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A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT BEXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (a) are intended for surgieak iimjol the body, or (b)

support or sustain life and whose failtoeperform when properly usedaccordance with instructions for

use provided in the labelirgan be reasonably expectedesult in a sigfiicant injury to the user. A criti-

cal component is any component in a life support device or system whose failure to perform can be reason-
ably expected to cause the failure of the life supportcéest system or to affect its safety or effectiveness.

Document Disclaimer

©2011 Zilog, Inc. All rights reservednformation in this publication exerning the devices, applications,
or technology described is inteztito suggest possible uses and baguperseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDEA REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information containedhin this document haseen verified according
to the general principles of electrical and mechanical engineering.

Z8, Z8 Encore! and ZBncore! XP are trademarks or registered trademarks of Zilog, Inc. All other product
or service names are the property of their respective owners.
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Revision History

Each instance in this document’s reviskistory reflects a change from its previous edi-
tion. For more details, refer the corresponding page(s) or appropriate links furnished in
the table below.

Revision Page
Date Level Chapter/Section Description No.
Sep 15 LED Drive Enable Register Clarified statement surrounding the Alternate 51,

Function Register as it relates to the LED @
function; revised Flash Sector Protect Regis- 210
ter description; revised Packaging chapter.

Mar 14 n/a Changed branding to Z8 Encore! XP F0823 All
2008 Series where appropriate.
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Memory
Jun 11 n/a Updated to combine Z8 Encore! 8K and Z8  All
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Dec 10 Ordering Information Updated Ordering Information chapter. 211
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ew

Zilog’s Z8 Encore! XP micraantroller unit (MCU) family ofproducts are the first Zilog
microcontroller products based on the 8428 CPU core. Z8 Encore! XP F0823 Series
products expand upon Ziloggxtensive line of 8-bit microcarollers. The Flash in-circuit
programming capability allows for fastenadopment time and progm changes in the
field. The new eZ8 CPU is upward compatiiligh existing Z8 instructions. The rich
peripheral set of Z8 Encore! XP F0823 $enmakes it suitable for a variety of applica-
tions including motor aatrol, security systems, homepdiances, personal electronic
devices, and sensors.

Features

PS024315-1011

The key features of Z8 Encore! XP F0823 Series include:

e 5MHz ezZ8 CPU

e 1KB, 2KB, 4KB, or 8KB Flash memonyith in-circuit programming capability
e 2568, 512B, or 1KB register RAM

* 6to 24 1/O pins depending upon package

¢ Internal precision oscillator (IPO)

¢ Full-duplex UART

¢ The universal asynchronousedver/transmitter (UART) baud rate generator (BRG)
can be configured and used as a basic 16-bit timer

* Infrared data association (IrDAompliant infrared encoder/decoders, integrated with
UART

¢ Two enhanced 16-bit timers with capture, compare, and PWM capability
e Watchdog Timer (WDT) with diicated internal RC oscillator

¢ On-Chip Debugger (OCD)

¢ Optional 8-channel, 10-bit Anag-to-Digital Converter (ADC)

* On-Chip analog comparator

* Upto 20 vectored interrupts

¢ Direct LED drive with progammable drive strengths

¢ \Dltage Brown-Out (VBO) protection

* Power-On Reset (POR)

PRELIMINARY Overview
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e 2.7V to 3.6V operating voltage

e Up to thirteen 5V-tolerant input pins

e 8-, 20-, and 28-pin packages

Z8 Encore! XP ® F0823 Series
Product Specification
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e 0°Cto +70°C and —40°C to +105°C for operating temperature ranges

Table 1 lists the basic features and packagesgpailable for each dee within the Z8
Encore! XF® F0823 Series product line.

Table 1. F0823 Series Family Part Selection Guide

Part Flash RAM ADC

Number (KB) (B) 1/0 Inputs Packages

Z8F0823 8 1024 6-22 4-8 8-, 20-, and 28-pins
Z8F0813 8 1024 6-24 0 8-, 20-, and 28-pins
Z8F0423 4 1024 6-22 4-8 8-, 20-, and 28-pins
Z8F0413 4 1024 6-24 0 8-, 20-, and 28-pins
Z8F0223 2 512 6-22 4-8 8-, 20-, and 28-pins
Z8F0213 2 512 6-24 0 8-, 20-, and 28-pins
Z8F0123 1 256  6-22 4-8 8-, 20-, and 28-pins
Z8F0113 1 256 624 0 8-, 20-, and 28-pins

PRELIMINARY
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Block Diagram
Figure 1 displays a block diagram of the FO0823 Series architecture.
System Oscillator Internal
Clock*————™  control - Precision
Oscillator
On-Chip < - Low quer
> Debugggr B RC OSC|”ator
Y -
A
078 POR/VBO \
CPU |_ .| Interrupt %ndn$e||sert WDT
~— 1 Controller ontrolle
A A A A A
< Y Y .
Memory Busses A 0
_Register Bus Y Y A i Y _
o A A A A A A A o
Y Y \ Y Yy \ A |
Timers| | UART Comparator ADC Flash RAM
Controller Controller
A A A
A A
Y
Y Y
DA Flash
A Memory RAM
Y Y Y Y
GPIO

Figure 1. Z8 Encore! XP F0823 Series Block Diagram
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CPU and Peripheral Overview

The eZ8 CPU, Zilog's latest 8-bit central processing unit (CPU), meets the continuing
demand for faster and code-efficient micrdrolters. The eZ8 CPU executes a superset
of the original Z8 instruction $eThe eZ8 CPU features include:

* Direct register-to-register architecture allows each register to function as an
accumulator, improving execution time aretoeasing the required program memory

e Software stack allows much greater dejot subroutine calls and interrupts than
hardware stacks

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

* New instructions improve execution efficienfty code developed using higher-level
programming languages, including C

* Pipelined instruction fetch and execution

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

* New instructions support 12-bit lineaddressing of the Register File
e Upto 10 MIPS operation
e C-Compiler friendly

e 2to 9 clock cycles per instruction

For more information about the eZ8 CPU, refer toeh& CPU Core User Manual
(UMQ128)available for download atww.zilog.com

General-Purpose I/0O

F0823 Series features 6 to 24 port pins {§ArC) for general-ppose 1/0O (GPIO). The
number of GPIO pins available is a function of package. Each pin is individually program-
mable. 5V-tolerant input pins are availableatii/Os on 8-pin devices, most I/Os on other
package types.

Flash Controller

The Flash Controller programs and eraseshrmemory. The Flash Controller supports
protection against accidentabgram and erasure, as well as factory serialization and read
protection.

PS024315-1011 PRELIMINARY CPU and Peripheral Overview
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Internal Precision Oscillator

The internal precision oscillator (IPO) is artmable clock source that requires no exter-
nal components.

10-Bit Analog-to- Digital Converter

The optional analog-to-digital ogerter (ADC) converts an analog input signal to a 10-bit
binary number. The ADC accepts inputs from eijfferent analog input pins in both sin-
gle-ended and differential modes.

Analog Comparator

The analog comparator compares the signal at an input pin with either an internal pro-
grammable voltage referenceasecond input pin. The compamabutput can be used to
drive either an output pin @0 generate an interrupt.

Universal Asynchronous Receiver/Transmitter

The UART is full-duplex and capable of handling asynchronous data transfers. The UART
supports 8- and 9-bit data modes and sabdetparity. The UARRIso supports multi-

drop address processing in hardware. The UART baud rate generator can be comitured a
used as a basic 16-bit timer.

Timers

Two enhanced 16-bit reloadable timers camed for timing/counting events or for
motor control operations. These timers prevéd16-bit programmableload counter and
operate in ONE-SHOT, CONTINUOUS, GATED, CAPTURE, CAPTURE RESTART,
COMPARE, CAPTURE AND COMPARE, PWM SINGLE OUTPUT, and PWM DUAL
OUTPUT modes.

Interrupt Controller

Z8 Encore! XP® F0823 Series products support up to 20 interrupts. These interrupts con-
sist of eight internal peripheral interrupts and 12 general-purpose I/O pin interrupt sources.
The interrupts have three levelspsgbgrammable interrupt priority.

Reset Controller

Z8 Encore! X® F0823 Series productsrche reset using the RESEih, POR, WDT
time-out, STOP Mode exit, or Voltadggrown-Out warning signal. The RESEpin is bidi-
rectional, that is, it furtions as reset source as well as a reset indicator.

PS024315-1011 PRELIMINARY CPU and Peripheral Overview
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On-Chip Debugger

F0823 Series products feature an integrated On-Chip Debugger. The OCD provides a rich-
set of debugging capabilities, such as imegénd writing registers, programming Flash
memory, setting breakpoints and executindecd\ single-pin intdace provides commu-
nication to the OCD.

PS024315-1011 PRELIMINARY CPU and Peripheral Overview
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Pin Description

Z8 Encore! XP F0823 Series products are available in a variety of package styles and pin
configurations. This chaptelescribes the signals and pin configurations available for

each of the package styles. For informagatout physical package specifications, thee
Packagingchapter on page 210

Available Packages
Table 2 lists the package styles that are avigltor each device in the FO823 Series prod-

uct line.
Table 2. FO823 Series Package Options

Part 8-pin 8-pin  20-pin  20-pin  20-pin  28-pin 28-pin  28-pin  8-pin QFN/
Number  ADC PDIP SOIC PDIP SOIC SSOP PDIP SOIC SSOP MLF-S
Z8F0823 Yes X X X X X X X X X
Z8F0813 No X X X X X X X X X
Z8F0423  Yes X X X X X X X X X
Z8F0413 No X X X X X X X X X
Z8F0223  Yes X X X X X X X X X
Z8F0213 No X X X X X X X X X
Z8F0123 Yes X X X X X X X X X
Z8F0113 No X X X X X X X X X

Pin Configurations

Figures 2 through 4 display the pin configurations for all packages available in the FO823
Series. For description of signals, see &&hlThe analog input alternate functions

(ANAX) are not available on the Z8F0x13 devices. The analog supply pigg, @w

AV g9 are also not available on thesetpaand are replaced by PB6 and PB7.

At reset, all pins of Ports A, B, and C ddfda an input state. laddition, any alternate
functionality is not enabled, so the pinsiftion as general-purpose input ports until pro-
grammed otherwise.

The pin configurations listed are preliminanyd subject to chandmsed on manufactur-
ing limitations.

PS024315-1011 PRELIMINARY Pin Description
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PAO/TOIN/TOOUT/DBG
PA1/TOOUT/ANA3/VREF/CLKIN
PA2/RESET/DEO/T10OUT

Figure 2. Z8F08x3, Z8F04x3, FO2x3 and Z8F01x3
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- VsSS

L PA5/TXDO/TIOUT/ANAO/CINP
— PA4/RXDO/ANA1/CINN

— PA3/CTSO/ANA2/COUT/T1IN

in 8-Pin SOIC, QFN/MLF-S, or PDIP Package*

PB1/ANAL —|
PB2/ANA2 —|
PB3/CLKIN/ANA3 —
VDD —
PAO/TOIN/TOOUT —|
PAL/TOOUT —

VSS —

PA2/DEQ —
PA3/CTSO —
PA4/RXD0O —

© 00N O O A WDN P

[En
o

20
19
18
17
16
15
14
13
12
11

PBO/ANAO
PC3/COUT/LED
PC2/ANA6/LED/VREF
PC1/ANA5/CINN/LED
PCO/ANA4/CINP/LED
DBG

RESET

PA7/T1OUT
PAG/T1IN/TIOUT
PA5/TXDO

Figure 3. Z8F08x3, Z8F04x3, F02x3 and Z8F01x3 in 20-Pin SOIC, SSOP or PDIP Package*

PB2/ANA2 —|
PB4/ANA7 —
PB5/VREF —
PB3/CLKIN/ANA3 —|
(PB6) AVDD —
VDD —
PAO/TOIN/TOOUT —
PAL/TOOUT —
VSS —

(PB7) AVSS —
PA2/DE0 —
PA3/CTSO —
PA4/RXD0O —
PA5/TXDO —

© 00N O O b WDN P

N
A W N PR O

28
27
26
25
24
23
22
21
20
19
18
17
16
15

PB1/ANA1
PBO/ANAO
PC3/COUT/LED
PC2/ANAG/LED
PC1/ANAS5/CINN/LED
PCO/ANA4/CINP/LED
DBG

RESET

PC7/LED

PC6/LED
PA7/T10UT
PCS5/LED

PC4/LED
PAG/T1IN/TIOUT

Figure 4. Z8F08x3, Z8F04x3, F02x3 and Z8F01x3 in 28-Pin SOIC, SSOP or PDIP Package*

PS024315-1011
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} Note: *Analog input alternate functions (ANAye not available on Z8F0x13 devices.

Signal Descriptions

Table 3 lists the Z8 Encore! XP F0823 Sesgmals. To determine the signals available
for the specific package styles, siee Pin Configurationsection on page 7 .

Table 3. Signal Descriptions

Signal Mnemonic 110 Description

General-Purpose 1/0O Ports A-D

PA[7:0] I/O Port A. These pins are used for general-purpose /0.

PB[7:0]* I/O Port B. These pins are used for general-purpose 1/0. PB6 and PB7 are
available only in those devices without an ADC.

PC[7:0] 1/0 Port C. These pins are used for general-purpose 1/0.

UART Controllers

TXDO 0] Transmit Data. This signal is the transmit output from the UART and IrDA.

RXDO I Receive Data. This signal is the receive input for the UART and IrDA.

CTSO I Clear To Send. This signal is the flow control input for the UART.

DE 0] 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/T10UT (0] Timer Output 0-1. These signals are output from the timers.

TOOUT/T10UT 0] Timer Complement Output 0-1. These signals are output from the timers
in PWM DUAL OUTPUT Mode.

TOIN/T1IN I Timer Input 0-1. These signals are used as the capture, gating and coun-
ter inputs. The TOIN signal is multiplexed TOOUT signals.

Comparator

CINP/CINN I Comparator Inputs. These signals are the positive and negative inputs to
the comparator.

Notes:

1. PB6 and PB7 are only available in 28-pin packages without ADC. In 28-pin packages with ADC, they are
replaced by AVpp and AVgs.

2. The AVpp and AVgg signals are available only in 28-pin packages with ADC. They are replaced by PB6 and
PB7 on 28-pin packages without ADC.

PS024315-1011 PRELIMINARY Signal Descriptions
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Table 3. Signal Descriptions (Continued)

Signal Mnemonic 1/0 Description

CouT 0] Comparator Output. This is the output of the comparator.

Analog

ANA[7:0] I Analog port. These signals are used as inputs to the ADC. The ANAO,
ANAL, and ANA2 pins can also access the inputs and output of the inte-
grated transimpedance amplifier.

VREF /0 Analog-to-Digital Converter reference voltage input.

Clock Input

CLKIN I Clock Input Signal. This pin can be used to input a TTL-level signal to be
used as the system clock.

LED Drivers

LED 0] Direct LED drive capability. All port C pins have the capability to drive an

LED without any other external components. These pins have programma-
ble drive strengths set by the GPIO block.

On-Chip Debugger

DBG 1/0 Debug. This signal is the control and data input and output to and from the
OCD.
Caution: The DBG pin is open-drain and requires an external pull-up
resistor to ensure proper operation.

Reset

RESET I/O RESET. Generates a reset when asserted (driven Low). Also serves as a
reset indicator; the Z8 Encore! XP forces this pin Low when in reset. This
pin is open-drain and features an enabled internal pull-up resistor.

Power Supply

Vpp I Digital Power Supply.

AVpp? I Analog Power Supply.

Vss [ Digital Ground.

AVgg I Analog Ground.

Notes:

1. PB6 and PB7 are only available in 28-pin packages without ADC. In 28-pin packages with ADC, they are
replaced by AVpp and AVgg.

2. The AVpp and AVgg signals are available only in 28-pin packages with ADC. They are replaced by PB6 and
PB7 on 28-pin packages without ADC.

PS024315-1011
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Pin Characteristics

Table 4 provides detailed infmation about the characteristics for each pin available on
Z8 Encore! XP F0823 Series 20- and 28-pinicies. Data in Table 4 is sorted alphabeti-
cally by the pinrsymbol mnemonic.

} Note: All six I/O pins on the 8-pin packages are 5V-tolerant (unless the pull-up devices are
enabled). The right-most column in Tableesdribes 5V tolerancerfthe 20- and 28-pin
packages only.

Table 4. Pin Characteristics (20- and 28-pin Devices)*

Active Internal
Low or Pull-up  Schmitt-
Symbol Reset  Active Tristate orPull-  Trigger Open Drain 5V
Mnemonic Direction Direction High  Output down Input Output Tolerance
AVDD N/A N/A N/A N/A N/A N/A N/A N/A
AVSS N/A N/A N/A N/A N/A N/A N/A NA
DBG I/O I N/A Yes No Yes Yes Yes
PA[7:0] I/O I N/A Yes  Program- Yes Yes, PA[7:2] only
mable Programmable
Pull-up
PB[7:0] I/0 I N/A Yes  Program- Yes Yes, PB[7:6] only
mable Programmable
Pull-up
PC[7:0] /0 I N/A Yes  Program- Yes Yes, PC[7:3] only
mable Programmable
Pull-up
RESET I/0 le] Low (in  Yes Always Yes Always on for Yes
(defaults Reset (PDO on for RESET
to mode)  only) RESET
RESET)
VDD N/A N/A N/A N/A N/A N/A
VSS N/A N/A N/A N/A N/A N/A

Note: PB6 and PB7 are available only in the devices without ADC.

PS024315-1011 PRELIMINARY Pin Characteristics
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Table 5 provides detailed infoation about the characteristics for each pin available on
Z8 Encore! XP F0823 Series 8-pin devices.

Active
Low Internal
or Pull-up  Schmitt-
Symbol Reset Active Tristate orPull-  Trigger Open Drain 5V
Mnemonic Direction Direction High  Output down Input Output Tolerance
PAO/DBG I/O I (butcan N/A Yes Program- Yes Yes, Yes, unless
change mable Programmable  pull-ups
during Pull-up enabled
reset if
key
sequence
detected)
PA1 I/O I N/A Yes Program- Yes Yes, Yes, unless
mable Programmable  pull-ups
Pull-up enabled
RESET/PA2 I/O I/O N/A Yes Program- Yes Programma- Yes, unless
(defaults mable for ble for PA2; pull-ups
to PA2; always on for enabled
RESET) always RESET
on for
RESET
PA[5:3] I/O I N/A Yes Program- Yes Yes, Yes, unless
mable Programmable  pull-ups
Pull-up enabled
VDD N/A N/A N/A N/A N/A N/A N/A N/A
VSS N/A N/A N/A N/A N/A N/A N/A N/A

PS024315-1011
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Address Space

The eZ8 CPU can access three distinct address spaces:

* The Register File contains addresses for the general-purpose registers and the eZ8
CPU, peripheral, and general-pase 1/0 Port Control Registers

* The Program Memory contains addressesflanemory locations having executable
code and/or data

* The Data Memory contains addresses fomamory locations that contain data only

These three address spaces are covereitybrieghe following subsections. For more
detailed information regarding the eZ8\CRnd its address space, refer togd8 CPU
Core User Manual (UM0128available for download atww.zilog.com

Register File

The Register File address space in the Z8 Encore! MU is 4KB (4096 bytes). The

Register File is composed of two sectionsitodl registers and general-purpose registers.
When instructions are executed, registers defined as sources are read, and registers defined
as destinations are written. The architectfrthe eZ8 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 4 KB Register Eilleiress space are reserved for control of the
eZ8 CPU, the on-chip peripherals, andlf@eports. These registers are located at
addresses fromR00H to FFFH. Some of the addresses witlime 256 B control register
section are reserved (unavailable). Readingnfaoreserved Register File address returns
an undefined value. Writing t@served Register File addises is not recommended and
can produce unpredictable results.

The on-chip RAM always begins at addre8sH in the Register File address space. Z8
Encore! XP F0823 Series devices contain 256 B—1KB of on-chip RAM. Reading from
Register File addresses outside the aval&AM addresses (and not within the control
register address space) returns an undefinkeig VA/riting to these Register File addresses
produces no effect.

Program Memory

The eZ8 CPU supports 64 KB of Programriviey address space. F0823 Series devices
contain 1KB to 8KB of on-chip Flash meman the Program Memory address space.
Reading from Program Memoagddresses outside the available Flash memory addresses

PS024315-1011 PRELIMINARY Address Space
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returnsFFH. Writing to these unimplemented Pragh Memory addresses produces no
effect. Table 6 describes the Program Menmogps for the Z8 Encore! XP F0823 Series

products.

Table 6. Z8 Encore! XP F0823 Series Program Memory Maps

Program Memory Address (Hex)

Function

Z8F0823 and Z8F0813 Products

0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-OFFF Program Memory
Z8F0423 and Z8F0413 Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-OFFF Program Memory
Z8F0223 and Z8F0213 Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-07FF Program Memory

Note: *See the Trap and Interrupt Vectors in Order of Priority section on page 55

for a list of the interrupt vectors and traps.

PS024315-1011

PRELIMINARY

Program Memory



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 15

Table 6. Z8 Encore! XP F0823 Series Program Memory Maps (Continued)

Program Memory Address (Hex) Function

Z8F0123 and Z8F0113 Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-003D Oscillator Fail Traps*
003E-03FF Program Memory

Note: *See the Trap and Interrupt Vectors in Order of Priority section on page 55
for a list of the interrupt vectors and traps.

Data Memory

Z8 Encore! XP F0823 Series does not tieeZ8 CPU’s 64 KB Data Memory address
space.

Flash Information Area

Table 7 lists the FO0823 Series Flash InfaioraArea. This 128B Information Area is
accessed by setting bit 7 of the Flash PadecERegister to 1. When access is enabled,
the Flash Information Area imapped into the Program M@ry and overlays the 128
bytes at address€&00H to FF7FH. When the Information Area access is enabled, all
reads from these Program Memory addressearéta Information Area data rather than
the Program Memory data. Access to ftesh Information Area is read-only.

Table 7. FO0823 Series Flash Memory Information Area Map

Program Memory
Address (Hex)  Function

FEOO-FES3F Zilog Option Bits.

FE40-FE53 Part Number.
20-character ASCII alphanumeric code
Left-justified and filled with FH.

FE54—-FE5F Reserved.
FE60-FE7F Zilog Calibration Data.
FE8O-FFFF Reserved.

PS024315-1011 PRELIMINARY Data Memory
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Register Map

Table 8 lists an address map of the Z8 Eac®P F0823 Series Register File. Not all
devices and package stglin the Z8 Encore! XP F0823 Series support the ADC, nor all
GPIO ports. Consider registers forimplemented peripherals to be reserved.

Table 8. Register File Address Map

Address (Hex)  Register Description Mnemonic Reset (Hex) Pl\?g.e
General-Purpose RAM

Z8F0823/Z8F0813 Devices

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

400-EFF Reserved — XX
Z8F0423/28F0413 Devices

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

400-EFF Reserved — XX
Z8F0223/28F0213 Devices

000-1FF General-Purpose Register File RAM — XX

200-EFF Reserved — XX
Z8F0123/Z8F0113 Devices

000-0FF General-Purpose Register File RAM — XX

100-EFF Reserved — XX

Timer O

FOO Timer 0 High Byte TOH 00 84
FO1 Timer O Low Byte TOL 01 84
F02 Timer 0 Reload High Byte TORH FF 85
FO3 Timer 0 Reload Low Byte TORL FF 85
FO4 Timer 0 PWM High Byte TOPWMH 00 86
FO5 Timer 0 PWM Low Byte TOPWML 00 86
FOo6 Timer O Control O TOCTLO 00 87
FO7 Timer 0 Control 1 TOCTL1 00 88
Timer 1

FO8 Timer 1 High Byte T1H 00 84
FO09 Timer 1 Low Byte T1L 01 84

Note: XX=Undefined.
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Table 8. Register File Address Map (Continued)
Page

Address (Hex)  Register Description Mnemonic Reset (Hex) No.
Timer 1 (cont'd)
FOA Timer 1 Reload High Byte T1RH FF 85
FOB Timer 1 Reload Low Byte T1RL FF 85
FOC Timer 1 PWM High Byte T1IPWMH 00 86
FOD Timer 1 PWM Low Byte T1PWML 00 86
FOE Timer 1 Control O T1CTLO 00 87
FOF Timer 1 Control 1 T1CTL1 00 84
F10-F3F Reserved — XX
UART
F40 UARTO Transmit Data UOTXD XX 109

UARTO Receive Data UORXD XX 109
F41 UARTO Status 0 UOSTATO 0000011Xb 110
F42 UARTO Control 0 UOCTLO 00 112
F43 UARTO Control 1 UOCTL1 00 112
F44 UARTO Status 1 UOSTAT1 00 111
F45 UARTO Address Compare UOADDR 00 115
F46 UARTO Baud Rate High Byte UOBRH FF 115
F47 UARTO Baud Rate Low Byte UOBRL FF 115
F48—-F6F Reserved — XX
Analog-to-Digital Converter (ADC)
F70 ADC Control 0 ADCCTLO 00 127
F71 ADC Control 1 ADCCTL1 80 127
F72 ADC Data High Byte ADCD_H XX 130
F73 ADC Data Low Bits ADCD_L XX 130
F74-F7F Reserved — XX
Low Power Control
F80 Power Control O PWRCTLO 80 32
F81 Reserved — XX
LED Controller
F82 LED Drive Enable LEDEN 00 51
F83 LED Drive Level High Byte LEDLVLH 00 52

Note: XX=Undefined.
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Table 8. Register File Address Map (Continued)

Page
Address (Hex)  Register Description Mnemonic Reset (Hex) No.
LED Controller (cont'd)
F84 LED Drive Level Low Byte LEDLVLL 00 53
F85 Reserved — XX
Oscillator Control
F86 Oscillator Control OSCCTL A0 172
F87—-F8F Reserved — XX
Comparator O
F90 Comparator 0 Control CMPO 14 133
F91-FBF Reserved — XX
Interrupt Controller
FCO Interrupt Request 0 IRQO 00 59
FC1 IRQO Enable High Bit IRQOENH 00 62
FC2 IRQO Enable Low Bit IRQOENL 00 62
FC3 Interrupt Request 1 IRQ1 00 60
FC4 IRQ1 Enable High Bit IRQ1ENH 00 64
FC5 IRQ1 Enable Low Bit IRQ1ENL 00 64
FC6 Interrupt Request 2 IRQ2 00 61
FC7 IRQ2 Enable High Bit IRQ2ENH 00 65
FC8 IRQ2 Enable Low Bit IRQ2ENL 00 66
FC9-FCC Reserved — XX
FCD Interrupt Edge Select IRQES 00 67
FCE Shared Interrupt Select IRQSS 00 67
FCF Interrupt Control IRQCTL 00 68
GPIO Port A
FDO Port A Address PAADDR 00 40
FD1 Port A Control PACTL 00 42
FD2 Port A Input Data PAIN XX 43
FD3 Port A Output Data PAOUT 00 43
GPIO Port B
FD4 Port B Address PBADDR 00 40
FD5 Port B Control PBCTL 00 42

Note: XX=Undefined.
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Table 8. Register File Address Map (Continued)
Page

Address (Hex)  Register Description Mnemonic Reset (Hex) No.
GPIO Port B (cont'd)
FD6 Port B Input Data PBIN XX 43
FD7 Port B Output Data PBOUT 00 43
GPIO Port C
FD8 Port C Address PCADDR 00 40
FD9 Port C Control PCCTL 00 42
FDA Port C Input Data PCIN XX 43
FDB Port C Output Data PCOUT 00 43
FDC-FEF Reserved — XX
Watchdog Timer (WDT)
FFO Reset Status RSTSTAT XX 94

Watchdog Timer Control WDTCTL XX 94
FF1 Watchdog Timer Reload Upper Byte WDTU FF 95
FF2 Watchdog Timer Reload High Byte WDTH FF 95
FF3 Watchdog Timer Reload Low Byte WDTL FF 95
FF4-FF5 Reserved — XX
Trim Bit Control
FF6 Trim Bit Address TRMADR 00 148
FF7 Trim Data TRMDR XX 149
Flash Memory Controller
FF8 Flash Control FCTL 00 141
FF8 Flash Status FSTAT 00 142
FF9 Flash Page Select FPS 00 143

Flash Sector Protect FPROT 00 144
FFA Flash Programming Frequency High Byte FFREQH 00 145
FFB Flash Programming Frequency Low Byte FFREQL 00 145

Note: XX=Undefined.
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Table 8. Register File Address Map (Continued)

Embedded in Life

AnLIXYS Company

Page
Address (Hex)  Register Description Mnemonic Reset (Hex) No.
eZ8 CPU
FFC Flags — XX Refer
FFD Register Pointer RP XX to ;ge
e
FFE Stack Pointer High Byte SPH XX CPU
FFF Stack Pointer Low Byte SPL XX Core
User
Man-
ual
(UMO1
28)

Note: XX=Undefined.
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Reset and Stop Mode Recovery

The Reset Controller within the Z8 Encok® F0823 Series controls Reset and Stop
Mode Recovery operation apdovides indication of low faply voltage conditions. In
typical operation, the following events cause a Reset:

* Power-On Reset (POR)
¢ \Dltage Brown-Out (VBO)

e Watchdog Timer time-out (when configurbg the WDT_RES Flash Option Bit to
initiate a reset)

* ExternalRESETpin assertion (when the altern&®ESET function is enabled by the
GPIO register)

¢ On-chip Debugger initiated Reset (OCDCTL[0] set to 1)

When the device is in STORode, a Stop Mode Rewery is initiatedby either of the fol-
lowing:

* Watchdog Timer time-out

* GPIO port input pin transition cem enabled Stop Mode Recovery source

The VBO circuitry on the deviggerforms the follwing function:

* Generates the VBO reset when the supplyage drops below a minimum safe level

Reset Types

F0823 Series MCUs provide several diffargpes of Reset operations. Stop Mode
Recovery is considered a form of Reset. &dblists the types of Reset and their operating
characteristics. The duration of a System Redeniger if the external crystal oscillator is
enabled by the Flash option bits; this configuration allows additional time for oscillator
startup.

Table 9. 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 Internal Precision Oscillator Cycles
Stop Mode Unaffected, except WDT_CTL Reset 66 Internal Precision Oscillator Cycles
Recovery and OSC_CTL registers + IPO startup time
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During a System Reset or Stop Mode Recovery, the IPO requisetostart up. Then the
Z8 Encore! XP F0823 Series device is helReset for 66 cycles of the Internal Precision
Oscillator. If the crystal oscillator is enabliedthe Flash option bits, this reset period is
increased to 5000 IPO cycles. When a resetirscbecause of a low voltage condition or
Power-On Reset, this delaymeasured from the time that thigpply voltagdirst exceeds
the POR level. If the external pin reset rersasserted at the end of the reset period, the
device remains imeset until the pin is deasserted.

At the beginning of Reset, all GPIO pins arafagured as inputs with pull-up resistor dis-
abled.

During Reset, the eZ8 CPU and on-chip periplseare idle; however, the on-chip crystal
oscillator and Watchdog Timesscillator continue to run.

Upon Reset, control registerstiin the Register File that have a defined Reset value are
loaded with their reset values. Other conteglisters (including the Stack Pointer, Regis-
ter Pointer, and Flags) and general-psgBAM are undefined following Reset. The eZ8
CPU fetches the Reset vector at Program Memory addr@s®#s and0003H and loads
that value into the Program Counter. Reyg execution begins at the Reset vector
address.

When the control registers are re-initializedabgystem reset, the system clock after reset
is always the IPO. The software must recamfigthe oscillator contrddlock, such that the
correct system clock source is enabled and selected.
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Reset Sources

Z8 Encore! XP ® F0823 Series
Product Specification

LIIXYS

Table 10 lists the possible sources of a System Reset.

Table 10. Reset Sources and Resulting Reset Type

Operating Mode  Reset Source

Special Conditions

NORMAL or HALT Power-On Reset/Voltage Brown-
modes Out.

Reset delay begins after supply voltage exceeds
POR level.

Watchdog Timer time-out when
configured for Reset.

None.

RESET pin assertion.

All reset pulses less than three system clocks in
width are ignored.

OCD initiated Reset (OCDCTL]O0]

System Reset, except the OCD is unaffected by

setto 1). the reset.
STOP Mode Power-On Reset/Voltage Brown-  Reset delay begins after supply voltage exceeds
Out. POR level.

RESET pin assertion.

All reset pulses less than the specified analog
delay are ignored. See the Electrical Characteris-
tics chapter on page 196.

DBG pin driven Low.

None.

Power-On Reset

23

Each device in the Z8 Encore! XP F0823 Series contains an internal POR circuit. The

POR circuit monitors the supply voltage armds the device in the Reset state until the
supply voltage reaches a safe operating léMébr the supply voltage exceeds the POR
voltage threshold (MoR), the device is held in theeRet state until the POR Counter has

timed out. If the crystal oscillator is enatblby the option bits, this time-out is longer.

After the Z8 Encore! XP F0823 Series devicisthe POR state, the eZ8 CPU fetches the
Reset vector. Following the POR, the P&tRtus bit in Watchdog Timer Control

(WDTCTL) Register is set to 1.

Figure 5 displays POR operatidfor the POR threshold voltagegdg), see thélectri-
cal Characteristicehapter on page 196.
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Program
|<— Execution —>»

Internal Precision | | | | | | | | | | S ﬂ_ﬂ_ﬂ_ﬂ: B _ﬂw

Oscillator

Internal RESET
signal

POR [ [

Note: Not to Scale counter delay 1 1

Figure 5. Power-On Reset Operation

Voltage Brown-Out Reset

The devices in the Z8 Encore! XP F0823i&eprovide low VBO protection. The VBO
circuit senses when the supply voltage dropsn unsafe level (below the VBO threshold
voltage) and forces the device into the Retatie. While the supply voltage remains
below the POR voltage thresholddyg), the VBO block holds the device in the Reset.

After the supply voltage again exceeds the Power-On Reset voltage threshold, the device
progresses through a full System Reset sequence, as describeBawéneOn Resedec-

tion on page 23. Following POR, the PORsdiit in the Reset Status (RSTSTAT) Regis-

ter is set to 1. Figure 6 displays VolkeBrown-Out operation. For the VBO and POR
threshold voltages (Y50 and VpoR), see thélectrical Characteristioshapter on

page 196.

The VBO circuit can be either enabled or disabled during STOP Mode. Operation during
STOP Mode is set by the VBO_AO Flash Opthit. For information about configuring
VBO_AO, see thé&lash Option Bitshapter on page 146.

PS024315-1011 PRELIMINARY Reset Sources



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 25

I
Program Voltage | Program
Execution Brown-Out "Execution
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Internal RESET
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: I
signal |
|

WDT Clock
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<

POR
Note: Not to Scale counter delay

Figure 6. Voltage Brown-Out Reset Operation

The POR level is greater than the VBO lawethe specified hysteresis value. This
ensures that the device undergoes & R@er recovering from a VBO condition.

Watchdog Timer Reset

If the device is in NORMAL or STOP Mode, the Watchdog Timer can initiate a System
Reset at time-out if the WDT_RES Flash Option Bit is programmed to 1. This is the
unprogrammed state of the WDT_RES Flash Oginlf the bit is programmed to O, it
configures the Watchdog Timer to causardarrupt, not a System Reset, at time-out.

The WDT status bit in the WDT Control Registgiset to signify tat the reset was initi-
ated by the Watchdog Timer.

External Reset Input

The RESETpin has a Schmitt-Triggered input andiaternal pull-up resistor. Once the
RESETYpin is asserted for a minimum of foursggm clock cycles, thdevice progresses
through the System Reset sequence. Because of the possible asynchronicity of the system
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clock and reset signals, the required reset duration can be as short as three clock periods
and as long as four. A reset pulse three clock cycles in duration might trigger a reset; a
pulse four cycles in duration always triggers a reset.

While the RESETinput pin is asserted Low, the Z8 Encore! XP F0823 Series devices
remain in the Reset state. If the RES#Hi is held Low beyond the System Reset time-
out, the device exits the Reset state @nsystem clock rising edge following RESRih
deassertion. Following a Systemdeeinitiated by the external RESBh, the EXT sta-
tus bit in the WDT Control (WDTCTL) register is set to 1.

External Reset Indicator

During System Reset or whenadred by the GPIO logic (sé¢iee Port A-C Control Reg-
isterssection on page 42 ), the RESETpin functions as an opeirain (active Low) reset
mode indicator in addition to the input furgstality. This reset output feature allows an Z8
Encore! XP F0823 Series device to resetiotioeenponents to which i connected, even

if that reset is caused by internalsees such as POR, VBO, or WDT events.

After an internal reset event occurs, the internal itiscbegins driving the RESEpin
Low. The RESETpin is held Low by the internaircuitry until the appropriate delay
listed in Table 9 has elapsed.

On-Chip Debugger Initiated Reset

A POR is initiated using the G@hip Debugger by setting tiRST bit in the OCD Control
Register. The OCD block is not reset but tht 0f the chip goesrtugh a normal system
reset. The RST bit automatically clears dgrthe System Reset. Following the System
Reset, the POR bit in the Reset Status (RSTSTAT) Register is set.

Stop Mode Recovery

The device enters into STOP Mode when eZ8 CPU exec®ESRinstruction. For more
details about STOP Mode, sibe Low-Power Modesection on page 30 . During Stop
Mode Recovery, the CPU is held in reset follB® cycles if the crystal oscillator is dis-
abled or 5000 cycles if it is enabled. TBEIR delay also includethe time required to
start up the IPO.

Stop Mode Recovery does not affect onpat@gisters other than the Watchdog Timer

Control Register (WDTCTL) and the Oscillator Control Register (OSCCTL). After any

Stop Mode Recovery, the IPO is enabled and selected as the system clock. If another sys-
tem clock source is required or IPO disabling is required, the Stop Mode Recovery code
must reconfigure the oscillator control bloclkckuhat the correct system clock source is
enabled and selected.
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The eZ8 CPU fetches the Reset vector at Program Memory addieg2esand0003H

and loads that value into the Program Coufeogram execution begins at the Reset vec-
tor address. Following Stop Mode Recovery, the STOP bit in the Watchdog Timer Control
Reqister is set to 1. Table 11 lists thefBMode Recovery soces and resulting actions.

The section following the table provides mdedailed information about each of the Stop
Mode Recovery sources.

Table 11. Stop Mode Recovery Sources and Resulting Action

Operating Mode Stop Mode Recovery Source Action
STOP Mode Watchdog Timer time-out when configured Stop Mode Recovery
for Reset
Watchdog Timer time-out when configured Stop Mode Recovery followed by interrupt
for interrupt (if interrupts are enabled)
Data transition on any GPIO port pin Stop Mode Recovery
enabled as a Stop Mode Recovery source
Assertion of external RESET Pin System Reset
Debug Pin driven Low System Reset

Stop Mode Recovery Using Watchdog Timer Time-Out

If the Watchdog Timer times out during STOP Mode, the device undergoes a Stop Mode
Recovery sequence. In the Watchdog Timer Control Register, the WDT and STOP bits are set
to 1. If the Watchdog Timer is configured to generate an interrupt upon time-out and Z8
Encore! XP F0823 Series device is configured to respond to interrupts, the eZ8 CPU services
the Watchdog Timer 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 Regoseurce, a change in the input pin value
(from High to Low or from Low to High) initiates Stop Mode Recovery.

} Note: The SMR pulses shorter than specified doesrigger a recovery. When this happens, the
STOP bit in the Reset Status (RSTSTAT) Register is set to 1.

A Caution: In STOP Mode, the GPIO Pdrtput Data registers (PxINdre disabled. The Port Input
Data registers record the port transition ahiige signal stays on the port pin through the
end of the Stop Mode Recovery delay. Assuit, short pulses on the port pin can initiate
Stop Mode Recovery without being written te tPort Input Data Regfier or without ini-
tiating an interrupt (ienabled for that pin).
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Stop Mode Recovery Using the External RESET Pin

When a Z8 Encore! XP F0823 Series device is in STOP Mode and the external RESET
is driven Low, a system set occurs. Because of a glitch filter operating on the RESET
pin, the Low pulse must beaater than the minimum widthesgified, or it is ignored. For
more details, see thgectrical Characteristioshapter on page 196.

Register Definitions

The following sections dme the Reset registers.

Reset Status Register

The Reset Status (RSTSTAT) Register is a redg+4@gister that indicates the source of
the most recent Reset event, indicatesop $tode Recovery @nt, and indicates a
Watchdog Timer time-out. Reading this r&gr resets the upper four bits to 0.

This register shares its address with the Watchdog Timer Control Register, which is write-

only; see Table 12.

Table 12. Reset Status Register (RSTSTAT)

Bit 7 6 5 4 3 2 1 0

Field POR STOP wWDT EXT Reserved

RESET See descriptions in Table 13 0 0 0 0 0

R/W R R R R R R R R

Address FFOH

Bit Description

[71 Power-On Reset Indicator

POR If this bit is set to 1, a Power-On Reset event has 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. For
POR/Stop Mode Recover event values, please see Table 13.

[6] Stop Mode Recovery Indicator

STOP If this bit is set to 1, a Stop Mode Recovery is occurred. If the STOP and WDT bits are both set
to 1, the Stop Mode Recovery occurred because of 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. For POR/Stop Mode Recover event values, please see Table 13.

[5] Watchdog Timer Time-Out Indicator

WDT If this bit is set to 1, a WDT time-out has occurred. A POR resets this pin. A Stop Mode Recov-

ery from a change in an input pin also resets this bit. Reading this register resets this bit; this
read must occur before clearing the WDT interrupt. For POR/Stop Mode Recover event values,
please see Table 13.
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[4] External Reset Indicator
EXT If this bit is set to 1, a Reset initiated by the external RESET pin occurred. A Power-On Reset

or a Stop Mode Recovery from a change in an input pin resets this bit. Reading this register
resets this bit. For POR/Stop Mode Recover event values, please see Table 13.

[3:0] Reserved
These bits are reserved and must be programmed to 0000 when read.

Table 13. POR Indicator Values

Reset or Stop Mode Reco very Event POR STOP WDT EXT
Power-On Reset 1 0 0 0
Reset using RESET pin assertion 0 0 0 1
Reset using WDT time-out 0 0 1 0
Reset using the OCD (OCTCTLJ[1] set to 1) 1 0 0 0
Reset from STOP Mode using DBG Pin driven Low 1 0 0 0
Stop Mode Recovery using GPIO pin transition 0 1 0 0
Stop Mode Recovery using WDT time-out 0 1 1 0

PS024315-1011 PRELIMINARY Reset Register Definitions
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Low-Power Modes

Z8 Encore! XP F0823 Series products contain power-saving features. The highest level of
power reduction is provided by the STOPdéoin which nearly all device functions are
powered down. The next lower level of paweduction is provided by the HALT Mode,

in which the CPU is powered down.

Further power savings can be implementedlisgbling individual peripheral blocks
while in ACTIVE mode (defined aseing in neither STOP nor HALT Mode).

STOP Mode

Executing the eZ8 CPU’s Stop instruction places the device into STOP Mode, powering
down all peripherals except the Voltage Bre@ut detector, and the Watchdog Timer.
These two blocks may also be disabled for additional power savings. In STOP Mode, the
operating characteristics are:

* Primary crystal oscillator and internadecision oscillator are stoppedppand Xoyt
(if previously enabled) are disabled, andOAPAL revert to the states programmed by
the GPIO registers

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

* Watchdog Timer’s internal RC oscillatormdues to operate if enabled by the Oscil-
lator Control Register

* If enabled, the Watchdog Timkgic continues to operate

¢ If enabled for operation in STOP Mode by thissociated Flash Option Bit, the Voltage
Brown-Out protection circuit continues to operate

¢ All other on-chip peripherals are idle

To minimize current in STOP Mode, all GPIO pins that are configured as digital inputs
must be driven to onef the supply rails (¥cor GND). Additionally, any GPIOs config-

ured as outputs must also be driven to one of the supply rails. The device can be brought
out of STOP Mode using Stop Mode Reagvé&or more information about Stop Mode
Recovery, sethe Reset and Stop Mode Recovehapter on page 21.
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HALT Mode

Executing the eZ8 CPU’s HALT instructigplaces the device into HALT Mode, which
powers down the CPU but leaves all othergdegrals active. In HALT Mode, the operat-
ing characteristics are:

Primary oscillator is enabdeand continues to operate

System clock is enabled and continues to operate

eZ8 CPU is stopped

Program counter gps incrementing

Watchdog Timer’s internal RC oscillator continues to operate
If enabled, the Watchdogmier 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
Watchdog Timer time-out (interrupt or reset)
Power-On Reset

\oltage Brown-Out reset

External RESETpin assertion

To minimize current in HALT Mode, all GPIO pins that are configured as inputs must be
driven to one of the supply rails ££ or GND).

Peripheral-Level Power Control

In addition to the STOP and HALT modes, ipisssible to disable each peripheral on each
of the Z8 Encore! XP F0823 Series devices. Disabling a given peripheral minimizes its
power consumption.

Power Control Register Definitions

The following sections describe the power control registers.

Power Control Register 0

Each bit of the following registers disablepeaxipheral block, either by gating its system
clock input or by removing power from the block.
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} Note: This register is only reset during a Pov@ar-Reset sequence. Otl®ystem Reset events

do not affect it.

Table 14. Power Control Register 0 (PWRCTLO)

Bit 7 6 5 4 3 2 1 0
Field Reserved Reserved VBO Reserved ADC COMP | Reserved
RESET 1 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F80H
Bit Description
[7] Reserved
This bit is reserved and must be programmed to 1.
[6:5] Reserved
These bits are reserved and must be programmed to 00.
[4] Voltage Brown-Out Detector Disable
VBO This bit and the VBO_AO Flash option bit must both enable the VBO for the VBO to be active.
0 = VBO enabled.
1 = VBO disabled.
[3] Reserved
This bit is reserved and must be programmed to 0.
[2] Analog-to-Digital Converter Disable
ADC 0 = Analog-to-Digital Converter enabled.
1 = Analog-to-Digital Converter disabled.
[1] Comparator Disable
COMP 0 = Comparator is enabled.

1 = Comparator is disabled.

[0]

Reserved
This bit is reserved and must be programmed to 0.
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General-Purpose Input/Output

Z8 Encore! XP F0823 Series products support a maximum of 24 port pins (Ports A—C) for
general-purpose input/output (GPIO) operations. Each port contains control and data reg-
isters. The GPIO controegisters determine data direction, open-drain, output drive cur-
rent, programmable pull-ups, Stop Mddecovery functionality, and alternate pin

functions. Each port pin is individually programmable. In addition, the Port C pins are
capable of direct LED drive at programmable drive strengths.

GPIO Port Availability By Device

Table 15 lists the port pins avdila with each device and package type.

Table 15. Port Availability by Device and Package Type

Devices

Package

10-Bit ADC

Port A

Port B

Port C Total 1/0

Z8F0823SB, Z8F0823PB
Z8F0423SB, Z8F0423PB
Z8F0223SB, Z8F0223PB
Z8F0123SB, Z8F0123PB

8-pin

Yes

[5:0]

No No 6

Z8F0813SB, Z8F0813PB
Z8F0413SB, Z8F0413PB
Z8F0213SB, Z8F0213PB
Z8F0113SB, Z8F011vPB

8-pin

No

[5:0]

No No 6

Z8F0823PH, Z8F0823HH
Z8F0423PH, Z8F0423HH
Z8F0223PH, Z8F0223HH
Z8F0123PH, Z8F0123HH

20-pin

Yes

[7:0]

[3:0] [3:0] 16

Z8F0813PH, Z8F0813HH
Z8F0413PH, Z8F0413HH
Z8F0213PH, Z8F0213HH
Z8F0113PH, Z8F0113HH

20-pin

No

[7:0]

[3:0] [3:0] 16

Z8F0823PJ, Z8F0823SJ
Z8F0423PJ, Z8F0423SJ
Z8F0223PJ, Z8F0223SJ
Z8F0123PJ, Z8F0123SJ

28-pin

Yes

[7:0]

[5:0] [7:0] 22

Z8F0813PJ, Z8F0813SJ
Z8F0413PJ, Z8F0413SJ
Z8F0213PJ, Z8F0213SJ
Z8F0113PJ, Z8F0113SJ

28-pin

No

[7:0]

[7:0] [7:0] 24
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Architecture

Figure 7 displays a simplified block diagramaoGPIO port pin. In tis figure, the ability
to accommodate alternate functions and végigbrt current drivetrength is not dis-
played.

Port Input Schmitt-Trigger

Data Register
—o b Q D *@]‘

System <q <—‘

Clock ¢

Port Output Control ——
Port Output —T\ —
Data Register Q{
DATA L/ ]
Bus —|D Q {>O Port
Pin
System
Clock 1~ ) ): —
‘ ——

Port Data Direction ——

GND

Figure 7. GPIO Port Pin Block Diagram

GPIO Alternate Functions

Many of the GPIO port pins are used for general-purpose 1/0O and access to on-chip
peripheral functions such as the timers sadal communication déces. The port A-D
Alternate Function subregisters configure thgiss for either GPI®r 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—D DBigection registers to the alternate func-
tion assigned to this pin. Tabl&é and 17 list the alternafignctions possible with each

port pin for 8-pin and non-8-pin parts, resipexy. The alternate function associated at a
pin is defined through Alternate Funaii®ets subregisters AFS1 and AFS2.

The crystal oscillator factionality is not controlled by hGPIO block. When the crystal
oscillator is enabled in the @#lator control block, the GPIO functionality of PAO and PA1
is overridden. In that caseos$e pins function as input andtput for the crystal oscillator.
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output. Both of these functions require theneaGPIO configuration, the selection between

the two is based on the timer mode. For more details, sdéntleeschapter on page 69.

A Caution: For pins with multiple alterte functions, Zilog recommends writing to the AFS1 and
AFS2 subregisters before enabling the alriunction via the AF Subregister. This

prevents spurious transitions througnwanted alternate function modes.

Table 16. Port Alternate Function Mapping (8-Pin Parts)

Alternate
Function
Alternate Select
Alternate Function Function Select Register
Port Pin Mnemonic Description Register AFS1  AFS2

Port A PAO TOIN Timer O Input AFS1[0]: 0 AFS2[0]: 0
Reserved AFS1[0]: 0 AFS2[0]: 1
Reserved AFS1[0]: 1 AFS2[0]: 0
TOOUT Timer 0 Output Complement AFS1[0]: 1 AFS2[0]: 1
PA1 TOOUT Timer 0 Output AFS1[1]: 0 AFS2[1]: 0
Reserved AFS1[1]: 0 AFS2[1]: 1
CLKIN External Clock Input AFS1[1]: 1 AFS2[1]: 0
Analog Functions* ADC Analog Input/Vgeg AFS1[1]: 1 AFS2[1]: 1
PA2 DEO UART 0 Driver Enable AFS1[2]: 0 AFS2[2]: 0
RESET External Reset AFS1[2]: 0 AFS2[2]: 1
T10UT Timer 1 Output AFS1[2]: 1 AFS2[2]: 0
Reserved AFS1[2]: 1 AFS2[2]: 1
PA3 CTSO UART 0 Clear to Send AFS1[3]: 0 AFS2[3]: 0
CcouT Comparator Output AFS1[3]: 0 AFS2[3]: 1
T1IN Timer 1 Input AFS1[3]: 1 AFS2[3]: 0
Analog Functions* ADC Analog Input AFS1[3]: 1 AFS2[3]: 1
PA4 RXDO UART 0 Receive Data AFS1[4]: 0 AFS2[4]: 0
Reserved AFS1[4]: 0 AFS2[4]: 1
Reserved AFS1[4]: 1 AFS2[4]: 0
Analog Functions* ADC/Comparator Input (N) AFS1[4]: 1 AFS2[4]: 1
PA5 TXDO UART 0 Transmit Data AFS1[5]: 0 AFS2[5]: 0
T10UT Timer 1 Output Complement AFS1[5]: 0 AFS2[5]: 1
Reserved AFS1[5]: 1 AFS2[5]: 0
Analog Functions* ADC/Comparator Input (P) AFS1[5]: 1 AFS2[5]: 1

Note: *Analog Functions include ADC inputs, ADC reference and comparator inputs. Also, alternate function selection

as described in the Port A—C Alternate Function Subregisters section on page 43 must be enabled.
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Table 17. Port Alternate Function Mapping (Non 8-Pin Parts)

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
PortAl PAO TOIN/TOOUT Timer O Input/Timer 0 Output Complement N/A
Reserved
PA1 TOOUT Timer O Output
Reserved
PA2 DEO UART 0 Driver Enable
Reserved
PA3 CTSO UART 0 Clear to Send
Reserved
PA4 RXDO/IRRXO0 UART 0/ IrDA 0 Receive Data
Reserved
PA5S TXDO/IRTXO0 UART 0/ IrDA 0 Transmit Data
Reserved
PAG T1IN/TIOUT? Timer 1 Input/Timer 1 Output Complement
Reserved
PA7 T10UT Timer 1 Output
Reserved
Notes:
1. Because there is only a single alternate function for each Port A pin, the Alternate Function Set registers are not

implemented for Port A. Enabling alternate function selections as described in the Port A—C Alternate Function

Subregisters section on page 43 automatically enables the associated alternate function.

Whether PAO/PAG6 take on the timer input or timer output complement function depends on the timer configura-

tion as described in the Timer Pin Signal Operation section on page 83.

Because there are at most two choices of alternate function for any pin of Port B, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, alternate function selection as described in

the Port A-C Alternate Function Subregisters section on page 43 must also be enabled.

VReE is available on PB5 in 28-pin products only.

Because there are at most two choices of alternate function for any pin of Port C, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, Alternate Function selection as described in
the Port A—C Alternate Function Subregqisters section on page 43 must also be enabled.

VREer is available on PC2 in 20-pin parts only.
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Table 17. Port Alternate Function Mapping (Non 8-Pin Parts) (Continued)

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
PortB® PB03 Reserved AFS1[0]: 0
ANAO ADC Analog Input AFS1[0]: 1
PB1 Reserved AFS1[1]: 0
ANA1 ADC Analog Input AFS1[1]: 1
PB2 Reserved AFS1[2]: 0
ANA2 ADC Analog Input AFS1[2]: 1
PB3 CLKIN External Clock Input AFS1[3]: 0
ANA3 ADC Analog Input AFS1[3]: 1
PB4 Reserved AFS1[4]: 0
ANA7 ADC Analog Input AFS1[4]: 1
PB5 Reserved AFS1[5]: 0
Vree? ADC Voltage Reference AFS1[5]: 1
PB6 Reserved AFS1[6]: 0
Reserved AFS1[6]: 1
PB7 Reserved AFS1[7]: 0
Reserved AFS1[7]: 1
Notes:
1. Because there is only a single alternate function for each Port A pin, the Alternate Function Set registers are not

implemented for Port A. Enabling alternate function selections as described in the Port A—C Alternate Function

Subregisters section on page 43 automatically enables the associated alternate function.

Whether PAO/PAG6 take on the timer input or timer output complement function depends on the timer configura-

tion as described in the Timer Pin Signal Operation section on page 83.

Because there are at most two choices of alternate function for any pin of Port B, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, alternate function selection as described in

the Port A-C Alternate Function Subregisters section on page 43 must also be enabled.

VREer is available on PB5 in 28-pin products only.

Because there are at most two choices of alternate function for any pin of Port C, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, Alternate Function selection as described in
the Port A—C Alternate Function Subregisters section on page 43 must also be enabled.

VReE is available on PC2 in 20-pin parts only.
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Table 17. Port Alternate Function Mapping (Non 8-Pin Parts) (Continued)

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
PortC4 PCO  Reserved AFS1[0]: 0
ANA4/CINP ADC or Comparator Input AFS1[0]: 1
PC1 Reserved AFS1[1]: 0
ANAS5/CINN ADC or Comparator Input AFS1[1]: 1
PC2 Reserved AFS1[2]: 0
ANA6/VRE,:6 ADC Analog Input or ADC Voltage Refer- AFS1[2]: 1
ence
PC3 CcouT Comparator Output AFS1[3]: 0
Reserved AFS1[3]: 1
PC4 Reserved AFS1[4]: 0
AFS1[4]: 1
PC5 Reserved AFS1[5]: 0
AFS1[5]: 1
PC6 Reserved AFS1[6]: 0
AFS1[6]: 1
PC7 Reserved AFS1[7]: 0
AFS1[7]: 1
Notes:
1. Because there is only a single alternate function for each Port A pin, the Alternate Function Set registers are not

implemented for Port A. Enabling alternate function selections as described in the Port A—C Alternate Function

Subregisters section on page 43 automatically enables the associated alternate function.

Whether PAO/PAG6 take on the timer input or timer output complement function depends on the timer configura-

tion as described in the Timer Pin Signal Operation section on page 83.

Because there are at most two choices of alternate function for any pin of Port B, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, alternate function selection as described in

the Port A-C Alternate Function Subregisters section on page 43 must also be enabled.

VREer is available on PB5 in 28-pin products only.

Because there are at most two choices of alternate function for any pin of Port C, the Alternate Function Set reg-
ister AFS2 is implemented but not used to select the function. Also, Alternate Function selection as described in
the Port A—C Alternate Function Subregisters section on page 43 must also be enabled.

VReE is available on PC2 in 20-pin parts only.

Direct LED Drive

The Port C pins provide a current sinked output capable of driving an LED without requir-
ing an external resistor. The output sinke'ent at programmablevels of 3mA, 7mA,

13mA, and 20mA. This mode is enabled through the LED control registers. The LED
Drive Enable (LEDEN) register turns orethrivers. The LED Drive Level (LEDLVLH

and LEDLVLL) registers select the sink current.
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For correct operation, the LE&node must be connected tgyand the cathode must be
connected to the GPIO pin. idg all Port C pins in LED Drive Mode with maximum cur-
rent can result in excessive total current. the maximum total current for the applicable
package, see thglectrical Characteristioshapter on page 196.

Shared Reset Pin

On the 8-pin product versions, the reset pshared with PA2, but the pin is not limited to
output-only when in GPIO Mode.

A Caution: If PA2 on the 8-pin product is reconfigured adrgmut, ensure thato external stimulus
drives the pin Low during any reset sequence. Because PA2 returns to its RESET
alternate function during systamsets, driving it Low holds éhchip in a reset state until
the pin is released.

Shared Debug Pin

On the 8-pin version of this device only, the Debug pin shares function with the PA0 GPIO
pin. This pin performs as a general purpose input pin on power-up, but the debug logic
monitors this pin during the reset sequenceetiermine if the unlock sequence occurs. If
the unlock sequence is present, the debugdifumis unlocked and the pin no longer func-
tions as a GPIO pin. If it is not present, tlebug feature is disabled until/unless another
reset event occurs. Forore details, see th@n-Chip Debuggechapter on page 156.

Crystal Oscillator Override

For systems using a crystal oscillator, PAO and PA1 are used to connect the crystal. When
the crystal oscillatois enabled (see th@scillator Control Register Definitiorsection on
page 171), the GPIO settings areroidelen and PAO and PA1 are disabled.

5V Tolerance

All six I/O pins on the 8-pin devices ar&%olerant, unless the programmable pull-ups
are enabled. If the pull-ups areabited and inputs higher tharp are applied to these
parts, excessive current flows through tpsill-up devices and can damage the chip.

} Note: In the 20- and 28-pin versions of this dmyiany pin which shares functionality with an
ADC, crystal or comparator port is not 3&erant, including PML:0], PB[5:0], and
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PC[2:0]. All other signal pins are 5V-tolerant, and can safely handle inputs higher than
Vpp even with the pull-ups enabled.

External Clock Setup

For systems using an external TTL drive 3ABthe clock source for 20- and 28-pin
devices. In this case, configure PB3 fltemnate function CLKINWrite the Oscillator
Control Register (see ti@scillator Control Register Definitiorsection on page 171)

such that the external oscillator is sele@edhe system clock. For 8-pin devices, use PA1
instead of PB3.

GPIO Interrupts

Many of the 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
signal. Other port pin interrupt sources generate an interrupt when any edge occurs (both
rising and falling). For more information @it interrupts using the GPIO pins, see the
InterruptController chapter on page 54.

GPI0O Control Register Definitions

Four registers for each port provide accegSRO control, input data, and output data.
Table 18 lists these port registers. Wse Port A—D Address and Control registers
together to provide access to subregsster port configuration and control.

Table 18. 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).
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Table 18. GPIO Port Registers and Subregisters (Continued)

Port Register

Mnemonic Port Register Name
PxHDE High Drive Enable.
PxSMRE Stop Mode Recovery Source Enable.
PxPUE Pull-up Enable.
PxAFS1 Alternate Function Set 1.
PXAFS2 Alternate Function Set 2.

Port A—C Address Registers

The Port A—C Address registers select@RIO port functionality accessible through the
Port A—C Control registers. The Port A-Cdkdss and Control regjers combine to pro-
vide access to all GPIO port controls (Table 19).

Table 19. Port A-C GPIO Address Registers (P xADDR)

Bit 7 6 5 4 3 2 1 0
Field PADDR][7:0]

RESET 00H

R/W R/W R/W R/W R/W R/W R/W 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.
See Table 20 for each subregister function.

Table 20. PADDR][7:0] Subregister Functions

PADDRJ[7:0] Port Control Subregister Accessi  ble Using the Port A-C Control Registers
OOH No function. Provides some protection against accidental Port reconfiguration.
01H Data Direction.
02H Alternate Function.
03H Output Control (Open-Drain).
04H High Drive Enable.
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Table 20. PADDR][7:0] Subregister Functions

PADDRJ[7:0] Port Control Subregister Accessi  ble Using the Port A-C Control Registers
05H Stop Mode Recovery Source Enable.
06H Pull-up Enable.
07H Alternate Function Set 1.
08H Alternate Function Set 2.
09H-FFH  No function.

Port A—C Control Registers

The Port A—C Control registers set the GPIit operation. The value in the correspond-
ing Port A-C Address Register determines which subregister is read from or written to by
a Port A-C Control Register transaction; see Table 21.

Table 21. Port A-C Control Registers (P xCTL)

Bit 7 6 5 4 3 2 1 0
Field PCTL

RESET 00H

R/W R/W R/W R/W R/W R/W R/W 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.
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Port A—C Data Dire ction Subregisters

The Port A—C Data Direction Subregister is accessed through tha-Rb Control Regis-
ter by writing0O1H to the Port A—C Address Register; see Table 22.

Table 22. Port A—C Data Di rection Subregisters (PxDD)

Bit 7 6 5 4 3 2 1 0
Field DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO
RESET 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If 01H in Port A—C Address Register, accessible through 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 tristated.

Note: x indicates the specific GPIO port pin number (7-0).

Port A—C Alternate Fu nction Subregisters

The Port A-C Alternate Function Subregistaalfle 23) is accessed through the Port A-C
Control Register by writin@2H to the Port A—C Address Register. The Port A—-C Alter-
nate Function subregisters elethe alternate function selection on pins. If disabled, pins
functions as GPIO. If enabled, select onéoof alternate functions using alternate func-
tion set subregisters 1 and 2 as described in theattté\—C Alternate Function Set 1
Subregqistersection on page 48 and thert A—C Alternate Function SetSubregisters
section on page 4%ee thésPI1O Alternate Functionsection on page 34 to determine the
alternate function associated with each port pin.

A Caution: Do not enable alternate functions for GPI1Otgns for which there is no associated al-
ternate function. Failure to follow this igleline can result imnpredictable operation.

PS024315-1011 PRELIMINARY GPIO Control Register Definitions



Table 23. Port A—C Alternate Function Subregisters (PxAF)

Z8 Encore! XP ® F0823 Series
Product Specification

LIIXYS

44

Bit 7 6 5 4 3 2 1 0
Field AF7 AF6 AF5 AF4 AF3 AF2 AF1 AFO
RESET O0H (Ports A-C); 04H (Port A of 8-pin device)

R/W R/W

Address If 02H in Port A-C Address Register, accessible through 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 selected through Alternate Function Set subregisters is enabled.
Port pin operation is controlled by the alternate function.

Note: x indicates the specific GPIO port pin number (7-0).

Port A—C Output C ontrol Subregisters

The Port A—C Output Control Subregistealfle 24) is accesse¢drough the Port A-C
Control Register by writin@3H to the Port A—C Address Register. Setting the bits in the
Port A—C Output Control subregisters todnfigures the specifiggort pins for open-

drain operation. These subregisters affect the girectly and, as a result, alternate func-
tions are also affected.

Table 24. Port A—C Output Control Subregisters (PxOC)

Bit 7 6 5 4 3 2 1 0
Field POC7 POC6 POC5 POC4 POC3 POC2 POC1 POCO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If O03H in Port A—C Address Register, accessible through the Port A—C Control Register
Bit Description

[7:0] Port Output Control

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

set to 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 the specific GPIO port pin number (7-0).
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Port A—C High Drive Enable Subregisters

The Port A—C High Drive Enablgubregister (Table 25) &£cessed through the Port A-C
Control Register by writin@4H to the Port A—C Address Register. Setting the bits in the
Port A—C High Drive Enable subregisters todhfigures the specifiegort pins for high-
current output drive operation. The Port@\High Drive Enable Subregister affects the
pins directly and, as a result, alternate functions are also affected.

Table 25. Port A—C High Drive Enable Subregisters (PHDEX)

Bit 7 6 5 4 3 2 1 0
Field PHDE?7 PHDE®6 PHDES PHDEA4 PHDE3 PHDE2 PHDE1 PHDEO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If 04H in Port A—-C Address Register, accessible through 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 the specific GPIO port pin number (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 (Table 26) is accessed
through the Port A—-C Cortl Register by writing5H to the Port A-C Address Register.
Setting the bits in the Port &-Stop Mode Recovery Sourcedhte subregisters to 1 con-
figures the specified Port pins as a Stopdel®ecovery source. During STOP Mode, any
logic transition on a Port pin enabled as a Stop Mode Recovery source initiates Stop Mode
Recovery.

Table 26. Port A-C Stop Mode Recovery Source Enable Subregisters (PSMREX)

Bit 7 6 5 4 3 2 1 0
Field PSMRE7 | PSMRE6 | PSMRE5 | PSMRE4 | PSMRE3 | PSMRE2 | PSMRE1 | PSMREO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If O5H in Port A-C Address Register, accessible through the Port A—C Control Register
Bit Description

[7:0] Port Stop Mode Recovery Source Enabled.

PSMREXx 0 = The Port pin is not configured as a Stop Mode Recovery source. Transitions on this pin dur-
ing STOP Mode do 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 the specific GPIO port pin number (7-0).
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Port A—C Pull-up Enable Subregisters

The Port A—C Pull-up Enable Subregistealfle 27) is accessed through the Port A—C
Control Register by writin@6H to the Port A—-C Address Register. Setting the bits in the
Port A—C Pull-up Enable subregisters enalsleveak internal restive pull-up on the
specified Port pins.

Table 27. Port A-C Pull-Up En able Subregisters (PPUEX)

Bit 7 6 5 4 3 2 1 0
Field PPUE7Y PPUEG6 PPUE5 PPUE4 PPUE3 PPUE2 PPUE1 PPUEO
RESET 0 0 0 0 0 0 0 0
R/IW R/IW R/IW R/IW RIW R/IW R/W RIW R/IW
Address If 06H in Port A—C Address Register, 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 the specific GPIO port pin number (7-0).
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Port A—C Alternate Func tion Set 1 Subregisters

The Port A—C Alternate Function Setl SubrtgigTable 28) is accessed through the Port
A—C Control Register by writing7H to the Port A—-C AddresRegister. The Alternate
Function Set 1 subregisters selects the altefoatgion available at a port pin. Alternate
Functions selected by setting or clearing bits of this register are defit@BId Alter-

nate Functions” on page 34

} Note: Alternate function selection goort pins must also benabled as described in thert A—
C Alternate FunctioiBubregistersection on page 43.
Table 28. Port A-C Alternate Function Set 1 Subregisters (PAFS1x)
Bit 7 6 5 4 3 2 1 0
Field PAFS17 | PAFS16 | PAFS15 | PAFS14 | PAFS13 | PAFS12 | PAFS11 | PAFS10
RESET OOH (all ports of 20/28 pin devices); 04H (Port A of 8-pin device)
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If 07H in Port A-C Address Register, accessible through the Port A—C Control Register
Bit Description
[7:0] Port Alternate Function Set to 1

PAFS1x 0 = Port Alternate Function selected as defined in Table 15 (see the GPIO Alternate Functions
section on page 34).
1 = Port Alternate Function selected as defined in Table 15 (see the GPIO Alternate Functions

section on page 34).
Note: x indicates the specific GPIO port pin number (7-0).
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Port A—C Alternate Func tion Set 2 Subregisters

The Port A—C Alternate Function Set 2 Subregig§Table 29) is accessed through the Port
A—C Control Register by writing8H to the Port A—-C AddresRegister. The Alternate
Function Set 2 subregisters selects the altefoatgion available at a port pin. Alternate
Functions selected by setting or clearing bitthid register is defined in Table 15 in the
section theGPI1O Alternate Functionsection on page 34.

Table 29. Port A-C Alternate Function Set 2 Subregisters (PxAFS2)

Bit 7 6 5 4 3 2 1 0
Field PAFS27 | PAFS26 | PAFS25 | PAFS24 | PAFS23 | PAFS22 | PAFS21 | PAFS20
RESET OOH (all ports of 20/28 pin devices); 04H (Port A of 8-pin device)

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address If 08H in Port A—-C Address Register, accessible through the Port A—C Control Register
Bit Description

[7:0] Port Alternate Function Set 2

PAFS2x 0 = Port Alternate Function selected as defined in Table 15 on page 33; also see the GPIO
Alternate Functions section on page 34).
1 = Port Alternate Function selected as defined in Table 15.

Note: x indicates the specific GPIO port pin number (7-0).
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value returned for any unused ports is 0. Unused ports include those missing on the 8- and
28-pin packages, as well as those missinghe ADC-enabled 28-pin packages.

Table 30. Port A—C Input Data Registers (PxIN)

Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PIN5 PIN4 PIN3 PIN2 PIN1 PINO
RESET X X X X X X X X
R/W R R R R R R R 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 O (Low).

1 = Input data is logical 1 (High).

Note: x indicates the specific GPIO port pin number (7-0).
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Port A—C Output Data Register
The Port A—C Output Data Register (Table 31) controls the output data to the pins.

Table 31. Port A—C Output Data Register (PxOUT)

Bit 7 6 5 4 3 2 1 0
Field POUT? POUT6 POUT5 POUT4 POUT3 POUT2 POUT1 POUTO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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 0 (Low).

1 = Drive a logical 1 (High). High value is not driven if the drain has been disabled by setting
the corresponding Port Output Control Register bit to 1.

Note: x indicates the specific GPIO port pin number (7-0).

LED Drive Enable Register

The LED Drive Enable Register, shown in T@BR, activates the controlled current drive.
The Alternate Function Registhas no control over the LED function; therefore, setting
the Alternate Function Register to sele@ HED function is not required. LEDEN bits
[7:0] correspond to Port Qits [7:0], respectively.

Table 32. LED Drive Enable (LEDEN)

Bit 7 6 5 4 3 2 1 0
Field LEDENJ7:0]

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F82H

Bit Description

[7:0] LED Drive Enable

LEDEN These bits determine which Port C pins are connected to an internal current sink.

0 = Tristate the Port C pin.
1= Connect controlled current sink to the Port C pin.
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LED Drive Level High Register

The LED Drive Level registers contain two canitbits for each Port C pin (Table 33).
These two bits select between four programmdbve levels. Each pin is individually

programmable.
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Bit 7 6 5 4 3 2 1 0
Field LEDLVLHI[7:0]

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F83H

Bit Description

[7:0] LED Level High Bit

LEDLVLH {LEDLVLH, LEDLVLL} select one of four programmable current drive levels for each Port C

pin.

00 =3mA.
01=7mA.

10=13mA.
11=20mA.
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LED Drive Level Low Register
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The LED Drive Level registers contain two caitbits for each Port C pin (Table 34).
These two bits select between four programmdbve levels. Each pin is individually

programmable.

Table 34. LED Drive Level Low Register (LEDLVLL)

Bit 7 6 5 4 3 2 1 0
Field LEDLVLL[7:0]

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F84H

Bit Description

[7:0] LED Level High Bit

LEDLVLL {LEDLVLH, LEDLVLL} select one of four programmable current drive levels for each Port C pin.

00 =3mA.
01 =7mA.
10 =13mA.
11 = 20mA.
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Interrupt Controller

The interrupt controller on the Z8 Encore! XB823 Series products prioritizes the inter-
rupt requests from then-chip peripherals and the GPIO port pins. The features of inter-
rupt controller include:
* 20 unique interrupt vectors

— 12 GPIO port pin interrupt sources (two are shared)

— 8 on-chip peripheral interrugburces (two are shared)

* Flexible GPIO interrupts
— Eight selectable rising ardlling edge GPIO interrupts
— Four dual-edge interrupts

* Three levels of individuallprogrammable interrupt priority

¢ Watchdog Timer can be configd to generate an interrupt

Interrupt requests (IRQs) allow peripheral deg to suspend CPU opéion in an orderly
manner and force the CPU to start an intergsgpvice routine (ISR). Usually this interrupt
service routine is involved witthe exchange of data, statnformation, or control infor-
mation between the CPU and the interruptinggberal. When the service routine is com-
pleted, the CPU returrie the operation from wéh it was interrupted.

The eZ8 CPU supports both vectored and polled interrupt handling. For polled interrupts,
the interrupt controller has no effect on @®n. For more infor@mtion about interrupt
servicing by the eZ8 CPU, refer to thé8 CPU Core User Manual (UMO12&)ailable

for download atvww.zilog.com

Interrupt Vector Listing

Table 35 lists all of the interrupts availableoirder of priority. The interrupt vector is
stored with the most-significant byte (MS&)the even Program Memory address and the
least-significant byte (LSB) at tHellowing odd Program Memory address.

} Note: Some port interrupts are notalable on the 8- and 20-ppackages. The ADC interrupt is
unavailable on devices not containing an ADC.

PS024315-1011 PRELIMINARY Interrupt Controller
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Table 35. Trap and Interrupt Vectors in Order of Priority
Program
Memory
Priority ~ Vector Address Interrupt or Trap Source
Highest 0002H Reset (not an interrupt)
0004H Watchdog Timer (see the Watchdog Timer section on page 91)
003AH Primary Oscillator Fail Trap (not an interrupt)
003CH Watchdog Timer Oscillator Fail Trap (not an interrupt)
0006H lllegal Instruction Trap (not an interrupt)
0008H Reserved
0O00AH Timer 1
000CH Timer O
O0OEH UART O receiver
0010H UART 0 transmitter
0012H Reserved
0014H Reserved
0016H ADC
0018H Port A Pin 7, selectable rising or falling input edge
001AH Port A Pin 6, selectable rising or falling input edge or Comparator Output
001CH Port A Pin 5, selectable rising or falling input edge
001EH Port A Pin 4, selectable rising or falling input edge
0020H Port A Pin 3 or Port D Pin 3, selectable rising or falling input edge
0022H Port A Pin 2 or Port D Pin 2, selectable rising or falling input edge
0024H Port A Pin 1, selectable rising or falling input edge
0026H Port A Pin 0, selectable rising or falling input edge
0028H Reserved
002AH Reserved
002CH Reserved
002EH Reserved
0030H Port C Pin 3, both input edges
0032H Port C Pin 2, both input edges
0034H Port C Pin 1, both input edges
0036H Port C Pin 0, both input edges
Lowest  0038H Reserved
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Architecture

Figure 8 displays the interrupt controller block diagram.

Port Interrupts > Pt%grri]ty
> 9
5
o Vector
g =
@ Priority
£ % Medium N Mux IRQ Request
IS ™ Priority o >
-
D
(]
=}
Internal Interrupts 3
»
I
2
8 | Low
= > Priority

Figure 8. Interrupt Controller Block Diagram

Operation

This section describesdloperational aspects thie following functions.

Master Interrupt Enablesee page 56

Interrupt Vectors and Prioritysee page 57

Interrupt Assertionsee page 57

Software Interrupt Assertioisee page 58

Watchdog Timer Interrupt Assertiogee page 58

Master Interrupt Enable

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

Interrupts are globally enabled by any of the following actions:

* Execution of an Enable Interruggl) instruction
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¢ Execution of an Return from InterrupRET) instruction
* Writing a 1 to theRQE bit in the Interrupt Control Register

Interrupts are globally disabled by any of the following actions:

* Execution of a Disable Interrufdl ) instruction

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

* Reset

e Execution of arap instruction

¢ lllegal Instruction Trap

* Primary Oscillator Fail Trap

¢ Watchdog Timer Oscillator Fail Trap

Interrupt Vectors and Priority

The interrupt controller supportisree levels of interrupt mrity. Level 3 is the highest
priority, Level 2 is the second highest pitgrand Level 1 is the lowest priority. If all
interrupts are enabled with identical interrppiority (for example, all as Level 2 inter-
rupts), the interrupt priority is assign&#dm highest to lowest as specifiedliable 350n
page 55. Level 3 interrupts are always assighigher priority than Level 2 interrupts
which, in turn, always are assigned higheofity than Level 1 interrupts. Within each
interrupt priority level (Level 1, Level 2 drevel 3), priority is assigned as specified in
Table 35. Reset, Watchdog Timer interrupt (if enabled), Primary Oscillator Fail Trap,
Watchdog Timer Oscillator Fallrap, and lllegal InstructioTrap always have highest
(Level 3) priority.

Interrupt Assertion

Interrupt sources assert their interrupt requests for only a single system clock period (sin-
gle pulse). When the interrupt request ikremvledged by the eZ8 CPU, the correspond-

ing bit in the Interrupt Request register isarled until the next interrupt occurs. Writing a

0 to the corresponding bit in the InterruptgRest register likewise clears the interrupt
request.

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

PS024315-1011 PRELIMINARY Operation



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 58

Example 1. A poor coding style that cangwelt in lost interrupt requests:

LDX 0, IRQO
AND 10, MASK
LDX IRQO, r0

To avoid missing interrupts, use the codingestglExample 2 to clear bits in the Interrupt
Request 0 Register:

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

Software Interrupt Assertion

Program code generates interrupts directly. Writing a 1 to the correct bit in the Interrupt
Request register triggers an interrupt (assignthat interrupt is enabled). When the inter-
rupt request is acknowledged by the eZ8 C#¥ bit in the Interrupt Request register is
automatically cleared to O.

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

Example 3. A poor coding style that cang@lt in lost interrupt requests:

LDX 0, IRQO
OR r0, MASK
LDX IRQO, r0

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

ORX IRQO, MASK

Watchdog Timer Interrupt Assertion

The Watchdog Timer interrupt behaviowdigferent from interrupts generated by other
sources. The Watchdog Timer continues tedss interrupt as longs the timeout condi-
tion continues. As it operates on a differ@d usually slower) clock domain than the
rest of the device, the Watchdog Timer comdis to assert this interrupt for many system
clocks until the counter rolls over.
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A Caution: To avoid retriggerings of the Watchdog Tinieterrupt after exiting the associated inter-

rupt service routine, Zilogegcommends that the serviceutioe continues to read from
the RSTSTAT register until the WDT bit iseelred as shown in the following example.

CLEARWDT:
LDX r0, RSTSTAT ; read reset status register to clear wdt bit
BTJINZ 5, rO, CLEARWDT ; loop until bit is cleared

Interrupt Control Register Definitions

For all interrupts other than the WatchdGmer interrupt, the Primary Oscillator Fail
Trap, and the Watchdog Tim@scillator Fail Trap, the interpt control registers enable
individual interrupts, set interrupt priorities, and indicate interrupt requests.

Interrupt Requ est O Register

The Interrupt Request 0 (IRQfBgister (Table 36) stores the interrupt requests for both
vectored and polled interrupts. When a reqgiseptesented to theterrupt controller, the
corresponding bit in the IRQO register bees. If interrupts are globally enabled (vec-
tored interrupts), the interrupt controller pasae interrupt request to the eZ8 CPU. If
interrupts are globally disaddl (polled interrupts), the eZ8 CPU reads the Interrupt
Request 0 register to determinaify interrupt requests are pending.

Table 36. Interrupt Request 0 Register (IRQ0)

Bit 7 6 5 4 3 2 1 0
Field Reserved T1l TOI UORXI UoTXI Reserved ADCI
RESET 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W 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 O is awaiting service.
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Bit Description (Continued)
[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 0 transmitter is awaiting service.
[2:1] Reserved
These bits are reserved and must be programmed to 00.
[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 Requ est 1 Register
The Interrupt Request 1 (IRQ1)gister (Table 37) stores imtapt requests for both vec-
tored and polled interrupts. When a requeptésented to the interrupt controller, the cor-
responding bit in the IRQ1 Register baws 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controllespes an interrupt request to the eZ8 CPU. If
interrupts are globally disaddl (polled interrupts), the eZ8 CPU reads the Interrupt
Request 1 Register to determinauily interrupt requests are pending.
Table 37. Interrupt Request 1 Register (IRQ1)
Bit 7 6 5 4 3 2 1 0
Field PA7VI PA6CI PA5I PA4I PA3I PA2I PA1ll PAOI
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FC3H
Bit Description
[7] Port A7 Interrupt Request
PA7VI 0 = No interrupt request is pending for GPIO Port A.
1 = An interrupt request from GPIO Port A.
[6] Port A6 or Comparator Interrupt Request
PAGCI 0 = No interrupt request is pending for GPIO Port A or Comparator.
1 = An interrupt request from GPIO Port A or Comparator.
[5:0] 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 the specific GPIO Port pin number (0-5).
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Interrupt Requ est 2 Register

The Interrupt Request 2 (IRQ2)gister (Table 38) stores imtept requests for both vec-

61

tored and polled interrupts. When a requeptésented to the interrupt controller, the cor-

responding bit in the IRQ2 Register bawes 1. If interrupts are globally enabled

(vectored interrupts), the interrupt controllespas an interrupt request to the eZ8 CPU. If

interrupts are globally disadd (polled interrupts), the eZ8 CPU can read the Interrupt

Request 2 Register to determinauily interrupt requests are pending.

Table 38. Interrupt Request 2 Register (IRQ2)

Bit 7 6 5 4 3 2 1 0
Field Reserved PC3I PC2I PCi1l PCOI
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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 the specific GPIO Port C pin number (3-0).
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IRQO Enable High and Low Bit Registers

Table 39 describes the priority control fRQ0. The IRQO0 Enableligh and Low Bit reg-
isters (Table 40 and Table 41) form a ptisencoded enabling fanterrupts in the Inter-

rupt Request O Register. Priority is geated by setting bits in each register.

Table 39. IRQO Enable and Priority Encoding

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

Note: where x indicates the register bits from 0-7.

PRELIMINARY

Interrupt Control Register Definitions



Z8 Encore! XP ® F0823 Series
Product Specification

LIIXYS

Table 40. IRQO Enable Hi gh Bit Register (IRQOENH)

Bit 7 6 5 4 3 2 1 0
Field Reserved | T1ENH TOENH | UORENH | UOTENH Reserved ADCENH
RESET 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Address FC1H
Bit Description
[7] Reserved

This bit is reserved and must be programmed to 0.
[6] Timer 1 Interrupt Reque st Enable High Bit
T1ENH
[5] Timer O Interrupt Reque st Enable High Bit
TOENH
[4] UART 0 Receive Interrupt Request Enable High Bit
UORENH
[3] UART 0 Transmit Interrupt Request Enable High Bit
UOTENH
[2:1] Reserved

These bits are reserved and must be programmed to 00.
[0] ADC Interrupt Request Enable High Bit
ADCENH

Table 41. IRQO Enable Low Bit Register (IRQOENL)

Bit 7 6 5 4 3 2 1 0
Field Reserved | T1ENL TOENL | UORENL | UOTENL Reserved ADCENL
RESET 0 0 0 0 0 0 0
R/W R R/W R/W R/W R/W R R/W
Address FC2H
Bit Description
[71 Reserved

This bit is reserved and must be programmed to 0 when read.
[6] Timer 1 Interrupt Request Enable Low Bit
T1ENL
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Bit Description (Continued)
[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
[2:1] Reserved
These bits are reserved and must be programmed to 00.
[0] ADC Interrupt Request Enable Low Bit
ADCENL

IRQ1 Enable High and Low Bit Registers

Table 42 describes the priority control f&Q1. The IRQ1 Enableligh and Low Bit reg-
isters (Table 43 and Table 44) form a gticencoded enabling fanterrupts in the Inter-
rupt Request 1 Register. Priority is geated by setting bits in each register.

Table 42. IRQ1 Enable and Priority Encoding

IRQ1IENH[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 0-7.
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Bit 7 6 5 4 3 2 1 0
Field PA7VENH | PA6GCENH | PASENH | PA4AENH | PA3ENH | PA2ENH | PA1IENH | PAOENH
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/IW R/W R/W R/W R/W
Address FC4H

Bit Description

[7] Port A Bit[7] Interrupt Request Enable High Bit

PA7VENH

[6] Port A Bit[7] or Comparator Interrupt Request Enable High Bit

PA6CENH

[5:0] Port A Bit[ x] Interrupt Request Enable High Bit

PAXENH For selection of Port A as the interrupt source, see the Shared Interrupt Select Register sec-

tion on page 67.

Note: x indicates the specific GPIO Port A pin number (5-0).

Table 44. IRQ1 Enable Low Bit Register (IRQ1ENL)

Bit 7 6 5 4 3 2 1 0
Field PA7VENL | PAGCENL | PASENL | PA4AENL | PA3SENL | PA2ENL | PA1ENL | PAOENL
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FC5H

Bit Description

[7] Port A Bit[7] Interrupt Request Enable Low Bit

PA7VENL

[6] Port A Bit[7] or Comparator Interrupt Request Enable Low Bit

PA6CENL

[5:0] Port A Bit[ x] Interrupt Request Enable Low Bit

PAXENL

Note: x indicates the specific GPIO Port A pin number (5-0).
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IRQ2 Enable High and Low Bit Registers

Table 45 describes the priority control fRQ2. The IRQ2 Enableligh and Low Bit reg-
isters (Table 46 and Table 47) form a gtioencoded enabling fanterrupts in the Inter-
rupt Request 2 register. Priority is geated by setting bits in each register.

Table 45. IRQ2 Enable and Priority Encoding

IRQ2ENH[x] IRQ2ENL[X] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High

Note: where x indicates the register bits from 0-7.

Table 46. IRQ2 Enable Hi gh Bit Register (IRQ2ENH)

Bit 7 6 5 4 3 2 1 0
Field Reserved C3ENH C2ENH C1ENH COENH
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W 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 Requ est Enable High Bit
C3ENH
[2] Port C2 Interrupt Requ est Enable High Bit
C2ENH
[1] Port C1 Interrupt Requ est Enable High Bit
C1ENH
[0] Port CO Interrupt Requ est Enable High Bit
COENH
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Bit 7 6 5 4 3 2 1 0
Field Reserved C3ENL C2ENL C1ENL COENL
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/IW R/W R/W R/W R/W
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 Re quest Enable High Low
COENL
Interrupt Edge Select Register

The Interrupt Edge Select (IRQES) Register (Table 48) determiretbevian interrupt is

generated for the rising edge or falling edgethe selected GPIO Port A or Port D input

pin.

Table 48. 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 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FCDH
Bit Description
[7] Interrupt Edge Select x
IESx 0 = An interrupt request is generated on the falling edge of the PAX input or PDx.

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

Note: x indicates the specific GPIO port pin number (7-0).
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The Shared Interrupt Select (IRQSS) regi§table 49) determines the source of the
PADXS interrupts. The Shared Interrupt $elegister selects between Port A and
alternate sources for thirdividual interrupts.

Because these shared interrupts are edge-tedgilis possible tgenerate an interrupt
just by switching from one sharedurce to another. For thisason, an interrupt must be

disabled before switching between sources.

Table 49. Shared Interrupt Select Register (IRQSS)

Bit 7 6 5 4 3 2 1 0
Field Reserved | PA6CS Reserved
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FCEH
Bit Description
[7] Reserved
This bit is reserved and must be programmed to 0.
[6] PA6/Comparator Selection
PABCS 0= PAG is used for the interrupt for PA6CS interrupt request.
1 = The comparator is used as an interrupt for PA6CS interrupt requests.
[5:0] Reserved

These bits are reserved and must be programmed to 000000.
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The Interrupt Control (IRQCTL) Register (Tati@) contains the master enable bit for all

interrupts.

Table 50. Interrupt Control Register (IRQCTL)

Bit 7 6 5 4 3 2 1 0

Field IRQE Reserved

RESET 0 0

R/W R/W R R R R R R R

Address FCFH

Bit Description

[7] Interrupt Request Enable

IRQE This bit is set to 1 by executing an Enable Interrupts (EIl) or Interrupt Return (IRET) instruction,
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 0000000 when read.
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Timers

Z8 Encore! XP F0823 Series products contgirto two 16-bit reloadable timers that are
used for timing, event counting or generatad PWM signals. The timers’ features
include:

e 16-bit reload counter

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

e 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 afie-fourth the system clock frequency
e Timer output pin

¢ Timer interrupt

In addition to the timers described in thispker, the baud rate merator of the UART (if
unused) also provides basic timing funoabty. For information about using the baud
rate generator as an additional timer, seathigersal Asynchronous Receiver/Transmit-
ter chapter on page 97.
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Architecture

Figure 9 displays the architecture of the timers.

F— == — = — — — = = —— = = = = = 1
| Timer Block I
Data | Timer |
D
Bus | Control |
Block | |
Control > _ _ | i
| 16-Bit > | Interrupt, Timer
» Reload Register £ - PWM, Interrupt
o and I .
S L Timer
System N Y 8 Timer Output | Output
y — Control I .
Clock 16-Bit Counter > 1 » Timer
Timer I with Prescaler - | Output
Input > o | Complement
I S |
£
Gate 16-Bit S |
Input O
I PWM/Compare - |
Capture |
doewt o ______ J
Figure 9. Timer Block Diagram
Operation

The timers are 16-bit up-counters. Minimumehout delay is set by loading the value
0001H into the Timer Reload High and Low ®yregisters and setting the prescale value
to 1. Maximum time-out delag set by loading the valu®00H into the Timer Reload
High and Low Byte registersnd setting the prescale valioel28. If the Timer reaches
FFFFH, the timer rolls over t0000H and continues counting.

Timer Operating Modes

The timers can be configureddperate in the following modes:

ONE-SHOT Mode

In ONE-SHOT Mode, the timer caits up to the 16-bit reload value stored in the Timer
Reload High and Low Byte registers. The timer input is the syslieek. Upon reaching
the reload value, the timermgrates an interrupt and theuoo value in the Timer High
and Low Byte registers is reset@@01H. The timer is automatically disabled and stops
counting.
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Also, if the Timer Output alternate functionesabled, the Timer Output pin changes state
for one system clock cycle (fmoLow to High or from High td.ow) upon timer reload. If

it is appropriate to have the Timer Outputkea state change at a One-Shot time-out
(rather than a single cycle pulse), first set TPOL bit in the Timer Control Register to
the start value before enabling ONE-SHM®de. After starting the timer, sePOLto the
opposite bit value.

Observe the following steps to config@éimer for ONE-SHOT Mode and initiating the
count:

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

— Set the initial output level (High or Lovifjusing the Timer Otput alternate func-
tion

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

4. If appropriate, enable the timer interruptiaet 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 émable the timer and initiate counting.

In ONE-SHOT Mode, the system clock alwayeyides the timer inguThe timer period
is computed via # following equation:

) = (Reload Value — Start Value) x Prescale

ONE-SHOT Mode Time-Out Period (s
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 registef$ie timer input is th system clock. Upon
reaching the reload value gttimer generates an interrughte count value in the Timer
High and Low Byte registers is reset0f@d1H and counting resumes. Also, if the Timer
Output alternate furion is enabled, the Timer Outppih changes state (from Low to
High or from High to Low) at timer reload.

Observe the following steps to configuréraer for CONTINUOUS Male and to initiate
the count:
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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 functiaet the initial output level (High or
Low)

2. Write to the Timer High and Low Byte regiss to set the startirgpunt value (usually
0001H). This action only affects the firsaps in CONTINUOUS Mode. After the first
timer reload in CONTINUOUS Mode, coungiralways begins at the reset value of
0001H.

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

4. Enable the timer interrupt (if appropriateplaset the timer interrupt priority by writ-
ing to the relevant interrupt registers.

5. Configure the associated GPIO port pfruing the Timer Output function) for the
Timer Output alternate function.

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

In CONTINUOUS Mode, the system clock alygaprovides the timer input. The timer
period is computed via the following equation:

CONTINUOUS Mode Time-Out Period (s) = —Reioad Value x Prescale
System Clock Frequency (Hz)

If an initial starting value other th@®01H is loaded into the Timer High and Low Byte
registers, use the ONE-SHOT Mode equatio determine the first time-out period.

COUNTER Mode

In COUNTER Mode, the timer counts inpuarisitions from a GPIO port pin. The timer
input is taken from the GPIO portrpTimer Input alternate function. TR@OL bit in the
Timer Control Register selects whether the ¢a@maturs 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 samust not exceed one-fourth the system
clock frequency.

Upon reaching the reload vala®red in the Timer Reload High and Low Byte registers,
the timer generates amerrupt, the count value in therfier High and Low Byte registers
is reset t@001H and counting resumes. Also, if thianer Output alternate function is
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enabled, the Timer Output pin changes dfiaten Low to High or from High to Low) at
timer reload.

Observe the following steps to configuréraer for COUNTER Mode and initiating 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 ead¢he Timer Input signal for the count.
This selection also sets the initial logic level (High or Low) for the Timer Output
alternate function. Heever, the Timer Output fution is not required to be
enabled.

2. Write to the Timer High and Low Byte retgrs to set the stargrcount 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 valwe@ifH. In COUNTER Mode
the Timer High and Low Byte registemust be written with the val@®01H.

Write to the Timer Reload High and Lddyte registers to set the reload value.

If appropriate, enable the timer interruptl et the timer interrupt priority by writing
to the relevant interrupt registers.

Configure the associated GPIO port fur 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 Rgster to enable the timer.

In COUNTER Mode, the number of timer intgeansitions since the timer start is com-
puted via the following equation:

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

COMPARATOR COUNTER Mode

In COMPARATOR COUNTER Mode, the timer wots input transitions from the analog
comparator output. THEPOL bit in the Timer Control Regter selects whether the count
occurs on the rising edge or the falling edfthe comparator output signal. In COMPAR-
ATOR COUNTER Mode, the prescaler is disabled.
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A Caution: The frequency of the comparator output sigmust not exceed erfourth the system
clock frequency.

After reaching the reload vadstored in the Timer Reload High and Low Byte registers,
the timer generates amterrupt, the count value in theriéer High and Low Byte registers
is reset t@001H and counting resumes. Also, if thianer Output alternate function is
enabled, the Timer Output pin changes saten Low to High or from High to Low) at
timer reload.

Observe the following steps to configure a timer for COMPARATOR COUNTER Mode
and initiating the count:
1. Write to the Timer Control Register to:

— Disable the timer.

— Configure the timer for CWIPARATOR COUNTER Mode.

— Select either the rising edge falling edge of the comparator output signal for the
count. This also sets the initial logioséd (High or Low) for the Timer Output
alternate function. Hoever, the Timer Output fution is not required to be
enabled.

2. Write to the Timer High and Low Byte ratgrs to set the startjrcount value. This
action only affects the first pass in GIBARATOR COUNTER Mode. After the first
timer reload in COMPARATOR COUNTERIode, counting always begins at the
reset value 08001H. Generally, in COMPARATORCOUNTER Mode the Timer
High and Low Byte registers raube written with the valu@01H.

Write to the Timer Reload High and Ldyte registers to set the reload value.

4. |If appropriate, enable the timer interrupti @et 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 Rgster to enable the timer.

In COMPARATOR COUNTER Mode, the number of comparator output transitions since
the timer start is computeda the following equation:

Comparator Output Transitions = Current Count Value — Start Value
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PWM SINGLE OUTPUT Mode

In PWM SINGLE OUTPUT Mode, the timer outputs a PWM output signal through a
GPIO 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 PVHigh and Low Byte registers. When the

timer count value matches the PWM value, Timer Output toggles. The timer continues
counting until it reaches theload value stored in the Timer Reload High and Low Byte
registers. Upon reaching the reload value titmer generates an interrupt, the count value
in the Timer High and Low Byte registers is res€d@01H and counting resumes.

If the TPOLDbit in the Timer Control Register is set to 1, the Timer Output signal begins as
a High (1) and transitions to a Low (0) white timer value mat&s the PWM value. The
Timer Output signal returns o High (1) after the timer reaches the reload value and is
reset ta0001H.

If the TPOLbit in the Timer Control Register is set to 0, the Timer Output signal begins as
a Low (0) and transitions to a High (1) whie timer value mates the PWM value. The
Timer Output signal returns oLow (0) after the timer reaches the reload value and is
reset ta0001H.

Observe the following steps to configure adirfor PWM Single Output mode and initiat-
ing 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 Lowand PWM High/Low transition for the
Timer Output alternate function

2. Write to the Timer High and Low Byte ratgrs to set the starting count value (typi-
cally 0001H); this write only affects the firggass in PWM Mode. After the first timer
reset in PWM Mode, counting always begins at the reset va@oH.

Write to the PWM High and Low Bytegisters to set the PWM value.

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

5. If appropriate, enable the timer interruptl &t the timer interrupt priority by writing
to the relevant interrupt registers.

6. Configure the associated GPIO port fuinthe Timer Output alternate function.
7. Write to the Timer Control Register émable the timer and initiate counting.

The PWM period is represented by the following equation:
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Reload Value x Prescale

PWM Period (s) =
eriod (s) System Clock Frequency (Hz)

If an initial starting value other tha®01H is loaded into the Timer High and Low Byte

registers, use the ONE-SHOT Mode equatioddtermine the first PWM time-out period.
If TPOLIs set to 0, the ratio of the PWM outpiigh time to the totgberiod is represented
by the following equation:

Reload Value — PWM Value .

PWM Output High Time Ratio (%) =
Reload Value

100

If TPOLIs set to 1, the ratio of the PWM outptigh time to the totgberiod is represented
by the following equation:

PWM Value »

PWM Output High Time Ratio (%) = ————
Reload Value

PWM Dual Output Mode

In PWM DUAL OUTPUT Mode, the timer outits a PWM output signal pair (basic

PWM signal and its complement) through two GPIO port pins. The timer input is the sys-
tem clock. The timer first counts up teetth6-bit PWM match value stored in the Timer
PWM High and Low Byte registers. When tivaer count value matches the PWM value,
the Timer Output toggles. The timer contswcounting until it reaches the reload value
stored in the Timer Reload High and Low Byggisters. Upon reaching the reload value,
the timer generates amterrupt, the count value in therméer High and Low Byte registers

is reset t@001H and counting resumes.

If the TPOL bit in the Timer Control Registerset to 1, the Timer Output signal begins as
a High (1) and transitions to a Low (0) whibe timer value matas the PWM value. The
Timer Output signal returns BoHigh (1) after the timer reaches the reload value and is
reset ta0001H.

If the TPOL bit in the Timer Control Registerset to 0, the Timer Output signal begins as
a Low (0) and transitions to a High (1) whie timer value matas the PWM value. The
Timer Output signal returns Low (0) after the timer reaches the reload value and is
reset ta0001H.

The timer also generates a second PWM udmnal Timer Output Complement. The
Timer Output Complement is the complemehthe Timer Output PWM signal. A pro-
grammable deadband delay can be configuréidi®delay (0 to 128 system clock cycles)
PWM output transitions on these two pins frarfow to a high (inactive to active). This
ensures a time gap between the deassertioneoPWM output to the assertion of its com-
plement.
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Observe the following steps to configua timer for PWM DUAL OUTPUT Mode and
initiating the PWM operation:

1. Write to the Timer Control Register to:
— Disable the timer

— Configure the timer for PWM DUAL OUTPUT Mode. Setting the mode also
involves writing to the TMODEHDit in the TXCTL1 Register

— Set the prescale value

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

2. Write to the Timer High and Low Byte raggrs to set the starting count value (typi-
cally 0001H); this write only affects the first pass in PWM Mode. After the first timer
reset in PWM Mode, counting always begins at the reset val@ooH.

Write to the PWM High and Low Byiegisters to set the PWM value.

4. Write to the PWM Control Register to ke PWM dead band delay value. The dead-
band delay must be less than the duratiohefpositive phase of the PWM signal (as
defined by the PWM high and low byte registers). It must also be less than the dura-
tion of the negative phase of the PWM sibas defined by the difference between
the PWM registers and the Timer Reload registers).

5. Write to the Timer Reload High and Low Bytgisters to set the reload value (PWM
period). The reload value must greater than the PWM value.

6. If appropriate, enable the timer interruptl aet the timer interrupt priority by writing
to the relevant interrupt registers.

7. Configure the associated GPIO port pintfee Timer Output and Timer Output Com-
plement alternate functions. The Timer Quit@omplement functiois shared with
the Timer Input function for both timerSetting the timer mode to Dual PWM auto-
matically switches the function froffimer In to Timer Out Complement.

8. Write to the Timer Control Register émable the timer and initiate counting.

The PWM period is represented by the following equation:

Reload Value x Prescale
System Clock Frequency (Hz)

PWM Period (s) =

If an initial starting value other th@®01H is loaded into the Timer High and Low Byte
registers, the ONE-SHOT Mode equatitetermines the first PWM time-out period.

If TPOLIs set to 0, the ratio of the PWM outptigh time to the totgberiod is represented
by:
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Reload Value — PWM Value »
Reload Value

100

PWM Output High Time Ratio (%) =

If TPOLIs set to 1, the ratio of the PWM outpiigh time to the totgberiod is represented
by:

PWM Value

PWM Output High Time Ratio (%) = ——mMmM——
P g (%) Reload Value

x 100

CAPTURE Mode

In CAPTURE Mode, the current timer count vais recorded when the appropriate exter-
nal Timer Input transition oces. The capture count value is written to the Timer PWM
High and Low Byte registers. The timer input is the system clockTPbé bit in the

Timer Control Register determines if the captoiceurs on a rising edge or a falling edge

of the Timer Input signal. Whethe capture event occurs, an interrupt is generated and the
timer continues counting. THRPCAP bit in TXCTL1 Register is set to indicate the timer
interrupt is because ah input capture event.

The timer continues coting up to the 16-bit reload vadwstored in the Timer Reload

High and Low Byte registers. Upon reaching thload value, the timer generates an inter-
rupt and continues counting. The INPCAPib TXCTL1 Register clears indicating the
timer interrupt is not becae®f an input capture event.

Observe the following steps to configuwréimer for CAPTURE Mde and initiating 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 reggrs to set the starting count value (typi-
cally 0001H).

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

Clear the Timer PWM Highnd Low Byte registers @00H. Clearing these registers
allows the software to determine if interrsiptere generated by either a capture or a
reload event. If the PWM High araw Byte registers still contaid000H after the
interrupt, the interrupt weagenerated by a reload.

5. Enable the timer interrupt, if appropricd@d set the timer interpt priority by writing
to the relevant interrupt regésst. By default, the timerterrupt is generated for both
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input capture and reload evenifsappropriate, configure ¢éhtimer interrupt to be gen-
erated only at the input capture eventla reload event by setting TICONFIG field
of the TXCTL1 Register.

6. Configure the associated GPIO port for the Timer Input alternate function.
7. Write to the Timer Control Register émable the timer and initiate counting.

In CAPTURE Mode, the elapsed time from tinséart to capture event can be calculated
using the following equation:

) = (Capture Value — Start Value) x Prescale

Capture Elapsed Time (s
Pt P ime ( System Clock Frequency (Hz)

CAPTURE RESTART Mode

In CAPTURE RESTART Mode, the current #mcount value is recorded when the
acceptable external Timer Indeénsition occurs. The captuceunt value is written to the
Timer PWM High and Low Byte registers. &timer input is the system clock. TheOL

bit in the Timer Control Register determinethé capture occurs on a rising edge or a fall-
ing edge of the Timer Input signal. When ti@gture event occurs, amterrupt is gener-
ated and the count value in the Timeghliand Low Byte registers is resett1H and
counting resumes. THRPCAP bit in TXCTL1 Register is set to indicate the timer inter-
rupt is because of an input capture event.

If no capture event occurs, the timer countsaihe 16-bit comparealue stored in the
Timer Reload High and Low Byte registers.dgpreaching the reload value, the timer
generates an interrupt, the coualue in the Timer High and Low Byte registers is reset to
0001H and counting resumes. TINPCAP bit in TXCTL1 Register is cleared to indicate
the timer interrupt is not causd®y an input capture event.

Observe the following steps to configwéimer for CAPTURE RESTART Mode and ini-
tiating the count:
1. Write to the Timer Control Register to:

— Disable the timer

— Configure the timer for CAPTURE EBSTART Mode; setting the mode also
involves writing toTMODEHIbit in TXCTL1 Register

— Set the prescale value
— Set the capture edge (rising or falling) for the Timer Input

2. Write to the Timer High and Low Byte raggrs 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.
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4. Clear the Timer PWM Highand Low Byte registers @O00H. Clearing these registers
allows the software to determine if interrsiptere generated by either a capture or a
reload event. If the PWM High arnaw Byte registers still contaid000H after the
interrupt, the interrupt weagenerated by a reload.

5. Enable the timer interrupt, if appropricd@d set the timer interpt priority by writing
to the relevant interrupt regéss. By default, the timerterrupt is generated for both
input capture and reload evenifsappropriate, configure éhtimer interrupt to be gen-
erated only at the input capture eventha reload event by setting TICONFIG field
of the TXCTL1 Register.

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

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

In CAPTURE Mode, the elapsed time from tinsgairt to capture event can be calculated
using the following equation:

) = (Capture Value — Start Value) x Prescale
System Clock Frequency (Hz)

Capture Elapsed Time (s

COMPARE Mode

In COMPARE Mode, the timer counts uptle 16-bit maximum compare value stored in
the Timer Reload High and Low Byte registéfbe timer input is th system clock. Upon
reaching the compare value, the timer getesran interrupt and counting continues (the
timer value is not reset tW01H). Also, if the Timer Outpudlternate function is enabled,
the Timer Output pin changes state (from Low to High or from High to Low) upon com-
pare.

If the Timer reacheBFFFH, the timer rolls over to000H and continue counting. Observe
the following steps taonfigure a timer for COMPARE Mie and to initiate the count:

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

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

2. Write to the Timer High and Low Bytegisters to set the starting count value.
Write to the Timer Reload High and Ld®yte registers to set the compare value.

4. Enable the timer interrupt, if appropricded set the timer intarpt priority by writing
to the relevant interrupt registers.
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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 émable the timer and initiate counting.

In COMPARE Mode, the system clock alwayrevides the timer inguThe compare time
can be calculated e following equation:

COMPARE Mode Time (s) = (Compare Value — Start Value) x Prescale
System Clock Frequency (Hz)

GATED Mode

In GATED Mode, the timer countsly when the Timer Inputgnal is in its active state
(asserted), as determined by the TPOL bihanTimer Control Register. When the Timer
Input signal is asserted, counting begingdinder interrupt is generated when the Timer
Input signal is deasserted or a timer reloadurs. To determine if a Timer Input signal
deassertion generated the interrupt, read theceged GPIO input value and compare to
the value stored in the TPOL bit.

The timer counts up to the 16-bit reload value storedeiimer Reload High and Low
Byte registers. The timer inpig the system clock. Wheraching the reload value, the
timer generates an interrupt, the count valughéTimer High and Low Byte registers is
reset ta001H and counting resumes (assuming thadr Input signal remains asserted).
Also, if the Timer Output alternate functioneeabled, the Timer Output pin changes state
(from Low to High or from Hyh to Low) at timer reset.

Observe the following steps to configuréraer for GATED Mode and to initiate 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. Writing

these registers only affects the first pass in GATED Mode. After the first timer reset in
GATED Mode, counting always begins at the reset valud@fH.

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

4. Enable the timer interrupt, if appropricded set the timer intarpt priority by writing
to the relevant interrupt regess. By default, the timerterrupt is generated for both
input deassertion and reload events. If appad@riconfigure the timer interrupt to be
generated only at the input deassertion egethe reload event by setting TICONFIG
field of the TXCTL1 Register.
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5. Configure the associated GPIO port for the Timer Input alternate function.
6. Write to the Timer Control Rgster to enable the timer.

7. Assert the Timer Input signal to initiate the counting.

CAPTURE/COMPARE Mode

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

Every subsequent acceptable transition (afterfirst) of the Timer Input signal captures
the current count value. The capture vatueritten to the Timer PWM High and Low
Byte registers. When the capture event ocamnsnterrupt is generated, the count value in
the Timer High and Low Byte registers is rese?@01H, and counting resumes. The
INPCAP bit in TXCTL1 Register is set to indieathe timer interrupt is caused by an input
capture event.

If no capture event occurs, the timer countsauthe 16-bit comparealue stored in the
Timer Reload High and Low Byte registers.dgipreaching the compare value, the timer
generates an interrupt, the coualue in the Timer High and Low Byte registers is reset to
0001H and counting resumes. TINPCAP bit in TXCTL1 Register is cleared to indicate
the timer interrupt is not because of an input capture event.

Observe the following steps to configure 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 raggrs to set the starting count value (typi-
cally 0001H).

Write to the Timer Reload High and Ld®yte registers to set the compare value.

4. Enable the timer interrupt, if appropricded set the timer intarpt priority by writing

to the relevant interrupt registers.By ddfatine timer interrupare generated for both
input capture and reload evenfsappropriate, configure &timer interrupt to be gen-
erated only at the input capture eventt@r reload event by setting TICONFIG field

of the TXCTL1 Register.

Configure the associated GPIO port fur the Timer Input alternate function.

Write to the Timer Control Rgster to enable the timer.
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7. Counting begins on the first appropria@ngition of the Timer Input signal. No inter-
rupt is generated by this first edge.

In CAPTURE/COMPARE Mode, the elapsed tifm@m timer start to capture event can be
calculated using the following equation:

_ (Capture Value —Start Value) x Prescale
System Clock Frequency (Hz)

Capture Elapsed Time (s)

Reading the Timer Count Values

The current count Vae in the timers can be read whileunting (enabled). This capability
has no effect on timer operation. When tihger is enabled and the Timer High Byte Reg-
ister is read, the contentstbe Timer Low Byte register aptaced in a holding register. A
subsequent read from the Tinkew Byte register returns the value in the holding register.
This operation allows accurateads of the full 16-bit timrecount value while enabled.
When the timers are not enabled, a reathftoe Timer Low Bytaegister returns the
actual value in the counter.

Timer Pin Signal Operation

Timer Output is a GPIO port pin alterndibaction. The Timer Output is toggled every
time the counter is reloaded.

The timer input can be used as a selectedumting source. It shares the same pin as the
complementary timer output. When selected by the GPIO Alternate Function registers,
this pin functions as a timer input in all modes except for the DUAL PWM OUTPUT
mode. For this mode, therens timer input available.

Timer Control Register Definitions

This section defines the featurediod following Timer Control registers.

Timer 0—1 High and Low Byte Registesee page 83

Timer Reload High and Low Byte Registesse page 84

Timer 0—1 PWM High and Low Byte Reqistesgee page 86

Timer 0—1 Control Reqistersee page 86

Timer 0—1 High and Low Byte Registers

The Timer 0-1 High and Low Byte (TxH and)xregisters (Table 51 and Table 52) con-
tain the current 16-bit timer count value. ¥vhthe timer is enabled, a read from TxH
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causes the value in TXL to be stored temporary holding register. A read from TxL
always returns this temporary register when the timers are enabled. When the timer is dis-
abled, reads from the TxL reads the register directly.

Writing to the Timer High and Low Byte regess while the timer is enabled is not recom-
mended. There are no temporary holding regisavailable for writeperations, so simul-
taneous 16-bit writes are not possible. If @itthe Timer High or Low Byte registers are
written during counting, the Bit written value is placed in the counter (High or Low
Byte) at the next clock edge. The ctamcontinues counting from the new value.

Table 51. Timer 0-1 High Byte Register (TxH)

Bit 7 6 5 4 3 2 1 0
Field TH
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FOOH, FO8H

Table 52. Timer 0-1 Low Byte Register (TxL)
Bit 7 6 5 4 3 2 1 0
Field TL
RESET 0 0 0 0 0 0 0 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO1H, FO9H
Bit Description
[7:0] Timer High and Low Bytes
TH, TL  These 2 bytes, {TH[7:0], TL[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 (Table 53 and
Table 54) store a 16-bit reload value, {TRHJf TRL[7:0]}. Values written to the Timer
Reload High Byte register are stored inmperary holding register. When a write to the
Timer Reload Low Byte register occurs, thepmrary holding register value is written to
the Timer High Byte register. This operation allows simultaneous updates of the 16-bit
Timer reload value. In COMYRE Mode, the Timer Reload High and Low Byte registers
store the 16-bit compare value.
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Bit 7 6 5 4 3 2 1 0
Field TRH
RESET 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO2H, FOAH

Table 54. Timer 0-1 Reload Low Byte Register (TXRL)
Bit 7 6 5 4 3 2 1 0
Field TRL
RESET 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO3H, FOBH
Bit Description

[7]

(6]

(5]

(4]

(3]

(2]

(1]

[0]

TRH and TRL—Timer Reload Register High and Low

85

These two bytes form the 16-bit reload value, {TRH[7:0], TRL[7:0]}. Makie sets the
maximum count vakel which initiates @mer reload t@001H. In COMPARE Mode,
these two bytes form ¢hl16-bit compare value.
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Timer 0—-1 PWM High an d Low Byte Registers

The Timer 0-1 PWM High and Low Byte (TXPWMH and TxPWML) registers (Table 55
and Table 56) control pulse-width modulato(®) operations. These registers also store
the capture values for the CAPRE and CAPTURE/COMPARE modes.

Table 55. Timer 0-1 PWM High Byte Register (TxPWMH)

Bit 7 6 5 4 3 2 1 0
Field PWMH
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO4H, FOCH

Table 56. Timer 0—1 PWM Low Byte Register (TxXPWML)
Bit 7 6 5 4 3 2 1 0
Field PWML
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO5H, FODH
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 Register (TxCTL1)
register.

These TXPWMH and TXPWML registers also store the 16-bit captured timer value when oper-
ating in CAPTURE or CAPTURE/COMPARE modes.

Timer 0—1 Control Registers
The Timer Control registers are 8-bit read/write registers that control the operation of their
associated counter/timers.
Timer 0—1 Control Register 0

The Timer Control Register 0 (TXxCTLO) and Timer Control Register 1 (TXxCTL1) deter-
mine the timer operating mode. It alsclides a programmable PWM deadband delay,

PS024315-1011 PRELIMINARY Timer Control Register Definitions



Z8 Encore! XP ® F0823 Series
Product Specification

LIIXYS

two bits to configure timer interrupt definitipand a status bit to identify if the most
recent timer interrupt is causég an input capture event.

Table 57. Timer 0—1 Control Register 0 (TXCTLO)

Bit 7 6 5 4 3 2 1 0
Field TMODEHI TICONFIG Reserved PWMD INPCAP
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FOGH, FOEH
Bit Description
[7] Timer Mode High Bit
TMODEHI  This bit along with the TMODE field in TXCTL1 Register determines the operating mode of
the timer. This is the most-significant bit of the Timer mode selection value.
[6:5] Timer Interrupt Configuration
TICONFIG This field configures timer interrupt definition.
Ox = Timer Interrupt occurs on all defined reload, compare and input events.
10 = Timer Interrupt only on defined input capture/deassertion events.
11 = Timer Interrupt only on defined reload/compare events.
[4] Reserved
This bit is reserved and must be programmed to 0.
[3:1] PWMD—PWM Delay value
PWMD This field is a programmable delay to control the number of system clock cycles delay
before the Timer Output and the Timer Output Complement are forced to their active state.
000 = No delay.
001 = 2 cycles delay.
010 = 4 cycles delay.
011 = 8 cycles delay.
100 = 16 cycles delay.
101 = 32 cycles delay.
110 = 64 cycles delay.
111 = 128 cycles delay.
[0] Input Capture Event
INPCAP This bit indicates if the most recent timer interrupt is caused by a Timer Input capture event.

0 = Previous timer interrupt is not a result of Timer Input capture event.
1 = Previous timer interrupt is a result of Timer Input capture event.

PS024315-1011

Timer 0-1 Control Register 1

The Timer 0-1 Control (TXCTL1) registersadrie/disable the timers, set the prescaler

value, and determine the timer operating mode.
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Table 58. Timer 0-1 Control Register 1 (TxCTL1)

Bit 7 6 5 4 3 2 1 0
Field TEN TPOL PRES TMODE
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FO?H, 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.

PRELIMINARY
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Bit Description (Continued)

(6] COUNTER Mode

TPOL If the timer is enabled the Timer Output signal is complemented after timer reload.
(cont'd.) 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 SINGLE OUTPUT 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.

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.

PWM DUAL OUTPUT Mode

0 = Timer Output is forced Low (0) and Timer Output Complement is forced High (1) when the
timer is disabled. When enabled, the Timer Output is forced High (1) upon PWM count
match and forced Low (0) upon reload. When enabled, the Timer Output Complement is
forced Low (0) upon PWM count match and forced High (1) upon reload. The PWMD field
in TXCTLO register is a programmable delay to control the number of cycles time delay
before the Timer Output and the Timer Output Complement is forced to High (1).

1 = Timer Output is forced High (1) and Timer Output Complement is forced Low (0) when the
timer is disabled. When enabled, the Timer Output is forced Low (0) upon PWM count
match and forced High (1) upon reload.When enabled, the Timer Output Complement is
forced High (1) upon PWM count match and forced Low (0) upon reload. The PWMD field
in TXCTLO register is a programmable delay to control the number of cycles time delay
before the Timer Output and the Timer Output Complement is forced to Low (0).

CAPTURE RESTART 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.
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Bit

Description (Continued)

(6]
TPOL
(cont'd.)

COMPARATOR COUNTER 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.

Caution: When the Timer Output alternate function TxOUT on a GPIO port pin is enabled,
TxOUT changes to whatever state the TPOL bit is in. The timer does not need to be enabled
for that to happen. Also, the port data direction sub register is not needed to be set to output on
TxOUT. Changing the TPOL bit with the timer enabled and running does not immediately
change the TxOUT.

[5:3]
PRES

Prescale Value

The timer input clock is divided by 2PRES, where PRES can be set from 0 to 7. The prescaler is
reset each time the timer is disabled. This reset ensures 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

This field, along with the TMODEHI bit in TXCTLO Register, determines the operating mode of
the timer. TMODEHI is the most significant bit of the timer mode selection value.
0000 = ONE-SHOT Mode.

0001 = CONTINUOUS Mode.

0010 = COUNTER Mode.

0011 = PWM SINGLE OUTPUT Mode.

0100 = CAPTURE Mode.

0101 = COMPARE Mode.

0110 = GATED Mode.

0111 = CAPTURE/COMPARE Mode.

1000 = PWM DUAL OUTPUT Mode.

1001 = CAPTURE RESTART Mode.

1010 = COMPARATOR COUNTER Mode.
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Watchdog Timer

The Watchdog Timer (WDT) protects againstrapt or unreliable software, power faults,
and other system-level probfs which can place Z8 Encore! XP F0823 Series devices
into unsuitable operating states. Thatures of Watchdog Timer include:

* On-chip RC oscillator
* A selectable time-out response: reset or interrupt

e 24-bit programmable time-out value

Operation

The WDT is a retriggerable one-shot timer trestets or interrupts FO823 Series devices
when the WDT reaches its terminal counte ™Watchdog Timer uses a dedicated on-chip
RC oscillator as its clock source. The Watalpdimer operates in only two modes: ON

and OFF. Once enabled, it always counts anst tnel refreshed to prevent a time-out. Per-
form an enable by executing tieDTinstruction or by settopthe WDT_AO Flash Option

Bit. ThewDT_Ait forces the Watchdog Timer to operate immediately upon reset, even if
awDTinstruction has not been executed.

The Watchdog Timer is a 24-#loadable down counter thades three 8-bit registers in
the eZ8 CPU register space to set the rel@dge. The nominal WDT time-out period is
described by th&llowing equation:

WDT Reload Value
10

WDT Time-out Period (ms) =

where the WDT reload value is the duai value of the 24-bit value given by
{WDTUJ7:0], WDTHI[7:0], WDTL[7:0]} and the typical Watchdog Timer RC oscillator
frequency is 10kHz. The Watchdogriér cannot be refreshed after it readb@¥002H .
The WDT Reload Value must tibe set to values belo®0004H . Table 59 provides
information about approxiate time-out delays for the minimum and maximum WDT
reload values.

Table 59. Watchdog Timer Approximate Time-Out Delays

Approximate Time-Out Delay

WDT Reload Value  WDT Reload Value (with 10kHz typical WDT oscillator frequency)

(Hex) (Decimal) Typical Description
000004 4 400 ps Minimum time-out delay
FFFFFF 16,777,215 28 minutes Maximum time-out delay
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Watchdog Timer Refresh

When first enabled, the WDT Isaded with the value in ¢hwWatchdog Timer Reload reg-
isters. The Watchdog Timer counts dowi®@@0000H unless avDTinstruction is executed
by the eZ8 CPU. Execution of theDTinstruction causes the dowounter to be reloaded
with the WDT reload value stored in tidatchdog Timer Reload registers. Counting
resumes following th reload operation.

When Z8 Encore! XP F0823 Series deviaes operating in DEBUG Mode (using the
OCD), the Watchdog Timer is continuously refresheprévent any Watchdog Timer
time-outs.

Watchdog Timer Time-Out Response

The Watchdog Timer times bwhen the counter reach@30000H . A time-out of the
Watchdog Timer generates either an intetiar a system reset. The WDT_RES Flash
Option Bit determines the time-out respopn$¢he Watchdog Tinre For information
about programming of the WDT_RES Flash Option Bit,tsed-lash Option Bitshapter
on page 146.

WDT Interrupt in Normal Operation

If configured to generate anterrupt when a time-out ocs) the Watchdog Timer issues

an interrupt request to the interrupt controller and setgv/thiestatus bit in the Watchdog
Timer Control Register. If interrupts are enabled, the eZ8 CPU responds to the interrupt
request by fetching the Watdbg Timer interrupt vector a@nexecuting code from the vec-
tor address. After time-out and interruphgeation, the Watchdo@imer counter rolls

over to its maximum value &fFFFFHand continues counting. The Watchdog Timer
counter is not automaticallytrened to its Reload Value.

The Reset Status Register (seeRleget Status Registsection on page 28) must be read
before clearing the WDT interrupt. This regdars the WDT time-out Flag and prevents
further WDT interrupts foimmediately occurring.

WDT Interrupt in STOP Mode

If configured to generate anterrupt when a time-out ocsiand F0823 Series are in
STOP Mode, the Watchdog Timer automatically initiatesop $tode Recovery and gen-
erates an interrupt request.tBahe WDT status bit and ti8TOPbit in the Watchdog
Timer Control Register are set to 1 follegia WDT time-out in STOP Mode. For more
information about Stop Mode Recovery, seeReset and Stop Mode Recovetyapter
on page 21.

If interrupts are enabled, following comptatiof the Stop Mode Recovery the eZ8 CPU
responds to the interrupt request by fetchihrgyWatchdog Timer interrupt vector and exe-
cuting code from the vector address.
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WDT Reset in NORMAL Operation

If configured to generate a Reset when atmat occurs, the Watchdog Timer forces the
device into the System Reset state. TheTVgatus bit in th&Vatchdog Timer Control
Register is set to 1. For mordormation about System Reset, sige Reset and Stop
Mode Recoveryghapter on page 21.

WDT Reset in STOP Mode

If configured to generate a Reset when a toueeccurs and the device is in STOP Mode,
the Watchdog Timer initiates a Stop Mode Recovery. Both the WDT status bit and the
STOPbDiIt in the Watchdog Timer Control Register are set to 1 following WDT time-out in
STOP Mode. For more information, ske Reset and Stop Mode Recovetyapter on

page 21.

Watchdog Timer Relo ad Unlock Sequence

Writing the unlock sequence to the Watchdog Timer f@bRegister (WDTCTL) address
unlocks the three Watchdog Timer Reldade Registers (WDTU, WDTH, and WDTL)

to allow changes to the timmit period. These write operations to the WDTCTL Register
address produce no effect on the bitthem WDTCTL RegistefThe locking mechanism
prevents spurious writes the Reload registers. Thelfawing sequence is required to
unlock the Watchdog Timer Reload Byte Registers (WDTU, WDTH, and WDTL) for
write access.

1. Write55H to the Watchdog Timer Control Register (WDTCTL).
Write AAHto the Watchdog Timer Control Register (WDTCTL).
Write the Watchdog Timer Reloatpper Byte register (WDTU).
Write the Watchdog Timer Relo&tigh Byte register (WDTH).
Write the Watchdog Timer Reld Low Byte register (WDTL).

a b~ W

All three Watchdog Timer Reload registers mustwritten in the order just listed. 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 can occur unless the sequence is
restarted. The value in the Watchdog TimeloRe registers is loaded into the counter

when the Watchdog Timer igst enabled and every time/DTinstruction is executed.

Watchdog Timer Control Register Definitions
This section defines the features of thiéofeing Watchdog Timer Control registers.
Watchdog Timer Control Register (WDTCTlsee page 94
Watchdog Timer Reload Upper Byte Register (WDTé8e page 95
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Watchdog Timer Reload High Byte Reqister (WDTkERe page 95
Watchdog Timer Reload woByte Reqister (WDTL:)see page 95

Watchdog Timer Control Register

94

The Watchdog Timer Control (WDTCTL) register is a write-only control register. Writing
the55H, AAHuUnlock sequence to the WDTCTL Regisaddress unlocks the three Watch-

dog Timer Reload Byte registers (WDTWDTH and WDTL) to allow changes to the
time-out period. These write operationdlie WDTCTL Register address produce no
effect on the bits in the WDTCTL Regist&he locking mechanism prevents spurious
writes to the Reload registers.

This register address is shared with the read-only Reset Status Register.

Table 60. Watchdog Timer Control Register (WDTCTL)

Bit 7 6 5 4 3 2 1 0
Field WDTUNLK

RESET X X X X X X X X
R/W w W W w w W

Address FFOH

Bit Description

[7:0] Watchdog Timer Unlock

WDTUNLK The software must write the correct unlocking sequence to this register before it is allowed
to modify the contents of the Watchdog Timer reload registers.

Watchdog Timer Reload Upper, High and Low Byte Registers

The Watchdog Timer Reload Upper, Highd Low Byte (WDTU, WDTH, WDTL) regis-
ters, shown in Tables 61 through 63, form2debit reload value thas loaded into the
Watchdog Timer when wDTinstruction executes. The 24-keload value ranges across
bits [23:0] to encompass the three byii@OTU[7:0], WDTH[7:0], WDTL][7:0]}. Writ-

ing to these registers sets the appropfamad Value. Reading from these registers
returns the current Watchdog Timer count value.

A Caution: The 24-bit WDT Reload Value musttrige set to a value less tha®0004H .
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Table 61. Watchdog Timer Reload Upper Byte Register (WDTU)
Bit 7 6 5 4 3 2 1 0
Field WDTU
RESET 00H
R/W R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*
Address FF1H
Note: R/W*—Read returns the current WDT count value. 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 62. Watchdog Timer Reload High Byte Register (WDTH)
Bit 7 6 5 4 3 2 1 0
Field WDTH
RESET 04H
R/W R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*
Address FF2H
Note: R/W*—Read returns the current WDT count value. 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.

Table 63. Watchdog Timer Reload Low Byte Register (WDTL)
Bit 7 6 5 4 3 2 1 0
Field WDTL
RESET 00H
R/W R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*
Address FF3H

Note: R/W*—Read returns the current WDT count value. Write sets the appropriate Reload Value.

PS024315-1011
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Bit Description

[7:0] WDT Reload Low
WDTL Least significant byte (LSB), Bits[7:0], of the 24-bit WDT reload value.
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Universal Asynchronous Receiver/
Transmitter

The universal asynchronousedver/transmitter (UART) ia full-duplex communication
channel capable of handling asynchronous tfatesfers. The UART uses a single 8-bit
data mode with selectable parity. The features of UART include:

e 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

e Separate transmit and receive enables

* 16-bit baud rate generator (BRG)

* Selectable MULTIPROCESSOR (9-bit) Mod&th three configurable interrupt
schemes

* BRG can be configured anged as a basic 16-bit timer

¢ Driver Enable output foexternal bus transceivers

Architecture

The UART consists of three primary functiobébcks: transmitter, reaeer, and baud rate
generator. The UART's transmitter and reeeifunction independently, but employ the
same baud rate and data format. Fegl® displays the UART architecture.
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Figure 10. UART Block Diagram
Operation

The UART always transmits and receives data in an 8-bit data format, least-significant bit
(Isb) first. An even or odd parity bit can ddded to the data stream. Each character begins
with an active Low Start bit and ends with eitd or 2 active High Stop bits. Figure 11

and Figure 12 display the asynchronous data format employed by the UART without par-
ity and with parity, respectively.
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Figure 11. UART Asynchronous Data Format without Parity
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Figure 12. UART Asynchronous Data Format with Parity

Transmitting Data Us ing the Polled Method
Observe the following steps to transmitadasing the polled method of operation:

1. Write to the UART Baud Rate High and L&yte registers to set the required baud
rate.

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

3. Write to the UART Control 1 Register, if MULTIPROCESSOR Mode is appropriate,
to enable MULTIPROCESSOR-bit) Mode functions.

Set the Multiprocessor Mode SelgdPEN bit to enable MULTIPROCESSOR Mode.
Write to the UART Control 0 Register to:

— Set the transmit enable bitN) to enable the UART for data transmission

— Set the parity enable biPEN), if parity is appropate and MULTIPROCESSOR
Mode is not enabled, and seledher even or odd parity§EL)
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— Set or clear the CTSE bit to enabledisable control fromthe remote receiver
using the CTSin

Check the'DREDIt in the UART Status O Register determine if the Transmit Data
Register is empty (indicated by a 1). If empty, continustép 7 If the Transmit Data
Register is full (indicated by a 0), continteemonitor the TDRE bit until the Transmit
Data Register becomes #dable to receive new data.

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

Set the Multiprocessor Bit TransmittétRB7 if sending an address byte, clear it if
sending a data byte.

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

Make any changes to the Multiprocessor Bit TransmiteB{ value, if appropriate
and MULTIPROCESSOR Mode is enabled,.

To transmit additional bytes, returnStep 5

Transmitting Data Using the Interrupt-Driven Method

The UART Transmitter interrupt indicates the itadaility of the Transmit Data Register to
accept new data for transmission. Observddlewing steps to configure the UART for
interrupt-driven data transmission:

Write to the UART Baud Rate High and L&yte registers to set the appropriate baud

PS024315-1011

1.

rate.

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

Execute @I instruction to disable interrupts.

Write to the Interrupt control registamsenable the UART Transmitter interrupt and
set the acceptable priority.

100

Write to the UART Control 1 Register to enable MULTIPROCESSOR (9-bit) Mode

functions, if MULTIPROCESSR Mode is appropriate.

Set the MULTIPROCESSOR Mode SeledPEN to Enable MULTIPROCESSOR
Mode.

Write to the UART Control O Register to:

— Set the transmit enable bitEN) to enable the UART for data transmission.

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

PRELIMINARY Operation
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— Set or cleaCTSEto enable or disable control frothe remote receiver using the

CTSpin.

Execute ail instruction to enable interrupts.

The UART is now configured for interruptiden data transmission. Because the UART
Transmit Data Register is empty, an intptris generated immediately. When the UART
Transmit interrupt is detected, the associ@téetirupt service routine (ISR) performs the
following:

1.

Write the UART Control 1 Register to selétoeé multiprocessor bfor the byte to be
transmitted:

Set the Multiprocessor Bit Transmittét®#B7 if sending an address byte, clear it if
sending a data byte.

Write the data byte to the UART TransData Register. The transmitter automati-
cally transfers the data to the TransS8tiift register andransmits the data.

Clear the UART Transmit interrupt bit inetlapplicable Interrupt Request register.

Execute théRET instruction to returfirom the interrupt-service routine and wait for
the Transmit Data Register again become empty.

Receiving Data Using the Polled Method
Observe the following steps to config the UART for polled data reception:

1.

PS024315-1011

Write to the UART Baud Rate High and Ld&yte registers to set an acceptable baud
rate for the incoming data stream.

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

Write to the UART Control 1 Registey enable MULTIPROCESSOR Mode func-

tions, if appropriate.

Write to the UART Control 0 Register to:

— Set the receive enable bREN to enable the UART for data reception

— Enable parity, if appropriate 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 a RDKis set to 1 to indicate
available data, continue &tep 6 If the Receive Data Register is empty (indicated by
a 0), continue to monitahe RDA bit awaiting reception of the valid data.

Read data from the UART Receive Data Register. If operating in MULTIPROCES-
SOR (9-bit) Mode, further actions may tegjuired depending on the MULTIPRO-
CESSOR Mode bits MPMD[1:0].
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7. Return tdStep 4to receive additional data.

Receiving Data Using the Interrupt-Driven Method

The UART Receiver interrupt indicates the aMaility of new data (as well as error condi-
tions). Observe the following steps to dgnfe the UART receiver for interrupt-driven

operation:
1. Write to the UART Baud Rate High and L@yte registers to set the acceptable baud
rate.

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

Execute @I instruction to disable interrupts.

4. Write to the Interrupt control registersdnable the UART Receiver interrupt and set
the acceptable priority.

Clear the UART Receiver interrupt irethpplicable InterrugRequest register.
Write to the UART Control 1 Register émable MultiprocessdP-bit) mode func-
tions, if appropriate.

— Set the Multiprocessor Mode Sele®REN to Enable MULTIPROCESSOR
Mode

— Set the Multiprocessor Mode Bit8IPMD[1:0] , to select the acceptable address
matching scheme

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

7. Write the device address to the Addréssnpare Register (automatic MULTIPRO-
CESSOR modes only).

8. Write to the UART Control O Register to:
— Set the receive enable BREN to enable the UART for data reception

— Enable parity, if appropriate and if muliggessor mode is nehabled, and sett
either even or odd parity

9. Execute ail instruction to enable interrupts.

The UART is now configuretbr interrupt-driven dateeception. When the UART
Receiver interrupt is detected, the assedanterrupt service routine (ISR) performs the
following:
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1. Checks the UART Status 0 Register to datee the source of the interrupt - error,
break, or received data.

2. Reads the data from the UART Receive Data Register if the interrupt was because of
data available. If operating in MULTIPREESSOR (9-bit) Mode, further actions may
be required depending on the MUPROCESSOR Mode bits MPMDJ1:0].

Clears the UART Receiver interrupt in the applicable Interrupt Request register.

4. Executes th&RET instruction to return from the tierrupt-service routine and await
more data.

Clear To Send ( CTS) Operation

The CTS pin, if enabled by the CTSE bittlhé UART Control 0 Register, performs flow
control on the outgoing transmit datastream. The Clear To Send (@& pin is sam-
pled one system clock before beginning aey character transmission. To delay trans-
mission of the next data character, an external receiver must deasseaitt|ETS one
system clock cycle before a new data traission begins. For multiple character trans-
missions, this action is typically perfoeth during Stop Bit transmission. If CTi®asserts
in the middle of a character transmissiti® current character is sent completely.

MULTIPROCESSOR (9-Bit) Mode

The UART has a MULTIPROCESSOR (9-bit) Mode that uses an eilf‘r)ab(gfor selec-
tive communication when a number of presers share a commaRT bus. In MULTI-
PROCESSOR Mode (also referred to dstdnode), the mitiprocessor bit P is
transmitted immediately following the 8-bit§ data and immediately preceding the Stop
bit(s) as displayed in Figure 13. The character format is given below:

< Data Field > l Stop Bit(s)
Idle State |
of Line msbh
1 | T 1
\ Start/ Bit0 >< Bitl >< Bit2 >< Bit3 >< Bit4 >< Bit5 >< Bit6 >< Bit7 X MP / | |
0
| - |
| RN |
|<—>|

| 2 |

Figure 13. UART Asynchronous MULTIPROCESSOR Mode Data Format

In MULTIPROCESSOR (9-bit) Modehe parity bit location (@ bit) becomes the Multi-
processor control bit. The UART Control 1 and Status 1 registers provide MULTIPRO-
CESSOR (9-bit) Mode etrol and status information. If an automatic address matching
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scheme is enabled, the UART dréss Compare register holds the network address of the
device.

MULTIPROCESSOR (9-bit) Mode Receive Interrupts

When MULTIPROCESSOR Mods enabled, the UART only processes frames addressed
to it. The determination of whether a framedata is addressed to the UART can be made
in hardware, software or s combination of the twalepending on the multiprocessor
configuration bits. In general, the addresspare feature reduces the load on the CPU,
because it does not require access to the UART when it receives data directed to other
devices on the multi-node network. Théldwing three MULTIFROCESSOR modes are
available in hardware:

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

¢ Interrupt only on corretly framed data bytes

These modes are selected witAMD[1:0] in the UART Control 1 Register. For all multi-
processor modes, WPENof the UART Control 1 Register must be set to 1.

The first scheme is enabled by writidgb to MPMD[1:0]. In this mode, all incoming
address bytes cause an interrupt, while bdgtas never cause an interrupt. The interrupt
service routine must manually check the adslitgyte that caused triggered the interrupt. If

it matches the UART address, the softwaears MPMD[0]. Each new incoming byte
interrupts the CPU. The software is respolesibr determining the end of the frame. It
checks for the endfdrame by reading th&IPRXbit of the UART Status 1 Register for

each incoming byte. MPRX 1, a new frame has begun. If the address of this new frame is
different from the UART's address, MPMD[0] must be set to 1 causing the UART inter-
rupts to go inactive until the next addrégse. If the new frame’s address matches the
UART’s, the data in the new frame is processed as well.

The second scheme requires tollowing: set MPMDI[1:0] td0B and write the UART's
address into the UART Address @pare register. This modietroduces additional hard-
ware control, interrupting only on fram#sat match the UART's address. When an
incoming address byte doestmaatch the UART's address,igtignored. All successive
data bytes in this frame are also ignored eWh matching address byte occurs, an inter-
rupt is issued and further imtapts now occur on each succesdilata byte. When the first
data byte in the frame is read, MEWFRMIt of the UART Status 1 Register is asserted.
All successive data bytes haneWFRMO. When the next addsg byte occurs, the hard-
ware compares it to the UART’s address. If there is a match, the interrupts continues and
the NEWFRMIt is set for the first byte of the weframe. If there is no match, the UART
ignores all incoming bytes tihthe next address match.

The third scheme is enabléy setting MPMD[1:0] td1b and by writing the UART’s
address into the UART Address i@pare Register. This mode is identical to the second
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scheme, except that there are no interruptadainess bytes. The first data byte of each
frame remains accompanied bNBWFRMssertion.

External Driver Enable

The UART provides a Driver Enable (DEygal for off-chip bus transceivers. This fea-
ture reduces the software overhead assocwitidusing a GPIO pin to control the trans-
ceiver when communicagnon a multi-transceivesus, such as RS-485.

Driver Enable is an active High signal tleaivelopes the entire transmitted data frame
including parity and Stop bitss displayed in Figure 14. The Driver Enable signal asserts
when a byte is written to the UART Trangiata Register. The Driver Enable signal

asserts at least one UART bit period andyreater than two UART bit periods before the
Start bit is transmitted. This allows a setupe to enable the transceiver. The Driver

Enable signal deasserts one system clock period after the final Stop bit is transmitted. This
one system clock delay allows both time fotadi@ clear the transover before disabling

it, as well as the ability to determine if another character follows the current character. In
the event of back to back chaters (new data must be written to the Transmit Data Regis-
ter before the previous character is completely transmitted) the DE signal is not deasserted
between characters. TBEPOLbIt in the UART Control Regist 1 sets the polarity of the
Driver Enable signal.

+ _

Data Field

| I
Stop Bit
Idle State | |

of Line | |

I
~

| T

\ Start/ Bit0 >< Bitl >< Bit2 >< Bit3 >< Bit4 >< Bit5 >< Bit6 >< Bit7 XPanty/ |

| -

I |

Figure 14. UART Driver Enable Signal Timing (shown with 1 Stop Bit and Parity)

The Driver Enable to Start k8etup time is calculated as follows:

UART Interrupts

The UART features separate interrupts fortthasmitter and the reieer. In addition,
when the UART primary functionality is disabled, the Baud Rate Generator can also func-
tion as a basic timer with interrupt capability.
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1 . . 2
- = < < —_—
(Baud Rate (Hz)) < DE to Start Bit Setup Time (s) < (Baud Rate (Hz))

Transmitter Interrupts

The transmitter generates a single intermdpén the Transmit Dat&egister Empty bit
(TDRB is set to 1. This indicates that the sanitter is ready to accept new data for trans-
mission. The TDRE interrupt occurs after ¥ransmit shift register has shifted the first
bit of data out. The Transmit Data Registan now be written witkhe next character to
send. This action provides 7 bit periods @étecy to load the Transmit Data Register
before the Transmit shift register completbgting the current character. Writing to the
UART Transmit Data Register clears theREbit to O.

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

¢ Adata byte is received and is availablé¢ha UART Receive Data Register. This inter-
rupt can be disabled independently of the other receiver interrupt sources. The received
data interrupt occurs after the receive character has been received and placed in the Re-
ceive Data Register. To avoid an overrun egoftware must respond to this received
data available condition before the nelaracter is completely received.

} Note: In MULTIPROCESSOR ModeMPEN= 1), the receive data interrupts are dependent on
the multiprocessor configuration and the most recent address byte.

* A breakis received
e Anoverrun is detected

* A data framing error is detected

UART Overrun Errors

When an overrun error conditimccurs the UART preventserwriting of the valid data
currently in the Receive Data Register. Thedk Detect and Overrun status bits are not
displayed until after the Vid data has been read.

After the valid data has been read, the UARAL®& O Register is updated to indicate the
overrun condition (and Break Bt, if applicable). Th&DADbit is set to 1 to indicate that
the Receive Data Register contains a data byte. However, because the overrun error
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occurred, this byte cannot contain valid data and must be ignore8RKibbit indicates

if the overrun was caused by a break condition on the line. After reading the status byte
indicating an overrun error, the Receive DatgiBter must be read again to clear the error
bits is the UART Status 0 Register. Updateth®mReceive Data Register occur only when
the next data word is received.

UART Data and Error Handling Procedure

Figure 15 displays the recommended procedaorr use in UART receiver interrupt service

routines.
Receiver
Ready
Y

Receiver
Interrupt

Read Status

No

Errors?

Read Data which
clears RDA bit and
resets error bits

Y Y

( ReadData ) ( Discard Data )

Y

Figure 15. UART Receiver In terrupt Service Routine Flow
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Baud Rate Gene rator Interrupts

If the Baud Rate Generator (BRG) interrupalele is set, the UART Receiver interrupt
asserts when the UART Baud Rate Genenaoads. This conditimallows the Baud
Rate Generator to function as an additional counter if the UART functionality is not
employed.

UART Baud Rate Generator

The UART Baud Rate Generator creates a tdvegjuency baud ratgock for data trans-
mission. The input to the Bauwhte Generator is the system clock. The UART Baud Rate
High and Low Byte registers combine t@ate a 16-bit baud rate divisor value
(BRG[15:0]) that sets the data transmisgiate (baud rate) of the UART. The UART data
rate is calculated uginthe following equation:

System Clock Frequency (Hz)
16 x UART Baud Rate Divisor Value

UART Data Rate (bits/s) =

When the UART is disabled, the Baud R&tenerator functions as a basic 16-bit timer
with interrupt on time-out. Observe the following steps to configure the Baud Rate Gener-
ator as a timer with interrupt on time-out:

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

2. Load the acceptable 16-bitunt value into the UART BRal Rate High and Low Byte
registers.

3. Enable the Baud Rate Generator timeicfion and associated interrupt by setting the
BIRQ bit in the UART Control 1 Register to 1.

When configured as a general purpose timerjrikerrupt interval is calculated using the
following equation:

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

UART Control Register Definitions

The UART control registers support the UARMd the associated infrared encoder/decod-
ers. For more information about the infrared operation, seefttaeéed Encoder/Decoder
chapter on page 117.
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UART Transmit Data Register

Data bytes written to the UARTransmit Data Register (Tabt&) 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.

Table 64. UART Transmit Data Register (UOTXD)

Bit 7 6 5 4 3 2 1 0
Field TXD
RESET X X X X X X X X
R/W w w w w
Address F40H
Bit Description
[7:0] Transmit Data
TXD UART transmitter data byte to be shifted out through the TXDx pin.
UART Receive Data Register
Data bytes receivetthrough the RXR pin are stored in the UART Receive Data Register
(Table 65). The read-only UART Receive D&egister shares a Register File address
with the Write-only UART Transmit Data Register.
Table 65. UART Receive Data Register (UORXD)
Bit 7 6 5 4 3 2 1 0
Field RXD
RESET X X X
R/W R R R R R R R R
Address F40H
Bit Description
[7:0] Receive Data
RXD UART receiver data byte from the RXDx pin.
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UART Status 0 Register

The UART Status 0 and Status 1 registeeh({@ 66 and Table 67) identify the current
UART operating configuration and status.

Table 66. UART Status 0 Register (UOSTATO)

Bit 7 6 5 4 3 2 1 0
Field RDA PE OE FE BRKD TDRE TXE CTS
RESET 0 0 0 0 0 1 1 X
R/W R R R R R R R R
Address F41H
Bit Description
[7] Receive Data Available
RDA This bit indicates that the UART Receive Data Register has received data. Reading the UART
Receive Data Register clears this bit.
0 = The UART Receive Data Register is empty.
1 =There is a byte in the UART Receive Data Register.
[6] Parity Error
PE This bit indicates that a parity error has occurred. Reading the UART Receive Data
register clears this bit.
0 = No parity error has occurred.
1 = A parity error has occurred.
[5] Overrun Error
OE This bit indicates that an overrun error has occurred. An overrun occurs when new data is
received and the UART Receive Data Register has not been read. If the RDA bit is reset to 0,
reading the UART Receive Data Register clears this bit.
0 = No overrun error occurred.
1 = An overrun error occurred.
[4] Framing Error
FE This bit indicates that a framing error (no Stop bit following data reception) was detected.
Reading the UART Receive Data Register clears this bit.
0 = No framing error occurred.
1 = A framing error occurred.
[3] Break Detect
BRKD This bit indicates that a break occurred. If the data bits, parity/multiprocessor bit, and Stop

bit(s) are all Os this bit is set to 1. Reading the UART Receive Data Register clears this bit.
0 = No break occurred.
1 = A break occurred.
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Bit Description (Continued)
[2] Transmitter Data Register Empty
TDRE This bit indicates that the UART Transmit Data Register is empty and ready for additional data.
Writing to the UART Transmit Data Register resets this bit.
0 = Do not write to the UART Transmit Data Register.
1 =The UART Transmit Data Register is ready to receive an additional byte to be transmitted.
[1] Transmitter Empty
TXE This bit indicates that the transmit shift register is empty and character transmission is finished.
0 = Data is currently transmitting.
1 = Transmission is complete.
[0] CTS Signal
CTS When this bit is read, it returns the level of the CTS signal. This signal is active Low.
UART Status 1 Register
This register contains multiptessor control and status bits.
Table 67. UART Status 1 Register (UOSTAT1)
Bit 7 6 5 4 3 2 1 0
Field Reserved NEWFRM | MPRX
RESET 0 0 0 0 0 0 0
R/W R R R R R/W R/W R R
Address F44H
Bit Description
[7:2] Reserved
These bits are reserved; R/W bits must be programmed to 000000 during writes and
000000 when read.
[1] New Frame
NEWFRM A status bit denoting the start of a new frame. Reading the UART Receive Data Register
resets this bit to 0.
0 = The current byte is not the first data byte of a new frame.
1 = The current byte is the first data byte of a new frame.
[0] Multiprocessor Receive
MPRX Returns the value of the most recent multiprocessor bit received. Reading from the UART
Receive Data Register resets this bit to 0.
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UART Control 0 and Control 1 Registers

The UART Control 0 and Control 1 registers (Table 68 and Table 69) configure the
properties of the UART’s transmit and reaebperations. The UARControl registers
must not be written while the UART is enabled.

Table 68. UART Control 0 Register (UOCTLO)

Bit 7 6 5 4 3 2 1 0
Field TEN REN CTSE PEN PSEL SBRK STOP LBEN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F42H
Bit Description
[7] Transmit Enable
TEN This bit enables or disables the transmitter. The enable is also controlled by the CTS signal
and the CTSEDit. If the CTS signal is low and the CTSEbit is 1, the transmitter is enabled.
0 = Transmitter disabled.
1 = Transmitter enabled.
[6] Receive Enable
REN This bit enables or disables the receiver.
0 = Receiver disabled.
1 = Receiver enabled.
[5] CTSE—CTS Enable
CTSE 0 = The CTS signal has no effect on the transmitter.
1 = The UART recognizes the CTS signal as an enable control from the transmitter.
[4] Parity Enable
PEN This bit enables or disables parity. Even or odd is determined by the PSEL bit.
0 = Parity is disabled.
1 = The transmitter sends data with an additional parity bit and the receiver receives an addi-
tional parity bit .
[3] Parity Select
PSEL 0 = Even parity is transmitted and expected on all received data.
1 = Odd parity is transmitted and expected on all received data.
[2] Send Break
SBRK This bit pauses or breaks data transmission. Sending a break interrupts any transmission in

progress, so ensure that the transmitter has finished sending data before setting this bit.
0 = No break is sent.
1 = Forces a break condition by setting the output of the transmitter to zero.
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Bit Description (Continued)
[1] Stop Bit Select
STOP 0 = The transmitter sends one stop bit.

1 = The transmitter sends two stop bits.
[0] Loop Back Enable
LBEN 0 = Normal operation.

1 = All transmitted data is looped back to the receiver.

Table 69. UART Control 1 Register (UOCTL1)

Bit 7 6 5 4 3 2 1 0
Field MPMD[1] | MPEN | MPMD|0] MPBT DEPOL | BRGCTL | RDAIRQ IREN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F43H
Bit Description
[7,5] MULTIPROCESSOR Mode
MPMDI[1:0] If MULTIPROCESSOR (9-bit) Mode is enabled.

00 = The UART generates an interrupt request on all received bytes (data and address).

01 = The UART generates an interrupt request only on received address bytes.

10 = The UART generates an interrupt request when a received address byte matches the
value stored in the Address Compare Register and on all successive data bytes until
an address mismatch occurs.

11 = The UART generates an interrupt request on all received data bytes for which the most
recent address byte matched the value in the Address Compare Register.

[6] MULTIPROCESSOR (9-bit) Enable

MPEN This bit is used to enable MULTIPROCESSOR (9-bit) Mode.
0 = Disable MULTIPROCESSOR (9-bit) Mode.
1 = Enable MULTIPROCESSOR (9-bit) Mode.

[4] Multiprocessor Bit Transmit

MPBT This bit is applicable only when MULTIPROCESSOR (9-bit) Mode is enabled. The 9th bit is
used by the receiving device to determine if the data byte contains address or data informa-
tion.

0 = Send a 0 in the multiprocessor bit location of the data stream (data byte).

1 =Send a 1 in the multiprocessor bit location of the data stream (address byte).

[3] Driver Enable Polarity
DEPOL 0 = DE signal is Active High.

1 = DE signal is Active Low.
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Bit Description (Continued)
[2] Baud Rate Control
BRGCTL This bit causes an alternate UART behavior depending on the value of the REN bit in the
UART Control 0 Register.
When the UART receiver is not enabled (REN=0), this bit determines whether the Baud
Rate Generator issues interrupts.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG Reload Value.
1 = The Baud Rate Generator generates a receive interrupt when it counts down to 0.
Reads from the Baud Rate High and Low Byte registers return the current BRG count value.
When the UART receiver is enabled (REN=1), this bit allows reads from the Baud Rate Reg-
isters to return the BRG count value instead of the Reload Value.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG Reload Value.
1 = Reads from the Baud Rate High and Low Byte registers return the current BRG count
value. Unlike the Timers, there is no mechanism to latch the Low Byte when the High
Byte is read.
[1] Receive Data Interrupt Enable
RDAIRQ 0 = Received data and receiver errors generates an interrupt request to the Interrupt Con-
troller.
1 = Received data does not generate an interrupt request to the Interrupt Controller. Only
receiver errors generate an interrupt request.
[0] Infrared Encoder/Decoder Enable
IREN 0 = Infrared encoder/decoder is disabled. UART operates normally.

1 = Infrared encoder/decoder is enabled. The UART transmits and receives data through
the infrared encoder/decoder.
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When the MPMDIJ1] bit of UART Control Registéris set, all incoming address bytes are

compared to the value storgdthe Address Compare Register. Receive interrupts and

RDA assertions only occur in the event of a match.

Table 70. UART Address Co mpare Register (UOADDR)

Bit 7 6 5 4 3 2 1 0
Field COMP_ADDR

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F45H

Bit Description

[7:0] Compare Address

COMP_ADDR This 8-bit value is compared to incoming address bytes.

UART Baud Rate High and Low Byte Registers

The UART Baud Rate High and Low Byte rsigirs (Table 71 and Table 72) combine to

create a 16-bit baud rate divisor value (BRG[15:0]) that sets the data transmission rate
(baud rate) of the UART.

Table 71. UART Baud Rate Hi gh Byte Register (UOBRH)

Bit 7 6 5 4 3 2 1 0
Field BRH

RESET 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F46H

Table 72. UART Baud Rate Low Byte Register (UOBRL)

Bit 7 6 5 4 3 2 1 0
Field BRL

RESET 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FA7H

PS024315-1011

PRELIMINARY

UART Control Register Definitions



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 116

The UART data rate is calctéal using the following equation:

System Clock Frequency (Hz)
16 X UART Baud Rate Divisor Value

UART Baud Rate (bits/s) =

For a given UART data rate, calate the integer baud ratevtior value using the follow-
ing equation:

System Clock Frequency (Hz))

UART Baud Rate Divisor Value (BRG) = Round( :
16 x UART Data Rate (bits/s)

The baud rate error relative tioe acceptable baud ratecadculated usig the following
eguation:

Actual Data Rate — Desired Data Rate)

%) =
UART Baud Rate Error (%) 100 x ( Desired Data Rate

For reliable communication, the UART baud rateor must never exceed five percent.
Table 73 provides information about data rate errors for a 5.5296 MHz System Clock.

Table 73. UART Baud Rates

5.5296 MHz System Clock

Acceptable Rate BRG Divisor Actual Rate

(kHz) (Decimal) (kHz) Error (%)

1250.0 N/A N/A N/A
625.0 N/A N/A N/A
250.0 1 345.6 38.24
115.2 3 115.2 0.00
57.6 6 57.6 0.00
38.4 9 38.4 0.00
19.2 18 19.2 0.00
9.60 36 9.60 0.00
4.80 72 4.80 0.00
2.40 144 2.40 0.00
1.20 288 1.20 0.00
0.60 576 0.60 0.00
0.30 1152 0.30 0.00
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Infrared Encoder/Decoder

Z8 Encore! XP F0823 Series products cantafully-functional, high-performance UART
with an infrared encoder/decadendec). The infrared endedmngegrated with an on-chip
UART to allow easy communitian between the Z8 Encor¥P and IrDA Physical Layer
Specification, Version 1.3-compliant infrar&ransceivers. Infrared communication pro-
vides secure, reliable, low-sp point-to-point communit@n between PCs, PDAs, cell
phones, printers and other infrared enabled devices.

Architecture

Figure 16 displays the architecture of the infrared endec.

Interrupt I/0 Data
Signal  Address

r——— - - - - - " - " - - " - - - " - — — T
| |
| System |
| Clock | Infrared
Transceiver
| Y RxD Y RXD |
| -~ < | RXD
| TxD Infrared TXD |
| UART > Encoder/Decoder | » TXD
Baud Rate (Endec)
| Clock _
|
|
|
|
|
|

T8

Figure 16. Infrared Data Communication System Block Diagram

Operation

When the infrared endec is enabled, th@smit data from the associated on-chip UART
is encoded as digital signals in accordance thighirDA standard and output to the infra-
red transceiver through the TXD pin. Similadata received from the infrared transceiver
is passed to the infrared endec throughRX® pin, decoded by the infrared endec, and
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passed to the UART. Communication isfldlplex, which means simultaneous data
transmission and reception is not allowed.

The baud rate is set by the UART’s baud gaaerator and supports IrDA standard baud
rates from 9600 baud to 115.2 kbaud. Higher baud rates are possible, but do not meet IrDA
specifications. The UART must be enabledise the infrared endec. The infrared endec

data rate is calculateding the following equation:

System Clock Frequency (Hz)
16 X UART Baud Rate Divisor Value

Infrared Data Rate (bits/s) =

Transmitting IrDA Data

The data to be transmitted using the infraradsceiver is first s to the UART. The

UART’s transmit signal (TXD) and baud rate clock are used by the IrDA to generate the
modulation signal (IR_TXD) that drivesdlinfrared transceiver. Each UART/Infrared

data bit is 16 clocks wide. If the datalte transmitted is 1, the IR_TXD signal remains

low for the full 16 clock period. If the data lb@ transmitted is 0, the transmitter first out-
puts a 7 clock low period, followed by a 3 clock high pulse. Finally, a 6 clock low pulse is
output to complete the full 16 clock dataipd. Figure 17 displays IrDA data transmis-
sion. When the infrared endec is enabted, UART's TXD signal is internal to Z8

Encore! XP F0823 Series prodsievhile the IR_TXD signab output through the TXD

|

pin.
' 16 clock '
[*— period —> I I | |
| | | | | I
Baud Rate Hm
Clock __|
| | | | | |
| |
UART'’s Start Bit=0 Data Bit0 =1 DataBit1=0 DataBit2=1 | DataBit3=1
TXD | L
3 clock | | | | |
pulse
> - | | | | |
IR_TXD ’_‘ | | | | |
| | ! I |
[ | | ! I

|
|
|
|
,|7 I kl‘ |
-cloc
IdelayI

Figure 17. Infrared Data Transmission

PS024315-1011 PRELIMINARY Operation



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 119

Receiving IrDA Data

Data received from the infraderansceiver using the IR_RXD signal through the RXD pin

is decoded by the infrared endec and passed to the UART. The UART’s baud rate clock is
used by the infrared endecdenerate the demodulatedrsal (RXD) that drives the

UART. Each UART/Infrared data bit is 16-claclvide. Figure 18 displays data reception.
When the infrared endec is ehedh the UART’s RXD signal is internal to the Z8 Encore!

XP F0823 Series products idhthe IR_RXD signal is received through the RXD pin.

16 clock !

[<*— period —> [ [ | |

Baud Rate “m mﬂ
Clock __|
| | | | | |
| StartBit=0 | DataBit0=1 DataBit1=0 | DataBit2=1 | DataBit3=1 |
IR_RXD | | | |
— : | ! | | |
min. 1.4 us
—> |<_ pulse I I I I
| ! | | |
UART's — T | , _ . . i _
RXD | Start Bit=0 DataBit0=1 DataBit1=0 DataBit2=1 | DataBit3=1
,| 8 clock ' |
| delay | 16 clock | 16 clock | 16 clock | 16 clock |

7~ period —>— period >~ period > period >

Figure 18. IrDA Data Reception

Infrared Data Reception

A Caution: The system clock frequency must be at least 1.0MHz to ensure proper reception of the

1.4ps minimum width pulses allowed by the IrDA standard.

Endec Receiver Synchronization

The IrDA receiver uses a local baud rate cloaknter (O to 15 clock periods) to generate

an input stream for the UART and to createampling window for detection of incoming
pulses. The generated UART input (UART RXD) is delayed by 8 baud rate clock periods
with respect to the incomingDA data stream. When alfiag edge in the input data

stream is detected, the endec counter is.régle¢n the count reaches a value of 8, the
UART RXD value is updated to reflect thelwa of the decoded data. When the count
reaches 12 baud clock periods, the sampling window for the next incoming pulse opens.
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The window remains open untildltount again reaches 8 (that is, 24 baud clock periods
since the previous pulse was detected) ngithe endec a sampling window of minus four
baud rate clocks to plus eight baud rate clocks around the expected time of an incoming
pulse. If an incoming pulse detected inside this windowithprocess is repeated. If the
incoming data is a logical 1 (no pulse), the endec returns to the initial state and waits for
the next falling edge. As eaédlling edge is detded, the endec clock counter is reset,
resynchronizing the endec taetincoming signal, allowing the endec to tolerate jitter and
baud rate errors ithe incoming datastream. Resynchreamy the endec does not alter the
operation of the UART, which ultimatelyageives the data. The UART is only synchro-
nized to the incoming data eam when a Start bit is received.

Infrared Encoder/Decoder Co ntrol Register Definitions

All infrared endec configuration and statufoimation is set by the UART control regis-
ters as defined in théniversal Asynchronous Receiver/Transmitthapter on page 97.

A Caution: To prevent spurious signals during IrDA datnsmission, set the IREN bit in the UART
Control 1 Register to 1 to ahle the endec before enabling the GPIO port alternate func-
tion for the corresponding pin.
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Analog-to-Digital Converter

The Analog-to-Digital Converter (ADC) conveda analog input signal to its digital rep-
resentation. The features of this sigma-delta ADC include:

e 10-bit resolution

* Eight single-ended analog input souraes multiplexed with general-purpose 1/0
ports

* Interrupt upon conversion complete
* Bandgap generated internal voltage refeesgenerator with two selectable levels

* Factory offset and gain calibration

Architecture

Figure 19 displays the major functionabbks of the ADC. Aranalog multiplexer net-
work selects the ADC inpdrom the available analggins, ANAO through ANA7.
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Figure 19. Analog-to-Digital Converter Block Diagram
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The output of the ADC is atil-bit, signed, two's-complemedigital value. The output
generally ranges from 0 to +1023, but efferrors can cause small negative values.

The ADC registers return 13 bits of datat the two LSBs are inteled for compensation
use only. When the cgpensation routine is performed the 13 bit raw ADC value, two
bits of resolution are lost because of a roundirrgr. As a result, the final value is an 11-

bit number.

PS024315-1011

PRELIMINARY

Operation

122



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 123

Automatic Powerdown

If the ADC is idle (no conversions in progs) for 160 consecutive system clock cycles,
portions of the ADC are automatically pawd down. From this powerdown state, the

ADC requires 40 system clock cycles to powerup. The ADC powers up when a conversion
is requested by the ADC Control Register.

Single-Shot Conversion

When configured for single-shot conversion, the ADC performs a single analog-to-digital
conversion on the selected analog input cearfter completion of the conversion, the
ADC shuts down. Observe the following stdpr setting up the ADC and initiating a sin-
gle-shot conversion:

1. Enable the acceptable analog inputs byfigaring the general-purpose 1/O pins for
alternate function. This configuration dides the digital input and output drivers.

2. Write the ADC Control/Status Register 1 to configure the ADC

— Write the REFSELHbit of the pair REFSELH REFSELL to select the internal
voltage reference level or to dide the internal reference. TIREFSELHDbit is
contained in the ADC Gurol/Status Register 1.

3. Write to the ADC Control Register 0 to configure the ADC and begin the conversion.
The bit fields in the ADC Control Rygster can be written simultaneously:

— Write to the ANAIN[3:0] field to selectrom the available analog input sources
(different input pins available depending on the device).

— ClearCONTto 0 to select a single-shot conversion.

— If the internal voltage reference stltbe output to a pin, set tREFEXTbit to 1.
The internal voltage referenasust be enabled in this case.

— Write the REFSELL bit of the pairREFSELH REFSELL to select the internal
voltage reference level or to disable th&ernal reference. The REFSELL bit is
contained in the ADC Control Register 0.

— SetCENto 1 to start the conversion.

4. CENremains 1 while the conversion is in progress. A single-shot conversion requires
5129 system clock cycles to complete. $irzgle-shot conversion is requested from an
ADC powered-down state, the ADC ugelsadditional clock cycles to power-up
before beginning the 5129 cycle conversion.

5. When the conversion ismplete, the ADC control logiperforms the following oper-
ations:

— 11-bit two’s-complement result written to {ADCD_H[7:0], ADCD_L[7:5]}

PS024315-1011 PRELIMINARY Operation
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CENresets to 0 to indicate the conversion is complete

If the ADC remains idle for 160 consecutssestem clock cycles, it is automatically
powered-down.

Continuous Conversion

When configured for continuous conversitime ADC continuously performs an analog-
to-digital conversion on the ssited analog input. Each nelata value over-writes the
previous value stored in the ADC Data registém interrupt is generated after each con-
version.

A Caution: In CONTINUOUS Mode, ADC updates are limited by the input signal bandwidth of the
ADC and the latency of the ADC and its digital filter. Step changes at the input are not
detected at the next output from the ADCeThasponse of the ADC (in all modes) is lim-
ited by the input signal bandwidth and the latency.

Observe the following stepsrfeetting up the ADC and initiag continuous conversion:

1.

PS024315-1011

Enable the acceptable analog input by icuming the general-purpose 1/O pins for
alternate function. This action disabtég digital input and output driver.

Write the ADC Control/Status Register 1 to configure the ADC:

Write the REFSELHbit of the pair REFSELH REFSELL to select the internal
voltage reference level or ttisable the internal reference. The REFSELH bit is
contained in the ADC Gurol/Status Register 1.

Write to the ADC Control Register O tordgure the ADC for continuous conversion.
The bit fields in the ADC Control Rygster can be written simultaneously:

Write to the ANAIN[3:0] field to selectrom the available analog input sources
(different input pins available depending on the device).

SetCONTto 1 to select continuous conversion.

If the internal VREF must be output tgi, set the REFEXT bit to 1. The inter-
nal voltage reference must be enabled in this case.

Write the REFSELL bit of the pair {REFSELH, REFSELL} to select the internal
voltage reference level or to disable thernal reference. The REFSELL bit is
contained in ADC Control Register 0.

SetCENto 1 to start the conversions.
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4. When the first conversion in continuayeration is complete (after 5129 system
clock cycles, plus the 40 cycles for pavup, if necessary), the ADC control logic
performs the following operations:

— CENresets to 0 to indicate tlfiest conversion is complet€ENremains 0 for all
subsequent conversions in continuous operation

— Aninterrupt request is sent to the Int@trController to indicate the conversion is
complete

5. The ADC writes a new data result every 256 system clock cycles. For each completed
conversion, the ADC control logjmerforms the following operations:

—  Writes the 11-bit two’s complement result to {ADCD_HJ[7:0], ADCD_L[7:5]}
— Aninterrupt request to the Interrupbntroller denoting aaversion complete

6. To disable continuous conversion, clear@laThit in the ADC Control Register to 0.

Interrupts

The ADC is able to interrupt the CPU wheae®a conversion has been completed and the
ADC is enabled.

When the ADC is disabled, an interruphis asserted; however, an interrupt pending
when the ADC is disabled is not cleared.

Calibration and Compensation

Z8 Encore! XP F0823 Series ADC can be factmlbrated for offset error and gain error,
with the compensation data stored in Flasimogy. Alternatively, user code can perform
its own calibration, storing thealues into Flash themselves.

Factory Calibration

Devices that have been factory calibratentaim nine bytes of calibration data in the
Flash option bit space. This data consistthafe bytes for eachfexence type. For a list
of input modes for which caliation data exists, see tAgog Calibration Datasection on
page 152. There is 1 byte for offsatd there are 2 bytes for gain correction.

User Calibration

If you have precision references availalitte pwn external calibration can be performed,
storing the values into Flash themselves.
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Software Compensation Procedure

The value read from the ADC high and lowtdyegisters are uncompensated. The user
mode software must apply gain and offsetrection to this utompensated value for
maximum accuracy. The following fourta yields the compensated value:

ADC = (ADC

comp —OFFCAL) + ((ADC

—OFFCAL)*GAINCAL)/2:

uncomp uncomp

where GAINCAL is the gain calibration byt®FFCAL is the offset calibration byte and
ADCncompls the uncompensated value readrfrihe ADC. The OFFCAL value is in
two’s complement format, as are the compensated and uncompensated ADC values.

} Note: The offset compensation is performed firstidewed by the gain compensation. One bit of
resolution is lost because of rounding on libghoffset and gain coputations. As a result
the ADC registers read back 13 bits: 1 signthig calibration bits losto rounding and 10
data bits. Also note that in the second term, the multipicatiust be performed before
the division by 28. Otherwise, the second term evaluates to zero incorrectly.

A Caution: Although the ADC can be us&dthout the gain and offsebmpensation, it does exhibit
non-unity gain. Designing the ADC withswnity gain reducesoise across the ADC
range but requires the ADC results to be scaled by a factor of 8/7.

ADC Control Register Definitions

The following sections definthe ADC Control registers.

ADC Control Register O

The ADC Control Register selects the anaigamut channel and initias the analog-to-dig-
ital conversion.
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Table 74. ADC Control Register 0 (ADCCTLO)
Bit 7 6 5 4 3 2 1 0
Field CEN REFSELL | REFEXT | CONT ANAIN[3:0]
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/IW R/W R/W R/W R/W
Address F70H
Bit Description
[7] Conversion Enable
CEN 0 = Conversion is complete. Writing a O produces no effect. The ADC automatically clears
this bit to 0 when a conversion is complete.
1 = Begin conversion. Writing a 1 to this bit starts a conversion. If a conversion is already in
progress, the conversion restarts. This bit remains 1 until the conversion is complete.
[6] Voltage Reference Level Select Low Bit
REFSELL In conjunction with the High bit (REFSELH) in ADC Control/Status Register 1, this deter-
mines the level of the internal voltage reference; the following details the effects of {REF-
SELH, REFSELL}. This reference is independent of the Comparator reference.
00 = Internal Reference Disabled, reference comes from external pin.
01 = Internal Reference setto 1.0V.
10 = Internal Reference set to 2.0V (default).
[5] External Reference Select
REFEXT 0 = External reference buffer is disabled; Vggg pin is available for GPIO functions.
1 = The internal ADC reference is buffered and connected to the Vrgg pin.
[4] Continuous Conversion
CONT 0 = Single-shot conversion. ADC data is output once at completion of the 5129 system clock

cycles.
1 = Continuous conversion. ADC data updated every 256 system clock cycles.

PS024315-1011
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Bit Description (Continued)
[3:0] Analog Input Select
ANAIN These bits select the analog input for conversion. Not all port pins in this list are available in

all packages for Z8 Encore! XP F0823 Series. For information about the port pins available
with each package style, see the Pin Description section on page 7. Do not enable unavail-
able analog inputs. Usage of these bits changes depending on the buffer mode selected in
ADC Control/Status Register 1.

For the reserved values, all input switches are disabled to avoid leakage or other undesir-
able operation. ADC samples taken with reserved bit settings are undefined.
Single-Ended:

0000 = ANAO.

0001 = ANAL.

0010 = ANA2.

0011 = ANAS.

0100 = ANA4.

0101 = ANAGS.

0110 = ANAG.

0111 = ANA7.

1000 = Reserved.

1001 = Reserved.

1010 = Reserved.

1011 = Reserved.

1100 = Reserved.

1101 = Reserved.

1110 = Reserved.

1111 = Reserved.
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The second ADC Control Register contdins voltage reference level selection bit.
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Bit 7 6 5 4 3 2 1 0
Field REFSELH Reserved
RESET 1 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F71H
Bit Description
[71 Voltage Reference Level Select High Bit
REFSELH In conjunction with the Low bit (REFSELL) in ADC Control Register 0, this bit determines
the level of the internal voltage reference; the following details the effects of {REFSELH,
REFSELLY}; this reference is independent of the Comparator reference.
00 = Internal Reference Disabled, reference comes from external pin.
01 = Internal Reference setto 1.0V.
10 = Internal Reference set to 2.0V (default).
[6:0] Reserved
These bits are reserved and must be programmed to 0000000.
PS024315-1011 PRELIMINARY ADC Control Register Definitions
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ADC Data High Byte Register

The ADC Data High Byte Regist contains the upper eight bits of the ADC output. The
output is an 11-bit two’s compigent value. During a single-shconversion, this value is
invalid. Access to the ADC Data High Byteagister is read-only. Reading the ADC Data
High Byte Register latches datathe ADC Low Bits Register.
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Table 76. ADC Data High Byte Register (ADCD_H)

Bit 7 6 5 4 3 2 1 0
Field ADCDH

RESET

R/W R R R R
Address F72H

Bit Description

[7:0] ADC Data High Byte

ADCDH This byte contains the upper eight bits of the ADC output. These bits are not valid during a sin-

gle-shot conversion. During a continuous conversion, the most recent conversion output is

held in this register. These bits are undefined after a Reset.
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ADC Data Low Bits Register

The ADC Data Low Byte register contains thever bits of the ADC output as well as an
overflow status bit. The output is a 11-bito’s complement value. During a single-shot

conversion, this value is invalid. Access te thDC Data Low Byte register is read-only.
Reading the ADC Data High Byte registeiclees data in the ADC Low Bits Register.

Table 77. ADC Data Low Bits Register (ADCD_L)

Bit 7 6 5 4 3 2 1 0
Field ADCDL Reserved OVF
RESET X X
R/W R R R R R
Address F73H
Bit Description
[7:5] ADC Data Low Bits
ADCDL These bits are the least significant three bits of the 11-bits of the ADC output. These bits are
undefined after a Reset.
[4:1] Reserved
These bits are reserved and are undefined when read.
[0] Overflow Status
OVF 0 = An overflow did not occur in the digital filter for the current sample.

1 = An overflow did occur in the digital filter for the current sample.
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Comparator

Z8 Encore! XP F0823 Series devices featugeneral purpose comparator that compares
two analog input signals. A GPI@INP) pin provides the positive comparator input. The
negative input@INN) can be taken from either an ex@r@GPIO pin or an internal refer-
ence. The output is available as an interagpirce or can be routed to an external pin
using the GPIO multiplex.

The features of the comparator include:

* Two inputs which can be connected up using the GPIO multiplex (MUX)
* One input can be connected tpragrammable internal reference

* One input can be connectedib@ on-chip temperature sensor

e Qutput can be either an interrupt scrior an output to an external pin

Operation

One of the comparator inputs can be conmktiean internal reference which is a user
selectable reference that is usevggammable with 200 mV resolution.

The comparator can be powered down teesan supply current. For details, sesPower
Control Register @ection on page 31.

A Caution: Because of the propagation delay of theaparator, Zilog doesot recommend enabling
or reconfiguring the comparatwithout first disabling thenterrupts and witing for the
comparator output to settle. Doing Gan result in spurious interrupts.

The following example shows how to safely enable the comparator:

di

Id cmpO

nop

nop ; wait for output to settle

clrirg0 ; clear any spurious interrupts pending
ei
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Comparator Control Register Definition

The Comparator Control Register (CMPCTLhigures the comparator inputs and sets

the value of the internal voltage reference.

Table 78. Comparator Control Register (CMPO)

133

Bit 7 6 5 4 3 2 1 0
Field INPSEL | INNSEL REFLVL Reserved
RESET 0 0 0 1 0 1 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F90H
Bit Description
[7] Signal Select for Positive Input
INPSEL 0 = GPIO pin used as positive comparator input.
1 = temperature sensor used as positive comparator input.
[6] Signal Select for Negative Input
INNSEL O = internal reference disabled, GPIO pin used as negative comparator input.
1 = internal reference enabled as negative comparator input.
[5:2] Internal Reference Voltage Level
REFLVL 0000 =0.0V.
0001 =0.2V.
0010 =0.4V.
0011 =0.6V.
0100 = 0.8V.
0101 = 1.0V (Default).
0110 =1.2V.
0111 =1.4V.
1000 =1.6V.
1001 =1.8V.
1010-1111 = Reserved.
Note: This reference is independent of the ADC voltage reference.
[1:0] Reserved
These bits are reserved; R/W bits must be programmed to 00 during writes and to 00 when
read.
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Flash Memory

The products in Z8 Encore! XP F0823 Series features either 8KB (8192), 4KB (4096),
2KB (2048) or 1KB (1024) of nonvolatillash memory with read/write/erase capability.
Flash Memory can be programmed and erasedéunitby either user code or through the
On-Chip Debugger.

The Flash Memory array is arranged in pages with 512 bytes per page. The 512-byte page
is the minimum Flash block size that can beseda Each page is divided into 8 rows of 64
bytes.

For program/data protection, the Flash memsigiso divided into sectors. In the Z8

Encore! XP F0823 Series, these sectors are €ifdt bytes (in the 8 KB devices) or 512
bytes in size (all other memory sizes); each sector maps to a page. Page and sector sizes
are not generally equal.

The first two bytes of the Flash program meynare used as Flash Option bits. For more
information about their operation, see Hiash Option Bitshapter on page 146.

Table 79 describes the Flash memory configuration for each device in the Z8 Encore! XP
F0823 Series. Figure 20 displaye Flash memory arrangement.

Table 79. Z8 Encore! XP F0823 Series Flash Memory Configurations

Program
Flash Size Memory Flash Sector
Part Number KB (Bytes) Flash Pages Addresses Size (bytes)
Z8F08x3 8 (8192) 16 0000H-1FFFH 1024
Z8F04x3 4 (4096) 8 0000OH-OFFFH 512
Z8F02x3 2 (2048) 4 0000H-07FFH 512
Z8F01x3 1 (1024) 2 0000H-03FFH 512
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8 KB Flash 4 KB Flash . _
Program Memory Program Memory 2 KB Flash
- Addresses (hak) Program Memory .
.:-:::!‘::Irpesses (hex) OFF - T Addrasses (hex)
7 g 7 B D7FF
Sector 7 Sesior / Sactor 3 2800
= D800
1C00 c_?c oen
18FF 0DFF Sector 2 )
Sector G Sector 6 D‘Jf-l':"
1300 oCoo Sector 1
17FF 0SFF 0200
Sector 5 Sector 5 _ 01FF
1400 DADO Secior 0
13FF 09FF 0000
Sector 4 Sector 4
1000 =00
OFF O7FF -
Sector 3 Sector 3 1 KB Flash
oCo0 oS00 Program Memory
Addresses (hex)
_ R 08FF I O5FF 03FF
meers - R Sector 1
0200 0000
O7FF 03FF 01FF
Sector 1 Sector 1 Sector 0
0400 0200 3000
03FF D1FF
Sector 0 Sector 0
00o0o 0ooo

Figure 20. Flash Memory Arrangement

Flash Information Area

The Flash information area is separatenfijgrogram memory and is mapped to the
address rangeE00H to FFFFH. Not all these addresses are accessible. Factory trim values
for the analog peripherals are stored hEeetory calibration data for the ADC is also
stored here.

Operation

The Flash Controller programs and eraseshrimemory. The Flash Controller provides
the proper Flash controls and timing Byte Programming, Page Erase, and Mass Erase
of Flash memory.

The Flash Controller contains several protection mechanisms to prevent accidental program-
ming or erasure. These mechanism operatb®page, sector and full-memory levels.

Figure 21 displays a basic Flash Contmollew. The following subsections provide
details about the various opéipns (Lock, Unlock, Byte Programming, Page Protect,
Page Unprotect, Page Select Page Eeast Mass Erase) displayed in Figure 21.
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Flash Operation Timing Using the Flash Freq uency Registers

Before performing either a program or eraperation on Flash memory, you must first
configure the Flash Frequency High and LBwe registers. The Flash Frequency regis-
ters allow programming and erasing of thadfl with system clock frequencies ranging
from 32kHz (32768 Hz) through 20 MHz.

The Flash Frequency High and Low Byte registers combine to form a 16-bitR@aREQ

to control timing for Flasiprogram and erase operatioiife 16-bit binary Flash Fre-
guency value must contain thgstem clock frequency (in kHz). This value is calculated
using the following equation:

FFREQ[15:0] = System CIocl;olzrgquency (Hz)

A Caution: Flash programming and erasure are not sttpg for system clock frequencies below
32kHz (32768 Hz) or above 20 MHz. The Flash Frequency High and Low Byte registers
must be loaded with the cewt value to ensure operation of Z8 Encore! XP F0823 Series
devices.

Flash Code Protection Against External Access

The user code contained withtime Flash memory can be protected against external access
with the On-Chip Debugger. 8gramming the FRP Flash Opti®it prevents reading of

the user code with the On-Chip Degjger. For more information, see tRiash Option Bits
section on page 146 and tBa-Chip Debuggechapter on page 156.

Flash Code Protection Agai nst Accidental Program and
Erasure

F0823 Series provides several levels of getibon against accidental program and erasure
of the Flash memory contents. This proteci®provided by a combination of the Flash
Option bits, the register locking mechanighe page select redundancy and the sector
level protection control of the Flash Controller.

Flash Code Protection Us ing the Flash Option Bits

The FRP and FWP Flash Option Bits combingravide three levels of Flash Program
Memory protection as listed in Tat#@. For more infomation, see thElash Option Bits
section on page 146.
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Table 80. Flash Code Protection Using the Flash Option Bits
FWP  Flash Code Protection Description
0 Programming and erasing disabled for all of Flash Program Memory. In user code program-

ming, Page Erase, and Mass Erase are all disabled. Mass Erase is available through the On-
Chip Debugger.

1 Programming, Page Erase, and Mass Erase are enabled for all of Flash Program Memory.

Flash Code Protection Us ing the Flash Controller

At Reset, the Flash Controller locks to pretvaccidental program or erasure of the Flash
memory. To program or erase the Flash menfosg,write the Page Select Register with
the target page. Unlock the Flash Contrdiig making two consecutive writes to the
Flash Control Register with the valuggH and8CH, sequentially. The Page Select Regis-
ter must be rewritten with the same page jmesly stored there. If the two Page Select
writes do not match, the conlier reverts to a locked state. If the two writes match, the
selected page becomes active. For more details, see Figure 21.

After unlocking a specific page, you can enable either Page Program or Erase. Writing the
value95H causes a Page Erase only if the active page resides in a sector that is not pro-
tected. Any other value written to the Flasm@ol Register locks the Flash Controller.

Mass Erase is not allowed in the usedebut only in thragh the Debug Port.

After unlocking a specific page, you can als@evio any byte on that page. After a byte is
written, the page remains unlocked, allowing for subsequetgs to other bytes on the

same page. Further writes to the Flash Control Register cause the active page to revertto a
locked state.

Sector-Based Flash Protection

The final protection mechanism is implemehts a per-sector basis. The Flash memories
of Z8 Encore! XP devices are divided intoximum number of 8 sectors. A sector is 1/8
of the total Flash memory size unless thitigas smaller than the page size — in which
case, the sector and page sizes are equal8@ncore! FO0823 Series devices, the sector
size is varied according to theaBh memory configuration shownTable 79%n page

134.

The Flash Sector Protect Register can bdigored to prevent sectors from being pro-
grammed or erased. After a sector is proteét@dnnot be unprotected by user code. The
Flash Sector Protect Register is clearddrakset, and any previously-written protection
values are lost. User code must write thisstagiin their initialization routine if they pre-
fer to enable sector protection.

The Flash Sector Protect Register shardlatgister File address with the Page Select
Register. The Flash Sector Protect Registaccessed by writing the Flash Control Regis-
ter with5EH. After the Flash Sector Protect Register is selected, it can be accessed at the
Page Select Register address. When user code writes the Flash Sector Protect Register,
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bits can only be set to 1. Thus, sectors caprbtected, but not unprotected, via register
write operations. Writing a value other th&H to the Flash Control Register deselects
the Flash Sector Protect Register and abtas access to the Page Select Register.

Observe the following procedure to setup EHash Sector Protect Register from user
code:

1. Write 00H to the Flash Control Register to reset the Flash Controller.
2. Write5EHto the Flash Control Register to select the Flash Sector Protect Register.

3. Read and/or write the Flash Sector Protect Register which is now at Register File
addres$FoH.

4. Write O0H to the Flash Control Register to rettine Flash Controller to its reset state.

The Sector Protect Register is initialized torOreset, putting each sector into an unpro-
tected state. When a bit in the Sector PtdRegyister is written td, the corresponding
sector can no longer be written or erabgdhe CPU. External Flash programming
through the OCD or via the Flash Controllerp@gs mode are unaffected. After a bit of
the Sector Protect Register has been semitatebe cleared except by powering down the
device.

Byte Programming

The Flash Memory is enabled for byte piangming after unlocking the Flash Controller

and successfully enabling either Mass Erase or Page Erase. When the Flash Controller is
unlocked and Mass Erase is successfullygleted, all Prograriemory locations are
available for byte programming. In contrashen the Flash Controller is unlocked and

Page Erase is successfully enabled, only ttetions of the selected page are available for
byte programming. An erased Flash byte contains alFFs)( The programming opera-

tion can only be used to change bits from 1 to 0. To change a Flash bit (or multiple bits)
from O to 1 requires execution of eitliee Page Erase or Mass Erase commands.

Byte Programming is acconighed using the On-Chip Debugger's Write Memory com-
mand or eZ8 CPU execution of the LDC or LDCI instructions. For a description of the
LDC andLDCI instructions, refer to theZ8 CPU Core User Manual (UMQ128&yailable

for download atvww.zilog.com While the Flash Controller programs the Flash memory,
the eZ8 CPU idles but the system clock anetloip peripherals continue to operate. To
exit programming mode and lothe Flash, write any value to the Flash Control Register,
except the Mass Erase or Page Erase commands.

A Caution: The byte at each address of the Flash nmgroannot be programed (any bits written
to 0) more than twice before an erase cgcleurs. Doing so magsult in corrupted data
at the target byte.
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Page Erase

The Flash memory can be erased one page (512 bytes) at a time. Page Erasing the Flash
memory sets all bytes that page to the valug=H. The Flash Page Select register identi-

fies the page to be erased. Only a pagéliresin an unprotecteskector can be erased.

With the Flash Controller unlocked atite active page set, writing the valgh to the

Flash Control Register initiates the Page Emseration. While the Flash Controller exe-
cutes the Page Erase operation, the eZ8 dRes but the systemlock and on-chip

peripherals continue to operate. The eZ8 CPU resumes operation after the Page Erase
operation completes. If the Page Erase operation is performed using the On-Chip Debug-
ger, poll the Flash Status Register to deteemvhen the Page Erase operation is complete.
When the Page Erase is complete, the Fasftroller returns to its locked state.

Mass Erase

The Flash memory can also be Mass Erasetjike Flash Controller, but only by using

the On-Chip Debugger. Mass Erasing the lrlm@&mory sets all bytes to the vakrH.

With the Flash Controller unlocked and tass Erase successfuiyabled, writing the
value63H to the Flash Control Register initiatthe Mass Erase operation. While the

Flash Controller executes the Mass Eraseatjuar, the eZ8 CPU idles but the system

clock and on-chip peripherals continue to operate. Using the On-Chip Debugger, poll the
Flash Status Register to determine whenNfass Erase operation is complete. When the
Mass Erase is complete, the Flash @alldr returns to its locked state.

Flash Controller Bypass

The Flash Controller can be bypassed tedcontrol signals for the Flash memory
brought out to the GPIO pins. Bypassing the Flash Controller allows faster Row Program-
ming algorithms by controlling thelash programming signals directly.

Row programing is recommended for gang programming applications and large volume
customers who do not require in-circuit inifmogramming of the Flash memory. Page
Erase operations are also supporteémtne Flash Controller is bypassed.

For more information about bypassing the Fl@simtroller, refer to the Zilog application
note titled,Third-Party Flash ProgramnurSupport for Z8 EncordiCUs (AN0117),
available for download atww.zilog.com

Flash Controller Behavior in DEBUG Mode

The following changes in behavior of theasth Controller occur when the Flash Control-
ler is accessed using the On-Chip Debugger:

* The Flash Write Protect option bit is ignored

* The Flash Sector Protect register isdged for programming and erase operations
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¢ Programming operations are not limitedhe page selected in the Page Select
register

* Bits in the Flash Sector Protect register can be written to one or zero

* The second write of the Page Select regisi unlock the Flash Controller is not
necessary

* The Page Select register can be wmittéhen the Flash Controller is unlocked

* The Mass Erase command is enaltlkedugh the Flash Control Register

A Caution: For security reasons, the Flash Controllernedl@nly a single page to be opened for
write/erase. When writing multiple Flash &g the Flash controller must repeat the un-
lock sequence to select another page.

Flash Control Register Definitions

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

Flash Control Registesee page 141

Flash Status Registesee page 143

Flash Page Select Registeee page 143

Flash Sector Protect Registeee page 145

Flash Frequency High and Low Byte Registsee page 145

Flash Control Register

The Flash Controller must be unlocked gsihe Flash Control (FTCTL) Register before
programming or erasing theash memory. Writing the sequert3H 8CH, sequentially,

to the Flash Control Register unlocks thadA Controller. When the Flash Controller is
unlocked, the Flash memoryrche enabled for Mass ErasePage Erase by writing the
appropriate enable command to the FCTlgdéPBrase applies only to the active page
selected in Flash Page Select register. NEsase is enabled ontiirough the On-Chip
Debugger. Writing an invalid Wae or an invalid sequence returns the Flash Controller to
its locked state. The Write-only Flash CohRegister shares its Register File address
with the read-only Flash Status Register.
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Table 81. Flash Control Register (FCTL)

Bit 7 6 5 4 3 0
Field FCMD
RESET 0 0 0 0 0 0
R/W w w w w w w
Address FF8H
Bit Description
[7:0] Flash Command
FCMD 73H = First unlock command.

8CH = Second unlock command.
95H = Page Erase command (must be third command in sequence to initiate Page Erase).
63H = Mass Erase command (must be third command in sequence to initiate Mass Erase).

5EH = Enable Flash Sector Protect Register Access.

PS024315-1011

PRELIMINARY

Flash Control Register Definitions

142



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 143

Flash Status Register

The Flash Status Register indicates the cugtaté of the Flash Controller. This register
can be read at any time. The read-only frl8&stus Register shares its Register File
address with the write-opFlash Control Register.

Table 82. Flash Status Register (FSTAT)

Bit 7 6 5 4 3 2 1 0
Field Reserved FSTAT
RESET 0 0 0
R/W R R R R R R R R
Address FF8H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 0 when read.
[5:0] Flash Controller Status
FSTAT 000000 = Flash Controller locked.

000001 = First unlock command received (73H written).
000010 = Second unlock command received (8CH written).
000011 = Flash Controller unlocked.

000100 = Sector protect register selected.

001xxx = Program operation in progress.

010xxx = Page erase operation in progress.

100xxx = Mass erase operation in progress.

Flash Page Select Register

The Flash Page Select (FPS) register shares address space with the Flash Sector Protect
Register. Unless the Flash controller is unlocked and writtens&ihwrites to this
address target the Flash Page Select Register.

The register is used to select one of tlgheavailable Flash memory pages to be pro-
grammed or erased. Each Flash Page corsdiddytes of Flash memory. During a Page
Erase operation, all Flash memory having adsges with the most significant 7-bits given
by FPS[6:0] are chosen for program/erase operation.
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Table 83. Flash Page Select Register (FPS)

Bit 7 6 5 4 3 2 1 0
Field INFO_EN PAGE

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FFOH

Bit Description

[7] Information Area Enable

INFO_EN 0 = Information Area us not selected.

1 = Information Area is selected. The Information Area is mapped into the Program Memory
address space at addresses FEOOH through FFFFH.
[6:0] Page Select
PAGE This 7-bit field identifies the Flash memory page for Page Erase and page unlocking.

Program Memory Address[15:9] = PAGE[6:0].

For Z8F04x3 devices, the upper 4 bits must always be 0.
For Z8F02x3 devices, the upper 5 bits must always be 0.
For Z8F01x3 devices, the upper 6 bits must always be 0.
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Flash Sector Protect Register

The Flash Sector Protect (FPROT) Registshi&red with the Flash Page Select Register.
When the Flash Control Register is written wWittH, the next write to this address targets
the Flash Sector Protect Register. In all ottases, it targets the Flash Page Select Regis-
ter.

This register selects one of the 8 available Flash memory sectors to be protected. The reset
state of each Sector Protect bit is an unprotestegd. After a sector is protected by setting

its corresponding register bit, it cannot b@natected (the register bit cannot be cleared)
without powering down the device.

Table 84. Flash Sector Protect Register (FPROT)

Bit 7 6 5 4 3 2 1 0
Field SPROT7 | SPROT6 | SPROT5 | SPROT4 | SPROT3 | SPROT2 | SPROT1 | SPROTO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FFOH

Bit Description

[7] Sector Protection

SPROTnNn Each bit corresponds to a 1024-byte Flash sector on devices in the 8K range, while the

remaining devices correspond to a 512-byte Flash sector. To determine the appropriate Flash
memory sector address range and sector number for your Z8F0823 Series product, please
refer to Table 79 on page 134 and to Figure 20, which follows the table.

» For Z8F08x3 and Z8F04x3 devices, all bits are used.

» For Z8F02x3 devices, the upper 4 bits are unused.

» For Z8F01x3 devices, the upper 6 bits are unused.

Note: n indicates the specific Flash sector (7-0).

Flash Frequency High and Low Byte Registers

The Flash Frequency High (FFREQH) anduByte (FFREQL) registers combine to
form a 16-bit value, FFREQ, to control fimy for Flash program and erase operations.
The 16-bit binary Flash Frequency value magttain the system clock frequency (in
kHz) and is calculated usy the following equation:

FFREQ[15:0] = {FFREQH[7:0],FFREQL[7:0]} = SYStem C'fggoFreq“e”Cy
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A Caution: The Flash Frequency High and Low Byte registmust be loaded with the correct value
to ensure proper operation of the devicesoAFlash programming and erasure is not sup-
ported for system clock frequencieslow 20kHz or above 20 MHz.

Table 85. Flash Frequency High Byte Register (FFREQH)

Bit 7 6 5 4 3 2 1 0
Field FFREQH
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FFAH
Bit Description
[7:0] Flash Frequency High Byte
FFREQH High byte of the 16-bit Flash Frequency value.
Table 86. Flash Frequency Low Byte Register (FFREQL)
Bit 7 6 5 4 3 2 1 0
Field FFREQL
RESET 0
R/W R/W
Address FFBH
Bit Description
[7:0] Flash Frequency Low Byte

FFREQL Low byte of the 16-bit Flash Frequency value.
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Option Bit Types
This section describes the five types adH option bits offered in the FO83A Series.

User Option Bits

The user option bits are contained in fingt two bytes of program memory. Access to

these bits has been provided because theaéidos contain application-specific device
configurations. The information contained here is lost when page 0 in program memory is
erased.

Trim Option Bits

The trim option bits are contained in a Flash memory information page. These bits are fac-
tory programmed values required to optimize the operation of onboard analog circuitry
and cannot be permanently altered. Progre@mory may be erased without endangering
these values. It is possible to alter working values of these bits by accessing the Trim Bit
Address and Data Registers, but these wgrkadues are lost after a power loss or any

other reset event.

There are 32 bytes of trim data. To modifyeaf these values the user code must first
write a value betwee®OH and1FH into the Trim Bit Address Register. The next write to
the Trim Bit Data Registazhanges the working value tbfe target trim data byte.

Reading the trim data requires tleeucode to write a value betwed®@H and1FH into the
Trim Bit Address Register. The next readnfrthe Trim Bit Data Register returns the
working value of the target trim data byte.

} Note: The trim address rangefi®m information addres&-3F only. The remainder of the
information page is not accessible throtigé trim bit address and data registers.

Calibration Option Bits

The calibration option bits are also contaiimethe information page. These bits are fac-
tory programmed values interdiéor use in software correcting the device’s analog per-
formance. To read these valugee user code must emplthye LDC instruction to access
the information area of the address space as defined htatsie Information Areaection
on page 15.

Serialization Bits

As an optional feature, Zilag able to provide factory-pgrammed serialization. For seri-
alized products, the individual devices areggammed with unique serial numbers. These
serial numbers are binary values, four bytelemngth. The numbers increase in size with
each device, but gaps iretserial sequence may exist.
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These serial numbers are stored in the Rlafsinmation page (for more details, see the
Reading the Flash Information Paggrtion on page 148 and tRerialization Dataec-
tion on page 154) and are unaffected by mass erasure of the device’s Flash memory.

Randomized Lot Identification Bits

As an optional feature, Zilog is able tmpide a factory-programed random lot identi-

fier. With this feature, all devices in a givproduction lot are programmed with the same
random number. This random number is uniquely regenerated for each successive produc-
tion lot and is not likly to be repeated.

The randomized lot identifier is a 32-byte binaalue, stored ithe flash information

page (for moreletails, see thReading the Flash Information Paggrtion on page 148

and theRandomized Lot Identifiesection on page 154) and is unaffected by mass erasure
of the device’s flash memory.

Reading the Flash Information Page

The following code example shows how ¢ad data from the Flash Information Area.

; get value at info address 60 (FE60h)

ldx FPS, #%80 ; enable access to flash info page

Id RO, #%FE

Id R1, #%60

Ildc R2, @RRO ; R2 now contains the calibration value

Flash Option Bit Control Register Definitions

This section briefly describes the features of the Trim Bit Address and Data registers.

Trim Bit Address Register

The Trim Bit Address (TRMADR) Register comaithe target address for an access to the
trim option bits.

Table 87. Trim Bit Address Register (TRMADR)

Bit 7 6 5 4 3 2 1 0
Field TRMADR: Trim Bit Address (O0H to 1FH)

RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FF6H
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Trim Bit Data Register

The Trim Bid Data (TRMDR) register containgtread or write data for access to the trim
option bits.

Table 88. Trim Bit Data Register (TRMDR)

Bit 7 6 5 4 3 2 1 0
Field TRMDR: Trim Bit Data
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FF7H
Flash Option Bit Address Space
The first two bytes of Flash program memory at addrexX®sd and0001H are reserved
for the user-programmable Flash option bits.
Table 89. Flash Option Bits at Program Memory Address 0000H

Bit 7 6 5 4 3 2 1 0
Field WDT_RES | WDT_AO Reserved VBO_AO FRP Reserved FWP
RESET U U U U U ) U U
R/W RIW R/W R/W R/W RIW R/W R/W R/W
Address Program Memory 0000H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[71 Watchdog Timer Reset
WDT_RES 0= Watchdog Timer time-out generates an interrupt request. Interrupts must be globally
enabled for the eZ8 CPU to acknowledge the interrupt request.
1 = Watchdog Timer time-out causes a system reset. This setting is the default for unpro-
grammed (erased) Flash.
[6] Watchdog Timer Always ON
WDT_AO 0= Watchdog Timer is automatically enabled upon application of system power. Watchdog
Timer can not be disabled.
1 = Watchdog Timer is enabled upon execution of the WDT instruction. Once enabled, the
Watchdog Timer can only be disabled by a Reset or Stop Mode Recovery. This setting is
the default for unprogrammed (erased) Flash.
[5:4] Reserved

These bits are reserved and must be programmed to 11 during writes, and to 11 when read.
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Bit Description (Continued)
[3] Voltage Brown-Out Protection Always ON
VBO_AO 0 = Voltage Brown-Out Protection can be disabled in STOP Mode to reduce total power con-
sumption. For the block to be disabled, the power control register bit must also be writ-
ten (see the Power Control Register 0 section on page 31).
1 = Voltage Brown-Out Protection is always enabled including during STOP Mode. This set-
ting is the default for unprogrammed (erased) Flash.
[2] Flash Read Protect
FRP 0 = User program code is inaccessible. Limited control features are available through the
On-Chip Debugger.
1 = User program code is accessible. All On-Chip Debugger commands are enabled. This
setting is the default for unprogrammed (erased) Flash.
[1] Reserved
This bit is reserved and must be programmed to 1.
[0] Flash Write Protect
FWP This Option Bit provides Flash Program Memory protection:
0 = Programming and erasure disabled for all of Flash Program Memory. Programming,
Page Erase, and Mass Erase through User Code is disabled. Mass Erase is available
using the On-Chip Debugger.
1 = Programming, Page Erase, and Mass Erase are enabled for all of Flash program mem-
ory.
Table 90. Flash Options Bits at Program Memory Address 0001H
Bit 7 6 5 4 3 2 1 0
Field Reserved XTLDIS Reserved
RESET U ) ) U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Program Memory 0001H

Note: U = Unchanged by Reset. R/W = Read/Write.
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Bit

Description

[7:5]

Reserved
These bits are reserved and must be programmed to 111 during writes and to 111 when read.

[4]
XTLDIS

State of Crystal Oscillator at Reset

This bit only enables the crystal oscillator. Its selection as a system clock must be performed
manually.

0 = The crystal oscillator is enabled during reset, resulting in longer reset timing.

1 = The crystal oscillator is disabled during reset, resulting in shorter reset timing.

Caution: Programming the XTLDIS bit to zero on 8-pin versions of F0823 Series devices pre-
vents any further communication via the debug pin due to the X,y and DBG functions being
shared on pin 2 of the 8-pin package. Do not program this bit to zero on 8-pin devices unless
no further debugging or Flash programming is required.

[3:0]

Reserved
These bits are reserved and must be programmed to 1111 during writes and to 1111 when read.

Trim Bit Address Space

All available trim bit addresses and their ftions are listed in Tables 91 through 93.

Table 91. Trim Options Bits at Address 0000H

Bit 7 6 5 4 3 2 1 0
Field Reserved

RESET U U U U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Information Page Memory 0020H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description

[7:0] Reserved

These bits are reserved. Altering this register may result in incorrect device operation.
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Table 92. Trim Option Bits at 0001H
Bit 7 6 5 4 3 2 1 0
Field Reserved
RESET U ) ) U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Information Page Memory 0021H
Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:0] Reserved
These bits are reserved. Altering this register may result in incorrect device operation.
Table 93. Trim Option Bits at 0002H (TIPO)
Bit 7 6 5 4 3 2 1 0
Field IPO_TRIM
RESET U
R/W R/W
Address Information Page Memory 0022H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit

Description

[7:0]

Internal Precision Oscillator Trim Byte

IPO_TRIM  Contains trimming bits for the Internal Precision Oscillator.

Zilog Calibration Data

PS024315-1011

This section briefly describes the featuoéshe following Flash Option Bit calibration
registers.

ADC Calibration Datasee page 153
Serialization Datasee page 154

Randomized Lot Identifieisee page 154
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Table 94. ADC Calibration Bits

Bit 7 6 5 4 3 2 1 0
Field ADC_CAL
RESET U ) ) U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Information Page Memory 0060H—007DH

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:0] Analog-to-Digital Converter Calibration Values
ADC_CAL Contains factory-calibrated values for ADC gain and offset compensation. Each of the ten
supported modes has one byte of offset calibration and two bytes of gain calibration. These
values are read by the software to compensate ADC measurements as detailed in the Soft-
ware Compensation Procedure section on page 126. The location of each calibration byte is
provided in Table 95.
Table 95. ADC Calibration Data Location
Info Page Memory Compensation Reference
Address Address Usage ADC Mode Type
60 FE60 Offset Single-Ended Unbuffered Internal 2.0V
08 FEO8 Gain High Byte Single-Ended Unbuffered Internal 2.0V
09 FEO9 Gain Low Byte Single-Ended Unbuffered Internal 2.0V
63 FE63 Offset Single-Ended Unbuffered Internal 1.0V
0A FEOA Gain High Byte Single-Ended Unbuffered Internal 1.0V
0B FEOB Gain Low Byte Single-Ended Unbuffered Internal 1.0V
66 FE66 Offset Single-Ended Unbuffered External 2.0V
0oC FEOC Gain High Byte Single-Ended Unbuffered External 2.0V
0D FEOD Gain Low Byte Single-Ended Unbuffered External 2.0V
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Serialization Data
Table 96. Serial Number at 001C-001F (S_NUM)
Bit 7 6 5 4 3 2 1 0
Field S_NUM
RESET U ) ) U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Information Page Memory 001C-001F
Note: U = Unchanged by Reset. R/W = Read/Write.
Bit Description
[7:0] Serial Number Byte
S _NUM The serial number is a unique four-byte binary value; see Table 97.
Table 97. Serialization Data Locations

Info Page  Memory

Address Address Usage

1C FE1C Serial Number Byte 3 (most significant).

1D FE1D Serial Number Byte 2.

1E FE1E Serial Number Byte 1.

1F FE1F Serial Number Byte 0 (least significant).

Randomized Lot Identifier
Table 98. Lot Identification Number (RAND_LOT)

Bit 7 6 | 5 | a4 | 3 | 2 1 0
Field RAND_LOT
RESET u U U U U U U U
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address Interspersed throughout Information Page Memory

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description

[7] Randomized Lot ID

RAND_LOT The randomized lot ID is a 32-byte binary value that changes for each production lot; see

Table 99.
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Info Page  Memory

Address Address Usage

3C FE3C Randomized Lot ID Byte 31 (most significant)
3D FE3D Randomized Lot ID Byte 30
3E FE3E Randomized Lot ID Byte 29
3F FE3F Randomized Lot ID Byte 28
58 FE58 Randomized Lot ID Byte 27
59 FE59 Randomized Lot ID Byte 26
5A FES5A Randomized Lot ID Byte 25
5B FE5B Randomized Lot ID Byte 24
5C FE5C Randomized Lot ID Byte 23
5D FE5D Randomized Lot ID Byte 22
5E FESE Randomized Lot ID Byte 21
5F FESF Randomized Lot ID Byte 20
61 FE61 Randomized Lot ID Byte 19
62 FE62 Randomized Lot ID Byte 18
64 FEG64 Randomized Lot ID Byte 17
65 FE65 Randomized Lot ID Byte 16
67 FEG67 Randomized Lot ID Byte 15
68 FE68 Randomized Lot ID Byte 14
6A FEBA Randomized Lot ID Byte 13
6B FE6B Randomized Lot ID Byte 12
6D FEGD Randomized Lot ID Byte 11
6E FEGE Randomized Lot ID Byte 10
70 FE70 Randomized Lot ID Byte 9
71 FE71 Randomized Lot ID Byte 8
73 FE73 Randomized Lot ID Byte 7
74 FE74 Randomized Lot ID Byte 6
76 FE76 Randomized Lot ID Byte 5
77 FE77 Randomized Lot ID Byte 4
79 FE79 Randomized Lot ID Byte 3
7A FE7A Randomized Lot ID Byte 2
7C FE7C Randomized Lot ID Byte 1
7D FE7D Randomized Lot ID Byte 0 (least significant)
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On-Chip Debugger

Z8 Encore! XP F0823 Series devices camt integrated On-Chip Debugger (OCD)
which provides advanced dedming features that include:

Single pin interface

Reading and writing of the register file

Reading and writing of program and data memory
Setting of breakpoints and watchpoints

Executing eZ8 CPU instructions

Debug pin sharing with general-purpose input-output function to maximize the pins
available

Architecture

The on-chip debugger consists of four prignamctional blocks: tnsmitter, receiver,
auto-baud detector/generatordatebug controller. Figure 22 displays the architecture of
the OCD.

System Clock

Auto-Baud
- Detector/Generator

DBG Pin

<

eZ8 CPU Control

Transmitter <

Debug Controller

° Y o Receiver

-
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Figure 22. On-Chip Debugger Block Diagram
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Operation

The following section descr@s the operation of the OCD.

OCD Interface

The OCD uses the DBG pin for communicatioithvan external hosthis one-pin inter-
face is a bidirectional open-drain interface tiahsmits and receivekata. Data transmis-
sion is half-duplex, in thatansmit and receive cannotooc simultaneously. The serial
data on the DBG pin is sent using the standard asynchronous data format defined in RS-
232. This pin creates an interface from theZ38eries products to the serial port of a
host PC using minimal external hardwareoTdifferent methods for connecting the DBG
pin to an RS-232 interface are displayedFigure 23 and Figure 24. The recommended
method is the buffered implamtation depicted in Figure 24. The DBG pin has a internal
pull-up resistor which is sufficient for soma@plications (for more details about the pull-
up current, see thelectrical Characteristioshapter on page 196). For OCD operation at
higher data rates or in noisy systems, gitecommends an external pull-up resistor.

A Caution: For operation of the OCD, all power pinsgfyand AVpp) must be supplied with power,
and all ground pins (¥sand AVgg must be properly grounded. The DBG pin is open-
drain and may require an external pullfegistor to ensure proper operation.

VDD

RS-232
Transceiver Schottky 10 kQ
Diode
| DBG Pin
!

RS-232 TX

RS-232 RX i

Figure 23. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, # 1 of 2
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VDD

RS-232

Transceiver Open-Drain 10 kQ
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RS-232 TX DBG Pin

RS-232 RX i

Figure 24. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, # 2 of 2

DEBUG Mode
The operating characteristics of the devices in DEBUG Mode are:

* The eZ8 CPU fetch unit stops, idling the €ZBU, unless directed by the OCD to ex-
ecute specific instructions

* The system clock operates unless in STOP Mode

¢ All enabled on-chip peripheratperate unless in STOP Mode
e Automatically exits HALT Mode

* Constantly refreshes the Whdog Timer, if enabled.

Entering DEBUG Mode
The device enters DEBUG Moddlfawing the operations below:

* The device enters DEBUG Mode after the eZ8 CPU execsBX ébreakpoint) in-
struction

e |fthe DBG pinis held Low during the mostent clock cycle of System Reset, the part
enters DEBUG Mode um exiting System Reset

} Note: Holding the DBG pin Low for an addition&D00 (minimum) clok cycles after reset
(making sure to account for any specified frexey error if using an internal oscillator)
prevents a false interpretation of an autobaud sequencin¢s@ED Autobaud Detector/
Generatosection on page 159
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¢ |If the PA2/RESETpin is held Low while a 32-bit kesequence is issued to the PAQ/
DBG pin, the DBG feature is unlocked. After releasing PA2/RESES pulled high.
At this point, the PAO/DBG pin can be ugedautobaud and cause the device to enter
DEBUG Mode. For more details, see @ED Unlock Sequence (8-Pin Devices Only)
section on page 161.

Exiting DEBUG Mode

The device exits DEBUG Mode follving any of these operations:

¢ Clearing the DBGMODE bit in 8nOCD Control Register to 0

* Power-On Reset

* \Dltage Brown-Out reset

* Watchdog Timer reset

* Asserting the RESEPin Low to initiate a Reset

¢ Driving the DBG pin Low while the device is STOP Mode initites a system reset

OCD Data Format

The OCD interface uses the asynchronous fdataat defined for RS-232. Each character
is transmitted as 1 Start bit, 8 data bits (ledgificant bit first), and 1 Stop bit as dis-
played in Figure 25.

—‘ START DO D1 D2 D3 D4 D5 D6 D7 STOP

Figure 25. OCD Data Format

} Note: When responding to a requést data, the OCD may comance transmitting immediately
after receiving the stop bit of an incomingnfira. Therefore, when sding the stop bit, the
host must not actively drive the DBG pin Hifgr more than 0.5 bit times. Zilog recom-
mends that, if possible, the host driviee DBG pin using an open-drain output.

OCD Autobaud Detector/Generator

To run over a range of baud rates (datag@tssecond) with various system clock frequen-
cies, the OCD contains an auto-baud detépemerator. After a reset, the OCD is idle
until it receives data. The OCD requires that fiinst character sent from the host is the
characteBOH. The characte80H has eight continuous bits Low (one Start bit plus 7 data

PS024315-1011 PRELIMINARY Operation



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 160

bits), framed between High bits. The auto-bdatkctor measures this period and sets the
OCD baud rate generator accordingly.

The auto-baud detector/generator is clodkgthe system clock. The minimum baud rate
is the system clock frequency divided by25Eor optimal operation with asynchronous
datastreams, the maximum recommended baaedg#he system clock frequency divided
by eight. The maximum possible baud rateasynchronous datastreams is the system
clock frequency divided by four, but this theoretical maximum is possible only for low
noise designs with clean signals. Tabl® lists minimum and recommended maximum
baud rates for sample crystal frequencies.

Table 100. OCD Baud-Rate Limits

Recommended Recommended
System Clock Maximum Baud Rate Standard PC Baud Minimum Baud Rate
Frequency (MHz) (kbps) Rate (bps) (kbps)
5.5296 1382.4 691,200 1.08
0.032768 (32kHz) 4.096 2400 0.064

If the OCD receives a Serial Break (ninenmore continuous bitsow) the auto-baud
detector/generator resets.dRafigure the auto-baud @etor/generator by sendiggH.

OCD Serial Errors
The OCD detects any of the follovgrerror conditions on the DBG pin:

e Serial Break (a minimum of nine continuous bits Low)
* Framing Error (received Stop bit is Low)

¢ Transmit Collision (OCD and Isb simultaneous transmisesi detected by the OCD)

When the OCD detects one of these erroahdtrts any command currently in progress,
transmits a four character long Serial Brback to the host, and resets the auto-baud
detector/generator. A Framing Error or Transmit Collision may be caused by the host
sending a Serial Break to the OCD. Becausta®fopen-drain nate of the interface,
returning a Serial Break break back to the loogg extends the length of the Serial Break
if the host releases the Serial Break early.

The host transmits a Serial Break onm@spin when first connecting to the F0823 Series
devices or when recovering from an error. A Serial Break from the host resets the auto-
baud generator/detector but does not ritm=OCD Control Register. A Serial Break
leaves the device in DEBUG Mode if thatli® current mode. The OCD is held in Reset
until the end of the Serial Bak when the DBG pin returns High. Because of the open-
drain nature of the DBG pin, the host sen@edal Break to the OCD even if the OCD is
transmitting a character.

PS024315-1011 PRELIMINARY Operation



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 161

OCD Unlock Sequence (8-Pin Devices Only)

Because of pin-sharing on the 8-pin device, an unlock sequence must be performed to
access the DBG pin. If this sequence isquhpleted during a system reset, then the PAO/
DBG pin functions only as a GPIO pin.

The following sequence unlocks the DBG pin:

1. Hold PA2/RESET Low.

2. Wait 5 ms for the internal reset sequence to complete.
3. Send the following bytes serially to the debug pin:

DBG«— 80H (autobaud)

DBG« EBH

DBG« 5AH

DBG« 70H

DBG«— CDH (32-bit unlock key)

4. Release PA2/RESEThe PAO/DBG pin is now identicad function to that of the
DBG pin on the 20- or 28-pin device. To enter DEBUG Mode, reautobaud and write
80H to the OCD Control Register (see tha-Chip Debugger Commandsction on
page 162).

Breakpoints

Execution breakpoints agenerated using tiBRKinstruction (opcod@0H). When the
eZ8 CPU decodesERKinstruction, it signals the OCD. If breakpoints are enabled, the
OCD enters DEBUG Mode and idles the €ZBU. If breakpoints are not enabled, the
OCD ignores the BRK signal and tBRKinstruction operates as Bi®OPinstruction.

Breakpoints in Flash Memory

TheBRKinstruction is opcodeoH, which corresponds to thellfjgprogrammed state of a
byte in Flash memory. To implement a breakpoint, vadie to the required break
address, overwriting the current instructido.remove a breakpat, the corresponding
page of Flash memory must be erasedi raprogrammed with the original data.

Runtime Counter

The OCD contains a 16-bit Runtime Countecounts system clock cycles between
breakpoints. The counter starts countiviten the OCD leaves DEBUG Mode and stops
counting when it enters DEBUG Mode agaimwhen it reaches ¢hmaximum count of
FFFFH.
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On-Chip Debugger Commands

The host communicates taetCD by sending OCD commands using the DBG interface.
During normal operation, only a subsetlid OCD commands are available. In DEBUG
Mode, all OCD commands become availableesslthe user code and control registers are
protected by programming the Flash Read Protect OptioRR#).(The Flash Read Pro-
tect Option bit prevents the code in memfsom being read out of Z8 Encore! XP F0823
Series products. When this option is enabdederal of the OCD comands are disabled.
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Table 101 is a summary of the OCD commariash OCD command is described in fur-
ther detail in the pages that follow this tallable 102on page 167 also indicates those
commands that operate whitre device is not in DEBUG Mode (normal operation) and
those commands that are disabled by @ogning the Flash Redtotect Option bit.

Table 101. OCD Commands

Command Enabled when not Disabled by Flash Read Protect

Debug Command Byte in DEBUG Mode? Option Bit

Read OCD Revision OOH Yes -

Reserved 01H - -

Read OCD Status Register 02H Yes -

Read Runtime Counter O3H - -

Write OCD Control Register 04H Yes Cannot clear DBGMODE bit.

Read OCD Control Register O5H Yes -

Write Program Counter 06H - Disabled.

Read Program Counter 07H - Disabled.

Write Register 08H - Only writes of the Flash Memory Con-
trol registers are allowed. Additionally,
only the Mass Erase command is
allowed to be written to the Flash Con-
trol Register.

Read Register 09H - Disabled.

Write Program Memory OAH - Disabled.

Read Program Memory OBH - Disabled.

Write Data Memory OCH - Yes.

Read Data Memory ODH - -

Read Program Memory CRC OEH - -

Reserved OFH - -

Step Instruction 10H - Disabled.

Stuff Instruction 11H - Disabled.

Execute Instruction 12H - Disabled.

Reserved 13H-FFH - -
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In the following list of OCD Commands, daad commands sent from the host to the
OCD are identified byDBG <« Command/Data’ . Data sent from the OCD back to the
host is identified byDBG — Data’

Read OCD Revision (00H). The Read OCD Revision comnthdetermines the version of
the OCD. If OCD commands are added, reeth or changed, this revision number
changes.

DBG « 00H
DBG — OCDReV[15:8] (Major revision number)
DBG — OCDReV[7:0] (Minor revision number)

Read OCD Status Register (02H). The Read OCD Status Register command reads the
OCDSTAT Register.

DBG « 02H
DBG — OCDSTAT[7:0]

Read Runtime Counter (03H). The Runtime Counter counts system clock cycles in
between breakpoints. €HL6-bit Runtime Counter counts up froe00H and stops at the
maximum count oFFFFH. The Runtime Counter is overwritten during the Write Memory,
Read Memory, Write Register, Read Register, Read Memory CRC, Step Instruction, Stuff
Instruction, and Execatlnstruction commands.

DBG « 03H
DBG — RuntimeCounter[15:8]
DBG — RuntimeCounter[7:0]

Write OCD Control Register (04H). The Write OCD Control Register command writes
the data that follows to the OCDCTL regiséthen the Flash Read Protect Option Bit is
enabled, the DBGMODE biDCDCT[/]) can only be set to 1, it cannot be cleared to 0
and the only method of returning the deviecanormal operating mode is to reset the
device.

DBG « 04H
DBG « OCDCTL[7:0]

Read OCD Control Register (05H). The Read OCD Control Regger command reads the
value of the OCDCTL register.

DBG «— 05H
DBG — OCDCTL[7:0]

Write Program Counter (06H). The Write Program Counteommand writes the data
that follows to the eZ8 CPU’s Program Ctem(PC). If the devicés not in DEBUG
Mode or if the Flash Read Protect Optionibiénabled, the PrograCounter (PC) values
are discarded.

DBG «— 06H

DBG « ProgramCounter[15:8]
DBG « ProgramCounter[7:0]
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Read Program Counter (07H). The Read Program Countememand reads the value in
the eZ8 CPU’s Program Counter (PC). If the device is not in DEBUG Mode or if the Flash
Read Protect Option bit is @bled, this command retureREFFH.

DBG «— 07H
DBG — ProgramCounter[15:8]
DBG — ProgramCounter[7:0]

Write Register (08H). The Write Register command writes data to the Register File. Data
can be written 1-256 bytes at a time (256 bgtasbe written by setting size to 0). If the
device is not in DEBUG Mode, the addressl data values are discarded. If the Flash
Read Protect Optiotit is enabled, only writes to tlidash Control Registers are allowed
and all other register write data values are discarded.

DBG « 08H

DBG « {4’h0,Register Address[11:8]}
DBG « Register Address[7:0]

DBG « Size[7:0]

DBG « 1-256 data bytes

Read Register (09H). The Read Register command reads data from the Register File.
Data can be read 1-256 bytes at a time (8&6s can be read by setting size to 0). If the
device is not in DEBUG Mode dfrthe Flash Read Protect @gn bit is enabled, this com-

mand return&FH for all the data values.

DBG « 09H

DBG « {4’h0,Register Address[11:8]
DBG « Register Address[7:0]

DBG « Size[7:0]

DBG — 1-256 data bytes

Write Program Me mory (OAH). The Write Program Memory command writes data to
Program Memory. This command is equivalent talib€ andLDCI instructions. Data can
be written 1-65536 bytes at a time (65%38es can be written bsetting size to 0). The
on-chip Flash Controller must be writtenailod unlocked for thprogramming operation
to occur. If the Flash Controller is not unlockétg data is discarded. If the device is not
in DEBUG Mode or if the Flash Read Prot@gition bit is enabledhe data is discarded.

DBG «— OAH

DBG « Program Memory Address[15:8]

DBG « Program Memory Address[7:0]

DBG « Size[15:8]

DBG « Size[7:0]

DBG « 1-65536 data bytes
Read Program Memory (OBH). The Read Program Memory command reads data from
Program Memory. This command is equivalent tathéandLDCI instructions. Data can
be read 1-65536 bytes at a time (65536 bytes can be read by setting size to 0). If the
device is not in DEBUG Mode or if the FlaRead Protect Option Bit is enabled, this
command returnsFH for the data.
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DBG « 0BH

DBG « Program Memory Address[15:8]
DBG « Program Memory Address[7:0]
DBG « Size[15:8]

DBG « Size[7:0]

DBG — 1-65536 data bytes

Write Data Memory (OCH). The Write Data Memory commédrwrites data to Data Mem-
ory. This command is equivalent to thieE andLDEI instructions. Data can be written 1—
65536 bytes at a time (65536 bytes can be wirltiesetting size to 0). If the device is not
in DEBUG Mode or if the Flash Read Prot@gition Bit is enabledhe data is discarded.

DBG « OCH

DBG « Data Memory Address[15:8]
DBG « Data Memory Address[7:0]
DBG « Size[15:8]

DBG « Size[7:0]

DBG « 1-65536 data bytes

Read Data Memory (ODH). The Read Data Memory conamd reads from Data Memory.
This command isquivalent to the.DE andLDEI instructions. Data can be read 1 to
65536 bytes at a time (65536 bytes can be bgagktting size to 0). If the device is not in
DEBUG Mode, this command returBgH for the data.

DBG « ODH

DBG « Data Memory Address[15:8]
DBG « Data Memory Address[7:0]
DBG « Size[15:8]

DBG « Size[7:0]

DBG — 1-65536 data bytes

Read Program Memory CRC (OEH). The Read Program Memo@yclic Redundancy

Check (CRC) command ogoutes and returns the CRC of Program Memory using the 16-
bit CRC-CCITT polynomial. If the device is him DEBUG Mode, this command returns
FFFFHfor the CRC value. Unlike most other D®Read commands, there is a delay from
issuing of the command unthe OCD returns the data. The OCD reads the Program
Memory, calculates the CRC value, and rettesresult. The delay is a function of the
Program Memory size and is approximately eéquéhe system clock period multiplied by
the number of bytes in the Program Memory.

DBG « OEH
DBG — CRC[15:8]
DBG — CRC[7:0]

Step Instruction (10H). The Step Instruction steps ons@sbly instruction at the current
Program Counter (PC) location. If the devie@ot in DEBUG Moder the Flash Read
Protect Option bit is enabled, the OCD ignores this command.

DBG « 10H
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Stuff Instruction (11H). The Stuff command steps one assembly instruction and allows
specification of the first byte of the instructiol he remaining 0—4 bytes of the instruction
are read from Program Memory. This commanaisisful for stepping over instructions
where the first byte of the instruction Haeen overwritten by a Breakpoint. If the device
is not in DEBUG Mode or the Flash Readtect Option bit is enddéd, the OCD ignores
this command.

DBG « 11H
DBG « opcode[7:0]

Execute Instruction (12H). The Execute command@ws sending an entire instruction to

be executed to the eZ8 CPU. This command can also step over breakpoints. The number
of bytes to send for the instruction dependshenopcode. If the device is not in DEBUG
Mode or the Flash Read Protect Option bérisibled, this command reads and discards

one byte.

DBG « 12H
DBG « 1-5 byte opcode

On-Chip Debugger Control Register Definitions

This section describes the features of theGbip Debugger Control and Status registers.

OCD Control Register

The OCD Control Register controls the statéhef OCD. This register is used to enter or
exit DEBUG Mode and to enable tB&Kinstruction. It alsoasets Z8 Encore! XP F0823
Series device.

A reset and stop function can be achieved by wrRittg to this register. A reset and go
function can be achieved by writidgH to this register. If the device is in DEBUG Mode,
a run function can be implemented by writ4@H to this register.
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Table 102. OCD Contro | Register (OCDCTL)
Bit 7 6 5 4 3 2 1 0
Field DBGMODE | BRKEN | DBGACK Reserved RST
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R R R/W
Bit Description
[7] DEBUG Mode
DBGMODE The device enters DEBUG Mode when this bit is 1. When in DEBUG Mode, the eZ8 CPU
stops fetching new instructions. Clearing this bit causes the eZ8 CPU to restart. This bit is
automatically set when a BRKinstruction is decoded and breakpoints are enabled. If the
Flash Read Protect Option Bit is enabled, this bit can only be cleared by resetting the
device. It cannot be written to 0.
0 = F0823 Series device is operating in NORMAL Mode.
1 = F0823 Series device is in DEBUG Mode.
[6] Breakpoint Enable
BRKEN This bit controls the behavior of the BRKinstruction (opcode 00H). By default, breakpoints
are disabled and the BRKinstruction behaves similar to an NOPinstruction. If this bit is 1,
when a BRKinstruction is decoded, the DBGMODEit of the OCDCTL register is automati-
cally set to 1.
0 = Breakpoints are disabled.
1 = Breakpoints are enabled.
[5] Debug Acknowledge
DBGACK  This bit enables the debug acknowledge feature. If this bit is set to 1, the OCD sends a
Debug Acknowledge character (FFH) to the host when a Breakpoint occurs.
0 = Debug Acknowledge is disabled.
1 = Debug Acknowledge is enabled.
[4:1] Reserved
These bits are reserved and must be 00000 when read.
[0] Reset
RST Setting this bit to 1 resets the Z8F04xA family device. The device goes through a normal

Power-On Reset sequence with the exception that the OCD is not reset. This bit is automat-
ically cleared to O at the end of reset.

0 = No effect.

1 = Reset the Flash Read Protect Option Bit device.
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OCD Status Register

The OCD Status Register reports status infgiom about the current state of the debugger
and the system.

Table 103. OCD Status Register (OCDSTAT)

Bit 7 6 5 4 3 2 1 0
Field DBG HALT FRPENB Reserved

RESET 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit Description

[7] Debug Status

DBG 0 = NORMAL Mode.
1 = DEBUG Mode.

[6] HALT Mode
HALT 0 = Not in HALT Mode.
1 = In HALT Mode.

[5] Flash Read Protect Option Bit Enable
FRPENB 0 = FRP bit enabled to allow disabling of many OCD commands.
1 = FRP bit has no effect.

[4:0] Reserved
These bits are reserved and must be 00000 when read.
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Oscillator Control

Z8 Encore! XP F0823 Series devices usesdlpossible clocking schemes, each user-

selectable. These three schemes are:

In addition, FO823 Series devices contain klfalure detection and recovery circuitry,

On-chip precision trimmed RC oscillator

External clock drive

Z8 Encore! XP

® F0823 Series

Product Specification

On-chip low power Watchdog Timer oscillator

LIIXYS

which allow continued opation despite a failure of the primary oscillator.

Operation

This chapter discusses the logic used to séhecsystem clock and handle primary oscil-

lator failures. A description of the specificaption of each oscidtor is outlined else-
where in this document.

System Clock Selection

169

The oscillator control block selects from thedable clocks. Table 104 details each clock
source and its usage.

Table 104. Oscillator Conf iguration and Selection

Clock Source

Characteristics Required Setup

Internal Precision
RC Oscillator

e 32.8kHz or 5.53MHz
* % 4% accuracy when trimmed
* No external components required

Unlock and write Oscillator Control
Register (OSCCTL) to enable and
select oscillator at either 5.53MHz or

32.8kHz

External Clock
Drive

e 0to20MHz
e Accuracy dependent on external clock
source

Write GPIO registers

to configure PB3

pin for external clock function
Unlock and write OSCCTL to select

external system clock

Apply external clock signal to GPIO

Internal Watchdog
Timer Oscillator

e 10kHz nominal

e +40% accuracy; no external compo-
nents required

e Very Low power consumption

Enable WDT if not enabled and wait
until WDT Oscillator is operating.
Unlock and write Oscillator Control
Register (OSCCTL) to enable and

select oscillator
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A Caution: Unintentional accesses to thedlator Control Register caactually stop the chip by
switching to a non-functioningscillator. To prevent this odlition, the oscillator control
block employs a register unlocking/locking scheme.

OSC Control Register Unlocking/Locking

To write to the Oscillator Control Registenlock it by making two writes to the OSC-
CTL Register with the valueg7H followed by18H. A third write to the OSCCTL Regis-
ter changes the value of the actual registérraturns the register to a locked state. Any
other sequence of Oscillator Control Registetes has no effect. The values written to
unlock the register must be ordered correbily,are not necessarily meecutive. It is pos-
sible to write to or read from other re@st within the unloakg/locking operation.

When selecting a new clock source, the printasillator failure detection circuitry and
the Watchdog Timer oscillator failure ciity must be disabled. If POFEN and WOFEN
are not disabled prior to a clock switch-oveis possible to generate an interrupt for a
failure of either oscillator. The Failure detien circuitry can be enabled anytime after a
successful write of OSCSEL indlDscillator Control Register.

The internal precision oscillator is enabledd&fault. If the user code changes to a differ-
ent oscillator, it is appropriate to disalie IPO for power savings. Disabling the IPO
does not occur automatically.

Clock Failure Detection and Recovery

Should an oscillator or timer fail, thereeanethods of recovery, as this section describes.

Primary Oscillator Failure

Z8 Encore! XP F0823 Series devices can gaeenon-maskable interrupt-like events
when the primary oscillator fails. To maintaiypstem function in this situation, the clock
failure recovery circuitry autoatically forces th&Vatchdog Timer oscillator to drive the
system clock. The Watchdog Timer oscillataust be enabled to allow the recovery.
Although this oscillator runs @ much slower speed tharetbriginal system clock, the
CPU continues to operate, allimg execution of a clock failure vector and software rou-
tines that either remedy the oscillator failordssue a failure alert. This automatic switch-
over is not available if the Watchdog Timethg primary oscillator. It is also unavailable
if the Watchdog Timer oscillator is disabjetough it is not necessary to enable the
Watchdog Timer reset fution outlined in the th&Vatchdog Timesection on page 91.

The primary oscillator failure detection circuitry asserts if the system clock frequency
drops below 1kHz £50%. If an external signaétected as the system oscillator, it is pos-
sible that a very slow but nefailing clock can generatefailure condition. Under these
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conditions, do not enable theock failure circuitry (POFEN must be deasserted in the
OSCCTL Regqister).

Watchdog Timer Failure

In the event of a Watchdog Timer oscillataillure, a similar non-maskable interrupt-like
event is issued. This event does not triggeattendant clock switch-over, but alerts the
CPU of the failure. After a Watchdog Timer fa#yl it is no longer possible to detect a pri-
mary oscillator failure. The failure detection circuitry does not function if the Watchdog
Timer is used as the primary oscillator othé Watchdog Timer oscillator has been dis-
abled. For either of these cases, it is hecgdsatisable the detection circuitry by deas-
serting theVDFENit of the OSCCTL Register.

The Watchdog Timer oscillator failure detiea circuit counts system clocks while
searching for a Watchdog Timer clock. The togbunts 8004 system clock cycles before
determining that a failure haecurred. The system clock rate determines the speed at
which the Watchdog Timer failarcan be detected. A very slow system clock results in
very slow detection times.

A Caution: It is possible to disable the clock failutetection circuitry as well as all functioning
clock sources. In this case, the Z8 Encotie!F0823 Series device ceases functioning
and can only be recovered by Power-On Reset.

Oscillator Control Register Definitions

The following section providethe bit definitions for the Oscillator Control Register.

Oscillator Control Register

The Oscillator Control Registé@@SCCTL) enables/disables th@rious oscillator circuits,
enables/disables the failure detection/recowimguitry and selects the primary oscillator,
which becomes thsystem clock.

The Oscillator Control Register must bdagked before writing. Writing the two step
sequenc&7Hfollowed by18H to the Oscillator Control Regfier unlocks it. The register
is locked at successful completioha register write to the OSCCTL.
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Table 105. Oscillator Control Register (OSCCTL)

Bit 7 6 5 4 3 2 1 0
Field INTEN | Reserved | WDTEN | POFEN | WDFEN SCKSEL
RESET 1 0 1 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F86H
Bit Description
[7] Internal Precision Oscillator Enable
INTEN 1 = Internal precision oscillator is enabled.

0 = Internal precision oscillator is disabled.
[6] Reserved

This bit is reserved and must be programmed to 0 during writes and to 0 when read.
[5] Watchdog Timer Oscillator Enable
WDTEN 1 = Watchdog Timer oscillator is enabled.

0 = Watchdog Timer oscillator is disabled.
[4] Primary Oscillator Failure Detection Enable
POFEN 1 = Failure detection and recovery of primary oscillator is enabled.

0 = Failure detection and recovery of primary oscillator is disabled.
[3] Watchdog Timer Oscillator Failure Detection Enable
WDFEN 1 = Failure detection of Watchdog Timer oscillator is enabled.

0 = Failure detection of Watchdog Timer oscillator is disabled.
[2:0] System Clock Oscillator Select
SCKSEL 000 = Internal precision oscillator functions as system clock at 5.53MHz.

001 = Internal precision oscillator functions as system clock at 32kHz.
010 = Reserved.

011 = Watchdog Timer oscillator functions as system clock.

100 = External clock signal on PB3 functions as system clock.

101 = Reserved.

110 = Reserved.

111 = Reserved.
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Internal Precision Oscillator

The internal precision oscillator (IPO) issilgned for use withowgxternal components.

You can either manually trim the oscillator for a non-standard frequency or use the auto-
matic factory-trimmed version to achiead.53 MHz frequency. The features of IPO
include:

* On-chip RC oscillator that does not require external components
¢ Output frequency of either 5.53 MHz or 3RHg (contains both a fast and a slow mode)
* Trimming possible through Flagiption bits with user override

e Elimination of crystals or ceramic resonam applications where high timing accu-
racy is not required

Operation

An 8-bit trimming register, incorporated intioe design, compensates for absolute varia-
tion of oscillator frequency. Once trimmed theeilator frequency is stable and does not
require subsequent calibration. Trimminge&formed during manufacturing and is not
necessary for you to repeat unless a frequeiher than 5.53MHz (fast mode) or
32.8kHz (slow mode) is required. This trimmiisglone at +30°C and a supply voltage of
3.3V, so accuracy of thigperating point is optimal.

Power down this block for minimum system paovi&y default, the scillator is configured
through the Flash Option bits. However, therusode can override these trim values, as
described irthe Trim Bit Address Spacsection on page 151.

Select one of the two frequencies for the oscillator: 5.53MHz and 32.8kHz, using the
OSCSEL bits in th®scillator Controkchapter on page 169.
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eZ8 CPU Instruction Set

This chapter describes the following fea&s of the eZ8 CPU instruction set:

Assembly Language Programming Introductisee page 174

Assembly Language Syntasee page 175

eZ8 CPU Instruction Notatiorsee page 176

eZ8 CPU Instruction Classesee page 178

eZ8 CPU Instruction Summargee page 182

Assembly Language Programming Introduction

The eZ8 CPU assembly language provides ansiéor writing an application program
without concern for actual memory addresses or machine instruction formats. A program
written in assembly language is called a seyprogram. Assemblanguage allows the

use of symbolic addresses to identify menlopations. It also allows mnemonic codes
(opcodes and operands) to represent theuictsbns themselves. €opcodes identify the
instruction while the operands represent memory locations, registers, or immediate data
values.

Each assembly language program consistss#ries of symbolic commands calémte-
ments. Each statement can contain labelsgrations, operands, and comments.

Labels are assigned to a particular instrurctitep in a source program. The label identi-
fies that step in the program as atrgipoint for use by other instructions.

The assembly language also includes assandilectives that supplement the machine
instruction. The assembler directives, eepdo-ops, are not traagtd into a machine
instruction. Rather, the pseudo-ops are imgal as directives that control or assist the
assembly process.

The source program is processed (assemblethebgissembler to obtain a machine lan-
guage program called the objecide. The object code is executed by the eZ8 CPU. An
example segment of an assembly languaggrpm is detailed ithe following example.
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Assembly Language S ource Program Example
JP START ; Everything after the semicolon is a comment.
START: ; A label called ‘'START'. The first instruction (JP START) in this

; example causes program execution to jump to the point within the
; program where the STARTIlabel occurs.

LD R4, R7 ; A Load (LD) instruction with two operands. The first operand,
; Working Register R4, is the destination. The second operand,
; Working Register R7, is the source. The contents of R7 is
; written into R4.
LD 234H, #%01 ; Another Load (LD) instruction with two operands.
; The first operand, Extended Mode Register Address 234H,
; identifies the destination. The second operand, Immediate Data
; value 01H, is the source. The value 01H is written into the
; Register at address 234H.

Assembly Language Syntax

For proper instruction execution, eZ8 CPUemsbly language syntax requires that the
operands be written as ‘destination, source’. After assembly, teetaujde usually has

the operands in the order ‘source, destination’, but ordering is opcode-dependent. The
following instruction eamples illustrate the format ebme basic assembly instructions
and the resulting object code produced leydhsembler. You must follow this binary for-
mat if you prefer manual program codiogintend to implement your own assembler.

Example 1

If the contents of registersH and08H are added and the result is stored3H, the
assembly syntax and resulting object code is shown in Table 106.

Table 106. Assembly Language Syntax Example 1

Assembly Language Code ADD 43H, 08H (ADD dst, src)
Object Code 04 08 43 (OPC src, dst)
Example 2

In general, when an instructidormat requires an 8-bit register address, that address can
specify any register location in the rar@e255 or, using Escaped Mode Addressing, a
Working Register RO—R15. If the contents of Regigget and Working Register R8 are
added and the result is storedi8H, the assembly syntax anesulting object code is

shown in Table 107.
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Table 107. Assembly Language Syntax Example 2

Assembly Language Code ADD  43H, R8  (ADD dst, src)
Object Code 04 E8 43 (OPC src, dst)

See the device-specific Z8 Encore! XP Prdadéecification to determine the exact regis-
ter file range available. The register fize varies, depending on the device type.

eZ8 CPU Instruction Notation

In the e28 CPU Instruction Summary and Description sections, the operands, condition
codes, status flags, and aelss modes are represented Impational shorthand that is
noted in Table 108

Table 108. Notational Shorthand

Notation Description Operand Range

b Bit b b represents a value from 0 to 7 (O00B to 111B).

cc Condition Code — See the Condition Codes overview in the eZ8 CPU
Core User Manual (UM0128).

DA Direct Address Addrs Addrs represents a number in the range of 0000H
to FFFFH.

ER Extended Addressing Register Reg Reg represents a number in the range of 000H to
FFFH.

IM Immediate Data #Data Data is a number between O0H to FFH.

Ir Indirect Working Register @Rn n = 0-15.

IR Indirect Register @Reg Reg. represents a number in the range of 00H to
FFH.

Irr Indirect Working Register Pair @RRp p=0,24,6,8,10, 12, or 14.

IRR Indirect Register Pair @Reg Reg represents an even number in the range 00H
to FEH

p Polarity p Polarity is a single bit binary value of either 0B or
1B.

r Working Register Rn n = 0-15.

R Register Reg Reg. represents a number in the range of 00H to
FFH.

PS024315-1011 PRELIMINARY eZ8 CPU Instruction Notation


http://www.zilog.com/docs/um0128.pdf
http://www.zilog.com/docs/um0128.pdf

Z8 Encore! XP ® F0823 Series
Product Specification

AnLIXYS Company
Table 108. Notational Shorthand (Continued)

Notation Description Operand Range

RA Relative Address X X represents an index in the range of +127 to —128
which is an offset relative to the address of the
next instruction

rr Working Register Pair RRp p=0,24,6,8,10, 12, or 14.

RR Register Pair Reg Reg. represents an even number in the range of
OOH to FEH.

Vector Vector Address Vector Vector represents a number in the range of O0H to
FFH.

X Indexed #Index The register or register pair to be indexed is offset

by the signed Index value (#Index) in a +127 to
—128 range.

Table 109 lists additional symbols that aredughroughout the Btruction Summary and
Instruction Set Description sections.

Table 109. Additional Symbols

Symbol

Definition

dst

Destination Operand

src

Source Operand

@

Indirect Address Prefix

SP

Stack Pointer

PC

Program Counter

FLAGS

Flags Register

RP

Register Pointer

#

Immediate Operand Prefix

B

Binary Number Suffix

%

Hexadecimal Number Prefix

H

Hexadecimal Number Suffix

Assignment of a value is indicated byamow, as shown in the following example.

dst«—dst + src

This example indicates that the source datalded to the destiian data; the result is
stored in the destination location.
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eZ8 CPU Instruction Classes

eZ8 CPUnstructions are divided functially into the following groups:

Arithmetic

Bit Manipulation
Block Transfer
CPU Control
Load

Logical

Program Control
Rotate and Shift

Tables 110 through 117 contain the instructions belonging to each group and the number
of operands required for eaictstruction. Some inaiictions appear in more than one table

as these instruction can be considered as a subset of more tltategoey. Within these
tables, the source operand is identified as,'she destination operand is ‘dst’ and a con-
dition code is ‘cc'.

Table 110. Arithmetic Instructions

Mnemonic Operands Instruction

ADC dst, src Add with Carry

ADCX dst, src Add with Carry using Extended Addressing
ADD dst, src Add

ADDX dst, src Add using Extended Addressing

CP dst, src Compare

CPC dst, src Compare with Carry

CPCX dst, src Compare with Carry using Extended Addressing
CPX dst, src Compare using Extended Addressing

DA dst Decimal Adjust

DEC dst Decrement

DECW dst Decrement Word

INC dst Increment

INCW dst Increment Word
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Table 110. Arithmetic In structions (Continued)
Mnemonic Operands Instruction
MULT dst Multiply
SBC dst, src Subtract with Carry
SBCX dst, src Subtract with Carry using Extended Addressing
SUB dst, src Subtract
SUBX dst, src Subtract using Extended Addressing
Table 111. Bit Manipulation Instructions
Mnemonic Operands Instruction
BCLR bit, dst Bit Clear
BIT p, bit, dst Bit Set or Clear
BSET bit, dst Bit Set
BSWAP dst Bit Swap
CCF — Complement Carry Flag
RCF — Reset Carry Flag
SCF — Set Carry Flag
TCM dst, src Test Complement Under Mask
TCMX dst, src Test Complement Under Mask using Extended
Addressing
™ dst, src Test Under Mask
TMX dst, src Test Under Mask using Extended Addressing
Table 112. Block Transfer Instructions
Mnemonic Operands Instruction
LDCI dst, src Load Constant to/from Program Memory and Auto-
Increment Addresses
LDEI dst, src Load External Data to/from Data Memory and Auto-
Increment Addresses
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Table 113. CPU Control Instructions

Mnemonic Operands Instruction
ATM — Atomic Execution
CCF — Complement Carry Flag
DI — Disable Interrupts
El — Enable Interrupts
HALT — HALT Mode
NOP — No Operation
RCF — Reset Carry Flag
SCF — Set Carry Flag
SRP src Set Register Pointer
STOP — STOP Mode
WDT — Watchdog Timer Refresh
Table 114. Load Instructions
Mnemonic Operands Instruction
CLR dst Clear
LD dst, src Load
LDC dst, src Load Constant to/from Program Memory
LDCI dst, src Load Constant to/from Program Memory and Auto-
Increment Addresses
LDE dst, src Load External Data to/from Data Memory
LDEI dst, src Load External Data to/from Data Memory and Auto-
Increment Addresses
LDWX dst, src Load Word using Extended Addressing
LDX dst, src Load using Extended Addressing
LEA dst, X(src) Load Effective Address
POP dst Pop
POPX dst Pop using Extended Addressing
PUSH src Push
PUSHX src Push using Extended Addressing
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Table 115. Logical Instructions

Mnemonic Operands Instruction

AND dst, src Logical AND

ANDX dst, src Logical AND using Extended Addressing

COM dst Complement

OR dst, src Logical OR

ORX dst, src Logical OR using Extended Addressing

XOR dst, src Logical Exclusive OR

XORX dst, src Logical Exclusive OR using Extended Addressing
Table 116. Program Control Instructions

Mnemonic Operands Instruction

BRK — On-Chip Debugger Break

BTJ p, bit, src, DA  Bit Test and Jump

BTJINZ bit, src, DA Bit Test and Jump if Non-Zero

BTJZ bit, src, DA Bit Test and Jump if Zero

CALL dst Call Procedure

DJINZ dst, src, RA Decrement and Jump Non-Zero

IRET — Interrupt Return

JP dst Jump

JP cc dst Jump Conditional

JR DA Jump Relative

JR cc DA Jump Relative Conditional

RET — Return

TRAP vector Software Trap
Table 117. Rotate and Shift Instructions

Mnemonic Operands Instruction

BSWAP dst Bit Swap

RL dst Rotate Left

RLC dst Rotate Left through Carry
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Table 117. Rotate and Shift Instructions (Continued)

Mnemonic Operands Instruction

RR dst Rotate Right

RRC dst Rotate Right through Carry
SRA dst Shift Right Arithmetic

SRL dst Shift Right Logical

SWAP dst Swap Nibbles

eZ8 CPU Instruction Summary

Table 118 summarizes the eZ8 CPU instruction set. The table identifies the addressing
modes employed by the instruction, the efigmbn the Flags Register, the number of CPU
clock cycles required for ¢éhinstruction fetch, and the number of CPU clock cycles
required for the instruction execution.

Table 118. eZ8 CPU Instruction Summary

Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
ADC dst, src dst —dst+src+C r r 12 ¥ ox % ko Q % 2 3
r Ir 13 2 4
R R 14 3 3
R IR 15 3 4
R M 16 3 3
IR IM 17 3 4
ADCX dst,src  dst«dst+src+C ER ER 18 *oxox x Q¥ 4 3
ER M 19 4 3

Note: Flags Notation:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 =Reset to 0.

1=Setto 1.
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Address
Assembly Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
ADD dst, src dst « dst + src r r 02 I O B 2 3
r Ir 03 2 4
R R 04 3 3
R IR 05 3 4
R IM 06 3 3
IR IM 07 3 4
ADDX dst, src  dst « dst + src ER ER 08 R O B 4 3
ER IM 09 4 3
AND dst, src dst < dst AND src r r 52 - * * 0 - - 2 3
r Ir 53 2 4
R R 54 3 3
R IR 55 3 4
R IM 56 3 3
IR IM 57 3 4
ANDX dst, src  dst « dst AND src ER ER 58 - * * 0 - - 4 3
ER IM 59 4 3
ATM Block all interrupt and 2F - - = = - = 1 2
DMA requests during
execution of the next
3 instructions
BCLR bit, dst dst[bit] < 0 r E2 - - - - - - 2 2
BIT p, bit, dst dst[bit] — p r E2 - = =0 - - 2 2
BRK Debugger Break 00 - - - - - = 1 1
BSET bit, dst dst[bit] < 1 r E2 - - -0 - - 2 2
BSWAP dst dst[7:0] « dst[0:7] R D5 X * * 0 - - 2 2
BTJ p, bit, src, if src[bit] = p r F6 - - = = - = 3 3
dst PC — PC+X Ir F7 3 4

Note: Flags Notation:

* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Address
Assembly Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
BTJINZ bit, src, if srcfbit] = 1 r F6 - - - - - - 3 3
dst PC —~PC+X Ir F7 3 2
BTJZ bit, src, if src[bit] = 0 r F6 - - - - - - 3 3
dst PC—PC+X Ir F7 3 4
CALL dst SP «— SP -2 IRR D4 - - - - - - 2 6
@SP «— PC DA D6 3 3
PC « dst
CCF C—~C EF - - - = — 1 2
CLR dst dst < O0H R BO - - - - - = 2 2
IR B1 2 3
COM dst dst «— ~dst R 60 - * * 0 - - 2 2
IR 61 2 3
CP dst, src dst - src r r A2 L A A - 2 3
r Ir A3 2 4
R R A4 3 3
R IR A5 3 4
R IM A6 3 3
IR IM A7 3 4
CPC dst, src dst-src-C r r 1F A2 L L A 3 3
r Ir 1F A3 3 4
R R 1F A4 4 3
R IR 1F A5 4 4
R IM 1F A6 4 3
IR IM 1F A7 4 4
CPCXdst,src  dst-src-C ER ER 1F A8 L 5 3
ER IM 1F A9 5 3
CPX dst, src dst - src ER ER A8 ok ok 4 3
ER IM A9 4 3

Note: Flags Notation:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Address
Assembly Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
DA dst dst < DA(dst) R 40 *okox X - = 2 2
IR 41 2 3
DEC dst dst «— dst-1 R 30 - x ok 2 2
IR 31 2 3
DECW dst dst < dst-1 RR 80 - ox ok 2 5
IRR 81 2 6
DI IRQCTL[7] « O 8F - - - = - - 1 2
DJINZ dst, RA  dst« dst—1 r OA-FA - - - — — - 2 3
if dst=0
PC« PC+X
El IRQCTL[7] « 1 oF - - - - - - 1 2
HALT HALT Mode 7F - - - - - = 1 2
INC dst dst« dst+1 R 20 - - - - 2 2
IR 21 2 3
r OE-FE 1 2
INCW dst dst« dst+1 RR AO - ox ok 2 5
IRR Al 2 6
IRET FLAGS < @SP BF ok ook ok k% 1 5
SP«SP+1
PC < @SP
SP <« SP+2
IRQCTL[7] « 1
JP dst PC « dst DA 8D - - - = - - 3 2
IRR C4 2 3
JP cc, dst if cc is true DA OD-FD - - - - - - 2
PC « dst
JR dst PC « PC+X DA 8B - - - = - -
JR cc, dst if cc is true DA 0OB-FB - - - - — -
PC < PC+X

Note: Flags Notation:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Table 118. eZ8 CPU Instruction Summary (Continued)
Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
LD dst, rc dst « src r IM OC-FC - - - - - - 2 2
r X(r) c7 3 3
X(n r D7 3 4
r Ir E3 2 3
R R E4 3 2
R IR ES 3 4
R IM E6 3 2
IR IM E7 3 3
Ir r F3 2 3
IR R F5 3 3
LDC dst, src dst « src r Irr Cc2 - - - = - = 2 5
Ir Irr C5 2 9
Irr r D2 2 5
LDCI dst, src dst « src Ir Irr C3 - - - - - - 2 9
rer+l Irr Ir D3 2 9
merm+1
LDE dst, src dst « src r Irr 82 - - = = = = 2 5
Irr r 92 2 5
LDEI dst, src dst « src Ir Irr 83 - - - - - - 2 9
rer+l Irr Ir 93 2 9
merm+1
LDWX dst, src  dst < src ER ER 1FES8 - - - - - = 5 4

Note: Flags Notation:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.
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Table 118. eZ8 CPU Instruction Summary (Continued)
Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
LDX dst, src dst « src r ER 84 - - - - - = 3 2
Ir ER 85 3 3
R IRR 86 3 4
IR IRR 87 3 5
r X(rr) 88 3 4
X(rr) r 89 3 4
ER r 94 3 2
ER Ir 95 3 3
IRR R 96 3 4
IRR IR 97 3 5
ER ER ES8 4 2
ER IM E9 4 2
LEA dst, X(src) dst <« src+ X r X(r) 98 - - = = = = 3 3
rr X(rr) 99 3 5
MULT dst dst[15:0] « RR F4 - - - - - - 2 8
dst[15:8] * dst[7:0]
NOP No operation OF - - = = = = 1 2
OR dst, src dst « dst OR src r r 42 - * * 0 - - 2 3
r Ir 43 2 4
R R 44 3 3
R IR 45 3 4
R IM 46 3 3
IR IM 47 3 4
ORX dst, src dst « dst OR src ER ER 48 - * * 0 - - 4 3
ER IM 49 4 3
POP dst dst < @SP R 50 - - - = - = 2 2
SP«SP+1 R 51 2 3

Note: Flags Notation:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.
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Table 118. eZ8 CPU Instruction Summary (Continued)

Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
POPX dst dst « @SP ER D8 - - - - - = 3 2
SP«SP+1
PUSH src SP«SP-1 R 70 - - - = = = 2 2
@SP < SIC IR 71
IM IF70 3 2
PUSHX src SP«SP-1 ER C8 - - - - - - 3 2
@SP « src
RCF C«0 CF 0O - - - - - 1 2
RET PC « @SP AF - - - - = =
SP« SP+2
RL dst R 90 I 2
EJ-|D7|D6|D5|D4ID3|D2|D1|DOI< IR 91
dst
RLC dst R 10 N 2 2
D7|D6|D5) ng D2|D1]DO| IR 11 2 3
RR dst R EO N 2 2
>|D7|D6|D5|D4|D3|D2|D1|DO|J->|§ IR E1
dst
RRC dst | R Cco R 2 2
D7]D6D5D4JD3|D2|D1fDo IR C1

dst

Note: Flags Notation:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Address
Assembly Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
SBC dst, src dst <~ dst—src-C r r 32 [ S N 2 3
r Ir 33 2 4
R R 34 3 3
R IR 35 3 4
R IM 36 3 3
IR IM 37 3 4
SBCX dst,src  dst<« dst—src-C ER ER 38 ook oox ] 0x 4 3
ER IM 39 4 3
SCF C«1 DF 1 - - - - - 1 2
SRA dst vy R DO o 2 2
—]Jp7pe[os[p4p3[opioo | c IR D1 2 3
dst
SRL dst P . o7 o5 5 X B2 B % R 1F CO * 0 * - - 3 2
“ IR 1F C1 3 3
SRP src RP « src IM 01 - - - - - - 2 2
STOP STOP Mode 6F - - - - - - 1 2
SUB dst, src dst « dst —src r r 22 ok ok oox ] 0x 2 3
r Ir 23 2 4
R R 24 3 3
R IR 25 3 4
R IM 26 3 3
IR IM 27 3 4
SUBX dst, src  dst « dst —src ER ER 28 ook oox ] 0x 4 3
ER IM 29 4 3
SWAP dst dst[7:4] <> dst[3:0] R FO X * * X - - 2 2
IR F1 2 3

Note: Flags Notation:

* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Address
Assembly Mode Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
TCM dst, src (NOT dst) AND src r r 62 - * * 0 - - 2 3
r Ir 63 2 4
R R 64 3 3
R IR 65 3 4
R IM 66 3 3
IR IM 67 3 4
TCMX dst, src  (NOT dst) AND src ER ER 68 - * * 0 - - 4 3
ER IM 69 4 3
TM dst, src dst AND src r r 72 - * * 0 - - 2 3
r Ir 73 2 4
R R 74 3 3
R IR 75 3 4
R IM 76 3 3
IR IM 77 3 4
TMX dst, src dst AND src ER ER 78 - * * 0 - - 4 3
ER IM 79 4 3
TRAP Vector SP« SP-2 Vector F2 - - - - - = 2 6
@SP « PC
SP«SP-1
@SP « FLAGS
PC « @Vector
WDT 5F - - - - - = 1 2

Note: Flags Notation:

* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Table 118. eZ8 CPU Instruction Summary (Continued)

Address
Assembly Mo—de Opcode(s) Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
XOR dst, src dst « dst XOR src r r B2 - * * 0 - - 2 3

r Ir B3 2 4

R R B4 3 3

R IR B5 3 4

R IM B6 3 3

IR IM B7 3 4
XORX dst, src  dst «— dst XOR src ER ER B8 - * * 0 - - 4 3

ER IM B9 4 3

Note: Flags Notation:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.
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Opcode Maps

A description of the opcode map data andathlereviations are provided in Figure 26.
Figures 27 and 28 provide information abeath of the eZ8 CPU instructions. Table 119
lists Opcode Map abbreviations.

Opcode

Lower Nibble
Fetch Cycles Instruction Cycles
4
3.3
Opcode
Upper Nibble —>A CP
R2,R1
First Operand Second Operand
After Assembly After Assembly

Figure 26. Opcode Map Cell Description
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Abbreviation Description Abbreviation Description

b Bit position IRR Indirect Register Pair

cc Condition code p Polarity (0 or 1)

X 8-bit signed index or displace- r 4-bit Working Register

ment

DA Destination address R 8-bit register

ER Extended Addressing register r1, R1, Irl, Irrl, IR1, Destination address
rrl, RR1, IRR1, ER1

IM Immediate data value r2, R2, 1r2, Irr2, IR2, Source address
2, RR2, IRR2, ER2

Ir Indirect Working Register RA Relative

IR Indirect register re Working Register Pair

Indirect Working Register Pair RR

Register Pair

PS024315-1011
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Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B C D E F
11 2.2 2.3 2.4 3.3 3.4 3.3 3.4 43 4.3 2.3 2.2 2.2 3.2 12 1.2
0 | BRK | SRP | ADD | ADD | ADD | ADD | ADD | ADD |ADDX [ADDX | DJNZ | JR LD JP INC | NOP
IM r1,r2 rir2 | R2,RL | IR2RL [ R1,IM | IR1IM |ER2,ER1| IMERL | rl,X cc,X r1,IM | cc,DA rl
2.2 23 2.3 2.4 3.3 3.4 33 3.4 43 4.3 See 2nd
1 § RLC | RLC | ADC | ADC | ADC | ADC | ADC | ADC | ADCX | ADCX Opcode
R1 IR1 r1,r2 rir2 | R2,R1 | IR2,R1 [ R1,IM [ IR1,IM |ER2,ER1| IM,ERL Map
2.2 2.3 2.3 2.4 3.3 3.4 33 3.4 43 4.3 1
2 INC INC | SUB | SUB | SUB | SUB | SUB | SUB | SUBX | SUBX
R1 IR1 r1,r2 riir2 | R2,R1 | IR2,RL [ R1,IM [ IR1,IM |ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 33 3.4 33 3.4 43 4.3
3 | DEC | DEC | SBC | SBC | SBC | SBC | SBC | SBC |SBCX | SBCX
R1 IR1 r1,r2 riir2 | R2RL | IR2,RL [ R1,IM [ IR1,IM |ER2,ER1| IM,ERL
2.2 23 2.3 2.4 3.3 3.4 33 3.4 43 4.3
4 DA DA OR OR OR OR OR OR ORX [ ORX
R1 IR1 r1,r2 riir2 | R2,R1 | IR2,R1 [ R1,M [ IR1,IM |ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 33 3.4 43 4.3 1.2
5 ] POP [ POP | AND | AND | AND | AND | AND | AND |ANDX | ANDX WDT
R1 IR1 r1,r2 riir2 | R2RL | IR2RL [ R1,IM | IR1,IM |ER2,ER1| IM,ERL
2.2 23 2.3 2.4 3.3 3.4 33 3.4 43 4.3 1.2
6 JCOM [ COM | TCM | TCM | TCM | TCM | TCM [ TCM | TCMX | TCMX STOP
. R1 IR1 r1,r2 rir2 | R2,R1 | IR2,R1 | R1,IM | IR1,IM |ER2,ER1| IM,ERL
§ 2.2 23 2.3 2.4 3.3 3.4 33 3.4 43 4.3 1.2
= 7 JPUSH|PUSH| ™™ ™ ™ ™ ™ ™ TMX | TMX HALT
% R2 IR2 r1,r2 riir2 | R2,R1 | IR2,RL | R1,IM [ IR1,IM |ER2,ER1| IM,ERL
g 25 2.6 2.5 2.9 3.2 3.3 3.4 35 3.4 3.4 1.2
5 8 DECW|DECW/| LDE | LDEI | LDX | LDX | LDX | LDX | LDX | LDX DI
o RR1 IRRL | r1,Irr2 | Irl,irr2 | r1,ER2 | Ir1,ER2 [IRR2,R1[IRR2,IR1| r1,rr2,X | rr1,r2,X
2 2.2 23 2.5 2.9 3.2 3.3 3.4 35 3.3 35 1.2
9 RL RL LDE | LDEI | LDX | LDX | LDX | LDX | LEA | LEA El
R1 IR1 r2,rrl | Ir2,irrl | r2,ER1 | Ir2,ER1 [R2,IRR1[IR2,IRR1| r1,r2,X |rri,r2,X
25 2.6 2.3 2.4 3.3 3.4 33 3.4 43 4.3 1.4
A JINCW | INCW CP CP CP CP CP CP CPX | CPX RET
RR1 IRR1 r1,r2 riir2 | R2,R1 | IR2,RL [ R1,IM [ IR1IM |ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 33 3.4 43 4.3 15
B CLR | CLR | XOR [ XOR [ XOR | XOR | XOR | XOR [ XORX [ XORX IRET
R1 IR1 r1,r2 rir2 | R2,RL | IR2,RL [ R1,IM [ IR1,IM |ER2,ER1| IM,ERL
2.2 23 2.5 2.9 2.3 2.9 3.4 3.2 1.2
C | RRC | RRC | LDC | LDCI JP LDC LD [PUSHX RCF
R1 IR1 r1,Irr2 Ir1,Irr2 IRR1 IrL,Irr2 r1,r2,X ER2
2.2 2.3 25 2.9 2.6 22 33 3.4 3.2 1.2
D ] SRA | SRA | LDC | LDCI | CALL [BSWAP| CALL LD [POPX SCF
R1 IR1 r2,rrl | Ir2,rrl | IRR1 R1 DA 21X | ER1
2.2 23 2.2 2.3 3.2 3.3 3.2 3.3 4.2 4.2 1.2
E RR RR BIT LD LD LD LD LD LDX | LDX CCF
R1 IR1 pbrl | riir2 | R2,RL | IR2,R1 | R1,M | IR1IM |ER2,ER1| IM,ER1
2.2 23 2.6 2.3 2.8 3.3 33 3.4
F JSWAP [SWAP | TRAP | LD |MULT| LD BTJ | BTJ v v v v v
R1 IR1 \ector Irl,r2 RR1 R2,IR1 | p,b,r1,X | p,b,Ir1,X

Figure 27. First Opcode Map
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Upper Nibble (Hex)

33
CPC
r1,r2

3.4
CPC
r1,Ir2

43
CPC
R2,R1

44
CPC
IR2,R1

43
CpPC
R1,IM

44
CPC
IRL,IM

5.3
CPCX
ER2,ER1

5.3
CPCX
IM,ER1

3.2
C | SRL
R1

3.3
SRL
IR1

5,4
LDWX
ER2,ER1]

PS024315-1011
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Electrical Characteristics

The data in this chapter represents all known data prior to gaéitiin and characteriza-
tion of the FO823 Series ofgmucts, and is therefore subjéatchange. Additional electri-
cal characteristics may be found in thdividual chapters of this document.

Absolute Maximum Ratings

Stresses greater than those listed in Tablerd2y cause permanent damage to the device.
These ratings are stress ratings only. Operatidime device at any condition outside those
indicated in the operationadations of these specificatiorssnot implied. Exposure to
absolute maximum rating comidns for extended periodray affect device reliability.

For improved reliability, tie unusedpats to one of the supply voltagesyyor Vsg).

Table 120. Absolute Maximum Ratings

Parameter Minimum Maximum  Units Notes

Ambient temperature under bias -40 +105 T

Storage temperature —65 +150 T

Voltage on any pin with respect to Vgg -0.3 +5.5 \% 1
-0.3 +3.9 Y

Voltage on Vpp pin with respect to Vgg -0.3 +3.6 \%

Maximum current on input and/or inactive output pin -5 +5 A

Maximum output current from active output pin =25 +25 mA

8-pin Packages Maximum Ratings at 0C to 70C
Total power dissipation 220 mwW
Maximum current into Vpp or out of Vgg 60 mA

20-pin Packages Maximum Ratings at 0C to 70C
Total power dissipation 430 mw
Maximum current into Vpp or out of Vgg 120 mA

28-pin Packages Maximum Ratings at 0C to 70C
Total power dissipation 450 mw
Maximum current into Vpp or out of Vgg 125 mA

Notes: Operating temperature is specified in DC Characteristics.
1. This voltage applies to all pins except the following: Vpp, AVpp, pins supporting analog input (Port B[5:0], Port
C[2:0]) and pins supporting the crystal oscillator (PAO and PA1). On the 8-pin packages, this applies to all pins
but VDD'
2. This voltage applies to pins on the 20/28 pin packages supporting analog input (Port B[5:0], Port C[2:0]) and pins
supporting the crystal oscillator (PAO and PA1).
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DC Characteristics

Table 121 lists the DC characteristics o #8 Encore! XP F0823 Series products. All
voltages are referenced tgdy/the primary system ground.

Table 121. DC Characteristics
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Tp = —40T to +105T
(unless otherwise specified)

Symbol Parameter Minimum Typical Maximum Units Conditions
Vpp Supply Voltage 2.7 - 3.6 Y
Vi1 Low Level Input -0.3 - 0.3*Vpp \Y
Voltage
Vi1 High Level Input 0.7*Vpp - 55 VvV Forall input pins without analog
Voltage or oscillator function. For all sig-
nal pins on the 8-pin devices.
Programmable pull-ups must
also be disabled.
ViH2 High Level Input 0.7*Vpp - Vppt+0.3 V  For those pins with analog or
Voltage oscillator function (20-/28-pin
devices only), or when pro-
grammable pull-ups are
enabled.
VoL Low Level Output - - 0.4 V  lgL=2mA; Vpp = 3.0V
Voltage High Output Drive disabled.
VOHl ngh Level Output 2.4 — - Vv lOH =-2mA; VDD =3.0V
Voltage High Output Drive disabled.
Vo2 Low Level Output - - 0.6 V  lgL=20mA;Vpp=3.3V
Voltage High Output Drive enabled.
Von2 High Level Output 2.4 - - V. lgy=—-20mA; Vpp =33V
Voltage High Output Drive enabled.
hH Input Leakage Cur- - +0.002 +5 MA  ViN=VoDp
rent Vpp=3.3V
m Input Leakage Cur- - +0.007 15 MA  V|y=Vss
rent Vpp=3.3V
T Tristate Leakage - - +5 HA
Current
Notes:

1. This condition excludes all pins that have on-chip pull-ups, when driven Low.
2. These values are provided for design guidance only and are not tested in production.
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Tp = —40T to +105T
(unless otherwise specified)

Symbol Parameter Minimum Typical Maximum Units Conditions
lLep Controlled Current 1.8 3 4.5 mA {AFS2,AFS1} ={0,0}.
Drive 2.8 7 10.5 mA {AFS2,AFS1}={0,1}.
7.8 13 19.5 mA {AFS2,AFS1} = {1,0}.
12 20 30 mA {AFS2,AFS1}={1,1}.
Cpab GPIO Port Pad - 8.02 - pF
Capacitance
Cyin X\ Pad Capaci- - 8.0 - pF
tance
Cxour  Xout Pad Capaci- - 9.52 - pF
tance
lpu Weak Pull-up Cur- 30 100 350 HA  Vpp =3.0V-3.6V.
rent
VRAM RAM Data Reten- TBD V  Voltage at which RAM retains
tion Voltage static values; no reading or writ-
ing is allowed.
Notes:

1. This condition excludes all pins that have on-chip pull-ups, when driven Low.
2. These values are provided for design guidance only and are not tested in production.
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Table 122. Power Consumption
VDD =2.7Vto 3.6V
Maximum 2 Maximum 3

Symbol Parameter Typical 1 Std Temp Ext Temp Units Conditions
Ipp Stop  Supply Currentin STOP 0.1 2 7.5 MA  No peripherals enabled.

Mode All pins driven to Vpp or
Ipp Halt Supply Current in HALT 35 55 65 MA  32kHz.

Mode (with all peripher- 520 630 700 LA 5.5MHz.

als disabled)
Ibb Supply Current in 2.8 4.5 4.8 mA 32kHz.

ACTIVE Mode (with all 45 5.2 5.2 mA 5.5MHz.

peripherals disabled)
Ipp WDT  Watchdog Timer Sup- 0.9 1.0 1.1 MA

ply Current
Ipp IPO Internal Precision Oscil- 350 500 550 HA

lator Supply Current
Ipp VBO  Voltage Brown-Out Sup- 50 MA  For 20-/28-pin devices

ply Current (VBO only).4

For 8-pin devices.*

Ipp ADC  Analog-to-Digital Con- 2.8 3.1 3.2 mA  32kHz.

verter Supply Current 3.1 3.6 37  mA 55MHz.

(with External Refer-

ence) 3.3 3.7 3.8 mA 10MHz.

3.7 4.2 4.3 mA 20MHz.

Ibb ADC Internal Refer- 0 HA See Note 4.
ADCRef ence Supply Current
Ipp CMP  Comparator supply Cur- 150 180 190 HA  See Note 4.

rent
Ipp BG Band Gap Supply Cur- 320 480 500 MA  For 20-/28-pin devices.

rent

For 8-pin devices.

Notes:

1. Typical conditions are defined as Vpp = 3.3 V and +30<T.

2. Standard temperature is defined as Ty = 0C to +70<C; these values not tested in production for worst case
behavior, but are derived from product characterization and provided for design guidance only.

3. Extended temperature is defined as Tp = —40T to +105C; these values not tested in production for worst case
behavior, but are derived from product characterization and provided for design guidance only.

4. For this block to operate, the bandgap circuit is automatically turned on and must be added to the total supply
current. This bandgap current is only added once, regardless of how many peripherals are using it.

PS024315-1011 PRELIMINARY DC Characteristics



AC Characteristics

Z8 Encore! XP ® F0823 Series
Product Specification

200

AnLGIXYS Company

The section provides information about the é&@racteristics and timing. All AC timing
information assumes a standard load of 50 pF on all outputs.

Table 123. AC Characteristics

Symbol Parameter

VDD =2.7Vto 3.6V
Tp =—40T to +105C
(unless otherwise
stated)

Minimum Maximum

Units Conditions

FsyscLk System Clock Frequency - 20.0* MHz Read-only from Flash memory.
0.032768 20.01 MHz Program or erasure of the
Flash memory.

TyiN System Clock Period 50 - ns  Tcoik = YFsyscLk-

Txinw  System Clock High Time 20 30 ns Tck = 50ns.

Tyine  System Clock Low Time 20 30 ns Tck =50ns.

Tynr  System Clock Rise Time - 3 ns TcLk = 50ns.

Tyne  System Clock Fall Time - 3 ns Tgk =50ns.

Note: *System Clock Frequency is limited by the Internal Precision Oscillator on the Z8 Encore! XP F0823 Series.
See Table 124 on page 200.

Table 124. Internal Precision Osci

llator Electrical Characteristics

VDD =2.7Vto 3.6V
Ty = —40T to +105T
(unless otherwise stated)

Symbol Parameter Minimum  Typical Maximum Units Conditions
Firo Internal Precision Oscillator 5.53 MHz Vpp=3.3V
Frequency (High Speed) Tp=30C
Firo Internal Precision Oscillator 32.7 kHz Vpp=3.3V
Frequency (Low Speed) Tp=30C
Firo Internal Precision Oscillator +1 +4 %
Error
Tipost Internal Precision Oscillator 3 us

Startup Time
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On-Chip Peripheral AC and DC Electrical Characteristics

Table 125 tabulates the electrical characteristics of the POR and VBO blocks.

Table 125. Power-On Reset and Voltage Brow n-Out Electrical Characteristics and Timing

Tp = —40C to +105C

Symbol Parameter Minimum  Typical* Maximum Units Conditions
Vpor Power-On Reset Voltage 2.20 2.45 2.70 V  Vpp=Vpor
Threshold
Vygo  Voltage Brown-Out Reset Volt- 2.15 2.40 2.65 V. Vpp=Vygro
age Threshold
Vpor 10 Vygo hysteresis 50 75 mvV
Starting Vpp voltage to ensure - Vgg - \
valid Power-On Reset.

TaNA Power-On Reset Analog Delay - 70 - MS  Vpp > Vpor:
TPOR Dlgltal
Reset delay fol-
lows TANA

TpoRr Power-On Reset Digital Delay 16 pus 66 Internal Preci-
sion Oscillator
cycles + IPO
startup time
(TiposT)

Tsyr  Stop Mode Recovery 16 MS 66 Internal Preci-
sion Oscillator
cycles

Tveo Voltage Brown-Out Pulse — 10 — ps  Period of time in

Rejection Period which Vpp <
VVBO without
generating a
Reset.
Tramp  Time for Vpp to transition from 0.10 - 100 ms
Vgg to Vpgr to ensure valid
Reset
Tsmp Stop Mode Recovery pin pulse 20 ns  Forany SMR pin
rejection period or for the Reset
pin when it is

asserted in STOP
Mode.

Note: *Data in the typical column is from characterization at 3.3 V and 30C. These values are provided for design
guidance only and are not tested in production.
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Table 126. Flash Memory Electr ical Characteristics and Timing

VDD =2.7Vto 3.6V
Tx = —40C to +105C

(unless otherwise stated)

Parameter Minimum  Typical Maximum Units Notes

Flash Byte Read Time 100 - - ns

Flash Byte Program Time 20 - 40 [VES

Flash Page Erase Time 10 - - ms

Flash Mass Erase Time 200 - - ms

Writes to Single Address - - 2

Before Next Erase

Flash Row Program Time - - 8 ms  Cumulative program time for

single row cannot exceed limit
before next erase. This param-
eter is only an issue when

bypassing the Flash Controller.

Data Retention 100

years

25T

Endurance 10,000

cycles Program/erase cycles

Table 127. Watchdog Timer Electrical Characteristics and Timing

Vpp = 2.7V to 3.6V
Tp =—-40C to +105C
(unless otherwise stated)

Symbol Parameter Minimum  Typical Maximum Units Conditions

Fwor  WDT Oscillator Frequency 10 kHz

Fwor  WDT Oscillator Error +50 %

TwpT- WDT Calibrated Timeout 0.98 1 1.02 S Vpp=33YV,

CAL Tpo=30T
0.70 1 1.30 S Vpp=2.7Vto3.6V

Tp=0Cto 70C

0.50 1 1.50 S Vpp=2.7Vto3.6V

Tp = —40C to +105C
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Electrical Characteristics and Timing

VDD =3.0Vto 3.6V
Ty =0C to +70C
(unless otherwise stated)

Symbol Parameter Minimum  Typical Maximum Units Conditions
Resolution 10 - bits
Differential Nonlinearity -1.0 - 1.0 LSB3 External Vggg = 2.0V;
(DNL) Rg —3.0kQ
Integral Nonlinearity (INL) -3.0 - 3.0 LSB2 External Vieg = 2.0V;
Offset Error with Calibration +1 LsB?
Absolute Accuracy with +3 LSB3
Calibration
VREE Internal Reference Voltage 1.0 11 12 V  REFSEL=01
2.0 2.2 2.4 REFSEL=10
VREF Internal Reference Varia- +1.0 %  Temperature variation
tion with Temperature with Vpp = 3.0
VREE Internal Reference Voltage +0.5 %  Supply voltage varia-
Variation with Vpp tion with Tp = 30C
RRE- Reference Buffer Output 850 W When the internal ref-
FOUT Impedance erence is buffered and
driven out to the VREF
pin (REFOUT = 1)
Single-Shot Conversion - 5129 - Sys- All measurements but
Time tem temperature sensor
clock
cycles
10258 Temperature sensor
measurement
Continuous Conversion - 256 - Sys- All measurements but
Time tem temperature sensor
clock
cycles
512 Temperature sensor
measurement
Notes:

1. Analog source impedance affects the ADC offset voltage (because of pin leakage) and input settling time.

2. Devices are factory calibrated at Vpp = 3.3 V and Tp = +30C, so the ADC is maximally accurate under these
conditions.

3. LSBs are defined assuming 10-hit resolution.

4. This is the maximum recommended resistance seen by the ADC input pin.

5. The input impedance is inversely proportional to the system clock frequency.
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ical Characteristics and Timing (Continued)

VDD =3.0Vto 3.6V
Tp =0C to +70C
(unless otherwise stated)

Symbol Parameter Minimum  Typical Maximum Units Conditions
Signal Input Bandwidth - 10 kHz As defined by -3 dB

point

Rg Analog Source Impedance4 - - 10 kKW  In unbuffered mode

Zin Input Impedance - 150 kW  In unbuffered mode at
20MHz®

Vin Input Voltage Range 0 Vpp V  Unbuffered Mode

Notes:

1. Analog source impedance affects the ADC offset voltage (because of pin leakage) and input settling time.
2. Devices are factory calibrated at Vpp = 3.3 V and Tp = +30T, so the ADC is maximally accurate under these

conditions.
3. LSBs are defined assuming 10-bit resolution.
4. This is the maximum recommended resistance seen by the ADC input pin.
5. The input impedance is inversely proportional to the system clock frequency.

Table 129. Comparator Electrical Characteristics

VDD =2.7Vto 3.6V
TA = —40C to +105C

Symbol Parameter Minimum  Typical Maximum Units
Vos Input DC Offset 5 mvV
Vcreg Programmable Internal +5 %
Reference Voltage +3 %
Tprop Propagation Delay 200 ns
Vhys Input Hysteresis 4 mvV
VN Input Voltage Range Vgg Vpp-1 \

Conditions

20-/28-pin devices
8-pin devices

General Purpose 1/O Port Input Data Sample Timing

Figure 29 displays a timing sequence for@&®O port input sampling. The input value
on a GPIO port pin is sampled on the risguge of the system clock. The port value is
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available to the eZ8 CPU on the second risiliogk edge following the change of the port

value.
: TCLK ! : :

fe——>f
System
Clock

| |

Port Value
Changes to O

Input Value

L

|
|
Port Pin |
|
|
|

Port Input Data

Register Latch 0 Latched |\
|

Into Port Input —— >

Data Register

Port Input Data Register

Port Input Data Value 0 Read
Read on Data Bus -~ by eZ8
|
Figure 29. Port Input Sample Timing
Table 130. GPIO Port Input Timing
Delay (ns)
Parameter Abbreviation Minimum Maximum
Ts_porT Port Input Transition to X,y Rise Setup Time (Not pictured) 5 -
TH_PoORT XN Rise to Port Input Transition Hold Time (Not pictured) 0 -
TsMmr GPIO Port Pin Pulse Width to ensure Stop Mode Recovery (for 1lus

GPIO Port Pins enabled as SMR sources)
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General Purpose 1/0O Port Output Timing
Figure 30 and Table 131 provide timing information for GPIO Port pins.

A
A
Y

L
/
_ _\_

| T1 | T2
| ' |
I
| I :
| | |
Figure 30. GPIO Port Output Timing
Table 131. GPIO Port Output Timing
Delay (ns)
Parameter Abbreviation Minimum Maximum
GPIO Port pins
T XN Rise to Port Output Valid Delay - 15
T, Xy Rise to Port Output Hold Time 2 -
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On-Chip Debugger Timing

Figure 31 and Table 132 provide timing infation for the DBG pin. The DBG pin tim-
ing specifications assumetans maximum rise and fall time.

! TCLK !
| >
| |
w /

| T1 , | T2,

| | |
|

(Output) | | |
| | |

T3 | T4

|
<

| | |
(Input) | | |
|

Figure 31. On-Chip Debugger Timing

Table 132. On-Chip Debugger Timing

Delay (ns)
Parameter Abbreviation Minimum Maximum
DBG
T, Xy Rise to DBG Valid Delay - 15
Ty XNy Rise to DBG Output Hold Time 2 -
T3 DBG to Xy Rise Input Setup Time 5 -
Ty DBG to Xy Rise Input Hold Time 5 -
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UART Timing

Figure 32 and Table 133 provide timing infation for UART pins for the case where
CTS is used for flow control. The CTSIdE assertion delay (T1) assumes the transmit
data register has been loadeith data prior to CTS assertion.

(Input)
| T
o 7 o
(Output) T1

i
|
|
|
TXD Y bit7 x parity/ stop |
(Output)  _ [

Figure 32. UART Timing With CTS

l, S start /bitO %bitl
T2

end of
stop bit(s)

Table 133. UART Timing With CTS

Delay (ns)
Parameter Abbreviation Minimum Maximum
UART
T, CTS Fall to DE output delay 2 * XN period 2* X,y period +
1 bit time
Ty DE assertion to TXD falling edge (start bit) delay +5
T3 End of Stop Bit(s) to DE deassertion delay +5
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Figure 33 and Table 134 provide timing infation for UART pins for the case where
CTS is not used for flow contitdDE asserts after the transrddta register has been writ-
ten. DE remains asserted for liiple characters as long as the transmit data register is
written with the next character befdares current character has completed.

DE \
(Output) '

© tTXItD) | start / bit0 bit 1 bit 7 ¥ parity/ stop
utpu
T1 o

end of
stop bit(s)
Figure 33. UART Timing Without CTS
Table 134. UART Timing Without CTS
Delay (ns)
Parameter Abbreviation Minimum Maximum
UART
T, DE assertion to TXD falling edge (start bit) delay 1 * XN period 1 bit time
Ty End of Stop Bit(s) to DE deassertion delay (Tx data +5

register is empty)
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Packaging

Zilog's F0823 Series of MCUs includes the Z8F0113, Z8F0123, Z8F0213, Z8F0223,
Z8F0413, Z8F0423, Z8F0813 and Z8F0823 desj which are available in the following
packages:

e 8-pin Plastic Dual Inline Package (PDIP)

e 8-Pin Quad Flat No-Lead Package (QFN)/MLF-S

e 20-pin Plastic Dualnline Package (PDIP)

e 20-pin Small Outline Integrated Circuit Package (SOIC)
* 20-pin Small Shrink Outline Package (SSOP)

e 28-pin Plastic Dualnline Package (PDIP)

e 28-pin Small Outline Integrated Circuit Package (SOIC)
e 28-pin Small Shrink Outline Package (SSOP)

Current diagrams for each of #eepackages are published in Zilog&ckaging Product
Specification (PS0072jvhich is available free for @mload from the Zilog website.

1. The footprint of the QFN)/MLF-S packags identical to that of the 8-pin 8Dpackage, but with a lower profile.

PS024315-1011
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Ordering Information

Order your F0823 Series products from Zilog using the part numbers shown in Table 135.
For more information about ordering, pleasasult your local Zilog sales office. The
Sales Location pagen the Zilog website lists all regional offices.

Table 135. Z8 Encore! XP F0823 Series Ordering Matrix
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Z8 Encore! XP F0823 Series with 8 KB FI ash, 10-Bit
Standard Temperature: 0C to 70C

nalog-to-Digital Converter

Z8F0823PB005SG 8KB 1KB 6 12 2 4 1 PDIP 8-pin package
Z8F0823QB005SG 8KB 1KB 6 12 2 4 1 QFN 8-pin package
Z8F0823SB005SG 8KB 1KB 6 12 2 4 1 SOIC 8-pin package
Z8F0823SH005SG 8KB 1KB 16 18 2 7 1 SOIC 20-pin package
Z8F0823HH005SG 8KB 1KB 16 18 2 7 1 SSOP 20-pin package
Z8F0823PH005SG 8KB 1KB 16 18 2 7 1 PDIP 20-pin package
Z8F0823SJ005SG 8KB 1KB 22 18 2 8 1 SOIC 28-pin package
Z8F0823HJ0O05SG 8KB 1KB 22 18 2 8 1 SSOP 28-pin package
Z8F0823PJ005SG 8KB 1KB 22 18 2 8 1 PDIP 28-pin package
Extended Temperature: 40T to 105TC

Z8F0823PB0O05EG 8KB 1KB 6 12 2 4 1 PDIP 8-pin package
Z8F0823QBO005EG 8KB 1KB 6 12 2 4 1 QFN 8-pin package
Z8F0823SB0O05EG 8KB 1KB 6 12 2 4 1 SOIC 8-pin package
Z8F0823SHO05EG 8KB 1KB 16 18 2 7 1 SOIC 20-pin package
Z8F0823HHO05EG 8KB 1KB 16 18 2 7 1 SSOP 20-pin package
Z8F0823PHO05EG 8KB 1KB 16 18 2 7 1 PDIP 20-pin package
Z8F0823SJ005EG 8KB 1KB 22 18 2 8 1 SOIC 28-pin package
Z8F0823HJO05EG 8KB 1KB 22 18 2 8 1 SSOP 28-pin package
Z8F0823PJO05EG 8KB 1KB 22 18 2 8 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Z8 Encore! XP F0823 Series with 8 KB Flash
Standard Temperature: 0T to 70C
Z8F0813PB005SG 8KB 1KB 6 12 2 0 1 PDIP 8-pin package
Z8F0813QB005SG 8KB 1KB 6 12 2 0 1 QFN 8-pin package
Z8F0813SB005SG 8KB 1KB 6 12 2 0 1 SOIC 8-pin package
Z8F0813SH005SG 8KB 1KB 16 18 2 0 1 SOIC 20-pin package
Z8F0813HHO05SG 8KB 1KB 16 18 2 0 1 SSOP 20-pin package
Z8F0813PH005SG 8KB 1KB 16 18 2 0 1 PDIP 20-pin package
Z8F0813SJ005SG 8KB 1KB 24 18 2 0 1 SOIC 28-pin package
Z8F0813HJO05SG 8KB 1KB 24 18 2 0 1 SSOP 28-pin package
Z8F0813PJ005SG 8KB 1KB 24 18 2 0 1 PDIP 28-pin package
Extended Temperature: —40C to 105C
Z8F0813PBO0O5EG 8KB 1KB 6 12 2 0 1 PDIP 8-pin package
Z8F0813QB0O05EG 8KB 1KB 6 12 2 0 1 QFN 8-pin package
Z8F0813SBO0O5EG 8KB 1KB 6 12 2 0 1 SOIC 8-pin package
Z8F0813SHOO5EG 8KB 1KB 16 18 2 0 1 SOIC 20-pin package
Z8F0813HHOO5EG 8KB 1KB 16 18 2 0 1 SSOP 20-pin package
Z8F0813PHO05EG 8KB 1KB 16 18 2 0 1 PDIP 20-pin package
Z8F0813SJ005EG 8KB 1KB 24 18 2 0 1 SOIC 28-pin package
Z8F0813HJO0O5EG 8KB 1KB 24 18 2 0 1 SSOP 28-pin package
Z8F0813PJO05EG 8KB 1KB 24 18 2 0 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)

g
5 g
o oL o =

Interrupts

16-Bit Timers
w/PWM

10-Bit A/D Channels

UART with IrDA

Description

Z8 Encore! XP F0823 Series with 4 KB FI

ash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0T to 70C

Z8F0423PB005SG 4KB 1KB 6 12 2 4 1 PDIP 8-pin package
Z8F0423QB005SG 4KB 1KB 6 12 2 4 1 QFN 8-pin package
Z8F0423SB005SG 4KB 1KB 6 12 2 4 1 SOIC 8-pin package
Z8F0423SH005SG 4KB 1KB 16 18 2 7 1 SOIC 20-pin package
Z8F0423HHO005SG 4KB 1KB 16 18 2 7 1 SSOP 20-pin package
Z8F0423PH005SG 4KB 1KB 16 18 2 7 1 PDIP 20-pin package
Z8F0423SJ005SG 4KB 1KB 22 18 2 8 1 SOIC 28-pin package
Z8F0423HJ0O05SG 4KB 1KB 22 18 2 8 1 SSOP 28-pin package
Z8F0423PJ005SG 4KB 1KB 22 18 2 8 1 PDIP 28-pin package
Extended Temperature: —40C to 105C

Z8F0423PBO0O5EG 4KB 1KB 6 12 2 4 1 PDIP 8-pin package
Z8F0423QB005EG 4KB 1KB 6 12 2 4 1 QFN 8-pin package
Z8F0423SBO05EG 4KB 1KB 6 12 2 4 1 SOIC 8-pin package
Z8F0423SHO05EG 4KB 1KB 16 18 2 7 1 SOIC 20-pin package
Z8F0423HHOO5EG 4KB 1KB 16 18 2 7 1 SSOP 20-pin package
Z8F0423PHO05EG 4KB 1KB 16 18 2 7 1 PDIP 20-pin package
Z8F0423SJ005EG 4KB 1KB 22 18 2 8 1 SOIC 28-pin package
Z8F0423HJO05EG 4KB 1KB 22 18 2 8 1 SSOP 28-pin package
Z8F0423PJO05EG 4KB 1KB 22 18 2 8 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Z8 Encore! XP F0823 Series with 4 KB Flash
Standard Temperature: 0T to 70C
Z8F0413PB005SG 4KB 1KB 6 12 2 0 1 PDIP 8-pin package
Z8F0413QB005SG 4KB 1KB 6 12 2 0 1 QFN 8-pin package
Z8F0413SB005SG 4KB 1KB 6 12 2 0 1 SOIC 8-pin package
Z8F0413SH005SG 4KB 1KB 16 18 2 0 1 SOIC 20-pin package
Z8F0413HHO05SG 4KB 1KB 16 18 2 0 1 SSOP 20-pin package
Z8F0413PH005SG 4KB 1KB 16 18 2 0 1 PDIP 20-pin package
Z8F0413SJ005SG 4KB 1KB 24 18 2 0 1 SOIC 28-pin package
Z8F0413HJO05SG 4KB 1KB 24 18 2 0 1 SSOP 28-pin package
Z8F0413PJ005SG 4KB 1KB 24 18 2 0 1 PDIP 28-pin package
Extended Temperature: —40C to 105C
Z8F0413PBO0O5EG 4KB 1KB 6 12 2 0 1 PDIP 8-pin package
Z8F0413QB0O05EG 4KB 1KB 6 12 2 0 1 QFN 8-pin package
Z8F0413SBO0O5EG 4KB 1KB 6 12 2 0 1 SOIC 8-pin package
Z8F0413SHOO5EG 4KB 1KB 16 18 2 0 1 SOIC 20-pin package
Z8F0413HHOO5EG 4KB 1KB 16 18 2 0 1 SSOP 20-pin package
Z8F0413PHO05EG 4KB 1KB 16 18 2 0 1 PDIP 20-pin package
Z8F0413SJ005EG 4KB 1KB 24 18 2 0 1 SOIC 28-pin package
Z8F0413HJO0O5EG 4KB 1KB 24 18 2 0 1 SSOP 28-pin package
Z8F0413PJO05EG 4KB 1KB 24 18 2 0 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Interrupts

16-Bit Timers
w/PWM

10-Bit A/D Channels

UART with IrDA

Description

Z8 Encore! XP F0823 Series with 2 KB FI

ash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0T to 70C

Z8F0223PB005SG 2KB 512B 6 12 2 4 1 PDIP 8-pin package
Z8F0223QB005SG 2KB 512B 6 12 2 4 1 QFN 8-pin package
Z8F0223SB005SG 2KB 512B 6 12 2 4 1 SOIC 8-pin package
Z8F0223SH005SG 2KB 512B 16 18 2 7 1 SOIC 20-pin package
Z8F0223HHO005SG 2KB 512B 16 18 2 7 1 SSOP 20-pin package
Z8F0223PH005SG 2KB 512B 16 18 2 7 1 PDIP 20-pin package
Z8F0223SJ005SG 2KB 512B 22 18 2 8 1 SOIC 28-pin package
Z8F0223HJ005SG 2KB 512B 22 18 2 8 1 SSOP 28-pin package
Z8F0223PJ005SG 2KB 512B 22 18 2 8 1 PDIP 28-pin package
Extended Temperature: —40C to 105C

Z8F0223PBO0O05EG 2KB 512B 6 12 2 4 1 PDIP 8-pin package
Z8F0223QB0O05EG 2KB 512B 6 12 2 4 1 QFN 8-pin package
Z8F0223SBO0O05EG 2KB 512B 6 12 2 4 1 SOIC 8-pin package
Z8F0223SHO05EG 2KB 512B 16 18 2 7 1 SOIC 20-pin package
Z8F0223HHOO5EG 2KB 512B 16 18 2 7 1 SSOP 20-pin package
Z8F0223PHO05EG 2KB 512B 16 18 2 7 1 PDIP 20-pin package
Z8F0223SJ005EG 2KB 512B 22 18 2 8 1 SOIC 28-pin package
Z8F0223HJO05EG 2KB 512B 22 18 2 8 1 SSOP 28-pin package
Z8F0223PJO05EG 2KB 512B 22 18 2 8 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Z8 Encore! XP F0823 Series with 2 KB Flash
Standard Temperature: 0T to 70C
Z8F0213PB005SG 2KB 512B 6 12 2 0 1 PDIP 8-pin package
Z8F0213QB005SG 2KB 512B 6 12 2 0 1 QFN 8-pin package
Z8F0213SB005SG 2KB 512B 6 12 2 0 1 SOIC 8-pin package
Z8F0213SH005SG 2KB 512B 16 18 2 0 1 SOIC 20-pin package
Z8F0213HHO05SG 2KB 512B 16 18 2 0 1 SSOP 20-pin package
Z8F0213PH005SG 2KB 512B 16 18 2 0 1 PDIP 20-pin package
Z8F0213SJ005SG 2KB 512B 24 18 2 0 1 SOIC 28-pin package
Z8F0213HJO05SG 2KB 512B 24 18 2 0 1 SSOP 28-pin package
Z8F0213PJ005SG 2KB 512B 24 18 2 0 1 PDIP 28-pin package
Extended Temperature: —40C to 105C
Z8F0213PBO0O5EG 2KB 512B 6 12 2 0 1 PDIP 8-pin package
Z8F0213QB0O05EG 2KB 512B 6 12 2 0 1 QFN 8-pin package
Z8F0213SBO0O5EG 2KB 512B 6 12 2 0 1 SOIC 8-pin package
Z8F0213SHOO5EG 2KB 512B 16 18 2 0 1 SOIC 20-pin package
Z8F0213HHOO5EG 2KB 512B 16 18 2 0 1 SSOP 20-pin package
Z8F0213PHO05EG 2KB 512B 16 18 2 0 1 PDIP 20-pin package
Z8F0213SJ005EG 2KB 512B 24 18 2 0 1 SOIC 28-pin package
Z8F0213HJO0O5EG 2KB 512B 24 18 2 0 1 SSOP 28-pin package
Z8F0213PJO05EG 2KB 512B 24 18 2 0 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Interrupts

16-Bit Timers
w/PWM

10-Bit A/D Channels

UART with IrDA

Description

Z8 Encore! XP F0823 Series with 1 KB FI

ash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0T to 70C

Z8F0123PB005SG 1KB 256B 6 12 2 4 1 PDIP 8-pin package
Z8F0123QB005SG 1KB 256 B 6 12 2 4 1 QFN 8-pin package
Z8F0123SB005SG 1KB 256B 6 12 2 4 1 SOIC 8-pin package
Z8F0123SH005SG 1KB 256B 16 18 2 7 1 SOIC 20-pin package
Z8F0123HHO05SG 1KB 256 B 16 18 2 7 1 SSOP 20-pin package
Z8F0123PH005SG 1KB 256 B 16 18 2 7 1 PDIP 20-pin package
Z8F0123SJ005SG 1KB 256 B 22 18 2 8 1 SOIC 28-pin package
Z8F0123HJO05SG 1KB 256 B 22 18 2 8 1 SSOP 28-pin package
Z8F0123PJ005SG 1KB 256B 22 18 2 8 1 PDIP 28-pin package
Extended Temperature: —40C to 105C

Z8F0123PBO0O5EG 1KB 256B 6 12 2 4 1 PDIP 8-pin package
Z8F0123QB0O05EG 1KB 256B 6 12 2 4 1 QFN 8-pin package
Z8F0123SBO0O5EG 1KB 256B 6 12 2 4 1 SOIC 8-pin package
Z8F0123SHO05EG 1KB 256B 16 18 2 7 1 SOIC 20-pin package
Z8F0123HHOO5EG 1KB 256 B 16 18 2 7 1 SSOP 20-pin package
Z8F0123PHO05EG 1KB 256 B 16 18 2 7 1 PDIP 20-pin package
Z8F0123SJ005EG 1KB 256B 22 18 2 8 1 SOIC 28-pin package
Z8F0123HJOO5EG 1KB 256 B 22 18 2 8 1 SSOP 28-pin package
Z8F0123PJO05EG 1KB 256B 22 18 2 8 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Z8 Encore! XP F0823 Series with 1 KB Flash
Standard Temperature: 0T to 70C
Z8F0113PB005SG 1KB 256B 6 12 2 0 1 PDIP 8-pin package
Z8F0113QB005SG 1KB 256 B 6 12 2 0 1 QFN 8-pin package
Z8F0113SB005SG 1KB 256B 6 12 2 0 1 SOIC 8-pin package
Z8F0113SHO05SG 1KB 256B 16 18 2 0 1 SOIC 20-pin package
Z8F0113HHO005SG 1KB 256B 16 18 2 0 1 SSOP 20-pin package
Z8F0113PHO0O05SG 1KB 256B 16 18 2 0 1 PDIP 20-pin package
Z8F0113SJ005SG 1KB 256 B 24 18 2 0 1 SOIC 28-pin package
Z8F0113HJ005SG 1KB 256B 24 18 2 0 1 SSOP 28-pin package
Z8F0113PJ0O05SG 1KB 256B 24 18 2 0 1 PDIP 28-pin package
Extended Temperature: —40C to 105C
Z8F0113PB0O05EG 1KB 256B 6 12 2 0 1 PDIP 8-pin package
Z8F0113QB0O05EG 1KB 256B 6 12 2 0 1 QFN 8-pin package
Z8F0113SB0O05EG 1KB 256 B 6 12 2 0 1 SOIC 8-pin package
Z8F0113SHOO5EG 1KB 256B 16 18 2 0 1 SOIC 20-pin package
Z8F0113HHOO5EG 1KB 256 B 16 18 2 0 1 SSOP 20-pin package
Z8F0113PHOO5EG 1KB 256 B 16 18 2 0 1 PDIP 20-pin package
Z8F0113SJO005EG 1KB 256 B 24 18 2 0 1 SOIC 28-pin package
Z8F0113HJO0O5EG 1KB 256 B 24 18 2 0 1 SSOP 28-pin package
Z8F0113PJO0O5EG 1KB 256B 24 18 2 0 1 PDIP 28-pin package
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Table 135. Z8 Encore! XP F0823 Series Ordering Matrix (Continued)
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Z8 Encore! XP F0823 Series Development Kit
Z8F08A28100KITG Z8 Encore! XP FO82A Series Development Kit (20- and 28-Pin)
Z8F04A28100KITG Z8 Encore! XP FO42A Series Development Kit (20- and 28-Pin)
Z8F04A08100KITG Z8 Encore! XP F042A Series Development Kit (8-Pin)
ZUSBSCO00100ZACG USB Smart Cable Accessory Kit
ZUSBOPTSCO01ZACG Opto-Isolated USB Smart Cable Accessory Kit
ZENETSCO0100ZACG Ethernet Smart Cable Accessory Kit

PS024315-1011 PRELIMINARY Ordering Information



Z8 Encore! XP ® F0823 Series
Product Specification

GIXYS 220

Part Number Su ffix Designations

Zilog part numbers consist of a number of components, as indicated in the following
example.

Example. Part number Z8F0423SHO005SG is an 8-bit 20MHz Flash MCU with 4KB of
Program Memory and equipped with 6-22 lihes and 4-8 ADC channels in a 20-pin
SOIC package, opdiag within a 0°C to +70°C tempeure range and built using lead-
free solder.

Z8 F 04 23 S H 005 S G

Environmental Flow
G = Green Plastic Packaging Compound

Temperature Range
S = Standard, 0C to 70C
E = Extended, —40C to +105C

Speed
020 = 20MHz

Pin Count
B=8

H =20
J=28

Package
H = SSOP
P =PDIP
S =S0IC

Device Type
23 =6-22 1/0O lines, 4-8 ADC channels
13 = 6-24 1/0O lines, no ADC channels

Memory Size

08 = 8 KB Flash, 1 KB RAM
04 = 4 KB Flash, 1 KB RAM
02 = 2 KB Flash, 512 B RAM
01 =1 KB Flash, 256 B RAM

Memory Type
F = Flash

Device Family
Z8 = Zilog’s 8-Bit Microcontroller

PS024315-1011 PRELIMINARY Ordering Information
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Numerics
10-bit ADC 4

A

absolute maximum ratings 196
AC characteristics 200
ADC 178
architecture 121
block diagram 122
continuous conversion 124
control register 126, 129
control register definitions 126
data high byte register 130
data low bits register 131
electrical characteristics and timing 203
operation 122
single-shot conversion 123
ADCCTL register 126, 129
ADCDH register 130
ADCDL register 131
ADCX 178
ADD 178
add - extended addressing 178
add with carry 178
add with carry - extended addressing 178
additional symbols 177
address space 13
ADDX 178
analog signals 10
analog-to-digital coverter (ADC) 121
AND 181
ANDX 181
arithmetic instructions 178
assembly language programming 174
assembly language syntax 175

B
B 177
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b 176
baud rate generator, UART 108
BCLR 179
binary number suffix 177
BIT 179
bit 176
clear 179
manipulation instructions 179
set 179
set or clear 179
swap 179
test and jump 181
test and jump if non-zero 181
test and jump if zero 181
bit jump and test if non-zero 181
bit swap 181
block diagram 3
block transfer instructions 179
BRK 181
BSET 179
BSWAP 179, 181
BTJ 181
BTJNZ 181
BTJZ 181

C

CALL procedure 181
CAPTURE mode 89
CAPTURE/COMPARE mode 89
cc 176

CCF 180

characteristics, electrical 196
clear 180

CLR 180

COM 181

COMPARE 89

compare - extended addressing 178
COMPARE mode 89

compare with carry 178
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compare with carry - égnded addressing 178
complement 181

complement carry flag 179, 180
condition code 176

continuous conversion (ADC) 124
CONTINUOUS mode 88

control register definition, UART 108
Control Registers 13, 16

COUNTER modes 89

CP 178

CPC 178

CPCX 178

CPU and peripheral overview 4
CPU control instructions 180

CPX 178

Customer Support 230

D

DA 176, 178

data memory 15

DC characteristics 197
debugger, on-chip 156
DEC 178

decimal adjust 178
decrement 178
decrement and jump non-zero 181
decrement word 178
DECW 178

destination operand 177
device, port availability 33
DI 180

direct address 176
disable interrupts 180
DJNZ 181

dst 177

E

El 180

electrical characteristics 196
ADC 203
flash memory and timing 202
GPIO input data sample timing 204
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Watchdog Timer 202, 204
enable interrupt 180
ER 176
extended addressing register 176
external pin reset 25
eZ8 CPU features 4
eZ8 CPU instruction classes 178
eZ8 CPU instruction notation 176
eZ8 CPU instruction set 174
eZ8 CPU instruction summary 182

F

FCTL register 141, 148, 149
features, Z8 Encore! 1
first opcode map 194
FLAGS 177
flags register 177
flash
controller 4
option bit address space 149
option bit configuration - reset 146
program memory address 0000H 149
program memory address 0001H 150
flash memory 134
arrangement 135
byte programming 139
code protection 137
configurations 134
control register definitions 141, 148
controller bypass 140
electrical characteristics and timing 202
flash control register 141, 148, 149
flash option bits 138
flash status register 142
flow chart 136
frequency high and low byte registers 144
mass erase 139
operation 135
operation timing 137
page erase 139
page select register 142, 144
FPS register 142, 144
FSTAT register 142
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GATED mode 89
general-purpose I/0 33
GPIO 4, 33
alternate functions 34
architecture 34
control register definitions 40
input data sample timing 204
interrupts 40
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indirect register pair 176
indirect working register 176
indirect working register pair 176
infrared encoder/decoder (IrDA) 117
Instruction Set 174
instruction set, eZ8 CPU 174
instructions

ADC 178

ADCX 178

port A-C pull-up enable sub-registers 47, 48, 49 ADD 178

port A-H address registers 41

port A-H alternate foction sub-registers 43

port A-H control registers 42
port A-H data direction sub-registers 43

port A-H high drive enable sub-registers 45

port A-H input data registers 50
port A-H output control sub-registers 44
port A-H output data registers 51

port A-H stop mode @very sub-registers 46

port availability by device 33
port input timing 205
port output timing 206

H

H 177

HALT 180

halt mode 31, 180

hexadecimal number prefix/suffix 177

12C 4

IM 176

immediate data 176
immediate operand prefix 177
INC 178

increment 178

increment word 178
INCW 178

indexed 177

indirect address prefix 177
indirect register 176

ADDX 178

AND 181

ANDX 181
arithmetic 178
BCLR 179

BIT 179

bit manipulation 179
block transfer 179
BRK 181

BSET 179
BSWAP 179, 181
BTJ 181

BTJINZ 181
BTJZ 181

CALL 181

CCF 179, 180
CLR 180

COM 181

CP 178

CPC 178

CPCX 178

CPU control 180
CPX 178

DA 178

DEC 178
DECW 178

Dl 180

DJNZ 181

El 180

HALT 180

INC 178

INCW 178

IRET 181

JP 181

PS024315-1011 PRELIMINARY Index

223



LD 180

LDC 180

LDCI 179, 180

LDE 180

LDEI 179

LDX 180

LEA 180

load 180

logical 181

MULT 179

NOP 180

OR 181

ORX 181

POP 180

POPX 180

program control 181

PUSH 180

PUSHX 180

RCF 179, 180

RET 181

RL 181

RLC 181

rotate and shift 181

RR 182

RRC 182

SBC 179

SCF 179, 180

SRA 182

SRL 182

SRP 180

STOP 180

SUB 179

SUBX 179

SWAP 182

TCM 179

TCMX 179

T™ 179

TMX 179

TRAP 181

Watchdog Timer refresh 180

XOR 181

XORX 181
instructions, eZ8 classes of 178
interrupt control register 68
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Interrupt Controller 54
interrupt controller
architecture 54
interrupt assertion types 57
interrupt vectors and priority 57
operation 56
register definitions 59
software interrupt assertion 58
interrupt edge select register 66
interrupt request O register 59
interrupt request 1 register 60
interrupt request 2 register 61
interrupt return 181
interrupt vector listing 54
interrupts
UART 105
IR 176
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operation 117
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transmitting data 118
IRET 181
IRQO enable high and low bit registers 61
IRQ1 enable high and low bit registers 63
IRQ2 enable high and low bit registers 65
IRR 176
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J
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jump, conditional, relativeand relative conditional
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L
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LDC 180
LDCI 179, 180
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LDEI 179, 180

LDX 180

LEA 180

load 180

load constant 179

load constant to/fmm program memory 180

load constant with auto-increment addresses 180

load effective address 180

load external data 180

load external data to/fro data memory and auto-
increment addresses 179

load external to/from data memory and auto-incre-

ment addresses 180
load instructions 180
load using extended addressing 180
logical AND 181
logical AND/extended addressing 181
logical exclusive OR 181
logical exclusive OR/extended addressing 181
logical instructions 181
logical OR 181
logical OR/extended addressing 181
low power modes 30

M

master interrupt enable 56
memory
data 15
program 13
mode
CAPTURE 89
CAPTURE/COMPARE 89
CONTINUOUS 88
COUNTER 89
GATED 89
ONE-SHOT 88
PWM 89
modes 89
MULT 179
multiply 179
MULTIPROCESSOR mode, UART 103
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NOP (no operation) 180
notation
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Ir 176

IRR 176

Irr 176
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R 176

rl76

RA 177

RR 177

rr177

vector 177

X177
notational shorthand 176

O

OCD
architecture 156
auto-baud detector/generator 159
baud rate limits 160
block diagram 156
breakpoints 161
commands 162
control register 166
data format 159
DBG pin to RS-232 Interface 157
DEBUG mode 158
debugger break 181
interface 157
serial errors 160
status register 168
timing 207
OCD commands
execute instruction (12H) 166
read data memory (ODH) 165
read OCD control gaster (05H) 163
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read OCD status register (02H) 163 Power-on and Voltage Brownout electrical charac-
read program counter (07H) 164 teristics and timing 201
read program memory (OBH) 164 Power-On Reset (POR) 23
read program memory CRC (OEH) 165 program control instructions 181
read register (09H) 164 program counter 177
read runtime counter (03H) 163 program memory 13
step instruction (10H) 165 PUSH 180
stuff instruction (11H) 166 push using extended addressing 180
write data memory (OCH) 165 PUSHX 180
write OCD control register (04H) 163 PWM mode 89
write program counter (06H) 163 PxADDR register 41
write program memory (0AH) 164 PXCTL register 42
write register (08H) 164
on-chip debugger (OCD) 156
on-chip debugger signals 10 R
ONE-SHOT mode 88 R 176
opcode map r176
abbreviations 193 RA
cell description 192 register address 177
first 194 RCF 179, 180
second after 1FH 195 receive
Operational Description 21, 30, 33,69, 91, 97,117, |rDA data 119
121,132, 134, 146, 156, 169, 173 receiving UART data-inteupt-driven method 102
OR 181 receiving UART data-polled method 101
ordering information 211 register 176
ORX 181 ADC control (ADCCTL) 126, 129

ADC data high byte (ADCDH) 130
ADC data low bits (ADCDL) 131

P flash control (FCTL) 141, 148, 149

p 176 flash high and low byte (FFREQH and FRE-
Packaging 210 EQL) 144

part selection guide 2 flash page select (FPS) 142, 144

PC 177 flash status (FSTAT) 142

peripheral AC and DC electrical characteristics 201  GPIO port A-H address (PXADDR) 41

pin characteristics 11 GPIO port A-H alternate function sub-registers
Pin Descriptions 7 44

polarity 176 GPIO port A-H control address (PxCTL) 42
POP 180 GPIO port A-H data direction sub-registers 43
pop using extended addressing 180 OCD control 166

POPX 180 OCD status 168

port availability, device 33 UARTX baud rate high byte (UxBRH) 115
port input timing (GPIO) 205 UARTX baud rate v byte (UXxBRL) 115

port output timing, GPIO 206 UARTXx Control 0 (UxCTLO) 112, 115
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UARTX control 1 (UxCTL1) 113

UARTX receive data (UxRXD) 109

UARTX status 0 (UXSTATO) 110

UARTX status 1 (UXSTAT1) 111

UARTX transmit data (UxTXD) 109
Watchdog Timer control (WDTCTL) 94, 133
watch-dog timer control (WDTCTL) 172

Watchdog Timer reload high byte (WDTH) 95

Watchdog Timer reloatbw byte (WDTL) 95
Watchdog Timer reloadpper byte (WDTU)
95

register file 13

register pair 177

register pointer 177

reset
and stop mode characteristics 21
and stop mode recovery 21
carry flag 179
sources 23

RET 181

return 181

RL 181

RLC 181

rotate and shift instructions 181

rotate left 181

rotate left through carry 181

rotate right 182

rotate right though carry 182

RP 177

RR 177, 182

177

RRC 182

S

SBC 179

SCF 179, 180

second opcode map after 1FH 195
set carry flag 179, 180

set register pointer 180

shift right arithmetic 182

shift right logical 182

signal descriptions 9

single-sho conversion (ADC) 123
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SRA 182
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STOP mode 30, 180
Stop Mode Recovery
sources 26
using a GPIO port pin transition 27, 28
using Watchdog Timer time-out 27
SUB 179
subtract 179
subtract - extended addressing 179
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SWAP 182
swap nibbles 182
symbols, additional 177
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TCM 179
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timer signals 9
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block diagram 70
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operating mode 70 UXTXD register 109
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reading the timer count values 83
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timer control register definitions 83 vector 177
timer output signal operation 83 Voltage Brownout reset (VBR) 24
timers 0-3
control registers 86, 87
high and low byte registers 83, 86 W
™ 179 Watchdog Timer
TMX'179 approximate time-out delay 91
tools, hardware and software 220 CNTL 24
transmit control register 94, 171
IrDA data 118 electrical characteristics and timing 202, 204
transmitting UART data-polled method 99 interrupt in normal operation 92
transmitting UART dat-interrupt-driven method interrupt in STOP mode 92
100 refresh 92, 180
TRAP 181 reload unlock sequence 93
reload upper, high and low registers 94
reset 25
U reset in normal operation 93
UART 4 reset in STOP mode 93
architecture 97 time-out response 92
baud rate generator 108 Watchdog Timer Control Register (WDTCTL) 94
control register definitions 108 WDTCTL register 94, 133, 172
controller signals 9 WDTH register 95
interrupts 105 WDTL register 95
MULTIPROCESSOR mode 103 WDTU register 95
receiving data using tfarrupt-driven method working register 176
102 working register pair 177

receiving data using the polled method 101
transmitting data usintpe interrupt-driven
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transmitting data using the polled method 99 y 177
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Customer Support

To share comments, get your technical quastemswered, or report issues you may be
experiencing with our products, please visit Zilog’'s Technical Support page at
http://support.zilog.com

To learn more about this produéind additional documentatn, or to discover other fac-
ets about Zilog product offerings galse visit the Zilog Knowledge Basenhép://
zilog.com/kbor consider participating in the Zilog Forumhétip://zilog.com/forum

This publication is subject t@placement by a later editiofo determine whether a later
edition exists, please vighe Zilog website afittp://www.zilog.com
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