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Introduction

Features

PS022518-1011

Zilog’s Z8 Encore! XP® MCU product family is a line of Zilog microcontrollers based on
the 8-hit eZ8 CPU. Z8 Encore! XP® F0822 Series of MCUs adds Flash memory to Zilog’s
extensive line of 8-bit microcontrollers. The Flash in-circuit programming allows faster
development time and program changes in the field. The new eZ8 CPU is upward-compat-
ible with the existing Z8® CPU instructions. The rich peripheral set of the Z8 Encore!
XP® F0822 Series makes it suitable for a variety of applications including motor control,
security systems, home appliances, personal electronic devices and sensors.

The Z8 Encore! XP® F0822 Series features:

20MHz eZ8 CPU core

Up to 8KB Flash with in-circuit programming capability

1KB Register RAM

Optional 2- to 5-channel, 10-bit Analog-to-Digital Converter (ADC)

Full-duplex 9-bit Universal Asynchronous Receiver/Transmitter (UART) with bus
transceiver Driver Enable Control

Inter-Integrated Circuit (12C)

Serial Peripheral Interface (SPI)

Infrared Data Association (IrDA)-compliant infrared encoder/decoders
Two 16-bit timers with Capture, Compare, and PWM capability
Watchdog Timer (WDT) with internal RC oscillator

11 to 19 Input/Output pins depending upon package

Up to 19 interrupts with configurable priority

On-Chip Debugger (OCD)

\Voltage Brown-Out (VBO) protection

Power-On Reset (POR)

Crystal oscillator with three power settings and RC oscillator option
2.7V to 3.6V operating voltage with 5V-tolerant inputs

20-pin and 28-pin packages
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0°C to +70°C standard temperature and —40°C to +105°C extended temperature oper-
ating ranges

Part Selection Guide

Table 1 identifies the basic features and package styles available for each device within the
Z8 Encore! XP® F0822 Series.

Table 1. Z8 Encore! XP® F0822 Series Part Selection Guide

16-bit Package Pin
Timers Counts

Part Flash RAM with ADC UARTs
Number (KB) (KB) 110 PWM Inputs  with I'DA  12C SPI 20 28
Z8F0822 8 1 19 2 5 1 1 1 X
Z8F0821 8 1 11 2 2 1 1 X
Z8F0812 8 1 19 2 0 1 1 1 X
Z8F0811 8 1 11 2 0 1 1 X
Z8F0422 4 1 19 2 5 1 1 1 X
Z8F0421 4 1 11 2 2 1 1 X
Z8F0412 4 1 19 2 0 1 1 1 X
Z8F0411 4 1 11 2 0 1 1 X

PS022518-1011
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Figure 1 displays the block diagram of the architecture of Z8 Encore! XP® F0822 Series
devices.

Crystal | _ _| on-chip [
Oscillator ¢ ¢ ~| Debugger
"oRNE0
CPU _ Interrupt Con t'racfltlaer WDT with
System Controller RC Oscillator
Clock ' X X [
-§ -
Memory Buses
Register Bus
-
Y Y Y Y Y \ A | Yy v
Timers UART e SPI ADC Flash RAM
Controller Controller
A A A A A
A A
Y
A \A
IrDA
Flash
A Memory RAM
Y Y Y Y Y Y
GPIO
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Figure 1. Z8 Encore! XP® F0822 Series Block Diagram
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CPU and Peripheral Overview

Zilog’s latest eZ8 8-bit CPU meets the continuing demand for faster and more code-effi-
cient microcontrollers. The eZ8 CPU executes a superset of the original Z8% instruction

set.

The eZ8 CPU features:

Direct register-to-register architecture allows each register to function as an accumula-
tor, improving execution time and decreasing the required Program memory

Software stack allows much greater depth in subroutine calls and interrupts than hard-
ware stacks

Compatible with existing Z8® code
Expanded internal Register File allows access of up to 4KB

New instructions improve execution efficiency for code developed using higher-level
programming languages, including C

Pipelined instruction fetch and execution

New instructions for improved performance including BIT, BSWAP, BTJ, CPC, LDC,
LDCI, LEA, MULT and SRL

New instructions support 12-bit linear addressing of the Register File
Up to 10 MIPS operation

C-Compiler friendly

2 to 9 clock cycles per instruction

For more information about the eZ8 CPU, refer to the eZ8 CPU Core User Manual
(UMO0128), which is available for download at www.zilog.com.

General Purpose Input/Output

Z8 Encore! XP® F0822 Series features 11 to 19 port pins (Ports A—C) for General-Purpose
Input/Output (GPIO). The number of available GP1O pins is a function of package type.
Each pin is individually programmable. Ports A and C support 5V-tolerant inputs.

Flash Controller

The Flash Controller programs and erases the contents of Flash memory.

PS022518-1011
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10-Bit Analog-to-Digital Converter

The optional Analog-to-Digital Converter (ADC) converts an analog input signal to a 10-
bit binary number. The ADC accepts inputs from 2 to 5 different analog input sources.

UART

The Universal Asynchronous Receiver/Transmitter (UART) is full-duplex and capable of
handling asynchronous data transfers. The UART supports 8-bit and 9-bit data modes and
selectable parity.

1C

The Inter-Integrated Circuit (12C) controller makes the Z8 Encore! XP compatible with the
12C protocol. The 12C Controller consists of two bidirectional bus lines, a serial data
(SDA) line, and a serial clock (SCL) line.

Serial Peripheral Interface

The Serial Peripheral Interface (SPI) allows the Z8 Encore! XP to exchange data between
other peripheral devices such as EEPROMSs, A/D converters, and ISDN devices. The SPI
is a full-duplex, synchronous, and character-oriented channel that supports a four-wire
interface.

Timers

Two 16-bit reloadable timers are used for timing/counting events or for motor control
operations. These timers provide a 16-bit programmable reload counter and operate in
One-Shot, Continuous, Gated, Capture, Compare, Capture and Compare, and PWM
modes.

Interrupt Controller

Z8 Encore! XP® F0822 Series products support up to 18 interrupts. These interrupts con-
sist of 7 internal peripheral interrupts and 11 GP1O pin interrupt sources. The interrupts
have 3 levels of programmable interrupt priority.

Reset Controller

Z8 Encore! XP® F0822 Series products are reset using the RESET pin, POR, WDT, STOP
Mode exit, or VBO warning signal.

PS022518-1011 PRELIMINARY CPU and Peripheral Overview
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On-Chip Debugger

Z8 Encore! XP® F0822 Series products feature an integrated On-Chip Debugger (OCD).
The OCD provides a rich-set of debugging capabilities, such as, reading and writing regis-
ters, programming Flash memory, setting breakpoints, and executing code. A single-pin
interface provides communication to the OCD.

PS022518-1011 PRELIMINARY CPU and Peripheral Overview
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Signal and Pin Descriptions

Z8 Encore! XP® F0822 Series products are available in a variety of packages, styles, and
pin configurations. This chapter describes the signals and available pin configurations for
each of the package styles. For information regarding the physical package specifications,
see the Packaging chapter on page 221.

Available Packages

Table 2 identifies the package styles available for each device within the Z8 Encore! XP®
F0822 Series.

Table 2. Z8 Encore! XP® F0822 Series Package Options

20-Pin SSOP  28-Pin SOIC

Part Number 10-Bit ADC and PDIP and PDIP
Z8F0822 Yes X
Z8F0821 Yes X

Z8F0812 No X
Z8F0811 No X

Z8F0422 Yes X
Z8F0421 Yes X

Z8F0412 No X
Z8F0411 No X

Pin Configurations

Figures 2 through 5 display the pin configurations for all of the packages available in the
Z8 Encore! XP® F0822 Series. See Table 4 on page 13 for a description of the signals.

} Note: The analog input alternate functions (ANAX) are not available on Z8 Encore! XP® F0822
Series devices.

PS022518-1011 PRELIMINARY Signal and Pin Descriptions
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PA7/SDA —| 2 19 [— PBO/ANAO
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VDD —7 14 — DBG
PAO/TOIN — 8 13 — PAS/TXDO
PALITOOUT — 9 12 — PA4/RXDO
PA2/DE0 —| 10 11 — PA3/CTSO
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Figure 2. The Z8F0821 and Z8F0421 MCUs in 20-Pin SSOP and PDIP Packages

PCOTLIN —{ 1 28 |— PBO/ANAO
PA6/SCL — 2 27 |— PB1/ANAL
PA7/SDA —{ 3 26 [— PB2/ANA2
RESET —{ 4 25 |— PB3/ANA3
Vgg — 5 24 |— PB4/ANA4
Xy — 6 23 — Vrer
Xour — 7 22 | Avgg
Vpp — 8 21— AVpp
PC5/MISO —| 9 20 — DBG
PC4/MOSI —{ 10 19 — PCL/T1I0UT
PC3/SCK — 11 18 [— PAS/TXDO
pC2/SS — 12 17 — PA4/RXDO
PAO/TOIN —{ 13 16 [— PA3/CTSO
PAL/TOOUT —{ 14 15 — PA2/DEO

Figure 3. The Z8F0822 and Z8F0422 MCUs in 28-Pin SOIC and PDIP Packages
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Figure 4. The Z8F0811 and Z8F0411 MCUs in 20-Pin SSOP and PDIP Packages
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Figure 5. The Z8F0812 and Z8F0412 MCUs in 28-Pin SOIC and PDIP Packages
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Signal Descriptions

Table 3 describes Z8 Encore! XP® F0822 Series signals. See the Pin Configurations sec-
tion on page 7 to determine the signals available for the specific package styles

Table 3. Signal Descriptions

Signal
Mnemonic 110

Description

General-Purpose I/O Ports A-H

PA[7:0] /O  PortC

These pins are used for general-purpose 1/0 and supports 5V-tolerant inputs.
PB[4:0] /O  PortB

These pins are used for general-purpose /0.
PCI[5:0] /O  PortC

These pins are used for general-purpose 1/0 and support 5V-tolerant inputs.

I2C Controller

SCL I/0  Serial Clock
This open-drain pin clocks data transfers in accordance with the 12C standard
protocol. This pin is multiplexed with a GPIO pin. When the GPIO pin is config-
ured for alternate function to enable the SCL function, this pin is open-drain.
SDA /O  Serial Data

This open-drain pin transfers data between the 12C and a slave. This pin is multi-
plexed with a GPIO pin. When the GPIO pin is configured for alternate function to
enable the SDA function, this pin is open-drain.

SPI Controller

SS I/O0  Slave Select
This signal can be an output or an input. If the Z8 Encore! xP® F0822 Series
MCU is the SPI Master, this pin can be configured as the Slave Select output. If
the MCU is the SPI Slave, this pin is the input slave select. It is multiplexed with a
GPIO pin.

SCK /O SPI Serial Clock
The SPI Master supplies this pin. If the Z8 Encore! XP® F0822 Series MCU is the
SPI Master, this pin is the output. If the MCU is the SPI Slave, this pin is the
input. It is multiplexed with a GPIO pin.

MOSI /O Master-Out/Slave-In
This signal is the data output from the SPI Master device and the data input to
the SPI Slave device. It is multiplexed with a GPIO pin.

MISO /O Master-In/Slave-Out

PS022518-1011

This pin is the data input to the SPI Master device and the data output from the
SPI Slave device. It is multiplexed with a GPIO pin.
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Table 3. Signal Descriptions (Continued)

Signal
Mnemonic

le}

Description

UART Controllers

TXDO O Transmit Data
This signal is the transmit output from the UART and IrDA. The TXD signals are
multiplexed with GPIO pins.

RXDO I Receive Data
This signal is the receiver input for the UART and IrDA. The RXD signals are
multiplexed with GPIO pins.

CTSO I Clear To Send
This signal is control inputs for the UART. The CTS signals are multiplexed with
GPIO pins.

DEO O  Driver Enable
This signal allows automatic control of external RS-485 drivers. This signal is
approximately the inverse of the TXE (Transmit Empty) bit in the UART Status 0
Register. The DE signal can be used to ensure the external RS-485 driver is
enabled when data is transmitted by the UART.

Timers

TOOUT/ O  Timer Output 0-1

T10UT These signals are output pins from the timers. The Timer Output signals are mul-
tiplexed with GPIO pins.

TOIN/T1IN | Timer Input 0-1
These signals are used as the Capture, Gating and Counter inputs. The Timer
Input signals are multiplexed with GPIO pins.

Analog

ANA[4:0] | Analog Input
These signals are inputs to the Analog-to-Digital Converter (ADC). The ADC
analog inputs are multiplexed with GPIO pins.

VRer | Analog-to-Digital Converter Reference Voltage Input
As an output, Zilog does not recommend the Vrgg signal for use as a reference
voltage for external devices. If the ADC is configured to use the internal refer-
ence voltage generator, this pin should remain unconnected or capacitively cou-
pled to analog ground (AVgg).

Oscillators

XiN I External Crystal Input

PS022518-1011

This pin is the input to the crystal oscillator. A crystal is connected between the
external crystal input and the Xgt pin to form the oscillator. In addition, this pin
is used with external RC networks or external clock drivers to provide the system
clock to the system.
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Table 3. Signal Descriptions (Continued)

Signal
Mnemonic I/O  Description
XouT O  External Crystal Output

This pin is the output of the crystal oscillator. A crystal is connected between
external crystal output and the X,y pin to form the oscillator. When the system
clock is referred in this manual, it refers to the frequency of the signal at this pin.
This pin must remain unconnected when not using a crystal.

On-Chip Debugger

DBG le}

Debug

This pin is the control and data input and output to and from the OCD. The DBG
pin is open-drain and must have an external pull-up resistor to ensure proper
operation.

Caution: For operation of the OCD, all power pins (Vpp and AVpp) must be sup-
plied with power and all ground pins (Vg and AVgg) must be properly grounded.

Reset

RESET |

RESET
Generates a Reset when asserted (driven Low).

Power Supply

Vpp | Digital Power Supply.
AVpp | Analog Power Supply
Must be powered up and grounded to VDD, even if not using analog features.
Vss I Digital Ground.
AVgg I Analog Ground

Must be grounded and connected to VSS, even if not using analog features.

PS022518-1011
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Table 4 provides detailed information about the characteristics for each pin available on
Z8 Encore! XP® F0822 Series products. The data in Table 4 is sorted alphabetically by pin

symbol mnemonic.

Table 4. Pin Characteristics

Active
Low or Internal
Symbol Reset Active  Tri-State Pull-Up or Schmitt-Trigger Open Drain
Mnemonic Direction Direction High Output  Pull-Down Input Output
AVpp N/A N/A N/A N/A No No N/A
AVgg N/A N/A N/A N/A No No N/A
DBG 11O | N/A Yes No Yes Yes
PA[7:0] 110 | N/A Yes Programma- Yes Yes, pro-
ble pull-up grammable
PB[4:0] I/10 N/A Yes Programma- Yes Yes, pro-
ble pull-up grammable
PC[5:0] I/10 | N/A Yes  Programma- Yes Yes, pro-
ble pull-up grammable
RESET | | Low N/A Pull-up Yes N/A
Vpp N/A N/A N/A N/A No No N/A
VREF Analog N/A N/A N/A No No N/A
Vss N/A N/A N/A N/A No No N/A
XiN [ [ N/A N/A No No N/A
Xout e} e} N/A No No No No

PS022518-1011
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Address Space

The eZ8 CPU accesses three distinct address spaces:

* The Register File contains addresses for the general-purpose registers and the eZ8
CPU, Peripheral, and GPIO Port Control registers

* The Program Memory contains addresses for all memory locations having executable
code and/or data

* The Data Memory contains addresses for all memory locations that hold data only

These three address spaces are covered briefly in the following sections. For more infor-
mation about the eZ8 CPU and its address space, refer to the eZ8 CPU Core User Manual
(UMO0128), which is available for download at www.zilog.com.

Register File

The Register File address space in the Z8 Encore! XP® F0822 Series is 4KB (4096 bytes).
It is composed of two sections: Control registers and General-Purpose registers. When
instructions are executed, registers are read from when defined as sources and written to
when defined as destinations. The architecture of the e28 CPU allows all general-purpose
registers to function as accumulators, address pointers, index registers, stack areas, or
scratch pad memory.

The upper 256 bytes of the 1KB Register File address space is reserved for control of the
eZ8 CPU, the on-chip peripherals, and the 1/0 ports. These registers are located at
addresses from FOOH to FFFH. Some of the addresses within the 256-byte Control Register
section is reserved (unavailable). Reading from the reserved Register File addresses
returns an undefined value. Writing to reserved Register File addresses is not recom-
mended by Zilog because it can produce unpredictable results.

The on-chip RAM always begins at address 000H in the Register File address space. Z8
Encore! XP® F0822 Series contains 1KB of on-chip RAM. Reading from Register File
addresses outside the available RAM addresses (and not within the control register address
space) returns an undefined value. Writing to these Register File addresses produces no
effect.

PS022518-1011 PRELIMINARY Address Space
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Program Memory

The eZ8 CPU supports 64 KB of Program memory address space. Z8 Encore! XP® F0822
Series contain 4KB to 8KB on-chip Flash in the Program memory address space, depend-
ing on the device. Reading from Program memory addresses outside the available Flash
addresses returns FFH. Writing to unimplemented Program memory addresses produces no
effect. Table 5 describes the Program memory Maps for Z8 Encore! XP® F0822 Series
devices.

Table 5. Z8 Encore! XP® F0822 Series Program Memory Maps

Program Memory Address (Hex) Function
Z8F082x and Z8F081x Products

0000-0001 Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-1FFF Program Memory
Z8F042x and Z8F041x Products

0000-0001 Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-0FFF Program Memory

Note: *See Table 24 on page 41 for a list of the interrupt vectors.

Data Memory

Z8 Encore! XP® F0822 Series does not use the eZ8 CPU’s 64 KB Data Memory address
space.

Information Area

Table 6 describes the Z8 Encore! XP® F0822 Series Information Area. This 512-byte
Information Area is accessed by setting bit 7 of the Page Select Register to 1. When access
is enabled, the Information Area is mapped into the Program memory and overlays the
512 bytes at addresses FEOOH to FFFFH. When the Information Area access is enabled, all

PRELIMINARY Program Memory
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reads from these Program memory addresses return the Information Area data rather than
the Program memory data. Access to the Information Area is read-only.

PS022518-1011

Table 6. Information Area Map

Program Memory

Address (Hex) Function
FEOOH-FE3FH Reserved
FE40H-FE53H Part Number: 20-character ASCII alphanumeric
code, left-justified and filled with zeros
FE54H-FFFFH Reserved
PRELIMINARY Information Area
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Table 7 provides the address map for the Register File of the Z8 Encore! XP® F0822
Series products. Not all devices and package styles in the FO822 Series support the ADC,
the SPI, or all of the GPIO Ports. Consider registers for unimplemented peripherals to be

reserved.

Table 7. Register File Address Map

Address (Hex) Register Description Mnemonic Reset (Hex) Page No
General Purpose RAM

000-3FF General-Purpose Register File RAM — XX

400-EFF Reserved — XX

Timer 0

F0O Timer 0 High Byte TOH 00 64
Fo1 Timer O Low Byte TOL 01 64
F02 Timer 0 Reload High Byte TORH FF 65
FO3 Timer 0 Reload Low Byte TORL FF 65
FO4 Timer 0 PWM High Byte TOPWMH 00 66
FO5 Timer 0 PWM Low Byte TOPWML 00 66
Fo6 Timer 0 Control O TOCTLO 00 68
Fo7 Timer 0 Control 1 TOCTL1 00 68
Timer 1

F08 Timer 1 High Byte T1H 00 64
F09 Timer 1 Low Byte TiL 01 64
FOA Timer 1 Reload High Byte T1RH FF 65
FOB Timer 1 Reload Low Byte TiRL FF 65
FoC Timer 1 PWM High Byte T1PWMH 00 66
FOD Timer 1 PWM Low Byte T1PWML 00 66
FOE Timer 1 Control O T1CTLO 00 68
FOF Timer 1 Control 1 Ti1CTL1 00 68
F10-F3F Reserved — XX

Note: XX = undefined.

PS022518-1011
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Table 7. Register File Address Map (Continued)

Address (Hex) Register Description Mnemonic Reset (Hex) Page No
UART 0
F40 UARTO Transmit Data UOTXD XX 88
UARTO Receive Data UORXD XX 89
F41 UARTO Status 0 UOSTATO 0000011Xb 90
F42 UARTO Control O UOCTLO 00 92
F43 UARTO Control 1 UOCTL1 00 92
F44 UARTO Status 1 UOSTAT1 00 90
F45 UARTO Address Compare Register UOADDR 00 94
F46 UARTO Baud Rate High Byte UOBRH FF 95
F47 UARTO Baud Rate Low Byte UOBRL FF 95
FA8-FAF Reserved — XX
1’C
F50 1°C Data I2CDATA 00 129
F51 1°C Status I2CSTAT 80 129
F52 12C Control I2CCTL 00 131
F53 I2C Baud Rate High Byte I2CBRH FF 132
F54 I2C Baud Rate Low Byte I2CBRL FF 132
F55 I2C Diagnostic State 2CDST  XX000000b 133
F56 I2C Diagnostic Control I2CDIAG 00 135
F57-F5F Reserved — XX
Serial Peripheral Interface (SPI) Unavailable in 20-Pin Package Devices
F60 SPI Data SPIDATA 01 109
F61 SPI Control SPICTL 00 110
F62 SPI Status SPISTAT 00 111
F63 SPI Mode SPIMODE 00 112
Fe4 SPI Diagnostic State SPIDST 00 113
F65 Reserved — XX
F66 SPI Baud Rate High Byte SPIBRH FF 114
F67 SPI Baud Rate Low Byte SPIBRL FF 114
F68—F6F Reserved — XX

Note: XX = undefined.

PS022518-1011
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Table 7. Register File Address Map (Continued)

Address (Hex) Register Description Mnemonic Reset (Hex) Page No
Analog-to-Digital Converter (ADC)

F70 ADC Control ADCCTL 20 139
F71 Reserved — XX

F72 ADC Data High Byte ADCD_H XX 141
F73 ADC Data Low Bits ADCD_L XX 142
F74-FBF Reserved — XX

Interrupt Controller

FCO Interrupt Request O IRQO 00 45
FC1 IRQO Enable High Bit IRQOENH 00 48
FC2 IRQO Enable Low Bit IRQOENL 00 48
FC3 Interrupt Request 1 IRQ1 00 46
FC4 IRQ1 Enable High Bit IRQ1ENH 00 49
FC5 IRQ1 Enable Low Bit IRQ1ENL 00 49
FC6 Interrupt Request 2 IRQ2 00 47
FC7 IRQ2 Enable High Bit IRQ2ENH 00 51
FC8 IRQ2 Enable Low Bit IRQ2ENL 00 51
FC9-FCC Reserved — XX

FCD Interrupt Edge Select IRQES 00 52
FCE Reserved — 00

FCF Interrupt Control IRQCTL 00 53
GPIO Port A

FDO Port A Address PAADDR 00 32
FD1 Port A Control PACTL 00 33
FD2 Port A Input Data PAIN XX 38
FD3 Port A Output Data PAOUT 00 39
GPIO Port B

FD4 Port B Address PBADDR 00 32
FD5 Port B Control PBCTL 00 33
FD6 Port B Input Data PBIN XX 38
FD7 Port B Output Data PBOUT 00 39

Note: XX = undefined.
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Table 7. Register File Address Map (Continued)

Address (Hex) Register Description Mnemonic Reset (Hex) Page No
GPIO Port C

FD8 Port C Address PCADDR 00 32
FD9 Port C Control PCCTL 00 33
FDA Port C Input Data PCIN XX 38
FDB Port C Output Data PCOUT 00 39
FDC-FEF Reserved — XX

Watchdog Timer (WDT)

FFO Watchdog Timer Control WDTCTL  XXX00000b 73
FF1 Watchdog Timer Reload Upper Byte WDTU FF 75
FF2 Watchdog Timer Reload High Byte WDTH FF 75
FF3 Watchdog Timer Reload Low Byte WDTL FF 75
FF4-FF7 Reserved — XX

Flash Memory Controller

FF8 Flash Control FCTL 00 150
FF8 Flash Status FSTAT 00 151
FF9 Page Select FPS 00 152
FF9 (if Flash Sector Protect FPROT 00 153
enabled)

FFA Flash Programming Frequency High Byte FFREQH 00 153
FFB Flash Programming Frequency Low Byte FFREQL 00 153
Read-Only Memory

FF8 Reserved — XX

FF9 Page Select RPS 00 152
FFA-FFB Reserved — XX

eZ8 CPU

FFC Flags — XX Refer to the
FFD Register Pointer RP XX €28 CPU
FFE Stack Pointer High Byte SPH XX %
FFF Stack Pointer Low Byte SPL XX (UM0128)

Note: XX = undefined.

PS022518-1011 PRELIMINARY
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Reset and Stop Mode Recovery

The Reset Controller within the Z8 Encore! XP® F0822 Series controls Reset and Stop
Mode Recovery operation. In typical operation, the following events cause a Reset to
occur:

* Power-On Reset (POR)

* \/loltage Brown-Out

e WDT time-out (when configured through the WDT_RES option bit to initiate a Reset)
* External RESET pin assertion

* On-Chip Debugger initiated Reset (OCDCTL][0] set to 1)

When the Z8 Encore! XP® F0822 Series device is in STOP Mode, a Stop Mode Recovery
is initiated by any of the following events:

e WDT time-out
* GPIO Port input pin transition on an enabled Stop Mode Recovery source
¢ DBG pin driven Low

Reset Types

Z8 Encore! XP® F0822 Series provides two types of reset operation (System Reset and
Stop Mode Recovery). The type of reset is a function of both the current operating mode
of the Z8 Encore! XP® F0822 Series device and the source of the Reset. Table 8 lists the
types of Resets and their operating characteristics.

Table 8. Reset and Stop Mode Recovery Characteristics and Latency

Reset Characteristics and Latency

Reset Type Control Registers eZ8 CPU Reset Latency (Delay)
System Reset Reset (as applicable) Reset 66 WDT Oscillator cycles + 16 System Clock cycles

Stop Mode Unaffected, except for Reset 66 WDT Oscillator cycles + 16 System Clock cycles
Recovery the WDT_CTL Register

System Reset

During a System Reset, a Z8 Encore! XP® F0822 Series device is held in Reset for 66
cycles of the WDT oscillator followed by 16 cycles of the system clock. At the beginning

PS022518-1011 PRELIMINARY Reset and Stop Mode Recovery
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of Reset, all GPIO pins are configured as inputs. All GP10O programmable pull-ups are dis-
abled.

During Reset, the eZ8 CPU and the on-chip peripherals are idle; however, the on-chip
crystal oscillator and WDT oscillator continue to run. The system clock begins operating
following the WDT oscillator cycle count. The e28 CPU and on-chip peripherals remain
idle through all of the 16 cycles of the system clock.

Upon Reset, control registers within the Register File which have a defined Reset value
are loaded with their reset values. Other control registers (including the Stack Pointer,
Register Pointer, and Flags) and general-purpose RAM are undefined following the Reset.
The eZ8 CPU fetches the Reset vector at Program memory addresses 0002H and 0003H
and loads that value into the Program Counter. Program execution begins at the Reset vec-
tor address.

Reset Sources

Table 9 lists the reset sources as a function of the operating mode. The remainder of this
section provides more detail about the individual reset sources.

} Note: A POR/VBO event always has priority over all other possible reset sources to ensure a full
system reset occurs.

Table 9. Reset Sources and Resulting Reset Type

Operating Mode Reset Source Reset Type
NORMAL or HALT POR/VBO System Reset
modes

WNDT time-out when configured for Reset System Reset

RESET pin assertion System Reset

OCD-initiated Reset (OCDCTL[0] set to 1) System Reset except the OCD is unaf-
fected by the reset

STOP Mode POR/ VBO System Reset
RESET pin assertion System Reset
DBG pin driven Low System Reset

Power-On Reset

Each device in the Z8 Encore! XP® F0822 Series contains an internal POR circuit. The
POR circuit monitors the supply voltage and holds the device in the Reset state until the
supply voltage reaches a safe operating level. After the supply voltage exceeds the POR
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voltage threshold (VpgR), the POR Counter is enabled and counts 66 cycles of the WDT
oscillator. After the POR counter times out, the XTAL Counter is enabled to count a total
of 16 system clock pulses. The device is held in the Reset state until both the POR Counter
and XTAL counter have timed out. After the Z8 Encore! XP® F0822 Series device exits
the POR state, the eZ8 CPU fetches the Reset vector. Following POR, the POR status bit
in the Watchdog Timer Control Register (WDTCTL) is set to 1.

Figure 6 displays POR operation. See the Electrical Characteristics chapter on page 176
for the POR threshold voltage (VpoR)-

VCC =3.3V
VPOR = — — — — — — " -
WBO = — — — — — L e e e e e e
Vee = 0.0V Program

Primary
Oscillator

[T

|

Oscillator | | |
Start-up [ |

Internal RESET

Signal | |

I [} 1

POR XTAL
Not to Scale Counter Delay Counter Delay

Figure 6. Power-On Reset Operation

Voltage Brown-Out Reset

The devices in Z8 Encore! XP® F0822 Series provides low-voltage brown-out protection.
The VBO circuit senses when the supply voltage drops to an unsafe level (below the VBO
threshold voltage) and forces the device into the Reset state. While the supply voltage

remains below the POR voltage threshold (VpgR), the VBO block holds the device in the
Reset state.

After the supply voltage again exceeds the POR voltage threshold, the device progresses
through a full System Reset sequence as described in the POR section. Following POR,
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the POR status bit in the Watchdog Timer Control Register (WDTCTL) is set to 1.
Figure 7 displays the VBO operation. See the Electrical Characteristics chapter on
page 176 for the VBO and POR threshold voltages (Vygo and Vpog).

The VBO circuit can be either enabled or disabled during STOP Mode. Operation during
STOP Mode is set by the VBO_AO option bit. For information about configuring
VBO_ADO, see the Option Bits chapter on page 155.

| |
| |
Vec =33V | | Vee =33V

VPOR - — N\ — — — — — — — £

WBO _ | — ] fFe [
| | | |

Program | Voltage | | | Program
Execution Brown-Out Execution
| | | |
<>

| | | |
| . M |
WDT Clock | | |
| | |

i) lﬂﬂﬂm- - UL - -mm

Internal RESET
signal

|
|
|
|
|
-— >« »

POR XTAL
Counter Delay Counter Delay

Figure 7. Voltage Brown-Out Reset Operation

Watchdog Timer Reset

If the device is in NORMAL or HALT Mode, WDT initiates a System Reset at time-out, if
the WDT_RES option bit is set to 1. This setting is the default (unprogrammed) setting of
the WDT_RES option bit. The WDT status bit in the WDT Control Register is set to sig-
nify that the reset was initiated by the WDT.

External Pin Reset

The RESET pin contains a Schmitt-triggered input, an internal pull-up, an analog filter,
and a digital filter to reject noise. After the RESET pin is asserted for at least 4 system
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clock cycles, the device progresses through the System Reset sequence. While the RESET
input pin is asserted Low, Z8 Encore! XP® F0822 Series device continues to be held in the
Reset state. If the RESET pin is held Low beyond the System Reset time-out, the device
exits the Reset state immediately following RESET pin deassertion. Following a System
Reset initiated by the external RESET pin, the EXT status bit in the Watchdog Timer Con-
trol Register (WDTCTL) is set to 1.

On-Chip Debugger Initiated Reset

A POR is initiated using the OCD by setting the RST bit in the OCD Control Register. The
OCD block is not reset but the rest of the chip goes through a normal system reset. The
RST bit automatically clears during the system reset. Following the system reset, the POR
bit in the WDT Control Register is set.

Stop Mode Recovery

STOP Mode is entered by execution of a stop instruction by the eZ8 CPU. For detailed
information about STOP Mode, see the Low-Power Modes chapter on page 27. During
Stop Mode Recovery, the device is held in reset for 66 cycles of the WDT oscillator fol-
lowed by 16 cycles of the system clock. Stop Mode Recovery only affects the contents of
the WDT Control Register and does not affect any other values in the Register File includ-
ing the Stack Pointer, Register Pointer, Flags, Peripheral Control registers, and General-
Purpose RAM.

The eZ8 CPU fetches the Reset vector at Program memory addresses 0002H and 0003H
and loads that value into the Program Counter. Program execution begins at the Reset vec-
tor address. Following Stop Mode Recovery, the stop bit in the WDT Control Register is
set to 1. Table 10 lists the Stop Mode Recovery sources and resulting actions. The text fol-
lowing provides more detailed information about each of the Stop Mode Recovery
sources.

Table 10. Stop Mode Recovery Sources and Resulting Action

Operating Mod

e Stop Mode Recovery Source Action

STOP Mode

WDT time-out when configured for Reset Stop Mode Recovery

WDT time-out when configured for inter-  Stop Mode Recovery followed by interrupt
rupt (if interrupts are enabled)

Data transition on any GPIO Port pin Stop Mode Recovery
enabled as a Stop Mode Recovery source

PS022518-1011
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Stop Mode Recovery Using WDT Time-Out

If the WDT times out during STOP Mode, the device undergoes a Stop Mode Recovery
sequence. In the WDT Control Register, the WDT and stop bits are set to 1. If the WDT is
configured to generate an interrupt upon time-out and the Z8 Encore! XP® F0822 Series
device is configured to respond to interrupts, the eZ8 CPU services the WDT interrupt
request following the normal Stop Mode Recovery sequence.

Stop Mode Recovery Using a GPIO Port Pin Transition

Each of the GPIO port pins can be configured as a Stop Mode Recovery input source. On
any GPIO pin enabled as a STOP Mode Recover source, a change in the input pin value
(from High to Low or from Low to High) initiates Stop Mode Recovery. The GPIO Stop
Mode Recovery signals are filtered to reject pulses less than 10ns (typical) in duration. In
the WDT Control Register, the stop bit is set to 1.

A Caution: In STOP Mode, the GPIO Port Input Data registers (PxIN) are disabled. The Port Input
Data registers record the Port transition only if the signal stays on the port pin through
the end of the Stop Mode Recovery delay. Therefore, short pulses on the port pin initiates
Stop Mode Recovery without being written to the Port Input Data Register or without ini-
tiating an interrupt (if enabled for that pin).
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Low-Power Modes

Z8 Encore! XP® F0822 Series products contain power-saving features. The highest level
of power reduction is provided by STOP Mode. The next level of power reduction is pro-
vided by the HALT Mode.

STOP Mode

Execution of the eZ8 CPU’s stop instruction places the device into STOP Mode. In STOP
Mode, the operating characteristics are:

* Primary crystal oscillator is stopped; the X,y pin is driven High and the Xgyt pin is
driven Low

e System clock is stopped
* eZ8 CPU is stopped
* Program counter (PC) stops incrementing

¢ [fenabled for operation in STOP Mode, the WDT and its internal RC oscillator contin-
ue to operate

¢ Ifenabled for operation in STOP Mode through the associated option bit, the VBO pro-
tection circuit continues to operate

* All other on-chip peripherals are idle

To minimize current in STOP Mode, WDT must be disabled and all GP10 pins configured
as digital inputs must be driven to one of the supply rails (Vc or GND). The device can be
brought out of STOP Mode using Stop Mode Recovery. For more information about Stop
Mode Recovery, see the Reset and Stop Mode Recovery chapter on page 21.

A Caution: STOP Mode must not be used when driving the Z8F082x family devices with an external
clock driver source.

HALT Mode

Execution of the e28 CPU’s HALT instruction places the device into HALT Mode. In
HALT Mode, the operating characteristics are:

* Primary crystal oscillator is enabled and continues to operate

PS022518-1011 PRELIMINARY Low-Power Modes
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¢ System clock is enabled and continues to operate
e eZ8 CPU is stopped

*  Program counter stops incrementing

¢ WDT’s internal RC oscillator continues to operate
¢ Ifenabled, the WDT continues to operate

¢ All other on-chip peripherals continue to operate

The eZ8 CPU can be brought out of HALT Mode by any of the following operations:
* Interrupt

e WDT time-out (interrupt or reset)

¢ Power-On Reset

* \oltage Brown-Out reset

¢ External RESET pin assertion

To minimize current in HALT Mode, all GPIO pins which are configured as inputs must
be driven to one of the supply rails (V¢ or GND).
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General-Purpose Input/Output

Z8 Encore! XP® F0822 Series products support a maximum of 19 Port A-C pins for Gen-
eral-Purpose Input/Output (GP10) operations. Each port consists Control and Data regis-
ters. The GPIO Control registers are used to determine data direction, open-drain, output
drive current, programmable pull-ups, Stop Mode Recovery functionality, and alternate
pin functions. Each port pin is individually programmable. Ports A and C support 5 V-tol-
erant inputs.

GPIO Port Availability by Device

Table 11 lists the port pins available with each device and package type.

Table 11. Port Availability by Device and Package Type

Devices Package Port A Port B Port C
Z8X0821, Z8X0811, Z8X0421, Z8X0411 20-pin [7:0] [1:0] [0]
Z8X0822, Z8X0812, Z8X0422, Z8X0412 28-pin [7:0] [4:0] [5:0]

Architecture

Figure 8 displays a simplified block diagram of a GPIO port pin. It does not display the
ability to accommodate alternate functions, variable port current drive strength, and pro-
grammable pull-up.

GPIO Alternate Functions

Many of the GPIO port pins are used as both general-purpose 1/0 and to provide access to
on-chip peripheral functions such as timers and serial communication devices. The Port
A-C Alternate Function subregisters configure these pins for either general-purpose 1/0 or
alternate function operation. When a pin is configured for alternate function, control of the
port-pin direction (input/output) is passed from the Port A—C Data Direction registers to
the alternate function assigned to this pin. Table 12 lists the alternate functions associated
with each port pin.

PS022518-1011 PRELIMINARY General-Purpose Input/Output
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Figure 8. GPIO Port Pin Block Diagram
Table 12. Port Alternate Function Mapping
Port Pin Mnemonic Alternate Function Description
Port A PAO  TOIN Timer O Input
PA1  TOOUT Timer O Output
PA2 DE UART 0 Driver Enable
PA3  CTSO UART 0 Clear to Send

PA4 RXDO/IRRX0 UART 0O/IrDA 0 Receive Data

PAS5 TXDO/IRTX0  UART 0/IrDA 0 Transmit Data

PA6  SCL I2C Clock (automatically open-drain)

PA7  SDA I°C Data (automatically open-drain)
Port B PBO  ANAO ADC Analog Input 0

PB1  ANA1l ADC Analog Input 1

PB2 ANA2 ADC Analog Input 2

PB3  ANA3 ADC Analog Input 3

PB4  ANA4 ADC Analog Input 4

PS022518-1011 PRELIMINARY
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Table 12. Port Alternate Function Mapping (Continued)

Port Pin Mnemonic Alternate Function Description
Port C PCO TI1IN Timer 1 Input

PC1 T1O0UT Timer 1 Output

PC2 SS SPI Slave Select

PC3 SCK SPI Serial Clock

PC4  MOSI SPI Master Out Slave In

PC5 MISO SPI Master In Slave Out

GPIO Interrupts

Many of GPIO port pins are used as interrupt sources. Some port pins are configured to
generate an interrupt request on either the rising edge or falling edge of the pin input sig-
nal. Other port pin interrupts generate an interrupt when any edge occurs (both rising and
falling). For more details about interrupts using the GP1O pins, see Figure 8.

GPIO Control Register Definitions

Four registers for each port provide access to GPI1O control, input data, and output data.
Table 13 lists the GPIO port registers and subregisters. Use the Port A-C Address and Con-
trol registers together to provide access to subregisters for Port configuration and control.

Table 13. GPIO Port Registers and Subregisters

Port Register Mnemonic

Port Register Name

PxADDR Port A—C Address Register (selects subregisters)

PxCTL Port A—C Control Register (provides access to subregisters)
PxIN Port A—C Input Data Register

PxOUT Port A—C Output Data Register

Port Subregister Mnemonic

Port Register Name

PxDD Data Direction

PxAF Alternate Function

PxOC Output Control (Open-Drain)

PxHDE High Drive Enable

PxSMRE Stop Mode Recovery Source Enable
PxPUE Pull-up Enable

PS022518-1011
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Port A—C Address Registers

The Port A-C Address registers, shown in Table 14, select the GPIO port functionality
accessible through the Port A—C Control registers. The Port A-C Address and Control
registers combine to provide access to all GPIO port control.

Table 14. Port A—C GPIO Address Registers (PxADDR)

Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field PADDR[7:0]

RESET 00H

R/W R/W

Address FDOH, FD4H, FD8H

Bit Description

[7:0] Port Address

PADDR The Port Address selects one of the subregisters accessible through the Port Control Register.
00H = No function. Provides some protection against accidental port reconfiguration.
01H = Data Direction.
02H = Alternate Function.
03H = Output Control (Open-Drain).
04H = High Drive Enable.
05H = Stop Mode Recovery Source Enable.
06H = Pull-up Enable.
07H-FFH = no function.
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Port A—C Control Registers

The Port A-C Control registers, shown in Table 15, set the GP1O port operation. The
value in the corresponding Port A-C Address Register determines the control subregisters
accessible using the Port A-C Control Register.

Table 15. Port A—C Control Registers (PxCTL)

Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field PCTL
RESET 00H
R/W R/W
Address FD1H, FD5H, FD9H
Bit Description
[7:0] Port Control
PCTL The Port Control Register provides access to all subregisters that configure the GPIO port
operation.
Port A—C Data Direction Subregisters
The Port A—C Data Direction Subregister, shown in Table 16, is accessed through the Port
A-C Control Register by writing 01H to the Port A-C Address Register.
Table 16. Port A—C Data Direction Subregisters
Bit 7 6 5 4 3 2 1 0
Field DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
RESET 1
R/W R/IW
Address See footnote.
Note: If 01H is written to the Port A-C Address Register, then it is accessible via the Port A—C Control Register.
Bit Description
[7:0] Data Direction
DDx These bits control the direction of the associated port pin. Port Alternate Function operation

overrides the Data Direction Register setting.

0 = Output. Data in the Port A-C Output Data Register is driven onto the port pin.

1 = Input. The port pin is sampled and the value written into the Port A—C Input Data Register.
The output driver is tri-stated.

Note: x indicates register bits in the range [7:0].
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Port A—C Alternate Function Subregisters

The Port A-C Alternate Function Subregister, shown in Table 17, is accessed through the
Port A-C Control Register by writing 02H to the Port A—C Address Register. The Port A—
C Alternate Function subregisters select the alternate functions for the selected pins.To
determine the alternate function associated with each port pin, see Figure 8 on page 30.

A Caution: Do not enable alternate functions for GP1O port pins which do not have an associated al-
ternate function. Failure to follow this guideline can result in unpredictable operation.

Table 17. Port A—CA-C Alternate Function Subregisters

Bit 7 6 5 4 3 2 1 0
Field AF7 AF6 AF5 AF4 AF3 AF2 AF1 AFO
RESET 0

R/W R/W

Address See footnote.

Note: If 02H is written to the Port A—-C Address Register, then it is accessible via the Port A—C Control Register.

Bit Description
[7:0] Port Alternate Function enabled
AFx 0 = The port pin is in NORMAL Mode and the DDx bit in the Port A—C Data Direction Subregis-

ter determines the direction of the pin.
1 = The alternate function is selected. Port pin operation is controlled by the alternate function.

Note: x indicates register bits in the range [7:0].
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Port A—C Output Control Subregisters

The Port A-C Output Control Subregister, shown in Table 18, is accessed through the Port
A-C Control Register by writing 03H to the Port A—C Address Register. Setting the bits in
the Port A—C Output Control subregisters to 1 configures the specified port pins for open-
drain operation. These subregisters affect the pins directly and, as a result, alternate func-
tions are also affected.
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Table 18. Port A—C Output Control Subregisters

Bit 7 6 5 4 3 2 1 0
Field POC7 POC6 POC5 POC4 POC3 POC2 POC1 POCO
RESET 0

R/W R/W

Address See footnote.

Note: If 03H is written to the Port A-C Address Register, then it is accessible via the Port A—C Control Register.

Bit

Description

[7:0]
POCx

Port Output Control

These bits function independently of the alternate function bit and always disable the drains if

setto 1.

0 = The drains are enabled for any output mode (unless overridden by the alternate function).
1 = The drain of the associated pin is disabled (open-drain mode).

Note: x indicates register bits in the range [7:0].
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The Port A—-C High Drive Enable Subregister, shown in Table 19, is accessed through the
Port A—C Control Register by writing 04H to the Port A—C Address Register. Setting the
bits in the Port A—C High Drive Enable subregisters to 1 configures the specified port pins
for high-output current drive operation. The Port A-C High Drive Enable Subregister
affects the pins directly and, as a result, alternate functions are also affected.

Table 19. Port A—C High Drive Enable Subregisters

Bit 7 6 5 4 3 2 1 0
Field PHDE7 PHDE6 PHDES PHDE4 PHDE3 PHDE2 PHDE1 PHDEO
RESET 0

R/W R/W

Address See footnote.

Note: If 04H is written to the Port A-C Address Register, then it is accessible via the Port A—C Control Register.

Bit Description

[7:0] Port High Drive Enabled
PHDEx 0 = The port pin is configured for standard-output current drive.

1 =The port pin is configured for high-output current drive.

Note: x indicates register bits in the range [7:0].
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Port A—C Stop Mode Recovery Source Enable Subregisters

The Port A-C Stop Mode Recovery Source Enable Subregister, shown in Table 20, is
accessed through the Port A—C Control Register by writing 05H to the Port A-C Address
Register. Setting the bits in the Port A-C Stop Mode Recovery Source Enable subregisters
to 1 configures the specified Port pins as a Stop Mode Recovery source. During STOP
Mode, any logic transition on a Port pin enabled as a Stop Mode Recovery source initiates
Stop Mode Recovery.

Table 20. Port A—C Stop Mode Recovery Source Enable Subregisters

Bit 7 6 5 4 3 2 1 0
Field PSMRE7 | PSMRE6 | PSMRES | PSMRE4 | PSMRE3 | PSMRE2 | PSMRE1 | PSMREO
RESET 0

R/W R/W

Address See footnote.

Note: If O5H is written to the Port A—-C Address Register, then it is accessible through the Port A—C Control Register.

Bit

Description

[7:0]

Port Stop Mode Recovery Source Enabled

PSMREx 0 =The port pin is not configured as a Stop Mode Recovery source. Transitions on this pin dur-

ing STOP Mode does not initiate Stop Mode Recovery.

1 =The port pin is configured as a Stop Mode Recovery source. Any logic transition on this pin

during STOP Mode initiates Stop Mode Recovery.

Note: x indicates register bits in the range [7:0].
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Port A—C Pull-up Enable Subregisters

The Port A—C Pull-Up Enable Subregister, shown in Table 21, is accessed through the Port
A-C Control Register by writing 06H to the Port A—C Address Register. Setting the bits in
the Port A—C Pull-Up Enable subregisters enables a weak internal resistive pull-up on the
specified Port pins.

Table 21. Port A—C Pull-Up Enable Subregisters

Bit 7 6 5 4 3 2 1 0
Field PPUE7 PPUEG6 PPUES PPUE4 PPUE3 PPUE2 PPUE1 PPUEO
RESET 0

R/W R/W

Address See footnote.

Note: If 06H is written to the Port A—~C Address Register, then it is accessible through the Port A-C Control Register.

Bit Description

[7:0] Port Pull-up Enabled
PPUEx 0 = The weak pull-up on the port pin is disabled.
1 = The weak pull-up on the port pin is enabled.

Note: x indicates register bits in the range [7:0].

Port A—C Input Data Registers

Reading from the Port A—C Input Data registers, shown in Table 22, returns the sampled
values from the corresponding port pins. The Port A-C Input Data registers are read-only.

Table 22. Port A—C Input Data Registers (PxIN)

Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X

R/W R

Address FD2H, FD6H, FDAH

Bit Description

[7:0] Port Input Data

PxIN Sampled data from the corresponding port pin input.

0 = Input data is logical 0 (Low).
1 = Input data is logical 1 (High).

Note: x indicates register bits in the range [7:0].
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Port A—C Output Data Register

The Port A—-C Output Data Register, shown in Table 23, controls the output data to the

pins.
Table 23. Port A—C Output Data Register (PxOUT)

Bit 7 6 5 4 3 2 1 0
Field POUT7 POUT6 POUTS5 POUT4 POUT3 POUT2 POUT1 POUTO
RESET 0
R/IW R/IW
Address FD3H, FD7H, FDBH
Bit Description
[7:0] Port Output Data

PxOUT  These bits contain the data to be driven to the port pins. The values are only driven if the corre-
sponding pin is configured as an output and the pin is not configured for alternate function
operation.

0 = Drive a logical O (Low).
1 = Drive a logical 1 (High). This High value is not driven if the drain has been disabled by set-
ting the corresponding Port Output Control Register bit to 1.

Note: x indicates register bits in the range [7:0].

PS022518-1011 PRELIMINARY GPIO Control Register Definitions

39



Z8 Encore! XP® F0822 Series
Product Specification

OIXYS 40

Interrupt Controller

The interrupt controller on Z8 Encore! XP® F0822 Series products prioritizes the interrupt
requests from the on-chip peripherals and the GPIO port pins. The features of the interrupt
controller include the following:
¢ 19 unique interrupt vectors:

— 12 GPIO port pin interrupt sources

— 7 On-chip peripheral interrupt sources

* Flexible GPIO interrupts:
— 8 selectable rising and falling edge GPIO interrupts
— 4 dual-edge interrupts

¢ Three levels of individually programmable interrupt priority

* WDT is configured to generate an interrupt

Interrupt Requests (IRQs) allow peripheral devices to suspend CPU operation in an
orderly manner and force the CPU to start an Interrupt Service Routine (ISR). Usually this
ISR is involved with the exchange of data, status information, or control information
between the CPU and the interrupting peripheral. When the service routine is completed,
the CPU returns to the operation from which it was interrupted.

The eZ8 CPU supports both vectored and polled interrupt handling. For polled interrupts,
the interrupt control has no effect on operation. For more information about interrupt ser-
vicing, refer to the e28 CPU Core User Manual (UMO0128), which is available for down-

load at www.zilog.com.

Interrupt Vector Listing
Table 24 lists all of the interrupts available in order of priority. The interrupt vector is

stored with the most significant byte (MSB) at the even program memory address and the
least significant byte (LSB) at the following odd program memory address.
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Table 24. Interrupt Vectors in Order of Priority

Program Memory

Priority Vector Address Interrupt Source

Highest 0002H Reset (not an interrupt)
0004H WDT (see the Watchdog Timer chapter on page 70)
0006H lllegal Instruction Trap (not an interrupt)
0008H Reserved
000AH Timer 1
000CH Timer O
00OEH UART O receiver
0010H UART 0 transmitter
0012H 1’C
0014H SPI
0016H ADC
0018H Port A7, rising or falling input edge
001AH Port A6, rising or falling input edge
001CH Port A5, rising or falling input edge
001EH Port A4, rising or falling input edge
0020H Port A3, rising or falling input edge
0022H Port A2, rising or falling input edge
0024H Port A1, rising or falling input edge
0026H Port AO, rising or falling input edge
0028H Reserved
002AH Reserved
002CH Reserved
002EH Reserved
0030H Port C3, both input edges
0032H Port C2, both input edges
0034H Port C1, both input edges

Lowest 0036H Port CO, both input edges
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Architecture

Figure 9 displays a block diagram of the interrupt controller.
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Figure 9. Interrupt Controller Block Diagram

Operation

This section describes the operational aspects of the following functions.
Master Interrupt Enable: see page 42

Interrupt Vectors and Priority: see page 43

Interrupt Assertion: see page 43
Software Interrupt Assertion: see page 44

Master Interrupt Enable

The master interrupt enable bit (IRQE) in the Interrupt Control Register globally enables
and disables interrupts.

Interrupts are globally enabled by any of the following actions:
¢ Execution of an Enable Interrupt (EI) instruction

¢ Execution of an Return from Interrupt (IRET) instruction
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* Writing a 1 to the IRQE bit in the Interrupt Control Register

Interrupts are globally disabled by any of the following actions:

e Execution of a Disable Interrupt (DI) instruction

¢ eZ8 CPU acknowledgement of an interrupt service request from the interrupt controller
¢ Writing a 0 to the IRQE bit in the Interrupt Control Register

* Reset

¢ Execution of a trap instruction

* lllegal instruction trap

Interrupt Vectors and Priority

The interrupt controller supports three levels of interrupt priority. Level 3 is the highest
priority, Level 2 is the second highest priority, and Level 1 is the lowest priority. If all of
the interrupts were enabled with identical interrupt priority (all as Level 2 interrupts), then
interrupt priority would be assigned from highest to lowest as specified in Table 24. Level
3 interrupts always have higher priority than Level 2 interrupts which in turn always have
higher priority than Level 1 interrupts. Within each interrupt priority level (Level 1, Level
2, or Level 3), priority is assigned as specified in Table 24. A Reset, WDT interrupt (if
enabled), and an Illegal Instruction Trap will always have the highest priority.

Interrupt Assertion

Interrupt sources assert their interrupt requests for only a single system clock period (sin-
gle pulse). When the interrupt request is acknowledged by the eZ8 CPU, the correspond-
ing bit in the Interrupt Request Register is cleared until the next interrupt occurs. Writing a
0 to the corresponding bit in the Interrupt Request Register likewise clears the interrupt
request.

A Caution: Zilog recommends not using a coding style that clears bits in the Interrupt Request reg-
isters. All incoming interrupts received between execution of the first LDX command
and the final LDX command are lost. See Example 1, which follows.

Example 1. A poor coding style that can result in lost interrupt requests:
LDX r0, IRQO

AND rO, MASK
LDX IRQO, rO
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To avoid missing interrupts, use the coding style in Example 2 to clear bits in the Interrupt
Request 0 Register:

Example 2. A good coding style that avoids lost interrupt requests:
ANDX IRQO, MASK

Software Interrupt Assertion

Program code generates interrupts directly. Writing 1 to the appropriate bit in the Interrupt
Request Register triggers an interrupt (assuming that interrupt is enabled). When the inter-
rupt request is acknowledged by the eZ8 CPU, the bit in the Interrupt Request Register is

automatically cleared to 0.

A Caution: Zilog recommends not using a coding style to generate software interrupts by setting bits
in the Interrupt Request registers. All incoming interrupts received between execution of
the first LDX command and the final LDX command are lost. See Example 3, which fol-
lows.

Example 3. A poor coding style that can result in lost interrupt requests:

LDX rO, 1RQO
OR rO, MASK
LDX IRQO, rO

To avoid missing interrupts, use the coding style in Example 4 to set bits in the Interrupt
Request registers:
Example 4. A good coding style that avoids lost interrupt requests:

ORX IRQO, MASK
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Interrupt Control Register Definitions

For all interrupts other than the WDT interrupt, the Interrupt Control registers enable indi-
vidual interrupts, set interrupt priorities, and indicate interrupt requests.

Interrupt Request 0 Register

The Interrupt Request 0 (IRQO) Register, shown in Table 25, stores the interrupt requests
for both vectored and polled interrupts. When a request is presented to the interrupt con-
troller, the corresponding bit in the IRQO Register becomes 1. If interrupts are globally
enabled (vectored interrupts), the interrupt controller passes an interrupt request to the eZ8
CPU. If interrupts are globally disabled (polled interrupts), the eZ8 CPU reads the IRQO
Register to determine if any interrupt requests are pending.

Table 25. Interrupt Request 0 Register (IRQO)

Bit 7 6 5 4 3 2 1 0
Field Reserved T1l TOI UORXI UoTXI 12CI SPII ADCI
RESET 0
R/W R/W
Address FCOH
Bit Description
[7] Reserved
This bit is reserved and must be programmed to O.
[6] Timer 1 Interrupt Request
T1l 0 = No interrupt request is pending for Timer 1.
1 = An interrupt request from Timer 1 is awaiting service.
[5] Timer O Interrupt Request
TOI 0 = No interrupt request is pending for Timer 0.
1 = An interrupt request from Timer 0 is awaiting service.
[4] UART 0 Receiver Interrupt Request

UORXI 0 = No interrupt request is pending for the UART O receiver.
1 = An interrupt request from the UART O receiver is awaiting service.

[3] UART 0 Transmitter Interrupt Request
UOTXI 0 = No interrupt request is pending for the UART 0 transmitter.
1 = An interrupt request from the UART O transmitter is awaiting service.

2] I°C Interrupt Request
12CI 0 = No interrupt request is pending for the 1°C.
1 = An interrupt request from the 1°C is awaiting service.
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Bit Description (Continued)
[1] SPI Interrupt Request
SPII 0 = No interrupt request is pending for the SPI.
1 = An interrupt request from the SPI is awaiting service.
[0] ADC Interrupt Request
ADCI 0 = No interrupt request is pending for the ADC.
1 = An interrupt request from the ADC is awaiting service.
Interrupt Request 1 Register
The Interrupt Request 1 (IRQ1) Register, shown in Table 26, stores interrupt requests for
both vectored and polled interrupts. When a request is presented to the interrupt controller,
the corresponding bit in the IRQ1 Register becomes 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controller passes an interrupt request to the eZ8 CPU. If
interrupts are globally disabled (polled interrupts), the eZ8 CPU reads the IRQ1 Register
to determine if any interrupt requests are pending.
Table 26. Interrupt Request 1 Register (IRQ1)
Bit 7 6 5 4 3 2 1 0
Field PA7I PAGI PA5I PA4| PA3I PA2| PA1I PAOI
RESET 0
R/W R/W
Address FC3H
Bit Description
[7:0] Port A Pin x Interrupt Request
PAXI 0 = No interrupt request is pending for GPIO Port A pin x.

1 = An interrupt request from GPIO Port A pin x is awaiting service.

Note: x indicates register bits in the range [7:0].
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Interrupt Request 2 Register

The Interrupt Request 2 (IRQ2) Register, shown in Table 27, stores interrupt requests for
both vectored and polled interrupts. When a request is presented to the interrupt controller,
the corresponding bit in the IRQ2 Register becomes 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controller passes an interrupt request to the eZ8 CPU. If
interrupts are globally disabled (polled interrupts), the eZ8 CPU reads the IRQ2 Register
to determine if any interrupt requests are pending.

Table 27. Interrupt Request 2 Register (IRQ2)

Bit 7 | s | 5 | 4 3 7 1 0
Field Reserved PC3lI PC2I PC1I PCOI
RESET 0
R/IW R/IW
Address FC6H
Bit Description
[7:4] Reserved
These bits are reserved and must be programmed to 0000.
[3:0] Port C Pin x Interrupt Request
PCxI 0 = No interrupt request is pending for GPIO Port C pin x.

1 = An interrupt request from GPIO Port C pin x is awaiting service.

Note: x indicates register bits in the range [3:0].
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IRQO Enable High and Low Bit Registers

Table 28 describes the priority control for IRQO. The IRQO Enable High and Low Bit reg-
isters, shown in Tables 29 and 30, form a priority-encoded enabling for interrupts in the
Interrupt Request 0 Register. Priority is generated by setting bits in each register.

Table 28. IRQO Enable and Priority Encoding

IRQOENHIX] IRQOENL[x] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

Note: x indicates register bits in the range [7:0].

Table 29. IRQO Enable High Bit Register (IRQOENH)

Bit 7 6 5 4 3 2 1 0
Field Reserved | T1ENH TOENH | UORENH | UOTENH | 12CENH | SPIENH | ADCENH
RESET 0
R/W R/W
Address FC1H
Bit Description
[7] Reserved
This bit is reserved and must be programmed to O.
[6] Timer 1 Interrupt Request Enable High Bit
T1ENH
[5] Timer O Interrupt Request Enable High Bit
TOENH
[4] UART 0 Receive Interrupt Request Enable High Bit
UORENH
[3] UART 0 Transmit Interrupt Request Enable High Bit
UOTENH
[2] I2C Interrupt Request Enable High Bit
I2CENH
[1] SPI Interrupt Request Enable High Bit
SPIENH
[0] ADC Interrupt Request Enable High Bit
ADCENH
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Bit 7 6 5 4 3 2 1 0
Field Reserved | T1ENL TOENL UORENL | UOTENL | I2CENL SPIENL | ADCENL
RESET 0
R/IW R/IW
Address FC2H
Bit Description
[7] Reserved
This bit is reserved and must be programmed to O.
[6] Timer 1 Interrupt Request Enable Low Bit
T1ENL
[5] Timer O Interrupt Request Enable Low Bit
TOENL
[4] UART 0 Receive Interrupt Request Enable Low Bit
UORENL
[3] UART 0 Transmit Interrupt Request Enable Low Bit
UOTENL
2] I°C Interrupt Request Enable Low Bit
1I2CENL
[1] SPI Interrupt Request Enable Low Bit
SPIENL
[0] ADC Interrupt Request Enable Low Bit
ADCENL

IRQ1 Enable High and Low Bit Registers

Table 31 describes the priority control for IRQ1. The IRQ1 Enable High and Low Bit reg-
isters, shown in Tables 32 and 33, form a priority-encoded enabling for interrupts in the
Interrupt Request 1 Register. Priority is generated by setting bits in each register.

Table 31. IRQ1 Enable and Priority Encoding

IRQLENHI[X] IRQ1ENL[X] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

Note: x indicates register bits in the range [7:0].
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Table 32. IRQ1 Enable High Bit Register (IRQ1ENH)

Bit 7 6 5 4 3 2 1 0
Field PATENH | PA6ENH | PASENH | PA4ENH | PASENH | PA2ENH | PA1IENH | PAOENH
RESET 0

R/W R/W

Address FC4H

Bit Description

[7:0] Port A Bit[x] Interrupt Request Enable High Bit

PAXENH

Note: x indicates register bits in the range [7:0].

Table 33. IRQ1 Enable Low Bit Register (IRQ1ENL)

Bit 7 6 5 4 3 2 1 0
Field PA7TENL | PAGENL | PASENL | PA4ENL | PA3ENL | PA2ENL | PAL1ENL | PAOENL
RESET 0

R/W R/W

Address FC5H

Bit Description

[7:0] Port A Bit[x] Interrupt Request Enable Low Bit

PAXENL

Note: x indicates register bits in the range [7:0].
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IRQ2 Enable High and Low Bit Registers

Table 34 describes the priority control for IRQ2. The IRQ2 Enable High and Low Bit reg-
isters, shown in Tables 35 and 36, form a priority-encoded enabling for interrupts in the
Interrupt Request 2 Register. Priority is generated by setting bits in each register.

Table 34. IRQ2 Enable and Priority Encoding

IRQ2ENHIX] IRQ2ENL[x] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

Note: x indicates register bits in the range [7:0].

Table 35. IRQ2 Enable High Bit Register (IRQ2ENH)

Bit 7 | e | s | a4 3 2 1 0
Field Reserved C3ENH C2ENH C1ENH COENH
RESET 0
R/W R/W
Address FC7H
Bit Description
[7:4] Reserved
These bits are reserved and must be programmed to 0000.
[3] Port C3 Interrupt Request Enable High Bit
C3ENH
[2] Port C2 Interrupt Request Enable High Bit
C2ENH
[1] Port C1 Interrupt Request Enable High Bit
C1ENH
[0] Port CO Interrupt Request Enable High Bit
COENH
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Table 36. IRQ2 Enable Low Bit Register (IRQ2ENL)
Bit 7 | s | 5 | 4 3 7 1 0
Field Reserved C3ENL C2ENL C1ENL COENL
RESET 0
R/IW R/IW
Address FC8H
Bit Description
[7:4] Reserved
These bits are reserved and must be programmed to 0000.
[3] Port C3 Interrupt Request Enable Low Bit
C3ENL
[2] Port C2 Interrupt Request Enable Low Bit
C2ENL
[1] Port C1 Interrupt Request Enable Low Bit
C1ENL
[0] Port CO Interrupt Request Enable Low Bit
COENL

Interrupt Edge Select Register

The Interrupt Edge Select (IRQES) Register, shown in Table 37, determines whether an inter-
rupt is generated for the rising edge or falling edge on the selected GPIO Port input pin. The
minimum pulse width must be greater than 1 system clock to guarantee capture of the edge
triggered interrupt. Edge detection for pulses less than 1 system clock are not guaranteed.

Table 37. Interrupt Edge Select Register (IRQES)

Bit 7 6 5 4 3 2 1 0
Field IES7 IES6 IES5 IES4 IES3 IES2 IES1 IESO
RESET 0

R/W R/W

Address FCDH

Bit Description

[7:0] Interrupt Edge Select x

IESX 0 = An interrupt request is generated on the falling edge of the PAx input.

1 = An interrupt request is generated on the rising edge of the PAX input.

Note: x indicates register bits in the range [7:0].
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Interrupt Control Register

The Interrupt Control (IRQCTL) Register, shown in Table 38, contains the master enable
bit for all interrupts.

Table 38. Interrupt Control Register (IRQCTL)

Bit 7 6 | 5 | 4 | 3 | 2 | 1 | o
Field IRQE Reserved

RESET 0

RIW RW | R

Address FCFH

Bit Description

[7] Interrupt Request Enable

IRQE This bit is set to 1 by execution of an Enable Interrupts (EI) or Interrupt Return (IRET) instruc-
tion, or by a direct register write of a 1 to this bit. It is reset to 0 by executing a DI instruction,
eZ8 CPU acknowledgement of an interrupt request, Reset or by a direct register write of a 0 to
this bit.

0 = Interrupts are disabled.
1 = Interrupts are enabled.

[6:0] Reserved
These bits are reserved and must be programmed to 000000.
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Z8 Encore! XP® F0822 Series products contain up to two 16-bit reloadable timers that can
be used for timing, event counting, or generation of pulse-width modulated signals. The
timer features include:

e 16-bit reload counter

* Programmable prescaler with prescale values from 1 to 128
* PWM output generation

¢ Capture and compare capability

e External input pin for timer input, clock gating, or capture signal; external input pin sig-
nal frequency is limited to a maximum of one-fourth the system clock frequency

e Timer output pin

* Timer interrupt

In addition to the timers described in this chapter, the Baud Rate Generators for any
unused UART, SPI, or 1°C peripherals can also be used to provide basic timing functional-
ity. See the respective serial communication peripheral chapters for information about
using the Baud Rate Generators as timers.
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Architecture

Figure 10 displays the architecture of the timers.

|
Data |
Bus |
|
Block |
Control > |
— |
I
N
System Lo
Clock | .
Timer L
Input g
|
| Gate
[ Input
» | Capture
Operation

Timer
Control

16-Bit
Reload Register

!

16-Bit Counter
with Prescaler

16-Bit
PWM/Compare

Z8 Encore! XP® F0822 Series

Product Specification

Figure 10. Timer Block Diagram

CIXYS 55
-
Timer Block I
I
I
I
I
Interrupt, | Timer
L
PWM, | Interrupt
> and |
Timer Output .
Timer
- Control > Output

The timers are 16-bit up-counters. Minimum time-out delay is set by loading the value
0001H into the Timer Reload High and Low Byte registers and setting the prescale value
to 1. Maximum time-out delay is set by loading the value O000H into the Timer Reload
High and Low Byte registers and setting the prescale value to 128. If the Timer reaches
FFFFH, the timer rolls over to 0000H and continues counting.

Timer Operating Modes

The timers are configured to operate in the following modes:

ONE-SHOT Mode

In ONE-SHOT Mode, the timer counts up to the 16-bit reload value stored in the Timer
Reload High and Low Byte registers. The timer input is the system clock. Upon reaching
the reload value, the timer generates an interrupt and the count value in the Timer High
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and Low Byte registers is reset to 0001H. Then, the timer is automatically disabled and
stops counting.

Also, if the Timer Output alternate function is enabled, the Timer Output pin changes
state for one system clock cycle (from Low to High or vice-versa) on timer reload. If it is
required for the Timer Output to make a permanent state change on One-Shot time-out,
first set the TPOL bit in the Timer Control Register to the start value before beginning
ONE-SHOT Mode. Then, after starting the timer, set TPOL to the opposite bit value.

Observe the following procedure for configuring a timer for ONE-SHOT Mode and initi-
ating the count:
1. Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for ONE-SHOT Mode

— Set the prescale value

— If using the Timer Output alternate function, set the initial output level (High or
Low)

2. Write to the Timer High and Low Byte registers to set the starting count value.
3. Write to the Timer Reload High and Low Byte registers to set the reload value.

4. If appropriate, enable the timer interrupt and set the timer interrupt priority by writing
to the relevant interrupt registers.

5. If using the Timer Output function, configure the associated GPIO port pin for the
Timer Output alternate function.

6. Write to the Timer Control Register to enable the timer and initiate counting.

In ONE-SHOT Mode, the system clock always provides the timer input. The timer period
is calculated using the following equation:

ONE-SHOT Mode Time-Out Period (s) = (Reload Value - Start Value)xPrescale
System Clock Frequency (Hz)

CONTINUOUS Mode

In CONTINUOUS Mode, the timer counts up to the 16-bit reload value stored in the
Timer Reload High and Low Byte registers. The timer input is the system clock. Upon
reaching the reload value, the timer generates an interrupt, the count value in the Timer
High and Low Byte registers is reset to 0001H and counting resumes. Also, if the Timer
Output alternate function is enabled, the Timer Output pin changes state (from Low to
High or from High to Low) upon timer reload.
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Observe the following procedure for configuring a timer for CONTINUOUS Mode and
initiating the count:
1. Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for CONTINUOUS Mode

— Set the prescale value.

— If using the Timer Output alternate function, set the initial output level (High or
Low)

2. Write to the Timer High and Low Byte registers to set the starting count value (usually
0001H). This starting count value only affects the first pass in CONTINUOUS Mode.
After the first timer reload in CONTINUOUS Mode, counting always begins at the
reset value of 0001H.

3. Write to the Timer Reload High and Low Byte registers to set the reload value.

4. If appropriate, enable the timer interrupt and set the timer interrupt priority by writing
to the relevant interrupt registers.

5. If using the Timer Output function, configure the associated GPIO port pin for the
Timer Output alternate function.

6. Write to the Timer Control Register to enable the timer and initiate counting.

In CONTINUOUS Mode, the system clock always provides the timer input. The timer
period is calculated using the following equation:

CONTINUOUS Mode Time-Out Period () = Syg?:{'f‘co:o\éi";f;‘g;gig"(*m)

If an initial starting value other than 0001H is loaded into the Timer High and Low Byte
registers, the ONE-SHOT Mode equation must be used to determine the first time-out
period.

COUNTER Mode

In COUNTER Mode, the timer counts input transitions from a GPIO port pin. The timer
input is taken from the GPIO Port pin Timer Input alternate function. The TPOL bit in the
Timer Control Register selects whether the count occurs on the rising edge or the falling
edge of the Timer Input signal. In COUNTER Mode, the prescaler is disabled.

A Caution: The input frequency of the Timer Input signal must not exceed one-fourth system clock
frequency.
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Upon reaching the reload value stored in the Timer Reload High and Low Byte registers,
the timer generates an interrupt, the count value in the Timer High and Low Byte registers
is reset to 0001H and counting resumes. Also, if the Timer Output alternate function is
enabled, the Timer Output pin changes state (from Low to High or from High to Low) at
timer reload.

Observe the following procedure for configuring a timer for COUNTER Mode and initiat-
ing the count:
1. Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for COUNTER Mode

— Select either the rising edge or falling edge of the Timer Input signal for the count.
This selection also sets the initial logic level (High or Low) for the Timer Output
alternate function; however, the Timer Output function does not have to be
enabled.

2. Write to the Timer High and Low Byte registers to set the starting count value. This
only affects the first pass in COUNTER Mode. After the first timer reload in COUN-
TER Mode, counting always begins at the reset value of 0001H. Generally, in COUN-
TER Mode the Timer High and Low Byte registers must be written with the value
0001H.

3. Write to the Timer Reload High and Low Byte registers to set the reload value.

4. If required, enable the timer interrupt and set the timer interrupt priority by writing to
the relevant interrupt registers.

5. Configure the associated GPIO port pin for the Timer Input alternate function.

If using the Timer Output function, configure the associated GPIO port pin for the
Timer Output alternate function.

7. Write to the Timer Control Register to enable the timer.

In COUNTER Mode, the number of timer input transitions since the timer start is calcu-
lated using the following equation:

COUNTER Mode Timer Input Transitions = Current Count Value - Start Value

PWM Mode

In PWM Mode, the timer outputs a Pulse-Width Modulator output signal through a GP10
port pin. The timer input is the system clock. The timer first counts up to the 16-bit PWM
match value stored in the Timer PWM High and Low Byte registers. When the timer count

PRELIMINARY Operation

58



Z8 Encore! XP® F0822 Series
Product Specification

OIXYS 59

value matches the PWM value, the Timer Output toggles. The timer continues counting
until it reaches the reload value stored in the Timer Reload High and Low Byte registers.
Upon reaching the reload value, the timer generates an interrupt, the count value in the
Timer High and Low Byte registers is reset to 0001H and counting resumes.

If the TPOL bit in the Timer Control Register is set to 1, the Timer Output signal begins as
a High (1) and then transitions to a Low (0) when the timer value matches the PWM value.
The Timer Output signal returns to a High (1) after the timer reaches the reload value and
is reset to 0O0O01H.

If the TPOL bit in the Timer Control Register is set to 0, the Timer Output signal begins as
a Low (0) and then transitions to a High (1) when the timer value matches the PWM value.
The Timer Output signal returns to a Low (0) after the timer reaches the reload value and
is reset to 0O0O01H.

Observe the following procedure for configuring a timer for PWM Mode and initiating the
PWM operation:
1. Write to the Timer Control Register to:

— Disable the timer

—  Configure the timer for PWM Mode

—  Set the prescale value

—  Set the initial logic level (High or Low) and PWM High/Low transition for the
Timer Output alternate function

2. Write to the Timer High and Low Byte registers to set the starting count value (typi-
cally 0001H). This only affects the first pass in PWM Mode. After the first timer reset
in PWM Mode, counting always begins at the reset value of 0001H.

3. Write to the PWM High and Low Byte registers to set the PWM value.

4. Write to the Timer Reload High and Low Byte registers to set the reload value (PWM
period). The reload value must be greater than the PWM value.

5. If required, enable the timer interrupt and set the timer interrupt priority by writing to
the relevant interrupt registers.

6. Configure the associated GPIO port pin for the Timer Output alternate function.

7. Write to the Timer Control Register to enable the timer and initiate counting.

The PWM period is calculated using the following equation.

Reload ValuexPrescale

PWM Period (s) =
eriod (s) System Clock Frequency (Hz)
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If an initial starting value other than 0001H is loaded into the Timer High and Low Byte
registers, the ONE-SHOT Mode equation is used to determine the first PWM time-out
period.

If TPOL is set to O, the ratio of the PWM output High time to the total period is calculated
using the following equation:

Reload Value - PWM Value
Reload Value

PWM Output High Time Ratio (%) = x100

If TPOL is set to 1, the ratio of the PWM output High time to the total period is calculated
using the following equation:

PWM Value

——F——x100
Reload Value

PWM Output High Time Ratio (%) =

CAPTURE Mode

In CAPTURE Mode, the current timer count value is recorded when the appropriate exter-
nal Timer Input transition occurs. The capture count value is written to the Timer PWM
High and Low Byte registers. The timer input is the system clock. The TPOL bit in the
Timer Control Register determines if the Capture occurs on a rising edge or a falling edge
of the Timer Input signal. When the capture event occurs, an interrupt is generated and the
timer continues counting.

The timer continues counting up to the 16-bit reload value stored in the Timer Reload
High and Low Byte registers. Upon reaching the reload value, the timer generates an inter-
rupt and continues counting.

Observe the following procedure for configuring a timer for CAPTURE Mode and initiat-
ing the count:
1. Write to the Timer Control Register to:
— Disable the timer
Configure the timer for CAPTURE Mode
Set the prescale value
— Set the Capture edge (rising or falling) for the Timer Input

2. Write to the Timer High and Low Byte registers to set the starting count value (typi-
cally 0001H).

3. Write to the Timer Reload High and Low Byte registers to set the reload value.

4. Clear the Timer PWM High and Low Byte registers to 0000H. This allows user soft-
ware to determine if interrupts were generated by either a capture event or a reload. If
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the PWM High and Low Byte registers still contains 0000H after the interrupt, then
the interrupt was generated by a reload.

If required, enable the timer interrupt and set the timer interrupt priority by writing to
the relevant interrupt registers.

Configure the associated GPIO port pin for the Timer Input alternate function.

Write to the Timer Control Register to enable the timer and initiate counting.

In CAPTURE Mode, the elapsed time from timer start to capture event is calculated using
the following equation:

Capture Elapsed Time (s) =

(Capture Value — Start Value)xPrescale
System Clock Frequency (Hz)

COMPARE Mode

In COMPARE Mode, the timer counts up to the 16-bit maximum Compare value stored in
the Timer Reload High and Low Byte registers. The timer input is the system clock. Upon
reaching the Compare value, the timer generates an interrupt and counting continues (the
timer value is not reset to 0001H). Also, if the Timer Output alternate function is enabled,
the Timer Output pin changes state (from Low to High or from High to Low) upon Com-
pare.

If the Timer reaches FFFFH, the timer rolls over to 0000H and continue counting.

Observe the following procedure for configuring a timer for COMPARE Mode and initiat-
ing the count:

1

Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for COMPARE Mode
— Set the prescale value

— Set the initial logic level (High or Low) for the Timer Output alternate function, if
required

Write to the Timer High and Low Byte registers to set the starting count value.
Write to the Timer Reload High and Low Byte registers to set the Compare value.

If required, enable the timer interrupt and set the timer interrupt priority by writing to
the relevant interrupt registers.

If using the Timer Output function, configure the associated GPIO port pin for the
Timer Output alternate function.

Write to the Timer Control Register to enable the timer and initiate counting.
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In COMPARE Mode, the system clock always provides the timer input. The Compare
time is calculated by the following equation:

_ (Compare Value - Start Value)xPrescale

C Mode Ti
ompare Mode Time (s) System Clock Frequency (Hz)

GATED Mode

In GATED Mode, the timer counts only when the Timer Input signal is in its active state
(asserted), as determined by the TPOL bit in the Timer Control Register. When the Timer
Input signal is asserted, counting begins. A timer interrupt is generated when the Timer
Input signal is deasserted or a timer reload occurs. To determine if a Timer Input signal
deassertion generated the interrupt, read the associated GPIO input value and compare to
the value stored in the TPOL bit.

The timer counts up to the 16-bit reload value stored in the Timer Reload High and Low
Byte registers. The timer input is the system clock. When reaching the reload value, the
timer generates an interrupt, the count value in the Timer High and Low Byte registers is
reset to 0001H and counting resumes (assuming the Timer Input signal is still asserted).
Also, if the Timer Output alternate function is enabled, the Timer Output pin changes state
(from Low to High or from High to Low) at timer reset.

Observe the following procedure for configuring a timer for GATED Mode and initiating
the count:

1. Write to the Timer Control Register to:
— Disable the timer
— Configure the timer for GATED Mode
— Set the prescale value

2. Write to the Timer High and Low Byte registers to set the starting count value. This
only affects the first pass in GATED Mode. After the first timer reset in GATED
Mode, counting always begins at the reset value of 0001H.

3. Write to the Timer Reload High and Low Byte registers to set the reload value.

If appropriate, enable the timer interrupt and set the timer interrupt priority by writing
to the relevant interrupt registers.

5. Configure the associated GPIO port pin for the Timer Input alternate function.
6. Write to the Timer Control Register to enable the timer.

7. Assert the Timer Input signal to initiate the counting.
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CAPTURE/COMPARE Mode

In CAPTURE/COMPARE Mode, the timer begins counting on the first external Timer
Input transition. The required transition (rising edge or falling edge) is set by the TPOL bit
in the Timer Control Register. The timer input is the system clock.

Every subsequent transition of the Timer Input signal (after the first, and if appropriate)
captures the current count value. The Capture value is written to the Timer PWM High and
Low Byte registers. When the capture event occurs, an interrupt is generated, the count
value in the Timer High and Low Byte registers is reset to 0001H and counting resumes.

If no capture event occurs, the timer counts up to the 16-bit Compare value stored in the
Timer Reload High and Low Byte registers. Upon reaching the Compare value, the timer
generates an interrupt, the count value in the Timer High and Low Byte registers is reset to
0001H and counting resumes.

Observe the following procedure for configuring a timer for CAPTURE/COMPARE
Mode and initiating the count:

1. Write to the Timer Control Register to:

Disable the timer

Configure the timer for CAPTURE/COMPARE Mode

Set the prescale value

Set the Capture edge (rising or falling) for the Timer Input

2. Write to the Timer High and Low Byte registers to set the starting count value (typi-
cally 0001H).

Write to the Timer Reload High and Low Byte registers to set the Compare value.

4. If appropriate, enable the timer interrupt and set the timer interrupt priority by writing
to the relevant interrupt registers.

5. Configure the associated GPIO port pin for the Timer Input alternate function.
6. Write to the Timer Control Register to enable the timer.

7. Counting begins on the first appropriate transition of the Timer Input signal. No inter-
rupt is generated by this first edge.

In CAPTURE/COMPARE Mode, the elapsed time from timer start to capture event is cal-
culated using the following equation:

. _ (Capture Value — Start Value)xPrescale
Capture Elapsed Time (s) = (
P P (s) System Clock Frequency (Hz)
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Reading the Timer Count Values

The current count value in the timers can be read while counting (enabled). This capability
has no effect on timer operation. When the timer is enabled and the Timer High Byte Reg-
ister is read, the contents of the Timer Low Byte Register are placed in a holding register.
A subsequent read from the Timer Low Byte Register returns the value in the holding reg-
ister. This operation allows accurate reads of the full 16-bit timer count value while
enabled. When the timers are not enabled, a read from the Timer Low Byte Register
returns the actual value in the counter.

Timer Output Signal Operation

Timer Output is a GPIO port pin alternate function. Generally, the Timer Output is toggled
every time the counter is reloaded.

Timer Control Register Definitions

This section defines the features of the following Timer Control registers.

Timer 0-1 High and Low Byte Registers: see page 64

Timer Reload High and Low Byte Reqisters: see page 65

Timer 0-1 PWM High and Low Byte Registers: see page 66

Timer 0-3 Control 0 Registers: see page 67

Timer 0-1 Control 1 Registers: see page 68

Timer 0-1 High and Low Byte Registers

The Timer 0-1 High and Low Byte (TxH and TxL) registers, shown in Tables 39 and 40,
contain the current 16-bit timer count value. When the timer is enabled, a read from TxH
causes the value in TxL to be stored in a temporary holding register. A read from TMRL
always returns this temporary register when the timers are enabled. When the timer is dis-
abled, reads from the TMRL reads the register directly.

Zilog does not recommend writing to the Timer High and Low Byte registers while the
timer is enabled. There are no temporary holding registers available for write operations,
so simultaneous 16-bit writes are not possible. If either the Timer High or Low Byte regis-
ters are written during counting, the 8-bit written value is placed in the counter (High or
Low Byte) at the next clock edge. The counter continues counting from the new value.
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Table 39. Timer 0-1 High Byte Register (TxH)

Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field TH
RESET 0
R/W R/W
Address FOOH, FO8H
Table 40. Timer 0-1 Low Byte Register (TxL)
Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field TL
RESET 0 | 1
R/W R/W
Address FO1H, FO9H
Bit Description
[7:0] Timer High and Low Bytes
TH, TL  These 2 bytes, {TMRH[7:0], TMRL][7:0]}, contain the current 16-bit timer count value.
Timer Reload High and Low Byte Registers
The Timer 0-1 Reload High and Low Byte (TXRH and TxRL) registers, shown in
Tables 41 and 42, store a 16-bit reload value, {TRH[7:0], TRL[7:0]}. Values written to the
Timer Reload High Byte Register are stored in a temporary holding register. When a write
to the Timer Reload Low Byte Register occurs, the temporary holding register value is
written to the Timer High Byte Register. This operation allows simultaneous updates of
the 16-bit Timer reload value.
In COMPARE Mode, the Timer Reload High and Low Byte registers store the 16-bit
Compare value.
Table 41. Timer 0-1 Reload High Byte Register (TxRH)
Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field TRH
RESET 1
R/W R/W
Address FO2H, FOAH
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Table 42. Timer 0-1 Reload Low Byte Register (TXRL)

Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field TRL
RESET 1
R/W R/W
Address FO3H, FOBH
Bit Description
[7] Timer Reload Register High and Low
TRH, These two bytes form the 16-bit reload value, {TRH[7:0], TRL[7:0]}. This value sets the maxi-
TRL mum count value which initiates a timer reload to 0001H. In COMPARE Mode, these two bytes
form the 16-bit Compare value.
Timer 0-1 PWM High and Low Byte Registers
The Timer 0-1 PWM High and Low Byte (TXxPWMH and TXxPWML) registers, shown in
Tables 43 and 44, are used for Pulse-Width Modulator (PWM) operations. These registers
also store the Capture values for the CAPTURE and CAPTURE/COMPARE modes.
Table 43. Timer 0-1 PWM High Byte Register (TXPWMH)
Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field PWMH
RESET 0
R/W R/W
Address FO4H, FOCH
Table 44. Timer 0-1 PWM Low Byte Register (TxPWML)
Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field PWML
RESET 0
R/W R/W
Address FO5H, FODH
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Bit Description
[7:0] Pulse-Width Modulator High and Low Bytes
PWMH, These two bytes, {PWMH][7:0], PWML][7:0]}, form a 16-bit value that is compared to the current
PWML  16-bit timer count. When a match occurs, the PWM output changes state. The PWM output
value is set by the TPOL bit in the Timer Control (TXCTL) Register.
The TXPWMH and TXxPWML registers also store the 16-bit captured timer value when operat-
ing in CAPTURE or CAPTURE/COMPARE modes.
Timer 0-3 Control 0 Registers
The Timer 0-3 Control 0 (TXCTLO) registers, shown in Table 45, allow cascading of the
Timers.
Table 45. Timer 0-3 Control O Registers (TXCTLO)
Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field Reserved CscC Reserved
RESET 0
R/IW R/IW
Address FO6H, FOEH, F16H, F1EH
Bit Description
[7:5] Reserved
These bits are reserved and must be programmed to 000.
[4] Cascade Timers
CsC 0 = Timer Input signal comes from the pin.
1 = For Timer 0, input signal is connected to Timer 1 output. For Timer 1, the input signal is
connected to the Timer O output.
[3:0] Reserved

These bits are reserved and must be programmed to 0000.
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Timer 0-1 Control 1 Registers

The Timer 0-1 Control (TXCTL) registers, shown in Table 46, enable/disable the timers,
set the prescaler value, and determine the timer operating mode.

Table 46. Timer 0-1 Control Registers (TxCTL)

Bit 7 6 5 | 4 | 3 2 | 1 | o
Field TEN TPOL PRES TMODE
RESET 0
R/IW R/IW
Address FO7H, FOFH
Bit Description
[7] Timer Enable
TEN 0 = Timer is disabled.
1 = Timer enabled to count.
[6] Timer Input/Output Polarity
TPOL Operation of this bit is a function of the current operating mode of the timer.

ONE-SHOT Mode

When the timer is disabled, the Timer Output signal is set to the value of this bit.

When the timer is enabled, the Timer Output signal is complemented upon timer reload.

CONTINUOUS Mode

When the timer is disabled, the Timer Output signal is set to the value of this bit. When the

timer is enabled, the Timer Output signal is complemented upon timer reload.

COUNTER Mode

If the timer is enabled the Timer Output signal is complemented after timer reload.

0 = Count occurs on the rising edge of the Timer Input signal.

1 = Count occurs on the falling edge of the Timer Input signal.

PWM Mode

0 = Timer Output is forced Low (0) when the timer is disabled. When enabled, the Timer Output
is forced High (1) upon PWM count match and forced Low (0) upon reload.

1 = Timer Output is forced High (1) when the timer is disabled. When enabled, the Timer Out-
put is forced Low (0) upon PWM count match and forced High (1) upon reload.

CAPTURE Mode

0 = Count is captured on the rising edge of the Timer Input signal.

1 = Count is captured on the falling edge of the Timer Input signal.

COMPARE Mode

When the timer is disabled, the Timer Output signal is set to the value of this bit. When the

timer is enabled, the Timer Output signal is complemented upon timer reload.
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Bit

Description (Continued)

6]
TPOL
(cont'd.)

GATED Mode

0 = Timer counts when the Timer Input signal is High (1) and interrupts are generated on the

falling edge of the Timer Input.

1 = Timer counts when the Timer Input signal is Low (0) and interrupts are generated on the

rising edge of the Timer Input.
CAPTURE/COMPARE Mode

0 = Counting is started on the first rising edge of the Timer Input signal. The current count is
captured on subsequent rising edges of the Timer Input signal.

1 = Counting is started on the first falling edge of the Timer Input signal. The current count is
captured on subsequent falling edges of the Timer Input signal.

[5:3]
PRES

Prescale Value

The timer input clock is divided by 2PRES, where PRES is set from 0 to 7. The prescaler is reset
each time the timer is disabled to ensure proper clock division each time the timer is restarted.

000 = Divide by 1.
001 = Divide by 2.
010 = Divide by 4.
011 = Divide by 8.
100 = Divide by 16.
101 = Divide by 32.
110 = Divide by 64.
111 = Divide by 128.

[2:0]
TMODE

Timer Mode

000 = ONE-SHOT Mode.

001 = CONTINUOUS Mode.

010 = COUNTER Mode.

011 = PWM Mode.

100 = CAPTURE Mode.

101 = COMPARE Mode.

110 = GATED Mode.

111 = CAPTURE/COMPARE Mode.
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Watchdog Timer (WDT) protects against corrupt or unreliable software, power faults, and
other system-level problems which can place the Z8 Encore! XP® F0822 Series device
into unsuitable operating states. It includes the following features:

* On-chip RC oscillator
* A selectable time-out response; either Reset or Interrupt

*  24-bit programmable time-out value

Operation

PS022518-1011

WDT is a retriggerable one-shot timer that resets or interrupts the Z8 Encore! XP® F0822
Series device when the WDT reaches its terminal count. It uses its own dedicated on-chip
RC oscillator as its clock source. The WDT has only two modes of operation: ON and
OFF. When enabled, it always counts and must be refreshed to prevent a time-out. An
enable is performed by executing the WDT instruction or by setting the WDT_AO option
bit. The WDT_AO bit enables the WDT to operate all of the time, even if a WDT instruc-
tion has not been executed.

The WDT is a 24-bit reloadable downcounter that uses three 8-bit registers in the eZ8
CPU register space to set the reload value. The nominal WDT time-out period is calcu-
lated using the following equation:

WDT Time-out Period (ms) = WDT Reload Value Rellcz)ad Value

In this equation, the WDT reload value is the decimal value of the 24-bit value furnished
by {WDTU[7:0], WDTH[7:0], WDTL[7:0]}; the typical Watchdog Timer RC oscillator
frequency is 10kHz. WDT cannot be refreshed after it reaches 000002H. The WDT reload
value must not be set to values below 000004H.

Table 47 lists the approximate time-out delays based on minimum and maximum WDT
reload values.

PRELIMINARY Watchdog Timer
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Table 47. Watchdog Timer Approximate Time-Out Delays

Approximate Time-Out Delay

WDT Reload = WDT Reload 11, 19kHz Typical WDT Oscillator Frequency)

Value Value

(Hex) (Decimal) Typical Description
000004 4 400us Minimum time-out delay
FFFFFF 16,777,215 1677.5s Maximum time-out delay

Watchdog Timer Refresh

When first enabled, the WDT is loaded with the value in the WDT Reload registers. The
WNDT then counts down to 000000H unless a WDT instruction is executed by the eZ8
CPU. Execution of the WDT instruction causes the downcounter to be reloaded with the
WDT reload value stored in the WDT Reload registers. Counting resumes following the
reload operation.

When Z8 Encore! XP® F0822 Series device is operating in DEBUG Mode (using the
OCD), the WDT is continuously refreshed to prevent spurious WDT time-outs.

Watchdog Timer Time-Out Response

The WDT times out when the counter reaches 000000H. A WDT time-out generates
either an Interrupt or a Reset. The WDT_RES option bit determines the time-out response
of the WDT. For information regarding programming of the WDT_RES option bit, see the
Option Bits chapter on page 155.

WDT Interrupt in Normal Operation

If configured to generate an interrupt when a time-out occurs, the WDT issues an interrupt
request to the interrupt controller and sets the WDT status bit in the WDT Control Regis-
ter. If interrupts are enabled, the eZ8 CPU responds to the interrupt request by fetching the
WDT interrupt vector and executing the code from the vector address. After time-out and
interrupt generation, the WDT counter rolls over to its maximum value of FFFFFH and
continues counting. The WDT counter is not automatically returned to its reload value.

WDT Reset in STOP Mode

If enabled in STOP Mode and configured to generate a Reset when a time-out occurs and
the device is in STOP Mode, the WDT initiates a Stop Mode Recovery. Both the WDT
status bit and the stop bit in the WDT Control Register is set to 1 following the WDT time-
out in STOP Mode. For more information, see the Reset and Stop Mode Recovery chapter
on page 21. Default operation is for the WDT and its RC oscillator to be enabled during
STOP Mode.
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To minimize power consumption in STOP Mode, the WDT and its RC oscillator is dis-
abled in STOP Mode. The following sequence configures the WDT to be disabled when
the Z8F082x family device enters STOP Mode following execution of a stop instruction:

1. Write 55H to the Watchdog Timer Control Register (WDTCTL).
2. Write AAH to the Watchdog Timer Control Register (WDTCTL).

3. Write 81H to the Watchdog Timer Control Register (WDTCTL) to configure the WDT
and its oscillator to be disabled during STOP Mode. Alternatively, write O0H to the
WDTCTL as the third step in this sequence to reconfigure the WDT and its oscillator
to be enabled during STOP Mode. This sequence only affects WDT operation in
STOP Mode.

WDT Reset in Normal Operation

If configured to generate a Reset when a time-out occurs, the WDT forces the device into
the Reset state. The WDT status bit in the WDT Control Register is set to 1. For more
information about Reset, see the Reset and Stop Mode Recovery chapter on page 21.

WDT Reset in STOP Mode

If enabled in STOP Mode and configured to generate a Reset when a time-out occurs and
the device is in STOP Mode, the WDT initiates a Stop Mode Recovery. Both the WDT
status bit and the stop bit in the WDT Control Register is set to 1 following WDT time-out
in STOP Mode. For more information about Reset, see the Reset and Stop Mode Recovery
chapter on page 21. Default operation is for the WDT and its RC oscillator to be enabled
during STOP Mode.

WDT RC Disable in STOP Mode

To minimize power consumption in STOP Mode, the WDT and its RC oscillator can be
disabled in STOP Mode. The following sequence configures the WDT to be disabled
when the Z8F082x family device enters STOP Mode following execution of a stop
instruction:

1. Write 55H to the Watchdog Timer Control Register (WDTCTL).
2. Write AAH to the Watchdog Timer Control Register (WDTCTL).

3. Write 81H to the Watchdog Timer Control Register (WDTCTL) to configure the WDT
and its oscillator to be disabled during STOP Mode. Alternatively, write OOH to the
Watchdog Timer Control Register (WDTCTL) as the third step in this sequence to
reconfigure the WDT and its oscillator to be enabled during STOP Mode. This
sequence only affects WDT operation in STOP Mode.

PRELIMINARY Operation
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Watchdog Timer Reload Unlock Sequence

Writing the unlock sequence to the WDTCTL address unlocks the three Watchdog Timer
Reload Byte registers (WDTU, WDTH, and WDTL) to allow changes to the time-out
period. These write operations to the WDTCTL address produce no effect on the bits in
the WDTCTL. The locking mechanism prevents spurious writes to the Reload registers.
The following sequence is required to unlock the Watchdog Timer Reload Byte registers
(WDTU, WDTH, and WDTL) for write access.

1. Write 55H to the Watchdog Timer Control Register (WDTCTL).
2. Write AAH to the Watchdog Timer Control Register (WDTCTL).
3. Write the Watchdog Timer Reload Upper Byte Register (WDTU).
4. Write the Watchdog Timer Reload High Byte Register (WDTH).
5.  Write the Watchdog Timer Reload Low Byte Register (WDTL).

All three Watchdog Timer Reload registers must be written in this order. There must be no
other register writes between each of these operations. If a register write occurs, the lock
state machine resets and no further writes occur unless the sequence is restarted. The value
in the Watchdog Timer Reload registers is loaded into the counter when the WDT is first
enabled and every time a WDT instruction is executed.

Watchdog Timer Control Register Definitions

This section defines the features of the following Watchdog Timer Control registers.
Watchdog Timer Control Register (WDTCTL): see page 74

Watchdog Timer Reload Upper Byte Register (WDTU): see page 75

Watchdog Timer Reload High Byte Register (WDTH): see page 75

Watchdog Timer Reload Low Byte Register (WDTL): see page 76

Watchdog Timer Control Register

The Watchdog Timer Control Register (WDTCTL), shown in Table 48, is a read-only
Register that indicates the source of the most recent Reset event, a Stop Mode Recovery
event, and a WDT time-out. Reading this register resets the upper four bits to 0.

Writing the 55H, AAH unlock sequence to the Watchdog Timer Control Register
(WDTCTL) address unlocks the three Watchdog Timer Reload Byte registers (WDTU,
WDTH, and WDTL) to allow changes to the time-out period. These write operations to
the WDTCTL address produce no effect on the bits in the WDTCTL. The locking mecha-
nism prevents spurious writes to the Reload registers.

PS022518-1011 PRELIMINARY Watchdog Timer Control Register
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Table 48. Watchdog Timer Control Register (WDTCTL)
Bit 7 6 5 4 3 | 2 | 1 | o
Field POR STOP WDT EXT Reserved
RESET See Table 49. 0
R/W R
Address FFOH
Bit Description
[7] Power-On Reset Indicator
POR If this bit is set to 1, a POR event occurred. This bit is reset to 0, if a WDT time-out or Stop

Mode Recovery occurs. This bit is also reset to 0, when the register is read.

[6] Stop Mode Recovery Indicator

STOP If this bit is set to 1, a Stop Mode Recovery occurred. If the STOP and WDT bits are both set to
1, the Stop Mode Recovery occurred due to a WDT time-out. If the stop bit is 1 and the WDT bit
is 0, the Stop Mode Recovery was not caused by a WDT time-out. This bit is reset by a POR or
a WDT time-out that occurred while not in STOP Mode. Reading this register also resets this bit.

[5] Watchdog Timer Time-Out Indicator

WDT If this bit is set to 1, a WDT time-out occurred. A POR resets this pin. A Stop Mode Recovery
due a change in an input pin also resets this bit. Reading this register resets this bit.

[4] External Reset Indicator

EXT If this bit is set to 1, a Reset initiated by the external RESET pin occurred. A POR or a Stop
Mode Recovery from a change in an input pin resets this bit. Reading this register resets this bit.

[3:0] Reserved

These bits are reserved and must be programmed to 0000.

Table 49. Watchdog Timer Events

Reset or Stop Mode Recovery Event POR STOP  WDT EXT
Power-On Reset 1 0 0 0
Reset through RESET pin assertion 0 0 0 1
Reset through WDT time-out 0 0 1 0
Reset through the OCD (OCTCTL[1] set to 1) 1 0 0 0
Reset from STOP Mode through the DBG Pin driven Low 1 0 0 0
Stop Mode Recovery through GPIO pin transition 0 1 0 0
Stop Mode Recovery through WDT time-out 0 1 1 0
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Watchdog Timer Reload Upper, High and Low Byte Registers

The Watchdog Timer Reload Upper, High and Low Byte (WDTU, WDTH, WDTL) regis-
ters, shown in Tables 50 through 52, form the 24-bit reload value that is loaded into the
WDT, when a WDT instruction executes. The 24-bit reload value is {WDTU[7:0],
WDTH[7:0], WDTL[7:0]}. Writing to these registers sets the required reload value. Read-
ing from these registers returns the current WDT count value.

A Caution: The 24-bit WDT reload value must not be set to a value less than 000004H.

Table 50. Watchdog Timer Reload Upper Byte Register (WDTU)

Bit 7 | e | s | 4 | 3 | 2 | 1 | o
Field WDTU

RESET 1

R/W R/W*

Address FF1H

Note: *R/W = a read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description

[7:0] WDT Reload Upper Byte
WDTU Most significant byte (MSB), bits [23:16] of the 24-bit WDT reload value.

Table 51. Watchdog Timer Reload High Byte Register (WDTH)

Bit 7 | e | s | a4 | 3 | 2 | 1 | o
Field WDTH

RESET 1

R/W R/W*

Address FF2H

Note: *R/W = a read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description

[7:0] WDT Reload High Byte
WDTH Middle byte, bits [15:8] of the 24-bit WDT reload value.

PS022518-1011 PRELIMINARY Watchdog Timer Control Register
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Table 52. Watchdog Timer Reload Low Byte Register (WDTL)

Bit 7 | e | s | a4 | 3 2 | 1 | o
Field WDTL
RESET 1
RIW RIW*
Address FF3H

Note: *R/W = a read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description

[7:0] WDT Reload Low
Least significant byte (LSB), bits [7:0] of the 24-bit WDT reload value.

WDTL

PS022518-1011

PRELIMINARY

Watchdog Timer Control Register

76



Z8 Encore! XP® F0822 Series
Product Specification

OIXYS

Universal Asynchronous Receiver/
Transmitter

The Universal Asynchronous Receiver/Transmitter (UART) is a full-duplex communica-
tion channel capable of handling asynchronous data transfers. The UART uses a single
8-bit data mode with selectable parity. Features of the UART include:

8-bit asynchronous data transfer

Selectable even- and odd-parity generation and checking
Option of one or two stop bits

Separate transmit and receive interrupts

Framing, parity, overrun, and break detection

Separate transmit and receive enables

16-bit Baud Rate Generator

Selectable MULTIPROCESSOR (9-Bit) Mode with three configurable interrupt
schemes

BRG timer mode

Driver Enable output for external bus transceivers

Architecture

PS022518-1011

The UART consists of three primary functional blocks: Transmitter, Receiver, and Baud
Rate Generator. The UART’s transmitter and receiver functions independently, but use the
same baud rate and data format. Figure 11 displays the UART architecture.

PRELIMINARY Universal Asynchronous Receiver/
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Figure 11. UART Block Diagram
Operation

The UART always transmits and receives data in an 8-bit data format, least-significant bit
first. An even or odd parity bit is optionally added to the data stream. Each character
begins with an active Low start bit and ends with either 1 or 2 active High stop bits.
Figures 12 and 13 display the asynchronous data format used by the UART without parity
and with parity, respectively.

PS022518-1011 PRELIMINARY Operation
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Figure 12. UART Asynchronous Data Format without Parity
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Figure 13. UART Asynchronous Data Format with Parity

Transmitting Data using Polled Method

PS022518-1011

Observe the following procedure to transmit data using polled method of operation:

1. Write to the UART Baud Rate High Byte and Low Byte registers to set the required
baud rate.

2. Enable the UART pin functions by configuring the associated GPIO port pins for
alternate function operation.

3. If MULTIPROCESSOR Mode is required, write to the UART Control 1 Register to
enable multiprocessor (9-bit) mode functions.
— Set the Multiprocessor Mode Select (MPEN) to enable MULTIPROCESSOR
Mode.
4. Write to the UART Control 0 Register to:
—  Set the transmit enable bit (TEN) to enable the UART for data transmission

— If parity is required, and MULTIPROCESSOR Mode is not enabled, set the parity
enable bit (PEN) and select either even or odd parity (PSEL).

PRELIMINARY Operation
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— Set or clear the CTSE bit to enable or disable control from the remote receiver
using the CTS pin.

Check the TDRE bit in the UART Status 0 Register to determine if the Transmit Data

Register is empty (indicated by a 1). If empty, continue to Step 6. If the Transmit Data

Register is full (indicated by a 0), continue to monitor the TDRE bit until the Transmit

Data Register becomes available to receive new data.

Write the UART Control 1 Register to select the outgoing address bit:

— Set the Multiprocessor Bit Transmitter (MPBT) if sending an address byte, clear it
if sending a data byte.

Write data byte to the UART Transmit Data Register. The transmitter automatically
transfers data to the Transmit Shift Register and then transmits the data.

If required, and multiprocessor mode is enabled, make any changes to the Multipro-
cessor Bit Transmitter (MPBT) value.

To transmit additional bytes, return to Step 5.

Transmitting Data Using Interrupt-Driven Method

The UART Transmitter interrupt indicates the availability of the Transmit Data Register to
accept new data for transmission. Follow the below steps to configure the UART for inter-
rupt-driven data transmission:

1

PS022518-1011

Write to the UART Baud Rate High and Low Byte registers to set the required baud
rate.

Enable the UART pin functions by configuring the associated GPIO port pins for
alternate function operation.

Execute a DI instruction to disable interrupts.

Write to the Interrupt Control registers to enable the UART Transmitter interrupt and
set the required priority.

If MULTIPROCESSOR Mode is required, write to the UART Control 1 Register to
enable MULTIPROCESSOR (9-Bit) Mode functions:

— Set the Multiprocessor Mode Select (MPEN) to enable MULTIPROCESSOR
Mode.

Write to the UART Control 0 Register to:

—  Set the transmit enable (TEN) bit to enable the UART for data transmission

— Enable parity, if required, and if MULTIPROCESSOR Mode is not enabled, and
select either even or odd parity.

PRELIMINARY Operation
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— Set or clear the CTSE bit to enable or disable control from the remote receiver
through the CTS pin.

Execute an El instruction to enable interrupts.

The UART is now configured for interrupt-driven data transmission. Because the UART
Transmit Data Register is empty, an interrupt is generated immediately. When the UART
transmit interrupt is detected, the associated ISR performs the following:

1

Write the UART Control 1 Register to select the outgoing address bit:

— Set the Multiprocessor Bit Transmitter (MPBT) if sending an address byte; clear it
if sending a data byte.

Write the data byte to the UART Transmit Data Register. The transmitter automati-
cally transfers data to the Transmit Shift Register and then transmits the data.

Clear the UART transmit interrupt bit in the applicable Interrupt Request Register.

Execute the IRET instruction to return from the ISR and waits for the Transmit Data
Register to again become empty.

Receiving Data using the Polled Method

PS022518-1011

Observe the following procedure to configure the UART for polled data reception:

1.

Write to the UART Baud Rate High and Low Byte registers to set the required baud
rate.

Enable the UART pin functions by configuring the associated GPIO port pins for
alternate function operation.

Write to the UART Control 1 Register to enable Multiprocessor mode functions, if
appropriate.

Write to the UART Control 0 Register to:

— Set the receive enable bit (REN) to enable the UART for data reception

— Enable parity, if required, and if MULTIPROCESSOR Mode is not enabled, and
select either even or odd parity.

Check the RDA bit in the UART Status 0 Register to determine if the Receive Data
Register contains a valid data byte (indicated by 1). If RDA is set to 1 to indicate
available data, continue to Step 6. If the Receive Data Register is empty (indicated by
a 0), continue to monitor the RDA bit awaiting reception of the valid data.
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Read data from the UART Receive Data Register. If operating in MULTIPROCES-
SOR (9-Bit) Mode, further actions may be required depending on the Multiprocessor
Mode bits MPMDI1:0].

Return to Step 5 to receive additional data.

Receiving Data Using Interrupt-Driven Method

PS022518-1011

The UART Receiver interrupt indicates the availability of new data (as well as error con-
ditions). Observe the following procedure to configure the UART receiver for interrupt-
driven operation:

1.

Write to the UART Baud Rate High and Low Byte registers to set the required baud
rate.

Enable the UART pin functions by configuring the associated GPIO port pins for
alternate function operation.

Execute a DI instruction to disable interrupts.

Write to the Interrupt Control registers to enable the UART Receiver interrupt and set
the required priority.

Clear the UART Receiver interrupt in the applicable Interrupt Request Register.
Write to the UART Control 1 Register to enable MULTIPROCESSOR (9-Bit) Mode
functions, if appropriate.

— Set the Multiprocessor Mode Select (MPEN) to enable MULTIPROCESSOR
Mode.

— Set the Multiprocessor Mode bits, MPMD[1:0], to select the required address
matching scheme.

— Configure the UART to interrupt on received data and errors or errors only (inter-
rupt on errors only is unlikely to be useful for Z8 Encore! XP devices without a
DMA block)

Write the device address to the Address Compare Register (automatic multiprocessor
modes only).

Write to the UART Control 0 Register to:
— Set the receive enable bit (REN) to enable the UART for data reception

— Enable parity, if required, and if MULTIPROCESSOR Mode is not enabled, and
select either even or odd parity.

Execute an El instruction to enable interrupts.

PRELIMINARY Operation
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The UART is now configured for interrupt-driven data reception. When the UART
Receiver Interrupt is detected, the associated ISR performs the following operations:

1. Check the UART Status O Register to determine the source of the interrupt, whether
error, break or received data.

2. If the interrupt was due to data available, read the data from the UART Receive Data
Register. If operating in MULTIPROCESSOR (9-Bit) Mode, further actions may be
required depending on the Multiprocessor Mode bits MPMD[1:0].

3. Clear the UART Receiver Interrupt in the applicable Interrupt Request Register.
4. Execute the IRET instruction to return from the ISR and await more data.

Clear To Send Operation

The CTS pin, if enabled by the CTSE bit of the UART Control 0 Register, performs flow
control on the outgoing transmit datastream. The Clear To Send (CTS) input pin is sam-
pled one system clock before beginning any new character transmission. To delay trans-
mission of the next data character, an external receiver must deassert CTS at least one
system clock cycle before a new data transmission begins. For multiple character trans-
missions, this would be done during stop bit transmission. If CTS deasserts in the middle
of a character transmission, the current character is sent completely.

Multiprocessor (9-Bit) Mode

The UART features a MULTIPROCESSOR (9-Bit) Mode that uses an extra (9th) bit for
selective communication when a number of processors share a common UART bus. In
MULTIPROCESSOR Mode (also referred to as 9-bit mode), the multiprocessor bit is
transmitted following the 8 bits of data and immediately preceding the stop bit(s); this
character format is shown in Figure 14.

g Data Field > ! Stop Bit(s)
Idle State | | |
of Line
1 | ! ' . |
\ Start/ Bit0 >< Bitl >< Bit2 >< Bit3 >< Bit4 >< Bit5 >< Bit6 >< Bit7 X MP / | [
0
| 5! \
| | ‘
|<—>l

| 2 |

Figure 14. UART Asynchronous Multiprocessor Mode Data Format
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In MULTIPROCESSOR (9-Bit) Mode, the Parity bit location (9th bit) becomes the Multi-
processor control bit. The UART Control 1 and Status 1 registers provide MULTIPRO-
CESSOR (9-Bit) Mode control and status information. If an automatic address matching
scheme is enabled, the UART Address Compare Register holds the network address of the
device.

MULTIPROCESSOR (9-bit) Mode Receive Interrupts

When multiprocessor mode is enabled, the UART only processes frames addressed to it.
The determination of whether a frame of data is addressed to the UART can be made in
hardware, software, or combination of the two depending on the multiprocessor configura-
tion bits. In general, the address compare feature reduces the load on the CPU, because it
is not required to access the UART when it receives data directed to other devices on the
multinode network. The following MULTIPROCESSOR modes are available in hard-
ware:

¢ Interrupt on all address bytes
¢ Interrupt on matched address bytes and correctly framed data bytes

¢ Interrupt only on correctly framed data bytes

These modes are selected with MPMDI[1:0] in the UART Control 1 Register. For all
MULTIPROCESSOR maodes, bit MPEN of the UART Control 1 Register must be set to 1.

The first scheme is enabled by writing 01b to MPMD[1:0]. In this mode, all incoming
address bytes cause an interrupt, while data bytes never cause an interrupt. The ISR must
manually check the address byte that caused triggered the interrupt. If it matches the
UART address, the software should clear MPMDIO0]. At this point, each new incoming
byte interrupts the CPU. The software is then responsible for determining the end-of-
frame. It checks for the end-of-frame by reading the MPRX bit of the UART Status 1 Reg-
ister for each incoming byte. If MPRX=1, then a new frame begins. If the address of this
new frame is different from the UART’s address, then MPMD[0] must be set to 1 causing
the UART interrupts to go inactive until the next address byte. If the new frame’s address
matches the UART’s address, then the data in the new frame should be processed as well.

The second scheme is enabled by setting MPMD[1:0] to 10b and writing the UART’s
address into the UART Address Compare Register. This mode introduces more hardware
control, interrupting only on frames that match the UART’s address. When an incoming
address byte does not match the UART’s address, it is ignored. All successive data bytes in
this frame are also ignored. When a matching address byte occurs, an interrupt is issued
and further interrupts occur on each successive data byte. The first data byte in the frame
contains the NEWFRM=1 in the UART Status 1 Register. When the next address byte
occurs, the hardware compares it to the UART’s address. If there is a match, the interrupts
continue and the NEWFRM bit is set for the first byte of the new frame. If there is no
match, then the UART ignores all incoming bytes until the next address match.

PRELIMINARY Operation
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The third scheme is enabled by setting MPMD[1:0] to 11b and by writing the UART’s
address into the UART Address Compare Register. This mode is identical to the second
scheme, except that there are no interrupts on address bytes. The first data byte of each
frame is still accompanied by a NEWFRM assertion.

External Driver Enable

1

The UART provides a Driver Enable (DE) signal for off-chip bus transceivers. This fea-
ture reduces the software overhead associated with using a GP10O pin to control the trans-
ceiver when communicating on a multitransceiver bus, such as RS-485.

Driver Enable is an active High signal that envelopes the entire transmitted data frame
including parity and stop bits, as shown in Figure 15. The Driver Enable signal asserts
when a byte is written to the UART Transmit Data Register. The Driver Enable signal
asserts at least one UART bit period and no greater than two UART bit periods before the
start bit is transmitted. This format allows a setup time to enable the transceiver. The
Driver Enable signal deasserts one system clock period after the last stop bit is transmit-
ted. This one system clock delay allows both time for data to clear the transceiver before
disabling it, as well as the ability to determine if another character follows the current
character. In the event of back to back characters (new data must be written to the Trans-
mit Data Register before the previous character is completely transmitted) the DE signal is
not deasserted between characters. The DEPOL bit in the UART Control Register 1 sets

DE /
0

Idle State
of Line

1
\ Start/ Bit0 >< Bitl >< Bit2 >< Bit3 >< Bit4 >< Bit5 >< Bit6 >< Bit7 ><Parity/
0 \

the polarity of the Driver Enable signal.

Data Field

Stop Bit

| |
| |
| Isb msb |

Fi

PS022518-1011

T
|
4—»'
|

| |
| | 1

gure 15. UART Driver Enable Signal Timing (with 1 Stop Bit and Parity)

The Driver Enable to start bit setup time is calculated as follows:

1 ) < . . < ( 2
(——————————————Baud Rate (H2)) = DE to Start Bit Setup Time (s) < Baud Rate (A2) 2
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UART Interrupts

The UART features separate interrupts for the transmitter and the receiver. In addition,
when the UART primary functionality is disabled, the BRG also functions as a basic timer
with interrupt capability.

Transmitter Interrupts

The transmitter generates a single interrupt when the Transmit Data Register Empty bit
(TDRE) is set to 1. This indicates that the transmitter is ready to accept new data for trans-
mission. The TDRE interrupt occurs after the Transmit Shift Register has shifted the first
bit of data out. At this point, the Transmit Data Register can be written with the next char-
acter to send. This provides 7 bit periods of latency to load the Transmit Data Register
before the Transmit Shift Register completes shifting the current character. Writing to the
UART Transmit Data Register clears the TDRE bit to 0.

Receiver Interrupts
The receiver generates an interrupt when any of the following occurs:

* Addatabyte is received and is available in the UART Receive Data Register. This inter-
rupt can be disabled independent of the other receiver interrupt sources. The received
data interrupt occurs after the receive character is received and placed in the Receive
Data Register. Software must respond to this received data available condition before
the next character is completely received to avoid an overrun error. In MULTIPRO-
CESSOR Mode (MPEN = 1), the receive data interrupts are dependent on the multipro-
cessor configuration and the most recent address byte.

* A break is received.
e Anoverrun is detected.

¢ A data framing error is detected.

UART Overrun Errors

When an overrun error condition occurs the UART prevents overwriting of the valid data
currently in the Receive Data Register. The break detect and overrun status bits are not
displayed until the valid data is read.

After the valid data has been read, the UART Status 0 Register is updated to indicate the
overrun condition (and Break Detect, if applicable). The RDA bit is set to 1 to indicate that
the Receive Data Register contains a data byte. However, because the overrun error
occurred, this byte cannot contain valid data and should be ignored. The BRKD bit indi-
cates if the overrun was caused by a break condition on the line. After reading the status
byte indicating an overrun error, the Receive Data Register must be read again to clear the
error bits is the UART Status 0 Register. Updates to the Receive Data Register occur only
when the next data word is received.
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UART Data and Error Handling Procedure
Figure 16 displays the recommended procedure for UART receiver ISRs.

Baud Rate Generator Interrupts

If the BRG interrupt enable is set, the UART Receiver interrupt asserts when the UART
Baud Rate Generator reloads. This action allows the BRG to function as an additional
counter if the UART functionality is not employed.

Receiver
Ready
A

Receiver
Interrupt

Read Status

Read Data which
clears RDA bit and
resets error bits

A

( ReadData ) Discard Data

Figure 16. UART Receiver Interrupt Service Routine Flow
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UART Baud Rate Generator

The UART Baud Rate Generator creates a lower frequency baud rate clock for data trans-
mission. The input to the BRG is the system clock. The UART Baud Rate High and Low
Byte registers combine to create a 16-bit baud rate divisor value (BRG[15:0]) that sets the
data transmission rate (baud rate) of the UART. The UART data rate is calculated using
the following equation:

System Clock Frequency (Hz)
16xUART Baud Rate Divisor Value

UART Data Rate (bits/s) =

When the UART is disabled, the BRG functions as a basic 16-bit timer with interrupt upon
time-out. Observe the following procedure to configure the BRG as a timer with interrupt
upon time-out:

1. Disable the UART by clearing the REN and TEN bits in the UART Control 0 Register
to 0.

2. Load the appropriate 16-bit count value into the UART Baud Rate High and Low Byte
registers.

3. Enable the BRG timer function and associated interrupt by setting the BKGCTL bit in
the UART Control 1 Register to 1.

When configured as a general-purpose timer, the interrupt interval is calculated using the
following equation:

Interrupt Interval (s) = System Clock Period (s) XBRG[15:0] ]

UART Control Register Definitions

The UART Control registers support the UART and the associated Infrared Encoder/
Decoders. See the Infrared Encoder/Decoder chapter on page 97 for more information
about the infrared operation.

UART Transmit Data Register

Data bytes written to the UART Transmit Data Register, shown in Table 53, are shifted out
on the TXDx pin. The write-only UART Transmit Data Register shares a Register File
address with the read-only UART Receive Data Register.
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Table 53. UART Transmit Data 