pins, and the SELn and RD signals
are activated. At the end of the clock cycle, the BIU samples the data.

T3 Cycle Early write bus cycles always have the T3 clock cycle. No other bus cycles have this clock cycle.

At the start of this clock cycle, SELn (or SELIO) is deactivated; then WRO0-1 is deactivated. The address and data remains
valid until T3 is completed. If no Ty, 4 clock cycles follow, the data bus is put in TRI-STATE after the T3 cycle.

Optional Clock Cycles

The following clock cycles are optional in a data transfer bus cycle:
* TIW (Internal Wait)

* T2B (T2 burst)

* TBW (Burst Wait)

* Thold

TIW Cycle Extend the basic data transfer bus cycle by adding wait clock cycles. To do this, program WAIT in SZCFGn reg-
ister (or IOCFG register) with the required additional wait clock cycles. Wait clock cycles generated by this action are named
TIW (internal wait). TIW cycles are added after T1 and followed by T2 cycles. Data is always driven during wait clock cycles
of a write bus cycle.

T2B Cycle Data of read burst bus cycles is sampled at the end of T2B. If the TBW cycle is not configured, the address is
changed at the start of T2B. Write bus cycles do not have this clock cycle.

TBW Cycle A burst bus cycle can be extended by one wait clock cycle, named TBW. This is done according to WBR in
SZCFGn register. The address is changed at the start of TBW. Write bus cycles do not have this clock cycle.

Tholg Cycle Hold cycles are added after T2 or T2B (if there is a burst bus cycle) or T3 (according to HOLD in SZCFGn or
IOCFG register); the address and data (during a write bus cycle) are always valid during these cycles. The data bus is put
in TRI-STATE after the last Ty gg.

Other Clock Cycles

Special Tige Cycle During T,qe Cycles, one of the SELO-1 signals and the RD signal may be activated for one clock cycle.
This happens due to special activity on the internal core bus. To avoid contention on the memory bus, it is guaranteed that
this clock cycle is followed by a sufficient number of Ty, cycles before the next T1 cycle is performed.

The number of Ty cycles that follows is at least the number required by the selected zone as configured in HOLD field in
SZCFGn register.
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Burst Read Cycles A read bus cycle consisting of the basic bus cycle plus additional clock cycles called “burst bus cycles”.
The burst bus cycles occur if the bus is burstable (BRE in SZCFGn register is 1), the configured bus width is eight bits and
the core attempts to read a word. When the bus is not burstable (BRE in SZCFGn register is 0), the BIU issues two separate
read bus cycles. Write bus cycles are never burstable, and the BIU always issues two separate write bus cycles.

Control Signals
The write bus cycles use byte write qualifiers on WRO0-1 pins:

* They access an 8-bit wide memory on DO-7 data lines.
One byte is accessed on basic bus cycles. Only the WRO pin is used as the byte write qualifier.

* They access a 16-bit wide memory on DO0-15 data lines.
Either one or two bytes are accessed on basic bus cycles. The WRO pin is used as an even byte (D0-7) write qualifier
and WR1 pin is used as an odd byte (D8-15) write qualifier.

4.1.4 Early Write Bus Cycle

If EWR in BCFG register is 1, the BIU uses early write bus cycles. This allows removal of the RD signal from the memory
device interface. The basic early write bus cycle takes three clock cycles.

The cycle starts at T1; at this point, the data bus is in TRI-STATE, the address is placed on the address bus and RD is in-
active. indicating that this is a write bus cycle. Then, WRO-1 are activated.

At the first TIW or T2 (when there are no TIW cycles), the data is placed on the data bus and the SELn (or SELIO) is acti-
vated. The bus transaction is terminated at T3; at this point, SELn (or SELIO) becomes inactive. Then WRO0-1 become in-
active and the data bus is put in TRI-STATE. The address remains valid until T3 is complete.

Tholg clock cycles may follow T3, according to HOLD in SZCFGn or IOCFG registers (may be 0). The address and data re-
main valid until the end of the last Ty, 4 cycle. The data is put in TRI-STATE in the clock cycle after the last T4 or T3 (if no
Thold CYcle is configured); see Figures 12, 13 and 14.

If a read bus cycle immediately follows an Early Write bus cycle, an idle cycle is added between the two.
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begin

Address placed on A0-19,
WRO0-1: activated

WAIT field in SZCFGn reg. # 0 WAIT field in SZCFGn reg. = 0

Internal waits corresponding to Wait field in SZCFGn register.

Data placed
on DO-15,
SELn: active

Internal waits completed
Data placed on D0-15,
SELn: active

SELn: inactive, WRO0-1: inactive;

HOLD field in SZCFGnreg. #0

HOLD in SZCFGnreg. =0

Hold cycles according to HOLD field
in SZCFGn reg.

n
Hold cycles completed end Address on A0-19 invalid/changed

Data put in TRI-STATE

Note: References to SZCFGn also apply to the IOCFG register.
References to SELn also apply to the SELIO signal.

Figure 12. Early Write Bus Cycle

if HOLD field in SZCFGn reg. = 0 data put in TRI-STATE.
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Figure 14. Early Write Bus Cycle with 1 Internal Wait and 1 Hold

4.1.5 Late Write Bus Cycle

If EWR in BCFG register is 0, the BIU uses the late write bus cycle. The basic late write bus cycle takes two clock cycles.
This write bus cycle requires the RD signal in the memory device interface.

A write bus cycle starts at T1. When the data bus is in TRI-STATE, the address is placed on the address bus and SELn (or
SELIO) is activated. Next, WRO-1 are activated. RD is inactive to indicate this is a write transaction.
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At the first TIW or T2 (when there are no TIW cycles), the data is placed on the data bus. The bus cycle is completed at T2;
at this point, WRO0-1 are deactivated. The address and data remain valid until T2 is completed.

After T2, the number of Ty, 4 cycles specified by HOLD in SZCFGn register (may be 0) is added to the transaction. When
Thold CYCles are added, the address and data remain valid until the end of the last Ty,qq Cycle. SELn (or SELIO) is deactivated
on the first Ty, 4 cycle. When no Ty 44 cycles are specified, SELn (or SELIO) is deactivated in the clock cycle after T2 unless
another read or write from the same zone follows. The data is put in TRI-STATE in the clock cycle after the last Tyqq Or T2
(if no Tpqiq Cycle is configured); see Figures 15, 16 and 17.

begin

Address placed on A0-19;
SELn: activated;
WRO0-1: activated.

WAIT field in SZCFGnreg. # 0 WAIT field in SZCFGn reg. = 0

Internal waits corresponding to WAIT field in SZCFGn register

Data placed
on DO-15

Internal waits completed

Data placed on DO-15;
WRO-1: inactive.

HOLD field in SZCFGn reg. Z0

First Thold;
SELnN: inactive.

HOLD field in SZCFGn reg. =0

Hold cycles
according to

HOLD in
SZCFGn reg. Address on A0-19 invalid/changed,;
end Data put in TRI-STATE;
Hold cycles completed SELn: inactive.

Note: References to SZCFGn also apply to the IOCFG register.
References to SELn also apply to the SELIO signal.

Figure 15. Late Write Bus Cycle
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Bus State

T1 T2 T1 T2 T1 T2
|<— Normal Read —>|<— Late Write —P|<— Normal Read —‘>|

CLK /

A

SELO-1,
SELIO

0015 | Yooyt R m Yot

~
ro19 [ X X X X
N

>..

:
'
'
=)
- -

BSTO-2

/_\:\_/
TN /TN

Figure 16. Late Write Bus Cycle Between Normal Read Bus Cycles with 0 Wait

po1s [ X : : : : :
sen XD D 1 1 I\
s [y ey

w1t 7 TN | /T
BST0-2 /__\

Figure 17. Late Write Bus Cycle with 1 Internal Wait and 1 Hold

4.1.6 Normal Read Bus Cycle

A read bus cycle starts at T1; at this point, the address is placed on the address bus, SELn (or SELIO) is activated and
WRO-1 are inactive, indicating that this is a read bus cycle. The RD signal is activated on the first TIW or T2 (when there are
no TIW cycles).

At the end of T2, the BIU samples the data on DO-7 or DO-15, according to BW signal in SZCFGn register. After T2, the
number of T4 cycles specified by HOLD in SZCFGn register (may be 0) is added. SELn and RD are deactivated on the
first Thoig Cycle. The address remains valid until the end of the last Ty, 4 Cycle.
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When no Tyqq Cycles are specified, SELn is deactivated in the clock cycle that follows T2, unless another read from the
same zone follows. The RD signal is always deactivated in the clock cycle following T2; see Figures 18, 19 and 20.

A burst bus cycle supplements the basic read bus cycle if the core attempts to access more bytes (i.e., a word) than the
configured bus width (and BRE in SZCFGn register is set to 1). The burst bus cycle (T2B) follows T2 before the T4 Cycles
(if configured). A wait clock cycle (TBW) is added between T2 and T2B if WBR in SZCFGn register is set to 1.

The address of the burst bus cycle is changed on TBW (if configured) or T2B (if no TBW). At the end of T2B, data is sampled.
The RD signal is activated during the burst bus cycle and is deactivated in the clock cycle following T2B; see Figures 21 and

22.
Bus State |<— ?frmal Re:: —>| o |<—;\Ilormal Re:g—>|
ck - f 3 NDARND AN SN ¢

no19  [X X : e
Tl T | NV
g [ ]
T AN Ve N Vi
woi | T | 1 ] 1 |\
w0z | /TN L L /TN

Figure 18. Two Basic Normal Read Bus Cycles with Idle In Between (IPST Bit in SZCFGy Register = 1,
IPRE Bit in SZCFGx Register = 1)

Bus State T1 TIW TIW T2 Thold

CLK /

SELn

a0 [ X
X

DO-15 >>
RD A :

BSTO-2

Figure 19. Normal Read Bus Cycle with 2 Internal Waits and 1 Hold
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begin

Address placed on A0-19;

SELn: activated.

WAIT field in SZCFGn reg. # 0

WAIT field in SZCFGnreg. =0

Internal waits corresponding to WAIT field in SZCFGn register.

RD: active

Internal waits completed

RD: active;
End of T2: Data is sampled.

In SZCFGn reg.: {BW,WBR,BRE} = 001
Core attempts to read a word

Other SZCFGn
In SZCFGn reg.: HOLD # 0 configuration

{BW=10rBRE=0
or core attempts to read a byte}

In SZCFGn reg.:
BW = 0; {WBR,BRE} = 11;
Core attempts to read a word

Next address on A0-19;

End of T2B: Data sampled, First Thoiq: SELN

and RD are deactivated

Thold
Next address
on AO-19
Hold cycles according
to HOLD field in SZCFGn reg.
HOLD field in SZCFGn reg. # 0 Hold cycles completed
HOLD field in SZCFGnreg. =0
end =~ Address on A0-19 invalid/changed,
SELn and RD: inactive.

Figure 20. Normal Read Bus Cycle

Note: References to SZCFGn also apply to the IOCFG register.
References to SELn also apply to the SELIO signal.
TBW and T2B states do not exist in bus cycles of the 10 zone.
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Bus State T1 T2 T2B
CLK

pots XX
SELn X_.

=

BSTO-2

|

S

o
™~
~

d

Bus State T1 TIW TIW T2 TBW T2B

-

AO0-19

X
SN
_<

DO-7

1654

RD \
S S B e
BSTO-2 /_ C\ : :

Figure 22. Normal Read Bus Cycle with 2 Internal Waits and 1 Wait on Burst

4.1.7 Fast Read Bus Cycle

When FRE bit in SZCFGn register is 1, the fast read bus cycle is enabled for zone n. The fast read bus cycle takes one clock
cycle.

At the start of the T1-2 clock cycle, the address is placed on the address bus, and SELn and RD are activated. WRO-1 are
inactive, indicating a read bus cycle. At the end of the clock cycle, the BIU samples the data. SELh and RD are deactivated
in the following clock cycle, unless another read from the same zone follows. If a write to the same zone follows and late
write is configured, SELn remains activated. The address remains valid until the start of the clock cycle after the T1-2 clock
cycle.
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The fast read bus cycle cannot be extended by adding wait cycles (WAIT field in SZCFGn register is ignored during this bus
cycle). Additionally, hold cycles cannot be added (HOLD field in SZCFGn register is also ignored). When a write bus cycle
immediately precedes, in sequence, a fast read bus cycle, an idle clock cycle is forced between the two; see Figure 23.

Note that when the core attempts to access more bytes than the configured bus width (i.e., a word), the transaction is broken
up into “basic” (T1-2) bus cycles.

Fast . ldle Fast
BUS State |4_Read 4 Late Wl’lte CyCIe Read
Tidle T1-2 T1 T2 Tidle T1-2 T1 ,
A0-19 : : : : :
SELx i / : N\

(x#y) - ' ' ; ;
SELy : \ A :
(Y #x) v : : :

P

P01 g QR Ot p——
R[]

WRO-1

A
AU

g
ATTAAM

BSTO-2

/

N :
In

SN
><

Figure 23. Fast Read Bus Cycle

4.1.8 1/0O Expansion Bus Cycles

The I/O expansion bus cycles support the implementation of on-chip I/O port functionality (when the pins of the on-chip I/O
ports are used to support DEV environments) and/or additional ports, using off-chip external logic.

I/O expansion bus cycles access the off-chip 1/0 device using the following signals:
* SELIO.

* Address lines AO-7.

* The RD and WRO-1 signals may be used.

The design minimizes the off-chip logic required to implement the I/O ports. It is costly to implement a port with pins individ-
ually configured for input or output. Implementing ports for input only or output only reduces expenses.

I/O expansion bus cycle is not generated during an access to a port register if one of the following conditions occurs:
* A port pin is available on-chip.
* All port pins are inputs and the port is being written.
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I/O Expansion Read/Write Bus Cycle
These cycles are always preceded by a Tiqe clock cycle (see Figure 24). The I/O zone is not burstable.

Bus State |<— Read —>| |<— Write 4>|

Tidle T1 12 Tidle 11 T2 T3
CLK //_\:\_//_\:\_//_\:\_//_\:\_//_\:\_//_\:\_//_\:\_//
o e
so 7N L L N
DO-15 _'_} I I @XXX?::D : I { :Out
S T I N V2 I B
S B R R N Ve
BSTO-2 /] \ /1 \

Figure 24. 1/0 Expansion Bus Cycles (EWR bit in BCFG Register = 1)

I/O Expansion Example

Figure 25 shows an example of how two ports can be implemented off-chip, using I/O expansion. This example implements
two 8-hit ports by connecting the SELIO, RD and WRO pins to the latch/buffer controls.

74x377
SELIO! cE 8
WRO! cp 8-Bit
Latch
DO-7 |¢ D
PC87591x 74x541
OE1
8 . 8
8-Bit
Buffer [
RD »| OE2

1. This routing is for late write. If early write, SELIO is routed
to CP and WRO to CE. All other routing is unchanged.

Figure 25. Example of an Implementation of Two Ports Using I/O Expansion

4.1.9 Development Support
The BIU provides the following support for development systems.

Bus Status Signals

The Bus Status BSTO0-2 signals indicate whether a transaction on the core bus was issued; they also indicate the transaction
type; see Table 41 on page 273.
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Core Bus Monitoring

The core bus monitoring cycle is a non-data transfer bus cycle. It takes a single clock cycle - T1. On this cycle:
* The address pins display the address of the internal device accessed on the core bus.

* CBRD indicates the direction of the access (read or write).

* BEO-1 indicate which data bus bytes are accessed (lower or upper).

* BSTO-2 display the core bus status.

Bus State T1
| —
w L
|
|
A0-12, ,
A16-19 |
. I
[, |
SELO-1 T
SELIO / | |
I —
BEO-1 X |
|
WRO-1 |
|
|
DO-15 :>-|
|
CBRD X!
RD i
/o
| -
BSTO-2 wa

Figure 26. Core Bus Monitoring Bus Cycle

The core bus monitoring cycle, as shown in Figure 26, is generated only when bit 1 (OBR) in BCFG register is 1.
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4.1.10 BIU Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

BIU Reg

ister Map
Mnemonic Register Name Type
BCFG |BIU Configuration R/W
IOCFG |I/O Zone Configuration R/W
SZCFGn |Static Zone Configuration R/W

BIU Configuration Register (BCFG)

The BCFG register controls the configuration of common features to all zones. On reset, this register is initialized to 07 .

Location: Index 00 F980,¢
Type: RIW
Bit 7 | 6 | 5 | 4 | 3 2 1 0
Name Reserved ISTL OBR EWR
Reset o | o | o | o | 0 1 1 1
Bit Description
0 |EWR (Early Write).

0: Late write
1: Early write

OBR (Observability). Determines if the address and status of internal accesses are observable.

0: Not observable (no toggle of external buses)
1. Observable (external buses toggle)

ISTL (Internal Stall). Determines if the internal bus is stalled while the BIU is busy.
0: Internal bus activity not stalled when BIU is busy
1: Stall internal bus activity when the external bus is busy

7-3

Reserved.
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I/0 Zone Configuration Register (IOCFG)
The IOCFG register controls the configuration of the I/O zone. On reset, it is initialized to 069F .
Location: 00 F982,¢

Type: RIW

Bit 15 1413121110 9| 8 7] 6| 5] 4] 3] 2] 1]0
Name Reserved IPST| Res | BW | Reserved HOLD WAIT
Reset ololofJolo] 1] 1] 0o 12]o0o]o] 1|1 1]1]1
Bit Description

2-0 |WAIT. Number of TIW clock cycles that extend the bus cycle.

Bits

210 Number
00 O: None
00 1: One
010: Two
011 Three
100: Four
101 Five
110: Six
111 Seven

4-3

HOLD. Number of Ty 4 clock cycles.
Bits

4 3 Number

0 O0: None

0 1. One

10 Two

1 1: Three

Reserved.

Bus Width. Sets the external bus width used for the 1/0 zone. It is initialized during reset to its default value.
0: 8-bit bus
1: 16-bit bus (default)

Reserved.

IPST (Idle After Bus Cycle). Determines if an idle cycle follows the current bus cycle when the next bus cycle
is in a different zone.

0: No idle cycle inserted
1: Idle cycle inserted

15-10

Reserved.
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Static Zone Configuration Register (SZCFGn)
The SZCFGn register (where n = 0, 1 or 2) controls the configuration of zone n. On reset, SZCFGn is initialized to 069F .

Location

: Zone 0 - 00 F984 44
Zone 1 - 00 F9864¢
Zone 2 - 00 F9884¢

Type: RIW
Bit 15 14| 1312 11 10] 9| 8| 7] 6] 5] 4| 3[2]1]0
Name Reserved FRE | IPRE| IPST| Res | BW | WBR| BRE HOLD WAIT
Reset o|lololol o] 1] 1] o] 100 1] 1| 1] 1]1
Bit Description
2-0 |WAIT. Number of TIW clock cycles that extend the bus cycle. Ignored when bit 11 (FRE) of this register is set

to 1.

Bits

210 Number
00 O: None
00 1 One
010: Two
011 Three
100: Four
101 Five
110: Six
111 Seven

4-3

HOLD. Number of Ty 44 clock cycles.
Bits

4 3 Number

0 0: None

0 1. One

10: Two

1 1: Three

BRE (Burst Read Enable). Ignored when bit 11 (FRE) of this register is set to 1.
0: Disabled
1: Enabled

WBR (Wait on Burst Read). Determines if a wait state (TBW) is added on a burst read transaction.
0: No TBW
1. TBW

BW (Bus Width). Sets the external bus width used for the 1/0O zone. It is initialized during reset to its default
value.

0: 8-bit bus
1: 16-bit bus (default)

Reserved.

IPST (Idle After Bus Cycle). Determines if an idle cycle follows the current bus cycle when the next bus cycle
is in a different zone.

0: No idle cycle inserted
1: Idle cycle inserted
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Bit

Description

zone.
0: Noidle cycle inserted
1: Idle cycle inserted

10 |IPRE (Idle Before Bus Cycle). Inserts an idle cycle before the current bus cycle when this bus cycle is in a new

11 |FRE (Fast Read Enable).

0: Disabled - Normal read bus cycle takes at least two clock cycles
1: Enabled - Normal read bus cycle takes one clock cycle

15-12 |Reserved.

4.1.11 Usage Hints

FRE=1.

The following usage hints help configure the BIU to maximize PC87591x performance and avoid contention on the data bus.

1. InIRE environment, access time to the internal flash can use zero wait and zero hold cycles or fast reads depending on
the CLK frequency set for the core and its peripherals (see “Flash Read, Write and Erase Time” on page 222).

Flash sections 0 and 1 (fast zone) and Section 2 (slow zone) can use a fast read bus cycle through the operation fre-
quency of the PC87591x; therefore, program SZCFGL1 fields to be: WAIT=000, HOLD=00, BRE=0, WBE=0, BW=1,

When Section 2 (slow zone) can operate with a fast read bus cycle, program SZCFG2 fields to be: WAIT=000,
HOLD=00, BRE=0, WBE=0, BW=1, FRE=1.

When Section 2 (slow zone) needs to operate with normal read and zero wait, program SZCFG2 fields to be: WAIT =000,
HOLD=00, BRE=0, WBE=0, BW=1, FRE=0.

2. To avoid contention on the data bus when a read bus cycle (no Tyq4 clock cycles) in one zone is followed by a read bus
cycle in another zone, program IPST and IPRE in the different memory (I/O) zones as follows:

Zone IPRE IPST
Zone 0 0 0
Zone 1 1 0
Zone 2 o/1t 0
Zone I/O 12 0

1. Set IPRE when the zone is con-
figured for fast read.
2. An IPRE is forced always for

Zone |/0O.
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4.2 DMA CONTROLLER (DMAC)

The DMAC transfers blocks of data between memory and 1/O devices along four independent channels, with minimal inter-
vention by the core. The source and destination addresses and the block size to be transferred may be defined for each of
the channels.

4.2.1 Features
* Four Independent Direct Memory Access (DMA) channels.
* Direct (fly-by) and indirect (memory-to-memory) transfer types.
* Single-buffer, double-buffer and auto initialize operation modes.
* Fixed address (I/O device) or updated (memory device).
* Address update (increment or decrement) independent of the number of transferred bytes.
* Interrupt line for each channel.
* Programmable bus policy for each channel: continuous or intermittent use of the bus.
* Software DMA request for each channel.
* Maximum throughput in direct (fly-by) transfer:
— Intermittent:Every three clock cycles.
— Continuous:On internal core bus - every clock cycle.
— Otherwise:Every two clock cycles.
* Maximum throughput in indirect (memory-to-memory) transfer:
— Intermittent:Every five clock cycles.
— Continuous:On internal core bus - every two clock cycles.
— Otherwise:Every four clock cycles.

4.2.2 Functional Description

When transferring blocks of data using the DMAC, the source and destination addresses, as well as the block size and type
of operation, are set up in advance by programing the appropriate control registers. Actual data transfers are handled by the
DMAC channel in response to DMA transfer requests. On receiving a DMA transfer request (DMRQn), if the channel is en-
abled, the DMAC performs the following operations:

1. Acquires control of the core bus according to the DMAC priority on the core bus.

2. Determines priority among the DMAC channels, one clock cycle before T1 of the DMAC transfer cycle. (T1 is the first
clock cycle of the bus cycle.) Priority among the DMAC channels is fixed in descending order, with Channel 0 receiving
the highest priority.

3. Executes data transfer bus cycle(s) according to the values stored in the control registers of the channel being serviced
and according to the accessed memory address. It acknowledges the request during the bus cycle that accesses the
requesting device.

4. If the transfer of a block is terminated, the DMAC does the following:

— Updates the termination flags.

— Generates an interrupt if enabled.

— Goes to step 6.
5. 1f DMRQn is still active and the Bus Policy is “continuous”, returns to step 3.
6. Relinquishes the internal core bus.

Each DMAC channel can be programed for direct (fly-by) or indirect (memory-to-memory) data transfer. Once a DMAC
transfer cycle is in process, the next transfer request is sampled when the DMAC acknowledge is deactivated and subse-
quently, on the rising edge of each clock cycle.

The configuration of either address freeze or address update (increment or decrement) is independent of the number of
transferred bytes, transfer direction or number of bytes in each DMAC transfer cycle. All these can be configured for each
channel by programing the appropriate control registers.

Each DMAC channel has eight control registers. DMAC channels are described hereafter with the suffix “n”, where n repre-
sents the channel number in the register name (n = 0 to 3).

4.2.3 Channel Assignment in PC87591x

Table 15 shows the assignment of the DMA channels to different tasks in the PC87591x. If a channel is used for memory
block transfers, other resources must be disabled.
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Table 15. DMA Channel Assignment

Channel Usage Mode Enable Control Interrupt
0 USART Receive Indirect USART registers DMA_INTO
1 USART Transmit Indirect USART registers DMA_INT1
2 Reserved Indirect
3 Reserved Indirect

4.2.4 Transfer Types

The DMAC uses two data transfer modes, direct (fly-by) and indirect (memory-to-memory). The choice of mode depends on
the correlation between the source and destination bus lengths, the required bus performance and the peripheral structure
(as indicated in Table 15).

Direct (Fly-By) Transfers

Bus State Tl T2 Tidle T1
CLK /_\_/_SS_\_/_\_/_\_/_\_/_\_/
S I N I o
ADDR SS X ADCA: X X

Figure 27. DMAC Direct Bus Cycle Followed by a Core Bus Cycle

In Direct mode, each data item is transferred using a single bus cycle without reading the data into the DMAC. It provides
the fastest transfer rate, but it requires identical source and destination bus widths.

Data transfer cannot occur between two memory elements. One of the elements must be the I/O device that requested the
DMA transfer. This device is referred to as the implied I/O device. The other element can be either memory or another 1/10
device and is referred to as the addressed 1/O device.

The appropriate DMA acknowledge signal for each channel is asserted during the bus cycle.

If the bus policy is “intermittent”, maximum throughput is one transaction every three clock cycles. If bus policy is “continu-
ous”, maximum throughput on the internal core bus is one transaction every two clock cycles.

Since only one address is required in Direct mode, this address is taken from the corresponding ADCAnN counter. The DMAC
Channel generates either a read or a write bus cycle according to the setting of DIR bit in DMACNTLn register.

When DIR bit is 0, a read bus cycle from the addressed device is performed, and the data is written to the implied 1/0 device.
When DIR bit is 1, a write bus cycle to the addressed device is performed, and the data is read from the implied 1/O device.

The configuration of either address freeze or address update (increment or decrement) is independent of the number of
transferred bytes, transfer direction, or number of bytes in each DMAC transfer cycle. All these can be configured for each
channel by programing the appropriate control register.

The number of bytes transferred in each cycle is taken from TCS bit in DMACNTLn register. After the data item has been
transferred, the BLTCn counter is decremented by one. The ADCAnN counter are updated according to INCAn field and ADA
bit in DMACNTLn register.
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Indirect (Memory-to-Memory) Transfers

Bus State Tl T2 Tl T2 Tidle
CLK /_\_/_SS_\_/_\_/_\_/_\_/_\_/_\_/_
DMRQi I \_‘_ S%

ADDR : SS——( ADCA X ADCB  y——1—

DMACKi : %& : : : AN /
Figure 28. Indirect Bus Cycle (DIR=0) - External Bus

Bus State T1 T2 T1 T2 Tidle

S D
DMRQi I \_‘_ SS /

ADDR

DMACKi

T

.0

)

Figure 29. Indirect Bus Cycle (DIR=1) - External Bus

In Indirect (Memory-to-Memory) mode, data transfers use two consecutive bus cycles. The data is first read into a temporary
register and subsequently written into the destination. This mode is slower than Direct (Fly-By) mode, but it provides support
for different source and destination bus widths.

Indirect mode also facilitates block transfers between two memory elements. Each element is an addressed device and can
be either memory or an 1/O device.

The appropriate DMA acknowledge signal for each channel is asserted during the Device B bus cycle.

If the bus policy is “intermittent”, maximum, throughput is every five clock cycles. If the bus policy is “continuous”, maximum
throughput is every two clock cycles on the internal core bus (otherwise, it uses four clock cycles).

When DIR bit is 0, the first bus cycle reads data from the source using the ADCAn counter, and the second bus cycle writes
the data into the destination using the ADCBnN counter. When DIR bit is 1, the first bus cycle reads data from the source
using the ADCBnN counter, and the second bus cycle writes the data into the destination using the ADCAn counter.

The number of bytes transferred in each cycle is taken from TCS bit in DMACNTLn register. After the data item has been
transferred, the BLTCn counter is decremented by one. The ADCAn and ADCBn counters are updated according to INCAn,
INCBn, ADA and ADB fields in DMACNTLn register.

Note:

For transfer operations between two memory areas, see “Software DMA Request” on page 92.
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4.2.5 Bus Policy

Bus State

DMRQI

ADDR

DMACKi

Bus State

CLK

DMRQi

ADDR

DMACKi

CLK /

Intermittent Operation Mode

Embedded Controller Modules (Continued)

Tidle Tl

SNV ERNY

SANY

1

ADCA

Core Cycl

e Address}

Continuous Operation Mode

T1 T2

Figure 30. DMAC Direct Bus Cycles in Intermittent Mode, DMRQ Asserted Constantly.

When BPC bit in DMACNTLn is 0, channel n is in Intermittent mode. In this mode, the DMAC channel relinquishes the bus
after each transaction, regardless of the state of its DMA request input. In this way, the DMAC gives the core (and other
DMA channels) a chance to use the bus, even if a DMA device needs the bus for multiple transfers.

T1 T2

WY

CA

—(Cc;re Cycle Alddress>

Figure 31. DMAC Direct Bus Cycles in Continuous Mode - External Bus
When BPC bit in DMACNTLn register is 1, channel n is in Continuous mode. In this mode, a DMAC channel uses the bus
continuously, as long as its request is active and BLTCn > 0. This allows the channel to utilize the full bandwidth of the bus.

The activity of this channel cannot be interrupted by any other internal bus master, including higher priority DMAC channels.
It is the system designer’s responsibility to limit the duration of the DMA request to prevent bus starvation.

E
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4.2.6 Operation Modes

The DMAC operates in three different block transfer modes - single transfer, double buffer and auto-initialize. Select the ap-
propriate mode according to the character of the block transfer.

Single Transfer Operation
This mode provides the simplest way to accomplish a single block data transfer.

Initialization

1. Write the two block transfer addresses and byte count into the corresponding ADCAn, ADCBn and BLTCn counters, re-
spectively. The BLTCn counter should be written last.

2. Program the OT bit for Non-Auto-Initialize mode, and clear EOVR bit in DMACNTLn register to 0. Clear to 0 VLD bit in
DMASTATN register.

3. Set CHEN bit in DMACNTLnN register to 1; the channel activates and responds to DMAC transfer requests.

Termination

When the BLTCn counter reaches 0:

* The transfer operation terminates.

* TC bit in DMASTATN register is set to 1, and CHAC is cleared to 0.

* A level interrupt is generated (if enabled by ETC bit in DMACNTLn register).

Double Buffer Operation

This mode allows the software to set up the next block transfer specification while the current block transfer proceeds. This
mode is used for preparing the next buffer for use in a multi-buffer operation (e.g., the alternate buffer in a double-buffer
scheme).

Initialization

1. Write the two block transfer addresses and byte count into the ADCAn, ADCBn and BLTCn counters, respectively. The
BLTCn counter should be written last.

2. Program OT bit in DMACNTLn register for Non-Auto-Initialize mode.
3. Set CHEN bit in DMACNTLnN register to 1; the channel activates and responds to DMAC transfer requests.
4. While the current block transfer proceeds, write the addresses and byte count for the next block into the ADRAn, ADRBN
and BLTRn registers. The BLTRn register should be written last.
Continuation / Termination
When the BLTCn counter reaches 0:
* TC bit in DMASTATN register is set to 1.
* A level interrupt is generated (if enabled by ETC bit in DMACNTLnN register).
* The DMAC channel checks the value of VLD bit.
If VLD bit is 1:

* The channel copies the ADRAn, ADRBn and BLTRn values into ADCAn, ADCBn and BLTCn. The BLTCn counter
should be written last.

* Clears VLD bit to 0.

* Becomes ready to start the next block transfer (on the next DMA request).

If VLD bit is 0:

* The transfer operation terminates.

* The channel sets OVR bit in DMASTATN register to 1.

* Clears CHAC bit to 0.

* A level interrupt is generated (if enabled by EOVR bit in DMACNTLn register).

Note:

ADCB and ADRBn are used only in indirect (memory-to-memory) transfer. In Direct (Fly-By) mode, the DMAC does not use
them and therefore does not copy ADRBnN into ADCBnN.
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Auto-Initialize Operation
This mode allows the DMAC to continuously fill the same memory area without software intervention.

Initialization

1. Write the two block addresses and byte count into the ADCAn, ADCBn and BLTCh counters, respectively (the BLTCn
counter should be written last); also write them to the ADRANn, ADRBn and BLTRn registers, respectively (the BLTRn
counter should be written last).

2. Program OT bit in DMACNTLn register for Auto-Initialize mode.
3. Set CHEN bit in DMACNTLn register to 1; the channel activates and responds to DMAC transfer requests.

Continuation
When the BLTCn counter reaches 0:

* The contents of the ADRAn, ADRBn and BLTRn registers are copied to the ADCAn, ADCBn and BLTCn counters,
respectively. The BLTCn counter should be written last.

* The DMAC channel checks the value of TC bit.

If TC bitis 1:

* OVR bit in DMASTATN register is set to 1.

* A level interrupt is generated (if enabled by EOVR bit in DMACNTLn register).
* The operation is repeated.
If TC bitis O:

* TC hit in DMASTATN register is set to 1.

* A level interrupt is generated (if enabled by ETC bit in DMACNTLnN register).

* The operation is repeated.

4.2.7 Software DMA Request

In addition to the DMRQn signals, a DMA transfer request can also be initiated by software. The software DMA transfer re-
quest is used for memory-to-memory block copying (in indirect transfers).

When SWRQ bit in DMACNTLn register is 1, the corresponding DMA channel receives a DMA transfer request. When
SWRQ bit is 0, the software DMA transfer request of the corresponding channel is inactive.

For each channel, use the software DMA transfer request, only when the corresponding DMRQn signal is inactive.

4.2.8 DMAC Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

DMAC Register Map

Mnemonic Register Name Type
ADCAnN Device A Address Counter Register R/W
ADRAN Device A Address Register R/W
ADCBn Device B Address Counter Register R/W
ADRBnN Device B Address Register R/W
BLTCn Block Length Counter Register R/W
BLTRn Block Length Register R/W
DMACNTLn |DMA Control Register R/W
DMASTATNn Status Register R/W

Note:
Register names with the suffix n, where n = 0 to 3, are duplicated for each channel.

Unless stated otherwise, bits 21 to 31 are reserved in each of the following registers. Double-word (32-bit) registers may be
accessed word-by-word (word aligned).
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Device A Address Counter Register (ADCAN)

A double-word, read/write register. Holds the current address of either the source data item or the destination location, ac-
cording to DIR bit in DMACNTLn register. ADCAnN is updated after each transfer cycle by INCAn, INCBn, ADA and ADB in
DMACNTLn register.

Location: Channel O - 00 FA0O¢
Channel 1 - 00 FA204¢
Channel 2 - 00 FA404¢
Channel 3 - 00 FA604¢

Type: RIW
Bit 31/ 30 29| 28| 27| 26| 25| 24| 23] 22/ 21/ 20 19/ 18/ 17/ 16 1514/ 13(12[11]10| 9| 8] 7| 6] 5] 4| 3| 2] 1] 0
Name Device A Address Counter

Device A Address Register (ADRAN)

A double-word, read/write register. Holds the starting address of either the next source data block, or the next destination data
area, according to DIR bit in DMACNTLn register.

Location: Channel O - 00 FA04¢
Channel 1 - 00 FA244¢
Channel 2 - 00 FA44¢
Channel 3 - 00 FA644¢

Type: RIW
Bit 31/ 30 29| 28| 27| 26| 25| 24| 23 22| 21/ 20/ 19/ 18] 1716|1514/ 13 12/11/10] 9| 8| 7| 6] 5| 4] 3[ 2| 1] 0
Name Device A Address

Device B Address Counter Register (ADCBn)

A double-word, read/write register. Holds the current address of either the source data item, or the destination location, ac-
cording to DIR bit in DMACNTLn register. ADCBn is updated after each transfer cycle by INCAn, INCBn, ADA and ADB in
DMACNTLn register. In Direct (Fly-By) mode, this register is not used.

Location: Channel O - 00 FA08,¢
Channel 1 - 00 FA28,4
Channel 2 - 00 FA484¢
Channel 3 - 00 FA684¢

Type: RIW
Bit 31\ 30\ 29\ 28\ 27\ 26\ 25\24\ 23\ 22\ 21\ 20\ 19\ 18\ 17\ 16\ 15\ 14\ 13\ 12\ 11\ 10\ 9\ 8\ 7\ 6\ 5\ 4\ 3\ 2\ 1\ 0
Name Device B Address Counter

Device B Address Register (ADRBN)

A double-word, read/write register. Holds the starting address of either the next source data block or the next destination
data area, according to DIR bit in DMACNTLn register. In Direct (Fly-By) mode, this register is not used.

Location: Channel 0 - 00 FAOC ¢
Channel 1 - 00 FA2C ¢
Channel 2 - 00 FA4C ¢
Channel 3 - 00 FA6C4¢

Type: RIW
Bit 31/ 30| 29| 28| 27| 26| 25| 24| 23] 22/ 21/ 20{ 19/ 18/ 17/ 16/ 1514/ 13[12/11]10/ 9| 8| 7| 6] 5| 4] 3| 2| 1] 0
Name Device B Address
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Block Length Counter Register (BLTCn)

A double-word, read/write register. Holds the current number of DMA transfers to be executed in the current block. BLTCn
is decremented by one after each transfer cycle. A DMA transfer may consist of one or two bytes according to TCS bit in
DMACNTLn register.

Location: Channel O - 00 FA1044
Channel 1 - 00 FA304¢
Channel 2 - 00 FA504¢
Channel 3 - 00 FA704¢

Type: RIW
Bit 31/ 30| 29| 28| 27| 26| 25/ 24| 23] 22/ 21/ 20/ 19/ 18/ 17 16/ 1514]13(12/11/10| 9] 8| 7| 6] 5/ 4| 3] 2[ 1] 0
Name Reserved Block Length Counter

Note: Writing 0 to Block Length Counter field of BLTCn initializes the DMA for 2211 transfers.

Block Length Register (BLTRn)

A double-word, read/write register. Holds the number of DMA transfers to be executed in the next block. Writing this register,
sets VLD bit in DMASTATN register to 1.

Location: Channel 0 - 00 FA14,4
Channel 1 - 00 FA344¢
Channel 2 - 00 FA54 44
Channel 3 - 00 FA74¢

Type: RIW
Bit 31/ 30| 29| 28| 27| 26| 25/ 24| 23] 22/ 21/ 20/ 19/ 18/ 17|16/ 15/ 14/ 13{12/11/10 9| 8| 7| 6| 5] 4[ 3| 2] 1] 0
Name Reserved Block Length

Note: writing O to Block Length field of BLTRn initializes the DMA for 221-1 transfers.

DMA Control Register (DMACNTLN)

A word-wide, read/write register that synchronizes the channel’s operation with the programing of the block transfer param-
eters. On reset, the implemented bits are initialized to 0.

The format of the DMACNTLnN register is shown below.
Location: Channel 0 - 00 FA1Cy4

Channel 1 - 00 FA3Cq¢

Channel 2 - 00 FA5C4¢

Channel 3 - 00 FA7Cqg

Type: RIW

Bit 15 14 \ 13 12 11 \ 10 9 8
Name Reserved INCB ADB INCA ADA SWRQ
Reset 0 | 0 0 0 | 0 0 0
Bit 7 6 5 4 3 2 1 0
Name BPC oT DIR IND TCS EOVR ETC CHEN
Reset 0 0 0 0 0 0 0 0

Bit Description

0 CHEN (Channel Enable). Must be set to enable DMA operation on this channel

0: Channel disabled

1: Channel enabled

If CHEN bit in DMACNTLn register is cleared in all channels, the DMA clock is disabled to preserve power.
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Bit

Description

ETC (Enable Interrupt on Terminal Count). Enables a level interrupt, when TC bit is set.
0: Interrupt masked
1: Interrupt enabled

EOVR (Enable Interrupt on OVR). Enables a level interrupt, when OVR bit is set.
0: Interrupt masked
1: Interrupt enabled

TCS (Transfer Cycle Size). Specifies the number of bytes transferred in each DMA transfer cycle. In Direct
(Fly-By) mode, undefined results occur if TCS is not equal to the addressed memory bus width.

0: Byte wide transfer
1: Word-wide (16-bit) transfer

IND (Direct/Indirect Transfer). Transfer Type.
0: Direct (Fly-By)
1: Indirect (Memory-to-Memory)

DIR (Transfer Direction). Specifies the direction of the transfer relative to Device A.
0: Device A (pointed to by ADCAN) is the source. In Fly-By mode, a read transaction is initialized.
1: Device A (pointed to by ADCAN) is the destination. In Fly-By mode, a write transaction is initialized.

OT (Operation Type).
0: Single-Buffer mode or Double-Buffer mode enabled
1: Auto-Initialize mode enabled

BPC (Bus Policy Control). Intermittent (cycle stealing) or continuous (burst).

0: Intermittent operation. DMAC channel n relinquishes the bus after each transaction even if the request is still
asserted.

1: Continous operation. DMAC channel n uses the bus continuously as long as the request is asserted. This mode
can only be used for SW DMA requests (i.e., when SWRQ is set). On HW DMA requests, BPC must be set to 0.

SWRQ (Software DMA Request).
0: Software DMA request is inactive
1: Software DMA request is active

ADA (Device A Address Control). Enables Update of Device A Address.
0: ADCAn address unchanged
1: ADCAnN address incremented or decremented, according to INCA field

11-10

INCA (Increment/Decrement ADCAN).
Bits

11 10 Description

0 0: Increment ADCAnN register by 1
0 1: Increment ADCAnN register by 2
1 0: Decrement ADCAN register by 1
1 1: Decrement ADCAN register by 2

12

ADB (Device B Address Control). Enables Update of Device B Address.
0: ADCBn address unchanged
1. ADCBnN address incremented or decremented, according to INCB field

14-13

INCB (Increment/Decrement ADCBN).
Bits

14 13 Description

0
0 Increment ADCBn register by 2
1 Decrement ADCBnN register by 1
1 1: Decrement ADCBnN register by 2

Increment ADCBn register by 1

e r o

15

Reserved.
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DMA Status Register (DMASTATN)

A byte-
mented bits are initialized to 0. The reserved bits always return zero when read.

The format of the DMASTATN register is shown below.
Location: Channel 0 - 00 FALE 4

wide, read with write 1 to clear register that holds the status information for the DMAC channel. On reset, the imple-

Channel 1 - 00 FA3E 4
Channel 2 - 00 FA5E 4
Channel 3 - 00 FA7E 4

Type: RIW1C
Bit 7 6 | 5 | 4 3 2 1 0
Name Reserved VLD CHAC OVR TC
Reset o | o | o | 0 0 0 0 0
Bit Description
0 |t1ct (Terminal Count). When set to 1, indicates that the transfer was completed by a terminal count condition
(BLTCn register reached 0).
1 |ovr! (Channel Overrun).
« In double buffered operation (OT bit in DMACNTLn register is 0):
OVR is set to 1 when the present transfer is completed (BLTC = 0), but the parameters for the next transfe
(address and block length) are not valid.
¢ In auto initialize operation: (OT bit in DMACNTLn register is 1)
OVR is set to 1 when the present transfer is completed (BLTC = 0), but TC bit is still set to 1 (e.g., the software|
did not serve the last interrupt).
¢ In single buffer operation:
This bit is ignored.
2 |CHAC (Channel Active). Continuously reflects the active or inactive status of the channel and is therefore read
only. Data written to CHAC bit is ignored.
0: Indicates that the channel is inactive
1: Indicates that the channel is active (CHEN bit in DMACNTLn register is 1 and BLTC > 0)
3 |vLp? (Transfer Parameters Valid). Specifies whether the transfer parameters for the next block to be
transferred are valid.
Writing to the BLTRnN register sets this bit to 1.
It is cleared to O in the following cases:
« The present transfer is completed, and the ADRAN, ADRBnN (Indirect mode only) and BLTR registers are copied
to the ADCAnN, ADCBn (Indirect mode only) and BLTCn registers, respectively.
e Writing 1 to VLD bit; (writing zero has no effect).
7-4  |Reserved.

1. The VLD, OVR and TC bits are sticky (once set by the occurrence of the specific condition, they remain set until

explicitly cleared by software). These bits can be cleared individually by writing a value into the DMASTATn reg-
ister with the bit positions to be cleared set to 1; writing O to these bits has no effect.
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4.2.9 Usage Hints

* Do not write to ADCAn, ADCBn or BLTCn and do not change the value of TCS, IND, DIR, OT, ADA, INCA, ADB and
INCB fields of DMACNTLnN register while the associated channel is active (CHAC bit in DMASTATN register is 1).
When initializing these registers, write to BLTCn register last, since writing to BLTCn register activates the channel
immediately (if CHEN bit in DMACNTLnN register is set to 1).

* The ADRAnNn, ADRBn and BLTRn registers store transfer parameters (source address, destination address and block
length) for the next data block to be transferred, for either Auto-Initialize or Double-Buffer modes of operation. When
initializing these registers, write the BLTRn register last, since this validates the next block’s parameters (VLD bit in
DMASTATN register is set to 1).

* The TCS bit in DMACNTLn register is programed according to the bus width of the devices. It determines how many
bytes are transferred in each DMA bus cycle.

* The DMAC does not support non-aligned transfers. The values written to ADCAn, ADRAn, ADCBn and ADRBn must
be multiples of the Transfer Cycle Size (as defined by TCS bit in DMACNTLnN register).
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4.3 INTERRUPT CONTROL UNIT (ICU)

The ICU has 31 channels. It interfaces between the different modules’ interrupt requests and external interrupt requests and
also generates the core interrupt. It generates both maskable and non-maskable interrupts. The ICU has a predetermined
scheme that allocates priority.

4.3.1 Features

Non-Maskable Interrupts (NMI)

* Gathers all edge-triggered non-maskable interrupt sources
— External Power Fail (PFAIL) interrupt source

* Holds the status of the current pending NMI requests

* Generates non-maskable interrupt (NMI) to the core

Maskable Interrupts

* 31 active high-level or edge-triggered interrupt sources
* Core vectored interrupt mode

* Fixed priority among interrupt sources

* Individual enable/disable for each interrupt source

* Polling support by an interrupt status register

* Clear registers for edge-triggered interrupts

4.3.2 Non-Maskable Interrupt (NMI)

The Interrupt Control Unit (ICU) gathers external non-maskable interrupt (NMI) sources and generates an NMI interrupt to
the core when required.

External NMI Inputs
The ICU processes the PFAIL signal to send to the CR16B NMI input.

Non-Maskable Interrupt Processing

The CR16B core performs an “Interrupt Acknowledge” bus cycle when beginning to process a non-maskable interrupt. The
address associated with this core bus cycle is within the internal core address space and may be monitored as a Core Bus
Monitoring (CBM) clock cycle. For additional details, see “Core Bus Monitoring” on page 82 and Section 4.20.6 on page 273.

After reset, NMI is disabled and must remain disabled until the software initializes the interrupt table, interrupt base and the
interrupt mode.

The PFAIL interrupt is enabled by setting ENLCK bit and remains enabled until a reset occurs. This allows the external NMI
feature to be enabled only after the Interrupt Base Register (IMASK) and the Interrupt Stack Pointer (ISP), in the core, have
been set up.

Alternatively, the external PFAIL interrupt can be enabled by setting EN bit, which remains enabled until an interrupt event
or a reset occurs. The NMISTAT register holds the status of the current pending NMI request. When the bit in NMISTAT is
setto 1, an NMI request to the core is issued. NMISTAT is cleared each time its contents are read. NMI handlers must read
the NMISTAT register to allow new NMI events to occur.

Note that PFAIL status bit in NMISTAT register may be set as a result of transient enable conditions on PFAIL. To avoid an
interrupt to the core, after configuring the PFAIL input for operation, read the NMISTAT register and then enable PFAIL by
writing 1 to EN bit in PFAIL register.

PFAIL Input

The PFAIL signal is an asynchronous input with Schmitt trigger characteristics and an internal synchronization circuit; there-
fore, no external synchronizing circuit is needed. The PFAIL signal generates an interrupt on its falling edge.

4.3.3 Maskable Interrupts

The ICU receives level or edge-triggered interrupt request signals from 31 sources and generates a vectored interrupt to the
CR16B core when required. Priority among the interrupt sources (named INT1 to INT31) is fixed. Each interrupt source can
be individually enabled or disabled under software control through:

* ICU interrupt enable registers
* Interrupt enable bits in the peripherals that request the interrupts.
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Pending interrupts, enabled or disabled, can be polled using the Status registers. The CR16B core supports INTO, but the
ICU reserves INTO so that it is not connected to any interrupt source.

Maskable Interrupt Vectors

Interrupt vector numbers are always positive and are in the range 1044 to 2F;¢. The IVCT register contains the interrupt vec-
tor of the enabled and pending interrupt with the highest priority. The interrupt vector 10,4 corresponds to INTO with the low-
est priority; the vector 2F,g corresponds to INT31 with the highest priority.

The CR16B core performs an “Interrupt Acknowledge” bus cycle on receiving an enabled maskable interrupt request from
the ICU. During the interrupt acknowledge cycle, a byte is read from address 00 FE0O,¢ (IVCT register). The byte read is
used as an index in the Dispatch Table to determine the address of the interrupt handler.

Although INTO is not connected to any interrupt source, the IVCT register can return the value 104¢. This happens, for ex-
ample, when the interrupt request is removed before the interrupt acknowledge cycle. The entry in the Dispatch Table should
point to a default interrupt handler that handles this error condition.

Pending Interrupts

Edge-triggered interrupts are latched by the Interrupt Status register. A pending edge-triggered interrupt is cleared by writing
a ‘1’ to the respective bit in the Edge Interrupt Clear register, IECLRO or IECLR1.

A pending level-triggered interrupt is cleared when the interrupt source is not active; note that the interrupt should be cleared
at the device/module that drives it by clearing the event status bit.

Interrupt mask bits (IENAM register bits) and pending interrupt bits (ISTAT register bits), should be cleared to 0 only when
interrupts are disabled; i.e., when bits | and/or E in PSR register (a core register) are 0. Bits in IENAM may be set at any time.
Interrupt Priorities

The priorities of the maskable interrupts are hard-wired and thus fixed. The interrupts are named INTO to INT31, where INTO
has the lowest priority and INT31 has the highest priority.

Power-Down Modes

Interrupt sources that may generate unexpected interrupts in Idle mode should be masked before switching to the power-
down mode.

External Interrupt Inputs

When an MIWU input is disabled, and the respective WKOxx output at the MIWU is connected to the ICU, the MIWU input
is fed directly to the ICU. In this case, the interrupt inputs are asynchronous. They are recognized by the PC87591x during
cycles in which the input setup and hold time requirements are satisfied. To use an external interrupt which is shared with
an 1/0 port, configure the 1/O port to its alternate function (see Section 2.4 on page 54).

Interrupt Assignment

Table 16 shows the mapping of the ICU maskable interrupts to different functions. For information on mask bits and the clear
mechanism for the status bit in internal level interrupts, refer to descriptions of the module that is the interrupt source.

Table 16. ICU Interrupt Assignments

INT . L
Number Source Type Details Priority
INTO - - Error condition occurred (spurious interrupt) Lowest

INT1 | External/MIWU|  Level-High | External Interrupt EXWINT20 through the MIWU?!

INT2 Internal Level-High Host I/F Keyboard/Mouse channel Output Buffer Empty

INT3 Internal Level-High Host I/F Power Management channel 1 or channel 2 Output
Buffer Empty

INT4 Internal Level-High High-Frequency Clock Generator

INT5 Internal Level-High MIWU PSWUINT or WKINTD

INT6 | External/MIWU|  Level-High | External Interrupt EXWINT23 through the MIWU?!

INT7 Internal Level-High MFT16 1 Interrupt (INT1 ORed with INT2)
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Table 16. ICU Interrupt Assignments (Continued)
NuIrI:lwI)er Source Type Details Priority
INT8 Internal Level-High | ADC interrupt (ADCI)
INT9 Internal Level-High | ACCESS.bus 1 interrupt
INT10 Internal Level-High | ACCESS.bus 2 interrupt
INT11 MIWU Level-High Internal Keyboard Scan Interrupt (KBSINT from MIWU) or
ACM Interrupt
INT12 Internal/MIWU Level-High MSWC interrupt through the MIWU
INT13 | Internal/MIWU | Edge Rising | TwM system tick (TOOUT), through the MIWU?Z
INT14 External/MIWU Level-High | swiIN input!, through the MIWU
INT15 Reserved
INT16 Internal Level-High USART Interrupt (TX Int OR RX int)
INT17 | External/MIWU|  Level-High | External Interrupt EXWINT24 through the MIWU?
INT18 Internal Edge Falling | PS/2 shift mechanism (PSINT3)
INT19 Internal Edge Falling | PS/2 shift mechanism (PSINT2)
INT20 Internal Level High / | PS/2 shift mechanism (PSINT1)
Edge Falling®
INT21 | External/MIWU|  Level-High | External Interrupt EXWINT22 through the MIWU?
INT22 Internal Level-High MFT16 2 Interrupt (INT1 ORed with INT2)
INT23 Internal Level-High Flash I/F interrupt or
Shared Memory Interrupt
INT24 Internal Level-High Host I/F Keyboard/Mouse channel Input Buffer Full
INT25 Internal Level-High | Host I/F Power Management channel 1 or channel 2 Input
Buffer Full
INT26 Reserved
INT27 Internal Level-High DMA Channel 0
INT28 Internal Level-High DMA Channel 1
INT29 Reserved
INT30 Reserved
INT31 | External/MIWU|  Level-High | External Interrupt EXWINT21 through the MIWU? Highest
1. To enable the external interrupt, set the pin to its alternate function. When used as 1/O port signals the External
interrupt input is forced to 0
2. When in Active mode, it is advised to disable the TOOUT channel of the MIWU, this saves the need to clear the
pending bit in the MIWU on each interrupt.
3. Falling Edge is enabled for this input when the PS/2 channel ‘Disabled Shift Mechanism Interrupts’ are enabled
(DSMIE in PSIEN register = 1)

www.nhational.com

100

Revision1.07




Embedded Controller Modules (Continued)

4.3.4

ICU Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

ICU Register Map

Mnemonic Register Name Type
IVCT Interrupt Vector RO
NMISTAT NMI Status RO
PFAIL Power Fail Interrupt Control and Status R/W
ISTATO Interrupt Status 0 RO
ISTAT1 Interrupt Status 1 RO
IENAMO Interrupt Enable and Mask 0 R/W
IENAM1 Interrupt Enable and Mask 1 R/W
IECLRO Edge Interrupt Clear O WO
IECLR1 Edge Interrupt Clear 1 WO

Interrupt Vector Register (IVCT)

The IVCT register holds the vector number of the interrupt vector. IVCT is set to 10,¢ on reset.

Location: 00 FEOO¢

Type: RO
Bit 7 6 5 | 4 | 3| 2 | 1| 0
Name 0 0 INTVECT
Reset 0 0 o | 1 | o | o | o | o
Bit Description
5-0 |INTVECT (Interrupt Vector). Contains the encoded value of the enabled pending interrupt with the highest
priority; the valid values range from 10,4 to 2F,¢. Valid during an interrupt acknowledge core bus cycle in which
IVCT is read. It may contain invalid data when INTVECT is updated.
7-6 |These bits return 0 when read.

NMI Status Register (NMISTAT)

The NMISTAT register holds the status of the current pending Non-Maskable Interrupt (NMI) requests. This register is cleared
on reset and each time its contents are read. Refer to the description of the PFAIL register below for additional details.

Location: 00 FEO02,¢

Type: RO
Bit 7 6 | 5 | a | 3| 2 | 1 0
Name Reserved EXT
Reset o | o | o | o | o | o | 0 0
Bit Description
0 |EXT (External Non-Maskable Interrupt Request).
0: No external non-maskable interrupt request occurred
1: External non-maskable interrupt request occurred
7-1 |Reserved.
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Power Fail Interrupt Control and Status Register (PFAIL)

The PFAIL register holds the current value of the PFAIL signal and controls the NMI interrupt generation based on a falling
edge of the PFAIL signal. EN and ENLCK are cleared on reset. When writing to this register, all reserved bits must be written
with O for the device to function properly.

Location: 00 FEO4 ¢

Type: RIW
Bit 7| 6 | 5 | a | 3 2 1 0
Name Reserved ENLCK PIN EN
Reset X ‘ X ‘ X ‘ X ‘ 0 0 X 0
Bit Description
0 EN (PFAIL Interrupt Enable). An NMI interrupt is generated when this bit is set to 1 and the PFAIL signal

changes its value from high to low. The bit is cleared by hardware on reset and whenever the interrupt occurs
(i.e., when EXT bit in NMISTAT register is set). It can be set and cleared by software; however, software can set
this bit only when EXT is cleared. This bit is ignored when ENLCK is set.

0: No NMl interrupt generated
1: NMIl interrupt generated

1 PIN (PFAILPin Value). Contains the current (non-inverted) PFAIL signal value. This bit is read only; data written to
it is ignored.

2 ENLCK PFAIL Interrupt Enable Lock. When this bit is set to 1, the external PFAIL feature is enabled and
locked; it cannot be cleared by software and can only be cleared by hardware on reset. After setting this bit, an
NMI interrupt is generated every time the PFAIL signal changes its value from high to low. Note that when
ENLCK is set, EN bit is ignored.
0: External PFAIL feature disabled
1: External PFAIL feature enabled and locked

7-3 |Reserved.

Interrupt Status Register 0 (ISTATO)

This register indicates which maskable interrupts are pending regardless of the state of the corresponding IENA bits. ISTATO
is cleared on reset.

Location: 00 FEOA g

Type: RO

Bit 15141312 11 10] 9 8] 7] 6|5 4a[]3]2]1]o0

Name IST15-0

Reset o/l oo o]olo]o]lofo]lo[o] oo o] oo

Bit Description

15-0 |IST15-0 (Interrupt Status). Each bit indicates if an interrupt event was sent to the ICU; IST15 to ISTO
correspond to INT15 to INTO, respectively. Since INTO is not used, ISTO always reads 0. Each bit is encoded
as follows:
0: Interrupt input to ICU not pending
1: Interrupt input to ICU pending
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Interrupt Status Register 1 (ISTAT1)
This register indicates which maskable interrupts are pending regardless of the state of the corresponding IENA bits.
Location: 00 FEOC 4

Type: RO

Bit 15 1413 12| 1n]10] 9] 8| 7]6|5] 4| 3]2]1]0
Name IST31-16

Reset o/l ofo]o]o]o]l o/ of]o]o] oo o] o] o]o
Bit Description

15-0 |IST31-16 (Interrupt Status). Each bit indicates if an interrupt event was sent to the ICU; IST31 to IST16
correspond to INT31 to INT16, respectively. Each bit is encoded as follows:

0: Interrupt input to ICU not pending
1: Interrupt input to ICU pending

Interrupt Enable and Mask Register 0 (IENAMO)

This register controls the enable/disable of the maskable interrupt sources INTO to INT15. The register is cleared (00004¢)
on reset.

Location: 00 FEOE ¢

Type: RIW

Bit 15 14 13 12| 11 10 9| 8] 7| 6| 5| 4] 3] 2]1]0
Name IENA15-0

Reset o/ ol ool o] o]o/l ool olo]lo]o]lo]o]o
Bit Description

15-0 [IENA15-0 (Interrupt Enable). Each bit enables or disables the corresponding interrupt request INTO to INT15;
e.g. IENA15 controls INT15. Since INTO is not used, IENAO has no effect on the operation of the ICU.

0: Interrupt disabled
1: Interrupt enabled

Interrupt Enable and Mask Register 1 (IENAM1)

This register controls the enable/disable of the maskable interrupt sources INT16 to INT31. The register is cleared (0000,¢)
on reset.

Location: 00 FE104¢

Type: RIW

Bit 151413 12| 11 10 9| 8] 7| 6| 5| 4] 3] 2]1]0
Name IENA31-16

Reset o/ ol ool o]o]o/olololo]lo]lo]lo]o]o
Bit Description

15-0 [IENA31-16 (Interrupt Enable). Each bit enables or disables the corresponding interrupt request INT16 to
INT31; e.g. IENA16 controls INT16.

0: Interrupt disabled
1: Interrupt enabled
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Edge Interrupt Clear Register 0 (IECLRO)
The IECLR register is used to clear pending, edge-triggered interrupts.
Location: 00 FE124¢

Type: WO

Bit 15 14 13 12| 112 10 9| 8] 7| 6| 5| 4] 3] 2]1]0
Name IEC15-1 Res.
Bit Description

0 Reserved.

15-1 |IEC15-1 (Edge Interrupt Clear). Each bit clears the corresponding bit in ISTATO register. Writing to the bit
positions of level-triggered interrupts has no effect. Read always returns FFFF;5. IEC15 to IEC1 correspond to
INT15 to INT1, respectively. Each bit is encoded as follows:

0: No effect

1: Pending edge-triggered interrupt cleared

Edge Interrupt Clear Register 1 (IECLR1)
The IECLR register is used to clear pending, edge-triggered interrupts.
Location: 00 FE14,¢

Type: WO

Bit 151413 12| 11 10 9| 8] 7| 6| 5| 4] 3] 2]1]0
Name IEC31-16

Bit Description

15-0 |[IEC31-16 (Edge Interrupt Clear). Each bit clears the corresponding bit in ISTAT1 register. Writing to the bit
positions of level-triggered interrupts has no effect. Read always returns FFFFg. IEC31 to IEC16 correspond to

INT31 to INT16, respectively. Each bit is encoded as follows:
0: No effect
1: Pending edge-triggered interrupt cleared

4.3.5 Usage Hints

Initializing

The recommended initialization sequence is:

Initialize both the INTBASE register and the interrupt stack pointer of the core.
Prepare the interrupt routines of the interrupts used.

Clear edge interrupt used.

Set relevant bits of the peripherals.

Set relevant bits in IENAM register.

Set PFAIL register.

Enable core interrupt.

N o gk wdE

Clearing

Clearing an interrupt request before it is serviced may cause a spurious interrupt (i.e., when the core detects an interrupt not
reflected by IVCT). Clear interrupt requests only when interrupts are disabled. Clear IENAM bits and ISTAT bits while the
core interrupts are disabled (i.e., bits | and/or E in PSR register are cleared).

Nesting

The IENAM registers can be used in interrupt handlers to allow interrupt nesting. When the core acknowledges an interrupt, it
disables maskable interrupts by clearing bit | in PSR register and executes the interrupt service routine. This routine can enable
nested interrupts by setting bit | in PSR register and can use the IENAM registers to control which interrupts are allowed.

www.nhational.com 104 Revision1.07




Embedded Controller Modules (Continued)

4.4 MULTI-INPUT WAKE-UP (MIWU)

The Multi-Input Wake-Up Unit (MIWU) allows the PC87591x to exit Idle mode. In addition, it provides signal conditioning and
grouping of external interrupt sources. It supports a total of 32 internal and/or external wake-up sources.

4.4.1 Features

* Supports up to 32 internal and/or external wake-up inputs
* Generates a wake-up signal
* Generates interrupt signals for:
— each of the 32 inputs
— one interrupt for each group of eight inputs e.g., I/O ports
* User-selectable trigger condition on each input:
— positive edge
— negative edge
* Individual enable and pending bits for each input
* Programmable bypass mode connects inputs to ICU without MIWU involvement

4.4.2 Operation

Overview

The Multi-Input Wake-Up Unit (MIWU) detects a valid software-selectable trigger condition on any of its inputs. On detection
of a valid trigger condition, the MIWU generates a wake-up request and/or an interrupt request. The wake-up request is con-
nected to the Power Management module (PMC) and may be utilized to exit the Idle mode and return to Active mode. The
interrupt requests are used to signal to the Interrupt Control Unit (ICU) that either an edge-triggered external or internal in-
terrupt condition has occurred. Figure 32 shows a block diagram of the Multi-Input Wake-Up module.

Note that the MIWU module is active while in Idle mode. Note, however, that because all device clocks are stopped in Idle
mode, the detection of a trigger condition on an input, and the resulting set of the pending flag, are not synchronous to the
system clock.

Table 17 lists the MIWU sources and interrupts used in the PC87591x.

Table 17. Input Assignments

Source Destination
Name MIWU Input Interrupt Name MIWU Output
PSCLK1 wul10 PSWUINT WKINTA
PSCLK2 wuli11
PSCLK3 wul12
PSDAT1 wuli13
PSDAT2 wul14
PSDAT3 WUI15
PSCLK4 wul16
PSDAT4 wul17
EWXINT20 WuI20 INT1 WKO20
EXWINT21 wui21 INT31 WKO21
EXWINT22 wuli22 INT21 WKO22
EXWINT23 wWuI23 INT6 WKO23
EXWINT24 wuli24 INT17 WKO24
SWIN wWuli25 INT14 WKO25
MSWC Wake-Up WuUI26 INT12 WKO26
ToouT! wul27 TOOUTINT WKO27
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Table 17. Input Assignments (Continued)

Source Destination
Name MIWU Input Interrupt Name MIWU Output

KBSINO WUI30 KBSINT WKINTC
KBSIN1 WuI31
KBSIN2 WuI32
KBSIN3 WUI33
KBSIN4 WuI34
KBSIN5 WUI35
KBSING6 WUI36
KBSIN7 WuI37

EXWINT40 WuI40 MIWU2 WKINTD
Reserved wul41
Host Access Wake-Up? Wui42
ACCESS.bus 1 Wake-Up?! Wui43
ACCESS.bus 2 Wake-Up?! wui44
EXWINT45 Wul45
EXWINT46 WuI46
Analog Comparators (ACMI) wul47

1. Program the input to detect the rising edge of the input event.
2. The wake-up input is triggered by a host access to one of a selected set of
devices in the PC87591x. See “Core Interrupt” on page 343. Configure the
WUI26 for rising edge detection.
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| Peripheral Bus |
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Note: Not all MIWU-ICU connections are implemented; for details,
see ICU interrupt assignments in Table 17 on page 105.
Figure 32. Multi-Input Wake-Up Block Diagram
Trigger Conditions
Through the WKEDGKX registers, the trigger condition on the selected input signal can be selected as either positive edge
(low-to-high transition) or negative edge (high-to-low transition).

Revision 1.07

107

www.national.com

1/S/3165.80d



PC87591E/S/L

Embedded Controller Modules (Continued)

Pending Flags

An occurrence of a trigger condition for the Multi-Input Wake-Up input is latched into the respective pending bit in WKPNDx
register. The respective bits of WKPNDx are set on an occurrence of the selected trigger edge on the corresponding input
signal.

Since the WKPNDx register holds a pending wake-up condition until it is cleared, the device does not enter the IDLE mode
if any wake-up bit is both enabled and pending. Consequently, the pending flags must be cleared before an attempt to enter
the Idle mode.

Input Enable

The MIWU utilizes multiple Multi-input Wake-Up signals. Setting the appropriate bits in the WKENAX registers select which
particular wake-up signal causes the device to exit Idle mode.

Interrupts

The combined output of all pending and enabled channels of the MIWU module generates the wake-up signal, which is fed
into both the Power Management Control module (PMC) and the Interrupt Control Unit (ICU). Therefore, each wake-up of
the device can be followed by a wake-up interrupt. Since the device can not enter the power reduction mode without having
the core execute a “WAIT” instruction, a wake-up interrupt is needed to terminate the “WAIT” instruction on wake-up.

MIWU outputs WKO10 through WKO37 may be connected to the Interrupt Control Unit (ICU) to generate an interrupt asso-
ciated with the specific MIWU output. The WKOxx behaves as follows:

* When the respective WKENxx bit is cleared, the WUIxx is connected to the ICU directly (bypassing the edge detec-
tors and pending bits). The ICU can be configured to use the signal as a level or edge triggered interrupt.

* When the respective WKENxx bit is enabled, the output of the pending bit, WKPDxx, is connected to WKOxx.

Note: To enable and disable ICU interrupts generated by their associated WKOxx output of the MIWU, use the ICU mask
register in the ICU.

In addition, the MIWU provides four interrupt request lines: WKINTA, WKINTB, WKINTC and WKINTD (see Figure 32 on
page 107). These are routed to the ICU (except WKINTB) and can request an interrupt if a valid trigger condition occurred
on any of the enabled input sources within the group of eight inputs associated with the interrupt line. For a detailed summary
of the interrupts available, see Table 17 on page 105.
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4.4.3 MIWU Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

MIWU Register Map

Mnemonic Register Name Type
WKEDG1 Edge Detection Register R/W
WKEDG2 Edge Detection Register R/W
WKEDG3 Edge Detection Register R/W
WKEDG4 Edge Detection Register R/W
WKPND1 Pending Register R/W
WKPND2 Pending Register R/W
WKPND3 Pending Register R/W
WKPND4 Pending Register R/W
WKEN1 Enable Register R/W
WKEN2 Enable Register R/W
WKEN3 Enable Register R/W
WKEN4 Enable Register R/W
WKPCL1 Pending Clear Register WO
WKPCL2 Pending Clear Register WO
WKPCL3 Pending Clear Register WO
WKPCL4 Pending Clear Register WO

Edge Detection Register (WKEDG1)

Byte-wide read/write register that configures the trigger condition of the input signals WUI10 to WUI17. The register is

cleared on reset. This configures all associated input signals to be triggered on a rising edge.

Location: 00 FFCO4¢g

Type: RIW
Bit 7| 6 | 5 | 4 0
Name WKED17-WKED10
Reset 0 0 0 0 0 0 0 0
Bit Description
7-0 |Edge Selection. For inputs WUI10 through WUI17. Each bit is associated with one of eight inputs.
0: Low-to-High transition.
1: High-to-Low transition.
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Edge Detection Register (WKEDGZ2)

Byte-wide read/write register that configures the trigger condition of the input signals WUI20 to WUI27. The functionality of
the register is identical to the WKEDGL1 register described above.

Location: 00 FFC2,¢
Type: RIW

Edge Detection Register (WKEDG3)

Byte-wide read/write register that configures the trigger condition of the input signals WUI30 to WUI37. The functionality of
the register is identical to the WKEDG1 register described above.

Location: 00 FFC444
Type: RIW

Edge Detection Register (WKEDG4)

Byte-wide read/write register that configures the trigger condition of the input signals WUI40 to WUI47. The functionality of
the register is identical to the WKEDG1 register described above.

Location: 00 FFC64¢
Type: RIW

Pending Register (WKPND1)

Byte-wide read/write register that latches the occurrence of a selected trigger condition associated with the input signals
WUI10 to WUI17. On reset, the WKPNDL1 register is cleared (0). This indicates that no occurrence of the selected trigger
condition is pending.

Note: Only software can set the register bits; only the WKPCL1 register can clear them. Writing a 0 to any of the bits leaves
their values unchanged. The WKPNDL1 register format is shown below:

Location: 00 FFC8,¢

Type: RIW
Bit 7| 6 | 5 | a | 3 | 2 | 1| 0
Name WKPD17-WKPD10
Reset o | o | o | o | o | o | o | 0
Bit Description
7-0 |Wake-Up Pending. If set, (1) indicates that a valid trigger condition occurred on the associated input.

Pending Register (WKPND2)

Byte-wide read/write register that latches the occurrence of a selected trigger condition associated with the input signals
WUI20 to WUI27. For a detailed description of the register see the above description of the WKPNDL1 register.

Location: 00 FFCC 4
Type: RIW

Pending Register (WKPND3)

Byte-wide read/write register that latches the occurrence of a selected trigger condition associated with the input signals
WUI30 to WUI37. For a detailed description of the register see the above description of the WKPNDL register.

Location: 00 FFDO4¢
Type: RIW
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Pending Register (WKPND4)

Byte-wide read/write register that latches the occurrence of a selected trigger condition associated with the input signals
WUI40 to WUI47. For a detailed description of the register see the above description of the WKPNDL1 register.

Location: 00 FFD44¢
Type: RIW

Enable Register (WKEN1)

Byte-wide read/write register that enables the wake-up function of the associated input signal, WUI10 to WUI17. On reset,
WDENAL is cleared (0); this disables the associated input signals. The WKENAL register format is shown below:

Location: 00 FFD8,¢

Type: RIW
Bit 7 6 | 5 | a | 3| 2 | 1| 0
Name WKEN17-WKEN10
Reset o | o | o | o | o | o | o | 0
Bit Description
7-0 |Wake-Up Enable. If set (1), a valid trigger condition on the associated input generates a wake-up signal or
EXTINTX interrupt request

Enable Register (WKENZ2)

Byte-wide read/write register that enables the wake-up function of the associated input signal, WUI20 to WUI27. For a de-
tailed description of the register, see the above description of the WKENL1 register.

Location: 00 FFDA¢
Type: RIW

Enable Register (WKEN3)

Byte-wide read/write register that enables the wake-up function of the associated input signal, WUI30 to WUI37. For a de-
tailed description of the register, see the above description of the WKENL1 register.

Location: 00 FFDC 4
Type: RIW

Enable Register (WKEN4)

Byte-wide read/write register that enables the wake-up function of the associated input signal, WUI40 to WUI47. For a de-
tailed description of the register, see the above description of the WKENL register.

Location: 00 FFDE ¢
Type: RIW

Pending Clear Register (WKPCL1)

Byte-wide write-only register that controls the clearing (0) of the pending bits associated with the WUI10 through WUI17 in-
puts. This avoids potential hardware/software collisions during read-modify-write operations. The WKPCL1 register format
is shown below:

Location: 00 FFCA g

Type: WO
Bit 7 6 5 4 3 2 1 0
Name WKCL17-WKCL10
Bit Description
7-0 |Clear Pending Flag. If a 1 is written to any bit, the associated pending flag located in WKPND1 is cleared (0).
Writing a O to any bit leaves the value of the corresponding pending flag unchanged.
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Pending Clear Register (WKPCL2)

Controls the clearing (0) of the pending bits associated with the WUI20 through WUI27 inputs. For a detailed description of
the register see, the above description of the WKPCL1 register.

Location: 00 FFCE ¢
Type: WO

Pending Clear Register (WKPCL3)

Controls the clearing (0) of the pending bits associated with the WUI30 through WUI37 inputs. For a detailed description of
the register, see the above description of the WKPCL1 register.

Location: 00 FFD2,4
Type: WO

Pending Clear Register (WKPCL4)

Controls the clearing (0) of the pending bits associated with the WUI40 through WUI47 inputs. For a detailed description of
the register, see the above description of the WKPCL1 register.

Location: 00 FFD6,¢
Type: WO

4.4.4 Usage Hints

1. When changing an edge select, perform the following steps to avoid a spurious wake-up condition, which may occur as
a result of the edge change:

a. Clear the associated WKENXxx bit.
b. Select the required the edge in the WKEDGHX register.
c. Clear the associated WKPDxx bit.
d. Re-enable the associated WKENXxx bit.
2. The correct use of the Multi-Input Wake-Up circuit, which avoids false triggering of a wake-up condition, requires the

following sequence of actions. Use the same procedure following a Reset since the wake-up inputs are left floating, pro-
ducing unknown data on the MIWU input signals.

a. If the input originates from an 1/O port, write to the port alternate function and, if required, direction register to set the
pin to interrupt inputs.

Clear the WKENAX register or, if a WKOXxx interrupt is used, disable the interrupt via the ICU.

Write the WKEDGX register to select the desired type of edge sensitivity for each of the pins used.

Clear the WKPNDXx register to cancel any pending bits.

Either set the WKENXxXx bits associated with the pins to be used, thus enabling them for the wake-up/interrupt function,
or re-enable the interrupt via the ICU.

3. On Reset, the WKEDGHX registers are configured to select positive edge sensitivity for all wake-up inputs. To change the
edge sensitivity of an input signal while preventing the false triggering of a wake-up/interrupt condition, use the following
procedure.

a. Clear the WKENxx bit associated with the WUIxx input to disable that input.

b. Write to the WKEDGX register to select the new type of edge sensitivity for the specific input.
c. Clear the WKPDxx bit associated with the WUIxx input.

d. Set the WKENxx bit associated with the WUIxx input to re-enable it.

®ao0oT
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4.5 GENERAL-PURPOSE 1I/O (GPIO) PORTS

The PC87591x includes four types of General-Purpose 1/O (GPIO) ports: Px, Py, Pz and Pw.

* Px signals: Each signal is bidirectional and can be configured as input or output. An internal weak pull-up is provided
to hold the pin high when used as an input or in an open-drain scheme.

* Py signals: Each signal is input only. An internal weak pull-up is provided to hold the pin high.
* Pz signals: Each signal is output only. It may be configured to work as totem-pole or in an open-drain scheme.

* Pw signals: Each signal is bidirectional and can be configured for input or output. The Pw pins may be shared with
development system functions. These ports can be implemented off-chip in DEV environment using external logic.

The GPIO signals are organized in ports. Each port is either 8-bits or 16-bits wide. In ports where not all eight bits are used,
some of the register’s bits are reserved. Some GPIO signals share their pins with one or more alternate functions. A config-
uration bit selects which function is active (see Section 2.4 on page 54).

Note: Some GPIO signals are only available in a 176-pin package.

GPIO Port Functionality

The PC87591x provides 117 GPIO pins in the 176-pin package and 84 GPIO pins in the 128-pin package. They are subdi-
vided into the following groups:
* Ports IOPA(7-0), IOPB(7-0), IOPC(7-0), IOPD(7-0) and IOPF(7-0)
These ports are on-chip, General-Purpose Input/Output (GPIO) ports (type Px).
IOPCO is reserved for power supply control use. Bit 0 of PCALT, PCDIR, PCWPU and PCDOUT are reset on V¢ Power-
Up reset and WATCHDOG reset only.

PB5 and PB6 have an option for automatic TRI-STATE based on LPCPD. See “MSWC Control Status Register 3
(MSWCTL3)” on page 330 for the enable function.
PB6 is selected to its alternate function, by default (i.e., bit 6 is set to 1).
Ports IOPA4-0, IOPB2-0, IOPCO and IOPD3 have the option to echo the value of the associated input. For the exact
echo matrix specifications, see Section 2.4.3 on page 59.
Bit 5 of PBALT register, bit 0 of PCALT register and bits 4-7 of PDALT register are read only (RO) and return a value of
zero.

* IOPE(7-0) and KBSIN(7-0)
These are General-Purpose Input (GPI) ports (type Py). IOPE(3-0) and IOPES5 do not implement the pull-up function,
and the respective bits in PEWPU are reserved. KBSIN has no alternate function; thus it has no PyALT register.

* KBSOUT(15-0)
This is a 16-bit General-Purpose Output (GPO) port (type Pz). Since KBSOUT has no alternate functions, its alter-
nate function register is not implemented. The reset value of KBSOUT register is FFFF,5. KBSOUT has open-drain
output drivers.

* Ports IOPH(7-0), IOPI(7-0), IOPJ(7-0), IOPK(7-0),IOPL(4-0) and IOPM(7-0)
These ports are on-chip, General-Purpose Input/Output (GPIO) ports (type Pw).

* When the analog function is enable, the Read function, for GPIO signals that are multiplexed with analog functions,
is disabled; this affects signals KBSIN(7-0) and IOPE(3-0).
When the BIU function is enabled, the Read function, for GPIO signals that are multiplexed with BIU signals, is dis-
abled; this affects signals PH(7-0), PI(7-0), PJ(1-0), PK(7-0), PL(7-0) and PM(7-0).
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45.1 Features

* General-Purpose Input/Output (GPIO) Port (Px).
— Each pin functions as input or output signal.
— Direction register controls the port direction.
— Weak pull-up.

— Read-back on all registers.

* General-Purpose Input (GPI) Port (Py).
— All port pins function as input signals.
— Weak pull-up.

— Read-back on all control registers.

* General-Purpose Output (GPO) Port (Pz).

— All pins function as output signals.
— Read-back on all registers.

* General-Purpose Input/Output (GPIO) Port (Pw).
— DEV environment support.

— Pins shared with DEV environment signals.

— Off-chip implementation supported in DEV environments.

— Binary and cycle-by-cycle compatibility between environments.

— Each pin functions as input or output signal.
— Direction register controls the port direction.
— Read-back on all registers.

* Each I/O pin can be configured as a GPIO port or as an alternate function.
— Some 1/O or input pins can provide interrupt functions.

45.2 GPIO Port Px

Bidirectional Port with Alternate Function

The GPIO port enables access to input and output pins. It also controls the pin usage either as an I/O port or in its alternate

function. Figure 33 illustrates this functionality.

Weak Pull-U
- (PXWPU) P

Weak Pull-Up
Register { - <||
Alt Device Direction Direch
irection
Direction - (PxDIR)
Register {
-
Alt Device Data
Output Data Out
- »>(PxDOUT)
Data Output { A
Register - S~
Data Input Register = PxDIN <||

Alt Device Data Input g

Data Input Read |

Alternate PxAlt —
Function - Alt

Register {
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Figure 33. GPIO Port Px Schematic Diagram
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Output Buffer
The output buffer is a TRI-STATE buffer. The output type (i.e., CMOS or TTL) and its driving capabilities are described in
Section 2.2 on page 41.
Input Buffer
The 1/O port input buffer characteristics are defined in Section 2.2 on page 41.
The input buffer has an enable input. When enabled, the buffer inputs the pin’s logic level to the on-chip modules. When
disabled, the input is blocked to prevent supply leakage currents.
Weak Pull-Up
The weak pull-up is enabled when the corresponding bit of PxXWPU is set (1) and the pin is configured as an input port. When
the pin is configured for input, this pull-up can prevent the input from being in an undefined state. When the pin is configured
as an output port, this pull-up is disabled.
Alternate Function
The PXALT controls the use of each of the port pins for GPIO or for the pin’s respective alternate function.
When PxXALT bit is cleared (0):
* The corresponding pin is used as a GPIO pin.
* The output buffer is controlled by the Direction and Data Output registers.

* The input buffer is routed to the Data Input register.
In this case, the input buffer is blocked, except when the buffer is actually being read.

* The pull-up is enabled when both the PXWPU is set and the device puts the output buffer in TRI-STATE.

When a bit in PxALT is set (1):
* The corresponding pin is used for an alternate function (i.e., a signal from/to some other PC87591x module).
* The output buffer data and TRI-STATE are controlled by signals from the alternate module.

* The input buffer is always enabled when the alternate function is an input; therefore, to minimize current consump-
tion, the signal should be held above Vsc-0.2 or below GND+0.2V.

* The pull-up is enabled when PxXWPU is set and the device puts the output buffer in TRI-STATE.

Port Direction

The Port Direction register (PxDIR) controls the direction of the port. If set (1), each bit in the register causes the correspond-
ing port signal to serve as an output port, thus enabling the output buffer.

When cleared, the port serves as an input port signal, thus putting the output buffer in TRI-STATE.
If the corresponding bit in PXWPU is set, it also enables the pull-up.

Data Output

The Data Output (PxDOUT) register holds the data to be driven onto the pin, when the respective pin is configured as GPIO
and its direction is set as output.

Data Input
The Data Input (PxDIN) register returns the current value/state of the pin. This register can always be read.

Open Drain

To use the GPIO pin as an inverting open-drain output buffer, the software should clear the corresponding bit in PxXDOUT
register and then use PxDIR register to set the value to the port pin.

When the signal direction is set as output (1), a value of 0 is forced. When the direction is set for input (0), the signal is in
TRI-STATE and is not forced low.

The internal weak pull-up can pull the signal high when it is not forced low, by writing (1) to the corresponding bit of PxXWPU.

Input Echo Function

Some of the Px pins can echo the value of an input pin. Figure 34 illustrates the modified structure of Px port pins that support
the echo function. The input echo function may be used when the Px pin is configured to operate as a General-Purpose
output pin.

Table 9 on page 60 defines pairs of input ports (Pi) and output ports (Po) and the Echo Enable bit associated with each pair.
When the pair's Echo Enable hit is set, and if Po is configured as output, the value from the input bit (Pi) is output to the
respective output port (Po). When the pair's Echo Enable bit is cleared, and if Po is configured as output, the value in
PxDOUT is output to the respective output port.
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Figure 34. GPIO Port Px Output with Echo Schematic Diagram

45.3 GPI Port Py

Input Only Port with Alternate Function

The General-Purpose Input (GPI) port (Py) contains a subset of the GPIO functions. It can be used as a GPI port or as an
input signal for an alternate function. Figure 35 illustrates its functionality.
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Figure 35. GPI Port Py Schematic Diagram
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Input Buffer
The input buffer characteristics are defined in Section 2.2 on page 41. The input buffer has an enable input. When enabled,
the buffer inputs the pin’s logic level to the on-chip modules. When disabled, the input is blocked to prevent supply leakage
currents.
Weak Pull-Up
The weak pull-up is enabled when the corresponding bit of PyWPU is set (1). This pull-up can prevent the input from being
in an undefined state.
Alternate Function
PyALT controls the use of each of the port pins for GPI or for the pin’s respective alternate function.
When a PxALT bit is cleared (0):
* The corresponding pin is used as a GPI pin.

* The input buffer is routed to the Data Input register.
In this case, the input buffer is blocked, except when the buffer is actually being read.

* The pull-up is enabled when both the PyWPU is set and the output buffer is put in TRI-STATE.
When a bit in PxALT is set (1):
* The corresponding pin is used for an alternate function (i.e., a signal to some other PC87591x module).

* The input buffer is always enabled; therefore, to minimize current consumption, the signal should be held above Vc-0.2
or below GND+0.2V.)

* The pull-up is enabled when both the PyWPU is set and the output buffer is put in TRI-STATE.

Data Input
The Data Input (PyDIN) register returns the current value/state of the pin. This register can always be read.

454 GPO Port Pz

Output Only Port with Alternate Function

The General-Purpose Output (GPO) port (Pz) is a subset of the GPIO functions. It enables the port to be used as a GPO
port or as an output signal for an alternate function. Figure 36 illustrates its functionality.

Alt Device x
Data Output Data Out 2 | X PIN
Data Output ( (PflOUT) Lv_‘ |
Register Alt

- ~

Alt

Alternate PzAlt '
Function { e
Register ~

Figure 36. GPO Port Pz Schematic Diagram

Output Buffer
The output buffer is a TRI-STATE buffer. The output type (i.e., CMOS or TTL) and its driving capabilities are described in
Section 2.2 on page 41.
Alternate Function
The PzALT controls the use of each of the port pins for GPO or for the pin’s respective alternate function.
When a PzALT bit is cleared (0):
* The corresponding pin is used as a GPO pin.
* The output buffer is controlled by the Data Output register.
When a bit in PzALT is set (1):
* The corresponding pin is used for an alternate function (i.e., a signal from or to some other module of the PC87591Xx).
* The output buffer data is controlled by signals coming from the alternate module.
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Data Output
The Data Out (PzDOUT) register holds the data to be driven onto the pin.

455 GPIO Port Pw

GPIO Port Signals Shared with Development System Signals

The Pw GPIO port enables access to input and output pins. Depending on the operating environments, some pins of the I/O
ports may be dedicated to functions other than input or output. In this case, low-cost external logic can be used to perform
the 1/0O functions with binary and cycle-by-cycle compatibility (see Section 4.1.8 on page 80 for details of the Expansion I/O
protocol). The Alternate Functions Table (Table 8 on page 54) defines the environment in which each port is implemented
off-chip and the pin that performs its alternate function.

The 1/0 Expansion protocol is used to access the off-chip implementation of the port’s registers (PwDIR, PwDOUT, PwDIN),
when the port pins are used by DEV environment. This enables binary compatibility between all environments.

To enable cycle-by-cycle compatibility in all environments, the access time to any of the registers is identical for on-chip and
off-chip implementation of the ports (i.e., as configured for the BIU I/O zone).

Figure 37 illustrates its functionality.

Direction
Direction ‘ (PWDIR)
Register - <|I
Data Out
Data Output { —®|(PwDOUT) I\ ] PIN
Register
g - <|I
Data Input Register <PWDIN <|| —

Data Input Read 1L

Figure 37. GPIO Port Pw Schematic Diagram

Output Buffer

The output buffer is a TRI-STATE buffer. Its output type (i.e., CMOS or TTL) and its driving capabilities are described in
Section 2.2 on page 41.

Input Buffer

The I/O port input buffer characteristics are defined in Section 2.2 on page 41. The input buffer has an enable input. When
enabled, the buffer inputs the pin’s logic level to the on-chip modules. When disabled, the input is blocked to prevent supply
leakage currents.

Port Direction

The Port Direction register (PwDIR) controls the direction of the port. When set (1), each bit in PwWDIR register causes the
corresponding port signal to serve as an output port, thus enabling the output buffer. When cleared, the port serves as an
input port signal, thus putting the output buffer in TRI-STATE.

Data Output

The Data Output (PwDOUT) register holds the data to be driven onto the pin when the corresponding pin is set as GPIO and
its direction is set as output.

Data Input

The Data Input (PwDIN) register returns the current value/state of the pin. This register can always be read.

Open Drain

To use the GPIO pin as an inverting open-drain output buffer, the software should clear the corresponding bit in Data Output
(PwDOUT) register and then use the Direction register to set the value to the port pin.
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For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

GPIO Register Map

Embedded Controller Modules (Continued)

When the signal’s direction is set as output (1), a value of 0 is forced. When the direction is set for input (0), the signal is in
TRI-STATE and is not forced low.

Mnemonic Register Name Type
PXALT Port Px Alternate Function R/W
PyALT Port Py Alternate Function R/W
PzALT Port Pz Alternate Function R/W
PxDIR Port Px Direction R/W
PwWDIR Port Pw Direction R/W
PxDOUT Port Px Data Output R/W
PzDOUT Port Pz Data Output R/W
PwDOUT Port Pw Data Output R/W
PxDIN Port Px Data Input RO
PyDIN Port Py Data Input RO
PwDIN Port Pw Data Input RO
PxWPU Px Weak Pull-Up R/W
PyWPU Py Weak Pull-Up R/W

Port Alternate Function Registers (PXALT, PYyALT and PzALT)

These registers control the use of each of the Px, Py and Pz pins, respectively, as GPIO ports or as alternate functions.
* When cleared (0), each bit in PxALT, PyALT or PzALT enables the corresponding pin as a GPIO signal.
* When set (1), each bit enables the corresponding pin as an alternate function.

These registers are cleared (0) on reset, except when otherwise noted in Appendix A on page 408.
Location: See Appendix A

Type: RIW

Bit e [ s | a4 | 3 | 0
Name Px Pins Alternate Function Enable

Reset ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
Bit 6 | s | 4 [ 3 0
Name Py Pins Alternate Function Enable

Reset ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
Bit o6 [ s | 4 [ 3 | 0
Name Pz Pins Alternate Function Enable

Reset ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
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Port Direction Registers (PxDIR and PwDIR)

These registers configure the direction of the Px and Pw pins.

* When cleared (0), each bit in PxDIR or PwWDIR defines the corresponding pin as input.
* When set (1), each pin is defined as output.

PxDIR and PwDIR are cleared (0) on reset except when otherwise noted in Appendix A. Clearing these registers configures
all the pins in port Px and Pw as input. Some specific reset values differ, as described in Appendix A on page 408.

Location: See Appendix A

Type: RIW

T s T s T & [ 5 [ 7 [ 1 ]
Name Px Port Direction

Reset o | o | o | o | o | o | o | 0
Bit 7 | e | s | a4 ] 3 | 2 ] 1 ] o
Name Pw Port Direction

Reset o | o | o | o | o | o | o | o

Port Data Output Register (PxDOUT, PzDOUT and PwDOUT)

Writing to PxDOUT, PzDOUT or PWDOUT registers sets the values of the output pins in ports Px, Pz and Pw, respectively.
Reading from one of these registers returns the last value written to the register.

Location: See Appendix A

Type: RIW

Bit 7 6 5 4 3 2 1 0
Name Px Port Output Data

Bit 7 6 | 5 | 4 | 3| 2 | 1| 0
Name Pz Port Output Data

Bit 7 6 5 4 3 2 1 0
Name Pw Port Output Data

Port Data Input Registers (PxDIN, PyDIN and PwDIN)

Reading from PxDIN, PyDIN or PwWDIN returns the current value of the pins in port Px, Py and Pw, respectively.
Location: See Appendix A

Type: RO

Bit 7 6 | 5 | 4 | 3| 2 | 1| 0
Name Px Port Input Data

Bit 7 | e | s | 4 | 3 | 2 | 1 [ o
Name Py Port Input Data

Bit 7| 6 | 5 | 4 | 3| 2 | 1| 0
Name Pw Port Input Data

Reset ‘ ‘ ‘ ‘ ‘ ‘ ‘

www.nhational.com 120 Revision1.07



Embedded Controller Modules (Continued)

Port Weak Pull-Up Registers (PxWPU, PyWPU)

These registers control the pull-up for the related pin, when it used either as GPIO or in its alternate function. The pull-up is
enabled when the corresponding bit of PxXWPU or PyWPU is set and the port buffer is in TRI-STATE. Otherwise, the pull-up
is disabled (i.e., high impedance).

On reset, PXWPU or PyWPU is cleared (0), disabling all pull-ups.
Location: See Appendix A

Type: RIW

Bit 7| 6 | 5 | a | 3| 2 | 1| 0
Name Px Port Weak Pull-Up Enable

Reset o | o | o | o | o | o | o | 0
Bit 7 6 | 5 | 4 | 3 | 2 | 1| 0
Name Py Port Weak Pull-Up Enable

Reset 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
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4.6 PS/2 INTERFACE

The PS/2 protocol is an industry-standard, PC-AT-compatible interface for keyboards. It uses a two-wire bidirectional TTL
interface for data transmission. Several vendors also supply PS/2 mouse products and other pointing devices that employ
the same type of interface.

The PC87591x provides four PS/2 data transfer channels. Each channel has two quasi-bidirectional signals that serve as
direct interfaces to an external keyboard, mouse or any other PS/2-compatible pointing device. Since the four channels are
identical, the connector ports are interchangeable.

4.6.1 Features

* Four PS/2 channels

* Enable/Disable for each of the four channels

* Automatic hardware shift mechanism

* Hardware support for PS/2 auxiliary device protocol

* Processor interrupts at the beginning and end of data transfer
* Optional software-based PS/2 implementation

4.6.2 General Description

In the previous generation of keyboard controllers, firmware executed the PS/2 device interface by toggling the interface
signals. The PC87591x (and its predecessor, the PC87570) supports this bit toggling mode via either polling or interrupt-
driven clock edge detection.

PS/2 devices’ firmware is significantly simplified through the use of a hardware accelerator mechanism. The accelerator in-
cludes an 8-bit shift register, a state-machine and control logic that handle both the incoming and outgoing data. It reduces
code overhead, performance requirements and reduces the overall interrupt latency from the core firmware. The hardware
is designed to meet the PS/2 device interface as defined in Keyboard and Auxiliary Device Controller (Types 1 and 2),
August 1988.

Section Naming conventions

* In this section, the term “channel” describes the interface to one of the PS/2 devices and its two associated signals
(clock and data).

* The term “shift mechanism” refers to the hardware accelerator.
* The term “PS/2 interface” refers to the entire mechanism.

Interface Signals
The PS/2 interface includes eight external signals (PSCLK4-1 and PSDAT4-1) and six registers.

Module Block Diagram

A schematic description of the PS/2 interface appears in Figure 38. The interface to the three channels is symmetric and
only channel 1 is detailed in the figure.
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Quasi-Bidirectional Drivers

The quasi-bidirectional drivers have an open-drain output (Q2), an internal pull-up (Q3) and a low-impedance pull-up(Q1).
Q2 pulls the signal low whenever the output buffer data is “0”. The weak pull-up (Q3) is active whenever the output buffer
data is “1” and WPUEN in PSCON register is set (1). The low impedance pull-up is active whenever the PC87591x changes
the output data buffer from “0” to “1”, thereby reducing the low-to-high transition time. The length of time that the low-imped-
ance pull-up is active is determined by HDRYV field in PSCON register. A schematic description of this output driver appears

in Figure 39.

Figure 38. PS/2 Interface Functional Diagram
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Interrupt Signals

The firmware can use an interrupt-driven scheme to implement the PS/2 device interface. When the shift mechanism is not
in use, four interrupts are available (PSINT4-1), one for each channel. (PSINT4 is not connected to the ICU as a separate
input, the MIWU PSCLK4 input should be used instead). When the shift mechanism is in use, only one interrupt signal is
used (PSINT1). More details on the use of the interrupts are provided in Section 4.6.4 on page 125. Figure 40 illustrates the
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Figure 39. Quasi-Bidirectional Buffer

interrupt scheme with the associated enable bits.
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Figure 40. PS/2 Interface Interrupt Signals

Power Modes

The PS/2 interface is active only when the PC87591x is in Active mode. The shift mechanism should be disabled before
entering Idle mode. In Idle mode, the state of output signals cannot be changed (i.e., the firmware cannot write to PSOSIG
register, and the shift mechanism does not function).

When the PC87591x needs to wake up on a Start bit detection by the MIWU, the PS/2 channels that may serve as wake-up
event sources must be enabled before entering Idle mode. To enable them, set to 1 their corresponding CLK bits in PSOSIG
register.

The MIWU module can be used to identify a start bit in Idle mode and to return the PC87591x to Active mode. The MIWU
receives PSCLK4-1 and PSDATA4-1 signals as inputs (see Table 17 on page 105). The MIWU should be programed to iden-
tify a falling edge on the clock or data lines of the enabled channels. In this configuration, a start bit causes the PC87591x
to switch from Idle mode to Active mode. Once Active mode is reached, the firmware should cancel the transaction just start-
ed and then enable re-transmission of the information by the device.

PS/2 Interface Operation

The PS/2 interface has two basic operating methods: with the shift mechanism disabled and with the shift mechanism en-
abled. The following sections describe how to use the PS/2 interface with each of these operating methods.

4.6.3 Operating With the Shift Mechanism Disabled

The shift mechanism is disabled when EN bit in PSCON register is cleared (0). In this state, the PS/2 clock and data signals
are controlled by the firmware, which performs the PS/2 protocol by manipulating the PS/2 clock and data signals.

Clock Signal Control

CLK4-1 bits in PSOSIG register control the value of the respective clock signals (PSCLK4-1). When one of these bits is
cleared (0), the relevant pin is held low. When set (1), the open-drain output is open and the respective clock signal is either
floating or held high by the pull-up. In this case, an external device can force the respective clock signal low.

When reading PSISIG register, bits RCLK4-1 indicate the current state of the corresponding clock signal.

Data Signal Control

WDATA4-1 bits in PSOSIG register control the value of the respective data signals (PSDAT4-1). When one of these bits is
cleared (0), the relevant data signal is held low. When set (1), the open-drain output is open and the respective data signal
is held high by the pull-up. In this case, an external device can force the respective data signal low.

When reading PSISIG register, bits RDAT4-1 indicate the current state of the corresponding data signal.

Interrupt Generation

When DSMIE bit in PSIEN register is set (1), the clock input signals are connected to the Interrupt Control Unit (ICU) for an
interrupt driven PS/2 protocol. The four interrupts that are generated are PSINT4-1 for channels 4-1, respectively.

The ICU should be programed to detect a falling edge on each of the clock signals. Disabling a channel by writing O to the
clock control signals (CLK4-1) may cause a falling edge on a clock signal. When such an interrupt is not desired, clear the
clock control bit (0); then clear the respective pending bit in the ICU (or in the MIWU, for PSINT4). This should be done while
interrupts are disabled. For more details about the ICU, see Section 4.3 on page 98.
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4.6.4 Operating With the Shift Mechanism Enabled

The shift mechanism is designed to off load the bit level handling of the data transfer from the firmware to a hardware
scheme; this improves system tolerance to interrupt latency. The mechanism includes a shift register and a state machine
that controls the PS/2 protocol.

Figure 41 illustrates the shift mechanism PS/2 data transfer sequence. There are three basic modes: Disabled, Receive and
Transmit. Different states in each mode define the progress of the data transfer. The rest of this section details the use of
the shift mechanism for implementing a PS/2 data transfer.

PS/2 Reset

Disabled

Transmit
Inactive

CLK1, CLK2, CLK3
orCLK4 =1

Transmit
Idle

Start Bit
Detected

Transmit
Active

Line Control
Bit Detected

Receive
Inactive

CLK1, CLK2, CLK3
and/or CLK4 =1

Receive
Idle

Start Bit
Detected

Receive
Active

Stop Bit
Detected

CLK1, CLK2, CLK3
and CLK4 =0

End of CLK1, CLK2, CLK3 End of
Transmission and CLK4 =0 Reception
Transmit Mode Receive Mode

Figure 41. Shift Mechanism State Diagram

Reset the Shift Mechanism

Clearing either the shift mechanism enable bit (EN = 0 in PSCON register) or all the channels’ clock bits (CLK4-1 = 0) resets
the shift mechanism. In this state, PSTAT register is cleared (00,¢), and the state of the PS/2 clock and data signals
(PSCLK4-1 and PSDAT4-1) is set according to the value of their control bits (CLK4-1 and WDAT4-1, respectively).

When the shift mechanism is reset while in an unknown state or while in Transmit Idle state, the firmware should set (1)
WDATA4-1 before the shift mechanism is reset.

Before disabling the shift mechanism, the software should clear (0) CLK4-1 to prevent glitches on the clock signals.

Enable the Shift Mechanism

To enable the shift mechanism, verify that PSOSIG register is set to 47,4 and then set (1) EN bit in PSCON register. This
puts the shift register state machine in Receive Inactive or Transmit Inactive state (XMT is 0 or 1, respectively, in PSCON
register). In either of these states, the clock signals (PSCLK4-1) are low and the data signals PSDAT4-1 are either floating
or pulled high.
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Shift Status

The PSTAT register indicates the current status of the shift mechanism. The data transfer process may be in one of the
following three states:

* Shifter Empty:
The shift mechanism is in Receive Inactive, Receive Idle, Transmit Inactive or Transmit Idle state. The PSTAT is
cleared because none of the enabled devices has sent a start bit.

* Start Bit Detected:
The shift mechanism is in Receive Active or Transmit Active state. This indicates that a start bit was identified for at
least one of the channels and the shift process has begun. SOT bit in PSTAT register indicates the detection of the
start bit and ACH field in PSTAT register indicates the active channel (the channel on which the start bit was detect-
ed).

* End of Transaction:
The shift mechanism is in End-of-Reception or End-of-Transmission state. This indicates that the last bit of the trans-
fer sequence was detected (and the data can therefore be read from PSDAT register) or that the data transmission
was completed (for receive and transmit, respectively). EOT bit in PSTAT register indicates transfer completion. If a
parity error was detected in the received data, PERR bit in PSTAT register is set. If a stop bit was detected low in-
stead of high, RFERR bit in PSTAT register is set.

Input Signal Debounce

The PC87591x performs a debounce operation on the clock input signal before determining its logical value. IDB field in
PSCON register determines for how many clock cycles the input signal must be stable to define a change in its value.

Interrupt Generation
The PSINT1 is an interrupt signal generated by the shift mechanism to allow an interrupt driven interface with the firmware.

The ICU should be programed to detect high-level interrupts on the PSINT1 interrupt. See Section 4.3 on page 98 for details
on the ICU. SOTIE and EOTIE bits in PSIEN register mask the interrupt signaling for SOT and EOT bits, respectively, in
PSTAT register.

Receive Mode

Receive Inactive

When the shift mechanism is enabled and bit XMT=0 in PSCON register, the shift mechanism enters Receive mode in the
Receive Inactive state. Receive Idle state is entered when one (or more) of the channels is enabled, by setting the channel
enable bit (CLK4-1 for channels 4-1, respectively). In this state, the shift-mechanism sets the clock and data lines of the
enabled channels high (1) and waits for a start bit.

Receive ldle

In the Receive ldle state, the PS/2 interface waits for input from any one of the enabled channels. The first of the enabled
channels to send a start bit is selected for handling by the shift mechanism. The other two channels are disabled by forcing
“0” on their clock lines.

Start Bit Detection
The start bit is identified by a falling edge on the clock signal while the data signal is low (0).

If the start bit is identified simultaneously in more than one channel, one channel is selected for receive, while the other chan-
nel’s transfer is aborted. The channel with the lower number is selected (i.e., channel 1 has priority over channels 2, 3 and
4, channel 2 has priority over channel 3 and 4 and channel 3 has priority over channel 4). The data transfer in the other
channels is aborted before 10 data bits have been sent (by forcing the clock signal to 0), and the transmitting PS/2 device
resends its data when its interface is enabled again by the firmware. This mechanism ensures that no incoming data is lost.

When the hardware sets (1) SOT bit and designates the selected channel in ACH field, this indicates receipt of the start bit
in PSTAT register. In addition, if SOTIE is set in PSIEN register, an interrupt signal to the ICU is set high. The firmware may
use this interrupt to start a time-out timer for the data transfer.

Receive Active

After identifying the start bit, the shift mechanism enters the “Receive-Active” state. In this state the clock signal of the se-
lected device (PSCLK1, PSCLK2, PSCLK3 or PSCLK4) sets the data bit rate. On each falling edge of the clock, new data
is sampled on the data signal of the active channel (i.e., PSDAT1 PSDAT2, PSDAT3 or PSDAT4).

Following the start bit, eight bits of data are received (clocks 2 through 9); a parity bit follows (10th clock) and then a stop bit
(11th clock). The stop bit is indicated by a falling edge of the clock with the data signal high (1). If the 11th clock is identified
with data low, the receive frame error bit (RFERR in PSTAT register) is set but the clock is treated as the stop bit.

After the parity is received, the shift mechanism checks the incoming data for parity errors. If there are eight data bits with a
value of 1 and the parity bit is even, PERR bit in PSCON register is set, indicating a parity error.
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1st 2nd 10th 11th

Figure 42. PS/2 Receive Data Byte Timing

End of Receive

When the stop-bit is detected, the shift mechanism enters the “End-Of-Reception” state. In this state, the shift mechanism:
* Disables all the clock signals by forcing them low

* Sets End-Of-Transaction status bit (EOT = 1 in PSTAT register)

* If EOTIE bit in PSTAT register is set, it asserts (1) the interrupt signal to the ICU.

The shift mechanism stays in this state until it is reset.
Figure 42 illustrates the receive byte sequence, as defined by the PS/2 standard.

Transmit Mode

Transmit Inactive
When the shift mechanism is enabled and XMT bit in PSCON register is set (1):

* The shift mechanism enters Transmit mode in Transmit Inactive state with all clock signals low and data signals high

* The firmware writes the data to be transmitted to the PS/2 data register (PSDAT).
* The data line of the channel to be transmitted is forced low by the firmware clearing its data bit (WDAT4-1 for chan-
nels 4-1, respectively).
Transmit Idle

The Transmit Idle state can be entered by setting the channel enable bit (CLK4-1 for channel 4-1, respectively). This enables
the channel to be used for transmission. In this state, the shift-mechanism sets the clock of the enabled channel high (1)
while the data line of that channel is held low and waits for a start bit. When a PS/2 device senses the clock signal high with
the data signal low, it identifies a transmit request from the PC87591x.

The three channels not in use are disabled by forcing “0” on their clock lines.

Start Bit Detection
The start bit is identified by a falling edge on the clock signal while the data signal is low (0).

When a start bit is detected, data transmission begins by outputting bit 0 (LSB) of the transmitted data and setting data bits
WDAT4-1 in PSOSIG register. This allows bit 0 of the transmitted data to be output on the PS/2 data signal (PSDAT1,
PSDAT2, PSDAT3 or PSDAT4, according to the active channel).

In addition, the hardware sets the SOT bit (to 1) and stores the active channel number in ACH field, indicating transmission
of the start bit in PSTAT register. Note that if SOTIE bit in PSIEN register is set, an interrupt signal to the ICU is set high.
The firmware can use this interrupt to start a time-out timer for the data transfer.

Transmit Active

After identifying the start bit, the shift mechanism enters the Transmit Active state. The clock signal of the selected device
(PSCLK1, PSCLK2, PSCLK3 or PSCLK4) sets the data hit rate.
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Figure 43. PS/2 Transmit Data Byte Timing

After each of the next seven falling edges of the clock line, one more data bit (bits 1 through 7) is driven on the data line of
the active channel (either PSDAT1, PSDAT2, PSDAT3 or PSDATA4).

On the ninth falling edge of the clock, the parity bit is output. The parity bit is high (1) if the number of bits with a value of 1
in the transmitted data was even (i.e., odd parity).

The tenth falling edge causes a 1 to be output as a stop bit. The data signal remains high to allow the PS/2 device to send
the line control bit.

The auxiliary device then completes the transfer by sending the line-control bit. The line-control bit, is identified by the data
signal being low after the 11th falling edge of the clock.
End of Transmission

The End-Of-Transmission state is entered when the line-control bit is detected. In response, the shift mechanism holds all
clock signals low, and if the internal pull-up is enabled, all data signals are pulled high by the internal pull-up.

The End-Of-Transaction flag (EOT in PSTAT register) is set to indicate that the transmit operation was completed; in addi-
tion, if EOTIE bit in PSIEN register is set, the interrupt signal to the ICU is set high.

The shift mechanism stays at this state until being reset.
Figure 43 illustrates the transmit byte sequence, as defined by the PS/2 standard.

Transfer Abort

At each stage of a receive or transmit operation, the transaction can be aborted by clearing all four channel enable bits
(CLK4-1) in PS/2 Output Signal register (PSOSIG) to 0. This resets the shifter state machine and puts it in the Enabled In-
active state. If the shift mechanism is in Transmit Inactive or Transmit Idle state, WDAT4-1 bits should also be set.

4.6.5 PS/2 Interface Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.
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PS/2 Register Map

Mnemonic Register Name Type
PSDAT PS/2 Data Register R/W
PSTAT PS/2 Status Register RO
PSCON PS/2 Control Register R/W
PSOSIG PS/2 Output Signal Register R/W
PSISIG PS/2 Input Signal Register RO
PSIEN PS/2 Interrupt Enable Register R/W

PS/2 Data Register (PSDAT)

The PSDAT register is a byte-wide read/write register. In Receive mode, PSDAT holds the data received in the last message
from the PS/2 device. In Transmit mode, the data to be shifted out is written to this register. When the PS/2 i/f is reset, the

contents of this register become invalid.

On reset, the PS/2 interface is set to Receive mode. In this mode, PSDAT should be read only when EOT bit in PSTAT
register is set to 1.

Setting the transmit enable bit in PSCON register to 1 (XMT = 1 in PSCON register) puts the PS/2 interface in Transmit
mode. PSDAT should be written only when in Transmit mode and when all four channel enable bits CLK4-1 in PSOSIG reg-
ister are cleared (0).

Location: 00 FE804¢

Type: RIW
Bit 7 6 5 4 2 1 0
Name Data
Bit Description
7-0 |Data. Contains the data received in the last message (or that is transmitted in the following transmission). Bit O
is the first bit to be shifted (LSB).

PS/2 Status Register (PSTAT)

The PSTAT register is a byte-wide read-only register. It contains the status information on the data transfer on the PS/2
ports. All non-reserved bits of PSTAT are cleared (0) on reset when CLK1, CLK2 and CLK3 in PSOSIG are cleared and

when EN bit in PSCON register is cleared. Reading PSTAT does not clear any of its bits.
Location: 00 FE82,¢

Type: RO

Bit 7 6 5 \ 4 \ 2 1 0

Name Reserved | RFERR ACH PERR EOT SOT

Reset X 0 0 | 0 | 0 0 0
Bit Description

0 |SOT (Start of Transaction). When set to 1, indicates that a start bit was detected. The ACH field (bits 5-3 of
this register) indicates which of the channels it was detected on.

1 |EOT (End of Transaction). When set to 1, Indicates that a PS/2 data transfer was completed, i.e., a stop bit
was detected at Receive mode or a line control bit was detected at Transmit mode.

2 |PERR (Parity Error).
When set to 1, indicates that a parity error was detected in the last data transfer.
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Bit Description
5-3 |ACH (Active Channel). Defines which of the PS/2 channels is currently active (i.e., a start bit was detected). In
case more than one channel become active simultaneously, only the one with the highest priority (lowest
number) is flagged.
Bits
543 Description
0 0 0:  None of the channels is active
0 0 1: Channell
010: Channel 2
100: Channel3
10 1. Channel4
6 |RFERR (Receive Frame Error).
When set to 1, indicates that the stop bit in a received frame was detected low instead of high.
7 |Reserved.

PS/2 Control Register (PSCON)

The PSCON register is an 8-bit read/write register. It controls the operation of the PS/2 interface by enabling it and controlling
the data transfer direction. On reset, PSCON is set to 004¢.

Location: 00 FE84 ¢

Type: RIW
Bit 7 6 | 5 | 4 3 | 2 1 0
Name WPUEN IDB HDRV XMT EN
Reset 0 o | o | 0 o | 0 0 0
Bit Description
0 EN (Shift Mechanism Enable).

0: The hardware shift mechanism is disabled and the software controls and monitors the PS/2 signals using
PSOSIG and PSISIG registers.

1: The hardware shift mechanism is enabled. The enabled channels are controlled by PSOSIG, and Transmit/Re-
ceive mode is controlled by the XMT bit.

1 |XMT (Transmit Enable).
0: Receive mode.
1: Causes the PS/2 interface to enter Transmit mode.
3-2 |HDRYV (High Drive). Defines the quasi-bidirectional buffers’ behavior on transition from low to high. HDRV

defines the period of time for which the output is pulled high with a low-impedance drive (when the PC87591x
changes the output level from low to high). This period is a function of the PC87591x clock as follows:

Bits

3 2 Description

0 0: Disabled

0 1. Low-impedance drive for one clock cycle

1 0: Low-impedance drive for two clock cycles
1 1. Low-impedance drive for three clock cycles
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Bit

Description

6-4

IDB (Input Debounce). Defines the number of PC87591x clock cycles during which the clock input is expected
to be stable before the shift mechanism identifies its new value. This protects the shift mechanism from false
edge detections. The number of PC87591x clock cycles for which the input should be stable before an edge is
detected is as follows:

Bits
65 Description
One cycle
Two cycles
Four cycles
Eight cycles
16 cycles

0 1. 32cycles

P P OO O O
o r P OO
eRr o R OQH

WPUEN (Weak Pull-Up Enable).

0: The pull-up is disabled. In this state, the system must ensure that PS/2 interface signals are not floating, to en-
able proper PS/2 operation.

1: Enables the internal pull-up of the output buffer. The pull-up remains active as long as the buffer does not drive
the signal to low level.

PS/2 Output Signal Register (PSOSIG)

The PSOSIG register is a byte-wide, read/write register. It allows setting the value of the PS/2 port signals. When the shift
mechanism is enabled, the clock control bits in this register define the active channel(s). On reset, this register is set to 47 .

Location: 00 FE864¢

Type: RIW
Bit 7 6 5 4 3 2 1 0
Name CLK4 WDAT4 CLK3 CLK2 CLK1 WDAT3 WDAT2 WDAT1
Reset 0 1 0 0 0 1 1 1
Bit Description
0 |WDAT1 (Write Data Signal Channel 1). Controls the data output to channel 1 data signal (PSDAT1). Use of
this bit depends on whether or not the shift mechanism is enabled.

¢ When the shift mechanism is disabled (EN bit in PSCON register is set to 0), the data in WDAT1 is output to

PSDAT1 signal.

- If WDAT1 is cleared (0), the output buffer data is O (i.e., PSDAT1 is forced low).

- If WDAT1 is set (1), the output buffer data is 1 (i.e., PSDAT1 is pulled high by the internal pull-up and may
be pulled low by an external device).

¢ When the shift mechanism is enabled (EN=1), WDAT1 should be set to 1, except when the shift mechanism is

in Transmit mode. In this case, when in transmit-inactive and it is intended to transmit data to channel 1, the
firmware should clear WDAT1 bit to force the transmit signaling (low) to the PS/2 device.

Note: WDAT1 is set by the hardware after the PC87591x detected a start bit (i.e., on entering Transmit Active
state). If a transmission is aborted before Transmit Active state, WDAT1 should be set (1) prior to disabling
the channel.

1 |WDAT2 (Write Data Signal Channel 2). Controls the data output to channel 2 data signal (PSDAT2). For more
information, see the description of bit 1 (above).

2 |WDAT3 (Write Data Signal Channel 3). Controls the data output to channel 3 data signal (PSDAT3). For more
information, see the description of bit 1 (above).
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Bit Description
3 |CLK1 (Enable Channel 1)
0: Forces the PSCLK1 pin low (0) and disables channel O of the shift mechanism.
1: Depends on whether or not the shift mechanism is enabled.
¢ When the shift mechanism is enabled (EN bit in PSCON register is set to 1), channel 1 of the PS/2 ports
is enabled.
¢ When the shift mechanism is disabled (EN bit in PSCON register is set to 0), the clock line output buffer
data is 1 (i.e., the signal is pulled high by the pull-up, if enabled, and may be pulled low by an external de-
vice).
4 |CLK2 (Enable Channel 2). Same as bit 3 of this register (described above) but for channel 2.
5 |CLK3 (Enable Channel 3). Same as bit 3 of this register (described above) but for channel 3.
6 |WDAT4 (Write Data Signal Channel 4). Controls the data output to channel 4 data signal (PSDAT4). For more
information, see the description of bit 1 (above).
7 |CLK4 (Enable Channel 4). Same as bhit 3 of this register (described above) but for channel 4.

Note: When CLK1, CLK2, CLK3 and CLK4 are all 0, this is interpreted as a shift mechanism reset. In this case, the PSTAT
register and the shift state machine are reset to their initial state.

PS/2 Input Signal Register (PSISIG)
The PSISIG register is an 8-bit read only register. It provides the current value of the PS/2 port signals.
Location: 00 FE88,¢

Type: RO
Bit 7 6 5 4 3 2 1 0
Name RCLK4 RDAT4 RCLK3 RCLK2 RCLK1 RDAT3 RDAT2 RDAT1
Bit Description
0 |RDAT1 (Read Data Signal Channel 1). The current value of the channel 1 data signal (PSDAT1).
1 RDAT2 (Read Data Signal Channel 2). The current value of the channel 2 data signal (PSDAT2).
2 |RDATS3 (Read Data Signal Channel 3). The current value of the channel 3 data signal (PSDAT3).
3 RCLK1 (Read Clock Signal Channel 1). When read, returns the current value of the channel 1 clock signal

(PSCLK1).

4 |RCLK2 (Read Clock Signal Channel 2). When read, returns the current value of the channel 2 clock signal
(PSCLK?2).
5 |RCLK3 (Read Clock Signal Channel 3). When read, returns the current value of the channel 3 clock signal

(PSCLK3).

RDAT4 (Read Data Signal Channel 4). The current value of the channel 4 data signal (PSDAT4).

RCLK4 (Read Clock Signal Channel 4). When read, returns the current value of the channel 4 clock signal
(PSCLK4).
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PS/2 Interrupt Enable Register (PSIEN)

The PSIEN register is an 8-bit read/write register. It enables/disables the various interrupts generated by the PS/2 module.
Bits in PSIEN register may be cleared to 0 only when interrupts are disabled (i.e., in the core, | or E bits in PSR register are
0) or when the corresponding interrupts in the ICU are masked. Bits in PSIEN register may be set to 1 at any time. On reset,
non-reserved bits of PSIEN are cleared.

Location: 00 FE8A ¢

Type: RIW

Bit

7 | 6 | 5 | 4 | 3 2 1 0

Name

Reserved DSMIE EQTIE SOTIE

Reset

0 | 0 | 0 | 0 | 0 0 0 0

Bit

Description

SOTIE (Start of Transaction Interrupt Enable). Used for enabling the interrupt generation on a transaction
start detection.

0: SOT bitin PSTAT register does not affect the interrupt signal.
1: The interrupt signal (PSINT1) to the ICU is active (1) whenever SOT bit in PSTAT register is set.

Note: Once set, SOT is not cleared until the shift mechanism is reset. Therefore SOTIE should be cleared on
the first occurrence of an SOT interrupt. SOTIE should be set (1) when the PS/2 module is programed to
handle the impending transfer.

EOTIE (End of Transaction Interrupt Enable). Used for enabling the interrupt generation on an End of
Transaction detection.

0: EOT bitin PSTAT register does not affect the interrupt signal.
1: The interrupt signal (PSINT1) to the ICU is active (1) whenever EOT bit in PSTAT register is set.

Note: Once set, EOT is not cleared until the shift mechanism is reset. Therefore EOTIE should be cleared on
the first occurrence of an EOT interrupt. EOTIE should be set (1) when the PS/2 module is programed to
handle the impending transfer.

Disabled Shift Mechanism Interrupt Enable (DSMIE). Used for enabling the interrupt generation when the
shift mechanism is disabled.

0: The four interrupt signals are low. Note that PSINT1 may be activated (1) by other interrupt sources of the module.

1: The clock input signals are connected to the Interrupt Control Unit (ICU), to allow implementing an interrupt driv-
en PS/2 protocol. The four interrupts generated are PSINT1, PSINT2, PSINT3 and PSINT4, for channels 1, 2,
3 and 4, respectively. Note that PSINT4 is connected to the MIWU and not directly to the ICU.

Note: When the shift mechanism is disabled, no debounce is applied to the PSCLK inputs before producing the
interrupt signals, except for local synchronization.

7-3

Reserved.
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4.7 MULTI-FUNCTION 16-BIT TIMER (MFT16)

The PC87591x includes two Multi-Function Timer (MFT) modules. The registers of each module are prefixed with Tn and
the signals are suffixed with an n (where n is the module’s number, i.e., 1 or 2). Each MFT16 module consists of two func-
tional units designed to satisfy a wide range of application requirements. The units include:

* Clock Source Unit that contains a pre-scaler with one clock source selector for each counter.

* Main timer/counter and action unit that contains two counters, two reload registers for PWM, Input Capture or
Counter modes.

* Mode selector/control unit that defines the function of the 1/O pins and the interrupts.

Figure 44 shows the contents of an MFT16 and the top-level interaction. The rest of the section describes an MFT16 module.

Reload/Capture . .
Timer/Counter Timer/Counter and Action Interrupt A
|
Reload/Capture A HX TAN
TnCRA
System Clock g \L T
Clock Counter1 | |  Timer/Counter 1 3}
Source Clock TnCNT1 %
Slow and =
o
Clock Pre-Scaler Reload/Capture B S B Interrupt B
32.768 KHz TnCRB %
(@]
'9 ¢
Counter 2 Timer/Counter 2 gt i T B
—> n
Clock | ™ TnCNT2 2
External Event PWM/Capture/Counter Mode Select I
& Control

Figure 44. MFT16 Functional Diagram

4.7.1 Features

* Two 16-bit programmable timers/counters

* Two 16-bit reload/capture registers. These registers are used either as reload registers or capture registers, depend-
ing on the mode of operation.

* A 5-bit fully programmable clock pre-scaler
* Clock source selectors for each counter. These enable each counter to operate in:
— Pulse accumulate mode
— External event mode
— Prescaled system clock mode
— Slow speed clock input mode (where applicable)

* Two I/O pins (TAn and TBn), with programmable edge detection; these operate as:
— Capture inputs
— Capture and preset inputs
— External event (clock) inputs
— PWM outputs

* Two interrupts, one for each counter, that can be generated/ triggered by:
— Timer underflow
— Timer reload
— Input capture

* Four pending bits, which can be polled by software, are associated with the two interrupts.
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4.7.2 Clock Source Unit
The clock source unit, as shown in Figure 45, contains two clock selectors for each counter and a 5-bit clock pre-scaler.

Pre-Scaler

The 5-bit clock pre-scaler consists of a pre-scaler register and a 5-bit counter, allowing the timer to run with a prescaled
clock. The system clock is divided by the value contained in TNPRSC+1. The minimum counter clock frequency is thus the
system clock divided by 32, and the maximum counter clock frequency is equal to the system clock. The pre-scaler register,
TnPRSC, can be read or written by software at any time. The pre-scaler counter is a 5-bit down counter which can not be
read or written by software. The 5-bit counter and the pre-scaler register TNPRSC are cleared on reset

Pre-Scaler Register No Clock I
TPRSC Counter 1
* Clock —
. Prescaled Select Counter 1
Reset o>-Bit Clock Clock
>Pre-Scaler Counter
System
Clock Pulse Counter 2
Accumulate Clock —
Select Counter 2
.—| External Clock
Event
TBn X Synchr. l/ 1\
1
Synchr.
Slow Speed 1
Clock

Figure 45. Clock Pre-Scaler and Selector

External Event Clock

The TBn I/O pin can be selected as an external event input clock source for either of the two 16-bit counters. The polarity of
the input signal is programmable to trigger a count if either a rising or a falling edge is detected on TBn. The minimum pulse
width of the external signal is one system clock cycle; thus the maximum frequency with which the counter can run in this
mode is limited to half the system clock frequency.

Note: An External Event clock is not available in Dual Channel Capture mode because this mode requires TBn as an input.

Pulse Accumulate Mode

In Pulse Accumulate mode, the counter can also be clocked while an external signal on TBn is either high or low. In this
configuration, the output of the pre-scaler is gated with an external signal applied on TBn input. This mode can be used to
obtain a cumulative count of pre-scaler output clock pulses, as shown in Figure 46.

Note: Pulse Accumulate mode is not available in Dual Channel Capture mode because this mode requires TBn as an input.

Slow-Speed Clock

A slow-speed clock of 32.768 KHz can be used as a clock source for the two 16-bit counters. The MFT16 synchronizes the
slow-speed clock with the system clock. Therefore, the maximum input frequency of the slow-speed clock is the system clock
rate divided by four.

Some power save modes stop the system clock completely. When this occurs, the timer stops counting the slow-speed clock
until the system clock resumes. While operating in a power-save mode that uses a slow system clock, the slow-speed clock
source for the timer can only be used if it is at least four times faster than the slow- speed clock for the counter.
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Pre-Scaler Output
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Counter Clock
Figure 46. Pulse Accumulate Mode

Counter Clock Source Select

The clock source unit contains two clock source selectors that allow the clock source to be selected independently for each
of the two 16-bit counters from one of the following sources:

* No clock, in which case the counter is stopped
* Prescaled system clock

* External Event count based on TBn

* Pulse Accumulate mode based on TBn

* Slow Speed Clock i.e., 32.768 KHz

4.7.3 Timer/Counter and Action Unit

The timer/counter and action unit consists of two 16-bit counters, TNCNT1 and TnCNTZ2, in addition to two 16-bit reload/cap-
ture registers, TNCRA and TnCRB. The timers are down counters capable of triggering events on underflow detection (count
from 0000, to FFFF4¢). In addition, it contains the mode control logic which allows the timer to operate in any of four oper-
ation modes described below.

Different interrupts can be triggered on certain conditions, and the functionality of the 1/0O pins changes depending on the
mode of operation. Therefore the interrupt control and the 1/O control are an integral part of the timer/counter unit.

Operation Modes

The MFT16 can be configured to operate in any one of four modes, as summarized in Table 18 and described in this section.

Table 18. Operation Modes

Timer/Counter 2
(TNCNT2)

Reload/Capture B
(TnCRB)

Timer/Counter 1
(TNCNT1)

Reload/Capture A

Mode (TNCRA)

Description

PWM and system
1 timer or external
event counter

Auto Reload A =
PWM time 1

Auto reload = PWM
time 2

System Timer or ex-

Counter for PWM ternal event counter

Dual input capture
and system timer

Capture A and B
time base

Capture counter 1
value on TAn event

Capture counter 1
value on TBn event

System Timer

Dual independent
timer

Time base for first
timer

Reload register for
timer/counter 1

Reload register for
timer/counter 2

Time base for sec-
ond timer

Input capture and
timer

Time base for first
timer

Reload register for
timer/counter 1

Capture counter 1
value on TBn event

Capture B time base

Mode 1, PWM and Counter

PWM can be used to generate precise pulses of known width and duty cycle on the TAn pin. The timer is clocked by the
instruction clock. An underflow causes the timer register to be reloaded alternately from the TnCRA and TnCRB registers
and optionally causes TAn output to toggle. Thus, the values stored in TNCRA and TnCRB registers control the high and
low time of the signal produced on TAn. In PWM mode, timer/counter 2 can be used either as a simple system timer or as
an external event counter. The counter can be loaded by software with a specific value; the counter can then generate an
interrupt after the pre-programed number of external events have been received on TBn input.
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Figure 47 shows a block diagram of the timer operating in mode 1. In PWM mode, counter 1, TnCNTL1, functions as the time
base for the PWM timer. Counter 1 counts down at the clock rate selected via the counter 1 clock selector. When an under-
flow occurs, the timer register is reloaded alternately from the TnCRA and TnCRB registers, and counting proceeds down-
ward from the loaded value. On reset, and every time this mode is entered, the first reload in this mode is from the ThCRA
register. Once enabled, the counter starts counting down from the value currently loaded to it. At the first underflow, the timer
is loaded from TnCRA; on the second underflow, it is loaded from TnCRB; on the third underflow, it is loaded from TnCRA,
and so on. Note that every time the counter is stopped through the selection of “No-Clock” in the counter 1 clock selector
(TnCKC), it obtains its first reload value after it has been re-started from TnCRA register.

The timer can be configured to toggle TAn output bit on underflow. This results in the generation of a clock signal on TAn,
with the width and duty cycle controlled by the values stored in TNCRA and TnCRB registers. This PWM clock is processor-
independent because once the timer is set up, no more interaction is required by software (and therefore the CPU) to gen-
erate a continuous PWM signal. Software can select the initial value of the PWM output signal as either high or low. See
“Timer 1/0O Functions” on page 141 for additional details. The timer can be configured to generate separate interrupts on re-
load from TNCRA and TnCRB. The interrupts can be enabled or disabled under software control. The TAnNPND or TnBPND
flags, respectively, which are set by the hardware on occurrence of a timer reload, indicate which interrupt occurred. See
Section 4.7.4 on page 140 for detailed information.

In this mode of operation, timer/counter 2 can be used as a simple system timer, an external event counter or a pulse accu-
mulate counter. Counter TNCNT2 counts down with the clock selected via the counter 2 clock selector, and TNCNT2 can be
configured to generate an interrupt on underflow if the interrupt is enabled by TnDIEN bit. See Section 4.7.4 on page 140
for detailed information.

Reload A = Time 1 _-
TAPND
an= | TAPND_|
[ . Timer
|
v Underflow — Interrupt 1
TAIEN
Timer 1 Timer/Counter 1
[ - X TANn
Clock TnCNT1
TAEN
4 Underflow Timer
® g .
|
enT , TBIEN Interrupt 1
eloa =Time
TnCRB TBPND
Timer 2 Timer/Counter 2 p  Timer
Clock TnCNT2 |
TDIEN Interrupt 2
TDPND
Clock
Selector & i T D TBn

Figure 47. Mode 1, PWM and Counter

Mode 2, Dual Input Capture

Dual Input Capture mode can be used to precisely measure the frequency of an external clock that is slower than the se-
lected clock source frequency or to measure the elapsed time between external events. A transition received on the TAn or
TBn pin causes a transfer of timer/counter 1 contents to TNCRA or TnCRB register, respectively. In this mode, timer/counter
2 can be utilized as a system timer that is pre-loaded by software and generates an interrupt on underflow.

Figure 48 shows a block diagram of the timer operating in mode 2. In this mode of operation, the timebase of the capture
timer is formed by counter 1, which counts down with the clock selected via the counter 1 clock selector. In Dual Input Cap-
ture mode, TAn and TBn pins function as capture inputs. A transition received on TAn pin causes a transfer of the timer
contents to TnCRA register. Similarly, a transition received on the TBn pin causes a transfer of the timer contents to ThCRB
register. TAn and TBn inputs can be configured to perform a counter preset to FFFFg on reception of a valid capture event.
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In this case, the current value of the counter is transferred to the corresponding capture register; following this, the counter
is preset to FFFF46. Using this approach enables an external signal’s on-time, off-time or period to be directly determined,
while reducing CPU overhead.

The pulse width of the input signal on TAn and TBn must be equal to or greater than one system clock cycle (see
Section 7.6.10 on page 399 for additional details). The values captured in TnCRA register at different times reflect the
elapsed time between transitions on the TAn pin. The same is true for TNCRB register and the TBn pin. Each input pin can
be configured to sense either rising or falling edge transitions.

The timer can be configured to generate interrupts on reception of a transition on either TAn or TBn. The interrupts can be
enabled or disabled separately for TAn or TBn by TAnIEN and TnBIEN bits. An underflow of TnCNT1 can also generate an
interrupt if the interrupt was enabled by TnCIEN bit. All three interrupts have individual pending flags. See Section 4.7.4 on
page 140 for detailed information.

Timer/counter 2 can be used as a “simple” system timer in this mode of operation. The TNCNT2 counter counts down with
the clock selected via the counter 2 clock selector, and TNnCNT2 can be configured to generate an interrupt on underflow if
the interrupt was enabled by TnDIEN bit. See Section 4.7.4 on page 140 for detailed information.

Note that TnCNT1 cannot operate in the “Pulse Accumulate” or “External Event Counter” modes of operation since TBn input
is used as a capture input. Selecting either “Pulse Accumulate” mode or “External Event Counter” mode for TNCNT1 causes
TnCNT1 to stop. However, all available clock source modes may be selected for TNCNT2. Thus it is possible to use TNnCNT2
to determine the number of capture events on TBn or the elapsed time between capture events on TBn.

Timer
Interrupt 1
TAIEN
TAPND
Capture A - i T = TAn
TnCRA
+ Preset E
TAEN
Timerl i
Clock ] Tlmir/g?\luTnlterl Underf Timer
n nderiow Interrupt 1
+ P ; - TCIEN
rese ~_
TBEN
Capture B
g TBn
TnCRB ¢ T X
TBPND
Timer
Interrupt 1
TBIEN
Timer 2 Timer/Counter 2 TDPND
Clock TnCNT2 Underflow - Timer
Interrupt 2
TDIEN

Figure 48. Mode 2, Dual Input Capture

Mode 3, Dual Independent Timer

Dual Independent Timer mode can be used for a wide variety of system tasks such as the generation of periodic system
interrupts, based either on the prescaled clock or external events on TBn. The timer can also toggle TAn pin on underflow,
allowing the simple generation of a processor-independent 50% duty cycle PWM signal on TAn. In this mode, TnCNT1
counts down and reloads from TnCRA on underflow while TnCNT2 is reloaded from ThnCRB on underflow.

In this mode, the timer is configured to operate as a dual independent system timer or dual external event counter. In addi-
tion, timer/counter 1 can generate a 50% duty cycle PWM signal on the TAn pin. The TBn pin can be used as an external
event input or pulse accumulate input and forms the clock source to either counter 1 or counter 2, as described above. Both
counters can also be operated using the prescaled system clock. Figure 49 shows a block diagram of the timer in mode 3.
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Timer/counter 1 (TNCNT1) counts down at the rate of the selected clock (see “Counter Clock Source Select” on page 136
for additional details). On underflow, TNnCNT1 is reloaded from TnCRA register and counting proceeds. If enabled, the TAn
pin toggles on underflow of TNCNT1. Software can select the initial value of TAn output as either high or low (see “Timer I/O
Functions” on page 141 for additional details). In addition, the TnAPND interrupt pending flag is set, and a timer interrupt 1
is generated if TNAIEN bit is set to 1 (see Section 4.7.4 on page 140 for detailed information). Since TAn toggles on every
underflow, a 50% duty cycle PWM signal can be generated on TAn without requiring interaction by the core.

Timer/counter 2 (TNCNT2) counts down at the rate of the selected clock (see “Counter Clock Source Select” on page 136
additional details). On every underflow of TNCNT2, the value contained in TnCRB register is loaded into TnCNT2, and count-
ing proceeds downwards from that value. In addition, the TnDPND interrupt pending flag is set, and a timer interrupt 2 is
generated if TNDIEN bit is set to 1. See Section 4.7.4 on page 140 for detailed information.

Reload A
TnCRA
| > Timer
v Underflow Interrupt 1
Timer 1 > Timer/Counter 1 X TA
Clock TnCNT1
Reload B
TnCRB
I E|_> Timer
v Underflow TDIEN Interrupt 2
Timer 2 > Timer/Counter 2 TDPND
Clock TnCNT2
Clock
Selector & i T X Ten

Figure 49. Mode 3, Dual Independent Timer

Mode 4, Input Capture and Timer

Itis also possible to operate in a mode that offers a combination of a single timer, with automatic reload, and a single capture
timer. In this mode, TNnCNT1 operates as a PWM-timer that is reloaded from TnCRA on underflow while TnCNT2 forms the
time base of the capture timer. The value on TNCNT2 is transferred to TnCRB when a valid event on TBn is detected. It is
possible to toggle TA on every underflow of TNnCNT1 and thus generate a 50% duty cycle PWM signal on TAn.

This mode is a combination of modes 3 and 2. It allows timer/counter 2 to operate as a single-input capture timer concur-
rently with timer/counter 1. (Timer/counter 2 can be used as a system timer as described in mode 3.) Figure 50 shows a
block diagram of the timer in mode 4.

TnCNT1 starts counting down once a clock has been enabled. On underflow, TNCNT1 is reloaded from TnCRA register, and
counting proceeds downwards from that value. If enabled, the TAn pin toggles on every underflow of TNnCNTL1. Software can
select the initial value of TAn output signal as either high or low (see Section 4.7.5 on page 141 for additional details). In
addition, the TnAPND interrupt pending flag is set, and a timer interrupt 1 is generated if TNAIEN bit is set to 1 (see
Section 4.7.4 on page 140 for detailed information). Since TAn toggles on every underflow, a 50% duty cycle PWM signal
can be generated on TAn without requiring any interaction of software (and therefore the core).

TnCNT?2 starts counting down once a clock has been enabled. When a transition is received on TBn, the value contained in
TnCNT2 is transferred to TNCRB, and the interrupt pending flag, TNnBPND, is set. A timer interrupt 2 is generated if it is en-
abled. A preset of the counter to FFFF,g on detection of a transition on TBn can be enabled. In this case, the current value
of TNCNT2 is transferred to TNCRB, followed by a preset of the counter to FFFF;5. TNCNT2 starts counting downwards from
FFFF¢ until the next transition is received on TBn, which causes the procedure of capture and preset to be repeated. Un-
derflow of TNCNT2 sets the TnDPND interrupt pending flag and can also generate a timer interrupt 2 if the interrupt was
enabled (see Section 4.7.4 on page 140 for detailed information.). The input signal on TBn must have a pulse width equal
to or greater than one system clock cycle (see Section 7.6.10 on page 399 for additional details). TBn can be configured to
sense either rising or negative edge transitions.
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Note that TNCNT2 can not operate in the Pulse Accumulate or External Event Counter modes since TBn input is used as a
capture input. Selecting either Pulse Accumulate mode or External Event Counter mode for TNCNT2 causes TNCNT2 to stop.

Note, however, that all available clock source modes may be selected for TNCNT1. Thus it is possible to use TnCNT1 to

PC87591E/S/L

determine the number of capture events on TBn or the elapsed time between capture events on TBn.

Figure 50. Mode 4, Input Capture and Timer

4.7.4 Timer Interrupts
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The MFT16 contains a total of four interrupt sources that are mapped to two different system interrupts. All sources have a
pending flag associated with them and can be enabled or disabled under software control. The pending flags are TnXPND,
where n is the module and X is a letter from A to D. An interrupt enable flag, TnXIEN, is associated with each interrupt pend-
ing flag. Interrupt sources A, B or C can generate a timer interrupt 1; interrupt source D can generate a timer interrupt 2.
Note that not all interrupt sources are available in all modes. Table 19 shows which events can trigger an interrupt in each

mode of operation:

Table 19. MFT16 Interrupts

Mode 1 Mode 2 Mode 3 Mode 4
Interrupt
System Pending
Interrupt Flag PWM and Counter | Dual Input Capture Dual In(_jependent Input Capture and
Timer Timer
ThAPND TnCNT1 reload from | Input capture on TAn | TNnCNT1 reload from | TnCNT1 reload from
TnCRA transition TnCRA TnCRA
Timer
TnCNT1 reload from | Input Capture on TBn Input Capture on TBn
Int. 1 TnBPND TnCRB transition N/A transition
TnCPND N/A TnCNT1 underflow N/A N/A
Tier
Int. 2 TnDPND TnCNT2 underflow TnCNT2 underflow TnCNT.?ngg)gd from TnCNT2 underflow
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4.7.5 Timer I/O Functions

There are two /O pins associated with each of the MFT16 modules: TAn and TBn, where n denotes the module on a given
device. The functionality of TA and TB depends on the mode of operation and the value of TAEN and TBEN bits. Table 20
shows the function of TA and TB versus the selected mode of operation. Note that if TA functions as a PWM output, the
initial and present value of TA is defined by TAOUT. For example, to start with TA high, TAOUT must be set (1) prior to
enabling the timer clock.

Table 20. MFT16 I/O Functions

Mode 1 Mode 2 Mode 3 Mode 4
/o TnAEN
TnBEN PWM and Counter Dual Input Capture Dual In(_jependent Input Cgpture and
Timer Timer
TnAEN=0 Capture TnCNT1
THBEN=X No Output into TNCRA No Output toggle No Output toggle
TAn Capture TNCNTL
TnAEN=1 Toggle Output on ina:g l.f_rr:aCRr:,_\ and Toggle Output on Toggle Output on
TnBEN=X | underflow of TNnCNT1 preset TNCNT1 underflow of TNCNT1 | underflow of TNnCNT1
TnAEN=X Ext. Event or Pulse Capture TnCNT1 Ext. Event or Pulse Capture TNnCNT2
TnBEN=0 Accumulate Input into TNnCRB Accumulate Input into TNnCRB
TBn
TnAEN=X Ext. Event or Pulse Ci:nigtl-f-rnec&n; Zerl Ext. Event or Pulse (iina:gtl_:_rnecgn; l;lr']l'dZ
TnBEN=1 Accumulate Input preset TNCNT1 Accumulate Input preset TNCNT2

4.7.6 Operation in Development System

The MFT16 supports freezing the counters during breakpoints while operating in development systems. If FREEZE bit is
asserted, all timer counter clocks are inhibited, and the current values of timer/counter registers TNCNT1 and TnCNT2 are
frozen. Once FREEZE becomes inactive, counting resumes from the previous value. See 4.20.5 on page 273 for more de-

tails.
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4.7.7 MFT16 Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

MFT16 Register Map

Mnemonic Register Name Type
TnPRSC Clock Pre-Scaler Register R/W
TnCKC Clock Unit Control Register R/W
TnCNT1 Timer/Counter Register 1 R/W
TnNCNT2 Timer/Counter Register 2 R/W
TnCRA Reload/Capture Register A R/W
TnCRB Reload/Capture Register B R/W
TnCTRL Timer Mode Control Register R/W
TnICTL Timer Interrupt Control Register R/W
TnICLR Timer Interrupt Clear Register WO

Timer/Counter Register 1 (TNCNT1)
The TnCNT1 register is a word-wide read/write register that is not altered by reset. The value on power-on is unknown.
Location: MFT16 1: 00 FD804¢

MFT16 2: 00 FDAO¢

Type: RIW
Bit 15 1413 12| 112 10 9| 8] 7| 6| 5| 4] 3] 2]1]o0
Name TCNT1

Reload/Capture Register A (TNCRA)
The TnCRA register is a word-wide read/write register that is not affected by reset and thus contains random data on power-up.
Location: MFT16 1: 00 FD824¢

MFT16 2: 00 FDA2;4

Type: RIW
Bit 15 1413 12| 1n]10] 9] 8| 7|65 4|3 2|10
Name TCRA

Reload/Capture Register B (TnCRB)
The TnCRB register is a word-wide read/write register that is not affected by reset and thus contains random data on power-up.
Location: MFT16 1: 00 FD84,4

MFT16 2: 00 FDA4,¢

Type: RIW
Bit 15 14 13 12| 112 10 9| 8] 7| 6| 5| 4] 3] 2]1]o0
Name TCRB
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Timer/Counter Register 2 (TNCNT2)
The TnCNT2 register is a word-wide read/write register that is not altered by reset. The power-up value is unknown.
Location: MFT16 1: 00 FD8644

MFT16 2: 00 FDAG,4

Type: RIW
Bit 151413 12| 11 10 9| 8] 7| 6| 5| 4] 3] 2]1]0
Name TCNT2

Clock Pre-Scaler Register (TNPRSC)

The TnPRSC register is a byte-wide read/write register. It contains the current value of the clock pre-scaler, CLKPS. The
register is cleared on reset. It defines the timer clock pre-scaler ratio.

Location: MFT16 1: 00 FD88,4
MFT16 2: 00 FDA8,¢

Type: RIW

Bit 7 | 6 | 5 4 | 3 | 2 | 1 | 0

Name Reserved CLKPS

Reset 0 | 0 | 0 0 | 0 | 0 | 0 | 0
Bit Description

4-0 |CLKPS (Clock Pre-Scaler). The timer clock is generated by dividing the system clock by CLKPS+1. Therefore
the maximum timer clock frequency is equal to the system clock (CLKPS=00000) and the minimum timer clock
is the system clock divided by 32 (CLKPS=11111).

7-5 |Reserved.

Clock Unit Control Register (TnCKC)

The TnCKC register is a byte-wide read/write register. It defines the clock source selection for each timer counter. The reg-
ister is cleared on reset, thus disabling timer/counter 1 and timer/counter 2 clocks.

Location: MFT16 1: 00 FD8A¢4
MFT16 2: 00 FDAA ¢

Type: RIW

Bit 7 | 6 5 | 4 | 3 2 | 1 | 0

Name Reserved C2CSEL C1CSEL

Reset o | o o | o | o o | o | o
Bit Description

2-0 |C1CSEL (Counter 1 Clock Select). Defines the clock mode for timer/counter 1 where:
Bits

210 Description

00O0: No Clock (Counter 1 stopped)

00 1: Prescaled system clock

010: External Event on TBn

0 1 1: Pulse Accumulate

100: Slow-speed Clock

Other: Reserved
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Bit Description
5-3 |C2CSEL (Counter 2 Clock Select). Defines the clock mode for timer/counter 2.
Bits
543 Description
00 O0: No Clock (Counter 1 stopped)
00 1 Prescaled system clock
010: External Event on TBn
011 Pulse Accumulate
100: Slow-speed Clock
Other: Reserved
7-6  |Reserved.

Timer Mode Control Register (TnCTRL)

The TnCTRL register is a byte-wide read/write register. It defines the mode of operation of timer/counter and TAn and TBn
I/O pins. The register is cleared on reset.

Location: MFT16 1: 00 FD8C¢

MFT16 2: 00 FDACq¢

Type: RIW
Bit 7 6 5 4 3 2 1| 0
Name Reserved TAOUT TBEN TAEN TBEDG TAEDG MDSEL
Reset 0 0 0 0 0 0 o | 0
Bit Description
1-0 |MDSEL (Mode Select). Defines the MFT16 mode of operation.
Bits
1 0 Description
0 0: Model
0 1: Mode 2
1 0: Mode3
1 1: Mode4
2 |TAEDG (TAn Edge Polarity).

0: A high-to-low transition on TAn causes the action defined by the mode of operation (e.g., input capture).
1: A low-to-high transition on TAn results in the defined action.

3 |TBEDG (TBn Edge Polarity).

0: A high-to-low transition on TBn causes the action defined by the mode of operation (e.g., input capture or ex-
ternal event count)

1: A low-to-high transition on TBn results in the defined action
In Pulse Accumulate mode, when this bit is set to 1, the count is enabled if TBn is high. When cleared (0) and
while operating in Pulse Accumulate mode, the counter is enabled if TBn is low.

4 |TAEN (TAn Enable). Enables TAn to function either as a preset input or as a PWM output, depending on the
mode of operation.
If this bit is set (1), while operating in Dual Input Capture mode (mode 2), a transition on TAn causes TnCNT1
to be preset to FFFF¢. In the remaining modes of operation, setting TNAEN enables TAn to function as a PWM
output. See Table 20 on page 141 for additional information.

5 |TBEN (TBn Enable). When set (1), and while operating in either Dual Input Capture mode (mode 2) or Input

Capture and Timer mode (mode 4), a transition on TBn causes the corresponding timer/counter to be preset to
FFFF16. In mode 2, TNCNT1 is preset to FFFF16; in mode 4, TnCNT2 is preset to FFFF16. The bit has no
effect while operating in any mode other than modes 2 or 4. See Table 20 on page 141 for additional
information.
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Bit Description

6 |TAOUT (TAn Output Data). Contains the value of TAn output when TAn is used as a PWM output.
0: TAnis low
1: TAnis high
This bit is set and cleared by hardware and thus reflects the status of TAn. This bit can be read at any time. It
may be used to set the initial value of TAn output in PWM mode. Note that if the hardware attempts to toggle
this bit at the same time as software is writing to the bit, the software write takes precedence over the hardware
update. This bit has no effect when TAn is used as input.

7 |Reserved.

Timer Interrupt Control Register (TnICTL)

The TnICTL register is a byte-wide read/write register. It contains the interrupt enable bit and associated interrupt pending
bits for the four timer interrupt sources. The TnICTL register format is shown below. The register is cleared on reset.

Location

: MFT16 1: 00 FD8E 4
MFT16 2: 00 FDAE 4

Type: RIW
Bit 7 6 5 4 3 2 1 0
Name TDIEN TCIEN TBIEN TAIEN TDPND TCPND TBPND TAPND
Reset 0 0 0 0 0 0 0 0
Bit Description
0 |TAPND (Timer Interrupt Source A Pending). When asserted, indicates that an interrupt condition (as shown
in Table 19 on page 140) has occurred. This bit can be set by either hardware or software.
This bit is cleared by a writing 1 to the respective bit in Timer Interrupt Clear register.
A write of 0 to this bit is ignored. The bit is cleared (0) on reset.
1 |Timer Interrupt Source B Pending (TBPND). Same as TAPND but for a different condition, as shown in
Table 19.
2 |Timer Interrupt Source C Pending (TCPND). Same as TAPND but for a different condition, as shown in
Table 19.
3 |Timer Interrupt Source D Pending (TDPND). Same as TAPND but for a different condition, as shown in
Table 19.
4 |TAIEN (Timer Interrupt A Enable).
0: No system interrupt occurs, but the associated pending flag TAPND is set
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 19
Note: The bit can be set or cleared by software at any time.
5 |TBIEN (Timer Interrupt B Enable).
0: No system interrupt occurs, but the associated pending flag TBPND is set
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 19
Note: The bit can be set or cleared by software at any time.
6 |TCIEN (Timer Interrupt C Enable).
0: No system interrupt occurs, but the associated pending flag TCPND is set
1. Enables a system interrupt based on the occurrence of a condition, as listed in Table 19
Note: The bit can be set or cleared by software at any time.
7 |TDIEN (Timer Interrupt D Enable).
0: No system interrupt occurs, but the associated pending flag TDPND is set
1: Enables a system interrupt based on the occurrence of a condition, as listed in Table 19
Note: The bit can be set or cleared by software at any time.
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Timer Interrupt Clear Register (TnICLR)

The TnICLR register is a byte-wide write-only register. It controls the clear of pending flags TAPND, TBPND, TCPND and
TDPND, which are located in TnICTRL register.

Location: MFT16 1: 00 FD904¢

MFT16 2: 00 FDBO44

Type: WO
Bit 7 6 5 4 3 2 1 0
Name Reserved TDCLR TCCLR TBCLR TACLR
Bit Description
0

TACLR (Timer Pending A Clear). Writing a 1 to this bit clears the TAPND flag in TnICTL register.
0: Has no effect on TAPND. The previous value of TAPND is maintained
1. Causes the TAPND flag to be cleared (0)

TBCLR (Timer Pending B Clear). Writing a 1 to this bit clears the TBPND flag in TnICTL register.
0: Has no effect on TBPND. The previous value of TBPND is maintained
1: Causes the TBPND flag to be cleared (0)

TCCLR (Timer Pending C Clear). Writing a 1 to this bit clears the TCPND flag in TnICTL register.
0: Has no effect on TCPND. The previous value of TCPND is maintained
1: Causes the TCPND flag to be cleared (0)

TDCLR (Timer Pending D Clear). Writing a 1 to this bit clears the TDPND flag in TnICTL register.
0: Has no effect on TDPND. The previous value of TDPND is maintained
1: Causes the TDPND flag to be cleared (0)

7-4

Reserved.
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4.8 PULSE WIDTH MODULATOR (PWM)

The PWM module generates eight 8-bit PWM outputs; each may have a different duty cycle. A common 8-bit clock pre-scaler
and an 8-bit down-counter determine the cycle time, the minimal possible pulse width and the duty cycle steps.

4.8.1 Features

* Eight PWM outputs

* One 8-bit fully programmable pre-scaler

* One 8-bit fully programmable down-counter
* 8-bit duty cycle control per output

* Programmable polarity per output

* Low Power mode

4.8.2 Functional Description

The PWM generates eight 8-bit PWM outputs, PWMO to PWM?7. The Duty Cycle registers 0 to 7 (DCRI, i = 0 to 7) control
the duty cycle of PWMO to PWM7 output signals, respectively. The Cycle Time register (CTR) controls the cycle time and
duty cycle steps of all outputs.

The PWM use the core domain clock as a reference for its activities. The pre-scaler divider divides the PWM input clock by
a pre-programmable ratio of 1:1 through 1:256, as defined by the Clock Pre-Scaler register (PRSC).

The PWM cycle is defined in terms of cycles of the pre-scaler output clock. It has a period of (CTR +1) cycles, out of which
the signal will be high for DCRI cycles. INVPi, when set, may be used to inverse this behavior.

The cycle period is defined by the 8-bit down-counter. It counts using the output clock from the pre-scaler divider, starting
from the value held in CTR register down to 0. When it reaches 0, the down-counter restarts from the CTR value.

The DCRI register defines the number of clock cycles during which PWMi signal is high during the complete down-counter
cycle.

If Inverse PWMi bit (INVPi) in PWM Polarity register (PWMPOL) is active (1), the DCRi register defines the number of clock
cycles during which PWMi signal is low in each of the down-counter complete cycles.

Figure 51 is a functional block diagram of the PWM module.

Clock Pre-Scaler Cycle Time
Register Register
Input 8-Bit Pre-Scaler 8-Bit
Clock Counter —*® Down-Counter

Down-Counter == CTR

*7 Compare Compare j

| | | |
| | | |
| | I |
I R S | I S R |
| Duty Cycle | I Duty Cycle |
[ Q Q Register 0 | =R Register 7 Q Q |
| | | |
| | | |
| . | | |
I \0 1/ invei I I \® Y invei I
I I I I
| | | |
L _ _Pwmo _ _ _ _ _ _ _ a L PWM7 _ _ _ |

Figure 51. PWM Block Diagram
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4.8.3 Cycle Time and Duty Cycle Calculation
The PWM module supports duty cycles in the range of 0% to 100%.
The PWMi output signal cycle time is:
(PRSC+1)x (CTR + 1) X Tok
where:
* Tcuk is the core domain clock cycle time (i.e., the PWM input clock).
* The cycle time may range from 2 x T¢ g to 65536 X T k.
The PWMi output signal duty cycle (in %, when INVPi is 0) is:
(DCRi + 1) / (CTR + 1) x 100.
Special cases:
* If the DCRI value is greater than the CTR value, PWMi signal is always low.
* If DCRI value is equal to the CTR value, PWMi signal is always high.

When Inverse PWMIi bit is 1, the value of PWMi output is inverted. i.e., in the period described as 1 is 0 and vice versa.

4.8.4 Power Modes

The PWM is in Low Power mode when Power Mode bit (PWR) in PWM Control Register (PWMCNT) is 0. In this mode, the
PWM input clock is disabled (stopped), but the registers are accessible and maintained. The PWMi signal is 0 when INVPi
bit is 0; it is 1 when INVPI bit is 1.

The PWM is in normal power mode when PWR bit in PWMCNT register is 1. In this mode, the PWM module is enabled, its
registers are accessible and its clock is functional.

The PRSC and CTR registers should be updated during Low Power mode. Otherwise, there may be unpredictable transient
behavior.

4.8.5 PWM Registers

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

PWM Register Map

Mnemonic Register Name Type
PRSC Clock Pre-Scaler R/W
CTR Cycle Time R/W
DCRI Duty Cycle 0 to 7 R/W
PWMPOL PWM Polarity R/W
PWMCNT PWM Control R/W

Location: 00 FD0O,¢

Clock Pre-Scaler Register (PRSC)
The PRSC register controls the cycle time and the minimal pulse width. PRSC is cleared (004¢) on reset.

Type: RIW

Bit 7 | 6 | 5 | 4 | 0

Name PRSC7-0

Reset o | o | o | o | 0
Bit Description

7-0 |Pre-Scaler Divider Value. The divider of the PWM input clock is the number defined by PRSC7-0 + 1, e.g., a
value of 0016 results in a divide by 1, a value of FF16 results in a divide by 256.

The contents of this register may be changed only when the PWM module is in Low Power mode. Otherwise,
there may be unpredictable results.
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Cycle Time Register (CTR)

The CTR register controls the cycle time and duty cycle steps, CTR is set (FF4g) on reset.

Location: 00 FD02,¢

Type: RIW

Bit 7 | 6 | 5 | 4 | 3 | 2 0

Name CTR7-0

Reset 1 | 1 | 1 | 1 | 1 | 1 1
Bit Description

there may be unpredictable results.

7-0 |Cycle Time Value. The 8-bit down-counter divides the pre-scaler output clock by the number defined by
CTR(7:0) + 1. For example, a value of 0016 results in a divide by 1, a value of FF16 results in a divide by 256

The contents of this register may be changed only when the PWM module is in Low Power mode. Otherwise,

Duty Cycle Registers 0 to 7 (DCRi)

The DCRI (i = 0 to 7) registers control the duty cycle of PWMi output signal. DCRI is cleared (004¢) on reset.

Location: Channel 0 - 00 FD08¢
Channel 1 - 00 FDOA ¢
Channel 2 - 00 FDOC 4
Channel 3 - 00 FDOE ¢
Channel 4 - 00 FD10,4
Channel 5 - 00 FD12¢
Channel 6 - 00 FD14,¢4
Channel 7 - 00 FD16,4

Type: RIW

Bit 7 | 6 | 5 | 4 | 3 | 2 0

Name DCRIi7-0

Reset 0 | 0 | 0 | 0 | 0 | 0 0
Bit Description

PWMi cycle), when Inverse PWMi bit in PWM Polarity register is 0.

If the DCRI value > CTR value, PWMi signal is always low.
If DCRI value == CTR value, PWMi signal is always high.

When Inverse PWMi bit is 1, the value of PWMi is inverse.

7-0 |Duty Cycle Value. DCRI register defines the number of clocks for which PWMi is high (from the full cycle of the
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PWM Polarity Register (PWMPOL)

This register controls the polarity of PWMO0 to PWM?7. The register is cleared (004¢) on reset.
Location: 00 FD04,¢

Type: RIW
Bit 7 6 | 5 | 4 | 3| 2 | 1| 0
Name INVP7-0
Reset o | o | o | o | o | o | o | o
Bit Description
7-0 |Inverse PWM Outputs. Each bit controls the corresponding polarity of PWMO to PWM7; e.g., INVPO controls
PWMO.
0: The number in DCRI indicates for how many clocks (of down-counter decrements) PWMi signal is high.
1: The number in DCRI indicates for how many clocks (of down-counter decrements) PWMi signal is low.

PWM Control Register (PWMCNT)

This register controls PWM operation. The register is cleared (00,¢) on reset.
Location: 00 FD06,¢

Type: RIW
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 0
Name Reserved PWR
Reset o | o | o | o | o | o | 0 0
Bit Description
0 |Power Mode. This bit controls the operating mode of the PWM, as follows:
0: Low Power mode. PWM input clock is disabled (stopped). Its registers are accessible and maintained. PWMi
signal is 0 when INVPI bit is 0. PWMi signal is 1 when INVPi bit is 1.
1: Normal Power mode. PWM module is enabled. Its registers are accessible and its clock is functional.
7-1 |Reserved.
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4.9 UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS RECEIVER-TRANSMITTER (USART)

The USART is a full-duplex synchronous/asynchronous receiver-transmitter that supports a wide range of software program-
mable baud rates and data formats. It handles automatic parity generation and several error detection schemes. DMA trans-
fers are supported to enable fast processor-independent receive and transmit.

4.9.1 Features
* Full duplex double-buffered receiver-transmitter
* Synchronous operation
* Asynchronous operation
* Programmable baud rate between CLK/2 and CLK/32768 baud
* Numerous framing formats
— seven, eight or nine data bits
— one or two stop bits
— odd, even, mark, space or no parity
* Hardware support of parity-bit generation during transmission and parity-bit check during reception
* Interrupt on transmit buffer empty, receive buffer full and receive error conditions with separate enable
* Software-controlled break transmission and detection
* Software-controlled reset, enable/disable
* Internal diagnostic capability
* Automatic error detection
— Parity Error
— Framing Error
— Data Overrun Error
* 9-bit Attention mode
* DMA support for transmit and receive with separate enable

4.9.2 Functional Overview
The USART is composed of the following functional units:
* Transmitter
* Receiver
* Baud rate generator
* Control and error detection
Figure 52 shows a block diagram of the USART.
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Figure 52. USART Block Diagram

Each functional unit is described briefly in this section.

Transmitter

The Transmitter consists of an 8-bit transmit shift register and an 8-bit transmit buffer. Data is loaded in parallel from the
buffer into the shift register and then transmitted serially on the UTXD pin.

Receiver

The Receiver consists of an 8-bit receive shift register and an 8-bit receive buffer. Data is received serially into the shift reg-
ister from the URXD pin. After eight bits have been received, the contents of the shift register are transferred in parallel to
the receive buffer.

Baud Rate Generator

The Baud Rate Generator generates the clock for the Asynchronous and Synchronous modes of operation. It consists of
two registers and a two-stage counter. The registers are used to specify a pre-scaler value and baud rate divisor. The first
stage of the counter divides the CLK clock in 0.5 increments based on the value of the pre-scaler. The second stage of the
counter divides the output of the first stage in integer increments based on the value of the baud rate divisor.

Control and Error Detection

This unit contains the control registers (see Section 4.9.4 on page 158), control logic, error detection circuitry and parity gen-
erator/checker. It supports:

* Selection of the data format, mode of operation, clock source and parity type

* Generation and detection of parity

* Reporting of parity errors

* Detection and reporting of data overrun and frame errors

* Interrupts on transmit buffer empty, receive buffer full, receive error and delta clear to send conditions
* Generation and detection of line breaks
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4.9.3 Operation

The USART has two basic modes of operation; Synchronous and Asynchronous. In addition, two special Synchronous and
Asynchronous modes, attention and diagnostic, are available. This section describes the operating modes of the USART.

Asynchronous Mode

USART Asynchronous mode enables the device to communicate with other devices using two communication signals: trans-
mit (UTXD) and receive (URXD).

In Asynchronous mode, Transmit Shift register (TSFT) and Transmit Buffer register (UTBUF) double buffer data for trans-
mission. To transmit a character, a data byte is loaded into UTBUF register. The data is then transferred to TSFT register.
While TSFT register is shifting out the current character (LSB first) on the UTXD pin, UTBUF register is loaded by software
with the next byte to be transmitted. When TSFT completes transmitting the last stop bit of the current frame, the contents
of UTBUF are transferred to TSFT register and the Transmit Buffer Empty flag (TBE) is set. The TBE flag is automatically
reset by the USART when the software loads a new character into UTBUF register. During transmission, the XMIP bit is set
high by the USART. This bit is reset only after the USART has sent the last stop bit of the current character and UTBUF
register is empty. UTBUF register is a read/write register. TSFT register is not user accessible.

In Asynchronous mode, the input frequency to the USART is 16 times the baud rate, i.e., there are 16 clock cycles per bit
time. In Asynchronous mode, the baud rate generator is always used as the UART clock.

Receive Shift register (RSFT) and Receive Buffer register (URBUF) double buffer the data being received. The USART re-
ceiver continually monitors the signal on the URXD pin for a low level to detect the beginning of a start bit. On sensing this
low level, the USART waits for seven input clock cycles and samples again three times. If all three samples still indicate a
valid low, the receiver considers this to be a valid start bit, and the remaining bits in the character frame are each sampled
three times around the mid-bit position. For any bit following the start bit, the logic value is found by majority voting, i.e., the
two samples with the same value define the value of the data bit. Figure 53 illustrates the process of start-bit detection and
bit sampling. Serial data input on the URXD pin is shifted into RSFT register. On receiving the complete character, the con-
tents of RSFT register are copied into URBUF register and Receive Buffer Full flag (RBF) is set. The RBF flag is automati-
cally reset when software reads the character from URBUF register. The RSFT register is not user accessible.

¢Samp|e * ¢ *Sample

STARTBIT DATA (LSB)

YV Vsume

DATABIT

Figure 53. USART Asynchronous Communication

Synchronous Mode

The USART Synchronous mode enables the device to communicate with other devices using three communication signals:
transmit (UTXD), receive (URXD) and clock (USCLK). In this mode, data bits are transferred synchronously using the
USART clock signal. As shown in Figure 54, the data is transmitted on the rising edge and received on the falling edge of
the clock. Data is transmitted and received with the LSB first.
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Figure 54. USART Synchronous Communication

In Synchronous mode, Transmit Shift register (TSFT) and Transmit Buffer register (UTBUF) double buffer data for transmis-
sion. To transmit a character, a data byte is loaded into TBUF register. The data is then transferred to TSFT register. The
TSFT shifts out one bit of the current character, LSB first, on each rising edge of the clock. While the TSFT is shifting out
the current character on the UTXD pin, UTBUF register can be loaded by the software with the next byte to be transmitted.
When TSFT completes transmitting the last stop bit within the current frame, the contents of UTBUF are transferred to TSFT
register, and the Transmit Buffer Empty flag (TBE) is set. The TBE flag is automatically reset by the USART when the soft-
ware loads a new character into UTBUF register. During transmission, XMIP bit is set high by the USART. This bit is reset
only after the USART has sent the last frame bit of the current character and UTBUF register is empty.

Receive Shift register (RSFT) and Receive Buffer register (URBUF) double buffer the data being received. Serial data input
on the URXD pin is shifted into RSFT register at the first falling edge of the clock. Each subsequent falling edge of the clock
causes an additional bit to be shifted into RSFT register. The USART assumes a complete character has been received after
the correct number of rising edges on USCLK (based on the selected frame format) has been detected. On receiving a com-
plete character, the contents of RSFT register are copied into URBUF register, and Receive Buffer Full flag (RBF) is set.
The RBF flag is automatically reset when software reads the character from URBUF register.

The transmitter and receiver may be clocked from either an external source available on the USCLK pin or the internal baud
rate generator. If the internal baud rate generator is used, the baud clock is output on the USCLK pin.

Attention Mode

Attention mode is available for networking this device with other processors. This mode requires the 9-bit data format with
no parity. The number of start/stop bits are user selectable. In this mode, two types of 9-bit characters are sent on the net-
work: address characters consisting of eight address bits and a “1” (one) in the ninth bit position and data characters con-
sisting of eight data bits and a “0” (zero) in the ninth bit position.

While in Attention mode, the USART receiver monitors the communication flow but ignores all characters until an address
character is received. On the receipt of an address character, the contents of Receive Shift register are copied to the receive
buffer. The RBF flag is set and an interrupt (if enabled) is generated. The ATN bit is automatically reset to zero, and the
USART begins receiving all subsequent characters. The software must examine the contents of URBUF register and re-
spond by accepting the subsequent characters (by leaving the ATN bit reset) or waiting for the next address character (by
setting the ATN bit again).

The operation of the USART transmitter is not affected by the selection of this mode. The value of the ninth bit to be trans-
mitted is programed by setting the STPXB9 bit appropriately. The value of the ninth bit received is read from the RB9 bit.
Diagnostic Mode

This mode is available for diagnostic tests of the USART. In this mode, the UTXD and URXD pins are internally connected,
and data that is shifted out of Transmit Shift register is immediately transferred to Receive Shift register. This mode supports
only the 9-bit data format with no parity. The number of start and stop bits is user selectable.

Frame Format Selection

The format shown in Figure 55 consists of a start bit, seven data bits (excluding parity) and one or two stop bits. If parity bit
generation is enabled by setting the PEN bit, a parity bit is generated and transmitted following the seven data bits.
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1 SERT 7-BIT DATA s |

la SR 7-BIT DATA s |

1b SERT 7-BIT DATA A | s |

1c SERT 7-BIT DATA PA s |

Figure 55. Seven Data Bit Frame Options

The format shown in Figure 56 consists of one start bit, eight data bits (excluding parity) and one or two stop bits. If parity
bit generation is enabled by setting the PEN bit, a parity bit is generated and transmitted following the eight data bits.

2 —STB'?}?T 8-BIT DATA s
2a SERT 8-BIT DATA s |
2b —STB/I*?T 8-BIT DATA PA | s
2c —STBAITRT 8-BIT DATA PA s |

Figure 56. Eight Data Bit Frame Options

The format shown in Figure 57 consists of one start bit, nine data bits and one or two stop bits. This format also supports
the USART attention feature. When operating in this format, all eight bits of UTBUF and URBUF are used for data. The ninth
data bit is transmitted and received using two bits in the control registers, called STPXB9 and RB9. Parity is not generated
or verified in this mode.

START
3 Loxa 9-BIT DATA s
3a SERT 9-BIT DATA 25

Figure 57. Nine Data Bit Frame Options

Baud Rate Generator

The Baud Rate Generator provides the basic baud clock from the system clock. The system clock is passed through a two-
stage divider chain consisting of a 5-bit baud rate pre-scaler (PSC) and an 11-bit baud rate divisor (DIV).

The correspondences between the 5-bit pre-scaler select (PSC) and pre-scaler factors are shown in Table 21.
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Table 21. Pre-Scaler Factors

Pre-Scaler Select Pre-Scaler Factor Pre-Scaler Select Pre-Scaler Factor
00000 NO CLOCK 10000 8.5
00001 1 10001 9
00010 1.5 10010 9.5
00011 2 10011 10
00100 25 10100 105
00101 3 10101 11
00110 3.5 10110 115
00111 4 10111 12
01000 4.5 11000 125
01001 5 11001 13
01010 5.5 11010 135
01011 6 11011 14
01100 6.5 11100 14.5
01101 7 11101 15
01110 7.5 11110 15.5
01111 8 11111 16

A pre-scaler factor of zero corresponds to NO CLOCK. The NO CLOCK condition is the USART Power-Down mode. In this
mode, the USART clock is turned off in order to reduce power consumption. The user should set the pre-scaler factor to zero
(NO CLOCK) before selecting a new baud rate. Altering the baud rate while the USART is in operation could cause incorrect
data to be received or transmitted. UPSR register must contain a value other than zero when an external clock is used at
USCLK.

In Asynchronous mode, the baud rate is calculated by:

BR=SYS CLK/ (16 x N x P)
where:
* BR is the baud rate
* SYS_CLK is the system clock
* N is the value of the baud rate divisor + 1
* P is the pre-scaler divide factor selected by the value in the PSR register

The divide by 16 operation is performed because in Asynchronous mode, the input frequency to the USART is 16 times the
baud rate. In Synchronous mode, the input clock to the USART is equal to the baud rate.
Interrupts
The USART is capable of generating interrupts on one of the following conditions:
* Receive Buffer Full
* Receive Error
* Transmit Buffer Empty
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Figure 58 shows a diagram of the interrupt sources and associated enable bits.

FE | —
EEI
DOE {} ERR 4
e
PE | RBF ] Interrupt
ERI
TBE - TX
Interrupt
ETI

Figure 58. USART Interrupt Sources

The interrupts can be individually enabled or disabled using Enable Transmit Interrupt (ETI), Enable Receive Interrupt (ERI)
and Enable Receive Error Interrupt (EEI) bits in UICTRL register.

A transmit interrupt is generated when both the TBE and ETI bits are set. To remove this interrupt, the software must either
disable the interrupt by clearing the ETI bit or write to UTBUF register (thus clearing the TBE bit).

A receive interrupt is generated on two conditions:

* If both the RBF and ERI bits are set. To remove this interrupt, the software must either disable the interrupt, by clear-
ing the ERI bit, or read from URBUF register (thus clearing the RBF bit).

* If both the ERR and the EEI bits are set. To remove this interrupt, the software must either disable it by clearing the
EEI bit, or read USTAT register, which causes ERR flag to be cleared.
DMA Support

The USART can operate with either one or two DMA channels. Two DMA channels are required for processor-independent
full-duplex operation. Both receive and transmit DMA can be enabled individually.

If the transmit DMA is enabled (ETD=1), the USART issues a DMA request every time the TBE flag is set. Enabling the
transmit DMA automatically disables the TX interrupt independent of the value of the ETI bit.

Enabling the receive DMA (ERD=1) causes a DMA request to be asserted every time the Receive Buffer Full flag (RBF) is
set. Once the receive DMA is enabled the RX interrupt is automatically disabled independent of the value of the ERI bit.
However, to detect errors during reception the receive error interrupt should be enabled (EEI=1) while using the DMA.
Break Generation and Detection

A line break is generated when BRK bit is set in MDSL register. The UTXD line remains low until the user resets the BRK bit.
A line break is detected if URXD remains low for a time equivalent to 10 bit times or longer, after a missing stop bit has been
detected.

Parity Generation and Detection

Parity is only generated or checked with 7- and 8-bit data formats. It is not generated or checked in Diagnostic Loopback
mode, Attention mode or in Normal mode with 9-bit data format. Parity generation and checking is enabled and disabled via
PEN bit in UFRS register. PSEL bits in UFRS register are used to select odd, even, mark or space parity.

ISE Mode Operation

The USART module supports breakpoint operation by preserving some of the status bits of the USTAT and UICTRL regis-
ters. While the FREEZE bit is asserted, the PE, FE, DOE, BKD and DCTS bits are not cleared on a read of STAT register.
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For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

Mnemonic Register Name Type
URBUF Receive Data Buffer Register RO
UTBUF Transmit Data Buffer Register R/W
UPSR Baud Rate Pre-Scaler Register R/W
UBAUD Baud Rate Divisor Register R/W
UFRS Frame Select Register R/W
UMDSL Mode Select Register R/W
USTAT Status Register RO
UICTRL Interrupt Control Register Varies per bit

Receive Data Buffer Register (URBUF)
Location: 00 FD22¢

Type: RO

Bit 7 6 | 5 | 4 3 2 1 0
Name URBUF

Transmit Data Buffer Register (UTBUF)

Location: 00 FD20,¢

Type: RIW

Bit 7 | 6 | 5 | 4 3 2 1 0
Name UTBUF

Baud Rate Pre-Scaler Register (UPSR)

Location: 00 FD2E 4

Byte-wide read/write register containing the 5-bit pre-scaler value in bit 7 (MSB) through bit 3 (LSB) and the upper three bits
of the baud divisor in bit 2 (MSB) through bit O (LSB). The register is cleared (004g) on reset.

Type: RIW

Bit 7 6 | 5 | 4 | 3 2 | 1| 0
Name UPSC UDIV[10]: UDIV[8]
Reset 0 | 0 | 0 | 0 | 0 0 | 0 | 0

Baud Rate Divisor Register (UBAUD)

three bits. The register is cleared (004¢) on reset.
Location: 00 FD2C4¢

This byte-wide read/write register contains the lower eight bits of the baud rate divisor. The UPSR register contains the upper

Type: RIW

Bit 7 6 | 5 | 4 | 3| 2 | 1| 0

Name UDIV[7]: UDIV[O]

Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
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Frame Select Register (UFRS)

This byte-wide read/write register controls the selection of the frame format, including number of data bits, number of stop
bits and parity. The register is cleared (004g) on reset.

Location

: 00 FD2816

Type: RIW

Bit

7 6 5 \ 4 3 2 1 \ 0

Name

Reserved PEN PSEL XB9 STP

Reset

0 0 0 | 0 0 0 0 | 0

Bit

Description

1-0

CHAR. Selects the number of data bits per frame. Note that the parity bit is not included in the number of data
bits.

Bits

1 0 Description

0 0: Frame contains eight data bits

0 1: Frame contains seven data bits

1 0: Frame contains nine data bits

1 1. Loopback mode selected; frame contains nine data bits.

STP. Programs the number of stop bits to be transmitted.
0: One stop bit transmitted
1: Two stop bits transmitted

XB9. Contains the value of the 9th data bit for transmission only. The bit has no effect while operating with seven
or eight data bits per frame.

0: Transmit O as 9th data bit
1. Transmit 1 as 9th data bit

5-4

PSEL. Controls the mode of parity bit generation and checking. Note that while operating with nine data bits-
per-frame, the parity bit is omitted. In this case, the value of PSEL has no effect.

Bits

54
0 O:
0 1:
10:
11:

Description
Odd parity
Even parity
Mark (1)
Space (0)

PEN. Enables or disables the generation of a parity bit generation and parity check. Note that there is no parity
bit while operating in the nine data bits-per-frame mode. In this case, this bit has no effect.

0: Parity disabled
1: Parity enabled

Reserved.
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Mode Select Register (UMDSL)

This byte-wide read/write register controls the selection of the clock source, Synchronous mode, Attention mode and line
break generation. It contains the enable bits for the DMA channels. The register is cleared (004¢) on reset.

Location: 00 FD2A¢

Type: RIW

Bit 7 | 6 5 4 3 2 1 0

Name Reserved ERD ETD CKS BRK ATN MOD

Reset o | 0 0 0 0 0 0 0

Bit Description
0 |MOD. Selects the Synchronous or Asynchronous mode of operation:
0: Asynchronous mode
1: Synchronous mode
1 |ATN. Selects the Attention mode of operation. Cleared by hardware after reception of an address frame that is
a 9-bit character with a “1” in the ninth bit position.
0: Disable Attention mode
1: Enable Attention mode
2 |BRK. Setting the bit (1) causes UTXD to go low. UTXD remains low until the bit is cleared (0) by the user.
3 |CKS. Controls the source of the clock while operating in Synchronous mode (MOD=1).
0: USART operates from the baud rate generator and outputs the baud rate clock on USCLK
1: USART operates from an external clock provided on USCLK
While the USART is operated in Asynchronous mode (MOD=0), the bit has no effect.
4 ETD.
0: No DMA request is asserted for transmit operations
1. DMA request is asserted when the Transmit Buffer Empty (TBE) flag is set (1)
5 ERD.
0: No DMA request is asserted for receive operations
1: DMA request is asserted when the Receive Buffer Full (RBF) flag is set (1)
7-6 |Reserved.
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Status Register (USTAT)

This byte-wide, read-only register contains the receive and transmit status bits. The register is cleared (004¢) on reset.
Location: 00 FD26,¢

Type: RO

Bit

7 6 5 4 3 2 1 0

Name

Reserved XMIP RB9 BKD ERR DOE FE PE

Reset

0 0 0 0 0 0 0 0

Bit

Description

PE. The bit is set when a parity error is detected within a received character. The bit is cleared by the hardware
when USTAT register is read.

0: No parity error detected
1: Parity error detected in a received byte since the last time USTAT was read

FE. The bit is set when the USART fails to receive a valid stop bit at the end of a frame. Automatically cleared
on read of USTAT.

0: No framing error detected
1: Framing error detected on a received byte since the last time USTAT was read

DOE. The bit is set when a new character is received and transferred to RBUF before the software has read the
previous character. Automatically cleared on read of the USTAT.

0: No data overrun error detected
1: Data overrun error detected since the last time USTAT was read

ERR. The bit is set any time DOE, FE or PE is set. Automatically cleared if DOE, FE and PE are all zero. This
bit is read only. Any attempt to write to the bit by software does not alter its present value.

0: No DOE, FE or PE has occurred since the last time USTAT register was read.
1: A DOE, FE or PE error has occurred since the last time USTAT register was read.

BKD. If set, indicates that a line break condition has occurred. A break condition is detected if RXD remains low

for a least ten bit times after a missing stop bit has been detected at the end of a frame. The bit is cleared under

the following conditions:

— Onaread of USTAT register, if the break condition on RXD is no longer present. If RXD is still low when USTAT
register is read, the bit is not cleared.

— If the read of USTAT register did not cause the bit to be cleared because the break condition on RXD was still
in effect, the hardware clears the bit as soon as the break condition no longer exists, i.e., RXD returns to a high
level.

RB9. Contains the ninth data bit of the last frame received when operating with the 9-bit data format.
0: “0” received in ninth bit position
1. “1”" received in ninth bit position

XMIP. Indicates that the USART is transmitting data. It is reset by hardware at the end of the last frame bit.
0: USART is not transmitting
1: USART is transmitting

Reserved.
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Interrupt Control Register (UICTRL)

This byte-wide register contains the interrupt enable bits and the interrupt status flags. The register is set to 01, on reset.
Location: 00 FD24¢
Type: Varies per bit

Bit 7 6 5 a | 3| 2 1 0
Name EEI ERI ETI Reserved RBF TBE
Reset 0 0 0 o | o | 0 0 1
Bit Type Description
0 RO |TBE. The bit is set by the hardware when the USART transfers data from UTBUF register to TSFT
register for transmission. It is automatically cleared on the next write to UTBUF register. The bit is set
on reset.
0: Transmit buffer not empty
1: Transmit buffer empty
1 RO |RBF. The bit is set by the hardware when the USART has received a complete data frame and
transferred the data from RSFT register to URBUF register. The bit is automatically cleared when
RBUF register is read.
0: Receive buffer not full. New data has not been transferred to RBUF since the last time it was read.
1: Receive buffer full. RBUF contains new data since the last time it was read.
4-2 Reserved.
5 R/W |ETI. An interrupt is generated when the TBE flag is set. Read/write bit.
0: Disable transmitter interrupt
1: Enable transmitter interrupt
6 R/W |ERI. An RX interrupt is generated when the RBF flag is set. Read/write bit.
0: Disable receiver interrupt
1: Enable receiver interrupt
7 R/W |ETI. An RX interrupt is generated when the ERR flag is set, indicating that a receive error has
occurred.
0: Disable receive error interrupt
1. Enable receive error interrupt

4.9.5 Usage Hints

Calculating the Baud Rate in Asynchronous Mode
The equation for calculating the baud rate is:

BR = SYS_CLK/ ( 16xNxP)
where:
* BRis the baud rate

* SYS_CLK is the system clock

* N is the value of the baud rate divisor + 1

* P is the pre-scaler divide factor selected by the value in the PSR register

Assuming a system clock of 5 MHz and a desired baud rate of 9600, the NxP term, according to the equation above, is:

NxP = (5x10%)/ (16x9600) = 32. 552

The NxP term is then divided by each pre-scaler factor in Table 21 on page 156 to obtain a value closest to an integer. The
factor for this example is 6.5:

N=32.552/6.5=5.008 (N=5)
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The baud rate register is programed with a baud rate divisor of 4 (N = baud rate divisor +1). This produces a baud clock of:

BR = (5x108)/ (16x5x6. 5) = 9615. 385

%error = (9615. 385-9600) /9600 = 0. 16
Note that the percent error is much lower than would be possible without the non-integer pre-scaler factor. Refer to the table

below for more examples.

System Clock ngzirs:te N P Actual Baud Rate | Percent Error
4 MHz 9600 2 13 9615.385 0.16
5 MHz 9600 5 | 65 9615.385 0.16
10 MHz 19200 5 6.5 19230.769 0.16
20 MHz 19200 5 | 13 19230.769 0.16

Calculating the Baud Rate in Synchronous Mode

The equation for calculating the baud rate is:

BR = SYS_CLK/ ( 2xNxP)
where:
* BRis the baud rate
* SYS_CLK is the system clock

* N is the value of the baud rate divisor + 1

* P is the pre-scaler divide factor selected by the value in the PSR register

The same procedure is used for determining the values of N and P, as in Asynchronous mode. However, non-integer pre-

scale values are not allowed.
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4.10 TIMER AND WATCHDOG (TWD)

The Timer and WATCHDOG module (TWD) generates the clocks and interrupts used for timing periodic functions in the
system. It also provides WATCHDOG protection over software execution.

The TWD provides flexibility in system configuration by enabling the configuration of various clock ratios. After setting the
TWD configuration, the software can lock it to give a higher level of protection against erroneous software action. Once a
section of the TWD is locked, only reset releases it. See Figure 59 for the TWD block diagram.

#

Peripheral Bus

5-Bit Pre-Scale TOIN
32.768 KHz > Counter TOIN
from RTC (TWCP) T to ACM
TWDTO Register |
B 16-Bit Timer p TOOUT
to ICU
WDSDM WATCHDOG
Service
WDCNT Logic
— P WATCHDOG p WATCHDOG
Signal
to Reset Circuit
WDCTOI bit (TWCFG Register)
FREEZE
(DEV Env. only)

Figure 59. Timer and WATCHDOG Block Diagram

4.10.1 Features

* 32.768 KHz input clock

* Programmable pre-scale counter

* 16-bit programmable periodic interrupt timer

* 8-bit WATCHDOG counter

* WATCHDOG signal generation in response to failure detection, such as:
— WATCHDOG service performed too early
— WATCHDOG service performed too late
— Wrong DATA used in a service by data match

4.10.2 Functional Description

Input Clock

The TWD bases all its counting activities on a 32.768 KHz clock. The WATCHDOG can count using a division of the 32 KHz
clock (either TOOUT or TOIN).
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Pre-Scale

A pre-scale counter divides the input clock (32.768 KHz) by a factor of 2MPV. MDIV in TWCP register is in the range of 0
through 5 (i.e., divide ratio of 1:1 through 1:32). The pre-scaled output is used as an input clock for a 16-bit timer (TWDTO)
and is referred to as TOIN.

TWD Timer O

TWD Timer O is a 16-bit, programmable, automatically re-triggered down-counter. It counts on the rising edge of TOIN. It starts
from the value loaded to TWDTO register down to zero and then restarts counting from TWDTO at the next TOIN cycle.

When the counter reaches 0, TOOUT is set (1) for one TOIN cycle. This makes the Timer 0 cycle:
(TWDTO + 1) x TOIN-cycle.

TOOUT is input to the ICU and can be used as the time base for activities such as system tick.

When TWDTO is loaded with a new value, the counter uses it the next time it restarts counting (i.e., after reaching zero). If
RST in Timer Control register (TOCSR) is written 1, the timer is restarted on the next rising edge of TOIN.

Notes:
* RST bit in TOCSR register is cleared after completing this load.
* When MDIV in TWCP register is 0, the timer counter may skip one count when loaded with a new value.

WATCHDOG Operation

The WATCHDOG is an 8-bit down counter, operating on the rising edge of its currently selected clock source. On reset, it
is disabled (i.e., it does not count and no WATCHDOG signal is generated). A write to the WATCHDOG Count register
(WDCNT) or the WATCHDOG Service Data Match (WDSDM) register either starts the counter or, if WATCHDOG is already
running, performs a restart (“touch”) operation. Once the WATCHDOG is counting down, only a reset can stop it.

Writing to WDCNT register is enabled while LWDCNT in TWCFG register is 0. A write to WDCNT starts the WATCHDOG,
and it begins counting down from the written value. If the service on data match is enabled (WDSDME in TWCFG register
is 1), writing to WDSDM register with 5C4 ¢ restarts the WATCHDOG counter from the value stored in WDCNT.

A WATCHDOG signal is triggered if one of the following occurs:
* The counter reaches zero (too late service).

* The WATCHDOG is written to more than once per WATCHDOG clock cycle for the currently selected clock (too early
service). Writing to the WATCHDOG more than once per three WATCHDOG clock cycles (for the currently selected
clock) may cause the WATCHDOG signal to trigger.

* Data other than 5C,g is written to WDSDM when WDSDME in TWCFG register is 1.

WATCHDOG Clock Source Selection

Select the clock source as follows:

* WDCTO1 bit in TWCFG register is O: TOOUT
* WDCTOL1 bit in TWCFG register is 1: TOIN

Changing the WATCHDOG clock source may cause it to gain or lose one clock cycle.

Notes:

* When MDIV in TWCP register is 0, the WATCHDOG counter may skip one count when loaded with a new value.
* After activating WATCHDOG, avoid entering Idle mode in the first four low-frequency clock cycles.

TWD Control and Configuration

The TWD Configuration register (TWCFG) allows you to:

* Set the WATCHDOG clock source: TOIN or TOOUT

* Enable WATCHDOG service on write to WDSDM register

* Define which of TWCFG, TWCPR, TWDTO0O, TOCSR and WDCNT is locked.

Once LTWCFG, LTWCP, LTWDTO or LWDCNT, in TWCFG register, is set its respective resources are locked and can be
cleared only by reset. Setting any of these registers prevents runaway software from tampering with the respective WATCH-
DOG function.

Operation in Idle Mode

The TWD is active in Idle mode: the counters continue to function, and interrupts and error signals are issued.

Write operations to TWCP, TWDTO0 and WDCNT may be delayed by up to three 32.768 KHz clock cycles. The software should
avoid entering Idle mode during this period. WDTLD bit in TOCSR register indicates when it is safe to switch power modes.
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4.10.3 TWD Registers
For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.

TWD Register Map

Mnemonic Register Name Type
TWCFG Timer and WATCHDOG Configuration Register R/W
TWCP Timer and WATCHDOG Clock Pre-Scaler Register R/W
TWDTO TWD Timer O Register R/W
TOCSR TWDTO Control and Status Register R/W
WDCNT WATCHDOG Count Register wo
WDSDM WATCHDOG Service Data Match Register WO

Timer and WATCHDOG Configuration Register (TWCFG)

The TWCFG register is a byte-wide, read/write register. It defines the WATCHDOG clock input and service method and en-

ables TWD control register locking. Setting the required configuration and locking the TWCFG stops the software
terfering with the WATCHDOG operation. On reset, non-reserved bits of TWCFG are initialized to 0.

Location: 00 FEEO, ¢

from in-

Type: RIW

Bit 7 6 5 4 3 2 1 0
Name Reserved WDSDME | WDCTOlI | LWDCNT | LTWDTO | LTWCP | LTWCFG
Reset 0 | 0 0 0 0 0 0 0
Bit Description

0 |LTWCFG.

0: Enables read/write from/to TWCFG register
1: Any data written to it is ignored and reading from it returns unpredictable values
Once LTWCFG is set, it can only be cleared by reset.

1 LTWCP.

0: Enables read/write from/to TWCP register

1: Any data written to it is ignored and reading from it returns unpredictable values
Once LTWCP is set, it can only be cleared by reset.

2 LTWDTO.
0: Enables read/write from/to TWDTO and TOCSR registers

Reading from TWDTO returns unpredictable values.
Once LTWDTO is set, it can only be cleared by reset.

1. Registers cannot be written to and TWDTO cannot be read. Any data written to TWDTO or TOCSR is ignored.

3 LWDCNT.
0: Enables write to WDCNT register
1. Any data written to it is ignored and reading from it returns unpredictable values

writing to WDCNT register) may be performed when LWDCNT bit is either O or 1.

Once LWDCNT is set, it can only be cleared by reset. When WDSDME bit is cleared, touch operations (i.e.,

4 WDCTOI.

0: Selects TOOUT clock as the WATCHDOG clock

1. Selects TOIN as the input clock

The hardware clock source selection overrides this clock selection.
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Bit Description

5 WDSDME. Selects the WATCHDOG touch mechanism

0: Disables the WATCHDOG service using WDSDM register. In this case, the WATCHDOG should be serviced
by writing a value to WDCNT register. When this bit is cleared, write operations to WDSDM are ignored.

1: Selects the use of data match using the WDSDM mechanism.

7-6 |Reserved.

Timer and WATCHDOG Clock Pre-Scaler Register (TWCP)

The TWCP register is a byte-wide, read/write register. It defines the pre-scale ratio of the input clock and generates the TOIN
clock. On reset, the non-reserved bits of TWCP are initialized to 0.

Location: 00 FEE2,4

Type: RIW

Bit 7 | 6 | 5 | 4 | 3 2 | 1 | 0

Name Reserved MDIV

Reset 0 | 0 | 0 | 0 | 0 0 | 0 | 0
Bit Description

2-0 | MDIV. Defines the pre-scale ratio of the input clock. The pre-scale ratio is 2MP'V. The value of MDIV must be in
the range of 0-5, providing a pre-scale ratio of 1 to 32.

MDIV allowed values:

Bits

210 Clock Ratio
00 O: 11

00 1: 1:2

010: 1:4

011 1:8

100: 1:16
101 1:32

Other Reserved

7-3 |Reserved.

TWD Timer 0 Register (TWDTO)

The TWDTO register is a read/write register. It defines the TOOUT interrupt rate. On reset, this register is initialized to
FFFF1g.

Location: 00 FEE4 ¢

Type: RIW

Bit 151413 12|11 10] 9| 8] 7] 6| 5] 4] 3] 2]1]o0
Name PRESET

Reset 111|111 1] 1
Bit Description

15-0 |PRESET. Defines the counter preset value. Whenever the counter reaches zero, it starts counting down from
this value. The TOOUT frequency is the TOIN frequency divided by (PRESET+1). The allowed values of the
PRESET field are 0001,¢ through FFFFg.
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TWDTO Control and Status Register (TOCSR)

The TOCSR register is a read/write register. It controls the operation and provides the status of the TO timer. The non-re-
served bits of TOCSR are cleared (0) on reset.

Location: 00 FEE6,¢

Type: RIW

Bit 7 \ 6 \ 5 \ 4 3 2 1 0

Name Reserved WDLTD | Reserved TC RST

Reset 0 | 0 | 0 | 0 0 0 0 0
Bit Description

0 |RST (Reset). When set (1), forces the timer to restart counting in the next input clock rising edge. The bit is
cleared by the input clock rising edge, indicating that the counter resumed its automatic re-triggerable operation.
Writing O to this bit is ignored.

1 |TC (Terminal Count). Indicates that the counter has reached zero (terminal count). This bit is cleared each time
the register is read. It is a read-only bit and data written to it is ignored.

Reserved.

WDLTD (WATCHDOG Last Touch Delay). The bit is set when the WDCNT is written. It is cleared after
WATCHDOG is updated. (After WATCHDOG is updated, it is safe to switch to Idle mode.)

7-4 |Reserved.

WATCHDOG Count Register (WDCNT)

The WDCNT register is a byte-wide, write-only register. It holds the value loaded into the WATCHDOG counter when it is
touched and counts down from it. The WATCHDOG is started by the first write to the register. Each successive write restarts
the WATCHDOG counter. A write to WDCNT functions as a touch operation when WDSDME bit TWCFG register is cleared,
even if WDCNT is locked; in this case, the WATCHDOG counter is restarted using the value loaded in PRESET field before
WDCNT was locked (i.e., the new PRESET value is ignored). On reset this register is initialized to OF 1.

Location: 00 FEES8,¢

Type: WO
Bit 7 6 | 5 | 4 | 3| 2 | 1| 0
Name PRESET
Reset o | o | o | o | 1| 1| 1| 1
Bit Description
7-0 |PRESET. Defines the counter preset value.

WATCHDOG Service Data Match Register (WDSDM)

The WDSDM register is a byte-wide, write-only register. When WDSDME in TWCFG register is set, the WATCHDOG count-
ing restarts from the value in WDCNT, when WDSDM is written with 5Cy¢. If any other data is written to this register, it trig-
gers a WATCHDOG signal. If RSDATA is written more than once per three WATCHDOG clock cycles, a WATCHDOG signal
is also triggered. When the WDSDME bit is cleared, a write to this register is ignored.

Location: 00 FEEA¢

Type: WO
Bit 7 6 5 4 3 2 1 0
Name RSDATA

Bit Description

7-0 |RSDATA.
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4.10.4 Usage Hints

The TWD protects WATCHDOG operation from software tampering. To achieve the highest level of protection, proceed as
follows:

1.
2.
3.

Program the TWDTO pre-scale and TMWTO timers to the desired values.
Configure the WATCHDOG clock to use TOIN or TOOUT using WDCTOI bit in TWCFG register.

Program the WDCTL to the maximum period between WATCHDOG touch operations. Note that from this point, the
WATCHDOG starts operating and must be touched periodically to prevent a WATCHDOG error signal.

Configure the WATCHDOG to use data match, and lock all the TWD configuration and setting registers by setting bits 0
through 4 and bit 6 of the TWCFG.

Touch the WATCHDOG by writing 5C4 to WDSDM at the appropriate rate (i.e., no more than once every WATCHDOG
clock cycle and no less than the period programed to WDCTL).

Revision 1.07 169 www.national.com

1/S/3165.80d



PC87591E/S/L

Embedded Controller Modules (Continued)

4.11 ANALOG TO DIGITAL CONVERTER (ADC)
The Analog to Digital Converter (ADC) monitors various voltages and temperatures in the system and reports their values
to the core.

The ADC can measure up to 10 external voltage inputs and four internal voltage sources, with 10-bit resolution. The internal
voltage sources measure the Vpp, Ve, AVec and Vgat supplies. Vpp, Ve and AV are divided by 2 to allow both over-
voltage and undervoltage detection. The external voltage inputs support thermistor-based temperature measurement.

The ADC can measure up to two, diode-based temperature sources with 1°C resolution. The current generated by the ADC
module causes a voltage drop on a remote (external) or local (internal) diode. This voltage is measured by the ADC and
converted to temperature units. An Overtemperature Shutdown (OTS) interrupt becomes active when the temperature of the
internal diode exceeds a programmable limit.

The ADC executes cycles of one temperature and three voltage measurements, each assigned to a separate output chan-
nel. The temperature channel measures the two temperature sources (remote and local) in consecutive cycles. Each of the
three voltage channels measures one selected voltage input during the cycle.

4.11.1 Features

* Voltage measurement
— Ten external voltage inputs and four internal power supply inputs
— 10-bit resolution
— 0to 2.97V input voltage range
— High-impedance, ground-referenced inputs
— Enables thermistor-based temperature measurement

* Diode-based temperature measurement
— one remote (external) diode input and one local (internal) diode

— 1°C/bit resolution

— -40°C to +125°C range (using the remote diode)
— Open/short detection for the remote diode connection
— Hardware-monitored, local overtemperature detection

* Internal high-precision reference

* Digital reading output channels
— Three voltage buffers and one temperature buffer (diode)
— Input selection for each voltage channel

* Sampling sequence and timing

— Three voltage and one temperature measurement within 100 ms.

— Cyclic measurement of the four output channels

— Separate enable for each channel

— Programmable conversion-start delay to guarantee input settling time
* Polling- or interrupt-driven interface
* Power consumption

— Zero current when disabled

— Low operating current

4.11.2 Functional Description

Inputs. The ADC has 16 inputs (Al0-13, Al15, Al16) divided in three groups:

* External Voltage (Al0-9). These are either general-purpose, positive DC voltage sources or temperature-dependent
voltage generated by using a Negative/Positive Temperature Coefficient (NTC/PTC) thermistor in a resistive divider.

* Internal Voltage (Al10-13) These are internally connected to the supply voltages of the device (Vpp, Ve, AVee and
Vgar)- Voltages higher than the full-scale voltage (Vgg) are divided by 2, except for Vgar Which is not divided in order
to minimize the current drain.

* Diode-Based Temperature Inputs (Al15, Al16). These are temperature-dependent voltage drops, on a remote and a
local diode, caused by the flow of a current generated by the ADC. Since the AI8 and AI9 voltage inputs use the
same package pins as the remote diode (DP, DN), only one option (voltages or diode) is available at a time.
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Temperature Sensor Interface (TSI). The TSI generates the diode current and converts the voltage drop to a single-ended
voltage. In addition, the TSI of the remote diode enables open/short detection for the diode connection cable and sets the
corresponding status bits.

Analog Multiplexer. A 16 to 1 analog multiplexer selects one of the inputs for measurement by connecting it to the A/D con-
verter. Switching between inputs at different voltage levels requires delaying the conversion start until the input voltage to
the A/D converter has settled to the desired accuracy.

A/D Converter. The 2—A, high-resolution A/D converter receives the selected input and converts it. The result of the con-
version is either a 10-bit, unsigned integer digital value (0 to 1023) for voltage inputs or an 8-bit, 2s complement digital value
(=128 to +127) with the Least Significant Bit (LSB) having the value of 1°C for temperature inputs.

A high-precision internal reference generator sets the full-scale voltage value (Vgg) of the A/D converter.

ADC Cycle. The ADC has four output “channels”: one for temperature and three for voltage measurement. The voltage
measurement channels are not related to specific inputs. They hold the input select control data for the next measurement
and contain a buffer in which the conversion result is stored. The temperature channel is slightly different, since it lacks the
input select control data. It “toggles” between the remote and local diode inputs, unless the remote diode input is disabled.

An ADC cycle includes measurements of all four channels and a calibration operation. The first measurement is of the tem-
perature channel, followed by a calibration measurement and the three voltage channels in ascending order, each for the
specific input number contained in its control register. The ADC waits for a programmable delay between the selection of an
input and the A/D conversion start that is necessary for A/D input settling to the required accuracy.

At the end of each A/D conversion, the result is stored in the corresponding buffer and a Data Valid (DATVAL) flag is set.
At the end of the ADC cycle, a flag is set indicating that all the channels contain new data. If enabled, an interrupt request
is sent to the core.

After reading the data at the end of the cycle, the software may choose to set up new values for the input select control data
in order to measure different inputs during the following cycle. Another option is to use the old values for one or more voltage
channels and repeat the measurement on the previous inputs for a higher sampling rate. Any voltage output channel may
be disabled in order to skip its related measurement during the ADC cycle (shorter cycle).

Digital Comparator. A digital comparator checks the temperature measured by the local diode by comparing it with a user-
programmable limit. When the temperature of the PC87591x exceeds the Overtemperature Limit, the Overtemperature
Shutdown (OTS) signal becomes active and an interrupt request (if enabled) is sent to the core.

ADC Control/Status Registers and Data Out Buffers. These may be read/written by the core through the Peripheral bus.

Timing Control. This block reduces the frequency of the system clock to the lower value required by the ADC.
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4.11.3 Voltage Measurement

The ADC performs a linear conversion of the input voltage signal to a 10-bit, unsigned digital representation. The input signal
should be applied relative to the AGND pin and should range from OV to Vg (Full Scale).

The equations in the folowing table should be used to calculate the input voltage based on the reading from the Voltage
Channel Data result (VCHDAT field in VCHIDAT register).

Input Channel Scale Calculation?®
ADO to AD9 Low Vi = VCHDAT(9-0) * (1/1024) * Vgg
ADO to AD9 High Vi = VCHDAT(9-0) * (1/1024) * Vggy
AD10 to AD13 Low23 Vi = VCHDAT(9-0) * (1/1024) * Vigy

1. See Section 7.4.1 on page 378 for the dynamic range relevant for each input.
2. High Scale is undefined for these inputs.
3. These inputs are scaled down by 4 at the input and compensated back at the result read phase.

An input signal of zero (ground) is converted to 000,¢; an input signal equal to (1023/1024) « Vg is converted to 3FFg.

Changing the input selection for a new measurement requires switching between inputs at different voltage levels. The input
interface circuits of the ADC, together with the externally added noise-rejection filters (if applicable), require a settling time
to reach the new voltage value with a 10-bit accuracy (less than 1/2 LSB error). Therefore, the ADC waits for a programma-
ble delay time between the selection of the input to be measured and the beginning of the A/D conversion. This Voltage
Channel Delay is expressed in ADC clock cycles in ADC Delay Control register (ADLYCTL). The number of ADC clock cy-
cles should be converted to time using the following formula:

t yp = Nunber _of _ADC cl ocks « (System cl ock_cycl e) « SCLKDI V( 5-0)

To calculate the required delay value according to externally added components, see Section 4.11.7 on page 185.

4.11.4 Temperature Measurement

The ADC performs a linear conversion of the temperature, measured by a remote or a local diode, to an 8-bit, 2s complement
digital representation. The ADC generates a current that flows through the diode and measures the resulting voltage drop.
This differential voltage is converted to an 8-bit value, with the LSB equal to 1°C, according to Table 22.

Table 22. Temperature Format Conversion

Temperature Temperature Channel Data

(°C) Binary Hex
+1271 0111 1111 7F16
+125 0111 1101 7D16
+100 0110 0100 6416
+40 0010 1000 2846
+25 0001 1001 1946
+1 0000 0001 0146
0 0000 0000 004¢
-1 1111 1111 FFi6
-25 1110 0111 E716
-40 1101 1000 D8,¢
1281 1000 0000 8046

1. Values higher than +125°C and lower than —-40°C
are not within the specified operating temperature range.
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To change the diode selection for a new measurement, the input is switched between inputs at different voltage levels. The
temperature input interface circuits of the ADC require a settling time to reach the new voltage value with the equivalent of
1/2°C accuracy. Therefore, the ADC waits for a programmable delay time between the selection of the diode to be measured
and the beginning of the A/D conversion. This Temperature Channel Delay is expressed in ADC clock cycles in ADC Delay
Control register (ADLYCTL). The number of ADC clock cycles should be converted to time using the following formula:

Del ay = Nunber _of _ADC cl ocks « (System cl ock_cycl e) « SCLKDI V(5-0)
To calculate the required delay value according to the externally added components, see Section 4.11.7 on page 185.

4.11.5 ADC Operation

Reset

Section 3.2 on page 65 describes the types of PC87591x resets. The ADC is affected by the core domain reset events, as
described below:

All control, configuration and status registers are reset to their default values, as indicated in Section 4.11.6 on page 177.
An exception to this is OTSEV (Overtemperature Event) bit in ADCSTS register, which is reset at V¢ Power-Up reset only.
The Temperature and Voltage (1, 2 and 3) Channel Data Buffer registers are not reset, since their value is undefined until
the first measurement occurs (on each of them).

The ADC is disabled, with all interrupt sources masked and all event status bits reset. The remote temperature diode is dis-
abled, and the voltage inputs AD8 and AD9 may be used. The clock division factor, as well as the temperature channel delay
and the voltage channel delay, are all set to their maximum value (for the slowest ADC operation speed). The Overtemper-
ature limit is set to the highest value (127°C) for maximum flexibility. Each of the four channels is individually disabled, along
with its interrupt source. The Selected Input for all three voltage channels is set to 1F,¢ (disabled).

ADC Clock

The ADC clock is generated by dividing the system clock by a factor in the range of 4 to 63, as defined in SCLKDIV field in
ACLKCTL register (see Section 4.11.6 on page 177). The system clock’s source is the on-chip clock multiplier (see
Section 4.18 on page 239). The ADC clock needs to be at a frequency of 0.5 MHz. SCLKDIV must be programed prior to
enabling the ADC (i.e., while ADCEN of the ADCCNF register is 0).

Initializing the ADC

The ADC must be initialized before it is enabled. The following steps need to be taken to initialize it before enabling the ADC
(i.e., ADCEN bit in ADCCNF register is cleared):

* System Clock Division Factor - SCLKDIV field in ACLKCTL register.

* Temperature Channel Delay - TMPDLY field in ADLYCTL register.

* Voltage Channel Delay - VOLDLY field in ADLYCTL register.

* Select use of Remote Diode or Al8 and AI9 - REMDEN bit in ADCCNF register.

* Copy calibration information from the flash to the index-data fields using the following sequence:
a. Read a byte from flash information block.
b. Set index for that parameter in ADCPINX register.
c. Write data to ADCPD register.
d. Repeat steps a-c for all parameters, as defined in Section B.1 on page 434.
e. Select index 00h in ADCPINX and write data of 01, to ADCPD to lock the calibration information.

Enabling and Disabling the ADC

Enabling the ADC. The ADC is enabled by setting ADCEN in ADCCNF register to 1.

After the ADC is enabled, its internal circuits need an activation delay of 100 ps. This activation delay should be added to
the ADC cycle until the first batch of measurements (after enabling the ADC) is available. Note that after activation, the first
set of results using the large scale mode (CSCALE bit in VCHICTL register is clear) may be wrong.

The PC87591x temperature is measured as long as the ADC is active. Other measurement operations may be enabled or
disabled individually. When measurement conversions are enabled while the ADC is enabled, the measurement operations
start on the following conversion cycle.

Disabling the ADC. The ADC is disabled by resetting ADCEN in ADCCNF register when one of these conditions applies:
* V¢ Power-Up reset

* Warm reset

* Core enters Idle mode

* The software resets the ADCEN bit.
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In this state, all ADC activities are halted and ADC current consumption from the AV is reduced. Note that re-enabling the

ADC causes an activation delay.

It is recommended to disable the ADC only after the buffer registers of all four channels have been read.

Interrupt Structure

The ADC Interrupt is a level high interrupt, generated if one (or more) of the events in Table 23 becomes active. The ADC

interrupt is connected to the ICU.

Table 23. ADC Interrupt Structure

Event Flag Mitaegrgscfﬁirc Mask Bit Mitaegrgscfﬁirc Description

OPSHEV ADCSTS INTOSEN ADCCNF |Open/Short Event/Enable
OTSEV ADCSTS INTOTEN ADCCNF |Overtemperature Event/Enable
EOCEV ADCSTS INTECEN ADCCNF |End-of-Cycle Event/Enable

DATVAL TCHANCTL | INTDVEN | TCHANCTL |Data Valid Event/Enable (Temperature Channel)
DATVAL VCHNICTL | INTDVEN | VCHNICTL |Data Valid Event/Enable (Voltage Channel 1)
DATVAL VCHN2CTL INTDVEN | VCHN2CTL |Data Valid Event/Enable (Voltage Channel 2)
DATVAL VCHN3CTL | INTDVEN | VCHN3CTL |Data Valid Event/Enable (Voltage Channel 3)

When an event flag and its related mask bit are set (enabled), the ADC Interrupt request is asserted. This is indicated by
a high level of the ADC Interrupt signal.

The software must reset the event flag (or reset its mask bit) in order to deassert the ADC Interrupt request.

All the interrupt mask bits (interrupt disabled), the data-related event flags (EOCEV and the four DATVAL bits) and the con-
nection-failure event flag (OPSHEV) are cleared by both reset conditions. The overtemperature event flag (OTSEV) is
cleared only by V¢ Power-Up Reset.

The ADC Interrupt is routed to the ICU as an ADCI signal (see Section 4.3 on page 98).

ADC Operating Principles

Measurement Sequence. The following measurements are executed, in the order listed, during one ADC cycle for all en-
abled channels:

1. Temperature measurement, from the input indicated by SELIN field in TCHANCTL register. The A/D conversion starts
by selecting the input and waiting for the time period (TMPDLY delay) setin ADLYCTL register. The resulting 8-bit digital
value is stored in TCHANDAT register, and DATVAL bit in TCHANCTL register is set.

2. Voltage measurement for Voltage Channel 1, from the input selected by SELIN field in VCHN1CTL register. The A/D
conversion starts by selecting the input and waiting for the time period (VOLDLY delay) set in ADLYCTL register. The
resulting 10-bit digital value is stored in VCHN1DAT register, and DATVAL bit in VCHN1CTL register is set. Note: This
measurement is skipped if Voltage Channel 1 is disabled by setting the SELIN field in VCHN1CTL register to 1Fq¢.

3. Voltage measurement for Voltage Channel 2, as above, using the VCHN2CTL and VCHN2DAT registers.
4. Voltage measurement for Voltage Channel 3, as above, using the VCHN3CTL and VCHN3DAT registers.
5. End of the ADC cycle. EOCEYV bit in ADCSTS register is set (in addition to all the relevant DATVAL bits).

The software may read the measurement result for each channel immediately after its DATVAL bit is set. Alternatively, the
results may be read at the end of the cycle when EOCEV bit is set. After the data in VCHNIDAT register is read, the software
should clear the relevant DATVAL bit to indicate that the data in the buffers has been read.

The ADC cycle duration may be calculated using the formula below (N is the number of enabled voltage channels):

Taceycle =2« (typ+tyd + (L) » (typ+tyo
Where:

trp - Temperature Conversion Delay Time

trc - Temperature Conversion Time

typ - Voltage Conversion Delay Time
tyc - Voltage Conversion time
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Embedded Controller Modules (Continued)

See Section 7.4 on page 378 for the values of ty¢, Section 4.11.4 on page 173 for typ calculation and Section Section 4.11.3
on page 173 for tc calculation.

Temperature inputs from remote and local diodes are measured by alternating the remote and local diodes in each succes-
sive ADC cycle. If the remote diode measurement is disabled (RDMEASEN is set to 0 in TCHANCTL register or REMDEN
in ADCCNF register is set to 0), the local diode temperature is measured every ADC cycle.

Input Selection Field. Each Voltage Channel has its own programmable, input selection field (SELIN in VCHNXCTL regis-
ter). This field determines which input is measured by the channel during the current ADC cycle. The field also indicates to
which input the data in the channel buffer belongs. This field may be modified after the channel buffer has been read and
the DATVAL bit has been reset.

If the input selection field is not changed, the same input is measured during the next ADC cycle. This gives a sampling rate
of one Tapc cycle fOr the specific input. If this field is changed and a different input is sampled, the sampling rate is lower for
each input, but the period for all scanned inputs is shorter.
Operation Sequence. After the ADC is properly initialized and enabled, one of the following example sequences can be used:
* EOCEV-driven ADC operation sequence for all temperature and voltage channels
* DATVAL-driven ADC operation sequence for one temperature or voltage channel

EOCEV-Driven ADC Operation Sequence for All Channels

1. When End-of-Cycle is reached (i.e., after all enabled channel conversions are completed), software can detect the event
by waiting for EOCEV bit in ADCSTS register to be set to 1.

Read the input number of the temperature channel by reading SELIN in TCHANCTL register.

Read the temperature value measured by reading TCHDAT in TCHANDAT register.

In preparation for the next measurement, clear DATVAL bit in TCHANCTL register by writing 1 to it.
Measure the input number for Voltage Channel 1 by reading SELIN in VCHN1CTL register.

Read the number of input measured in Voltage Channel 1 by reading VCHDAT in VCHN1DAT register.

N o gk wd

In preparation for the next measurement (i.e., to define which input will be measured by Voltage Channel 1 during the
next ADC cycle), clear DATVAL bit in VCHN1CTL register by writing 1 to it (it may be the same input or, optionally, a different
one).

8. For Voltage Channel 2, repeat steps 5 through 7 for the VCHN2CTL and VCHN2DAT registers.
9. For Voltage Channel 3, repeat steps 5 through 7 for the VCHN3CTL and VCHN3DAT registers.

DATVAL-Driven ADC Operation Sequence for One Channel

1. Measure the end of channel by waiting for DATVAL in TCHANCTL or VCHNXCTL register to be set to 1.

2. Measure the input number by reading SELIN in TCHANCTL or VCHNXCTL register.

3. Read the measured data by reading TCHDAT or VCHDAT in TCHANDAT or VCHNXDAT register, respectively.
4

Optional (for voltage channels only): Change the input to be measured during the next ADC cycle: in VCHNXCTL regis-
ter, write a new SELIN value.

5. Prepare the temperature or voltage channel to receive new data: in TCHANCTL or VCHNXCTL register, write 1 to
DATVAL to clear it.

6. In preparation for the next measurement (i.e., to define which input will be measured by the temperature channel or the
voltage channel during the next ADC cycle), clear the DATVAL bit by writing 1 to it (it may be the same input or, option-
ally, a different one).

Reading Measurement Results

Polling-Driven Operation. Measurement results may be read by polling either EOCEV in ADCSTS register or each of the
four DATVAL bits in TCHANCTL register and three VCHNXCTL registers.

Polling EOCEYV uses the sequence listed in “EOCEV-Driven ADC Operation Sequence for All Channels”, above. When
EOCEV is set, all four channels contain valid data and may be read.

Polling DATVAL uses the sequence listed in “DATVAL-Driven ADC Operation Sequence for One Channel”, above. When a
DATVAL bit is set, only its channel contains valid data that may be read. In this case, the EOCEV bit is redundant.

Interrupt-Driven Operation. The ADC may generate an interrupt to the core when any of the valid bits is set (EOCEV in
ADCSTS register or DATVAL in either TCHANCTL or any VCHNXCTL register). The interrupt is generated when the interrupt
enable bit for the respective status bit is set. The software in the interrupt routine should check the status bits as described
above for polling-driven operation to verify which of the DATVAL bits is set.
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An interrupt is expected from EOCEV when using the sequence listed in the EOCEV-driven ADC operation sequence (see
above). The EOCEV interrupt indicates that all four channels contain valid data and may be read. Interrupts from the
DATVAL bits should be disabled.

An interrupt is expected from one of the DATVAL bits when using the sequence listed in the DATVAL-driven ADC operation
sequence (see above). The DATVAL interrupt indicates that only its channel contains valid data that may be read. Interrupts
from the EOCEV bit should be disabled.

Failure Detection

Open/Short. At the beginning of the temperature measurement from the remote diode, the Temperature Sensor Interface
checks the condition of the interconnection (shorted or disconnected cable) and updates OPSHTYPE and OPSHEV in
ADCSTS register (see Section 4.11.6 on page 177). Although the measurement is executed and the DATVAL bit in
TCHANCTL register is set, the contents of the data buffer (TCHANDAT) should be ignored.

Overtemperature. At the end of the temperature measurement from the local diode (after DATVAL bit in TCHANCTL reg-
ister is set), the ADC compares the measured temperature with the limit value set by OTSLIM in TLOCOTL register. When-
ever the measured temperature is higher than the limit value, OTSEV in ADCSTS register is set and an active low OTS signal
is issued.

Overflow. An overflow occurs when DATVAL bit in TCHANCTL register is set at the end of a measurement, indicating that
the result of the previous measurement was not read. If an overflow occurs in at least one channel, the new measurement
result overrides the old data in the buffer, and OVFEV in ADCSTS register is set. This indicates that the result of the previous
measurement was lost.

4.11.6 ADC Registers

The ADC control/status and data out registers set interfaces with the core through the Peripheral bus. These registers are
mapped in the address space of the core, starting at the base address defined in Section B.1 on page 434.

For a summary of the abbreviations used for Register Type, see “Register Abbreviations and Access” on page 34.
ADC Register Map
The ADC register set contains seven common, control and status registers and eight channel-specific registers.

Table 24. ADC Register Map

Mnemonic Register Name Type
ADCSTS ADC Status Varies per bit
ADCCNF ADC Configuration R/W
ACLKCTL ADC Clock Control R/W
ADLYCTL ADC Delay Control R/W
TLOCOTL Local Diode Overtemperature Limit R/W
ADCPINX ADC Parameters Index R/W
ADCPD ADC Parameters Data R/W
TCHANCTL | Temperature Channel Control Varies per bit
TCHANDAT | Temperature Channel Data Buffer RO
VCHN1CTL |Voltage Channel 1 Control Varies per bit
VCHN1DAT |Voltage Channel 1 Data Buffer RO
VCHN2CTL |Voltage Channel 2 Control Varies per bit
VCHN2DAT |Voltage Channel 2 Data Buffer RO
VCHN3CTL |Voltage Channel 3 Control Varies per bit
VCHNS3DAT |Voltage Channel 3 Data Buffer RO
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ADC Status Register (ADCSTS)

This register indicates the global status of the ADC module. ADCSTS is cleared (00,¢) on V¢ Power-Up reset; on other
resets, bit 2 is unchanged and other bits are cleared.

Location: 00 FF20,¢
Type: Varies per bit

Bit 7 6 5 4 3 2 1 0
Name Reserved OPSHTYPE| OPSHEV OTSEV OVFEV EOCEV
Warm Reset 0 0 0 0 0 - 0 0
Power-Up 0 0 0 0 0 0 0 0
Reset

Bit Type Description

0 RO |EOCEV (End-of-Cycle Event). End of ADC cycle; all enabled measurements (up to four) are

completed. For each of the enabled channels, the DATVAL bit in the respective TCHANCTL VCHNxCTL
register is set, and the data for the channel is stored in the respective Channel Data Buffer register.

0: Cycle in progress (default)
1: End of ADC cycle (the bit remains set until all DATVAL bits in the Channel Control registers are reset)

1 R/W1C |OVFEV (Data Overflow Event). Measurement data from the previous cycle was overwritten with data
from the current cycle before being read. In the event of a data overflow, the DATVAL bit remains set
and new data is placed in Channel Data Buffer register.

0: No overflow (default)
1. Overflow

2 R/W1C | OTSEV (Overtemperature Signal Event). Temperature measured by local diode exceeded the limit.
0: Temperature below or equal to the limit (Voc Power-up reset default)
1: Temperature above limit (once set, this bit is cleared by writing 1 to it; writing O is ignored)

3 R/W1C |OPSHEV (Open/Short Event). Remote diode connection failure (cable shorted or disconnected).
Checked before the beginning of the remote diode temperature measurement (if enabled, REMDEN in
ADCCNF register and RDMEASEN in TCHANCTL register are set to 1).

0: No fault was detected (default)

1: Connection failure - the cable was shorted or disconnected (once set, this bit is cleared by writing 1 to
it; writing O is ignored)

4 RO |OPSHTYPE (Open or Short Type). Remote diode connection failure type. Indicates the type of error
flagged by OPSHEV.

0: DP shorted to DN or to AGND (default)
1: DP disconnected (floating) or shorted to AV¢c

7-5 Reserved.

www.nhational.com 178 Revision1.07



Embedded Controller Modules (Continued)

ADC Configuration Register (ADCCNF)

This register controls the operation and global configuration of the ADC module. ADCCNF is cleared (004¢) On reset.
Location: 00 FF22,¢

Type: RIW

Bit

7 | 6 | 5 4 3 2 1 0

Name

Reserved INTOSEN | INTOTEN | INTECEN | REMDEN ADCEN

Reset

0 | 0 | 0 0 0 0 0 0

Bit

Description

ADCEN (ADC Module Enable). Controls the operation of the ADC to minimize power consumption and prevent
glitch effects during configuration changes; see “Enabling and Disabling the ADC” on page 174.

0: ADC disabled (default)
1: ADC enabled

REMDEN (Remote Temperature Diode Enable). Controls the utilization of the package pins for either the
remote diode (DP, DN) or the AI8 and AI9 voltage inputs (AD8, AD9).

0: AI8, AlI9 voltage inputs enabled (default) - forces RDMEASEN in TCHANCTL register to 0; only the local diode
is measured by the temperature channel.

1: Remote diode enabled - if RDMEASEN in TCHANCTL register is set, the temperature channel measures both
the remote and the local diodes in successive cycles.

INTECEN (Interrupt from End-of-Cycle Event Enable). Enables generation of an ADC interrupt on an End-of
ADC-cycle event (EOCEV in ADCSTS register).

0: Disabled (default)
1. Enabled - ADC Interrupt from EOCEV

INTOTEN (Interrupt from Overtemperature Event Enable). Enables generation of an ADC interrupt on an
Overtemperature event (OTSEV in ADCSTS register).

0: Disabled (default)
1: Enabled - ADC Interrupt from OTSEV

INTOSEN (Interrupt from Open/Short Event Enable). Enables generation of an ADC interrupt on an
Open/Short event (OPSHEV in ADCSTS register).

0: Disabled (default)
1: Enabled - ADC Interrupt from OPSHEV

7-5

Reserved.

ADC Clock Control Register (ACLKCTL)

This register controls the system clock to ADC clock division. ACLKCTL is set to 3F;g on reset.
Location: 00 FF24,¢

Type: RIW
Bit 7 | 6 s | 4 | 3 | 2 | 1 | o
Name Reserved SCLKDIV
Reset o | o 1| 1| 1| 1| 1| 1
Bit Description
5-0 |SCLKDIV (System Clock Division Factor). Used to divide the system clock in order to obtain the ADC clock.

The system clock frequency is set separately (see Figure 78 on page 239). The resulting ADC clock frequency
should be equal to 0.5 MHz.

Range: 4 to 63 (default is 63, decimal values); values 0 to 3 are illegal and may result in undetermined ADC behavior,

7-6

Reserved.
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ADC Delay Control Register (ADLYCTL)

This register controls the delay between “input switching” and “conversion start” for the voltage and temperature channels.
ADLYCTL is set to A7, On reset.

Location: 00 FF26,¢

Type: RIW

Bit 7 | 6 | 5 | 4 3 2 | 1 | 0

Name TMPDLY Reserved VOLDLY

Reset 1| o | 1| 0 0 1| 1| 1
Bit Description

2-0 |VOLDLY (Voltage Channel Delay). Compensates for the settling time of the input interface and externally added
filter (if used). The conversion of the VOLDLY value to delay, in terms of ADC clock cycles, is shown below. To
calculate the required value and the resulting delay time, see Section 4.11.3 on page 173 and “Calculating the

Voltage Channel Delay” on page 186.

VOLDLY Value

Eltls 0: Voltage Channel Delay (ADC Clock Cycles)
00 1: 4

010 8

011 16

100 32

101 64

110 128

111 256 (default)

Other: Reserved

3 |Reserved.

7-4 |\TMPDLY (Temperature Channel Delay). Compensates for the settling time of the input interface and externally
added filter (if used). The conversion of the TMPDLY value to delay, in terms of ADC clock cycles, is shown
below. To calculate the required value and the resulting delay time, see Section 4.11.4 on page 173 and
“Calculating the Temperature Channel Delay” on page 188.

TMPDLY Value

?IGS 5 4 Temperature Channel Delay (ADC Clock Cycles)
000 1: 32

0010: 64

0011: 128

010 0: 256

010 1: 512

011 0: 1024
0111 2048

100 0: 4096

100 1: 8192

1 01 0: 16384 (default)
Other: Reserved
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Local Diode Overtemperature Limit Register (TLOCOTL)

This register holds the limit value used for overtemperature detection. TLOCOTL is set to 7F;g on reset.
Location: 00 FF28,¢

Type: RIW
Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 |
Name OTSLIM
Reset 0 | 1 | 1 | 1 | 1 | 1 | 1 |
Bit Description
7-0

OTSLIM (Overtemperature Limit Value). Threshold value for Overtemperature Event detection. Whenever the
temperature measured by the local (internal) diode exceeds this limit, the OTSEV bit is set, an interrupt is sent
to the core (if INTOTEN in ADCCNF register is set to 1) and the OTS signal becomes active. To calculate the
required value for a specific temperature limit, see Section 4.11.4 on page 173.

Range: -128 to +127 (default is +127; these are decimal values); 8-bit, 2s complement value with 1 LSB = 1°C.

This re

ADC Parameters Index Register (ADCPINX)

gister holds an index to the ADC parameters registers. Use it while initializing the ADC (see “Initializing the ADC” on

page 174 for more details). ADCPINX is cleared (004¢) on reset.
Location: 00 FF2A¢

Type: RIW

Bit 7 | 6 | 5 | 4 | 3 | 2 | 1 |

Name Index

Reset 0 | 0 | 0 | 0 | 0 | 0 | 0 |
Bit Description

7-0 |Index. Defines which parameter register is being accessed by the ADCPD register.

ADC Parameters Data Register (ADCPD)

page 174 for more details).
Location: 00 FF2C4g

This register enables access to the ADC parameters registers. Use it while initializing the ADC (see “Initializing the ADC” on

Type: RIW

Bit 151413 12| 11|10 9| 8] 7] 6| 5] 4]3][2]1]0
Name Parameter Data

Bit Description

15-0

Parameter Data. The register is used to access the ADC parameters register that the Index register (ADCPINX)
points to.

Writing 01,4 to index 00,4 locks the parameter data registers from any further writes until the next reset.
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reset.
Location: 00 FF30,¢
Type: Varies per bit

Embedded Controller Modules (Continued)

Temperature Channel Control Register (TCHANCTL)
This register both controls the operation and indicates the status of the Temperature channel. TCHANCTL is set to 10,4 On

Bit 7 6 5 a | 3| 2 | 1| 0
Name DATVAL |RDMEASEN INTDVEN SELIN
Reset 0 0 0 1| o | o | o | 0
Bit Type Description
4-0 RO |SELIN (Selected Input). Indicates which temperature input was selected for measurement. If
RDMEASEN is set to 0, only the value 16 dec is read.
Bits
43210 Description
0111 1: Remote diode (DP, DN pins) selected
10000: Local diode (internal) selected (default)
5 R/W |INTDVEN (Interrupt from Data Valid Enable). Temperature channel, Data Valid event (End-of-
conversion) enabled to the ADC Interrupt.
0: Disabled (default)
1: Enabled - ADC Interrupt from local DATVAL
6 R/W |RDMEASEN (Remote Diode Measurement Enable). Enables the temperature measurement using the
remote diode (REMDEN in ADCCNF register is set to 1). Using only the local diode enables a higher
measurement rate for the internal temperature. The temperature channel cannot be disabled
(“skipped”) since the internal temperature measurement is required.
0: Measurement disabled - only the local diode is measured by the temperature channel; forced into this
state when REMDEN in ADCCNF register is set to 0 (default).
1: Measurement enabled - the temperature channel measures both the remote and the local diodes in
successive cycles; possible only if REMDEN is set to 1.
7 R/W1C |DATVAL (Data Valid). The Temperature Channel Data Buffer contains new data. The data may be read
immediately or at the end-of-cycle. This flag is cleared when the ADC module is disabled (ADCEN in
ADCCNEF register is cleared) or by writing 1 to it.
0: No valid data in TCHANDAT register (default)
1: End of conversion - new data is available in TCHANDAT

Temperature Channel Data Buffer (TCHANDAT)

This register (buffer) holds the data measured by the Temperature Channel.
Location: 00 FF32¢

Type: RO
Bit 7 6 5 4 3 2 1 0
Name TCHDAT

Bit Description

7-0 |TCHDAT (Temperature Channel Data). Temperature of either the remote or local diode, measured by the

Temperature Channel. For the temperature word format, see Section 4.11.4 on page 173. The data is valid and
may be read only at the end of the conversion, when DATVAL in TCHANCTL register is set to 1. DATVAL must

be reset after reading the data.

Range: -128 to +127 (values are decimal); 8-bit, 2s complement value with 1 LSB = 1°C (the value at reset is

undefined).
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Voltage Channel 1 Control Register (VCHN1CTL)

This register both controls the operation and indicates the status of Voltage Channel 1. VCHN1CTL is set to 1F;¢ on reset.
Location: 00 FF34,¢
Type: Varies per bit

Bit 7 6 5 4 | 3| 2 | 1| 0
Name DATVAL CSCALE | INTDVEN SELIN
Reset 0 0 0 1| 1| 1| 1| 1
Bit Type Description
4-0 R/W |SELIN (Selected Input). Selects a voltage input to be measured during the next ADC cycle. The new
value should be set before the beginning of the channel measurement. When read, this field indicates
to which input the contents of the channel data buffer belongs. When written, it selects a new input for
the next channel measurement. See Figure 60 on page 172 for details on the channel input signals
connection to pins.
The channel is disabled by setting this field to 11111,. When disabled, the channel is “skipped”,
enabling a higher measurement rate for the remaining channels (shorter ADC cycle). The DATVAL bit
is cleared
Bits
43210 Description
000O0O: Channel 0
0000 1 Channel 1
01000 Channel 8 (Available when REMDEN bit in ADCCNF register is cleared)
01001 Channel 9 (Available when REMDEN bit in ADCCNF register is cleared)
0101 Channel 10
0110 1: Channel 13
Other: Reserved
11111 Channel Disabled (default)
5 R/W |INTDVEN (Interrupt from Data Valid Enable). Enables generation of an ADC interrupt on a Voltage
Channel 1, Data Valid event (End-of-conversion).
0: Disabled (default)
1: Enabled - ADC Interrupt from local DATVAL
6 R/W |CSCALE (Channel Scale). Controls the input scale of the input for the channel to be converted (as
selected by SELIN field).
0: Channel uses the high range scale (default)
1: Channel uses the low range scale
7 R/W1C |DATVAL (Data Valid). Voltage Channel 1 Data Buffer contains new data. The data may be read
immediately or at the end-of-cycle. This flag is cleared when the channel is disabled, when the ADC
module is disabled (ADCEN in ADCCNF register is cleared) or by a write of 1 to it.
0: No new valid data in VCHN1DAT register (default)
1: End of conversion - new data is available in the buffer
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Voltage Channel 1 Data Buffer (VCHN1DAT)

Location: 00 FF36,¢

Embedded Controller Modules (Continued)

This register (buffer) holds the data measured by Voltage Channel 1.

Type: RO

Bit 15 1413121110 9 8| 7| 6] 5] 43 2]1]0
Name Reserved VCHDAT

Bit Description

9-0

VCHDAT (Voltage Channel 1 Data). Selected input voltage data, measured by Voltage Channel 1. To calculate
the voltage, see Section 4.11.3 on page 173. VCHN1DAT holds valid result when DATVAL bit in VCHN1CTL
register is set. To prepare for consecutive result, clear DAVAL after reading the data from VCHDAT.

Range: 0 to 1023 (0 to VEg); 10-bit, unsigned value with 1 LSB = VEg/1024 (the value at reset is undefined).

15-10 |Reserved.

Location: 00 FF38¢
Type: Varies per bit

Voltage Channel 2 Control Register (VCHN2CTL)

This register controls the operation and indicates the status of Voltage Channel 2. VCHN2CTL is set to 1F;¢ on reset.

Bit 7 6 5 4 | 3| 2 | 1| 0
Name DATVAL CSCALE INTDVEN SELIN
Reset 0 0 0 1| 1| 1| 1| 1
Bit Type Description
4-0 R/W |SELIN (Selected Input). Same as Voltage Channel 1.
5 R/W |INTDVEN (Interrupt from Data Valid Enable). Same as Voltage Channel 1.
6 R/W |CSCALE (Channel Scale). Same as Voltage Channel 1.
7 R/W1C |DATVAL (Data Valid). Same as Voltage Channel 1.

Voltage Channel 2 Data Buffer (VCHN2DAT)

Location: 00 FF3A¢

This register (buffer) holds the data measured by the Voltage Channel 2.

Type: RO

Bit 15 1413121110 9 8| 7| 6| 5] 43 2]1]0
Name Reserved VCHDAT

Bit Description

9-0 |VCHDAT (Voltage Channel 2 Data). Same as Voltage Channel 1.

15-10 |Reserved.
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Voltage Channel 3 Control Register (VCHN3CTL)

This register controls the operation and indicates the status of Voltage Channel 3. VCHN3CTL is set to 1F;g on reset.
Location: 00 FF3Cqg
Type: Varies per bit

Bit 7 6 5 4 | 3| 2 | 1| 0
Name DATVAL CSCALE INTDVEN SELIN
Reset 0 0 0 1| 1| 1| 1| 1
Bit Type Description
4-0 R/W |SELIN (Selected Input). Same as Voltage Channel 1.
5 R/W |INTDVEN (Interrupt from Data Valid Enable). Same as Voltage Channel 1.
6 R/W |CSCALE (Channel Scale). Same as Voltage Channel 1.
7 R/W1C|DATVAL (Data Valid). Same as Voltage Channel 1.

Voltage Channel 3 Data Buffer (VCHN3DAT)

This register (buffer) holds the data measured by Voltage Channel 3.
Location: 00 FF3E ¢

Type: RO

Bit 151413 12| 11|10 9| 8] 7] 6| 5] 4]3][2]1]0
Name Reserved VCHDAT

Bit Description

9-0 |VCHDAT (Voltage Channel 3 Data). Same as Voltage Channel 1.

15-10 |Reserved.

4.11.7 Usage Hints

Power Supply and Layout Guidelines

For more information, see Section 3.1.3 on page 63.

Power Consumption

ADC power consumption from the analog supply (AVcc) is practically zero if the ADC is disabled by setting ADCEN in
ADCCNEF register to 0.

When the ADC is enabled, the current consumption depends on the channel type measured (voltage or temperature) and
the ADC clock frequency. To minimize current consumption, disable the ADC when not in use. See details in “Enabling and
Disabling the ADC” on page 174.

Back-Drive Protection

To maintain the high performance of the analog circuits, AD(0-7), AD8/DP and AD9/DN pins are not back-drive protected.
Therefore, the voltage applied to these pins must be within the AGND to AV range; otherwise, the device may be dam-
aged. External circuits should not drive currents into these pins when the PC87591x is not powered up.

Measuring Out of Range Voltages

The ADC is capable of measuring positive input voltages from 0V to Vg. Input voltages outside this range should either be
divided or level-shifted, as required.
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For positive input voltages higher than Vg, a resistor divider should be used in front of the analog input (see Figure 61a).
The divider should be calculated so that its output is lower than the full-scale value (Vgg) for the maximum input signal
voltage.

For negative input voltages, a resistive level-shifter should be used in front of the analog input (see Figure 61b). The level-
shifter should be calculated so that its output is higher than 0V for the minimum input signal voltage.

VN (12V)

ADn

ADn

Ce L

AGND <

Vin (-12V)
a. V|N > VFS b. VIN <0

Figure 61. Measurement of Positive and Negative Voltages

Filtering the Noise on Voltage Input Signals

Noise may be coupled to the input signal for various reasons, including close proximity to digital circuits. The slow change
rate of the input signals, makes it possible to use an external low pass filter (LPF). This can be implemented by placing a
capacitor (Cg) between the divider output and AGND, as shown in Figure 61. The cutoff frequency of this LPF should be at
least 22 times the maximum signal frequency required to be measured with a 10-bit accuracy (a smaller capacitor may be
used when a lower accuracy is acceptable). The formula below demonstrates the calculation of the components.

f(-3dB) =1/ (2* TT % Req* CF)
where: Req:(Rl*RZ)/(R1+RZ)

Calculating the Voltage Channel Delay

The Voltage measurement delay time (typ) is the period between input selection and the A/D conversion start. This delay
should be long enough to guarantee the voltage settling at the input of the A/D converter to within 1/2 LSB. This includes
the input interface circuits of the ADC and the externally added noise-rejection filters (if applicable). Figure 62 shows the
equivalent R-C circuit of a filtered input. Rey represents the equivalent resistance of the input divider or level-shifter (see the
preceding section, “Filtering the Noise on Voltage Input Signals”). Cg is the filter capacitor. The Input Interface Circuit in-
cludes the input the multiplexer.

Since the R-C of the input circuit is short, typically, all that is required is a very short delay, which shortens the overall mea-
surement time. The delay length may be sized during development by increasing the delay time from the minimum value to
the point were the ADC readout is not affected by the delay value (i.e., use the minimal delay to which the ADC readout is
invariant).

R
sl?grlljetu J\/‘i? ADn In{gﬁgt:e | A/D Converter
ircui 2-A
Vin Cr _L Circuit

Figure 62. Filtered Voltage Input Equivalent Circuit

Thermistor-Based Temperature Measurement

The ADC is capable of measuring temperature by means of NTC or PTC thermistor devices. These elements change their
resistance according to their temperature. The resistance change is converted to voltage by connecting the element in a
voltage divider between AVc and AGND, as shown in Figure 63. The translation of voltage to temperature is determined
by the parameters of the NTC/PTC thermistor in use.
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Figure 63. Measuring Temperature Using Thermistors

Remote Diode Selection

Temperature accuracy depends on a good quality transistor used as a diode-connected, small-signal transistor. Accuracy
has been experimentally verified for the devices, among them Motorola, listed in Table 25. A temperature sensor can directly
measure the die temperature of CPUs with on-board temperature-sensing diodes.

The transistor must be a small-signal type with a relatively high forward voltage; otherwise, the A/D input voltage range might
be violated. The forward voltage must be greater than 0.25V at 10 pA for the highest expected temperature. The forward
voltage must be less than 0.95V at 100 pA for the lowest expected temperature. Large power transistors do not work. Also,
ensure that the base resistance is less than 100Q. Tight specifications for forward-current gain (+50 to +150, for example)
indicate devices with consistent VBE characteristics.

Thermal mass can seriously degrade the temperature sensor’s effective accuracy. The use of smaller packages for remote
sensors, such as SOT23s, improves the situation.

Table 25. Remote Sensor Transistor Manufacturers

Manufacturer Model
Central Semiconductor (USA) CMPT3904
Motorola (USA) MMBT3904
National Semiconductor (USA) MMBT3904
Rohm Semiconductor (Japan) SST3904
Samsung (Korea) KST3904-TF
Siemens (Germany) SMBT3904
Zetex (England) FMMT3904CT-ND

Filtering the Noise on Temperature Input Signals

Noise may be coupled to the input signal for various reasons, including close proximity to digital circuits. The ADC conver-
sion technology has good noise rejection especially for low-frequency signals, such as power supply hum. Rejection of high-
frequency noise can be improved using an external filter capacitor and PC board layout.

High-frequency noise is best filtered by placing a capacitor (C of 2.2 nF) between pins DP and DN (see Figure 64), in prox-
imity to the PC87591x pins. The connection to the diode should use a twisted wire pair or a PCB that is read out using the
guidelines below.

It is most important to prevent any leak to ground, especially from the DP pin and serial resistance on the current loop to the
diode.
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Figure 64. Typical Remote Diode Circuit

Calculating the Temperature Channel Delay

The delay time is the period between diode selection and the A/D conversion start. Due to the switched diode current, this
delay should be long enough to guarantee the voltage settling at the input of the A/D converter to within 0.5°C. This includes
the input interface circuits of the ADC and the externally added capacitors (C¢).

It is preferable to use the minimal delay possible for the system. This depends on the capacitance on the wires and serial
resistance. TMPDLY field of ADLYCTL register defines the delay. Typically, a delay of 128 or 256 clocks (values 3 and 4,
respectively) is adequate. To find the best value, start from a high delay and reduce it until the point that the temperature
readouts starts to change. This parameter is mostly board layout and component dependent.

PC Board Layout

* Place the PC87591x as close as practical to the remote diode. In a noisy environment, such as a computer moth-
erboard, this distance can be 4 in. to 8 in. (typical) or more, as long as the worst noise sources (such as CRTs, clock
generators, memory buses and ISA/PCI buses) are avoided.

* Do not route the DP and DN lines next to high inductance signals. Also, do not route the traces across a fast memory
bus, which can easily introduce +30°C error, even with good filtering. Otherwise, most noise sources are fairly benign.

* Route the DP and DN traces in parallel and in close proximity to each other, away from any high voltage traces such
as +12V DC. Beware of leakage currents from PC board contamination; e.g., a 20 MQ leakage path from DP to
ground causes about +1°C error.

* Connect guard traces to AGND on either side of the DP and DN traces (Figure 65). An additional AGND plane should
be placed “beneath” these traces. With guard traces and AGND plane in place, routing near high-voltage traces is no
longer a problem.

* Route through as few vias and crossunders as possible to minimize copper/solder thermocouple effects.

* When introducing a thermocouple, make sure that both the DP and DN paths have matching thermocouples.
In general, PC board-induced thermocouples are not a serious problem. A copper-solder thermocouple exhibits
3 WV/°C, and it takes about 200 uV of voltage error at DP and DN to cause a 1°C measurement error. Therefore, most
parasitic thermocouple errors can be ignored.

* Use wide traces. Narrow ones are more inductive and tend to pick up radiated noise. The 10 mil widths and spacings
recommended in Figure 65 are not absolutely necessary (as they offer only a minor improvement in leakage and
noise), but try to use them where practical.
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Figure 65. DP and DN, PCB Traces

Twisted Pair and Shielded Cables

For remote sensor distances longer than 8 inches or in particularly noisy environments, a twisted pair cable is recommended.
Its practical length is 6 feet to 12 feet (typical) before noise becomes a problem, as tested in a noisy electronics laboratory.
For longer distances, the best solution is a shielded twisted pair such as that used for audio microphones. Connect the twist-
ed pair to DP and DN and the shield to AGND close to the PC87591x, and leave the remote end of the shield unterminated.

For very long cable runs, the cable parasitic capacitance adds a delay to the Temperature Channel. You should add the
cable capacitance to the value of the Cp (see “Calculating the Temperature Channel Delay” on page 188) and correct the
delay setting accordingly.

Cable resistance also affects remote sensor accuracy. A 1Q series resistance introduces about +1.0°C to +0.5°C error.
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4.12 DIGITAL TO ANALOG CONVERTER (DAC)

The DAC converts digital input values to analog signals. The DAC support four channels for handling up to four independent
conversions in parallel.

4.12.1 Features

* 8-bit resolution

* Independent 4-channel D/A converter

* Fast settling time, 1 ps typical, on 50 pF capacitive load

* Output range from AGND to AV

* Independent enable/disable for each channel

* All converters can be automatically disabled in Idle mode

* Low power consumption when enabled; zero power consumption when disabled
* Outputs drive OV when disabled

4.12.2 Functional Description

The DAC has four independent digital-to-analog converters. Each converter generates an output in the range of OV to AV,
with 8-bit resolution. The converters drive the four output pins DAO-3, as shown in Figure 67. An output impedance of 3 KQ
allows a settling time of about 1 ps on a 50 pF load.

When a DAC channel is enabled, its output is defined by the value written to its DACDATN register. DACDATO-3 control
DAO-3, respectively. The maximum output voltage is (255 + 256) « AVc and is obtained for a value of FF,g. The minimum
output, OV, is obtained for a value of 00¢.

The reference voltage of the converters is the AV analog power supply voltage. This allows full swing of the outputs from
0V to nearly AVcc.

After reset, all four channels are disabled and the voltage on the DAO-3 outputs is OV.

In Idle mode, the DAC channels may be enabled or disabled (to reduce power consumption). Two control modes are pro-
vided:

* Automatic disable of all channels on entering Idle mode
* Selective disable of channels by software, before entering Idle mode

4.12.3 D/A Conversion

Output Signal

The DAC performs a linear conversion of the input digital value DACDATA7-0 registers to a unipolar analog output signal,
relative to the analog ground pin (AGND).
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Figure 66. Channel Data to Output Voltage Ratio Conversion

When the value of DACDATA7-0 is 004, the respective output has an output signal of OV (AGND). When the value of
DACDATN register is FFqg, the respective output has an output signal of (255/256) « AV¢. For other values, as shown in
Figure 66:

Reference Voltage

The analog output voltages are converted relative to a reference voltage. The reference voltage of the converters is the an-
alog power supply. To assure good signal quality at the output, a low-noise analog power supply should be used.
Conversion Time

When a DAC channel is enabled, the conversion is started by writing to DACDATN registers. The output settling time is de-
fined as the time the DAC requires to get to within 1/2 LSB of the final value; see “Output Settling Time” on page 195.
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4.12.4 Operation

Initializing the DAC

in DACCTRL register to 1.

Enabling and Disabling the DAC

DACDATN register does not contain 004.

Figure 67. DAC Functional Diagram
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The PC87591x wakes up after power-up with all the D/A channels disabled (DACENO-3 bits in DACCTRL register are
cleared to 0). In this state, all DAC activities are halted, and its current consumption is reduced to zero.

DACDATN registers (n=0 to 3) must be initialized to 0044, or according to the required output level, before setting DACENO-3

Enabling the DAC. Each channel of the DAC is enabled independently by setting its DACEN bit. After enabling, it settles to
the value stored in DACDATN register after the specified settling time.

Disabling the DAC. The DAC channels may be independently disabled in order to reduce current consumption by clearing
the corresponding DACENN (n=0 to 3) bit in DACCTRL register. In this case, the output pin drives 0V, even if the respective
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DAC Register Map

4.12.5 DAC Registers

The DAC interfaces with the core using one control and four data registers. These registers are mapped to the core address
space, as defined in Appendix A on page 408.

Embedded Controller Modules (Continued)

All DAC channels are automatically disabled when entering Idle mode if ENIDLE bit in DACCTRL register is cleared to 0.
This happens regardless of the state of DACENnN (n=0 to 3) bit in DACCTRL register. In this case, the DAO-3 outputs drive
ov.

If the ENIDLE bit is set to 1, entering the Idle mode does not affect DAC operation, and DAO-3 outputs drive the voltage level
set by DACDATN (n=0 to 3) registers.

Mnemonic Register Name Type
DACCTRL |DAC Control R/W
DACDATO |DAC Data Channel 0 R/W
DACDAT1 |DAC Data Channel 1 R/W
DACDAT2 |DAC Data Channel 2 R/W
DACDAT3 |DAC Data Channel 3 R/W

DAC Control Register (DACCTRL)

This register controls the operation of the DAC module. DACCTRL is cleared (00,¢) on reset.
Location: 00 FF40¢

according to the value written into the corresponding DACDATO register.

When cleared, the DAO output pin drives OV.
0: Disabled (default)

Type: RIW
Bit 7| 6 | 5 4 3 2 1 0
Name Reserved ENIDLE | DACEN3 | DACEN2 | DACEN1 | DACENO
Reset o | o | o 0 0 0 0 0

Bit Description

0 DACENO (DAC Channel 0 Enable). Enables the DAC channel. The DAO output pin drives a voltage level,

1: Enabled

1 DACEN1 (DAC Channel 1 Enable). Same as DACENO bit description, using DAL output and DACDAT1
register.

2 DACEN2 (DAC Channel 2 Enable). Same as DACENO bit description, using DA2 output and DACDAT2
register.

3 DACEN3 (DAC Channel 3 Enable). Same as DACENO bit description, using DA3 output and DACDAT3
register.

4 ENIDLE (Enable in Idle). Controls the DAn (n=0 to 3) outputs in Idle mode.
0: Disabled - DAn outputs drive 0V (default)
1: Enabled - DAn outputs according to DACENN bits and DACDATN registers

7-5 |Reserved.
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DAC Data Channel 0-3 Registers (DACDATO0-3)

These registers hold the data to be loaded into Channels 0-3 of the DAC. These registers are not affected by reset or disable
of the respective channel.

Location: Channel 0 - 00 FF42,¢
Channel 1 - 00 FF44,4
Channel 2 - 00 FF46,4
Channel 3 - 00 FF48,¢

Type: RIW
Bit 7 6 5 4 3 2 1 0
Name DAC DATAI

Bit Description

7-0 |DAC Data. 8-bit unsigned binary value used for the D/A operation.

4.12.6 Usage Hints

Power Consumption

When a channel is enabled and no load is connected, the DAC current consumption depends on the value set in DACDAT
register. Minimal current is consumed when the data is 00;; maximum current is consumed when the data is 554¢.

DAC Output Protection

To maintain the high performance of the analog circuits, the DAn (n=0 to 3) pins are not back-drive protected. Therefore, the
voltage applied to these pins must be within the AGND to AV range; otherwise the device may be damaged.

External circuits should not drive currents into these pins when the PC87591x is not powered up, because this may cause
the internal power-up reset circuit to fail.

Output Voltage Accuracy

Besides the intrinsic accuracy of the D/A channels, the output voltage accuracy directly depends on the accuracy of the
AV power supply, which serves as reference voltage. In order to improve the accuracy of the output voltage, the actual
AV value, measured by the ADC module (see Section 4.11 on page 170), should be used when computing the value of
DACDATAT7-0 in DACDATN registers (see Section 4.12.3 on page 190).

The external load on DAO-3 pins may also affect the final output voltage of the DAC. Since the output resistance of these
pins is typically 3 KQ, use high-impedance loads; if high accuracy or high output currents are required, use external analog
drivers.

For the worst case calculation, if the output resistance is 4 KQ (maximum limit), the external load (R,) must not be lower
than 2 MQ (see Figure 68). In this case, the error caused by the load is lower than 1/2 LSB.

To work with loads of 3 KQ (1 mA at 3V) with an error lower than 1/2 LSB, the output resistance of the external driver should
be lower than:

Roeg < 3 KQ/ (2:256) =5.8 Q
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Output Settling Time

The DAC output settling time depends on the external load characteristics and the required accuracy. 