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

LIFE SUPPORT POLICY

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

As used herein

Life support devices or systems are devices which ingended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform wireperly used in accordea with instructions for

use provided in the labeling can feasonably expected to result in gnéiicant 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 supportcegesti system or to affect its safety or effectiveness.

Document Disclaimer

©2011 Zilog, Inc. All rights reserd. Information in this publicatioroacerning the devices, applications,
or technology described is intesito suggest possible uses ang tma superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A 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 INFORMATDN, DEVICES, ORTECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information containedhin this document haseen verified according
to the general principles of electrical and mechanical engineering.

Z8, Z8 Encore!, Z8 Encore! XP and Bhcore! MC are trademarks or retgired trademarks of Zilog, Inc.
All other product or service hames are firoperty of their respective owners.
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Revision History

Each instance in the Revisibtistory table below reflects@hange to this document from
its previous version. For more detaiick the appropriate links in the table.

Revision
Date Level Description Page
Oct 13 Revised Flash Sector Protect Register descriptions 274, 371
2011 per CR 13212; revised Packaging chapter.
May 12 Correction to Trim Bit Address 0001H Register per 283
2011 CR 13091.
Oct 11 Comparator 1 Control Register (CMP1) address 258
2010 formerly showed FOOH; now corrected to F91H.
Sep 10 Removed references to LSBF bit in Master-In/Slave- 199, 207
2010 Out, Master-Out/Slave-In and SPI Master Operation
sections.
Aug 09 Changed the frequency for the Internal Precision RC 316
2010 Oscillator from 1.3842 to 1.3824 in Table 168 per CR
12961.
Jun 08 Updated Trim Option Bits at 0005H (TVREF). 287
2008
Mar 07 Updated Operation of the On-Chip Debugger 296
2008 Interface and Ordering Information sections. Added
Target OCD Connector Interface.
Oct 06 Updated Trim Bit Address Description, Trim Bit 282, 288, 288,
2007 Address 0007H, Trim Bit Address 0008H, DC 350, 352, 356,
Characteristics, Supply Current Characteristics, VDD 357, 359, 360,
Versus Maximum System Clock Frequency, 361
Watchdog Timer Electrical Characteristics and
Timing, Analog-to-Digital Converter Electrical
Characteristics and Timing, Comparator Electrical
Characteristics, Low Power Operational Amplifier
Characteristics, IPO Electrical Characteristics and
Low Voltage Detect Electrical Characteristics. Added
Figure 73.
Sep 05 Updated Supply Current Characteristics. 352
2007
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Date

Description

Aug
2007

Changed description of Z8F16800144ZCOG to Z8
Encore! XP Dual 44-pin F1680 Series Development
Kit. Updated electrical characteristics in Table 189,
Table 190, Table 192, Table 193, Table 195, Table
196. Removed VBO_Trim section and table.
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Chapter 1. Overview

1.1.

PS025013-1011

Zilog’'s F1680 Series of MCUs is based on Zilog's advanced 8-bit eZ8 CPU core. This
microcontroller, a member of the Z8 Encore!@(ﬁ’roduct line, ioptimized for low-

power applications and supports 1.8V t©\8.0f low-voltage operation with extremely
low Active, Halt and Stop Mode currentsuglit offers a wide assortment of speed and
low-power options. In additionhe feature-rich analog andyital peripherals of the Z8
Encore! XP F1680 Series of MCUs makes them suitable for a variety of applications
including safety and security, utility meterirgjgital power supervisory, hand-held elec-
tronic devices and genenalotor control applications.

For simplicity, the remainder of this document refers to the eaiéncore! XP F1680
Series of MCUs as the F1680 Series MCU.

Features

Key features of the F1680 Series MCU include:

* 20MHz eZ8 CPU core

®* 8KB, 16KB, or 24 KB Flash memonyith in-circuit programming capability

®* 1KB or 2KB Register RAM

* 1KB Program RAM for program code shadowing and data stqogg@nal)

® 128B or 256 B Non-Volatile Data Storage (NVDS)

® Up to 8-Channel, 10-bit Anag-to-Digital Converter (ADC)

® On-chip Temperature Sensor

® Up to two on-chip analog comparators (@@-and 28-pin packages contain only one)
®* On-chip Low-Power Operational Amplifier (LPO)

* Two full-duplex 9-bit UART ports withthe support of Local Interconnect
Network (LIN) protocol (20-pin and 28-pin packages contain only one)

* Infrared Data Association (IrDA)-compliant infrared enasddecoders, integrated
with UARTSs

* Enhanced Serial Periphetaterface (SPI) controllgiexcept 20-pin packages)
* 12C controller which supports Master/Slave modes
®* Three enhanced 16-bit Timers wiflapture, Compare and PWM capability

® Additional two basic 16-bit timers with imteipt (shared as UART Baud Rate Genera-
tor)
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® Optional 16-bit Multi-Channel Timer whickupports four Qature/Compare/PWM
modules (44-pimpackages only)

®* Watchdog Timer (WDT) with dicated internal RC oscillator

® 17 to 37 General-Purpose Input/Output (GPIO) pins depending upon package
®* Up to 8 direct LED drives witprogrammable drive current capability

® Up to 31 interrupt sources with up to 24 interrupt vectors

®* On-Chip Debugger (OCD)

®* Power-On Reset (POR) and Voltagmwn-Out (VBO) protection

® Built-in Low-Voltage Detection (LVDwith programmableoltage threshold

® 32kHz secondary oscillator for Timers

® Internal Precision Oscillator (IPO) with ouwtipfrequency in the range of 43.2kHz to
11.0592MHz

® Crystal oscillator with three power settings and external RC network option
®* Wide operation voltage range: 1.8V-3.6V
® 20-, 28-, 40- and 44-pin packages

® (0°C to +70°C (standard) and —40°C to +105°C (extended) operating temperature
ranges

1.2. Part Selection Guide

Table 1 displays basic features and package styles available for each of the F1680 Series
MCUs.

Table 1. Z8 Encore! XP F1680 Series Part Selection Guide

Part Flash RAM Program NVDS ADC
Number (KB) (B) RAM(B) (B) /O Inputs SPI | 2C UARTs Packages
Z8F2480 24 2048 1024 — 1737 78 01 1 1-2 20-, 28-, 40- and 44-pin

Z8F1680 16 2048 1024 256 1737 78 0-1 1 1-2 20-, 28-, 40- and 44-pin
Z8F0880 8 1024 1024 128 1737 78 01 1 1-2 20-, 28-, 40- and 44-pin
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1.3. Block Diagram

Figure 1 displays the architecture of the F1680 Series MCU.

Figure 1. F1680 Series MCU Block Diagram
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An Overview of the eZ8 CPU and its Peripherals

Zilog's eZ8 CPU, latest 8-bit CPU meets tramtinuing demand for faster and more code-
efficient microcontrollers. It executes a superset of the origin%liﬁﬁruction set. The
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

® Software stack allows greater depttsubroutine calls and tarrupts more than
hardware stacks

® Compatible with existing Z8 code
®* Expanded internal Register File allows access uK® 4

®* New instructions improve execution efficientty code developed using higher-level
programming languages including C

® Pipelined instruction fetch and execution

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

®* New instructions support 12-bit lineaddressing of the register file
* Up to 10 MIPS operation
® C-Compiler friendly

® 2to 9 clock cycles per instruction

For more details about eZ8 CPU, refer todld® CPU Core User Manual (UM0128)
available for download atww.zilog.com

1.4.1. General-Pu rpose Input/Output
The F1680 MCU features 17 to 37 port pins (Ports A—E) for general purpose input/output

(GPIO) pins. The number of GPIO pins avhltais a function of package. Each pin is
individually programmabile.

1.4.2. Flash Controller

The Flash Controller is used to program and erase Flash memory. The Flash Controller
supports protection against accidental program and erasure.

PRELIMINARY Overview
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1.4.3. Non-Volat ile Data Storage

Non-Volatile Data Storage (NVDS) is a hybhdrdware/software keme to implement
byte-programmable data memory and is capable of over 100,000 write cycles.

1.4.4. Internal Pr ecision Oscillator

The internal precision oscillator (IPO)dgrimmable clock source which requires no
external components. You can seled® lilequency from one of eight frequencies
(43.2kHz to 11.0592MHZz) and is availalith factory-trimmed calibration data.

1.4.5. Crystal Oscillator

The crystal oscillator circuit prides highly accurate clock flaencies usingn external
crystal, ceramic resonator, or RC network.

1.4.6. Secondary Oscillator

The secondary oscillator is a low-powerithator, which is optimized for use with a
32kHz watch crystal. It can be usediager/counter clock source in any mode.

1.4.7. 10-Bit Analog-to -Digital Converter

The Analog-to-Digital Converter (ADC) convedn analog input signal to a 10-bit binary
number. The ADC supports up to eight anatggut sources multiplexed with GPIO ports.

1.4.8. Low-Power Op erational Amplifier

The low-power operational arilger (LPO) is a general-pugse operational amplifier pri-
marily targeted for current sense applicatidrise LPO output can baternally routed to
the ADC or externally to a pin.

1.4.9. Analog Comparator
The analog comparator compares the signal at an input pin with either an internal pro-

grammable voltage reference or a second-input pin. The comparator output is used to
either drive an output pin ¢0 generate an interrupt.

PRELIMINARY Overview
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1.4.10. Temperature Sensor

The temperature sensor produaesanalog output proportional to the device temperature.
This signal is sent either togiADC or to the analog comparator.

1.4.11. Low-Voltage Detector

The low-voltage detector generates anriofgt when the supply voltage drops below a
user-programmable level.

1.4.12. Enhanced SPI

The enhanced SPI is a full-duplex, buffereghchronous character-oriented channel
which supports a four-wire interface.

1.4.13. UART with LIN

A full-duplex 9-bit UART provides serial, yschronous communitan and supports the
local interconnect network (LIN) serial commications protocol. The UART supports 8-

bit and 9-bit data modes, selectable parity and an efficient bus transceiver Driver Enable
signal for controlling a multi-transceiver bissich as RS-485. The LIN bus is a cost-effi-
cient, single-master, multiple-slave orgatiiza which supports speed up to 20KBits.

1.4.14. Master/Slave | °C

The inter-integrated circuitQ(tl:) controller makes the F168&ries MCU compatible with
the PC protocol. ThedC controller consists of twbidirectional bus lines:

1. Serial data (SDA) line

2. Serial clock (SCL) line

It also supports Master, Slave and Multi-Master Operations

1.4.15. Timers

Three enhanced 16-bit reloadable timers aeel fisr timing/countinggvents or motor con-
trol operations. These timegpsovide a 16-bit programmabldaad counter and operate in
ONE-SHOT, CONTINUOUS, GATED, CAPTURE, CAPTURE RESTART, COMPARE,
CAPTURE and COMPARE, PWM SINGLE OUTPUT, PWM DUAL OUTPUT, TRIG-
GERED ONE-SHOT and DEMODULATION modds. addition to these three enhanced
16-bit timers, there are two basic 16-bit timeith interrupt function. The two timers are

PS025013-1011 PRELIMINARY Overview
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used as Baud Rate Generator (BRG) when UART is enabled and configured as basic 16-
bit timers when UART is disabled.

1.4.16. Multi-Channel Timer

The multi-channel timer has a 16-bit up/dogounter and a 4-channel Capture/Compare/
PWM channel array. This tien enables the support of multiple synchronous Capture/
Compare/PWM channels based on a single timer.

1.4.17. Interru pt Controller

The Z8 Encore! XP F1680 Series products suppoto thirty-one iterrupt sources with
twenty-four interrupt vectors. These interruptagiet of up to fifteen internal peripheral
interrupts and up to sixteen GPIO pin interrupts. The interrupts have three levels of pro-
grammable-interrupt priority.

1.4.18. Reset Controller

The F1680 Series MCU is reset using the REETPOR, WDT time-out, STOP Mode
exit, or VBO warning signal. The RESKIn is bidirectional, that is, it functions as reset
source as well as a reset indicator.

1.4.19. On-Chip Debugger

The F1680 Series MCU features an integtlaCD. The OCD provides a rich-set of
debugging capabilities, such as reading aritingrregisters, programming Flash memory,
setting breakpoints and executing code. D@D uses one single-pin interface for com-
munication with arexternal host.

1.4.20. Direct LED Drive

The Port C pins also provide a current synchronized output capable of driving an LED
without requiring any external resistor. Up to eight LEDs are driven with individually pro-
grammable drive current level from 3 mA to 20mA.

PS025013-1011 PRELIMINARY Overview
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Acronyms and Expansions

This document uses the acronymd arpansions listed in Table 2.

Table 2. F1680 Series MCU Acronyms

Abbreviations/

Acronyms Expansions

ADC Analog-to-Digital Converter
NVDS Non-Volatile Data Storage

LPO Low-Power Operational Amplifier
LIN Local Interconnect Network

SPI Serial Peripheral Interface

ESPI Enhanced Serial Peripheral Interface
WDT Watchdog Timer

GPIO General-Purpose Input/Output
OCD On-Chip Debugger

POR Power-On Reset

LVvD Low-Voltage Detection

VBO Voltage Brown-Out

IPO Internal Precision Oscillator
UART Universal Asynchronous Receiver/Transmitter
IrDA Infrared Data Association

12c Inter-integrated circuit

PDIP Plastic Dual Inline Package
SOIC Small Outline Integrated Circuit
SSOP Small Shrink Outline Package
QFN Quad Flat No Lead

LQFP Low-Profile Quad Flat Package
PRAM Program RAM

PC Program counter

IRQ Interrupt request

ISR Interrupt service routine

MSB Most-significant byte

PRELIMINARY Overview
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Table 2. F1680 Series MCU Acronyms (Continued)

Abbreviations/

Acronyms Expansions

LSB Least-significant byte
PWM Pulse-Width Modulation

Cl Channel Interrupt

TI Timer Interrupt

Endec Encoder/Decoder

1°s Inter IC Sound

TDM Time division multiplexing
TTL Transistor-Transistor Logic
SAR Successive Approximation Register
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Chapter 2. Pin Description

2.1.

The F1680 Series MCU is available in a variet package styles and pin configurations.
This chapter describes the signals and availpini configurations foeach of the package
styles. For information about theysical package specifications, see Baekaging
chapter on page 371.

Available Packages

Table 3 lists the package styles availablegfach device in thé8 Encore! XP F1680
Series product line.

Table 3. Z8 Encore! XP F1680 Series Package Options

Part Number

20-pin  20-pin  20-pin  28-pin 28-pin  28-pin  40-pin 44-pin  44-pin
ADC PDIP SOIC SSOP PDIP SOIC SSOP PDIP QFN LQFP

Z8F2480 Yes X X X X X X X X X

Z8F1680 Yes X X X X X X X X X

Z8F0880 Yes X X X X X X X X X
2.2. Pin Configurations

PS025013-1011

Figures 2 through 5 display the pin configioas of all the packages available in the
F1680 Series MCU. For description of the signals,Jsdde 4on page 14.

At reset, all port pins default to an input state. In additiop adternate functionality is not
enabled, so the pins function as generappse input ports until programmed otherwise.
At power up, the Port DO pin defaults to the RESH#€rnate function.

The pin configurations listed are prelitary and subject to change based on
manufacturing limitations.

PRELIMINARY Pin Description
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PB1/ANAL/AMPINN —
PB2/ANA2/AMPINP —
PB3/CLKIN/ANA3 —

VDD —

PAO/TOIN/TOOUT/XIN —j
PA1/TOOUT/XOUT —

VSS —

PA2/DEO/X2IN —
PA3/CTS0/X20UT —]
PA4/RXDO/IRRXO/T2IN/T20UT —

© 00N O O WDN PP

[En
o

20 — PBO/ANAO/AMPOUT

19 — PC3/COOUT/LED

18 — PC2/ANA6/LED/VREF
17 — PC1/ANAS/COINN/LED
16 — PCO/ANA4/COINP/LED
15 — DBG

14 — RESET/PDO

13 — PA7/T10OUT/SDA

12 — PAG/T1IN/T1I0UT/SCL
11 — PAS5/TXDO/IRTX0/T20UT

Figure 2. Z8F2480, Z8F1680 and Z8F0880 in 20-Pin SOIC, SSOP or PDIP Packages

PB2/ANA2/AMPINP —
PB4/ANA7 —
PB5/VREF —

PB3/CLKIN/ANA3 —
AVDD —

VDD —
PAO/TOIN/TOOUT/XIN —
PAL1/TOOUT/XOUT —
VSS —

AVSS —
PA2/DEO/X2IN —
PA3/CTSO0/X20UT —
PA4/RXDO/IRRX0 —
PA5/TXDO/IRTX0 —

© 00N OB WDN PR

N =
A W N PR O

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

PB1/ANA1/AMPINN
PBO/ANAO/AMPOUT
PC3/COOUT/LED
PC2/ANAG6/LED/SS
PC1/ANA5/COINN/LED/MISO
PCO/ANA4/COINP/LED
DBG

RESET/PDO
PC7/LED/T20UT
PC6/LED/T2IN/T20UT
PA7/T10UT/SDA
PC5/LED/SCK
PC4/LED/MOSI
PAG/T1IN/TIOUT/SCL

Figure 3. Z8F2480, Z8F1680 and Z8F0880 in 28-Pin SOIC, SSOP or PDIP Packages
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PBL/AMPINN/ANAL —
PB2/AMPINP/ANA2 —
PB4/ANA7 —
PB5/VREF —
PB3/CLKIN/ANA3 —
PEO —

AVDD —

VDD —
PAO/TOIN/TOOUT/XIN —
PAL/TOOUT/XOUT —
VSS —

AVSS —

PE1/SCL —

PE2/SDA —
PD7/COOUT —
PA2/DEO/X2IN —
PA3/CTS0/X20UT —
PD6/DE1 —
PA4/RXDO/IRRX0 —
PAS/TXDO/IRTX0 —

1 40
5

35
10

30
15

25
20 21

— PBO/AMPOUT/ANAQ
— PD1/C1INN

— PD2/C1INP

— PC3/MISO/LED

— PC2/ANAG6/SS/LED
— PC1/ANA5/COINN/LED
— PCO/ANA4/COINP/LED
— VSS

— PD3/CTS1/C10UT

— DBG

— PDO/RESET

— VDD

— PC7/T20UT/LED

— PC6/T2IN/T20UT/LED
— PD4/RXD1/IRRX1

— PA7/TI0OUT

— PC5/SCK/LED

— PC4/MOSI/LED

— PAG6/T1IN/TIOUT

— PD5/TXD1/IRTX1

Figure 4. Z8F2480, Z8F1680 and Z8F0880 in 40-Pin Dual Inline Package (PDIP)
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PC1/ANA5/COINN/LED
PCO/ANA4/COINP/LED
PE4/T4CHB

VSS
PD3/CTS1/C10UT
DBG

PDO/RESET

VDD

PC7/T20UT/LED
PC6/T2IN/T20UT/LED
PD4/RXD1/IRRX1

Figure 5. Z8F2480, Z8F1680 and Z8F0880 in 44-Pin Low-Profile Quad Flat Package (LQFP) or Quad

PS025013-1011
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Signal Descriptions

Table 4 describes the signals for each blatkhe F1680 Series MCU. To determine the
signals available for specific package styles, se@itm€onfigurationchapter on page

10.

Table 4. Signal Descriptions

Signal Mnemonic /O

Description

General-Purpose 1/0O Ports A-E

PA[7:0] I/0 Port A: These pins are used for general-purpose /0.
PB[5:0] I/0 Port B: These pins are used for GPIO.

PC[7:0] I/O Port C: These pins are used for GPIO.

PDI[7:0] I/O Port D: These pins are used for GPIO. PDO is output only.
PE[6:0] I/O Port E: These pins are used for GPIO.

LIN-UART Controllers

TXDO/TXD1 O Transmit Data 0—1: These signals are the transmit output from the UARTO/1
and IrDA0/1.

RXDO/RXD1 I Receive Data 0-1: These signals are the receive input for the UARTO0/1 and
IrDAO/1.

CTSO0/CTS1 I Clear To Send 0-1: These signals are the flow control input for the UARTO/1.

DEO/DE1 @] Driver Enable 0-1: These signals allow automatic control of external RS-485
drivers. These signals are approximately the inverse of the TXE (Transmit
Empty) bit in the UART Status 0/1 register. The DEO/1 signal can be used to
ensure the external RS-485 driver is enabled when data is transmitted by the
UARTO/1.

I2C Controller

SCL 110 12C Serial Clock: The 12C Master supplies this signal. If the F1680 Series
MCU is the 1°C Master, this pin is an output. If it is the 12C slave, this pinis an
input. When the GPIO pin is configured as an alternate function to enable the
SCL function, this pin is open-drain.

SDA I/O Serial Data: This open-drain pin transfers data between the 1°C and an
external I2C Master/Slave. When the GPIO pin is configured as an alternate
function to enable the SDA function, this pin is open-drain.

ESPI Controller

SS I/0 Slave Select: This signal can be an output or an input. If the F1680 Series

MCU is the SPI master, this pin can be configured as the Slave Select output.
If it is the SPI slave, this pin is the input slave select.

PS025013-1011
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Table 4. Signal Descriptions (Continued)

Signal Mnemonic 1/O

Description

SCK I/O SPI Serial Clock: The SPI master supplies this signal. If the F1680 Series
MCU is the SPI master, this pin is an output. If it is the SPI slave, this pin is an
input.

MOSI I/O Master Out Slave In: This signal is the data output from the SPI master
device and the data input to the SPI slave device.

MISO I/O Master In Slave Out: This pin is the data input to the SPI master device and
the data output from the SPI slave device.

Timers

TOOUT/T1IOUT/ O
T20UT

Timer Output 0-2: These signals are output from the timers.

TOOUT/T10OUT/ 0]
T20UT

Timer Complement Output 0-2: These signals are output from the timers in
PWM DUAL OUTPUT Mode.

TOIN/TLIN/T2IN I

Timer Input 0-2: These signals are used as the capture, gating and counter
inputs. The TOIN/T1IN/T2IN signal is multiplexed with TOOUT/T10OUT/
T20UT signals.

Multi-Channel Timers

TACHA, TACHB, /O
TACHC, TACHD

Multi-channel timer Input/Output: These signals function as Capture input or
Compare output for channels CHA, CHB, CHC and CHD.

T4IN I Multi-channel Timer clock input: This signal allows external input to serve as
the clock source for the Multi-channel timer.

Comparators

COINP/COINN, I Comparator Inputs: These signals are positive and negative inputs to the

C1INP/C1INN comparator 0 and comparator 1.

CoouT/C10UT 0]

Comparator Outputs: These are the output from the comparator 0 and the
comparator 1.

Analog

ANA[7:0] I Analog Port: These signals are used as inputs to the ADC. The ANAO, ANA1
and ANA2 pins can also access the inputs and outputs of the integrated Low-
Power Operational Amplifier.

VREF I/0 ADC reference voltage input.

Low-Power Operational Amplifier

AMPINP/AMPINN |

Low-Power Operational Amplifier Inputs: If enabled, these pins drive the
positive and negative amplifier inputs respectively.

AMPOUT O]

Low-Power Operational Amplifier Output: If enabled, this pin is driven by the
on-chip low-power operational amplifier.

PS025013-1011
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Table 4. Signal Descriptions (Continued)

Signal Mnemonic /0 Description

Oscillators

XIN I External Crystal Input: The input pin to the crystal oscillator. A crystal can be
connected between the pin and the XOUT pin to form the oscillator. In
addition, this pin is used with external RC networks or external clock drivers
to provide the system clock.

XOuT 0] External Crystal Output: This pin is the output of the crystal oscillator. A
crystal can be connected between it and the XIN pin to form the oscillator.

X2IN I Watch Crystal Input: The input pin to the low-power 32kHz oscillator. A watch
crystal can be connected between the X2IN and the X20UT pin to form the
oscillator.

X20UT 0] Watch Crystal Output: This pin is the output from the low power 32kHz
oscillator. A watch crystal can be connected between the X2IN and the
X20UT pin to form the oscillator.

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 programmable
drive strengths set by the GPIO block.

On-Chip Debugger

DBG I/O Debug: This signal is the control and data input and output of the On-Chip
Debugger.
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.
Vgsg I Digital Ground.
AVgg | Analog Ground.

Note: The AVpp and AVgg signals are available only in 28-pin, 40-pin and 44-pin packages.

PS025013-1011
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2.4. Pin Characteristics
Table 5 provides detailed infoation about the characteristics of each pin available on the
F1680 Series MCU 20-, 28-, 40- and 44-pin devices. Data provided in Table 5 is sorted
alphabetically by thein symbol mnemonic.
Table 5. Pin Characteristics (20-, 28-, 40- and 44-pin Devices)
Active
Low or Internal Schmitt
Symbol Reset Active  Tristate Pull-up or Trigger Open Drain 5V
Mnemonic Direction Direction High Output  Pull-down Input Output Tolerance
AVpp N/A N/A N/A N/A  N/A N/A N/A N/A
AVgg N/A N/A N/A N/A  N/A N/A N/A NA
DBG I/O I N/A Yes Yes Yes Yes No
PA[7:0] /10 I N/A Yes Programmable Yes Yes, Yes, 5V
pull-up programmab tolerant
le inputs
unless pull-
ups are
enabled
PBJ[5:0] /0 I N/A Yes Programmable Yes Yes, Yes, 5V
pull-up programmab tolerant
le inputs
unless pull-
ups are
enabled
PC[7:0] /0 N/A Yes Programmable Yes Yes, Yes, 5V
pull-up programmab tolerant
le inputs
unless pull-
ups are
enabled
PD[7:1] I/O I N/A Yes Programmable Yes Yes, Yes, 5V
pull-up programmab tolerant
le inputs
unless pull-
ups are
enabled

PS025013-1011
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Table 5. Pin Characteristics (20-, 28- , 40- and 44-pin Devices) (Continued)

Active
Low or Internal Schmitt
Symbol Reset  Active  Tristate Pull-up or Trigger Open Drain 5V
Mnemonic Direction Direction  High Output  Pull-down Input Output Tolerance
PE[6:0] I/0 I N/A Yes Programmable Yes Yes, Yes, 5V
pull-up programmab tolerant
le inputs
unless pull-
ups are
enabled
RESET/ I/O I/0 Low (in Yes (PDO Programmable Yes Programmab Yes, 5V
PDO (defaults RESET only) for PDO; always le for PDO; tolerant
to mode) On for RESET always On inputs
RESET) for RESET unless pull-
ups are
enabled
Vpbp N/A N/A N/A N/A N/A N/A
Vgg N/A N/A N/A N/A N/A N/A
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Chapter 3. Address Space

3.1.

PS025013-1011

The eZ8 CPU can access the followthgee distinct address spaces:

®* The Register File contains addresses for gespirpose registers, eZ8 CPU, peripher-
als and GPIO port control registers

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

®* The Data Memory contains addresses formaimory locations that contain data only

These three address spaces are covered bridfig following sectios. For more details
about the eZ8 CPU and its address space, refer se¢th€PU Core User Manual
(UMO0128), available for download atww.zilog.com

Register File

The Register File address space in the Z8 En€dvi€U is 4KB (4096 bytes). The
Register File is composed of two sectionsitoal registers and general-purpose registers.
When instructions are executed, registersnaefias sources are read and registers defined
as destinations are written. The architecbfrthe 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 4KB Register Bilieiress space are reserved for control of the
eZ8 CPU, on-chip peripherals and the inpupatiports. These registers are located at
addresseB00H to FFFH. Some of the addresses withie 256 B control register sections
are reserved (that is, unavaile). Reading from a reserved Register File address returns
an undefined value. Zilog does not recoema writing to the reserved Register File
addresses because doing somaruce unpredictable results.

The on-chip Register RAM always begins at addoess! in the Register File address
space. The F1680 Series MCU contains 1 KR KB of on-chip Register RAM. Reading
from Register File addresses outside thelabie RAM addresses (and not within the
control register address spacefurns an undefined value. Writing to these Register File
addresses produces no effect.

In addition, the F1680 Series MCU contains 1 KB of on-chip Program RAM. Normally it
is used as Program RAM and is preserith#Program Memory address space (see the
Program Memorgection on page 20). However, it Gleo be used as additional Register
RAM present in the Register File address sgacei—BFFH (1 KB Program RAM, 2KB
Register RAM), o#r00H-7FFH (1 KB Program RAM, 1 KB Register RAM), if you do not

PRELIMINARY Address Space
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need to use this on-chip Program RAMst@mdow Interrupt Service Routines (ISR). For
details, see thEeRAM_M section on page 278.

3.2.  Program Memory

The eZ8 CPU supports 64 KB of Program Meynaddress space. The F1680 Series MCU
contains 8KB to 24 KB of on-chip Flasieemory in the Program Memory address space,
depending on the device.

In addition, the F1680 Series MCU contains up to 1KB of on-chip Program RAM. The
Program RAM is mapped in the Programrivery address space beyond the on-chip Flash
memory. The Program RAM is entirely under usentrol and is meant to store interrupt
service routines of high-frequency interrug@sce interrupts brinthe CPU out of low-
power mode, it is important to ensure timerrupts that occur very often use as low a
current as possible. For battery operatestesys, Program RAM based handling of high-
frequency interrupts provides power savings by keeping the Flash block disabled.
Program RAM (PRAM) is optimized for lowurrent operation and can be easily boot-
strapped with interrupt code at power up.

Reading from Program Memory addresses present outside the available Flash memory and
PRAM addresses returf&H. Writing to these unimplemented Program Memory

addresses produces no effect. Table 6 desstihe Program Memory maps for the F1680
Series MCU.

Table 6. F1680 Series M CU Program Memory Maps

Program Memory

Address (Hex) Function

Z8F2480 Device
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-5FFF Program Flash
EOOO—-E3FF 1KB PRAM

Note: *See Table 36 on page 70 for a list of inter-
rupt vectors and traps.

PS025013-1011 PRELIMINARY Address Space
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Table 6. F1680 Series MCU Program Memory Maps (Continued)

Program Memory

Address (Hex)

Function

Z8F1680 Device

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—-3FFF Program Flash
EOOO-E3FF 1KB PRAM
Z8F0880 Device
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-1FFF Program Flash
EOOO-E3FF 1KB PRAM

Note: *See Table 36 on page 70 for a list of inter-

rupt vectors and traps.

Data Memory

The F1680 Series MCU does not use the ER8)’s 64KB Data Memory address space.

Flash Information Area

Table 7 describes the F1680 Series MCU Flash Information Area. This 512-byte
Information Area is accessed bgtting bit 7 of the Flash Pagelect Register to 1. When
access is enabled, the Flash Information Aseaapped into the Program Memory and
overlays the 512bytes at addresSSEQOH to FFFFH. When the Information Area access is
enabled, all reads from these Raog Memory addresses return théormation Area data
rather than the Program Memory data. Access to the Fif@mimation Area is read-only.
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Table 7. F1680 Series MCU Flas h Memory Information Area Map

Program Memory Address (Hex)  Function

FEOO-FE3F 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 (only use the first two
bytes FE60 and FE61)

FE80—-FFFF Reserved

PS025013-1011
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Chapter 4. Register Map

Table 8 provides an address map to the redierontained in all Z8 Encore! XP F1680
Series devices. Not all devices and packaglestn this product series support the ADC,
nor all of the GPIO ports. Therefore, corgsithe registers for unimplemented peripherals
to be reserved.

Table 8. Register File Address Map

Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #

General Purpose RAM
Z8F2480 Device

000-7FF General-Purpose Register File RAM — XX
800-EFF Reserved? — XX
Z8F1680 Device

000-7FF General-Purpose Register File RAM — XX
800-EFF Reserved? — XX
ZB8F0880 Device

000-3FF General-Purpose Register File RAM — XX
400-EFF Reserved? — XX

Special Purpose Registers

Timer O

FOO Timer 0 High Byte TOH 00 110
FO1 Timer O Low Byte TOL 01 110
F02 Timer O Reload High Byte TORH FF 111
FO3 Timer O Reload Low Byte TORL FF 111
FO4 Timer 0 PWMO High Byte TOPWMOH 00 111
FO5 Timer 0 PWMO Low Byte TOPWMOL 00 112
FO6 Timer 0 Control O TOCTLO 00 113
FO7 Timer 0 Control 1 TOCTL1 00 114
Notes:

1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-
ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #
F20 Timer 0 PWM1 High Byte TOPWM1H 00 112
F21 Timer 0 PWM1 Low Byte TOPWM1L 00 112
F22 Timer 0 Control 2 TOCTL2 00 118
F23 Timer O Status TOSTA 00 119
F2C Timer 0 Noise Filter Control TONFC 00 120
Timer 1

FO8 Timer 1 High Byte T1H 00 110
FO09 Timer 1 Low Byte T1L 01 110
FOA Timer 1 Reload High Byte T1RH FF 111
FOB Timer 1 Reload Low Byte T1RL FF 111
FOC Timer 1 PWMO High Byte T1PWMOH 00 111
FOD Timer 1 PWMO Low Byte T1PWMOL 00 112
FOE Timer 1 Control O T1CTLO 00 113
FOF Timer 1 Control 1 T1CTL1 00 114
F24 Timer 1 PWM1 High Byte T1IPWM1H 00 112
F25 Timer 1 PWM1 Low Byte T1IPWMI1L 00 112
F26 Timer 1 Control 2 T1CTL2 00 118
F27 Timer 1 Status T1STA 00 119
F2D Timer 1 Noise Filter Control TINFC 00 120
Timer 2

F10 Timer 2 High Byte T2H 00 110
F11 Timer 2 Low Byte T2L 01 111
F12 Timer 2 Reload High Byte T2RH FF 111
F13 Timer 2 Reload Low Byte T2RL FF 111
F14 Timer 2 PWMO High Byte T2PWMOH 00 111
F15 Timer 2 PWMO Low Byte T2PWMOL 00 112
F16 Timer 2 Control 0 T2CTLO 00 113
Notes:

1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-

ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #
F17 Timer 2 Control 1 T2CTL1 00 114
F28 Timer 2 PWM1 High Byte T2PWM1H 00 112
F29 Timer 2 PWM1 Low Byte T2PWM1L 00 112
F2A Timer 2 Control 2 T2CTL2 00 118
F2B Timer 2 Status T2STA 00 119
F2E Timer 2 Noise Filter Control T2NFC 00 120
F2F-F3F Reserved — XX
LIN UART O
F40 LIN UARTO Transmit Data UOTXD XX 163
LIN UARTO Receive Data UORXD XX 164
F41 LIN UARTO Status 0—Standard UART Mode UOSTATO 0000011Xb 165
LIN UARTO Status 0—LIN Mode UOSTATO 00000110b 166
F42 LIN UARTO Control O UOCTLO 00 170
F43 LIN UARTO Control 1—Multiprocessor Control UOCTL1 00 172
LIN UARTO Control 1—Noise Filter Control UOCTL1 00 174
LIN UARTO Control 1—LIN Control UOCTL1 00 175
Fa44 LIN UARTO Mode Select and Status UOMDSTAT 00 168
F45 UARTO Address Compare UOADDR 00 177
F46 UARTO Baud Rate High Byte UOBRH FF 177
F47 UARTO Baud Rate Low Byte UOBRL FF 178
LIN UART 1
F48 LIN UART1 Transmit Data UlTXD XX 163
LIN UART1 Receive Data U1RXD XX 164
F49 LIN UART1 Status 0—Standard UART Mode U1STATO 0000011Xb 165
LIN UART1 Status 0—LIN Mode U1STATO 00000110b 166
FAA LIN UART1 Control O U1CTLO 00 170
Notes:

1. XX=Undefined.
2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-
ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #
F4B LIN UART1 Control 1—Multiprocessor Control U1CTL1 00 172
LIN UART1 Control 1—Noise Filter Control U1CTL1 00 174
LIN UART1 Control 1—LIN Control U1CTL1 00 175
F4C LIN UART1 Mode Select and Status U1MDSTAT 00 168
F4D UART1 Address Compare U1ADDR 00 177
FAE UART1 Baud Rate High Byte U1BRH FF 177
FAF UART1 Baud Rate Low Byte U1BRL FF 178
1’C
F50 12C Data [2CDATA 00 244
F51 12C Interrupt Status 1I2CISTAT 80 245
F52 12C Control [2CCTL 00 247
F53 I°C Baud Rate High Byte I2CBRH FF 248
F54 12C Baud Rate Low Byte I2CBRL FF 249
F55 1°C State I2CSTATE 02 251
F56 12C Mode I2CMODE 00 252
F57 1°C Slave Address [2CSLVAD 00 255
F58-F5F Reserved — XX
Enhanced Serial Periph eral Interface (ESPI)
F60 ESPI Data ESPIDATA XX 214
F61 ESPI Transmit Data Command ESPITDCR 00 214
F62 ESPI Control ESPICTL 00 215
F63 ESPI Mode ESPIMODE 00 217
F64 ESPI Status ESPISTAT 01 219
F65 ESPI State ESPISTATE 00 220
F66 ESPI Baud Rate High Byte ESPIBRH FF 220
F67 ESPI Baud Rate Low Byte ESPIBRL FF 220
F68—F6F Reserved — XX
Notes:

1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-

ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #
Analog-to-Digital Converter (ADC)

F70 ADC Control 0 ADCCTLO 00 189
F71 ADC Raw Data High Byte ADCRD_H 80 191
F72 ADC Data High Byte ADCD_H XX 191
F73 ADC Data Low Bits ADCD_L XX 192
F74 ADC Sample Settling Time ADCSST FF 193
F75 Sample Time ADCST XX 194
F76 ADC Clock Prescale Register ADCCP 00 195
F77-F7F Reserved — XX

Low-Power Control

F80 Power Control O PWRCTLO 80 44
F81 Reserved — XX

LED Controller

F82 LED Drive Enable LEDEN 00 67
F83 LED Drive Level High Bit LEDLVLH 00 68
F84 LED Drive Level Low Bit LEDLVLL 00 68
F85 Reserved — XX

Oscillator Control

F86 Oscillator Control 0 OSCCTLO A0 319
F87 Oscillator Control 1 OSCCTL1 00 320
F88—F8F Reserved

Comparator 0

F90 Comparator 0 Control CMPO 14 257
Comparator 1

FI1 Comparator 1 Control CMP1 14 258
F92—-F9F Reserved — XX

Notes:

1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter

on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-

ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description

Mnemonic Reset (Hex) 1 Page #

Multi-Channel Timer

FAO MCT High Byte MCTH 00 130
FAl MCT Low Byte MCTL 00 130
FA2 MCT Reload High Byte MCTRH FF 131
FA3 MCT Reload Low Byte MCTRL FF 131
FA4 MCT Subaddress MCTSA XX 132
FAS5 MCT Subregister 0 MCTSRO XX 132
FAG6 MCT Subregister 1 MCTSR1 XX 132
FA7 MCT Subregister 2 MCTSR2 XX 132
FA8-FBF Reserved — XX

Interrupt Controller

FCO Interrupt Request 0 IRQO 00 74
FC1 IRQO Enable High Bit IRQOENH 00 77
FC2 IRQO Enable Low Bit IRQOENL 00 78
FC3 Interrupt Request 1 IRQ1 00 75
FC4 IRQ1 Enable High Bit IRQ1ENH 00 79
FC5 IRQ1 Enable Low Bit IRQ1ENL 00 80
FC6 Interrupt Request 2 IRQ2 00 76
FC7 IRQ2 Enable High Bit IRQ2ENH 00 81
FC8 IRQ2 Enable Low Bit IRQ2ENL 00 82
FC9-FCC Reserved — XX

FCD Interrupt Edge Select IRQES 00 83
FCE Shared Interrupt Select IRQSS 00 83
FCF Interrupt Control IRQCTL 00 84
GPIO Port A

FDO Port A Address PAADDR 00 59
FD1 Port A Control PACTL 00 61
Notes:

1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-

ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) 1 Page #
FD2 Port A Input Data PAIN XX 61
FD3 Port A Output Data PAOUT 00 61
GPIO Port B

FD4 Port B Address PBADDR 00 59
FD5 Port B Control PBCTL 00 61
FD6 Port B Input Data PBIN XX 61
FD7 Port B Output Data PBOUT 00 61
GPIO Port C

FDS8 Port C Address PCADDR 00 59
FD9 Port C Control PCCTL 00 61
FDA Port C Input Data PCIN XX 61
FDB Port C Output Data PCOUT 00 61
GPIO Port D

FDC Port D Address PDADDR 00 59
FDD Port D Control PDCTL 00 61
FDE Port D Input Data PDIN XX 61
FDF Port D Output Data PDOUT 00 61
GPIO Port E

FEO Port E Address PEADDR 00 59
FE1 Port E Control PECTL 00 61
FE2 Port E Input Data PEIN XX 61
FE3 Port E Output Data PEOUT 00 61
FE4-FEF Reserved — XX

Reset

FFO Reset Status RSTSTAT XX 40
FF1 Reserved — XX

Notes:

1. XX=Undefined.
2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-
ing address always begins immediately after the end of General-Purpose Register File RAM.
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Address (Hex) Register Description Mnemonic Reset (Hex) ! Page#

Watchdog Timer

FF2 Watchdog Timer Reload High Byte WDTH FF 143

FF3 Watchdog Timer Reload Low Byte WDTL FF 143

FF4-FF5 Reserved — XX

Trim Bit Control

FF6 Trim Bit Address TRMADR 00 281

FF7 Trim Data TRMDR XX 281

Flash Memory Controller

FF8 Flash Control FCTL 00 272
Flash Status FSTAT 00 272

FF9 Flash Page Select FPS 00 273
Flash Sector Protect FPROT 00 274

FFA Flash Programming Frequency High Byte FFREQH 00 275

FFB Flash Programming Frequency Low Byte FFREQL 00 275

eZ8 CPU

FFC Flags — XX refer to

FFD Register Pointer RP XX th(e:PeULS

FFE Stack Pointer High Byte SPH XX Core_

FFF Stack Pointer Low Byte SPL XX User

Manual
(UM0128)
Notes:
1. XX=Undefined.

2. The Reserved space can be configured as General-Purpose Register File RAM depending on the user option bits
(see the User Option Bits chapter on page 277) and the on-chip PRAM size (see the Ordering Information chapter
on page 372). If the PRAM is programmed as General-Purpose Register File RAM on Reserved space, the start-
ing address always begins immediately after the end of General-Purpose Register File RAM.
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Chapter 5. Reset, Stop Mode Recovery
and Low-Voltage Detection

5.1.

PS025013-1011

The Reset Controller within the F1680 Series MCU controls Reset and Stop Mode
Recovery operations and provides indicatbfow-voltage supplyonditions. During the
operation, the followingvents cause a Reset:

®* Power-On Reset (POR)
* Voltage Brown-Out (VBO) protection

®* Watchdog Timer (WDT) time-out (when configured by the WDT_RES Flash option bit
to initiate a Reset)

* External RESETpin assertion (when the altern®&SET function is enabled by the
GPIO register)

® On-Chip Debugger initiated Reset (OCDCTL[0] setto 1)

When the device is in STOP Mode, a Stopdd Recovery is initiated by each of the
following:

®* Watchdog Timer time-out
® GPIO Port input pin transition on @mabled Stop Mode Recovery source

* Interrupt from a timer or comparatenabled for STOP Mode operation

The low-voltage detection circuitry dhe device features the following:
®* The low-voltage detection trskold level is user-defined

® |t generates an interrupt wh the supply voltage dropelow a user-defined level

Reset Types

The F1680 Series MCU provides various types of Reset operation. Stop Mode Recovery is
considered a form of Reset. Table 9 liststitpes of Reset and tlma@perating characteris-

tics. The System Reset is longer, if the exdaeonystal oscillator is enabled by the Flash
option bits allowing additionalme for oscillator start-up.
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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 68 Internal Precision Oscillator Cycles after

(non-POR Reset) IPO starts up

System Reset Reset (as applicable) Reset 68 Internal Precision Oscillator Cycles +

(POR Reset) 50ms Wait time

System Reset with Reset (as applicable) Reset 568-10068 Internal Precision Oscillator

Crystal Oscillator Cycles after IPO starts up; see Table 141

Enabled on page 280 for a description of the

EXTLTMG user option bit.
Stop Mode Recovery Unaffected, except = Reset 4 Internal Precision Oscillator Cycles after
RSTSTAT and IPO starts up
OSCCTL registers

During a System Reset or Stop Mode Recpgvbe Internal Precision Oscillator (IPO)
requires 4 s to start up. Whtte reset type is a System Reset, the F1680 Series MCU is
held in Reset for 68 IPO cycles. If the crystscillator is enabled in Flash option bits, the
Reset period is increased to 568688 IPO cycles. For more details, Sedle 141on
page 280 for a description of the EXTLTMG usegtion bit. When the reset type is a Stop
Mode Recovery, the F1680 Series MCU goes to NORMAL Mode immediately after 4
IPO cycles. The total Stop Mode Recovey déddgss than 6 us. When a Reset occurs due
to a VBO condition, this delag measured from the time teapply voltage first exceeds
the VBO level (discussed later in this ctexp. When a Reset occurs due to a POR
condition, this delay is measuar&om the time that the sulypvoltage first exceeds the
POR level. If the external pin reset remaasserted at the end of the Reset period, the
device remains imeset until the pin is deasserted.

} Note: After a Stop Mode Recovery, the external crystal oscillator is uestdbe software to

wait until it is stable beforgou can use it as main clock.

PS025013-1011

At the beginning of Reset, all GPIO pins are configured as inputs with pull-up resistor
disabled, except PDO that is shared with Reset pin. On Reset, the Port DO pin is
configured as a bidirectional open-drain Re$ae pin is internally driven Low during
port reset, after which the user code canmégare this pin as a general-purpose output.

During Reset, the eZ8 CPU and on-chip periplseare idle; however, the on-chip crystal
oscillator and WDT oscillatocontinue to function.
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On Reset, control registers within the Registiée that have a defined Reset value are
loaded with their Reset values. Other cointegisters (including the Stack Pointer,
Register Pointer and Flags) and generappse RAM are not initialized and undefined
following Reset. The eZ8 CPU fetches thes&evector at Program Memory addresses
0002H and0003H and loads that value into tReogram Counter. Program execution
begins at the Reset vector address.

Because the control registere aeinitialized by a System Bet, the system clock after
reset is always the 11 MHPO. User software must mafigure the oscillator control
block such that the correct systetack source is enabled and selected.

5.2. Reset Sources

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 Power-On Reset Reset delay begins after supply voltage
HALT Mode exceeds POR level

Voltage Brown-Out Reset delay begins after supply voltage

exceeds VBO level

Watchdog Timer time-out None
when configured for Reset

RESET pin assertion All reset pulses less than three system clocks
in width are ignored, see the Electrical
Characteristics chapter on page 349.

On-Chip Debugger initiated Reset System Reset, except the OCD is unaffected
(OCDCTLJ[O] setto 1) by reset

STOP Mode Power-On Reset Reset delay begins after supply voltage
exceeds POR level

Voltage Brown-Out Reset delay begins after supply voltage
exceeds VBO level

RESET pin assertion All reset pulses less than the specified analog
delay is ignored, see the Electrical
Characteristics chapter on page 349.

DBG pin driven Low None
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5.2.1. Power-On Reset

Each device in the Z8 Encore! XP F1680 Series contains an internal Power-On Reset
(POR) circuit. The POR circuit monitors thepgly voltage and holds the whole device in
the Reset state until the supply voltage reaches a safe circuit operating level when the
device is powered on.

After power on, the POR circuit keeps idietil the supply voltage drops belowy
voltage. Figure 7 on page 35 displays this POR timing.

After the F1680 Series MCU exits the POR state, the eZ8 CPU fetches the Reset vector.
Following this POR, th®OR/VBO status bit in the Reset Status Register is set to 1.

For the POR threshold voltagegdp and POR start voltager) , seethe Electrical
Characteristics chapter on page 349

_____ [ = Program
|<— Execution —>

Internal Precision

|
|
|
Oscillator | [
| | ! |
| | !
Crystal ! \ l
Oscillator ' ! '
| | ! |
| | | Oscillator [
| Start-up
Internal RESET ' |
signal ! | l
| | | ' '
<—><—><—>|
I I | -
50 ms POR optional XTAL |
| | Delay | counter delay | counter delay :
Internal POR | ! I
Reset | | |
| ! |
I 1 1 ! :
Notes
1. Not to Scale. |:| undefined

2. Internal Reset and POR Reset are active Low.

Figure 6. Power-On Reset Operation
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POR | |POR
| | No POR
Vub =4 — — — - — — — — — — — - - - —- — — - — -
| 1 | | n
| | 1 I Ll
| | [
| | [
| ld—ql t(POR_DELAY) | l‘“’: Y(POR_DELAY)
POR
Reset
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Figure 7. Power-On Reset Timing

5.2.2. Voltage Brown-Out Reset

The F1680 Series MCU provides a VBO Rdsature for low-voltage protection. The
VBO circuit has a preset threshold voltage/g¥) with a hysteresis of \ys. The VBO
circuit will monitor the powesupply voltage if the VB@s enabled. When VBO Reset
circuit detects the power supply voltage falls below the threshold voltggsg, the VBO
resets the device by pulling the POR Resenfioto 0. The VBO will hold the POR Reset
until the power supply \itage goes above the g +(Vyeot+ VHys) and then the VBO
Reset is released. The device progressesgdhra full System Ressequence, just like
power-on case. Following thi&ystem Reset sequence, the POR/VBO status bit in the
Reset Status (RSTSTAT) register is set tbifjure 8 on page 36 displays VBO Reset
operation.

For VBO threshold voltages (o) and VBO hysteresis (Y s), see thélectrical Char-
acteristics chapter on page 349

The VBO circuit is either enabled or disethlduring STOP Mode. VBO circuit operation
is controlled by both the VBO_AO Flash optibit and the Power Control Register bit4.
For more details, see tikéash Option Bitshapter on page 276 and thewer Control
Register Definitionsection on page 44.
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I
I ,

Program [ Voltage [ Program
I

Execution Brown-Out | | I Execution
P>
| [

|
WDTCIock||||||||||||||||||| JUUL
I
System Clock ||||||||I ||
[

I I —
Internal Reset I [
Signal [ [
| [ !
[ IT‘ =|
| ) POR
| I counter delay
I
Internal VBO [ [
Reset —| |- |
1

1
VBO delay: pulse rejection
Note: Not to Scale

Figure 8. Voltage Brown-Out Reset Operation

5.2.3. Watchdog Timer Reset

If the device is operating in NORMAL or ®P modes, the WDT initiates a System Reset
at time-out if the WDT_RES Flash optibit is programmed to 1 (which is the
unprogrammed state of the WDT_RES Flash option bit). If the bit is programmed to 0, it
configures the WDT to cause an interrupit a System Reset at time-out. The WDT
status bit in the Reset Status Register isoseignify that the reset was initiated by the
WDT.
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5.2.4. Externa | Reset Input

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

pulse four cycles in duration always triggers a Reset.

While the RESETinput pin is asserted Low, the RIBSeries MCU remains in the Reset
state. If the RESEin is held Low beyond the SystdReset time-out, the device exits the
Reset state on the system &oising edge following RESE(in deassertion. Following a
System Reset initiated by the external REQHET, the EXT status bit in the RSTSTAT
Register is set to 1.

5.2.5. External Reset Indicator

During System Reset or whenadated by the GPIO logic (s¢lee Port A-E Control Reg-
isterssection on page §1the RESETpin functions as an open-drain (active Low) reset
mode indicator in addition to the input functionality. This Reset output feature allows the
F1680 Series MCU to reset other componentgttich it is conneted, even if that reset is
caused by internal sources sashPOR, VBO, or WDT events.

After an internal Reset event occurs, ititernal circuitry begins driving the RESEIn
Low. The RESETpin is held Low by the internaircuitry until the appropriate delay
listed inTable 9on page 3has elapsed.

5.2.6. On-Chip Debugg er Initiated Reset

A POR can be initiated using the OCD bitisg the RST bit in the OCD Control Regis-
ter. The OCD block is not reset, but thetref the chip goes through a normal System
Reset. The RST bit automatically clears dgrihe system reset. Following the System
Reset the POR bit in the WDT Control Register is set.

5.3. Stop Mode Recovery

STOP Mode is entered by execution of a stgpruction by the eZ8 CPU. For detailed
STOP Mode information, sebke Low-Power Modesection on page 4During Stop
Mode Recovery, the CPU is held in reset for 4 IPO cycles.

Stop Mode Recovery does not affect Onpatdgisters other than the Reset Status
(RSTSTAT) register and the Oscillator CotRegister (OSCCTL). After any Stop Mode
Recovery, the IPO is enabled and selected as the system clock. If another system clock
source is required or IPO disabling is reqd, the Stop Mode Recovery code must
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reconfigure the oscillator cal block such that the correct system clock source is
enabled and selected.

The eZ8 CPU fetches the Reset vector at Program Memory addreg2gsand0003H

and loads that value into the Program GeurProgram execution begins at the Reset
vector address. Following Stop Mode Recovery,dfop bit in the Reset Status Register is
setto 1. Table 11 lists the Stop ModecBeery sources and rdng actions. The text
following provides more deilad information about each tiie 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)
Interrupt from Timer enabled for STOP Stop Mode Recovery followed by interrupt
Mode operation (if interrupts are enabled)
Interrupt from Comparator enabled for Stop Mode Recovery followed by interrupt
STOP Mode operation (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

PS025013-1011

5.3.1. Stop Mode Recovery Using Watchdog Timer Time-Out

If the WDT times out during STOP Mode, the device undergoes a Stop Mode Recovery
sequence. In the Reset Status Register, thd@ A stop bits are set to 1. If the WDT is
configured to generate an interrupt onghout and the F1680 Series MCU is configured
to respond to interrupts. The eZ8 CPU sms the WDT interrupt request following the
normal Stop Mode Recovery sequence.

5.3.2. Stop Mode Recover y Using Timer Interrupt
If a Timer with 32K crystal enabled for STQRde operation interrupts during STOP

Mode, the device undergoes a Stop Mode Reg@meaxjuence. In the Reset Status Register,
the stop bit is set to 1. If the F1680 SeriesWi€ configured to respond to interrupts, the
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eZ8 CPU services the Timer interrupt reqdebdwing the normal Stop Mode Recovery
sequence.

5.3.3. Stop Mode Recovery Using Comparator Interrupt

If Comparator enabled for STOP Mode aaém interrupts during STOP Mode, the
device undergoes a Stop Mode Recovery sampidn the Reset Status Register, the stop
bit is set to 1. If the F1680 Series MCU isfigured to respond to interrupts, the eZ8
CPU services the comparator interrupt reqtakiwing the normal Stop Mode Recovery
sequence.

5.3.4. Stop Mode Recovery Using 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) initiees Stop Mode Recovery. In the Reset Sta-
tus Register, the stop bit is set to 1.

A Caution: In STOP Mode, the GPIO Port Input Datgisters (PxIN) are disabled. The Port Input
Data registers record the Port transition only if the signal stays on the Port pin until the
end of the Stop Mode Recovery delay. Agsult, short pulses on the Port pin can ini-
tiate Stop Mode Recovery without being writterthe Port Input Data Register or with-
out initiating an interrupt (if enabled for that pin).

5.3.5. Stop Mode R ecovery Using External RESET Pin

When the F1680 Series MCU is$TOP Mode and the external RESg is driven

Low, a System Reset occurs. Because of a glitch filter operating on the RESEHTe
Low pulse must be greater than the minimurdttvispecified, or it is ignored. For details,
see theElectrical Characteristicchapter on page 349

5.4. Low-Voltage Detection

In addition to the VBO Reset described earligs also possible to generate an interrupt
when the supply voltage drops below a usteded value. For more details about the
available Low-Voltage Detectiofh VD) threshold levels, see tAgim Option Bits at
Address 0000H (TTEMP@®ection on page 282.

When the supply voltge drops below the LVD threshold, the LVD bit of the RSTSTAT
Register is set to 1. This bit remains liluhe low-voltage conditio elapses. Reading or
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writing this bit does not clear it. The LVD ciiit can also generasa interrupt when
enabled (see thaterrupt Vectors and Priorityection on page 72). The LVD is not
latched, so enabling the interrupt is the only way toajutae detection of a transient low-
voltage event.

The LVD circuit is either enabled or disattlby the Power Control Register bit 4. For
more details, see thigower Control Register Definitiorsection on page 44.

5.5. Reset Register Definitions
The following sections dme the Reset registers.
5.5.0.1. Reset Status Register
The Reset Status (RSTSTAT) Register, shown in Table 12, is a read-only register that indi-
cates the source of the most recent Reset event, Stop Mode Recovery event and/or WDT
time-out. Reading this registersets the upper 4 bits to 0.
This register shares its address with the Reset Status Register, which is write-only.
Table 12. Reset Status Register (RSTSTAT)
Bits 7 6 5 4 3 2 1 0
Field POR/VBO | STOP WDT EXT Reserved LvD
Reset See Table 13 0 0 0 0 0
R/W R R R R R R R R
Address FFOH
Bit Description
[7] Power-On initiated VBO Reset or general VBO Reset Indicator
POR/VBO If this bit is set to 1, a POR or VBO Reset event occurs. This bit is reset to 0, if a WDT time-
out or Stop Mode Recovery occurs. This bit is also reset to 0 when the register is read.
[6] Stop Mode Recovery Indicator
STOP If this bit is set to 1, a Stop Mode Recovery occurs. If the STOP and WDT bits are both set
to 1, the Stop Mode Recovery occurs because of a WDT time-out. If the stop bit is 1 and the
WDT bit is 0, the Stop Mode Recovery is not caused by a WDT time-out. This bit is reset by
Power-On Reset or WDT time-out that occurred while not in STOP Mode. Reading this
register also resets this bit.
[5] Watchdog Timer time-out Indicator
WDT If this bit is set to 1, a WDT time-out occurs. A POR resets this pin. A Stop Mode Recovery

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.
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Bit Description (Continued)
[4] External Reset Indicator
EXT If this bit is set to 1, a Reset initiated by the external RESET pin occurs. A POR or a Stop

Mode Recovery from a change in an input pin resets this bit. Reading this register resets

this bit.
[3:1] Reserved; must be 0.
[0] Low-Voltage Detection Indicator
LVvD If this bit is set to 1 the current state of the supply voltage is below the low-voltage detection

threshold. This value is not latched but is a real-time indicator of the supply voltage level.

Table 13. Reset Status Per Event

Reset or Stop Mode Recovery Event POR STOP WDT EXT
Power-On Reset or VBO Reset
Reset using RESET pin assertion

Reset using Watchdog Timer time-out

Reset using the On-Chip Debugger (OCTCTL[1] setto 1)
Reset from STOP Mode using DBG Pin driven Low

Stop Mode Recovery using GPIO pin transition

OO/ R, P O|lO|F
PPl O O|lO|O|O
R OlOlO|Fr|O|O
oO|loOo|O0|O0O|O|F|O

Stop Mode Recovery using Watchdog Timer time-out
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Chapter 6. Low-Power Modes

6.1.

PS025013-1011

The Z8 Encore! XP F1680 Series products have power-saving features. The highest level
of power reduction is provided by the STOP Mode. The next lower level of power reduc-
tion is provided by the HALT Mode.

Further power savings can be implementedlisgbling individual peripheral blocks
while in NORMAL Mode.

STOP Mode

Executing the eZ8 CPU’s Stop instructioag#s the device into STOP Mode. In STOP
Mode, the operating characteristics are:

® Primary crystal oscillator ahinternal precision oscillat@re stopped; XIN and XOUT
(if previously enabled) are disabled andJARAL reverts to the states programmed by
the GPIO registers

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

®* Watchdog Timer’s internal RC oscillatorrdnues operating if enabled by the Oscil-
lator Control Register

* |f enabled, the Watchdog Timer (V) logic continues operating
* |f enabled, the 32kHz secongarscillator cotinues operating

® |f enabled for operation iISTOP Mode, the Timer logimontinues to operate with
32kHz secondary oscillator as the Timer clock source

* If enabled for operation in STOP Mode thye associated Flash option bit, the VBO
protection circuit continues operating; thevlgoltage detection circuit continues to
operate if enabled by the Power Control Register

* Low-Power Operational Amplifier and comparatontinue to operate if enabled by
the Power Control Register

® All other on-chip peripherals are idle

PRELIMINARY Low-Power Modes
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To minimize current in STOP Mode, all GPpihs which are configured as digital inputs
must be driven to onef the supply rails (¥p or GND). The device is brought out of

STOP Mode using Stop Mode Recovery. For more details about Stop Mode Recovery, see
the Reset, Stop Mode Recovery and Low-Voltage Detectiapter on page 31

HALT Mode

Executing the eZ8 CPU’s HALT instructionggles the device into HALT Mode. In HALT
Mode, the operating characteristics are:

® Primary oscillator is enaldeand continues to operate

®* System clock is enabled and continues to operate

® ¢eZ8 CPU is stopped

®* Program counter (PC) stops incrementing

®* WDT's internal RC oscillatocontinues to operate

* |f enabled, the WDT continues to operate

* |f enabled, the 32kHz secondary dis¢or for Timers 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 RESEpin assertion

To minimize current in HALT Mode, all GPIO pins which are configured as inputs must
be driven to one dahe supply rails (jp or GND).

Peripheral-Level Power Control

In addition to the STOP and HALT modes, ip@ssible to disable each peripheral on each
of the Z8 Encore! XP F1680 Series devices. Disabling a given peripheral minimizes its
power consumption.
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6.4. Power Control Register Definitions

The following sections describe the power control registers.
6.4.0.1. Power Control Register O
Each bit of the following registers disablepeaxipheral block, either by gating its system
clock input or by removing power from the block.
The default state of the low-power operatica@plifier is OFF. To use the low-power
operational amplifier, clear the TRAM bit lyrning it ON. Clearing this bit might inter-
fere with normal ADC measurements on ANA&Be LPO output). This bit enables the
amplifier even in STOP Mode. If the amplifisrnot required in STOP Mode, disable it.
Failure to perform this results in STQRde currents greater than specified.

} Note: This register is only reset during a POR sequence; other system reset events do not affect it.

Table 14. Power Control Register 0 (PWRCTLO)

Bits 7 6 5 4 3 2 1 0

Field TRAM Reserved LVD/VBO | TEMP | Reserved | COMPO | COMP1

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] Low-Power Operationa | Amplifier Disable

TRAM 0 = Low-Power Operational Amplifier is enabled (this applies even in STOP Mode).

1 = Low-Power Operational Amplifier is disabled.

[6:5] Reserved; must be 0.

[4] Low-Voltage Detection/Voltage Brown-Out Detector Disable

LVD/VBO 0 = LVD/VBO Enabled.
1 =LVD/VBO Disabled.
The LVD and VBO circuits are enabled or disabled separately to minimize power consumption
in low-power modes. The LVD is controlled by the LVD/VBO bit only in all modes. The VBO is
set by the LVD/VBO bit and the VBO_AO bit of Flash Option bit at Program Memory Address
O0000H. Table 15 on page 45 lists the setup condition for LVD and VBO circuits in different
operation modes.

[3] Temperature Sensor Disable
TEMP 0 = Temperature Sensor Enabled.
1 = Temperature Sensor Disabled.
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Bit Description
[2] Reserved; must be 0.
[1] Comparator 0 Disable

COMPO 0 = Comparator 0 is Enabled (this applies even in STOP Mode).
1 = Comparator 0 is Disabled.

[0] Comparator 1 Disable
COMP1 0= Comparator 1 is Enabled (this applies even in STOP Mode).
1 = Comparator 1 is Disabled.

Table 15. Setup Condition for LVD and VBO Circuits in Different Operation Modes

LVD/VBO Bit Setup * LVD/VBO Bit = "0" or enabled LVD/VBO Bit = "1" or disabled
Operation Mode ACTIVE/HALT Mode STOP Mode ACTIVE/HALT Mode STOP Mode
VBO_AO VBO_AO="1"or LVD "ON" LVD "OFF"
Bit Setup enabled? VBO "ON" VBO "ON"
VBO_AO="Q"or LVD "ON" LVD "OFF"
disabled® VBO "ON" VBO "OFF" VBO "OFF" VBO "OFF"
Notes:

1. The LVD can be turned ON or OFF by the LVD/VBO bit in any mode.

2. When VBO_AO Bit is enabled, VBO is always ON for all modes no matter the setting of LVD/VBO Bit.

3. When VBO_AO Bit is disabled, VBO circuit is always OFF in STOP Mode no matter the setting of LVD/VBO Bit.
And VBO can be turned On or OFF by the LVD/VBO Bit in ACTIVE and HALT modes.

PS025013-1011 PRELIMINARY Low-Power Modes
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Chapter 7. General-Purpose Input/Output

The Z8 Encore! XP F1680 Series product supports a maximum of 37 port pins (Ports A—
E) for general-purpose input/output (GPI1O) operations. Each port contains control and
data registers. The GPIO control registerteideine data direction, open-drain, output

drive current, programmable pull-ups, Stop Mode Recovery funtitypaad 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.

7.1. GPIO Port Availability by Device

Table 16 lists the port pins avdila with each device and package type.

Table 16. Port Availability by Device and Package Type

10-bit Total
Devices Package ADC SPlI  Port A PortB PortC PortD Port E I/1O
Z8F2480PH, Z8F2480HH 20-pin 7 0 [7:0] [3:0] [3:0] [0] — 17
Z8F2480SH,; PDIP
Z8F1680PH, Z8F1680HH SOIC
Z8F1680SH,; SSOP
Z8F0880PH, Z8F0880HH
Z8F0880SH
Z8F2480PJ, Z8F2480SJ  28-pin 8 1 [7:00 [5:0] [7:0] [0] — 23
Z8F2480HJ; PDIP
Z8F1680PJ, Z8F1680SJ  SOIC
Z8F1680HJ; SSOP
Z8F0880PJ, Z8F0880SJ
Z8F0880HJ
Z8F2480PM, Z8F1680PM, 40-pin 8 1 [7:00 [5:0] [7:0] [7:0] [2:0] 33
Z8F0880PM PDIP
Z8F2480AN, Z8F2480QN; 44-pin 8 1 [7:0] [5:01 [7:0] [7:0] [6:0] 37
Z8F1680AN, Z8F1680QN; LQFP
Z8F0880AN, Z8F0880QN QFN
PS025013-1011 PRELIMINARY General-Purpose Input/Output
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Architecture

Figure 9 displays a simplified block diagradfna GPIO port pin and does not illustrate the
ability to accommodate alteate functions and variable port current drive strength.

Port Input Schmitt-Trigger

Data Register
—Q D Q D @I‘

System <q —‘

Clock e

Port Output Control ——

Pin

Port Data Direction — 1
GND

Figure 9. GPIO Port Pin Block Diagram

GPIO Alternate Functions

Many GPIO port pins are used for GP1Qddn access the on-chip peripheral functions
like the timers and serial-commication devices. The Pok-E Alternate Function sub-
registers configure these pins for either GBIQ@lternate function operation. When a pin
is configured for alternate function, controlpdrt-pin direction (input/output) is passed
from Port A—E Data Direction registers to téernate functions assigned to this pin.
Tables 17 through 19 list thééernate functions possibleithy each port pin for every
package. The alternate functiassociated at a pin is defined through alternate function
sets subregisters AFS1 and AFS2.

The crystal oscillator and the 32kHz secondzmwillator functionalities are not controlled

by the GPIO block. When the crystal tietor or the 32kHz semdary oscillator is

enabled in the oscillator control block, the GPIO functionality of PAO and PAL, or PA2 and
PA3, is overridden. In such a case, those fuinstion as input and output for the crystal
oscillator.
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Direct LED Drive

The Port C pins provide a current synchronized output capable of driving an LED without
requiring an external resistor. The output@yronizes current at programmable levels of
3mA, 7mA, 13mA and 20mA. This mode is enabled through the Alternate Function sub-
register AFS1 and is programmable throtigen LED control registers. For proper func-

tion, the LED anode must be connected gg\and the cathode to the GPIO pin.

Using all Port C pins in LED drive moddgth maximum current can result in excessive
total current. For the maximum total currémt the applicable package, see Hiectrical
Characteristics chapter on page 349

Shared Reset Pin

On all the devices, the Port DO pin shares fionowith a bidirectional reset pin. Unlike all
other I/O pins, this pin does not default to GRI@® on power-up. This pin acts as a bidi-
rectional reset until user softwareconfigures it. The Port Dfin is output-only when in
GPIO mode.

Crystal Oscillator Override

For systems using the crystal oscillator, PAG BAL is used to connect the crystal. When
the main crystal oscillatas enabled (see tt@scillator Controll Registesection on page
320), the GPIO settings are overrggidand PAO and PAL1 is disabled.

32kHz Secondary Oscillator Override

For systems using a 32kHz secondary oscillator, PA2 and PA3 is used to connect a watch
crystal. When the 32kHz secondary oscillator is enabled (s€stiigator Controll Reg-
istersection on page 320), the GPIO settingsoamridden and PA2 and PA3 is disabled.

5V Tolerance

All GPIO pins, including those that share functionality with an ADC, crystal or compara-
tor signals are 5V-tolerant andnchandle inputs higher tharnpy even with the pull-ups
enabled.
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7.9. External Clock Setup
For systems using an external TTL drive, RBhe clock source for 20-pin, 28-pin, 40-
pin and 44-pin devices. In this case, comfegPB3 for alternate function CLKIN. Write to
the Oscillator Control Registesde page 33Guch that the external oscillator is selected
as the system clock.
Table 17. Port Alternate Function Mapping, 20-Pin Parts 1.2
Alternate Function
Port Pin Mnemonic Alternate Function Description Set Register AFS1
Port A PAO TOIN/TOOUT Timer O Input/Timer 0 Output AFS1[0]: 0
Complement
Reserved AFS1[0]: 1
PAl TOOUT Timer O Output AFS1[1]: 0
Reserved AFS1[1]: 1
PA2 DEO UART 0 Driver Enable AFS1[2]: 0
Reserved AFS1[2]: 1
PA3 CTSO UART 0 Clear to Send AFS1[3]: 0
Reserved AFS1[3]: 1
PA4 RXDO/IRRX0 UART 0/IrDA 0 Receive Data AFS1[4]: 0
T2IN/T20UT Timer 2 Input/Timer 2 Output AFS1[4]: 1
Complement
PAS5 TXDO/IRTXO UART 0/IrDA 0 Transmit Data AFS1[5]: 0
T20UT Timer 2 Output AFS1[5]: 1
PA6  T1IN/T1OUT Timer 1 Input/Timer 1 Output AFS1[6]: 0
Complement
SCL 1°C Serial Clock AFS1[6]: 1
PA7 T10UT Timer 1 Output AFS1[7]: 0
SDA 12C Serial Data AFS1[7]: 1
Notes:

1. Because there are at most two choices of alternate functions for some pins in Port A, the Alternate Function Set
Register (AFS2) is implemented but not used to select the function. The alternate function selection must also
be enabled, as described in the Port A—E Alternate Function Subregisters section on page 62.

2. Because there is only one alternate function for each Port D pin, the Alternate Function Set registers are not
implemented for Port D. Enabling the alternate function selections automatically enables the associated alter-
nate function, as described in the Port A—E Alternate Function Subregisters section on page 62.
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Table 17. Port Alternate Function Mapping, 20-Pin Parts 1.2 (Continued)

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
Port B PBO Reserved AFS1[0]: 0
ANAO/AMPOUT ADC Analog Input/LPO Output AFS1[0]: 1
PB1 Reserved AFS1[1]: 0
ANA1/AMPINN ADC Analog Input/LPO Input (N) AFS1[1]: 1
PB2 Reserved AFS1[2]: 0
ANA2/AMPINP ADC Analog Input/LPO Input (P) AFS1[2]: 1
PB3 CLKIN External Clock Input AFS1[3]: 0
ANA3 ADC Analog Input AFS1[3]: 1
Port C PCO Reserved AFS1[0]: 0
ANA4/COINP/LED ADC or Comparator O Input (P), or LED  AFS1[0]: 1
drive
PC1 Reserved AFS1[1]: 0
ANAS5/COINN/LED ADC or Comparator O Input (N), or LED AFS1[1]: 1
drive
PC2 Reserved AFS1[2]: 0
VREF/ANAG/LED  Voltage Reference or ADC Analog Input  AFS1[2]: 1
or LED Drive
PC3 coouT Comparator 0 Output AFS1[3]: 0
LED LED drive AFS1[3]: 1
Port D PDO RESET External Reset N/A
Reserved
Notes:

1. Because there are at most two choices of alternate functions for some pins in Port A, the Alternate Function Set
Register (AFS2) is implemented but not used to select the function. The alternate function selection must also
be enabled, as described in the Port A—E Alternate Function Subregisters section on page 62.

2. Because there is only one alternate function for each Port D pin, the Alternate Function Set registers are not
implemented for Port D. Enabling the alternate function selections automatically enables the associated alter-
nate function, as described in the Port A—E Alternate Function Subregisters section on page 62.
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1,2

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
Port A PAO TOIN/TOOUT Timer O Input/Timer 0 Output Complement AFS1[0]: 0
Reserved AFS1[0]: 1
PAl TOOUT Timer O Output AFS1[1]: 0
Reserved AFS1[1]: 1
PA2 DEO UART 0 Driver Enable AFS1[2]: 0
Reserved AFS1[2]: 1
PA3 CTSO UART 0 Clear to Send AFS1[3]: 0
Reserved AFS1[3]: 1
PA4 RXDO/IRRX0 UART 0/IrDA 0 Receive Data AFS1[4]: 0
Reserved AFS1[4]: 1
PAS5 TXDO/IRTXO UART O/IrDA 0 Transmit Data AFS1[5]: 0
Reserved AFS1[5]: 1
PAG6 T1IN/T1OUT Timer 1 Input/Timer 1 Output Complement AFS1[6]: 0
SCL 1°C Serial Clock AFS1[6]: 1
PA7 T10UT Timer 1 Output AFS1[7]: 0
SDA 12C Serial Data AFS1[7]: 1
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A and B, the Alternate Func-
tion Set Register (AFS2) is implemented but not used to select the function. The alternate function selection
must also be enabled, as described in the Port A-E Alternate Function Subregisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subregisters section on page 62.
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1.2 (Continued)

Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
Port B PBO Reserved AFS1[0]: 0
ANAO/AMPOUT  ADC Analog Input/LPO Output AFS1[0]: 1
PB1 Reserved AFS1[1]: 0
ANA1/AMPINN ADC Analog Input/LPO Input (N) AFS1[1]: 1
PB2 Reserved AFS1[2]: 0
ANA2/AMPINP ADC Analog Input/LPO Input (P) 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
VREF Voltage Reference AFS1[5]: 1
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A and B, the Alternate Func-
tion Set Register (AFS2) is implemented but not used to select the function. The alternate function selection
must also be enabled, as described in the Port A—E Alternate Function Subreqisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subreqisters section on page 62.
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Alternate Function

Port Pin Mnemonic Alternate Function Description Set Register AFS1
Port C PCO Reserved AFS1[0]: 0
ANA4/COINP/LED ADC or Comparator O Input (P), or LED AFS1J0]: 1
drive
PC1 MISO SPI Master In/Slave Out AFS1[1]: 0
ANAS/COINN/LED ADC or Comparator 0 Input (N), or LED AFS1[1]: 1
Drive
PC2 sSs SPI Slave Select AFS1[2]: 0
ANAG6/LED ADC Analog Input or LED Drive AFS1[2]: 1
PC3 coouT Comparator 0 Output AFS1[3]: 0
LED LED drive AFS1[3]: 1
PC4 MOSI SPI Master Out/Slave In AFS1[4]: 0
LED LED Drive AFS1[4]: 1
PC5 SCK SPI Serial Clock AFS1[5]: 0
LED LED Drive AFS1[5]: 1
PC6 T2IN/T20UT Timer 2 Input/Timer 2 Output Complement AFS1[6]: 0
LED LED Drive AFS1[6]: 1
PC7 T20UT Timer 2 Output AFS1[7]: 0
LED LED Drive AFS1[7]: 1
Port D PDO RESET External Reset N/A
Reserved
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A and B, the Alternate Func-
tion Set Register (AFS2) is implemented but not used to select the function. The alternate function selection
must also be enabled, as described in the Port A—E Alternate Function Subreqisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subreqisters section on page 62.
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Table 19. Port Alternate Function Mapping, 40-/44-Pin Parts 1.2

Alternate
Function Set
Port Pin Mnemonic Alternate Function Description Register AFS1
Port A PAO TOIN/TOOUT Timer O Input/Timer 0 Output Complement AFS1[0]: O
Reserved AFS1[0]: 1
PA1 TOOUT Timer 0 Output AFS1[1]: 0
Reserved AFS1[1]: 1
PA2 DEO UART O Driver Enable AFS1[2]: 0
Reserved AFS1[2]: 1
PA3 CTSO UART 0 Clear to Send AFS1[3]: 0
Reserved AFS1[3]: 1
PA4 RXDO/IRRX0 UART 0/IrDA 0 Receive Data AFS1[4]: 0
AFS1[4]: 1
PAS5 TXDO/IRTXO0 UART 0O/IrDA 0 Transmit Data AFS1[5]: 0
AFS1[5]: 1
PA6 T1IN/T1OUT Timer 1 Input/Timer 1 Output Complement AFS1[6]: 0
Reserved AFS1[6]: 1
PA7 T10UT Timer 1 Output AFS1[7]: 0
Reserved AFS1[7]: 1

Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A—C, the Alternate Function
Set Register (AFS2) is implemented but not used to select the function. The alternate function selection must
also be enabled, as described in the Port A—E Alternate Function Subreqisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subregisters section on page 62.

3. This timer function is only available in the 44-pin package; its alternate functions are reserved in the 40-pin pack-
age.
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1.2 (Continued)

Alternate
Function Set
Port Pin Mnemonic Alternate Function Description Register AFS1
Port B PBO Reserved AFS1[0]: 0
ANAO/AMPOUT ADC Analog Input/LPO Output AFS1[0]: 1
PB1 Reserved AFS1[1]: 0
ANA1/AMPINN ADC Analog Input/LPO Input (N) AFS1[1]: 1
PB2 Reserved AFS1[2]: 0
ANA2/AMPINP ADC Analog Input/LPO Input (P) 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
VREF Voltage Reference AFS1[5]: 1
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A—C, the Alternate Function
Set Register (AFS2) is implemented but not used to select the function. The alternate function selection must
also be enabled, as described in the Port A—E Alternate Function Subregisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subreqisters section on page 62.

3. This timer function is only available in the 44-pin package; its alternate functions are reserved in the 40-pin pack-

age.
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1.2 (Continued)

Alternate
Function Set
Port Pin Mnemonic Alternate Function Description Register AFS1
Port C PCO Reserved AFS1[0]: 0
ANA4/COINP/LED  ADC or Comparator O Input (P), or LED AFS1J0]: 1
drive
PC1 Reserved AFS1[1]: 0
ANAS5/COINN/LED  ADC or Comparator O Input (N), or LED AFS1[1]: 1
Drive
PC2 Ss SPI Slave Select AFS1[2]: 0
ANAG6/LED ADC Analog Input or LED Drive AFS1[2]: 1
PC3 MISO SPI Master In Slave Out AFS1[3]: 0
LED LED drive AFS1[3]: 1
PC4 MOSI SPI Master Out Slave In AFS1[4]: 0
LED LED Drive AFS1[4]: 1
PC5 SCK SPI Serial Clock AFS1[5]: 0
LED LED Drive AFS1[5]: 1
PC6 T2IN/T20UT Timer 2 Input/Timer2 Output Complement  AFS1[6]: 0
LED LED Drive AFS1[6]: 1
PC7 T20UT Timer 2 Output AFS1[7]: 0
LED LED Drive AFS1[7]: 1
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A—C, the Alternate Function
Set Register (AFS2) is implemented but not used to select the function. The alternate function selection must

also be enabled, as described in the Port A—E Alternate Function Subreqisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subregisters section on page 62.

3. This timer function is only available in the 44-pin package; its alternate functions are reserved in the 40-pin pack-

age.
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Table 19. Port Alternate Function Mapping, 40-/44-Pin Parts 12 (Continued)
Alternate
Function Set
Port Pin Mnemonic Alternate Function Description Register AFS1
Port D PDO RESET External Reset N/A
Reserved
PD1 C1INN Comparator 1 Input (N)
Reserved
PD2 C1lINP Comparator 1 Input (P)
Reserved
PD3 CTS1/C10UT UART 1 Clear to Send or Comparator 1
Output
Reserved
PD4 RXD1/IRRX1 UART 1/IrDA 1 Receive Data
Reserved
PD5 TXD1/IRTX1 UART 1/IrDA 1 Transmit Data
Reserved
PD6 DE1 UART 1 Driver Enable
Reserved
PD7 CcoouT Comparator 0 Output
Reserved
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A—C, the Alternate Function
Set Register (AFS2) is implemented but not used to select the function. The alternate function selection must
also be enabled, as described in the Port A—E Alternate Function Subreqisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subregisters section on page 62.

3. This timer function is only available in the 44-pin package; its alternate functions are reserved in the 40-pin pack-
age.
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Table 19. Port Alternate Function Mapping, 40-/44-Pin Parts 12 (Continued)
Alternate
Function Set
Port Pin Mnemonic Alternate Function Description Register AFS1
PortE  PEO  T4IN® N/A
Reserved
PE1  SCL I>C Serial Clock
Reserved
PE2  SDA I°C Serial Data
Reserved
PE3  TA4CHA®
Reserved
PE4  T4cHB3
Reserved
PE5  T4CHC®
Reserved
PE6  T4CHD®
Reserved
Notes:

1. Because there are at most two choices of alternate functions for some pins in Ports A—C, the Alternate Function
Set Register (AFS2) is implemented but not used to select the function. The alternate function selection must
also be enabled, as described in the Port A—E Alternate Function Subregisters section on page 62.

2. Because there is only one alternate function for each Port D and Port E pin, the Alternate Function Set registers
are not implemented for Ports D and E. Enabling the alternate function selections automatically enables the
associated alternate function, as described in the Port A—E Alternate Function Subreqisters section on page 62.

3. This timer function is only available in the 44-pin package; its alternate functions are reserved in the 40-pin pack-

age.

7.10.

PS025013-1011

GPIO Interrupts

Many of the GPIO port pins can be usedsrrupt sources. Sonp®rt pins can be con-
figured to generate an interrupt request oreeithe 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). Famore details about interruptising the GPIO pins, see the
Interrupt Controllerchapter on page 69.
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7.11. GPIO Control Register Definitions
Four registers for each port provide accegSRdO control, input data and output data.
Table 20 lists these port registers. Use RefE Address and Control registers together to
provide access to subregisters fport configuration and control.
Table 20. GPIO Port Registers and Subregisters

Port Register Mnemonic Port Register Name

PxXADDR Port A—E Address Register (Selects subregisters)

PxCTL Port A—E Control Register (Provides access to subregisters)

PxIN Port A—E Input Data Register

PxOUT Port A—E Output Data Register

Port Subregister Mnemonic  Port Register Name

PxDD Data Direction

PxAF Alternate Function

PxOC Output Control (Open-Drain)

PxHDE High Drive Enable

PxXSMRE Stop Mode Recovery Source Enable
PxPUE Pull-up Enable

PxAFS1 Alternate Function Set 1

PXAFS2 Alternate Function Set 2
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The Port A—E address registers select thE03ort functionality accessible through the
Port A—E Control registers. The Port A-Edkdss and Control registers combine to pro-
vide access to all GPIO Port controls, see Table 21.

Table 21. Port A-E GPIO Address Registers (P xADDR)

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

Reset O00H

RIW RIW RIW RIW RW | RW | RW RIW RIW
Address FDOH, FD4H, FD8H, FDCH, FEOH

Bit Description

[7:0] Port Address

PADDR The Port Address selects one of the subregisters accessible through the Port Control Register.

PADDR]7:0] Port Control Subregister Accessible using the Port A—-E 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.

O5H Stop Mode Recovery Source Enable.

06H Pull-up Enable.

07H Alternate Function Set 1.

08H Alternate Function Set 2.

09H-FFH  No function.
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7.11.2. Port A—E Control Registers

The Port A—E Control registers set the GPRI®t operation. The Wae in the correspond-
ing Port A—E Address registdetermines which suegister is read from or written to by a
Port A—E Control Register transaction, see Table 22.

Table 22. Port A—E Control Registers (P xCTL)

Bits 7 6 5 4 3 2 1 0
Field PCTL
Reset O00H
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FD1H, FD5H, FD9H, FDDH, FE1H
Bit Description
[7:0] Port Control
PCTL The Port Control Register provides access to all subregisters that configure the GPIO Port
operation.
7.11.3. Port A—E Data Direction Subregisters
The Port A—E Data Direction subregisteaixessed through therP8—E Control Regis-
ter by writing01H to the Port A—E Address register, as indicated in Table 23.
Table 23. Port A—E Data Dire ction Subregisters (PxDD)
Bits 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—E Address Register, accessible through the Port A—E Control Register.
Bit Description
[7:0] Data Direction

DD 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—E Output Data Register is driven onto the port pin.
1 = Input. The port pin is sampled and the value written into the Port A-E Input Data Register.
The output driver is tristated.
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7.11.4. Port A -E Alternate Function Subregisters

The Port A—E Alternate Function Subregissrown in Table 24, is accessed through the
Port A—E Control Register by writing2H to the Port A—E Address Register. The Port A—
E Alternate Function subregistagsable the alternate functiealection on the pins; if dis-
abled, the pins function as G If enabled, select one tfe four alternate functions

using Alternate Function Set Subregisters 1 and 2 as describediorthe-E Alternate
Function Set 1 Subregistessction on page 65 and thert A—E Alternate Function Set 2
Subregistersection on page 630 determine the alternate function associated with each
port pin, see th&P10O Alternate Functionsection on page 47.

A Caution: Do not enable alternate functions for GRI@rt pins for which there is no associated

alternate function. Failure to follow thisigeline results in unpredictable operation.

Table 24. Port A—E Alternate Function Subregisters (PxAF)

Bits 7 6 5 4 3 2 1 0
Field AF7 AF6 AF5 AF4 AF3 AF2 AF1 AFO
Reset O0H (Ports A—C); 01H (Port D); O0H (Port E);

R/W R/W

Address If 02H in Port A-D Address Register, accessible through the Port A—E Control Register.
Bit Description

[7:0] Port Alternate Function enabled

AF 0 = The port pin is in NORMAL Mode and the DDx bit in the Port A—E Data Direction

subregister determines the direction of the pin.

1 = The alternate function selected through Alternate Function set subregisters are enabled.

Port-pin operation is controlled by the alternate function.
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7.11.5. Port A—E Output Control Subregisters

The Port A—E Output Control Subregister, shaw Table 25, is accessed through the Port
A-E Control Register by writing3H to the Port A—-E Address Register. Setting the bits in
the Port A—E Output Control subregisters toohfigures the specifiedort pins for open-
drain operation. These subregisters affect the girectly and, as a result, alternate func-
tions are also affected.

Table 25. Port A—E Output Control Subregisters (PxOC)

Bits 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/IW R/W R/W R/W R/W
Address If 03H in Port A—E Address Register, accessible through the Port A-E Control Register
Bit Description
[7:0] Port Output Control
POC These bits function independently of the alternate function bit and always disable the drains if
setto 1.
0 = The drains are enabled for any output mode (unless overridden by the alternate function).
1 = The drain of the associated pin is disabled (open-drain mode).
7.11.6. Port A—E High Drive Enable Subregisters
The Port A—E High Drive Enable Subregisttpwn in Table 26, is accessed through the
Port A—E Control Register by writingsH to the Port A—E Address Register. Setting the
bits in the Port A—E High Driv Enable subregisters to 1 configures the specified port pins
for high-current output drive operation. The Port A—E High Drive Enable Subregister
affects the pins directly and, as a fgsaiternate functions are also affected.
Table 26. Port A—E High Drive Enable Subregisters (PxHDE)
Bits 7 6 5 4 3 2 1 0
Field PHDE7 PHDEG6 PHDES PHDE4 PHDE3 PHDE2 PHDE1 PHDEO
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 If 04H in Port A—E Address Register, accessible through the Port A—E Control Register
Bit Description
[7:0] Port High Drive Enabled
PHDE 0 = The Port pin is configured for standard output current drive.

1 = The Port pin is configured for high output current drive.
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7.11.7. Port A—E Stop Mode Re covery Source Enable
Subregisters

The Port A—E Stop Mode Recovery Sourcalle Subregister, siwvn in Table 27, is
accessed through the Port A€Bntrol Register by writin@5H to the Port A-E Address
Register. Setting the bits in the Port A—E Stégde Recovery Sourdenable subregisters
to 1 configures the specified port pinstep Mode Recovery sources. During STOP
Mode, any logic transition on a port pin enabies a Stop Mode Recovery source initiates
Stop Mode Recovery.

Table 27. Port A—E Stop Mode Recovery Source Enable Subregisters (PXSMRE)

Bits 7 6 5 4 3 2 1 0
Field PSMRE7 | PSMRE6 | PSMRES | PSMRE4 | PSMRE3 | PSMRE2 | PSMRE1 | PSMREO
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 If O5H in Port A—E Address Register, accessible through the Port A—E Control Register.
Bit Description

[7:0] Port Stop Mode Recovery Source Enabled

PSMRE 0 = The Port pin is not configured as a Stop Mode Recovery source. Transitions on this pin
during 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.
7.11.8. Port A—E Pull-up Enable Subregisters
The Port A—E Pull-up Enable Subregister, shawTable 28, is accessed through the Port
A—E Control Register by writing6H to the Port A—E Address Register. Setting the bits in
the Port A—E Pull-up Eable subregisters enables a wadkrnal resistive pull-up on the
specified port pins.
Table 28. Port A-E Pull-Up Enable Subregisters (PXxPUE)
Bits 7 6 5 4 3 2 1 0
Field PPUE7 PPUEG6 PPUES PPUE4 PPUE3 PPUE2 PPUE1 PPUEO
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 06H in Port A—E Address Register, accessible through the Port A—E Control Register.
Bit Description
[7:0] Port Pull-up Enabled
PPUE 0 = The weak pull-up on the Port pin is disabled.

1 = The weak pull-up on the Port pin is enabled.
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7.11.9. Port A—E Alternate Function Set 1 Subregisters

The Port A—E Alternate Function Setl Subragisshown in Table 2% accessed through
the Port A—E Control Register by writi®gH to the Port A—E Address Register. The
Alternate Function Set 1 subregiss select the alternate function available at a port pin.
Alternate Functions selected by setting or clteabits of this register are defined in the
GPIO Alternate Functionsection on page 47.

} Note: Alternate function selection on the port pimsist also be enabled as describettiéenPort
A-E Alternate Function Subregistessction on page 62.
Table 29. Port A—E Alternate Function Set 1 Subregisters (PxAFS1)
Bits 7 6 5 4 3 2 1 0
Field PAFS17 | PAFS16 | PAFS15 | PAFS14 | PAFS13 | PAFS12 PAFS11 PAFS10
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 07H in Port A—E Address Register, accessible through the Port A—E Control Register
Bit Description
[7:0] Port Alternate Function Set 1
PAFS1 0 = Port Alternate Function selected, as defined in the GPIO Alternate Functions section on
page 47.
1 = Port Alternate Function selected, as defined in the GPIO Alternate Functions section on
page 47.
7.11.10. Port A-E Alternate Fun ction Set 2 Subregisters
The Port A—E Alternate Function Set 2 Subregister, shown in Table 30, is accessed
through the Port A—E Control Register by writidgH to the Port A—E Address Register.
The Alternate Function Set 2 subregisters select the alternate function available at a port
pin. Alternate Functions selected by setting eadhg bits of this register are defined in
the GPIO Alternate Functionsection on page 47.
} Note: Alternate function selection on port pimaist also be enabled as describetthénPort A-

E Alternate Function Subregistessction on page 62.
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Table 30. Port A—E Alternate Function Set 2 Subregisters (PXAFS2)
Bits 7 6 5 4 3 2 1 0
Field PAFS27 | PAFS26 | PAFS25 | PAFS24 | PAFS23 | PAFS22 | PAFS21 | PAFS20
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 08H in Port A—E Address Register, accessible through the Port A—E Control Register
Bit Description
[7:0] Port Alternate Function Set 2
PAFS2 0 = Port Alternate Function selected as defined in the GPIO Alternate Functions section on

page 47.
1 = Port Alternate Function selected as defined the GPIO Alternate Functions section on page
47,

7.11.11. Port A-E Input Data Registers

Reading from the Port A—E InpData registers, shown in Table 31, returns the sampled

values from the corresponding port pins. The ReE Input Data registers are read-only.

The value returned for any used ports is 0. Unused ports include those missing on the 8-

pin and 28-pin packages, as well as thosssimg on the ADC-enabled 28-pin packages.

Table 31. Port A—E Input Data Registers (PxIN)

Bits 7 6 5 4 3 2 1 0
Field PIN7 PIN6 PINS 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, FDEH, FE2H
Bit Description
[7:0] Port Input Data
PIN Sampled data from the corresponding port pin input.

0 = Input data is logical 0 (Low).
1 = Input data is logical 1 (High).
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7.11.12. Port A—E Output Data Register

The Port A—E Output Data Register, showale 32, controls the output data to the

pins.
Table 32. Port A—E Out put Data Register (P xOUT)

Bits 7 6 5 4 3 2 1 0
Field POUTY POUT6 POUTS 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, FDFH, FE3H
Bit Description
[7:0] Port Output Data

POUT These bits contain the data to be driven to the port pins. The values are only driven if the
corresponding 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.

7.11.13. LED Drive Enable Register

The LED Drive Enable Register, shown in TaB& activates the controlled current drive.
The Port C pin must first be enabled bitiag the Alternate Function Register to select
the LED function.

Table 33. LED Drive Enable (LEDEN)

Bits 7 6 5 4 3 2 1 0
Field LEDEN][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 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 synch to Port C pin.
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7.11.14. LED Drive Level Registers

Two LED Drive Level registers consist of the LED Drive Level High Bit Register
(LEDLVLHI[7:0]) and the LED Drive Level Lo Bit Register (LEDLVLL[7:0]), as shown

in Tables 34 and 35. Two control bits, LEDLVLH[x] and LEDLVLL[X], are used to select
one of four programmable curredrive levels for each associatédrt C[x] pin. Each Port

C pin is individually programmabile.

Table 34. LED Drive Level High Bit Register (LEDLVLH)

Bits 7 6 5 4 3 2 1 0
Field LEDLVLH
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

Table 35. LED Drive Level Low Bit Register (LEDLVLL)
Bits 7 6 5 4 3 2 1 0
Field LEDLVLL
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 Drive Level High Bit
LEDLVLH, LED Drive Level Low Bit
LEDLVLL  These bits are used to set the LED drive current. {LEDLVLH[x], LEDLVLL[X]}, in which

x=Port C[0] to Port C[7]. Select one of the following four programmable current drive levels
for each Port C pin.

00 =3 mA

01=7mA

10=13 mA

11 =20 mA
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Chapter 8. Interrupt Controller

The interrupt controller on the Z8 EncbXP F1680 Series products prioritizes the
interrupt requests from the on-chip periphehd the GPIO popins. The interrupt
controller includes the following features:
® Thirty-one interrupt sources using twenty-four unique interrupt vectors
— 16 GPIO port pin interrupt sources (sevnterrupt vectors are shared; see Table
36)
— 15 on-chip peripheral interrupt sourqdsree interrupt vectors are shared; see
Table 36)
* Flexible GPIO interrupts
- Twelve selectable rising and falling edge GPIO interrupts
— Four dual-edge interrupts

®* Three levels of individuallyprogrammable interrupt priority

®* WDT can be configured to generate an interrupt

Interrupt requests (IRQs) allow peripheral @eg 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, statinformation, or control
information between the CPU éithe interrupting peripheral. When the service routine is
completed, the CPU returns to thesogtion from which it was interrupted.

The eZ8 CPU supports both vectored and polled interrupt handling. For polled interrupts,
the interrupt controller has no effect on mgi®n. For more infor@mtion about interrupt
servicing by the eZ8 CPU, refer to &8 CPU Core User Manual (UMQ128)ailable

onwww.zilog.com

8.1. Interrupt Vector Listing

Table 36 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 not available om 20-pin and 28-pin packages. The ADC inter-
rupt is unavailable on devices not containing an ADC.
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Table 36. 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 chapter on page 140)
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 Timer 2
000AH Timer 1
000CH Timer O
O0OOEH UART O receiver
0010H UART O transmitter
0012H 1°C
0014H SPI
0016H ADC
0018H Port A7, selectable rising or falling input edge or LVD (see the Reset
Stop Mode Recovery and Low-Voltage Detection chapter on page 31)
001AH Port A6, selectable rising or falling input edge or Comparator 0 Output
001CH Port A5, selectable rising or falling input edge or Comparator 1 Output
001EH Port A4 or Port D4, selectable rising or falling input edge
0020H Port A3 or Port D3, selectable rising or falling input edge
0022H Port A2 or Port D2, selectable rising or falling input edge
0024H Port A1 or Port D1, selectable rising or falling input edge
0026H Port A0, selectable rising or falling input edge
0028H Reserved
002AH Multi-channel Timer
002CH UART 1 receiver
002EH UART 1 transmitter
0030H Port C3, both input edges
0032H Port C2, both input edges
0034H Port C1, both input edges
Lowest 0036H Port CO, both input edges
0038H Reserved

Note: *The order of priority is only meaningful when considering identical interrupt levels. This priority varies depend-
ing on different interrupt level settings. See the Interrupt Vectors and Priority section on page 72 for details.
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Architecture

Figure 10 displays the imtipt controller block diagram.

8.3.
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Figure 10. Interrupt C ontroller Block Diagram

Operation

This section describesdloperational aspects thie following functions.

Master Interrupt Enabiesee page 71

Interrupt Vectors and Prioritysee page 72

Interrupt Assertionsee page 72

Software Interrupt Assertioisee page 73

8.3.1. Master Interrupt Enable

The master interrupt enable bit (IRQE) in theerrupt Control Register globally enables
and disables interrupts. Interrupts are globafigbled by any of the following actions:

® Execution of an Enableterrupt (EI) instruction

® Execution of an Interrupt Return (IRET) instruction
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® Writing 1 to the IRQE bit in the interrupt control register

Interrupts are globally disabled by any of the following actions:

® Execution of a Disable Interrupt (DI) instruction

®* ¢Z8 CPU acknowledgement of an interrupt service request from the interrupt controller
® Writing O to thelRQE bit in the interrupt control register

®* Reset

® Execution of a Trap instruction

® lllegal Instruction Trap

® Primary Oscillator Fail Trap

®* Watchdog Oscillator Fail Trap

8.3.2. Interrupt V ectors and Priority

The interrupt controller supportisree levels of interrupt mrity. Level 3 is the highest
priority, Level 2 is the second highest prioréitgd Level 1 is the lowest priority. If all the
interrupts are enabled with identical intgrrpriority (for example, all as Level 2

interrupts), the interrupt priority is assighitom highest to lowest as specifiedleble 36

on page 70. Level 3 interrupts are always assigned higher 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 asgned as specified in

Table 36. Reset, Watchdog Timer interrupt (if enabled), Primary Oscillator Fail Trap,
Watchdog Timer Oscillator Fail Trap and i@ Instruction Trap always have highest

(Level 3) priority.

8.3.3. Interrupt Assertion

Interrupt sources assert their interrupt requigstenly a single-system clock period (sin-
gle-pulse). When the interrupt request ikremwvledged by the éZCPU, the correspond-
ing bit in the Interrupt RequeRegister is cleared until tmext interrupt occurs. Writing a
0 to the corresponding bit in the Interrupt ResfLRegister 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.
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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

8.3.4. Software In terrupt Assertion

Program code can generate interrupts dirédthting a 1 to the correct bit in the Interrupt
Request Register triggers an interrupt (assgrthat the interrugs enabled). When the
interrupt request is acknowledged by th& €U, the bit in the Interrupt Request
Register is automatically cleared to O.

A Caution: Zilog recommends not using a coding stylgénerate software interrupts by setting bits

in the Interrupt Request registers. All imasimg interrupts received between execution of
the first LDX command and the final LDX gonand are lost. See Example 3, which fol-
lows.

8.4.
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Example 3. A poor coding style that cangwlt in lost interrupt requests:

LDX r0, IRQO
OR 10, 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

Interrupt Control Register Definitions

For all interrupts other than the WatchdGmer interrupt, the Primary Oscillator Fail
Trap and the Watchdog Oscillator Fail Trépe Interrupt Control registers enable
individual interrupts, set interruptiprities and indicate interrupt requests.
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8.4.1. Interrupt Request 0 Register

The Interrupt Request 0 (IRQ0) Register, shawmable 37, stores ¢hinterrupt requests
for both vectored and polled interrupts. Wigerequest is presented to the interrupt
controller, the corresponding bit in the IR@@ister becomes 1. If interrupts are globally
enabled (vectored interrupts), the interrupt calldr passes an interrupt request to the eZ8
CPU. If interrupts are globally disabled (polled interrupts), the eZ8 CPU can read the
Interrupt Request 0 registar determine if any interrupt requests are pending.

Table 37. Interrupt Request 0 Register (IRQ0)

Bits 7 6 5 4 3 2 1 0
Field T2l Til TOI UORXI UOTXI 12ClI SPII ADCI
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 FCOH
Bit Description
[7] Timer 2 Interrupt Request
T2I 0 = No interrupt request is pending for Timer 2.
1 = An interrupt request from Timer 2 is awaiting service.
[6] Timer 1 Interrupt Request
T1l 0 = No interrupt request is pending for Timer 1.
1 = An interrupt request from Timer 1 is awaiting service.
[5] Timer O Interrupt Request
TOI 0 = No interrupt request is pending for Timer 0.
1 = An interrupt request from Timer 0 is awaiting service.
[4] UART 0 Receiver Interrupt Request
UORXI 0 = No interrupt request is pending for the UART O receiver.
1 = An interrupt request from the UART 0 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] 12c Interrupt Request
12ClI 0 = No interrupt request is pending for the 1°C.
1 = An interrupt request from 1°C is awaiting service.
[1] SPI Interrupt Request
SPII 0 = No interrupt request is pending for the SPI.
1 = An interrupt request from the SPI is awaiting service.
[0] ADC Interrupt Request
ADCI 0 = No interrupt request is pending for the ADC.

1 = An interrupt request from the ADC is awaiting service.
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8.4.2. Interrupt Request 1 Register

The Interrupt Request 1 (IRQ1) Register, shawmable 38, stores interrupt requests for
both vectored and polled interrupts. When a estjis presented toghnterrupt controller,
the corresponding bit in the @R register becomes a 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controllespas an interrupt request to the eZ8 CPU. If
interrupts are globally disaddl (polled interrupts), the eZ8 CPU can read the Interrupt
Request 1 register to determinaify interrupt requests are pending.

Table 38. Interrupt Request 1 Register (IRQ1)

Bits 7 6 5 4 3 2 1 0
Field PA7VI PAG6CI PAS5CI PADAI PAD3I PAD2I PAD1lI 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 or LVD Interrupt Request
PA7VI 0 = No interrupt request is pending for GPIO Port A7 or LVD.
1 = An interrupt request from GPIO Port A7 or LVD.
[6] Port A6 or Comparator O Interrupt Request
PAGCI 0 = No interrupt request is pending for GPIO Port A6 or Comparator O.
1 = An interrupt request from GPIO Port A6 or Comparator 0.
[5] Port A5 or Comparator 1 Interrupt Request
PAS5CI 0 = No interrupt request is pending for GPIO Port A5 or Comparator 1.
1 = An interrupt request from GPIO Port A5 or Comparator 1.
[4:1] Port A or Port D Pin x Interrupt Request
PADxXI 0 = No interrupt request is pending for GPIO Port A or Port D pin x.
1 = An interrupt request from GPIO Port A or Port D pin x is awaiting service; x indicates the
specific GPIO port pin number (1-4).
[0] Port A Pin O Interrupt Request
PAOI 0 = No interrupt request is pending for GPIO Port AO.

1 = An interrupt request from GPIO Port AQO is awaiting service.
For interrupt source select description, see the Shared Interrupt Select Register section on
page 83.
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8.4.3. Interrupt Request 2 Register

The Interrupt Request 2 (IRQ2) Register, shawmable 39, stores interrupt requests for
both vectored and polled interrupts. When a estjis presented toghnterrupt controller,
the corresponding bit in the IRQ2 Regidtecomes 1. If interrupts are globally enabled
(vectored interrupts), the interrupt controllespas an interrupt request to the eZ8 CPU. If
interrupts are globally disaddl (polled interrupts), the eZ8 CPU can read the Interrupt
Request 2 register to determinaify interrupt requests are pending.

Table 39. Interrupt Request 2 Register (IRQ2)

Bits 7 6 5 4 3 2 1 0
Field Reserved MCTI U1RXI U1TXI PC3l PC2I PC1l PCol
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] Reserved; must be 0.
[6] Multi-channel timer Interrupt Request
MCTI 0 = No interrupt request is pending for multi-channel timer.
1 = An interrupt request from multi-channel timer is awaiting service.
[5] UART 1 Receiver Interrupt Request
U1RXI 0 = No interrupt request is pending for the UART 1 receiver.
1 = An interrupt request from the UART 1 receiver is awaiting service.
[4] UART 1 Transmitter Interrupt Request
ULTXI 0 = No interrupt request is pending for the UART 1 transmitter.
1 = An interrupt request from the UART 1 transmitter is awaiting service.
[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; x indicates the specific
GPIO Port C pin number (0-3).
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8.4.4. IRQO Enable High an d Low Bit Registers

Table 40 describes the priority controt fQ0. The IRQO Endb High and Low Bit

registers, shown in Tables 41 and #2m a priority-encoded @ling for interrupts in the

LIXYS

Interrupt Request 0 Register. Prioritygisnerated by setting bits in each register.

Table 40. IRQO Enable and Priority Encoding

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

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

Table 41. IRQO Enable Hi gh Bit Register (IRQOENH)

77

Bits 7 6 5 4 3 2 1 0
Field T2ENH T1ENH TOENH | UORENH | UOTENH | 12CENH | SPIENH | ADCENH
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 FC1H

Bit Description

[71 Timer 2 Interrupt Request Enable High Bit

T2ENH

[6] Timer 1 Interrupt Request Enable High Bit

T1ENH

[5] Timer O Interrupt Request Enable High Bit

TOENH

[4] UART 0 Receive Interrupt Request Enable High Bit

UORENH

[3] UART 0 Transmit Interrupt Request Enable High Bit

UOTENH

[2] 1°C Interrupt Request Enable High Bit

I2CENH

[1] SPI Interrupt Request Enable High Bit

SPIENH

[0] ADC Interrupt Request Enable High Bit

ADCENH
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Bits 7 6 5 4 3 2 1 0
Field T2ENL T1ENL TOENL UORENL | UOTENL | I2CENL SPIENL | ADCENL
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 FC2H

Bit Description

[7] Timer 2 Interrupt Request Enable Low Bit

T2ENL

[6] Timer 1 Interrupt Request Enable Low Bit

T1ENL

[5] Timer O Interrupt Request Enable Low Bit

TOENL

[4] UART 0 Receive Interrupt Request Enable Low Bit

UORENL

[3] UART 0 Transmit Interrupt Request Enable Low Bit

UOTENL

[2] I°C Interrupt Request Enable Low Bit

I2CENL

[1] SPI Interrupt Request Enable Low Bit

SPIENL

[0] ADC Interrupt Request Enable Low Bit

ADCENL

PS025013-1011

8.4.5. IRQ1 Enable High an d Low Bit Registers

Table 43 lists the priority control for IRQThe IRQ1 Enable High and Low Bit registers,
shown in Tables 44 and 45) form a priority-eded enabling for interpis in the Interrupt

Request 1 Register. Priority is gerterhby setting bits in each register.

Table 43. IRQ1 Enable and Priority Encoding

IRQLENH[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: An x indicates the register bits from 0-7.
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Table 44. IRQ1 Enable Hi gh Bit Register (IRQ1ENH)
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Bits 7 6 5 4 3 2 1 0
Field PA7VENH |PA6COENH [PAS5C1ENH| PAD4ENH | PAD3ENH | PAD2ENH | PAD1ENH | PAOENH
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 FC4H

Bit Description

[7] Port A Bit[7] or LVD Interrupt Request Enable High Bit.

PA7VENH

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

PA6COENH

[5] Port A Bit[5] or Comparator 1 Interrupt Request Enable High Bit.

PASC1ENH

[4:1] Port A or Port D Bit[x] (x=1, 2, 3, 4) Interrupt Request Enable High Bit.

PADXENH

[0] Port A Bit[0] Interrupt Request Enable High Bit. See the Shared Interrupt Select Register
PAOENH (IRQSS) on page 83 to determine a selection of either Port A or Port D as the interrupt

source.
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Bits 7 6 5 4 3 2 1 0
Field PA7VENL |PA6COENL |PASC1ENL| PAD4ENL | PAD3ENL | PAD2ENL | PAD1ENL | 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] or LVD Interrupt Request Enable Low Bit.

PA7VENL

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

PA6COENL

[5] Port A Bit[5] or Comparator 1 Interrupt Request Enable Low Bit.

PASC1ENL

[4:1] Port A or Port D Bit[x] (x=1, 2, 3, 4) Interrupt Request Enable Low Bit.

PADXENL

[0] Port A Bit[0] Interrupt Request Enable Low Bit.

PAOENL

8.4.6. IRQ2 Enable High an d Low Bit Registers

Table 46 describes the priority controf fRQ2. The IRQ2 Endb High and Low Bit

registers, shown in Tables 47 and 48 forpriarity-encoded enablafor interrupts in the

Interrupt Request 2 Register. Prioritygenerated by setting bits in each register.

Table 46. 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: An x indicates the register bits from 0-7.
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Bits 7 6 5 4 3 2 1 0
Field Reserved | MCTENH | ULRENH | ULTENH | 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] Reserved; must be 0.

[6] Multi-Channel Timer Interrupt Request Enable High Bit

MCTENH

[5] UART1 Receive Interrupt Request Enable High Bit

U1RENH

4] UART1 Transmit Interrupt Request Enable High Bit

U1TENH

[3] Port C3 Interrupt Request Enable High Bit

C3ENH

[2] Port C2 Interrupt Request Enable High Bit

C2ENH

[1] Port C1 Interrupt Request Enable High Bit

C1ENH

[0] Port CO Interrupt Request Enable High Bit

COENH
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Bits 7 6 5 4 3 2 1 0
Field Reserved | MCTENL | ULIRENL | ULTENL | C3ENL C2ENL C1ENL COENL
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 FC8H

Bit Description

[7] Reserved; must be 0.

[6] Multi-Channel Timer Interrupt Request Enable Low Bit (MCTENL)

MCTENL

[5] UART1 Receive Interrupt Request Enable Low Bit (U1RENL)

U1RENL

4] UART1 Transmit Interrupt Request Enable Low Bit (ULTENL)

UITENL

[3] Port C3 Interrupt Request Enable Low Bit (C3ENL)

C3ENL

[2] Port C2 Interrupt Request Enable Low Bit (C2ENL)

C2ENL

[1] Port C1 Interrupt Request Enable Low Bit (C1ENL)

C1ENL

[0] Port CO Interrupt Request Enable Low Bit (COENL)

COENL
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8.4.7. Interrupt Edge Select Register

The Interrupt Edge Select (ES) Register, shown in Table 49, determines whether an
interrupt is generated for the rising edgdatiing edge on the selected GPIO Port A or
Port D input pin.

Table 49. Interrupt Edge Select Register (IRQES)

Bits 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
[7:0] Interrupt Edge Select x
IESx 0 = An interrupt request is generated on the falling edge of the PAx input or PDx input.
1 = An interrupt request is generated on the rising edge of the PAx input or PDx input; x
indicates the specific GPIO port pin number (0-7).
8.4.8. Shared Interrupt Select Register
The Shared Interrupt Select (IRQSS) Registrown in Table 50, determines the source
of the PALXS interrupts. The Shared Interrupt SeRegister selects between Port A and
alternate sources for the individual interrupts.
Table 50. Shared Interrupt Select Register (IRQSS)
Bits 7 6 5 4 3 2 1 0
Field PA7VS PA6CS PA5CS PADA4S PAD3S PAD2S PAD1S | 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] PA7/LVD Selection
PA7VS 0= PATY is used for the interrupt for PA7VS interrupt request.
1 =The LVD is used for the interrupt for PA7VS interrupt request.
[6] PA6/Comparator O Selection
PABCS 0= PAG6 is used for the interrupt for PA6CS interrupt request.
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1 = The Comparator 0 is used for the interrupt for PA6CS interrupt request.
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Bit Description
[5] PA5/Comparator 1 Selection
PA5CS 0= PAS5 is used for the interrupt for PASCS interrupt request.
1 = The Comparator 1 is used for the interrupt for PASCS interrupt request.
[4:1] PAx/PDx Selection
PADxS 0= PAx is used for the interrupt for PAx/PDx interrupt request
1 = PDx is used for the interrupt for PAx/PDx interrupt request; an x indicates the specific
GPIO port pin number (1-4).
[0] Reserved; must be 0.
8.4.9. Interrupt Control Register
The Interrupt Control (IRQCTL) Register, shownTable 51, contains the master enable
bit for all interrupts.
Table 51. Interrupt Control Register (IRQCTL)
Bits 7 6 | 5 | a4 | 3 2 1 0
Field IRQE Reserved
Reset 0 0 0 0 0 0 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 (El) or IRET (Interrupt Return) 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, a Reset, or by a direct register write of a 0 to
this bit.
0 = Interrupts are disabled.
1 = Interrupts are enabled.
[6:0] Reserved; must be 0.
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Chapter 9. Timers

PS025013-1011

The Z8 Encore! XP F1680 Series products conttaiee 16-bit reload#dbdtimers that can
be used for timing, event counting, or gext®n of pulse-width modulated signals. The
timers’ features include:

16-bit reload counter

Programmable prescaler with poale values ranging from 1 to 128

PWM output generation

Capture and compare capability

Two independent capture/compare chamméich reference the common timer

External input pin for timer input, clock gating, or capture signal. External input pin
signal frequency is limitetb a maximum of one-fourth the timer clock frequency

Timer output pin
Timer interrupt
Noise Filter on Timer input signal

Operation in any mode with 32kHz secondary oscillator

In addition to the timers described in thizapter, the Baud Rate Generator (BRG) of
unused UART peripheral can also bediso provide basic timing functionalifyor more
information about using the Baud R&enerator as additional timers, seeLIN-UART

chapter on page 144.
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9.1. Architecture
Figure 11 displays the aritecture of the timers.
r——— - - - - - - - - - - - - - - - - — — ml
| Timer Block I
Data I Timer I
Bus | Control I
| I
Block | |
Control | 16-bit > Interrupt, | Timer
| Reload Register % PWM, | ’ Interrupt
. o and
Peripheral | e _ I
Clock * S Timer Output —>| TOUT
- Control -
System __ | g 16-bit Counter [P — = TOUT
Qlock with Prescaler g — |
Timer
) I
Input =
o I
g |
Two 16-bit — O
PWM/Compare !
Input - I
L — — -
Figure 11. Timer Block Diagram
9.2. Operation

PS025013-1011

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 delaig set by loading the valu®O00H into the Timer Reload
High and Low Byte registeind setting the prescale valioel28. If the Timer reaches
FFFFH, the timer rolls over t0000H and continues counting.

9.2.1. Timer Clock Source

The timer clock source can come from eittier peripheral clock or the system clock.
Peripheral clock is based on a low frequency/low power 32kHz secondary oscillator that
can be used with external watch crystal. Peripheral clock source is only available for
driving Timer and Noise Filter operation.istnot supported for other peripherals.

For timer operation in STOP Mode, peripheral klowst be selected as the clock source.
Peripheral clock can be selected as sotacboth ACTIVE and STOP Mode operation.
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System clock is only for operation XCTIVE and HALT modes. System clock is
software selectable in Oscillator Control oe as external high-frequency crystal or
internal precision oscillator. The TCLKS fiell the Timer Control 2 Register selects the
timer clock source.

When the timer is operating on a periphetaktk, the timer clock is asynchronous to

the CPU clock. To ensure error-free operatéisable the timer before modifying its op-
eration (also include changitige timer clock source). Therefore, any write to the timer
control registers cannot be performed when the timer is enabled and a peripheral clock
is used.

PS025013-1011

When the timer uses a peripheral clock and the timer is enabled, any read from TxH or
TxL is not recommended, because the resulidbeaunpredictable. Disable the timer first,
then read it. If the timer works in the CAPTURE, CAPTURE/COMPARE, CAPTURE
RESTART or DEMODULATION modes,rgy read from TxPWIOH, TXPWMOL,

TxPWM1H, TXPWML1L or TXSTAT must be permed after a captunaterrupt occurs;
otherwise, results can be unpredictable. The INPCAP bit of the Timer Control 0 Register
is the same as these PWM registers. When the timer uses the main clock, you can write/
read all timer registers at any time.

9.2.2. Low-Power Modes

Timers can operate in both HALT Mode and STOP Mode.

9.2.2.1. Operation in HALT Mode

When the eZ8 CPU enters HAIMode, the timer wilcontinue to operatif enabled. To
minimize current in HALT Mode, the timean be disabled by clearing the TEN control
bit. The noise filter, if enabte will also continue to operate in HALT Mode and rejects
any noise on the timer input pin.

9.2.2.2. Operation in STOP Mode

When the eZ8 CPU enters ST@Mde, the timer continugs operate if enabled and
peripheral clock is chosen as the clock seutn STOP Mode, the timer interrupt (if
enabled) automatically initiates a Stop Mdtlescovery and generates an interrupt request.
In the Reset Status Register, the stop ksetso 1. Also, timer interrupt request bit in
Interrupt Request O register is set. Following completiah®fStop Mode Recovery, if
interrupts are enabled, the CPU respondsdartterrupt request by fetching the timer
interrupt vector. The noise filter, if enabled]|l also continue to operate in STOP Mode
and rejects any noise on the timer input pin.
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If system clock is chosen as the clock soptice timer ceases to operate as a system clock
and is put into STOP Mode. In this case thgisters are not reset and operation will
resume after Stop Mode Recovery occurs.

9.2.2.3. Power Reducti on During Operation
Removal of the TEN bit will inhibit clockingf the entire timer block. The CPU can sitill

read/write registers when tieaable bit(s) are taken out.
9.2.3. Timer Operating Modes

The timers can be configured to operaténim following modes, each of which is
described in this section where indicated in Table 52.

Table 52. Timer Operating Modes

Page
Mode Number
TRIGGERED ONE-SHOT Mode 89
CONTINUOUS Mode 91
COUNTER Mode 92
COMPARATOR COUNTER Mode 93
PWM SINGLE OUTPUT Mode 94
PWM DUAL Output Mode 96
CAPTURE Mode 98
CAPTURE RESTART Mode 99
COMPARE Mode 101
GATED Mode 101
CAPTURE/COMPARE Mode 103
DEMODULATION Mode 104

9.2.3.1. 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. Then€ir counts timer clds up to the 16-bit
reload value. Upon reachingetineload value, the timer gerates an interrupt, and the
count value in the Timer High anaw Byte registers is reset @01H. Then, the timer is
automatically disabled and stops counting.

Additionally, if the Timer Output alternaterfation is enabled, the Timer Output pin
changes state for one clock cycle (from LmaHigh or from High td_ow) upon timer
reload. If it is appropriate to have the Timer Output make a permanent state change on
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One-Shot time-out. First set the TPOL bit il fimer Control 1 Register to the start value
before beginning ONE-SHOT Mode. Then, afftarting the timer, set TPOL to the oppo-
site bit value.

Observe the following steps to configuréraer for ONE-SHOT Mode and to initiate the
count:

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

— If using the Timer Output alternate functicset the initial output level (High or
Low)

2. Write to the Timer Control 2 Registto choose the timer clock source.

3. Write to the Timer Control 0 Register to set the timer interrupt configuration field
TICONFIG.

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.

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

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

8. Write to the Timer Control 1 Registier enable the timeand initiate counting.

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

ONE-SHOT Mode Time-Out Period (s) Reloa_d Value - Start ValyePrescale
Timer Clock Frequency (Hz)

9.2.3.2. TRIGGERED ONE-SHOT Mode
In TRIGGERED ONE-SHOT Mode, the timer operates in the following sequence:

1. The Timer idles until a trigger is receivddhe Timer trigger is taken from the GPIO
port pin timer input alternate function. TR@OL bit in the Timer Control 1 Register
selects whether the trigger occurs on thexggdge or the falling edge of the timer
input signal.

2. Following the trigger event, the Timer césitimer clocks up to the 16-bit reload
value stored in the Timer Relo&tigh and Low Byte registers.
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3. Upon reaching the reload value, the timetputs a pulse on the Timer Output pin,
generates an interrupt and resets the cealae in the Timer Hjh and Low Byte reg-

Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

90

isters to0001H. The period of the output pulse is a single timer clock. The TPOL bit
also sets the polarity of the output pulse.

4. The Timer now idles until the next trigger event.

In TRIGGERED ONE-SHOT Mode, the timer cloalways provides the timer input. The

timer period is showm the follonving equation:

(Reload Value - Start Valyex Prescale
Timer Clock Frequency (Hz)

Table 53 provides an example initializationysence for configuring Timer 0 in TRIG-
GERED ONE-SHOT Mode and initiating operation.

Table 53. TRIGGERED ONE-SHOT Mode Initialization Example

Register Value Comment
TOCTLO EOH TMODE[3:0] = 1011B selects TRIGGERED ONE-SHOT Mode.
TOCTL1 03H TICONFIG[1:0] = 11B enables interrupts on Timer reload only.
CSC = 0 selects the Timer Input (Trigger) from the GPIO pin.
TOCTL2 01H PWMD[2:0] = 000B has no effect.
INPCAP = 0 has no effect.
TEN = 0 disables the timer.
TPOL = 0 enables triggering on rising edge of Timer. Input and sets Timer
Out signal to 0.
PRES[2:0] = 000B sets prescaler to divide by 1.
TCLKS = 1 sets 32kHz peripheral clock as the Timer clock source.
TOH OOH Timer starting value = 0001H.
TOL O1H
TORH ABH Timer reload value = ABCDH.
TORL CDH
PAADDR 02H Selects Port A Alternate Function control register.
PACTL[1:0] 11B PACTL[0] enables Timer O Input Alternate function.
PACTL[1] enables Timer 0 Output Alternate function.
IRQOENH[5] 0B Disables the Timer 0O interrupt.
IRQOENL[5] OB

PS025013-1011
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Table 53. TRIGGERED ONE-SHOT Mode Initialization Example (Continued)
Register Value Comment
TOCTL1 83H TEN = 1 enables the timer. All other bits remain in their appropriate settings.

Note: After receiving the input trigger, Timer 0 will:
1. Count ABCDH timer clocks.
2. Upon Timer O reload, generate single clock cycle active High output pulse on Timer 0 Output pin.
3. Wait for next input trigger event.

PS025013-1011

9.2.3.3. CONTINUOUS Mode

In CONTINUOUS Mode, the timer counts up to the 16-bit reload value stored in the
Timer Reload High and Low Byte registers.elTiimer counts timer clocks up to the 16-
bit reload value. Upon reaching the relaadue, the timer generates an interrupt, the
count value in the Timer High and Low Byte registers is resgadoH and counting
resumes. Also, if the Timer Output altem&anction is enabledhe Timer Output pin
changes state (from Low to High ldigh to Low) on timer reload.

Observe the following steps to configurgraer for CONTINUOUS Mode and initiate the
count:

1.

Write to the Timer Control 1 Register to:

— Disable the timer

— Configure the timer for CONTINUOUS Mode

— Set the prescale value

— If using the Timer Output Alternate Funaticset the initial output level (High or
Low)

Write to the Timer Control 2 Regéstto choose the timer clock source.

Write to the Timer Control O Registerdet the timer interrupt-configuration field
TICONFIG.

Write to the Timer High and Low Byte regiss to set the startirgpunt value (usually
0001H). This value only affects the firstgmin 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.

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

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

Write to the Timer Control 1 Registierenable the timeand initiate counting.
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In CONTINUOUS Mode, the timer clock alwapsovides the timer input. The timer
period is calculated ugy the following equation:

Reload Value< Prescale
Timer Clock Frequency (Hz)

CONTINUOUS Mode Time-Out Period (8

If an initial starting value other tha®01H is loaded into the Timer High and Low Byte
registers, the ONE-SHOT Mode equation maestused to determine the first time-out
period.

9.2.3.4. COUNTER Mode

In COUNTER Mode, the timer counts inpuanisitions from a GPIO port pin. The timer
input is taken from the GPIO pin Timer Input alternate fiction. The TPOL bit in the
Timer Control 1 Register selects whether thert@ccurs on the rising edge or the falling
edge of the Timer Input signal. IGCNTER Mode, the prescaler is disabled.

A Caution: The input frequency of the Timer Input segrmust not exceed one-fourth the timer

clock frequency.

PS025013-1011

Upon reaching the reload valawred in the Timer Reload High and Low Byte registers,
the timer generates amterrupt, the count value in theriér High and Low Byte registers
is reset t@001H and counting resumes. Also, if tiianer Output alternate function is
enabled, the Timer Output pin changes dfmten Low to High or High to Low) at timer
reload.

Observe the following steps to configuréraer for COUNTER Mode and initiate the
count:

1. Write to the Timer Control 1 Register to:
— Disable the timer.
— Configure the timer for COUNTER Mode.

— Select either the rising edge or falling edd¢he Timer Input signal for the count.
This also sets the initial logic level (High or Low) for the Timer Output Alternate
Function. However, the Timer Output function is not required to be enabled.

2. Write to the Timer Control 2 Reggstto choose the timer clock source.
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3. Write to the Timer Control 0 Register to set the timer interrupt configuration field
TICONFIG.

4. Write to the Timer High and Low Byte retgrs to set the stargircount value. This
value only affects the first pass in COURR Mode. After the first timer reload in
COUNTER Mode, counting always begins at the reset valoeadH. Generally, in
COUNTER Mode the Timer High and Low &yregisters must be written with the
value0001H.

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

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

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

8. When using the Timer Output functionpéigure the associated GPIO port pin for the
Timer Output alternate function.

9. Write to the Timer Control 1 Register to enable the timer.

In COUNTER Mode, the numberf Timer Input transitions since the timer start is calcu-
lated using the following equation:

COUNTER Mode Timer Input Transitions Current Count Value - Start Value

9.2.3.5. COMPARATOR COUNTER Mode

In COMPARATOR COUNTER Mode, the timer counts output transitions from an analog
comparator output. The assignment of a comparator to a timer is based on the TIMTRG
bits in the CMPO and CMPrEgisters. The TPOL bit ithe Timer Control 1 Register

selects whether the count occorsthe rising edge or thelling edge of the comparator
output signal. In COMPARATOR COUNTERode, the prescaler is disabled.

A Caution: The frequency of the comparator output signal must not exaeedourth the timer

clock frequency.

PS025013-1011

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

Observe the following steps to configure a timer for COMPARATOR COUNTER Mode
and initiate the count:
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1. Write to the Timer Control 1 Register to:
— Disable the timer.
— Configure the timer for CWIPARATOR COUNTER Mode.

— Select either the rising edge or falling eddg¢he comparator output signal for the
count. This also sets the initial logiové# (High or Low) for the Timer Output
alternate function. The Timer Outpunfttion does not have to be enabled.

2. Write to the appropriate comparator cohtegister (COMPO or COMP1) to set the
TIMTRG bits that map theomparator to the timer.

Write to the Timer Control 2 Regéstto choose the timer clock source.

Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

5. Write to the Timer High and Low Byte ratgrs to set the stargjrcount value. This
value only affects the first pass in ®BARATOR COUNTER Mode. After the first
timer reload in COMPARATOR COUNTER Mode, counting always begins at the
reset value 06001H. Generally, in COMPARATORCOUNTER Mode the Timer
High and Low Byte registers raube written with the valu@01H.

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

7. Ifrequired, enable the timetterrupt and set the timer imtapt priority by writing to
the relevant interrupt registers.

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

9. Write to the Timer Control 1 Register to enable the timer.

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

Comparator Output Transitions  @ent Count Value - Start Value

9.2.3.6. PWM SINGLE OUTPUT Mode

In PWM SINGLE OUTPUT Mode, the timer outis a Pulse Width Modulator output sig-
nal through a GPIO port pin. The Timer coutiser clocks up to th 16-bit reload value.
The timer first counts up to the 16-bit PWvatch value stored ithe Timer PWMO High
and Low Byte registers. When the timeunbvalue matches the PWM value, the Timer
Output toggles. The timer continues countinglitreaches the reload value stored in the
Timer Reload High and Low Byte registers.dgreaching 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.
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If the TPOL bit in the Timer Control 1 Registersist to 1, the Timer Output signal begins
as High (1) and then transitions to Low {@)en the timer value nighes the PWM value.
The Timer Output signal returns to High (1deafthe timer reaches the reload value and is
reset ta0001H.

If the TPOL bit in the Timer Control 1 Registersist to 0, the Timer Output signal begins
as Low (0) and then transitions to High @hen the timer value nighes the PWM value.
The Timer Output signal returns to Low (O)eafthe timer reaches the reload value and is
reset ta0001H.

Observe the following steps to configure a timer for PWM SINGLE OUTPUT Mode and
initiate PWM operation:

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

— Set the initial logic level (High or lws) and PWM High/Low transition for the
Timer Output Alternate Function

2. Write to the Timer Control 2 Reggstto choose the timer clock source.

3. Write to the Timer Control 0 Register to set the timer interrupt configuration field
TICONFIG.

4. Write to the Timer High and Low Byte retgrs to set the starting count value (typi-
cally 0001H). This value only affects the firpass in PWM mode. After the first timer
reset in PWM mode, counting always begins at the reset va00o® o .

5. Write to the Timer PWMO High and LoByte registers to set the PWM value.

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

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

Configure the associated GPIO port fuinthe Timer Output alternate function.

Write to the Timer Control 1 Registier enable the timeand initiate counting.

The PWM period is calculated using the following equation:

If an initial starting value other tha©01H is loaded into the Timer High and Low Byte
registers, the ONE-SHOT Mode equation mustsed to determine the first PWM time-
out period.
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Reload Value< Prescale

PWM Period (s)= Timer Clock Frequency (Hz)

If TPOL is set to 0, the ratiof the PWM output High time tthe total period is calculated
using the following equation:

PWM Output High Time Ratio (%} Re'oadR\é?;‘;Z VZYL‘J’Q" Value

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

PWM Value

PWM Output High Time Ratio (%¥ Reload Value:

100

9.2.3.7. PWM DUAL Output Mode

In PWM DUAL OUTPUT Mode, the timer outpait Pulse Width Modulator output signal
and also its complement through two GPIO pamnt. The timer first counts up to the 16-
bit PWM match value stored the Timer PWMO High and Low Byte registers. When the
timer count value matches the PWM value, the Ti@etputs (TOUT and TOUjTtoggle.

The timer continues coting until it reaches the reloadlue stored in the Timer Reload
High and Low Byte registers. Upon reaching thload value, the timer generates an inter-
rupt, the count value in the Timer Higind Low Byte registers is reset0@01H and

TOUT and TOUTtoggles again and counting resumes.

If the TPOL bit in the Timer Control 1 Registersist to 1, the Timer Output signal begins
as High (1) and then transitions to Low y{@)en the timer value nighes the PWM value.
The Timer Output signal returns to High (1deafthe timer reaches the reload value and is
reset ta0001H.

If the TPOL bit in the Timer Control 1 Registersist to 0, the Timer Output signal begins
as Low (0) and then transitions to High @hen the timer value nighes the PWM value.
The Timer Output signal returns to Low (O)eafthe timer reaches the reload value and is
reset ta0001H.

The timer also generates a second PWM utwggnal, Timer Output Complement
(TOUT). TOUT is the complement of the Tim®utput PWM signal (TOUT). A
programmable deadband delay can be configioregt a time delay (0 to 128 timer clock
cycles) when one PWM output transitionsnfréligh to Low and the other PWM output
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transitions from a Low to lgh. This configuration enses a time gap between the
removal of one PWM output and the assertion of its complement.

Observe the following steps to configure a timer for PWM DUAL OUTPUT Mode and
initiate the PWM operation:

1.

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

— Configure the timer for PWM DUAL OUTPUT Mode. Setting the mode also
involves writing to TMODE[3] It in the TXCTLO Register

— Set the prescale value

— Set the initial logic level (High or lws) and PWM High/Low transition for the
Timer Output Alternate Function

Write to the Timer High and Low Byte raggrs to set the starting count value (typi-
cally 0001H). This value only affects the firpass in PWM mode. After the first timer
reset in PWM mode, counting always begins at the reset va0® o .

Write to the Timer PWMO High and loByte registers to set the PWM value.

Write to the Timer Control O Register:
— To set the PWM deadband delay value
— To choose the timer clock source

Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

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

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

Configure the associated GPIO port pintfee Timer Output and Timer Output Com-
plement alternate functions.

Write to the Timer Control 1 Registierenable the timeand initiate counting.

The PWM period is calculated using the following equation:

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

If TPOL is set to 0, the ratiof the PWM output High time tthe total period is calculated
using the following equation:
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Reload Valuex Prescale
Timer Clock Frequency (Hz)

PWM Period (s)=

Reload Value - PWM Valug 100
Reload Value

PWM Output High Time Ratio (%¥

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

PWM Output High Time Ratio (%} 'F;ﬂmMadvv"_agﬁex 100

9.2.3.8. CAPTURE Mode

In CAPTURE Mode, the current timer count v&is recorded when the appropriate exter-
nal Timer Input transition oces. The Capture count valuevigitten to the Timer PWMO
High and Low Byte registers. The Timer coutiiser clocks up to the 16-bit reload value.
The TPOL bit in the Timer Control 1 Registetatenines if the Capture occurs on a rising
edge or a falling edge of the Timer Input sigrWwhen the Capture emt occurs, an inter-
rupt is generated and the timer continuasntimg. The INPCAP bit in Timer Control 0
Register is set to indicate the timer interrupt is due to an input capture event.

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

High and Low Byte registers. Upon reachthg reload value, éhtimer generates an
interrupt and continues counting. The INPCAP bit in Timer Control 0 Register is cleared
to indicate the timer interrupt it due to an input capture event.

Observe the following steps to configaéimer for CAPTURE Mode and initiate the
count:

1. Write to the Timer Control 1 Register to:

Disable the timer

Configure the timer for CAPTURE Mode

Set the prescale value

Set the Capture edge (risingfaling) for the Timer Input

2. Write to the Timer Control 2 Regéstto choose the timer clock source.

3. Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.
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4. Write to the Timer High and Low Byte retgrs to set the starting count value (typi-
cally 0001H).

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

Clear the Timer PWM High and Low Byte register9@00H. This allows user soft-
ware to determine if interruptvere generated by either a capture event or a reload. If
the PWM High and Low Byte registers still contagooH after the interrupt, then the
interrupt was generated by a Reload.

7. If required, enable the timarterrupt and set the timer imtapt priority by writing to
the relevant interrupt regisgeBy default, the timer terrupt will be generated for
both input capture and reload events. If required, configure the timer interrupt to be
generated only at the input capture evertherreload event by setting TICONFIG
field of the Timer Control O Register.

8. Configure the associated GPIO port for the Timer Input alternate function.
9. Write to the Timer Control 1 Registier enable the timeand initiate counting.

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

s (Capture Value - Start Valye Prescale

Capture Elapsed Time ( Timer Clock Frequency (Hz)

9.2.3.9. CAPTURE RESTART Mode

In CAPTURE RESTART Mode, the current #mcount value is recorded when the
appropriate external Timer Input transitiorcors. The Capture count value is written to
the Timer PWM High and Low Byte registei$ie Timer counts timer clocks up to the 16-
bit reload value. The TPOL bit in the Timer@ml 1 Register determines if the Capture
occurs on a rising edge ofaling edge of the Timer Inpgignal. When the Capture event
occurs, an interrupt is geraged and the count valuetime Timer High and Low Byte
registers is reset @01H and counting resumes. The INPCAP bit in Timer Control O
Reqister is set to indicate the timer interrupt is due to an input capture event.

If no Capture event occurs, the timer countsaifhe 16-bit Compare value 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. The INPCAP biflimer Control O Register is cleared to
indicate the timer interrupt is hdue to an input capture event.
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Observe the following steps to config@d¢imer for CAPTURE RESTART Mode and ini-
tiate the count:
1. Write to the Timer Control 1 Register to:

— Disable the timer

— Configure the timer for CAPTURE RESTART Mode. Setting the mode also
involves writing to TMODE[3] It in the TXCTLO Register

— Set the prescale value
— Set the Capture edge (risingfalling) for the Timer Input

Write to the Timer Control 2 Reggstto choose the timer clock source.

Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

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

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

Clear the Timer PWM High and Low Byte register9@00H. This allows user soft-
ware to determine if interrupiare generated by either a Capture Event or a Reload. If
the PWM High and Low Byte registers still contadd0oH after the interrupt, then the
interrupt is generated by a Reload.

7. If required, enable the timarterrupt and set the timer imtapt priority by writing to
the relevant interrupt regisgerBy default, the timer tarrupt will be generated for
both input capture and reload events. If required, configure the timer interrupt to be
generated only at the Input Capture evertherreload event by setting TICONFIG
field of the Timer Control O Register.

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

Write to the Timer Control 1 Registierenable the timeand initiate counting.

In CAPTURE Mode, the elapséiche from Timer start to Capture event can be calculated
using the following equation:

(Capture Value - Start Valye Prescale
Timer Clock Frequency (Hz)

Capture Elapsed Time (s)
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9.2.3.10. COMPARE Mode

In COMPARE Mode, the timer counts up to the 16-bit maxm@@ompare value stored in
the Timer Reload High and Low Byte registéree Timer counts timer clocks up to a 16-
bit reload value. Upon reacty the Compare value, the tinggnerates an interrupt and
counting continues (the timgalue is not reset @001H). Also, if the Timer Output
alternate function is enabled, the Timer Quitpin changes state (from Low to High or
from High to Low) on Compare.

If the Timer reacheBFFFH, the timer rolls over t0000H and continue counting.

Observe the following steps to configaréimer for COMPARE Mode and initiate the
count:

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

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

Write to the Timer Control 2 Regéstto choose the timer clock source.

Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

4. 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.

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

7. When using the Timer Output functionpéigure the associated GPIO port pin for the
Timer Output alternate function.

8. Write to the Timer Control 1 Registier enable the timeand initiate counting.

In COMPARE Mode, the timer clock alwapsovides the timer inguThe Compare time
is calculated using the following equation:

9.2.3.11. GATED Mode

In GATED Mode, the timer countanly when the Timer Inputgnal is in its active state
(asserted) as determined by the TPOL bihexTimer Control 1 Register. When the Timer
Input signal is asserted, counting begindiider Interrupt is generated when the Timer
Input signal is deasserted or a timer reloadurs. To determine if a Timer Input signal
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F (Compare Value - Start Valye Prescale

COMPARE Mode Time (s Timer Clock Frequency (Hz)

generated the interrupt, read the associ@tetD input value and compare to the value
stored in the TPOL bit.

The timer counts up to the 16-bit reload value storedaMimer Reload High and Low
Byte registers. The timer inpis the timer clock. When reaching the reload value, the
timer generates an interrupt, the count valugaénTimer High and Low Byte registers is
reset taD001H and counting resumes (assuming thedri Input signal is still asserted).
Also, if the Timer Output alternate functioneeabled, the Timer Output pin changes state
(from Low to High or from Hjh to Low) at timer reset.

Observe the following steps to configuréraer for GATED Mode and initiate the count:

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

2. Write to the Timer Control 2 Regéstto choose the timer clock source.

3. Write to the Timer Control 0 Register to set the timer interrupt configuration field
TICONFIG.

4. Write to the Timer High and Low Byte retgrs to set the stargircount value. This
value only affects the first pass in GATRIbde. After the first timer reset in GATED
Mode, counting always begins at the reset valu@®oiH.

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

If required, enable the timarterrupt and set the timer imtapt priority by writing to
the relevant interrupt registerBy default, the timer terrupt will be generated for
both input deassertion and ratbevents. If required, confige the timer interrupt to
be generated only at theput Deassertion event orafiReload event by setting
TICONFIG field of the Timer Control O Register.

Configure the associated GPIO port fur the Timer Input alternate function.
Write to the Timer Control 1 Register to enable the timer.

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

In CAPTURE/COMPARE Mode, the timer begins counting on the first external Timer
Input transition. The appropr&atransition (rising edge orlfimg edge) is set by the TPOL
bit in the Timer Control 1 Register. The Tinmedunts timer clocks up to the 16-bit reload
value.

Every subsequent appropriate transition (dfterfirst) of the Timelnput signal captures

the current count value. The Capture vatueritten to the Timer PWMO High and Low

Byte registers. When the Capture event occurs, an interrupt is generated, the count value
in the Timer High and Low Byte registers is res€d@01H and counting resumes. The
INPCAP bit in Timer Control O Register is setindicate the timer terrupt is due to an

input capture event.

If no Capture event occurs, the timer countsaithe 16-bit Compare value stored in the
Timer Reload High and Low Byte registers.ddpreaching 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. The INPCAP bifimer Control O Register is cleared to
indicate the timer interrupt is hdue to an input capture event.

Observe the following steps to configure a timer for CAPTURE/COMPARE Mode and
initiate the count:

1. Write to the Timer Control 1 Register to:
— Disable the timer
— Configure the timer for CAPTURE/COMPARE Mode
— Set the prescale value
— Set the Capture edge (risingfalling) for the Timer Input

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

Write to the Timer Control 2 Reggstto choose the timer clock source.

4. Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

Write to the Timer Reload High and Ld@yte registers to set the Compare value.

If required, enable the timer interrupt andtkettimer-interrupt pority by writing to

the relevant interrupt regisgerBy default, the timer tarrupt will be generated for

both input capture and reload events. If required, configure the timer interrupt to be
generated only at the input Capture evertherReload event by setting TICONFIG
field of the Timer Control O Register.

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

Write to the Timer Control 1 Register to enable the timer.
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9. Counting begins on the first transition of the Timer Input signal. No interrupt is gener-

ated by this first edge.

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

s (Capture Value - Start Valye Prescale

Capture Elapsed Time ( Timer Clock Frequency (Hz)

9.2.3.13. DEMODULATION Mode

In DEMODULATION Mode, the timer begins cating on the first external Timer Input
transition. The appropriate transition (risingyedr falling edge or both) is set by the
TPOL bit in the Timer Control 1 Register ahBOLHI bit in the Timer Control 2 Register.
The Timer counts timer clocks up the 16-bit reload value.

Every subsequent appropriate transition (afterfirst) of the Timelnput signal captures

the current count value. The Capture vatueritten to the Timer PWMO High and Low

Byte registers for rising input edges of the timer input signal. For falling edges the capture
count value is written to the Timer PWM1 Highd Low Byte registers. The TPOL bit in

the Timer Control 1 Register determines if @egpture occurs on a rising edge or a falling
edge of the Timer Input signal. If the TPOLHI bit in the Timer Control 2 Register is set, a
Capture is executed on both the risargl falling edges of the input signal.

Whenever the Capture event occurs, arriagg is generated drthe timer continues
counting. The correspordj event flag bit in the Timer Status Register, PWMXEF, is set
to indicate that the timer interrujgt due to an input Capture event.

The timer counts up to the 16-bit Comparkiesstored in the Timer Reload High and
Low Byte registers. Upon reaching the reloatlie, the timer generates an interrupt, the
count value in the Timer High and Low Byte registers is resgadboH, and counting
resumes. The RTOEF event flag bit in the TirG&tus Register is set to indicate that the
timer interrupt is due to a Reload event. Sofevean use this bit tetermine if a Reload
occurred prior to a Capture.

Observe the following steps tonfigure a timer for DEMODULATION Mode and initiate
the count:

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

PRELIMINARY Timers



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 1 05

— Configure the timer for DEMODULATIONMode. Setting the modaso involves
writing to the TMODEHI bitin the TXCTLO Register

— Set the prescale value

— Set the TPOL bit to set the Capture e@ggng or falling) for the Timer Input.
This setting applies only if the TPOLHIt in the TXCTL2 Register is not set

2. Write to the Timer Control 2 Register to:
— Choose the timer clock source
— Set the TPOLHI bit if the Capture is reggd on both edges of the input signal

3. Write to the Timer Control O Register to set the timer interrupt configuration field
TICONFIG.

4. Write to the Timer High and Low Byte retgrs 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 TXPWMO and TxPWNMigh and Low Byte registers tm0O0H.

7. If required, enable the noifiter and set the noise filter control by writing to the rele-
vant bits in the Noise Filter Control Register.

8. If required, enable the timaterrupt and set the timer imtapt priority by writing to
the relevant interrupt regiseeBy default, the timer terrupt will be generated for
both input capture and reload events. If required, configure the timer interrupt to be
generated only at the input Capture everntherReload event by setting TICONFIG
field of the Timer Control O Register.

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

10. Write to the Timer Control 1 Registerdnable the timer. Counting will start on the
occurrence of the first external input transition.

In DEMODULATION Mode, the elapsed time frotimer start to Capture event can be
calculated using the following equation:

(Capture Value - Start Valye Prescale
Timer Clock Frequency (Hz)

Capture Elapsed Time (s)
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ULATION Mode and initiating operation.

Table 54. DEMODULATION Mode Initialization Example

Register Value Comment
TOCTLO COH TMODE[3:0] = 1100B selects DEMODULATION Mode.
TOCTL1 04H TICONFIG[1:0] = 10B enables interrupt only on Capture events.
CSC = 0 selects the Timer Input from the GPIO pin.
TOCTL2 11H PWMDI[2:0] = 000B has no effect.
INPCAP = 0 has no effect.
TEN = 0 disables the timer.
PRES[2:0] = 000B sets prescaler to divide by 1.
TPOLHI, TPOL = 10 enables trigger and Capture on both rising and falling
edges of Timer Input.
TCLKS = 1 enables 32kHz peripheral clock as timer clock source
TOH OOH Timer starting value = O001H.
TOL 01H
TORH ABH Timer reload value = ABCDH
TORL CDH
TOPWMOH OOH Initial PWMO value = 0000H
TOPWMOL OOH
TOPWM1H OO0H Initial PWM1 value = 0000H
TOPWM1H OOH
TONFC COH NFEN = 1 enables noise filter
NFCTL = 100B enables 8-bit up/down counter
PAADDR 02H Selects Port A Alternate Function control register.
PACTL[1:0] 11B PACTL[0] enables Timer 0 Input alternate function.
PACTL[1] enables Timer 0 Output alternate function.
IRQOENHI[5] 0B Disables the Timer 0 interrupt.
IRQOENL[5] 0B
TOCTL1 84H TEN = 1 enables the timer. All other bits remain in their appropriate settings.
Notes:

Notes: After receiving the input trigger (rising or falling edge), Timer O will:
1. Start counting on the timer clock.
2. Upon receiving a Timer O Input rising edge, save the Capture value in the TOPWMO registers, generate an inter-
rupt, and continue to count.
3. Upon receiving a Timer 0O Input falling edge, save the Capture value in the TOPWM1 registers, generate an inter-
rupt, and continue to count.
4. After the timer count to ABCD clocks, set the reload event flag and reset the Timer count to the start value.

PS025013-1011
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9.2.4. 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. Whea timer is enabled and the Timer High Byte
register is read, the contents of the Timer Low Byte Register are placed in a holding
register. A subsequent read from the TimewlRByte Register returns the value in the
holding register. This operatiallows accurate reads oftfull 16-bit timer count value
while enabled. When the timegise not enabled, a read from the Timer Low Byte Register
returns the actual \@e in the counter.

9.2.5. Timer Output Signal Operation

The Timer Output is a GPIO port pin altate function. Generally, the Timer Output is
toggled every time theounter is reloaded.

9.2.6. Timer Noise Filter

A Noise Filter circuit is included which féts noise on a Timer Input signal before the
data is sampled by the block.

The Noise Filter has éhfollowing features:
® Synchronizes the receive input data to the Timer Clock

® NFEN (Noise Filter Enable)nput selects whether thMoise Filter is bypassed
(NFEN=0) or included (NFEN=31in the receive data path

®* NFCTL (Noise Filter Control) input seledtse width of the up/down saturating counter
digital filter. The available widths range from 4 bits to 11 bits

® The digital filter output has hysteresis

® Provides an active Logaturated state output (FiltSatB) which isised as an indication
of the presence of noise

® Available for operation in STOP Mode

9.2.7. Architecture

Figure 12 displays how the Noise Filter is integrated with the Timer.
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Figure 12. Noise Filter System Block Diagram

9.2.7.1. Operation

Figure 13 displays the opdi@n of the Noise Filter witland without nae. The Noise
Filter in this example is a 2-bit up/down counter which saturate® ahd11. A 2-bit
counter is described for convenience; therapion of wider counters is similar. The
output of the filter switches from 1 @bwhen the countarounts down fron®1 to 00 and
switches from 0 to 1 whendhcounter counts up from® to 11. The Noise Filter delays
the receive data by three timer clock cycles.

The NEF output signal is checked when thered TxIN input signal is sampled. The Timer
samples the filtered TxIN inpuear the center of the bit time. The NEF signal must be
sampled at the same time to detect whether there is noise near the center of the bit time. The
presence of noise (NEF = 1 at the center obth#éme) does not mean that the sampled data

is incorrect; rather, it is intended to be an indicator of the level of noise in the network.
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| | |
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| | |
— |
Input Data Bit =0 Data Bit =1 |
TXIN (ideal) | Clean TxIN
| | | example
Noise Filter
Up/Dn Cnitr 3[3 2100000000000 00|012 333333333333 3|3
| | |
Noise Filter
Output Y Bminal filter delay

Input —
TxIN (noisy)
Data Bit
Data Bit =1

Noise Filter Noise TxIN
Up/Dn Cnitr 33 21|o 0000012100000101 2|33 3323333333 example

Noise Filter
Output

NEF

output ﬂ

Figure 13. Noise Filter Operation

9.3. Timer Control Register Definitions

This section defines the featuregtod following Timer Control registers.

Timer 0—2 High and Low Byte Registesee page 110

Timer Reload High and Low Byte Registesee page 110
Timer 0—2 PWMO High and Low Byte Registesge page 111
Timer 0—2 PWM1 High and Low Byte Reqistesge page 112

Timer 0—2 Control Reqistersee page 113

Timer 0-2 Status Reqistersee page 119

Timer 0—2 Noise Filter Control Registeee page 120
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9.3.1. Timer 0-2 High and Low Byte Registers

The Timer 0-2 High and Low Byte (TxH and TxL) registers, shown in Tables 55 and 56,
contain the current 16-bit timepunt value. When the time&r enabled, a read from TxH
causes the value in TxL to be stored temporary holding register. A read from TxL
always returns this temporary register wiiea timers are enabled. When the timer is
disabled, reading from the TxL reads the register directly.

Writing to the Timer High and Low Byte rexgers when the timer is enabled is not
recommended. There are no temporary hgldaygisters available for write operations;
therefore simultaneous 16-bit writes are not gassif either the Timer High or Low Byte
registers are written during counting, the 8viiitten value is placeth the counter (High
or Low Byte) at the next clock edge. Témunter continues coting from the new value.

Table 55. Timer 0-2 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, F10H

Table 56. Timer 0-2 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, F11H
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.

PS025013-1011

9.3.2. Timer Reload High an d Low Byte Registers

The Timer 0-2 Reload High and Low Byte (TXRH and TxRL) registers, shown in
Tables 57 and 58, store a 16-bit reload valUBRH[7:0], TRL[7:0]}. Values written to the
Timer Reload High Byte Register are stoired temporary holding register. When a write
to the Timer Reload Low Byte Register occuhss temporary holding register value is
written to the Timer High Byte Register. Thiperation allows siultaneous updates of
the 16-bit timer reload value.

PRELIMINARY Timers



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

In COMPARE Mode, the TimdReload High and Low Byte registers store the 16-bit

Compare value.

Table 57. Timer 0 —2 Reload High Byte Register (TXxRH)

111

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, F12H
Table 58. Timer 0 —2 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, F13H
Bit Description
[7:0] Timer Reload Register High and Low
TRH, These two bytes form the 16-bit reload value, {TRH[7:0], TRL[7:0]}. This value is used to set
TRL the maximum count value which initiates a timer reload to 0001H. In COMPARE Mode, these
two bytes form the 16-bit Compare value.
9.3.3. Timer 0-2 PWMO High and Lo w Byte Registers
The Timer 0—2 PWMO High and Low Byte (TxXPWMOH and TxPWMOL) registers, shown
in Tables 59 and 60, are used for Pulse Width Modulator (PWM) operations. These
registers also store the Capture ealfior the CAPTURE, CAPTURE/COMPARE and
DEMODULATION Modes. When the timer snabled, writes to these registers are
buffered, and loading of the registes delayed until a timer reload@001H occurs —
that is, unless PWMOUE = 1.
Table 59. Timer 0-2 PWMO High Byte Register (TXPWMOH)
Bit 7 6 5 4 3 2 1 0
Field PWMOH
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, F14H
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Table 60. Timer 0-2 PWMO Low Byte Register (TXPWMOL)
Bit 7 6 5 4 3 2 1 0
Field PWMOL
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, F15H
Bit Description
[7:0] Pulse Width Modulator 0 High and Low Bytes
PWMOH, These two bytes, {PWMOH[7:0], PWMOL][7:0]}, form a 16-bit value that is compared to the
PWMOL current 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 1 Register (TXCTLL1).
The TXPWMOH and TXPWMOL registers also store the 16-bit captured timer value when
operating in CAPTURE, CAPTURE/COMPARE and DEMODULATION Modes.
9.3.4. Timer 0-2 PWM1 High and Low Byte Registers
The Timer 62 PWM1 High and Low Byte (TXPWM1H and TXPWML1L) registers, shown
in Tables 61 and 62, store Capture values for DEMODULATION Mode.
Table 61. Timer 0-2 PWML1 High Byte Register (TXPWM1H)
Bit 7 6 5 4 3 2 1 0
Field PWM1H
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 F20H, F24H, F28H
Table 62. Timer 0 -2 PWM1 Low Byte Register (TXPWML1L)
Bit 7 6 5 4 3 2 1 0
Field PWM1L
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 F21H, F25H, F29H
Bit Description
[7:0] Pulse Width Modulator 1 High and Low Bytes

PWM1H, These two bytes, {PWM1H[7:0], PWM1L[7:0]}, store the 16-bit captured timer value for

PWM1L DEMODULATION Mode.
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9.3.5. Timer 0-2 Control Registers

The Timer Control registers are described in Tables 63 through 65.

9.3.5.1. Timer 0-2 Control O Register

The Timer 0-2 Control 0 (TXCTLDO) register together with TXCTL1 register determines
the timer operating mode. It also includggagrammable PWM deadband delay, two bits
to configure timer interrupt definition and a st&bit to identify if the last timer interrupt
is due to an input capture event.

Table 63. Timer 0-2 Control 0 Register (TXCTLO)

Bit 7 6 5 4 3 2 1 0
Field TMODE[3] TICONFIG CsC 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 FO6H, FOEH, F16H
Bit Description
[7] Timer Mode High Bit
TMODE[3] This bit, along with the TMODE][2:0] field in the TXCTL1 Register, determines the operating

mode of the timer. This bit is the most significant bit of the timer mode selection value. For

more details, see the description of the Timer 0—2 Control 1 Register (TXCTL1) on

page 114.
[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] Cascade Timers
CsC 0 = Timer Input signal comes from the pin.

1 = For Timer 0, Input signal is connected to Timer 2 output.

For Timer 1, Input signal is connected to Timer 0 output.
For Timer 2, Input signal is connected to Timer 1 output.
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Bit Description (Continued)
[3:1] PWM Delay Value
PWMD This field is a programmable delay to control the number of timer clock cycles time delay
before the Timer Output and the Timer Output Complement is 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 last timer interrupt is due to 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.
9.3.5.2. Timer 0-2 Control 1 Register
The Timer 0-2 Control 1 (TxCTL1) registersabite and disable the timers, set the pres-
caler value and determine the tinoperating mode. See Table 64.
Table 64. Timer 0-2 Control 1 Register (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 FO7H, FOFH, F17H
Bit Description
[7] Timer Enable
TEN 0 = Timer is disabled.
1 = Timer enabled to count.
PS025013-1011 PRELIMINARY Timers
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Bit Description (Continued)
[6] Timer Input/Output Polarity
TPOL Operation of this field is a function of the current operating modes of the timer.

ONE-SHOT Mode

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

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

CONTINUOUS Mode

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

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

COUNTER Mode

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.

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) on PWM count match and forced Low (0) on Reload.

1 = Timer Output is forced High (1) when the timer is disabled. When enabled, the Timer
Output is forced Low (0) on PWM count match and forced High (1) on 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 on 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.
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Bit Description (Continued)

[6] (cont'd)  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 Timer Control O 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 Timer Control O 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.

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.
TRIGGERED ONE-SHOT Mode

0 = Timer counting is triggered on the rising edge of the Timer Input signal.

1 = Timer counting is triggered on the falling edge of the Timer Input signal.

DEMODULATION Mode

0 = Timer counting is triggered on the rising edge of the Timer Input signal. The current
count is captured into PWMO High and Low byte registers on subsequent rising edges of
the Timer Input signal.

1 = Timer counting is triggered on the falling edge of the Timer Input signal. The current
count is captured into PWM1 High and Low byte registers on subsequent falling edges
of the Timer Input signal.

The above functionality applies only if TPOLHI bit in Timer Control 2 Register is 0. If

TPOLHI bit is 1 then timer counting is triggered on any edge of the Timer Input signal and

the current count is captured on both edges. The current count is captured into PWMO

registers on rising edges and PWML1 registers on falling edges of the Timer Input signal.
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Bit Description (Continued)
[5:3] Prescale Value
PRES 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 insures 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] Timer Mode
TMODET[2:0] This field, along with the TMODE[3] bit in the TXCTLO Register, determines the operating
mode of the timer. TMODE[3:0] selects among the following modes:
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
1011 = TRIGGERED ONE-SHOT Mode
1100 = DEMODULATION Mode
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9.3.5.3. Timer 0-2 Control 2 Register

The Timer 0-2 Control 2 (TxCTL2) registers allow selection of timer clock source and
control of timer input polarity iDEMODULATION Mode. See Table 65.

Table 65. Timer 0-2 Control 2 Register (TXxCTL2)

Bit 7 6 5 4 3 2 1 0
Field Reserved PWMOUE | TPOLHI Reserved TCLKS
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 F22H, F26H, F2AH

Bit Description

[7:6] Reserved; must be 0.

[5] PWMO Update Enable

PWMOUE This bit determines whether writes to the PWMO High and Low Byte registers are buffered
when TEN = 1. Writes to these registers are not buffered when TEN = 0, regardless of the
value of this bit.

0 = Writes to the Channel High and Low Byte registers are buffered when TEN = 1 and only
take affect on a timer reload to 0001H.
1 = Writes to the Channel High and Low Byte registers are not buffered when TEN = 1.

[4] Timer Input/Output Polarity High Bit
TPOLHI  This bit determines if timer count is triggered and captured on both edges of the input signal.
This applies only to DEMODULATION Mode.
0 = Count is captured only on one edge in DEMODULATION Mode. In this case, edge polarity
is determined by TPOL bit in the TXCTL1 Register.
1 = Count is triggered on any edge and captured on both rising and falling edges of the Timer
Input signal in DEMODULATION Mode.

[3:1] Reserved; must be 0.

[0] Timer Clock Source
TCLKS 0 = System Clock
1 = Peripheral Clock
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9.3.6. Timer 0-2 Status Registers

The Timer 0-2 Status (TXSTAT) indicate®d/® capture/compare event occurrence, over-
run errors, noise event occuroemand reload time-out status.

Table 66. Timer 0—2 Status Register (TXSTAT)

Bit 7 6 5 4 3 2 1 0

Field NEF Reserved | PWM1EO | PWMOEO | RTOEF | Reserved | PWM1EF | PWMOEF

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 F23H, F27H, F2BH

Bit Description

[7] Noise Event Flag

NEF This status is applicable only if the Timer Noise Filter is enabled. The NEF bit will be asserted
if digital noise is detected on the Timer input (TxIN) line when the data is being sampled
(center of bit time). If this bit is set, it does not mean that the timer input data is corrupted
(though it can be in extreme cases), just that one or more Noise Filter data samples near the
center of the bit time did not match the average data value.

[6] Reserved; must be 0.

[5:4] PWM x Event Overrun

PWMXEO This bit indicates that an overrun error has occurred. An overrun occurs when a new capture/
compare event occurs before the previous PWMXEF bit is cleared. Clearing the associated
PWMNXEF bit in the TXSTAT register clears this bit.
0 = No Overrun
1 = Capture/Compare Event Flag Overrun

[3] Reload Time-Out Event Flag

RTOEF This flag is set if timer counts up to the reload value and is reset to 0001H. Software can use
this bit to determine if a reload occurred prior to a capture. It can also determine if timer
interrupt is due to a reload event.
0 = No Reload Time-Out event occurred
1 = A Reload Time-Out event occurred

[2] Reserved; must be 0.

[1:0] PWM x Event Flag

PWMXxEF This bit indicates if a capture/compare event occurred for this PWM channel. Software can use

this bit to determine the PWM channel responsible for generating the timer interrupt. This
event flag is cleared by writing a 1 to the bit. These bits will be set when an event occurs
independent of the setting of the timer interrupt enable bit.

0 = No Capture/Compare Event occurred for this PWM channel

1 = A Capture/Compare Event occurred for this PWM channel

PS025013-1011
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The Timer 0-2 Noise Filter Control Regis{@xNFC) enables and disables the Timer
Noise Filter and sets the noise filter control.

Table 67. Timer 0—2 Noise Filter Control Register (TXNFC)

Bit 7 6 5 4 3 2 1 0
Field NFEN NFCTL Reserved
Reset 0 0 0 0 0 o | o 0
R/W R/W R/W R
Address F2CH, F2DH, F2EH
Bit Description
[7] Noise Filter Enable
NFEN 0 = Noise Filter is disabled.
1 = Noise Filter is enabled. Receive data is preprocessed by the noise filter.
[6:4] Noise Filter Control
NFCTL  This field controls the delay and noise rejection characteristics of the Noise Filter. The wider
the counter the more delay that is introduced by the filter and the wider the noise event that will
be filtered.
000 = 2-bit up/down counter
001 = 3-bit up/down counter
010 = 4-bit up/down counter
011 = 5-bit up/down counter
100 = 6-bit up/down counter
101 = 7-bit up/down counter
110 = 8-hit up/down counter
111 = 9-bit up/down counter
[3:0] Reserved; must be 0.
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Chapter 10. Multi-Channel Timer

The Multi-Channel timer features a 16-bit up/down counter and a 4-channel Capture/
Compare/PWM channel array. This timeables the support ohultiple synchronous
Capture/Compare/PWM channels based simgle timer. The Multi-Channel Timer also
includes the following features:

16-bit up/down timer counter with programmable prescale

Selectable clock source (system clock or external input pin)
Count Modulo and Count up/down COUNTER Modes
Four independent capture/compare cieds which referece the common timer

Channel modes:

— ONE-SHOT COMPARE Mode

— CONTINUOUS COMPARE Mode
- PWM OUTPUT COMPARE Mode
— CAPTURE Mode

Figure 14 displays the Multi-Channel Timer architecture.
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Figure 14. Multi-Channel Timer Block Diagram
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Timer Operation

This section discusses the key features oMuki-Channel Timer, including its counter,
clock source, prescaler and counting modes.

10.2.1. Multi-Channel Timer Counter

The Multi-Channel Timer is based around a 16-bit up/down counter. The counter,
depending on the TIMER mode counts up or down with each rising edge of the clock
signal. Timer Counter registers MCTH asllCTL can be read/written by software.

10.2.2. Clock Source

The Multi-Channel Timer clock source can come from either the system clock or the
alternate function TIN pin when the systelack is the clock source; the alternate
function TIN input pin can perform a clogiating function. The TCLKS field in the
MCTCTLO Register selects the timer clock source. When using the TIN pin, the
associated GPIO pin must be configuredmsnput. The TIN frequency cannot exceed
one-fourth the syein clock frequency.

10.2.3. Multi-Channel Timer Clock Prescaler

The prescaler allows the system clock signal to be decreased by factors of 1, 2, 4, 8, 16,
32, 64 or 128. The PRES[2:0] bit field in the MCTCTL1 Register controls prescaler
operation. The PRES field is buffered for the prescale value to change only on a Multi-
Channel Timer end-of-cycle count. The prescaler has no effect wheptlses€lected as

the clock source.

10.2.4. Multi-Channel Timer Start

The Multi-Channel Timer starts counting whitve TEN bit in the MCTCTL1 Register is
set and the clock source is active. In Gddondulo or Count UfDown mode, the timer
counting can be stopped without disablingtiheer by setting the Reload Register to O.
The timer will then stop whethe counter next reaches\Writing a nonzero value to the
Reload Register restarts the timer counting.

10.2.5. Multi-Channel Timer Mode Control

The Multi-Channel Timer supports two modespgration: Count Modulo and Count up/
down. The operating mode is selected with the TMODE[1:0] field in the MCTCTL1
Register. The timer modes are described below in Table 68.
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Table 68. Timer Count Modes

TMODE Timer Mode Description

00 Count Modulo Timer counts up to Reload Register value. Then it is reset to 0000H and
counting resumes.

01 Reserved

10 Count Up/Down  Timer counts up to Reload and then counts down to 0000H. The Count up/
down cycle continues.

11 Reserved

10.2.6. Count Modulo Mode

In the Count Modulo Mode, thEmer counts up to the Relo&kgister value (max value
= FFFFH). Then it is reset to000H and counting resumes. As shown in Figuretié,
counting cycle continues with Reload + 1 as period. A timer couribterrupt request is
generated when the timer count resets from Reloado@H. If Count Modulo is selected
when the timer count is greater than Reldhd,timer immediately restarts counting from
zero.

FFFFH

Reload

OH
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Figure 15. Count Modulo Mode

10.2.7. Count Up/Down Mode

In the Count Up/Down mode, thiener counts up to the Redd Register value and then
counts down t@000H. As shown in Figures 16, thewdting cycle continues with twice
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the reload value as the perigdtimer count interrupt is geerated when the timer count
decrements to zero.

Reloagd F————— A~ ——— — — — — — — — — o

OH

Figure 16. Count Up/Down Mode

10.3. Capture/Compare Channel Operation

The Multi-Channel timer supports four Capg/Compare channels: CHA, CHB, CHC and
CHD. Each channel has the following features:

®* A 16-bit Capture/Compare Register (MCTCHyH and MCTCHYyL registers) used to
capture input event times or to generate iimervals. Any user software update of the
Capture/Compare Register value when thetiis running takes effect only at the end
of the counting cycle, notimmediately. Téwed of the counting cycle is when the coun-
ter transitions from theeload value to O (cau modulo mode) or frm 1 to O (count up/
down mode).

®* A dedicated bidirectional pin (TInA, B, C, or D) that can be configured for the input
capture function or to generate an output compare match or one-shot pulse.

Each channel is configured to operate in ONE-SHOT COMPARE, CONTINUOUS
COMPARE, PWM OUTPUT, or INPUT CAPTURE mode.

10.3.1. One-Shot Compare Operation

In a ONE-SHOT COMPARE operation, a chaningerrupt is genetad when the channel
compare value matches the timer count. dtennel event flag (CHyEF) is set in the
Channel Status 1 Register (MCTCHS1) to idgrttie responsible channel. The channel is
then automatically disabled. The timer ttones counting according to the programmed
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mode. If the timer channel output alternatediion is enabled, the channel output pin
(TOuUtA, B, C, or D) changes state for onstsyn clock cycle upon match (i.e., from Low
to High, then back to Low or High to Low, then back to High as determined by the
CHPOL bit).

10.3.2. Continuous Compare Operation

In a CONTINUOUS COMPARE operation, aasinel interrupt is generated when the
channel compare value matches timer count. The channeleu flag (CHyEF) is set in
the Channel Status 1 Register (MCTCHS1) and the channel reemabked. The timer
continues counting according to the programmed modee iEtthnnel output alternate
function is enabled, the charnmaitput pin (TOuUtA, B, C, or D) changes state upon match
(i.e., from Low to High then back to Lowy High to Low then back to High, as
determined by the CHPOL bit).

10.3.3. PWM Output Operation

In a PWM OUTPUT operation, the timer gertesaa PWM output signal on the channel
output pin (TOutA, B, C, or D). The chanmaitput toggles whenever the timer count
matches the channel compagdue (defined in the MCTCHyH and MCTCHYL registers).
In addition, a channel interrupt is generatad the channel event flag is set in the status
register. The timer continues countiagcording to its programmed mode.

The channel output signal bagiwith the output value = GOL and then transitions to
CHPOLwhen timer value matches the PWM walif timer mode is Count Modulo, the
channel output signal returns to outpl HPOL when timer reaches the reload value and
is reset. If timer mode Sount up/down, channel output signal returns to output =
CHPOL when the timer count matches AWM value again (when counting down).

10.3.4. Capture Operation

In a CAPTURE operation, the current timer count is recovdeeh the selected transition
occurs on TInA, B, C or D. The Capture count value is written to the Channel High and
Low Byte registers. In additiom, channel interrupt is genézd and the channel event flag
(CHYEF) is set in the Channel Status Régi The CHPOL bit ithe Channel Control
Register determines if the Capture occurs deiag edge or a falling edge of the Channel
Input signal. The timer continues caing according to the programmed mode.

10.4. Multi-Channel Timer Interrupts

The Multi-Channel Timer provides a singleédrrupt which has five possible sources.
These sources are the internal timer andabechannel inputs (TInA, TInB, TInC, TInD).

PS025013-1011 PRELIMINARY Multi-Channel Timer
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10.4.1. Timer Interrupt

If enabled by the TCIEN bit of the MCTCTLRegister, the timer interrupt will be gener-
ated when the timer completes a count cytkes occurs during émsition from counter =
reload register value to counter = 0 in count modulo mode and occurs during transition
from counter = 1 to counter = 0 in count up/down mode.

10.4.2. Capture/Compar e Channel Interrupt

A channel interrupt is generated whenethere is a successful Capture/Compare Event
on the Timer Channel and the associated CHIEN bit is set.

Low-Power Modes

The Z8 Encore! XP F1680 Series of MCUs contains power-saving features. The highest
level of power reduction is provided by STO®Rde. The next level of power reduction is
provided by HALT Mode.

10.5.1. Operation in HALT Mode

When the eZ8 CPU is operating in HALT Mode, the Multi-ChanneleTiwill continue to
operate if enabled. To minimize currenHALT Mode, the Multi-Channel Timer must be
disabled by clearing the TEN control bit.

10.5.2. Operation in STOP Mode

When the eZ8 CPU is operating in ST®IBde, the Multi-Channel Timer ceases to
operate because the system clock has stofpedregisters are not reset and operation
will resume after Stop Mode Recovery occurs.

10.5.3. Power Reduction During Operation

Deassertion of the TEN bit will inhibit cloakgy of the entire Multi-Channel Timer block.
Deassertion of the CHEN bit of individuethannels will inhibitclocking of channel-
specific logic to minimize power consumptiohunused channels. The CPU can still read
and write to the registers whime enable bit(s) are deasserted.

Multi-Channel Timer Applications Examples

This section provides two brief examples that describe how the the F1680 Series multi-
channel timer can be used in your application.
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10.6.1. PWM Programmable Deadband Generation

The count up/down mode supports motor pardpplications that require dead time
between output signals. Figure 17 displays dead time generation between two channels
operating in count up/down mode.

FFFFH
Reload F—— — - A—— — — — — — —g— — — — — — — — — -
MCTCHO |- — — — = — — e N — — — — — — — -
MCTCH1 |- —_ e — _— ' - — —_— — -
OH >
P <+ | P> < Dead Time
. _TCHO Output
. ! TCH1 Output
Cl ' ci cl ' ol Channel Interrupts (CI)
cl Cl TI cl Cl 71 Timer Interrupts (TI)
Figure 17. Count Up/Down Mode with PWM Channel Outputs and Deadband

PS025013-1011

10.6.2. Multiple Timer Intervals Generation

Figure 18 shows a timing diagram featurin@ teonstant time intervals, TO and T1. The
timer is in Count ModuldMode with reload F#FFFH. Channels 0 and 1 are set up for
CONTINUOUS COMPARE operation. After every channel compare interrupt, the
channel Capture/Compare registare updated in the interrupt service routine by adding a
constant equal to the time interval requir€tis operation requires that the Channel
Update Enable (CHUE) bit must be set in afela 0 and 1 so that writes to the Capture/
Compare registers take affect immediately.
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PS025013-1011

Figure 18. Count Max Mode with Channel Compare

Multi-Channel Timer Control Register Definitions

This section defines the features of thiéof@ing Multi-Channel Timer Control registers.

Multi-Channel Timer High and Low Byte Registesgee page 130

Multi-Channel Timer Reload High and Low Byte Registsee page 130

Multi-Channel Timer Sbaddress Registesee page 131

Multi-Channel Timer Subregister x (0, 1, or e page 132

Multi-Channel Timer Control 0, Control 1 Registesse page 132
Multi-Channel Timer Channel Status 0 and Status 1 Regiseegage 135

Multi-Channel Timer Channel-y Control Reqistesse page 137

Multi-Channel Timer Channel-y lgh and Low Byte Registersee page 139

10.7.1. Multi-Channe | Timer Address Map

128

Table 69 defines the byte address offsetshifeiMulti-channel Timer registers. For saving

address space, a subaddresssed for the Timer Contr@l, Timer Control 1, Channel
Status 0, Channel Status 1, Channel-y Control, and Channel-y High and Low byte

registers. Only the Timer High and Low Bygsisters and the Reload High and Low Byte

registers can be directly accessed.
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While writing a subregister, first write the suloless to Timer Subaddress Register, then
write data to subregister0, subregisterlsuregister2. A read is the same as a write.

Table 69. Multi-Channel Timer Address Map

Address/Subaddress Register/Subregister  Name

Direct Access Register

FAO Timer (Counter) High

FAl Timer (Counter) Low

FA2 Timer Reload High

FA3 Timer Reload Low

FA4 Timer Subaddress

FA5 Subregister 0

FA6 Subregister 1

FA7 Subregister 2
Subregister 0

0 Timer Control O

1 Channel Status 0

2 Channel A Capture/Compare High

3 Channel B Capture/Compare High

4 Channel C Capture/Compare High

5 Channel D Capture/Compare High
Subregister 1

0 Timer Control 1

1 Channel Status 1

2 Channel A Capture/Compare Low

3 Channel B Capture/Compare Low

4 Channel C Capture/Compare Low

5 Channel D Capture/Compare High
Subregister 2

0 Reserved

1 Reserved

2 Channel A Control

3 Channel B Control

4 Channel C Control

5 Channel D Control
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10.7.2. Multi-Channel Timer High and Low Byte Registers

The High and Low Byte (MCTH and MCTL) registers, shown in Tablec@ftain the
current 16-bit Multi-Chanel Timer count value.

Zilog does not recommend writing to tNeilti-Channel Timer High and Low Byte

registers while the Multi-Channel Timer is efeab If either or both of the Multi-Channel
Timer High or Low Byte registers are writtdaring counting, th&-bit written value is

placed in the counter (High and/or Low byte) at the next system clock edge. The counter
continues counting from the new value.

Table 70. Multi-Channel Timer High and Low Byte Registers (MCTH, MCTL)

Bit 7 6 5 4 3 2 1 0
Field MCTH

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 FAOH

Bit 7 6 5 4 3 2 1 0
Field MCTL

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 FA1H

Bit Description

[7:0] Multi-Channel Timer High and Low Byte

MCTH, These bytes contain the current 16-bit Multi-Channel Timer count value, {MCTH][7:0],
MCTL MCTL[7:0]}.

When the Multi-Channel Timer is enablediead from MCTH cases the value in MCTL

to be stored in a temporary holding regisiA read from MCTL returns this temporary
register when the Multi-Channel Timer is eleath When the Multi-Channel Timer is dis-
abled, reads from MCTL read the register directory. The Multi-Channel Timer High and
Low Byte registers are not reset when TEN = 0.

10.7.3. Multi-Channel Timer Relo ad High and Low Byte
Registers

The Multi-Channel Timer Reload High and Low Byte (MCTRH and MCTRL) registerss,
shown in Table 7lstore a 16-bit reload value, {MCTRH[7:0], MCTRL[7:0]}. When TEN
= 0, writes to this address update the regish the next clock cycle. When TEN =1,
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writes to this register are buffered and sfanred into the register when the counter
reaches the end of the count cycle.
_ Prescaler x (Reload Value +1)

Modulo Mode Period

Up/Down Mode Period =

fMCTcIk

2 x Prescaler x Reload Value

fMCTCIk

Bit 7 6 5 4 3 2 1 0
Field MCTRH

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 FA2H

Bit 7 6 5 4 3 2 1 0
Field MCTRL

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 FA3H

Bit Description

[7:0] Multi-Channel Timer Reload Register High and Low

MCTRH, These two bytes form the 16-bit reload value, {MCTRH[7:0], MCTRL[7:0]}. This value sets the
MCTRL  Multi-Channel Timer period in Modulo and Up/Down Count modes.

131

The value written to the MCTRH is stored in a temporary holding register. When a write
to the MCTRL occurs, the temporary holdiregister value is written to the MCTRH.
This operation allows sim@heous updates of the 1&lulti-Channel Timer reload

value.

10.7.4. Multi-Channel Ti mer Subaddress Register

The Multi-Channel Timer Subaddress Registerest 3-bit subaddresses for subregisters.
These three bits are from MCTSAR[2:0], alhet bits are reserved. When accessing sub-
register (writing or reading), set MCTSA righdlue first, then access subregister by writ-
ing or reading Subregisters 0, 1, or 2.
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Table 72. Multi-Channel Timer Subaddress Register (MCTSA)

Bit 7 6 5 4 3 2 1 0
Field MCTSA
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FA4H
10.7.5. Multi-Channel Timer Subregister x (0, 1, or 2)
The Multi-Channel Timer subregisters 0, 1 at@re the 8-bit data write to subregister or
8-bit data read from subregister. The Multigdnel Timer SubaddreBRegister selects the
subregister to be written to or read from.
Table 73. Multi-Channel Timer Subregister x (MCTSRXx)
Bit 7 6 5 4 3 2 1 0
Field MCTSRx
Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FA5H, FAG6H, FA7TH
10.7.6. Multi-Channel Timer Control 0, Control 1 Registers
The Multi-Channel Timer Control regers (MCTCTLO, MCTCTL1) control Multi-
Channel Timer operation. Writes to the PRES field of the MCTCTL1 Register are
buffered when TEN = 1 and will not takefeft until the next end of the cycle count
occurs.
Table 74. Multi-Channel Timer Control 0 Register (MCTCTLO)
Bit 7 6 5 4 3 2 1 0
Field TCTST CHST TCIEN | Reserved | Reserved TCLKS
Reset 0 0 0 0 0 0 0 0
R/W R/W R R/W R R R/W R/W R/W
Address See note.
Note: If a O0H is in the Subaddress Register, it is accessible through Subregister 0.

PS025013-1011

PRELIMINARY

Multi-Channel Timer



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

Bit

Description

[7]
TCTST

Timer Count Status

This bit indicates if a timer count cycle is complete and is cleared by writing 1 to the bit and is
cleared when TEN = 0.

0 = Timer count cycle is not complete.

1 = Timer count cycle is complete.

(6]
CHST

Channel Status

This bit indicates if a channel Capture/Compare event occurred. This bit is the logical OR of

the CHyEF bits in the MCTCHSL1 register. This bit is cleared when TEN=0.

0 = No channel capture/compare event has occurred.

1 = A channel capture/compare event has occurred. One or more of the CHDEF, CHCEF,
CHBEF and CHAEF bits in the MCTCHS1 register are set.

5]
TCIEN

Timer Count Interrupt Enable

This bit enables generation of timer count interrupt. A timer count interrupt is generated
whenever the timer completes a count cycle: counting up to Reload Register value or counting
down to zero depending on whether the TIMER mode is Count Modulo or Count up/down.

0 = Timer Count Interrupt is disabled.

1 = Timer Count Interrupt is enabled.

[4:3]

Reserved; must be 0.

2:0
TCLKS

Timer Clock Source

000 = System Clock (Prescaling enabled)

001 = Reserved

010 = System Clock gated by active High Timer Input signal (Prescaling enabled).
011 = System Clock gated by active Low Timer Input signal (Prescaling enabled).
100 = Timer I/O pin input rising edge (Prescaler disabled).

101 = Timer I/O pin input falling edge (Prescaler disabled).

110 = Reserved.

111 = Reserved.

} Note: The input frequency of the Timer Input Signadist not exceed one-fourth the system

clock frequency.
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Bit 7 6 5 4 3 2 1 0
Field TEN Reserved PRES Reserved TMODE
Reset 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R R/W R/W
Address See note.

Note: If a O0H is in the Subaddress Register, it is accessible through Subregister 1.

Bit

Description

[7]
TEN

Timer Enable
0 = Timer is disabled and the counter is reset.
1 = Timer is enabled to count.

(6]

Reserved; must be 0.

[5:3]
PRES

Prescale Value

The system clock is divided by 2PRES, where PRES can be set from 0 to 7. The prescaling
operation is not applied when the alternate function input pin is selected as the timer clock
source.

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]

Reserved; must be 0.

[1:0]
TMODE

Timer Mode

00 = Count Modulo: Timer Counts up to Reload Register value. Then it is reset to 0000H and
counting up resumes.

01 = Reserved.

10 = Count up/down: Timer Counts up to Reload and then counts down to 0000H. The count
up and count down cycle continues.

11 = Reserved.
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10.7.7. Multi-Channel Timer Ch annel Status 0 and Status 1
Registers

The Multi-Channel Timer Channel Status 0 and Status 1 registers (MCTCHSO,
MCTCHS1) indicate channel overruasd channel capture/compare events.

Table 76. Multi-Channel Timer Chan nel Status 0 Register (MCTCHSO0)

Bit 7 6 5 4 3 2 1 0
Field Reserved CHDEO | CHCEO | CHBEO | CHAEO
Reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address See note.

Note: If a 01H is in the Subaddress Register, it is accessible through Subregister 0.

Bit Description

[7:4] Reserved; must be 0.

[3:0] Channel y Event Flag Overrun

CHyEO This bit indicates that an overrun error has occurred. An overrun occurs when a new Capture/

Compare event occurs before the previous CHyEF bit is cleared. Clearing the associated
CHyEF bit in the MCTCHSL register clears this bit. This bit is cleared when TEN=0 (TEN is the
MSB of MCTCTL1).

0 = No Overrun.

1 = Capture/Compare Event Flag Overrun

PS025013-1011
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LIXYS

Bit 7 5 4 3 2 1 0
Field Reserved CHDEF CHCEF CHBEF CHAEF
Reset 0 0 0 0 0 0 0
R/W R R R R/W R/W R/W R/W
Address See note.

Note: If a 01H is in the Subaddress Register, it is accessible through Subregister 1.

Bit Description

[7:4] Reserved; must be 0.

[3:0] Channel y Event Flag

CHyEF  This bit indicates if a Capture/Compare event occurred for this channel. Software can use this

bit to determine the channel(s) responsible for generating the Multi-Channel Timer channel
interrupt. This event flag is cleared by writing a 1 to the bit. These bits will be set when an
event occurs independent of the setting of the CHIEN bit. This bit is cleared when TEN=0 (TEN
is the MSB of MCTCTL1).

0 = No Capture/Compare Event occurred for this channel.

1 = A Capture/Compare Event occurred for this channel.

PS025013-1011
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10.7.8. Multi-Channel Timer Channel-y Control Registers

Each channel has a control register to entitdechannel, selectehinput/output polarity,
enable channel interrupts and setde channel mode of operation.

Table 78. Multi-Channel Timer Channel Control Register (MCTCHyCTL) !

Bit 7 6 5 4 3 2 1 0
Field CHEN CHPOL CHIEN CHUE Reserved CHOP

Reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R/W R/W R/W
Address See note 2.

Notes:

1. y=A,B,C,D.
2. If 02H, 03H, 04H and O5H are in the Subaddress Register, they are accessible through Subregister 2.

Bit Description
[7] Channel Enable
CHEN 0 = Channel is disabled.
1 = Channel is enabled.
[6] Channel Input/Output Polarity
CHPOL Operation of this bit is a function of the current operating method of the channel.

PS025013-1011

ONE-SHOT Operation

When the channel is disabled, the Channel Output signal is set to the value of this bit. When

the channel is enabled, the Channel Output signal toggles for one system clock on reaching

the Channel Capture/Compare Register value.

CONTINUOUS COMPARE Operation

When the channel is disabled, the Channel Output signal is set to the value of this bit. When

the channel is enabled, the Channel Output signal toggles (from Low to High or High to Low)

on reaching the Channel Capture/Compare Register value.

PWM OUTPUT Operation

0 = Channel Output is forced Low when the channel is disabled. When enabled, the Channel
Output is forced High on Channel Capture/Compare Register value match and forced Low
on reaching the Timer Reload Register value (modulo mode) or counting down through the
channel Capture/Compare register value (count up/down mode).

1 = Channel Output is forced Low when the channel is disabled. When enabled, the Channel
Output is forced High on Channel Capture/Compare Register value match and forced Low
on reaching the Timer Reload Register value (modulo mode) or counting down through the
channel Capture/Compare register value (count up/down mode).

CAPTURE Operation

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

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

PRELIMINARY Multi-Channel Timer
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Bit

Description (Continued)

[5]
CHIEN

Channel Interrupt Enable

This bit enables generation of channel interrupt. A channel interrupt is generated whenever
there is a capture/compare event on the Timer Channel.

0 = Channel interrupt is disabled.

1 = Channel interrupt is enabled.

[4]
CHUE

Channel Update Enable

This bit determines whether writes to the Channel High and Low Byte registers are buffered

when TEN = 1. Writes to these registers are not buffered when TEN = 0 regardless of the value

of this bit.

0 = Writes to the Channel High and Low Byte registers are buffered when TEN =1 and only
take affect on the next end of cycle count.

1 = Writes to the Channel High and Low Byte registers are not buffered when TEN = 1.

(3]

Reserved; must be 0.

[2:0]
CHOP

Channel Operation Method

This field determines the operating mode of the channel. For a detailed description of the
operating modes, see Count Up/Down Mode on page 123.

000 = One-Shot Compare operation.

001 = Continuous Compare operation.

010 = PWM Output operation.

011 = Capture operation.

100 — 111 = Reserved.
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10.7.9. Multi-Channel Timer Channel-y High and Low Byte
Registers

Each channel has a 16-bifptare/compare register defined here as the Channel-y High
and Low Byte registers. When the timer isleled, writes to these registers are buffered
and loading of the registers is delayed uihi@ next timer end count, unless CHUE = 1.

Table 79. Multi-Channel Timer Channel-y High Byte Registers (MCTCHyH)*

Bit 7 6 5 4 3 2 1 0
Field CHyH

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 See note.

Note: If 02H, 03H, 04H and O5H are in the Subaddress Register, they are accessible through Subregister 0.

Bit 7 6 5 4 3 2 1 0
Field CHyL

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

Note: If 02H, 03H, 04H and O5H are in the Subaddress Register, they are accessible through Subregister 1.

Bit Description

[7:0] Multi-Channel Timer Channel-y High and Low Bytes

CHyH, During a compare operation, these two bytes, {CHyH[7:0], CHyL[7:0]}, form a 16-bit value that
CHyL is compared to the current 16-bit timer count. When a match occurs, the Channel Output

changes state. The Channel Output value is set by the TPOL bit in the Channel-y Control
subregister. During a capture operation, the current Timer Count is recorded in these two bytes
when the appropriate Channel Input transition occurs.

Note: *y = A, B, C, D.
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Chapter 11. Watchdog Timer

11.1.

The Watchdog Timer (WDT) function helps protect against corrupted or unreliable soft-
ware and other system-level problems &t place the Z8 Encore! XP F1680 Series
MCU into unsuitable operating statdfie WDT includes the following features:

® On-chip RC oscillator
* A selectable time-out response: Reset or System Exception

® 16-bit programmable time-out value

Operation

The WDT is a retriggerable one-shot timeatthesets or interrupts the Z8 Encore! XP
F1680 Series when the WDT reaches its teahcount. The WDT uses its own dedicated
on-chip RC oscillator as its clock sourdée WDT has only two modes of operation—
ON and OFF. After it is enabled, the WDT alsacounts and must be refreshed to prevent
a time-out. An enable can be performedelgcuting the WDT instruction or by writing
the WDT_AO option bit. When cleared@the WDT_AO bit enables the WDT to
operate continuously, even if a Wstruction has not been executed.

To minimize power consumptio the RC oscillator can leksabled. The RC oscillator is
disabled by clearing the WDTEN bit in tfiscillator Control 0 Register (OSCCTL0)f
the RC oscillator is disabled, the WDT will not operate.

The WDT is a 16-bit reloadable downcounter that uses two 8-bit registers in the e28 CPU
register space to set the reload value. Adrainal WDT time-out period is calculated
using the following equation:

WDT Time-Out Period (ms) = 2T Reload Value

In the above equation,egRNVDT reload value is computed using {WDTH]J7:0],
WDTL[7:0]} and the typical Watchdog Timer RQscillator frequency is 10 kHz. Users
must consider system regaiments when selecting the time-out delay. Table 80 indicates
the approximate time-out delays foettlefault and maximum WDT reload values.

PS025013-1011

1. For details about this register, Sesble 170on page 319.
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Table 80. Watchdog Timer Approximate Time-Out Delays

Approximate Time-Out Delay

WDT Reload : . .
Value WDT Reload (with 10kHz Typical WDT Oscillator Frequency)
(Hex) Value (Decimal) Typical Description
0400 1024 102 ms Reset default value time-out delay.
FFFF 65,536 6.55 s Maximum time-out delay.

PS025013-1011

11.1.1. Watchdog Timer Refresh

When first enabled, the WDT Isaded with the value in hWDT Reload registers. The

WDT then counts down t@000H unless a WDT instruction ixecuted by the eZ8 CPU.
Execution of the WDT instruction causes ttvncounter to be reloaded with the WDT
reload value stored in the WICReload registers. Countimgsumes following the reload

operation.

When the eZ8 CPU is operating in DEBUG Mode (through the OCD), the WDT is contin-
uously refreshed to prevennnecessary WDT time-outs.

11.1.2. Watchdog Timer Time-Out Response

The WDT times out when the counter readh@30H. A time-out of the WDT generates
either a system exception or a Reset. WHgT_RES option bit determines the time-out
response of the WDT. For information abpuogramming the WDT_RES option bit, see
theFlash Option Bitsection on page 276.

11.1.2.1. WDT System Exce ption in Normal Operation

If it is configured to generate system exception when a time-out occurs, the WDT issues
an exception request to the interrupt cafgroThe eZ8 CPU responds to the request by
fetching the System Exception vector and exieg code from the vector address. After
time-out and system exception generation MH&T is reloaded autoatically and contin-
ues counting.

11.1.2.2. WDT System Exception in STOP Mode

The WDT automatically initiates Stop Mode Recovery andrggates a system exception
request if configured to generate a syseeption when a time-out occurs and the CPU
is in STOP Mode. Both the WDT status bit dhé stop bit in the Reset Status Register are
set to 1 following a WDT time-out in STOP Mode.

Upon completion of the Stop Mode Recovéng eZ8 CPU responds to the system excep-
tion request by fetching the System Exceptiector and executing code from the vector
address.
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11.1.2.3. WDT Reset in Normal Operation

The WDT forces the device into the Reset statagfconfigured to generate a Reset when
a time-out occurs; the WDT status isi set to 1 (for details, see tReset Status Register
section on page 40For more information about Reset and the WDT status bit, see the
Reset, Stop Mode Recovesnd Low-Voltage Detectiosection on page 31. Following a
Reset sequence, the WITbunter is initializedvith its reset value.

11.1.2.4. WDT Reset in STOP Mode

If enabled in STOP Mode and configured to generate a Reset when a time-out occurs and
the device is in STOP Mode, the WDT iniga a Stop Mode Recovery. Both the WDT

status bit and the stop bit in the Reset Status Register (RSTSTAT) are set to 1 following a
WDT time-out in STOP Mode. Fanore information, see thiiReset, Stop Mode Recovery

and Low-Voltage Detectiogection on page 31.

11.1.3. Watchdog Timer Reload Unlock Sequence

Writing the unlock sequence to the Watchdamer Reload High (WDTH) Register
address unlocks the two Watchdog Timeldad registers (WDTH and WDTL) to allow
changes to the time-out period. These wojterations to the WDH Register address
produce no effect on the bits in the WD Register. The locking mechanism prevents
unwarranted writes to the Reloegpisters. The following sequee is required to unlock
the Watchdog Timer Reload registers (WDTH and WDTL) for write access.

1. Write55H to the Watchdog Timer Reload High Register (WDTH).

2. Write AAHto the Watchdog Timer Reload High Register (WDTH).

3. Write the appropriate value to the Watog Timer Reload High Register (WDTH).
4

Write the appropriate value to the Watog Timer Reload Low Register (WDTL).
After this write occurs, @ Watchdog Timer Reload registers are again locked.

All steps of the WDT Reload Unlock sequence must be written in the sequence defined
above. The values in these WDT Reload regssare loaded into the counter every time a
WDT instruction is executed.

11.2. Watchdog Timer Register Definitions

The two Watchdog Timer Reload registers (WDTH and WDTL) are described in the
following tables.
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11.2.1. Watchdog Timer Reload High and Low Byte
Registers

The Watchdog Timer Reload High and L&yte (WDTH, WDTL) registers, shown in
Tables 81 and 82, form the 16-bit reloadlresthat is loaded into the Watchdog Timer
when a WDT instruction exeas; this 16-bit reload value {WDTH[7:0], WDTL[7:0]}.
Writing to these registers followg the unlock sequence sets #ppropriate reload value.
Reading from these registers metsithe current WDT count value.

Table 81. Watchdog Timer Reload High Byte Register (WDTH = FF2H)

Bit 7 6 5 4 3 2 1 0
Field WDTH
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 FF2H

Table 82. Watchdog Timer Reload Low Byte Register (WDTL = FF3H)
Bit 7 6 5 4 3 2 1 0
Field WDTL
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 FF3H
Bit Description
[7:0] Watchdog Timer Reload High and Low Bytes
WDTH, WDTH: The WDT Reload High Byte is the most significant byte, or bits [15:8] of the 16-bit WDT
WDTL reload value.

WDTL: The WDT Reload Low Byte is the least significant byte, or bits [7:0] of the 16-bit WDT
reload value.

PS025013-1011 PRELIMINARY Watchdog Timer



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 144

Chapter 12. LIN-UART

12.1.

PS025013-1011

The Local Interconnect Network Univergsdynchronous Recegr/Transmitter (LIN-
UART) is a full-duplex communication cha@l capable of handling asynchronous data
transfers in standard UART applications and providing LIN protocol support. The LIN-
UART is a superset of the standard Z8 EnBieART, providing all its standard features,
LIN protocol support and a digital noise filter.

LIN-UART includes the following features:

® 8-bit asynchronous data transfer

® Selectable even- and odd-parity generation and checking
® Option of 1 or 2 stop bits

® Selectable MULTIPROCESSOR (9-bit) Modeith three configurable interrupt
schemes

® Separate transmit and receive interrupts
®* Framing, parity, overrun and break detection

® 16-bit baud rate generator (BRG) which danction as a general purpose timer with
interrupt

® Driver Enable output foexternal bus transceivers

® LIN protocol support for both MASTER and SLAVE modes:
— Break generation and detection
— Selectable Slave Autobaud
— Check Tx versus Rx data when sending

® Configuring digital-noise filter on Receive Data line

LIN-UART Architecture

The LIN-UART consists of ttee primary functional blocksransmitter, receiver and
baud-rate generator. The LIN-UART's transmitted receiver functimindependently but

use the same baud rate and data format. The basic UART operation is enhanced by the
Noise Filter and IrDA blocks. Figure 19 displays the LIN-UART architecture.
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Figure 19. LIN-UART Block Diagram

12.1.1. Data Format for Standard UART Modes

The LIN-UART always transmits and receives datan 8-bit data format with the least
significant bit first. An even-or-odd parityit or multiprocessor addss/data bit can be
optionally added to the data stream. Eachaittar begins with an active Low start bit and
ends with either 1 or 2 active High stop bits. Figures 20 and 21 display the asynchronous
data format employed by the LIN-UART tiwout parity and with parity, respectively.
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Figure 20. LIN-UART Asynchronous Data Format without Parity
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Figure 21. LIN-UART Asynchronous Data Format with Parity

12.1.2. Transmitting Data using the Polled Method

Observe the following steps to transihétta using the polled-operating method:

1. Write to the LIN-UART Baud Rate High dib.ow Byte registers to set the appropriate
baud rate.

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

3. If MULTIPROCESSOR Mode is appropriatwrite to the LIN-UART Control 1 Reg-
ister to enable MULTIPROESSOR (9-bit) Mode functions.

4. Setthe MULTIPROCESSOR Mode Selbitt(MPEN) to enable MULTIPROCES-
SOR Mode.

5. Write to the LIN-UART Control 0 Register to:
a. Setthe Transmit Enable bit (TEN) to eleaibe LIN-UART for data transmission.

b. If parity is appropriate and MULTIPRESSOR Mode is not enabled, set the par-
ity enable bit (PEN) and seledther even-or-odd parity (PSEL).

c. Set or clear the CTSE bit to enablelmable control from the remote receiver
using the CTSin.
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Check the TDRE bit in the LIN-UART StatOsRegister to determine if the Transmit
Data Register is empty (indicatby a 1); if empty, continue t6tep 7 If the Transmit
Data Register is full (indicatl by a 0), continue to maor the TDRE bit until the
Transmit Data Register becomes available to receive new data.

If operating in MULTIPROCESSOR Mode, write to the LIN-UART Control 1 Regis-

ter to select the outgoing address bit.

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

Write the data byte to the LIN-UART Transmit Data Register. The transmitter auto-
matically transfers the data to the Traitsghift Register and transmits the data.

If appropriate — and if MULTIPROCESSOR Mode is enabled — changes can be made
to the Multiprocessor Bitransmitter (MPBT) value.

10. To transmit additional bytes, returnStep 5

12.1.3. Transmitting Data Usin g Interrupt-Driven Method

The LIN-UART Transmitter interrupt indicas$ the availability of the Transmit Data
Register to accept new data for transmisdidivserve the following steps to configure the
LIN-UART for interrupt-driven data transmission:

1.

Write to the LIN-UART Baud Rate High di.ow Byte registers to set the appropriate
baud rate.

Enable the LIN-UART pin functions by contigng the associated GPIO port pins for
alternate function operation.

Execute a DI instruction to disable interrupts.

Write to the interrupt control registdsenable the LIN-UART Transmitter interrupt
and set the appropriate priority.

If MULTIPROCESSOR Mode is appropriatwrite to the LIN-UART Control 1 Reg-
ister to enable MULTIPROESSOR (9-bit) Mode functions.

Set the MULTIPROCESSOR Mode Selbitt(MPEN) to enable MULTIPROCES-
SOR Mode.

Write to the LIN-UART Control O Register to:

a. Setthe transmit enable bit (TEN) table the LIN-UART for data transmission.

b. If MULTIPROCESSOR Mde is not enabled, thenadsie parity if appropriate
and select either even or odd parity.

c. Setor clear the CTSE bit to enablalisable controfrom the remote receiver via
the CTSpin.
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8. Execute an El instrtion to enable interrupts.

The LIN-UART is now configured for interpt-driven data transmission. Because the
LIN-UART Transmit Data Register is empty, enterrupt is generated immediately. When
the LIN-UART Transmit interrupt is detectadd there is transmit data ready to send, the
associated interrupt service ro&i(iISR) performs the following:

1. Ifin MULTIPROCESSOR Mode, writes the LIN-UART Control 1 Register to
select the outgoing address bit:

— Sets the Multiprocessor Bit Transmitter (MPBf sending an address byte, clears
it if sending a data byte.

2. Writes the data byte to the LIN-UART Transmit Data Regi$tee. transmitter auto-
matically transfers the data to the Traitshift Register and transmits the data.

3. Executes the IRET instruction to returnriréhe interrupt-serviceoutine and wait for
the Transmit Data Register again become empty.

If a transmit interrupt occurs and there istramsmit data ready tend, the interrupt ser-
vice routine executes the IRET instruction. &hthe application does have data to trans-
mit, software can set the appropriate intermggjuest bit in the berrupt Controller to
initiate a new transmit interrupAnother alternative would befthe software to write the
data to the Transmit Data Register instefuhvoking the interupt service routine.

12.1.4. Receiving Data Using Polled Method

Observe the following stego configure the LIN-UAR for polled data reception:

1. Write to the LIN-UART Baud Rate High diow Byte registers to set the appropriate
baud rate.

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

3. If MULTIPROCESSOR Mode is appropriatwrite to the LIN-UART Control 1 Reg-
ister to enable MULTIPROESSOR (9-bit) Mode functions.

4. Write to the LIN-UART Control 0 Register to:
a. Setthe Receive Enable bit (RENEtmble the LIN-UART for data reception.

b. If MULTIPROCESSOR Mde is not enabled, then enable parity (if appropriate),
and select either even or odd parity.

5. Check the RDA bit in the LIN-UART Stat@sRegister to determine if the Receive
Data Register contains a valid data byte athd by a 1). If RDA is set to 1 to indi-
cate available data, continueStep 6 If the Receive Data Register is empty (indi-
cated by a 0), continue to monitor the RbifAthat is awaiting reception of the valid
data.
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6. Read data from the LIN-UART ReceivetBd&egister. If operating in MULTIPRO-
CESSOR (9-bit) Mode, furthections may be required depending on the MULTI-
PROCESSOR Mode bits MPMDJ1:0].

7. Return tdStep 5to receive additional data.

12.1.5. Receiving Data Using the Interrupt-Driven Method

The LIN-UART Receiver interrupt indicates theailability of new data (as well as error
conditions). Observe the following stepsconfigure the LIN-UART receiver for
interrupt-driven operation:

1. Write to the LIN-UART Baud Rate High d.ow Byte registers to set the appropriate
baud rate.

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

3. Execute a DI instruction to disable interrupts.

4. Write to the Interrupt Control registdtsenable the LIN-UART Receiver interrupt
and set the appropriate priority.

5. Clear the LIN-UART Receiver interrupt ingtapplicable Interrupt Request Register.

6. Write to the LIN-UART Control 1 Register to enable MULTIPROCESSOR (9-bit)
Mode functions, if appropriate.

a. Setthe MULTIPROCESSOR Mode Selbitt(MPEN) to enable MULTIPRO-
CESSOR Mode.

b. Setthe MULTIPROCESSOR Mode Bits, MP[1:0] to select the appropriate
address matching scheme.

c. Configure the LIN-UART to interrupt areceived data and errors or errors only
(interrupt on errors only is unlikely toe useful for Z8 Encore! devices without a
DMA block).

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

8. Write to the LIN-UART Control 0 Register to:
a. Setthe receive enable bit (RENgtmble the LIN-UART for data reception.

b. If MULTIPROCESSOR Mde is not enabled, then enable parity (if appropriate)
and select either even or odd parity.

9. Execute an El instrtion to enable interrupts.
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The LIN-UART is now configured for interpt-driven data recejon. When the LIN-
UART Receiver interrupt is detected, thesociated ISR performs the following:

1. Checks the LIN-UART Status 0 Registedt&iermine the source of the interrupt-error,
break, or received data.

2. If the interrupt is due to data availapiead the data from the LIN-UART Receive
Data Register. If operating in MULTIPROGEOR (9-bit) Modefurther actions may
be required depending on the MUPROCESSOR Mode bits MPMDI1:0].

3. Execute the IRET instruction to return from the ISR and await more data.

12.1.6. Clear To Send Operation

The Clear To Send (CT9in, if enabled by the CTSE bit of the LIN-UART Control 0
Register performs flow control on the outgoingnsmit data stream. The Clear To Send
(CTS input pin is sampled one system ddmefore any new character transmission
begins. To delay transmission of the next addi@racter, an external receiver must reduce
CTSat least one system clock cycle beforeeas data transmission begins. For multiple
character transmissions, this operatiotyscally performediuring the stop bit
transmission. If CTStops in the middle of a characteansmission, the current character
is sent completely.

12.1.7. External Driver Enable

The LIN-UART provides a Driver Enable (DEjgnal for off-chip bus transceivers. This
feature reduces the software overhead assutiaging a GPIO pin to control the trans-
ceiver when communicating on a himansceiver bus, such as RS-485.

Driver Enable is a programmable polasignal which envelopes the entire transmitted
data frame including parity drstop bits as illustrated indtire 22. The Driver Enable

signal asserts when a byte is written to the LIN-UART Transmit Data Register. The Driver
Enable signal asserts at least one bit paaitdino greater than two bit periods before the
start bit is transmitted. This allows a settime to enable the transceiver. The Driver
Enable signal deassenre system clock period after ttaest stop bit is transmitted. This
system clock delay allows both time for dat&lwar the transceiver before disabling it, as
well as the ability to determine if another dater follows the current character. In the
event of back-to-back characters (new data must be written to the Transmit Data Register
before the previous charactercompletely transmitted) tHeE signal is not deasserted
between characters. The DEPOL bit in thBHWART Control Register 1 sets the polarity

of the Driver Enable signal.
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Figure 22. LIN-UART Driver Enable Signal Ti ming with One Stop Bit and Parity
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The Driver Enable to start bit sep time is calculated as follows:

1 2
< DE to Start Bit Set-up Time(s) <
Baud Rate (Hz) Baud Rate (Hz)

12.1.8. LIN-UART Special Modes

The special modes of the LIN-UART are:
® MULTIPROCESSOR Mode
®* LIN Mode

The LIN-UART features a commaontrol register (Control Gphat has a unique register
address and several mode-sfieaontrol registers (Multiproessor Control, Noise Filter
Control and LIN Control) that share a comnregister address (Control 1). When the
Control 1 address is read or written, M8BEL[2:0] (Mode Select) field of the Mode
Select and Status Register determines whigfsiphl register is accessed. Similarly, there
are mode-specific status registers, one of wigaeturned when the Status 0 Register is
read depending on the MSEL field.

12.1.9. MULTIPROCESSOR Mode

The LIN-UART features a MULTIPROCESSOR (9-bit) Mode that uses an e>‘<‘f)ab(19

for selective communication whemnumber of processors share a common UART bus. In
MULTIPROCESSOR Mode (also referred to akibmode), the multiprocessor bit (MP)

is transmitted immediately following the 8 bits of data and immediately preceding the stop
bit(s) as displayed in Figure 23.
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Figure 23. LIN-UART Asynchronous MULTIPROCESSOR Mode Data Format
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In MULTIPROCESSOR (9-bit) Mode, the Parity bit Iocatioﬂ“(lﬁit) becomes the
Multiprocessor control bit. The LIN-UART Camtl 1 and Status 1 registers provide MUL-
TIPROCESSOR (9-bit) Mode control and staiuiermation. If an automatic address
matching scheme is enablede LIN-UART Address Compare register holds the network
address of the device.

12.1.9.1. MULTIPROCESSOR Mode Receive Interrupts

When MULTIPROCESSOR (9-bit) Mode is enabled, the LIN-UART processes only
frames addressed to it. To determine wheghitame of data is addressed to the LIN-

UART can be made in hardware, softwarea@ombination of the two, depending on the
multiprocessor configuratiobits. In general, the address compare feature reduces the load
on the CPU, because it is not required¢cess the LIN-UART when it receives data
directed to other devices on the multinoggwork. The following three MULTIPROCES-
SOR 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 with MPMDI[1:0fHa LIN-UART Control 1 Register. For all
MULTIPROCESSOR Modes, bit MPEN of the LIN-UART Control 1 Register must be set
to 1.

The first scheme is enabled by writiogp to MPMD[1:0]. In this mode, all incoming
address bytes cause an interrupt, while bgtas never cause an interrupt. The interrupt
service routine checks the address byte wirighered the interrupt. If it matches the
LIN-UART address, the softwaresars MPMD[0]. At this poity each new incoming byte
interrupts the CPU. The softwadetermines the end of the frame and checks for it by
reading the MPRX bit of the LIN-UART Sia 1 Register for each incoming byte. If
MPRX=1, a new frame begins. If the address of this new frame is different from the LIN-
UART’s address, then MPMD[0] must be set to 1 by software, causing the LIN-UART
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interrupts to go inactive until ghnext address byte. If thevmérame’s address matches the
LIN-UART's, then the data in the new frame is also processed.

The second scheme is enabled by setting/llafL:0] to 10B and writing the LIN-UART’s
address into the LIN-UART Address Comp&egister. This mode introduces more
hardware control, interruptinonly on frames that match the LIN-UART's address. When
an incoming address byte does not match the LIN-UART’s address, it is ignored. All
successive data bytes in this frame areigisored. When a matching address byte occurs,
an interrupt is issued and further interruptsur on each successive data byte. The first
data byte in the frame has NEWFRM=1le LIN-UART Status 1 Register. When the
next address byte occurs, therdware compares it to the LIN-UART’s address. If there is
a match, the interrupt occurs and the NEWFRMMstset to the first byte of the new frame.
If there is no match, the LIN-UART ignoradl incoming bytes until the next address
match.

The third scheme is enabléy setting MPMD[1:0] td1B and by writing the LIN-

UART’s address into the LIN-UART Address Compare Register. This mode is identical to
the second scheme, except that there aretaupts on address bytes. The first data byte
of each frame remains accompanied by a NEWFRM assertion.

12.1.10. LIN Protocol Mode

The Local Interconnect Netwlo(LIN) protocol as supported by the LIN-UART module is
defined in rev 2.0 of the LIN Specificatid?ackage. The LIN protocol specification
covers all aspects of transferring informattmetween LIN Master and Slave devices using
message frames including error detection anécovery, SLEEP Mode and wake-up from
SLEEP Mode. The LIN-UART hardware in LIlode provides character transfers to
support the LIN protocol including break transmission and detection, wake-up
transmission and detection and slave autobgudiart of the error detection of the LIN
protocol is for both master and slavevides to monitor their receive data when
transmitting. If the receive and transmit dsti@@ams do not match, the LIN-UART asserts
the PLE bit (physical layer error bit in Status O Register).néssage frame time-out
aspect of the protocol depends on softwargliring the use of an additional general
purpose timer. The LIN mode of the LIN-BA does not provide any hardware support
for computing/verifying the checksum field ormifging the contents of the identifier field.
These fields are treated as data and are not interpreted by hardware. The checksum
calculation/verification can easily be implented in software via the ADC (Add with
Carry) instruction.

The LIN bus contains a single Master amé or more Slaves. The LIN master is
responsible for transmittingdéhmessage frame header which consists of the Break, Synch
and ldentifier fields. Either the masterame of the slavesansmits the associated

response section of the message which consistdaté characters followed by a checksum
character.
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In LIN mode, the interrupts defined forrmaal UART operation still apply with the
following changes:

* A Parity Error (the PE bit in the Status Odister) is redefined as the Physical Layer
Error (PLE) bit. The PLE bit indicates thagceive data does not match transmit data
when the LIN-UART is transmitting. This fikition applies to both Master and Slave
operating modes.

®* The Break Detect interrupt (BRKD bit in Siiat0 Register) indicates when a Break is
detected by the slave (break condition for at least 11 bit times). Software can use this
interrupt to start a timer checking foressage frame time-out. The duration of the
break can be read in the RxBreakLength[8#]fl of the Mode Select and Status Reg-
ister.

®* The Break Detect interrupt <D bit in Status 0 Register) indicates when a wake-up
message has been received, if the LIN-UART is in LIN SLEEP state.

®* InLIN SLAVE Mode, if the BRG counter @rflows while measuring the autobaud pe-
riod (from the start bit to thieeginning of bit 7 of the aub@aud character), an Overrun
Error is indicated (OE bit in the Status Odigter). In this case, software sets the LIN-
STATE field back talOb, where the slave ignores the current message and waits for
the next break. The Baud Reload High &pev registers are not updated by hardware
if this autobaud error occur§he OE bit is also set & data overrun error occurs.

12.1.10.1. LIN System Clock Requirements

The LIN Master provides the timing referencettee LIN network and is required to have

a clock source with a tolerance of +0.5%. Ava with autobaud capiity is required to

have a baud clock matchingetmaster oscillator within #P46. The slave raes autobaud

to lock onto the master timing referencighaan accuracy of +2%. If a slave does not

contain autobaud capability, it must include a baud clock which deviates from the masters
by not more than £1.5%. €Be accuracy requirements must include the effects such as
voltage and temperatudgift during operation.

Before sending/receiving messages, the Baud Reload High/Low registers must be
initialized. Unlike standard UART modes, the Baud Reldagh/Low registers must be
loaded with the baud interval rathtaan 1/16 of the baud interval.

In order to autobaud with the required aemyt the LIN SLAVE system clock must be at
least 100 times the baud rate.
12.1.10.2. LIN Mode Init ialization and Operation

The LIN protocol mode is selected by sajteither the LIN Master (LMST) or LIN
SLAVE (LSLV) and optionally (for the LIN SAVE) the Autobaud Enable (ABEN) bits
in the LIN Control Register. To access th&llTontrol Register, the Mode Select (MSEL)
field of the LIN-UART Mode Selectt&tus Register must be equabt®B. The LIN-
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UART Control 0 Register must be initializedttwvTEN = 1, REN = 1 and all other bits =
0.

In addition to the LMST, LSLV and ABEN bits in the LIN Control Register, a
LinState[1:0] field exists which defines therent state of the LIN logic. This field is
initially set by software. In the LIN SLAVIMode, the LinState field is updated by
hardware as the slave mowbhsough the Wait For BrealutoBaud and Active states.

12.1.10.3. LIN MASTER Mode Operation

LIN MASTER Mode is selected by setting LMST = 1, LSLV =0, ABEN =0 and Lin-
State[1:0] =11B. If the LIN bus protocol indicatesefbus is required go into the LIN
SLEEP state, the LinState[1:0] bits must be seb®by software.

The break is the first part of the message frénauesmitted by the nséer, consisting of at
least 13 bit periods of logical zero on the LIN bus. During initialization of the LIN master,
the duration (in bit times) of the break isittemn to the TxBreakLength field of the LIN
Control Register. The transmission of thedk is performed by &#eg the SBRK bit in

the Control O Register. The LIN-UART starts the break after the SBRK bit is set and any
character transmission currently underway d@spleted. The SBRK bit is deasserted by
hardware until the break is completed.

If it is necessary to generate a break longer fiahit times, the SBRK bit can be used in
normal UART mode where software times the duration of the break.

The Synch character is transmitted by writirgpsl to the Transmit Data Register (TDRE
must = 1 before writing). The 8gh character is not transmitted by the hardware until the
break is complete.

The identifier character is transmitted\ugiting the appropriate value to the Transmit
Data Register (TDRE must = 1 before writing).

If the master is sending thesponse portion of the message, these data and checksum
characters are written to the Transmit DRé&gister when the TIRE bit asserts. If the
Transmit Data Register is written after RBE asserts, but bef® TXE asserts, the
hardware inserts one or two stop bits betwesrh character as deténed by the stop bit
in the Control O Register. Additional idle noccurs between chararg, if TXE asserts
before the next @racter is written.

If the selected slave is sendithe response portion of the frame to the master, each
receive byte will be signalldoly the receive data interrupt (RDA bit will be set in the Sta-
tus 0 Register). If the selected slave is senttingesponse to a different slave, the master
can ignore the response characters by ddasséne REN bit in the Control 0 Register
until the frame time slot is completed.

12.1.10.4. LIN SLEEP Mode

While the LIN bus is in theleep state, the CPU can either be in low power STOP Mode,
in HALT Mode, or in normal operationalage. Any device on $LIN bus can issue a
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Wake-up message if it requires the master to initiate anhéNisage framé&ollowing the
Wake-up message, the master wakes upratiates a new message. A Wake-up message
is accomplished by pulling the bus Low for aade250 us but less than 5 ms. Transmit-
ting a00H character is one way toansmit the Wake-up message.

If the CPU is in STOP Mode, the LIN-UART it active and the Wake-up message must
be detected by a GPIO edge detect Stop Mode Recovery. The duration of the Stop Mode
Recovery sequence can preclude makingaurate measurement of the Wake-up mes-
sage duration.

If the CPU is in HALT or OPERATIONAL mode, the LIN-UART (if enabled) times the
duration of the Wake-up and provides an interrupt following the end of the break sequence
if the duration is> 3 bit times. The total duration tiie Wake-up message in bit times can

be obtained by reading the RxBreakLengthdfiel the Mode Select and Status register.

After a Wake-up message has been detected, the LIN-UART can be placed (by software)
either into LIN Master or LIN Slave Wait for Break states as appropriate. If the break
duration exceeds 15 bit tes, the RxBreakLength field contains the vattelf the LIN-

UART is disabled, Wake-up message is deteci®é port pin interrupt and timed by soft-
ware. If the device is in STOP Mode, the Htgh_ow transition on the port pin will bring

the device out of STOP Mode.

The LIN Sleep state is selected by softwseting LinState[1:0] = 00. The decision to
move from an active state to sleep stateased on the LIN messages as interpreted by
software.

12.1.10.5. LIN Slave Operation

LIN SLAVE Mode is selected by setting LMST =0, LSLV =1, ABEN =1 or 0 and
LinState[1:0] =01b (Wait for Break state). The LIN slave detects the start of a new
message by the break which appears to the Slave as a break of at least 11 bit times in
duration. The LIN-UART detects the brealdagenerates an interrupt to the CPU. The
duration of the break is observalmiehe RxBreakLength field of thdode Select and
Status register. A break of less than kliimes in duration does not generate a break
interrupt when the LIN-UART is in Wait fdBreak state. If the break duration exceeds 15
bit times, the RxBreakLengfield contains the valugh.

Following the break, the LIN-UART hardweautomatically transits to tiAaitobaud

state, where it autobauds by timing the tioraof the first 8 bit times of the Synch
character as defined in the LIN standard. @amtion of the autobaud period is measured
by the BRG Counter which will update every 8ystem clock cycle between the start bit
and the beginning of bit 7 of the autobaud semge. At the end of the autobaud period, the
duration measured by the BRG counter (auto lperibd divided by 8) is automatically
transferred to the Baud Reload High and Low registers if the ABEN bit of the LIN control
register is set. If the BRG Counter overflows before reaching the start of bit 7 in the
autobaud sequence the Autob&krrun Error interrupt occyrthe OE bit in the Status O
Register is set and the Baud Reload registexsiot updated. To autobaud within 2% of
the master’s baud rate, the slave systenkatogst be a minimum of 100 times the baud
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rate. To avoid an autobaud overrun error, the system clock must not be greaté? than 2
times the baud rate (16 bit counter followBwpit prescaler when counting the 8 bit times
of the Autobaud sequence).

Following the Synch character, the LIN-UARTrtd@are transits to the Active state, in
which the identifier character ieceived and the characters of the response section of the
message are sent or received. The slaveinsntathis Active state until a break is

received or software forces a state changerAtfie in an Active state (i.e., autobaud has
completed), a break of 10 or more bit times is recognized and causes a transition to the
Autobaud state.

If the identifier character indicates that thlave device is not participating in the
message, software sets the LinState[1:0]= (Wait for Break state) to ignore the rest of
the message. No further receive intpts will occur until the next break.

12.1.11. LIN-UART Interrupts

The LIN-UART features separate interruptsttoe transmitter and receiver. In addition,
when the LIN-UART primary functionality is siabled, the Baud Rate Generator can also
function as a basic timer with interrupt capability.

12.1.11.1. Transmitter Interrupts

The transmitter generates a single interidpén the Transmit Dat&egister Empty bit

(TDRE) is set to 1. This indicates tha¢ thhansmitter is ready to accept new data for
transmission. The TDRE interrupt occurs when the transmitieitiedly enabled and

after the Transmit Shift Register has shiftedtbatfirst bit of a character. At this point,

the Transmit Data Register can be written with the next character to send. This provides 7
bit periods of latency to loatie Transmit Data Register bedéahe Transmit Shift Register
completes shifting the current character.tifig to the LIN-UART Transmit Data Register
clears the TDRE bit to O.

12.1.11.2. Receiver Interrupts
The receiver generates an interrupewlany one of the following occurs:

* A data byte has been received and @ilable in the LIN-UART Receive Data Regis-
ter. This interrupt can be disabled indepamtdof the other receiver interrupt sources
via the RDAIRQ bit (this feature is usgfin devices which support DMA). The re-
ceived data interrupt occurs after the reeaitaaracter has been placed in the Receive
Data Register. Software musispond to this received daavailable condition before
the next character is completeceived to avoid an overrun error.
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} Note: In MULTIPROCESSOR Mode (MPEN=1), thecesve-data interrupts are dependent on
the multiprocessor configuration and the most recent address byte.

® A break is received
® A Receive Data Overrun or LIN Slayaitobaud Overrurrror is detected
® A Data Framing Error is detected

® A Parity Error is detected (physical layer error in LIN mode)

12.1.11.3. LIN-UART Overrun Errors

When an overrun error conditimccurs, the LIN-UART prevés overwriting of the valid
data currently in the Receive Data Regisi&e Break Detect and Overrun status bits are
not displayed until after the valid data has been read.

After the valid data has been re#tk OE bit of the Status Ogister is updated to indicate
the overrun condition (and Break Detect, if apgitile). The RDA bit is set to 1 to indicate
that the Receive Data Register containsta dgte. However, because the overrun error
occurred, this byte cannot contain valid datd must be ignored. The BRKD bit indicates

if the overrun is caused by a break condition on the line. Adtaing the status byte indi-
cating an overrun error, the RameData Register must be read again to clear the error bits
in the LIN-UART Status 0 Register.

In LIN mode, an Overrun Error is signalléat receive-data overruras described above
and in the LIN Slave if the BRG Counterasflows during the aobaud sequence (the
ATB bit will also be set in this case). There is no data associatiedhs autobaud over-
flow interrupt; however th Receive Data Register must bad¢o clear the OE bit. In this
case, software must write a 10B to the LinStisiel, forcing the LIN slave back to a Wait
for Break state.

12.1.11.4. LIN-UART Data- and Error-Handling Procedure

Figures 24 displays the recommended procedure for use in LIN-UART receiver interrupt
service routines.

PS025013-1011 PRELIMINARY LIN-UART



Z8 Encore! XP ® F1680 Series
Product Specification

Embedded in Life
AnIXYS Company 159

Receiver <
Ready

Y

Receiver
Interrupt

Y

Read Status

No
Errors?

Read data that clears
the RDA bit and
resets the error bits

Y Y

Read data Discard data

Y

Figure 24. LIN-UART Receiver In terrupt Service Routine Flow

12.1.11.5. Baud Rate Generator Interrupts

If the BRGCTL bit of the Multiprocessor Contieegister (LIN-UART Control 1 Register
with MSEL =000b) is set and the REN bit of the Control 0 Register is 0. The LIN-UART
Receiver interrupt asserts when the LIN-URABRaud Rate Generatogloads. This action
allows the Baud Rate Genemto function as an additional counter, if the LIN-UART
receiver functionality is not employed. Ttransmitter can be enabled in this mode.
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12.1.12. LIN-UART Baud Rate Generator

The LIN-UART Baud Rate Generator crease®wer frequency baud rate clock for data
transmission. The input to the Baud Rate&ator is the system clock. The LIN-UART

Baud Rate High and Low Byte registers conettio create a 16-bit bd rate divisor value

(BRG[15:0]) that sets the data-transmisgiate (baud rate) of the LIN-UART. The LIN-

UART data rate for normal UART operationdalculated using thfollowing equation:

System Clock Frequency (Hz)
UART Data Rate (bits/s) =

16 x UART Baud Rate Divisor Value

The LIN-UART data rate fotIN mode UART operation is calculated using the following
eguation:

System Clock Frequency (Hz)

UART Data Rate (bits/s) =
UART Baud Rate Divisor Value

When the LIN-UART is disabled, the BRG fung¢t®as a basic 16-bit timer with interrupt
on time-out. To configure the BRG as a timer with interrupt on time-out, follow the proce-
dure below:

1. Disable the LIN-UART receiver by clearitige REN bit in the LIN-UART Control 0
Register to 0O (i.e., the TEN bit can &sserted; transmit activity can occur).

2. Load the appropriate 16-bit count vaio® the LIN-UART Baud Rate High and Low
Byte registers.

3. Enable the BRG timer function and the@dated interrupt by setting the BRGCTL
bit in the LIN-UART Control 1 Register to 1.

Noise Filter

A noise filter circuit is included which filtersoise on a digital input signal (such as UART
Receive Data) before the datess@mpled by the block. This noise filter is likely to be a
requirement for protocols with a noisy environment.

The noise filter contains the following features:
® Synchronizes the receive input data to the System Clock

®* Noise Filter Enable (NFEN) input selectsetther the noise filter is bypassed (NFEN
= 0) orincluded (NFEN=1) in the receive data path
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®* Noise Filter Control (NFCTL[2:0]) input selects the width of the up/down saturating

counter digital filter; the availde width ranges from 4 to 11 bits

®* The digital filter output features hysteresis
® Provides an active loaturated Sate output (FiltSatB) which is used as an indication

of the presence of noise

12.2.1. Architecture

Figure 25 displays how the noise filterim¢egrated with the LIN-UART on a LIN
network.

System
Clock
Y \
RxD RxD
< > — 1 RxD
FiltSatB é
= Npise Z
NFEN, NFCTL _ Filter LIN =
LIN-UART ” GPIO Transceiver
TxD TxD
—>=| TxD

PS025013-1011

Figure 25. Noise Filter System Block Diagram

12.2.2. Operation

Figure 26 displays the operation of the ndiker both with andwithout noise. The noise
filter in this example is a 2-bitp/down counter which saturateab and11b. A 2-bit
counter is shown for convenience, the operationidér counters is similar. The output of
the filter switches from 1 to O, ven the counter counts down fra@mb to 00b; and
switches from 0 to 1, whehe counter counts up frob®b to 11b. The noise filter delays
the receive data by three System Clock cycles.

The FiltSatB signal is checked when the féig RxD is sampled in the center of the bit
time. The presence of noise (FiltSatB = 1 aiteeof bit time) does not mean that the
sampled data is incorrect, but juisat the filter is not in its ‘saturated’ state of all 1s or all
Os. If FiltSatB = 1 then RxD is sampled dwgia receive character, the NE bit in the
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ModeStatus[4:0] field is set. By observing this &n indication of the level of noise in the
network can be obtained.

I(— Baud Period —>|

Data Bit=0

Data Bit = 1

33210000000000000'01233333333333323'3

-

—>| ~€— Nominal filter delay

Data Bit=0 | | | |_| Data

33210000000000000 012333333333333333

Bit=1

[ L]

Figure 26. Noise Filter Operation

PRELIMINARY

Clean RxD
Example

Noise RxD
Example

LIN-UART



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 1 63

12.3. LIN-UART Control Register Definitions
The LIN-UART control registers support th&N-UART, the associated Infrared Encoder/
Decoder and the noise filter. For more infation about the infratkoperation, see the
Infrared Encder/Decodesection on page 182.
12.3.1. LIN-UART Transmit Data Register
Data bytes written to the LIN-UART Tramit Data Register, shown in Table, &8e
shifted out on the TxD pin. The write-orilyN-UART Transmit Data Register shares a
Register File address with the read-only LIN-UART Receive Data Register.
Table 83. LIN-UART Transmit Data Register (UOTXD = F40H)

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 W W W W

Address F40H, F48H

Note: W = Write; X = undefined.

Bit Description
[7:0] Transmit Data
TxD LIN-UART transmitter data byte to be shifted out through the TxD pin.
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12.3.2. LIN-UART Receive Data Register

Data bytes received through the RxD gare stored in the LIN-UART Receive Data
Register as shown in Table 84. The read-only LIN-UART Receive Data Register shares a
Register File address with the writely LIN-UART Transmit Data Register.

Table 84. LIN-UART Receive Data Register (UORXD = F40H)

Bit 7 6 5 4 3 2 1 0
Field RxD

Reset X X X X X X X X
R/W R R R R R R R R
Address F40H, F48H

Note: R = Read.

Bit Description
[7:0] Receive Data
RxD LIN-UART receiver data byte from the RxD pin.
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12.3.3. LIN-UART Status 0 Register

The LIN-UART Status 0 Register idtdies the current LIN-UART operating
configuration and status. Table 85 describesStatus 0 Register for standard UART
mode. Table 86 describes the 8tad Register for LIN mode.

Table 85. LIN-UART Status 0 Register—S tandard UART Mode (UOSTATO = F41H)

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
Address F41H, F49H
Note: R = Read; X = undefined.
Bit Description
[7] Receive Data Available
RDA This bit indicates that the LIN-UART Receive Data Register has received data. Reading the
LIN-UART Receive Data Register clears this bit.
0 = The LIN-UART Receive Data Register is empty.
1 =There is a byte in the LIN-UART Receive Data Register.
[6] Parity Error
PE This bit indicates that a parity error has occurred. Reading the Receive Data Register clears
this bit.
0 = No parity error occurred.
1 = A parity error occurred.
[5] Overrun Error
OE This bit indicates that an overrun error has occurred. An overrun occurs when new data is
received and the Receive Data Register is not read. Reading the 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 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 zeros then this bit is set to 1. Reading the 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 Transmit Data Register is empty and ready for additional data.
Writing to the Transmit Data Register resets this bit.
0 = Do not write to the Transmit Data Register.
1 = The Transmit Data Register is ready to receive an additional byte for transmission.
[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] Clear to Send Signal
CTS When this bit is read it returns the level of the CTS signal. If LBEN = 1, the CTS input signal is
replaced by the internal Receive Data Available signal to provide flow control in loopback
mode. CTS only affects transmission if the CTSE bit = 1.
Table 86. LIN-UART Status 0 Register—LIN Mode (UOSTATO = F41H)
Bit 7 6 5 4 3 2 1 0
Field RDA PLE OE FE BRKD TDRE TXE ATB
Reset 0 0 0 0 0 1 1 0
R/W R R R R R R R R
Address F41H, F49H

Note: R = Read.

Bit

Description

[7]
RDA

Receive Data Available

This bit indicates that the Receive Data Register has received data. Reading the Receive Data
Register clears this bit.

0 = The Receive Data Register is empty.

1 = There is a byte in the Receive Data Register.

(6]
PLE

Physical Layer Error

This bit indicates that transmit and receive data do not match when a LIN slave or master is
transmitting. This could be by a fault in the physical layer or multiple devices driving the bus
simultaneously. Reading the Status O Register or the Receive Data Register clears this bit.
0 = Transmit and Receive data match.

1 = Transmit and Receive data do not match.
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Bit

Description (Continued)

[5]
OE

Receive Data and Autobaud Overrun Error

This bit is set just as in normal UART operation if a receive data overrun error occurs. This bit
is also set during LIN Slave autobaud if the BRG counter overflows before the end of the
autobaud sequence. This indicates that the receive activity is not an autobaud character or the
master baud rate is too slow. The ATB status bit will also be set in this case. This bit is cleared
by reading the Receive Data Register.

0 = No autobaud or data overrun error occurred.

1 = An autobaud or data overrun error occurred.

[4]
FE

Framing Error

This bit indicates that a framing error (no stop bit following data reception) is detected. Reading
the Receive Data Register clears this bit.

0 = No framing error occurred.

1 = A framing error occurred.

(3]
BRKD

Break Detect

This bit is set in LIN mode if:

e ltisin Lin Sleep state and a break of atleast 4 bit times occurred (Wake-up event) or

« ltis in Slave Wait Break state and a break ofat least 11 bit times occurred (Break event) or

« ltis in Slave Active state aml a break of at least 10 bit times occurs. Reading the Status 0
Register or the Receive Data Register clears this bit.

0 = No LIN break occurred.
1 = LIN break occurred.

2]
TDRE

Transmitter Data Register Empty

This bit indicates that the Transmit Data Register is empty and ready for additional data.
Writing to the Transmit Data Register resets this bit.

0 = Do not write to the Transmit Data Register.

1 = The Transmit Data Register is ready to receive an additional byte for transmission.

(1]
TXE

Transmitter Empty

This bit indicates that the Transmit Shift Register is empty and character transmission is
completed.

0 = Data is currently transmitting.

1 = Transmission is complete.

[0]
ATB

LIN Slave Autobaud Complete

This bit is set in LIN SLAVE Mode when an autobaud character is received. If the ABIEN bit is
set in the LIN Control Register, then a receive interrupt is generated when this bit is set.
Reading the Status 0 Register clears this bit. This bit will be 0 in LIN MASTER Mode.

PS025013-1011 PRELIMINARY LIN-UART
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12.3.4. LIN-UART Mode Se lect and Stat us Register

The LIN-UART Mode Select and Status Register, shown in Table 87, contains mode select
and status bits.

Table 87. LIN-UART Mode Select and Status Register (UOMDSTAT = F44H)

Bit 7 6 5 4 3 2 1 0
Field MSEL MODE STATUS

Reset 0 0 0 0 0 0 0 0
R/W R/IW R/IW RIW R R R R

Address F44H, FACH

Note: R = Read; R/W = Read/Write.

Bit Description
[7:5] Mode Select
MSEL This read/write field determines which control register is accessed when performing a write or
read to the UART Control 1 Register address. This field also determines which status is
returned in the Mode Status field when reading this register.
000 = Multiprocessor and normal UART control/status
001 = Noise filter control/status
010 = LIN protocol control/status
011 = Reserved
100 = Reserved
101 = Reserved
110 = Reserved
111 = LIN-UART hardware revision (allows hardware revision to be read in the Mode Status
field.
[4:0] Mode Status

This read-only field returns status corresponding to one of four modes selected by MSEL.
These four modes are described in Table 88 on page 169.

MSEL[2:0]=000, MULTIPROCESSOR Mode status = {0,0,0,NEWFRM, MPRX}
MSEL[2:0]=001, Noise filter status = {NE,0,0,0,0}

MSEL[2:0]=010, LIN mode status = {NE, RxBreakLength}

MSEL[2:0]=011, Reserved; must be 00000

MSEL[2:0]=100, Reserved; must be 00000

MSEL[2:0]=101, Reserved; must be 00000

MSEL[2:0]=110, Reserved; must be 00000

MSEL[2:0]=111, LIN-UART hardware revision

PS025013-1011
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Table 88. Mode Status Fields

MULTIPROCESSOR
Mode Status Field

NEWFRM

Status bit denoting the start of a new frame. Reading the LIN-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.

Multiprocessor Receive (MPRX)
Returns the value of the last multiprocessor bit received. Reading from the LIN-
UART Receive Data Register resets this bit to 0.

Digital Noise Filter
Mode Status Field

Noise Event (NE); MSEL = 001b

This bit is asserted if digital noise is detected on the receive data line when the
data is sampled (center of bit-time). If this bit is set, it does not mean that the
receive data is corrupted (though it can be in extreme cases), means that one or
more of the noise filter data samples near the center of the bit-time did not match
the average data value.

LIN Mode Status Field

Noise Event (NE); MSEL = 010b

This bit is asserted if some noise level is detected on the receive data line when
the data is sampled (center of bit-time). If this bit is set, it does not indicate that
the receive data is corrupt (though it can be in extreme cases), means that one or
more of the 16x data samples near the center of the bit-time did not match the
average data value.

RxBreakLength

LIN mode received break length. This field can be read following a break (LIN
Wake-up or Break) so that the software can determine the measured duration of
the break. If the break exceeds 15 bit times the value saturates at 1111b.

Hardware Revision
Mode Status Field

Noise Event (NE); MSEL = 111b

This field indicates the hardware revision of the LIN-UART block.
00_xxx LIN UART hardware revision.

01_xxx Reserved.

10_xxx Reserved.

11 xxx Reserved.
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12.3.5. LIN-UART Control O Register

The LIN-UART Control O Register, shown infdla 89, configures the basic properties of
LIN-UART'’s transmit and receive operations. A more detailed discussion of each bit
follows the table.

Table 89. LIN-UART Control 0 Register (UOCTLO = F42H)

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 RIW RIW R/W R/W RIW RIW R/W RIW
Address F42H, F4AH

Note: R/W = Read/Write.

Bit Description

[7] Transmit Enable

TEN This bit enables or disables the transmitter. The enable is also controlled by the CTS signal
and the CTSE bit. If the CTS signal is Low and the CTSE bit 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] Clear To Send Enable

CTSE 0 = The CTS signal has no effect on the transmitter.
1 = The LIN-UART recognizes the CTS signal as an enable control for 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. This bit is overridden by the MPEN bit.
1 = The transmitter sends data with an additional parity bit and the receiver receives an
additional parity bit.

[3] Parity Select

PSEL 0 = Even parity is sent as an additional parity bit for the transmitter/receiver.

1 = Odd parity is sent as an additional parity bit for the transmitter/receiver.
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Bit Description (Continued)

[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 completed sending data before setting this bit. In
standard UART mode, the duration of the break is determined by how long the software leaves
this bit asserted. Also the duration of any required stop bits following the break must be timed
by software before writing a new byte to be transmitted to the Transmit Data Register. In LIN
mode, the master sends a Break character by asserting SBRK. The duration of the break is
timed by hardware and the SBRK bit is deasserted by hardware when the Break is completed.
The duration of the Break is determined by the TxBreakLength field of the LIN Control
Register. One or two stop bits are automatically provided by the hardware in LIN mode as
defined by the stop bit.
0 = No break is sent.
1 = The output of the transmitter is 0.

[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 within the IrDA module.

12.3.6. LIN-UART Control 1 Registers

Multiple registers, shown in Tables 90 and 91, are accessitdesingle bus address. The

171

register selected is determinleg the Mode Select (MSEL) field. These registers provide

additional control over LIN-UART operation.
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12.3.6.1. Multiprocessor Control Register

When MSEL =000b, the Multiprocessor Control Registehown in Table 90, provides
control for UART MULTIPROCESSOR Mode, BA Mode and Baud Rate Timer Mode
as well as other features that can apply to multiple modes.

Table 90. Multiprocessor Control Regist

er (UOCTL1 = F43H with MSEL = 000b)

Bit 7 6 5 4 3 2 1 0
Field MPMD1 MPEN MPMDO MPBT DEPOL | BRGCTL | RDAIRQ IREN
Reset 0 0 0 0 0 0 0 0
R/IW R/W R/W R/IW RIW R/W R/W R/IW R/W
Address F43H, F4BH

Note: R/W = Read/Write.

Bit Position Value Description
[7,5] MULTIPROCESSOR (9-bit) Mode
MPMDI[1:0] 00 The LIN-UART generates an interrupt request on all data and address bytes.
01 The LIN-UART generates an interrupt request only on received address bytes.
10 The LIN-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 LIN-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 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.
0 Send a 0 in the multiprocessor bit location of the data stream (9th bit).
1 Send a 1 in the multiprocessor bit location of the data stream (9th bit).
[3] Driver Enable Polarity
DEPOL 0 DE signal is active High.
1 DE signal is active Low.

PS025013-1011

PRELIMINARY LIN-UART



Z8 Encore! XP ® F1680 Series
Product Specification

AnlGIXYS Company

Bit Position Value Description (Continued)
[2] Baud Rate Generator Control
BRGCTL This bit causes different LIN-UART behavior depending on whether the LIN-UART
receiver is enabled (REN =1 in the LIN-UART Control 0 Register). When the LIN-
UART receiver is not enabled, this bit determines whether the Baud Rate Generator
issues interrupts. When the LIN-UART receiver is enabled, this bit allows Reads from
the baud rate registers to return the BRG count value instead of the reload value.
Baud Rate Generator Contro | when the LIN-UART receiver is not enabled:
0 BRG is disabled. Reads from the Baud Rate High and Low Byte registers
return the BRG reload value.
1 BRG is enabled and counting. 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.
Baud Rate Generator Cont rol when the LIN-UART receiver is enabled:
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 High
Byte when the Low Byte is read.
[1] Receive Data Interrupt
RDAIRQ 0 Received data and receiver errors generates an interrupt request to the
Interrupt controller.
1 Received data does not generate an interrupt request to the Interrupt
controller. Only receiver errors generate an interrupt request.
[0] Loop Back Enable
IREN 0 Infrared Encoder/Decoder is disabled. LIN-UART operates normally.
1 Infrared Encoder/Decoder is enabled. The LIN-UART transmits and receives

data through the Infrared Encoder/Decoder.
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12.3.7. Noise Filter Control Register

When MSEL =001b, the Noise Filter Control Register, shown in Table@avides con-

trol for the digital noise filter.

Table 91. Noise Filter Control Register

(UOCTL1 = F43H with MSEL = 001b)
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Bit 7 6 5 4 3 2 1 0
Field NFEN NFCTL —

Reset 0 0 0 0 0 0 0 0
R/W RIW RIW R/W R/W R R R

Address F43H, F4BH

Note: R = Read; R/W = Read/Write.

Bit Position Value Description
[7] Noise Filter Enable
NFEN 0 Noise filter is disabled.
1 Noise filter is enabled. Receive data is preprocessed by the noise filter.
[6:4] Noise Filter Control
NFCTL This field controls the delay and noise rejection characteristics of the noise filter. The
wider the counter is, the more delay is introduced by the filter and the wider the noise
event is filtered.
000 4-bit up/down counter.
001 5-bit up/down counter.
010 6-bit up/down counter.
011 7-bit up/down counter.
100 8-bit up/down counter.
101 9-bit up/down counter.
110 10-bit up/down counter.
111 11-bit up/down counter.
[3:0] — Reserved; must be 0000.
Reserved
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When MSEL =010b, the LIN Control Register provides control for the LIN mode of

operation.

Table 92. LIN Control Register (UOCTL1 = F43H with MSEL = 010b)

Bit 7 6 5 4 3 2 1 0
Field LMST LSLV ABEN ABIEN LinState[1:0] TxBreakLength
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, F4BH
Note: R/W = Read/Write.
Bit Position Value Description
[7] LIN MASTER Mode
LMST 0 LIN MASTER Mode not selected.
1 LIN MASTER Mode selected (if MPEN, PEN, LSLV = 0).
[6] LIN SLAVE Mode
LSLv 0 LIN SLAVE Mode not selected.
1 LIN SLAVE Mode selected (if MPEN, PEN, LMST = 0).
[5] Autobaud Enable
ABEN 0 Autobaud not enabled.
1 Autobaud enabled, if in LIN SLAVE Mode.
[4] Autobaud Interrupt Enable
ABIEN 0 Interrupt following autobaud does not occur.
1 Interrupt following autobaud enabled, if in LIN SLAVE Mode. When the

autobaud character is received, a receive interrupt is generated and the ATB

bit is set in the StatusO Register.
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Bit Position

Value Description (Continued)

[3:2]
LINSTATE[1:0]

LIN State Machine

The LinState is controlled by both hardware and software. Software can force a state
change at any time if necessary. In normal operation, software moves the state in and
out of Sleep state. For a LIN slave, software changes the state from Sleep to Wait for
Break, after which hardware cycles through the Wait for Break, Autobaud and Active
states. Software changes the state from one of the active states to Sleep state, if the
LIN bus goes into Sleep mode. For a LIN master, software changes the state from
Sleep to Active, where it remains until the software sets it back to the Sleep state. After
configuration, software does not alter the LinState field during operation.

00 Sleep state (either LMST or LSLV can be set).
01 Wait for Break state (only valid for LSLV = 1).
10 Autobaud state (only valid for LSLV = 1).

11 Active state (either LMST or LSLV can be set).

[1:0]
TxBreakLength

TxBreakLength
Used in LIN mode by the master to control the duration of the transmitted break.

00 13 bit times.
01 14 bit times.
10 15 bit times.
11 16 bit times.
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12.3.9. LIN-UART Address Compare Register

The LIN-UART Address Compare Registerpam in Table 93, stores the multinode
network address of the LIN-UART. When the MPMD[1] bit of the LIN-UART Control
Register 0 is set, all incoming address bytes are compared to the value stored in this
Address Compare Register. Receive interruptsRIDA assertions only occur in the event
of a match.

Table 93. LIN-UART Address Compare Register (UOADDR = F45H)

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, FADH

Note: R/W = Read/Write.

Bit Position Value Description
[7:0] — Compare Address
COMP_ADDR This 8-bit value is compared to the incoming address bytes.
12.3.10. LIN-UART Baud Rate High and Low Byte Registers
The LIN-UART Baud Rate High and Low Byte registers, shown in Tables 94 and 95)
combine to create a 16-bit baud rate stivivalue (BRG[15:0]) that sets the data
transmission rate (baud rate) of the LIN-UART.
Table 94. LIN-UART Baud Rate High Byte Register (UOBRH = F46H)
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 FA46H, FAEH

Note: R/W = Read/Write.

Bit Position Value Description
[7:0] — Baud Rate High
BRH These bits set the High byte of the baud rate divisor value.
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Table 95. LIN-UART Ba ud Rate Low Byte Register (UOBRL = F47H)

Bit 7 6 5 4 3 2 1 0
Field BRL

Reset 1 1 1 1 1 1 1 1
R/W RIW RIW R/W R/W RIW RIW R/W RIW
Address FA7H, FAFH

Note: R/W = Read/Write.

Bit Position Value Description
[7:0] — Baud Rate Low
BRL These bits set the Low Byte of the baud rate divisor value.
The LIN-UART data rate is calculated ngithe following equation for standard UART
modes. For the LIN protocol, the Baud Reggisters must be programmed with the baud
period rather than 1/16th of the baud period.
} Note: The UART must be disabled when updatingBiaeid Rate registers because the High and

Low registers must be written independently.

PS025013-1011

The LIN-UART data rate is calculated ngithe following equation for standard UART
operation:

System Clock Frequency (Hz)

UART Data Rate (bits/s) = —
16 x UART Baud Rate Divisor Value

The LIN-UART data rate is calculated ngithe following equation for LIN mode UART
operation:

= System Clock Frequency (Hz)

UART Data Rate (bits/s)
UART Baud Rate Divisor Value

For a given LIN-UART data rate, the integer baat® divisor value isalculated using the
following equation for standard UART operation:

UART Baud Rate Divisor Value (BRG) = Round(SyStem Clock Frequency (HZ))

16xUART Data Rate (bits/s)
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For a given LIN-UART data rate, the integer baa divisor value isalculated using the
following equation for LIN mode UART operation:

UART Baud Rate Divisor Value (BRG) = Round(SyStem Clock Frequency (HZ))

UART Data Rate (bits/s)

The baud rate error relative thoe appropriate baud ratedalculated using the following
equation:

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

Desired Data Rate

For reliable communication, the LIN-UART batate error must never exceed 5 percent.

Tables 96 through 100 provide error datadopular baud rates and commonly-used crys-

tal oscillator frequeneis for normal UART modes of operation.

Table 96. LIN-UART Baud Rates, 20.0MHz System Clock

BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error (%) Rate (kHz) (Decimal) (kHz) Error (%)
1250.0 1 1250.0 0.00 9.60 130 9.62 0.16
625.0 2 625.0 0.00 4.80 260 4.81 0.16
250.0 5 250.0 0.00 2.40 521 2.399 -0.03
115.2 11 113.64 -1.19 1.20 1042 1.199 -0.03
57.6 22 56.82 -1.36 0.60 2083 0.60 0.02
38.4 33 37.88 -1.36 0.30 4167 0.299 -0.01
19.2 65 19.23 0.16
Table 97. LIN-UART Baud Rates, 10.0 MHz System Clock
BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error (%) Rate (kHz) (Decimal) (kHz) Error (%)
1250.0 N/A N/A N/A 9.60 65 9.62 0.16
625.0 1 625.0 0.00 4.80 130 4.81 0.16
250.0 3 208.33 -16.67 2.40 260 2.40 -0.03
115.2 5 125.0 8.51 1.20 521 1.20 -0.03
57.6 11 56.8 -1.36 0.60 1042 0.60 -0.03
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Table 97. LIN-UART Baud Rates, 10.0 MHz System Clock (Continued)

BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error (%) Rate (kHz) (Decimal) (kHz) Error (%)
38.4 16 39.1 1.73 0.30 2083 0.30 0.2
19.2 33 18.9 0.16

Table 98. LIN-UART Baud Rates, 5.5296MHz System Clock

BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error (%) Rate (kHz) (Decimal) (kHz) Error (%)
1250.0 N/A N/A N/A 9.60 36 9.60 0.00
625.0 N/A N/A N/A 4.80 72 4.80 0.00
250.0 1 345.6 38.24 2.40 144 2.40 0.00
115.2 3 115.2 0.00 1.20 288 1.20 0.00
57.6 6 57.6 0.00 0.60 576 0.60 0.00
38.4 9 38.4 0.00 0.30 1152 0.30 0.00
19.2 18 19.2 0.00

Table 99. LIN-UART Baud Rates, 3.579545 MHz System Clock

BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error (%) Rate (kHz) (Decimal) (kHz) Error (%)
1250.0 N/A N/A N/A 9.60 23 9.73 1.32
625.0 N/A N/A N/A 4.80 a7 4.76 —-0.83
250.0 1 223.72 -10.51 2.40 93 241 0.23
115.2 2 111.9 -2.90 1.20 186 1.20 0.23
57.6 4 55.9 -2.90 0.60 373 0.60 -0.04
38.4 6 37.3 -2.90 0.30 746 0.30 —-0.04
19.2 12 18.6 -2.90
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Table 100. LIN-UART Baud Rates, 1.8432 MHz System Clock
BRG BRG
Applicable Divisor  Actual Rate Applicable Divisor  Actual Rate
Rate (kHz) (Decimal) (kHz) Error(%) Rate (kHz) (Decimal) (kHz) Error(%)
1250.0 N/A N/A N/A 9.60 12 9.60 0.00
625.0 N/A N/A N/A 4.80 24 4.80 0.00
250.0 N/A N/A N/A 2.40 48 2.40 0.00
115.2 1 115.2 0.00 1.20 96 1.20 0.00
57.6 2 57.6 0.00 0.60 192 0.60 0.00
38.4 3 38.4 0.00 0.30 384 0.30 0.00
19.2 6 19.2 0.00
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Chapter 13. Infrared Encoder/Decoder

The Z8 Encore! XP F1680 Series productstam a fully-functionalhigh-performance
UART to infrared encoder/decoder (endec). The infrared endec is integrated with an on-
chip UART to allow easy comunication between the Z8 Encore! and IrDA Physical
Layer Specification and version 1.3-compliant infrared transceivers. Infrared
communication provides secure, relialday-cost, point-to-point communication

between PCs, PDAs, cell phones, printard other infrared enabled devices.

13.1. Architecture

Figure 27 displays the architecture of the infrared endec.

Interrupt 1/0 Data
Signal  Address

r—— - - - - - - - - - - - - - - - - - - - — — al

| |

| System |

| Clock | Infrared

Y Y Transceiver

| RxD RXD |

| ~ - i RXD

| TxD Infrared TXD |

UART > ncoder/Decoder >

Encoder/Decod TXD

| Baud Rate (endec) |

| Clock _

|

|

|

|

|

|

RN

Figure 27. Infrared Data Communication System Block Diagram

13.2. Operation

When the infrared endec is enabled, thasmit data from the associated on-chip UART
is encoded as digital signals in accordanith the IrDA standard and output to the
infrared transceiver through the TXD pin. Likewise, data received from the infrared
transceiver is passed to the infrared endeautih the RXD pin, decoded by the infrared

PS025013-1011 PRELIMINARY Infrared Encoder/Decoder
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endec and passed to the UARBmmunication is half-duplexhat is, simultaneous data
transmission and reception is not allowed.

The baud rate is set by the UART’s Baud Raémerator 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 enabled to use the infrared endec. The infrared
endec data rate is calculatesing the following equation:

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

Infrared Data Rate(bits/s) =

13.2.1. 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 drivesdfinfrared 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 pend. If the data to be transttad is 0, the transmitter first
outputs a 7-clock Low period, followed by a 3-clock High pulse. Finally, a 6-clock Low
pulse is the output to completee full 16 clock data period. Figure 28 displays IrDA data
transmission. When the infrareddec is enabled, the UART’s TXD signal is internal to
the Z8 Encore! XP F1680 Series products wthikeIR_TXD signal ighe output through

the TXD pin.

16-clock !

I
|
UART'’s Start Bit=0 DataBit0 =1 DataBit1=0 DataBit2=1 | DataBit3=1
TXD | L
| 3-clock | | | | |
| pulse
|
IR_TXD | | | | |
| ! | | ! I |
| | kl I I I | ! |
> 7-Clock
| delay !
Figure 28. Infrared Data Transmission
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13.2.2. Receiving IrDA Data

Data received from the infratdransceiver 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 dataittis 16 clocks wide. Figure 29 displays data reception.
When the infrared endec is etedh the UART's RXD signal is internal to the Z8 Encore!

XP F1680 Series products ihthe IR_RXD signal is received through the RXD pin.

! 16-clock !
[<— period —> I | | |
| | |
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 f
RXD | Start Bit=0 DataBit0 =1 DataBit1=0 DataBit2=1 | DataBit3=1
_ ! 8clock ' I
| delay | 16-clock | 16-clock | 16-clock I 16-clock |

<~ period —>»— period —><— period —>»*— period —™

Figure 29. IrDA Data Reception

A Caution: The system clock frequency must be at |[da8MHz to ensure proper reception of the

1.4us minimum width pulses allowed by the IrDA standard.

PS025013-1011

13.2.2.1. 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.

PRELIMINARY Infrared Encoder/Decoder
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The window remains open untildltount again reaches 8 (in other words, 24 baud clock
periods since the previous pulse is detéctgiging the endea sampling window of

minus 4 baud rate clocks to plus 8 baud rate clocks around the expected time of an
incoming pulse. If an incoming pulse is de&x inside this window this process is
repeated. If the incoming data is a logical @ fulse), the endec returns to the initial state
and waits for the next falling edge. As bdalling edge is detded, the endec clock
counter is reset, resynchronizing the endegbéancoming signal, allowing the endec to
tolerate jitter and baud rate errors in theoming datastream. Rgnchronizing the endec
does not alter the operationtbe UART, which ultimately reeives the data. The UART is
only synchronized to the incoming dat@eam when a start bit is received.

Infrared Encoder/Decoder Control Register
Definitions

All infrared endec configuration and stato®rmation is set by the UART control
registers as defined beginning on page 163.

To prevent spurious signals during IrDAtddransmission, set the IREN bit in the
UART Control 1 Register to 1 to enablestimfrared encoder/deder before enabling
the GPIO Port alternate function foretlcorresponding pin of UART. See Tables 17
through 19 on pages 49-ft details.

PS025013-1011
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Chapter 14. Analog-to-Digital Converter

14.1.

14.2.

PS025013-1011

The Z8 Encore! includes angit-channel Successive Approration Register Analog-to-
Digital converter (SAR ADC). The ADC convesds analog input signal to a 10-bit binary
number. The features of the ADC include:

® Eight analog input sources multigkrl with general-purpose /O ports
® Fast conversion time, less than 4.9 us

®* Programmable timing controls

® Interrupt on conversion complete

* Internal 1.6 V voltage reference generator

® Internal reference volge available externally

* Ability to supply external reference voltage

Architecture

The ADC architecture, shown in Figure 30, detssof an 8-input multiplexer, sample-
and-hold amplifier and 10-b8 AR ADC. The ADC digitizes the signal on a selected
channel and stores the digitized data in the A2 registers. In environments with high
electrical noise, an external RC filter mbstadded at the inpptns to reduce high-
frequency noise.

Operation

The ADC converts the analog input, ANAo a 10-bit digital representation. The
equation for calculating thegital value is calculated by:

ADC Output = 1024x (ANA, +~Vgeg)

Assuming zero gain and offset errors, &oitage outside the ADC input limits of A
and Vg returns all Os or 1s, respectively.

A new conversion can be initi@tdy software write to the ADC Control Register’s start
bit. Initiating a new conversion stops any cersion currently in progress and begins a
new conversion. To avoid disrupting a converatready in progress, this start bit can be
read to indicate ADC operation status (busy or available).

PRELIMINARY Analog-to-Digital Converter
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Figure 30. Analog-to-Digital
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14.2.1. ADC Timing

Converter Block Diagram

Each ADC measurement consists of 3 phases:

1. Input sampling (programmable, minimum of 1.8 us).

2. Sample-and-hold amplifier settlifigrogrammable, minimum of 0.5us).

3. Conversion is 13 ADCLK cycles.

Figure 31 displays the timg of an ADC conversion.

PRELIMINARY

Analog-to-Digital Converter

187



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 1 88

START

' < conversion period -
|
|
|

! 1.8 pus min
[ sample period—>|

Programmable
SAMPLE/HOLD
|<—settling period

|

|
|
BUSY 13-clock
| ~—convert period
|
|
|

Figure 31. ADC Timing Diagram

14.2.2. ADC Interrupt

The ADC can generate an interrupt request waheanversion is completed. An interrupt
request that is pending when the ADC is disabled is not automatically cleared. See Figure 32.

S
el g
2} A%
€ © ~ © To) < %) N — o =y
= = = = = = k= = = = 7}
o o o o o o o o o o =
=t = = =4 =4 = = =4 =4 e c
7] 7] 7] o o 7] 7] o o 7] =
o 8} > > > > > > > > > > [}
c < c c c c c c c c c c 5
2 > 9 o o o o o o o o o =
o o o o o o o o o o [70]
rF10 2314151 60" 71 8" 91" 10" 11" 12" 13' 14' 15' 16' 17!

ADC Clock

| | | | | | | | | | | | | | | | | |
BUSU - 13 clocks o
- convert period >

Figure 32. ADC Convert Timing

14.2.3. Reference Buffer
The reference buffer, RBUF, supplies the refee voltage for the ADC. When enabled,

the internal voltage reference generator §apphe ADC and this voltage is available on

PS025013-1011 PRELIMINARY Analog-to-Digital Converter
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the Vreg pin. When RBUF is disabled, the ADC stinave the reference voltage supplied
externally through the Vg pin. RBUF is controlled by the REFEN bit in the ADC Control
Register.

14.2.4. Internal Voltag e Reference Generator

The Internal Voltage Reference Generatavjies the voltage, VR2, for the RBUF. VR2
is 1.6V.

14.2.5. Calibration and Compensation

You can calibrate and store the values intolilas the user code can perform a manual
offset calibration. There is noguision for manual gain calibration.

14.3. ADC Control Register Definitions
The registers that control analog-to-digitaheersion functions are defined in this sec-
tion.
14.3.1. ADC Control Register 0
The ADC Control Register 0, shown inbla 101, initiates the A/D conversion and
provides ADC status information.
Table 101. ADC Control Register 0 (ADCCTLO)
Bits 7 6 5 4 3 2 1 0
Field START INTREF_SEL REFEN | ADCEN ANAINJ3:0]
Reset 0 0 0 0 0 0 0 0
R/W R/W1 R/W R/W R/W R/W R/W R/W R/W
Address F70h
Value
Bit Position (H) Description
[7] ADC Start/Busy
START 0 Writing a 0 has no effect.
Reading a 0 indicates the ADC is available to begin a conversion.
1 Writing a 1 starts a conversion.
Reading a 1 indicates that a conversion is currently in progress.
[6] Select 1.6 V as internal reference.
INTREF_SEL

Select AVDD as internal reference.

PS025013-1011
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Value
Bit Position (H) Description (Continued)
[5] 0 Select external reference.
REFEN 1 Select internal reference.
[4] 0 ADC is disabled.
ADCEN 1 ADC is enabled for normal use. This bit cannot change with bit 7 (start) at the
same time.
[3:0] Analog Input Select
ANAIN 0000  ANAO input is selected for analog-to-digital conversion.

0001 ANAL1 inputis selected for analog-to-digital conversion.

0010 ANA2 input is selected for analog-to-digital conversion.

0011 ANA3 inputis selected for analog-to-digital conversion.

0100 ANAJ input is selected for analog-to-digital conversion.

0101 ANAG5 input is selected for analog-to-digital conversion.

0110 ANAG input is selected for analog-to-digital conversion.

0111 ANAT7 input is selected for analog-to-digital conversion.
1000 Hold LPO input nodes (ANA1 and ANA2) to ground.
1001 Temperature Sensor.

1100 Temperature Sensor output to ANA3 PAD.

1101 vbg_chop signal output to ANA3 PAD.

Others Reserved.

PS025013-1011 PRELIMINARY Analog-to-Digital Converter



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 1 9 1

14.3.2. ADC Raw Data High Byte Register

The ADC Raw Data High Byte Register, shown in Table 102, contains the upper 8 bits of
raw data from the ADC output. Access to the ADC Raw Data High Byte register is read-
only. This register is used for test only.

Table 102. ADC Raw Data High Byte Register (ADCRD_H)

Bits 7 6 5 4 3 2 1 0
Field ADCRDH
Reset X
R/W R
Address F71H
Value
Bit Position (H) Description
[7:0] 00-FF ADC Raw Data High Byte
The data in this register is the raw data coming from the SAR Block. It will
change as the conversion is in progress. This register is used for testing only.
14.3.3. ADC Data High Byte Register

The ADC Data High Byte Register, shownTiable 103, contains the upper eight bits of

the ADC output. Access to the ADC Data Higjte Register is read-only. Reading the

ADC Data High Byte Regter latches data in the ADC Low Bits Register.

Table 103. ADC Data High Byte Register (ADCD_H)
Bits 7 6 5 4 3 2 1 0
Field ADCDH
Reset X
R/W R
Address F72H
Value

Bit Position (H) Description
[7:0] 00-FF ADC High Byte

The last conversion output is held in the data registers until the next ADC
conversion has completed.

PS025013-1011
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14.3.4. ADC Data Low Bits Register

The ADC Data Low Bits Register, shown in Table Jéihtains the lowebits of the ADC
output as well as an overflow status bitcass to the ADC Data Low Bits Register is
read-only. Reading the ADC Data High BYRegister latches data in the ADC Low Bits
Register.

Table 104. ADC Data Low Bits Register (ADCD_L)

Bits 7 6 5 4 3 2 1 0

Field ADCDL Reserved

Reset X X

R/W R R

Address F73H

Bit Position Value  Description

(H)

[7:6] 00- ADC Low Bit

ADCDL 11b These bits are the 2 least significant bits of the 10-bit ADC output; they are
undefined after a Reset. The Low bits are latched into this register whenever
the ADC Data High Byte register is read.

[5:0] 0 Reserved; must be 0.
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14.3.5. Sample Settl ing Time Register

The Sample Settling Time Register, shown in Table H0&sed to program the length of
time from the SAMPLE/HOLDsignal to the start signal, wh the conversion can begin.
The number of clock cycles required for settling will vary from system to system
depending on the system clock period uddak system designshould program this
register to contain the number of clocks rieggto meet a 0.5us minimum settling time.

Table 105. Sample Se ttling Time (ADCSST)

Bits 7 6 5 4 3 2 1 0
Field Reserved SST
Reset 0 1 ] 1 | 1 1
R/W R R/W
Address F74H
Bit Position Value  Description

(H)
[7:4] 0 Reserved; must be 0.
[3:0] 0-F Sample settling time in number of system clock periods to meet 0.5us
SST minimum.

PS025013-1011
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14.3.6. Sample Time Register

The Sample Time Register, shown in Table I96ised to program the length of active

time for the sample after a conversion bedppsetting the start bit in the ADC Control
Register or initiated by the PWM. The number of system clock cycles required for sample
time varies from system to system, depegdin the clock period used. The system
designer should program this register to aonthe number of system clocks required to
meet a 1.8 yus minimum sample time.

Table 106. Sample Time (ADCST)

Bits 7 6 5 4 3 2 1 0
Field Reserved ST

Reset 0 1 1 | 1 | 1 1 1
R/W R/W R/W

Address F75H

Bit Position Value (H) Description

[7:6] 0 Reserved; must be 0.
[5:0] 00-3F Sample Hold time in number of system clock periods to meet 1.8 ps minimum.
ST
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The ADC Clock Prescale Register, shown in Table 107, is used to provide a divided sys-
tem clock to the ADC. When thiggister is programmed witiH, the System Clock is
used for the ADC Clock. DIV16 maintains thighest priority, DIV2has the lowest prior-

ity.
Table 107. ADC Clock Prescale Register (ADCCP)

Bits 7 6 5 4 3 2 1 0
Field Reserved DIV16 DIV8 DIV4 DIV2
Reset 0 0 0 0 0
R/W R/W
Address F76H
Bit Description
[7:4] Reserved; must be 0.
[3] Divide by 16

DIV16 0 = Clock is not divided.
1 = System Clock is divided by 16 for ADC Clock.

[2] Divide by 8
DIV8 0 = Clock is not divided.
1 = System Clock is divided by 8 for ADC Clock.

[1] Divide by 4
DIvV4 0 = Clock is not divided.
1 = System Clock is divided by 4 for ADC Clock.

[0] Divide by 2
DIV2 0 = Clock is not divided.
1 = System Clock is divided by 2 for ADC Clock.

A Caution: The maximum ADC clock at 2.7V-3.6V is 5MHz. The maximum ADC clock at 1.8V—
2.7V is 2.5MHz. Set the Prescale Registarectly according to the different system

clocks. See the ADC Clock Prescale Register for details.

PS025013-1011 PRELIMINARY Analog-to-Digital Converter
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Chapter 15. Low-Power Operational
Amplifier

The low-power operational ampéf is a standard operational amplifier designed for
current measurements. Each of the three ports of the amplifier is accessible from the
package pins. The inverting ingis commonly used to conneo the current source. The
output node connects an external feedbreativork to the inverting input. The non-
inverting output is required to apply a nor@eias point. In a standard single-supply
system, this bias point musé¢ substantially above groutmmeasure positive input
currents. The noninverting input cas@be used for offset correction.

} Note:

This amplifier is a voltge gain operational gfifier. Its transimpednce nature is deter-
mined by the feedback network.

PS025013-1011

The low-power operational amplifier contamsly one pin configuration; ANAO is the
output/feedback node, ANAL is the invadgiinput and ANA2 is the noninverting input.

To use the low-power operational aifip, it must be enabled in tH&ower Control Reg-
ister Definitions discussed on page 44. The default state of the low-power operational
amplifier is OFF. To use the low-power ogtonal amplifier, the TRAM bit must be
cleared, turning it ON (sd@ower Control Register @ page 4% When making normal
ADC (i.e., not transimpedance) measurementANAO, the TRAM bit must be OFF.
Turning the TRAM bit ON interferes with nmal ADC measurementginally, this bit
enables the amplifier even in STOP Mode. & #mplifier is not required in STOP Mode,
disable it. Failing to perform this results$TOP Mode currents greater than specified.

As with other ADC measurements, any pissedifor analog purposesust be configured
as in the GPIO registers (see Bt A-E Alternate Function Subreqisteys page 6

Standard transimpedanoeasurements are made on ANAO as selected by the
ANAIN[3:0] bits of theADC Control Register 0discussed on page 188is also possible
to make single-ended measurements on AldAd ANA2 when themplifier is enabled
which is often useful for dermining offset conditions.
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Chapter 16. Enhanced Serial Peripheral
Interface

The Enhanced Serial Peripheral Interface (ESEpports the Serial Peripheral Interface
(SPI) and other synchronoserial interface modes, such as Inter-IC Sou?ﬂ)(and time
division multiplexing (TDM). ESPincludes the following features:

® Full-duplex, synchronous, character-oriented communication
* Four-wire interface§S SCK, MOSI and MISO)
* Data Shift Register is buffed to enable high throughput

®* MASTER Mode transfer rates up to a maximum of one-half the system clock
frequency

® SLAVE Mode transfer rates up to a xiraum of one-eighth the system clock
frequency

® Error detection
® Dedicated Programmable Baud Rate Generator

® Data transfer conttwia polling, interrupt

16.1. Architecture

The ESPI is a full-duplex, synadmous, character-orientedasinel that supports a four-

wire interface (serial clockransmit data, receive data asldve select). The ESPI block
consists of a shift register, data buffer register, a Baud Rate (clock) Generator, control/
status registers and a control state macHirensmit and receive transfers are in synch as
there is a single shift register for both transmitting and receiving data. Figure 33 displays a
diagram of the ESPI block.

PS025013-1011 PRELIMINARY Enhanced Serial Peripheral Interface
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Figure 33. ESPI Block Diagram
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16.2. ESPI Signals

The four ESPI signals are:

®* Master-In/Slave-Out (MISO)
®* Master-Out/Slave-In (MOSI)
® Serial Clock (SCK)

* Slave Select}S)

The following paragraphs discuss these signals as they operate in both MASTER and
SLAVE modes.

16.2.1. Master-In/Slave-Out

The Master-In/Slave-Out (MISO) pin is configaras an input in a Master device and as
an output in a slave device. Data is transtemest significant bit first. The MISO pin of
a Slave device is placed in a high-impedastete if the Slave is not selected. When the
ESPI is not enabled, this signal is in a higipedance state. The direction of this pin is
controlled by the MMEN bit of the ESPI Control Register.

16.2.2. Master-Out/Slave-In

The Master-Out/Slave-In (MOSI) pin is configured as an output in a Master device and as
an input in a slave device. Data is transferred most significantdiit\ihen the ESPI is

not enabled, this signal is in a high-impedastzte. The direction of this pin is controlled

by the MMEN bit of the ESPI Control Register.

16.2.3. Serial Clock

The Serial Clock (SCK) synchronizes data movetrbeth in and out of the Shift Register
via the MOSI and MISO pins. In MASTERode (MMEN = 1), the ESPI's Baud Rate
Generator creates the serial clock and drivestiton its SCK pin to the slave devices. In
SLAVE Mode, the SCK pin is an input. Sendevices ignore the SCK signal, unless their
SSpin is asserted.

The Master and Slave are each capable of exchanging a character of data during a
sequence of NUMBITS clock cycles (skgble 112 on page 21.1n both Master and
Slave ESPI devices, data is shifted on one efitfee SCK and is sapled on the opposite
edge where data is stable. SCK phasepatarity is determined by the PHASE and
CLKPOL bits in the ESPI Control Register.

PS025013-1011 PRELIMINARY Enhanced Serial Peripheral Interface
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16.2.4. Slave Select

The Slave Select signal is a bidirectional fragnsignal with several modes of operation
to support SPI and other synchronous seriakrface protocols. The Slave Select mode is
selected by the SSMD field of the E9®bde Register. The direction of the Signal is
controlled by the SSIO bit of the ESPI Mode Register. Thei@®l is an input on slave
devices and is an output on the active Madéatice. Slave devices ignore transactions on
the bus unless their Slave Select inpwsserted. In SPI MASTER Mode, additional
GPIO pins are required to provide Slave Salédhere is more than one slave device.

Operation

During a transfer, data is sent and recesietlltaneously by both the Master and Slave
devices. Separate signals are required fostrétndata, receive data and the serial clock.
When a transfer occurs, a multi-bit (typicaybit) character is shifted out one data pin
and a multi-bit character is simultaneously shifted in on second data pin. An 8-bit shift
register in the Master and an 8-bit shift stgr in the Slave are connected as a circular
buffer. The ESPI Shift Register is bufferedstepport back-to-baatharacter transfers in
high-performance applications.

A transaction is initiated when the Data Regigeanvritten in the Master device. The value
from the Data Register is trapsfed into the Shift Registand the SPI transaction begins.
At the end of each character transfer, ifrile&t transmit value has been written to the Data
Reqister, the data and shift register ealare swapped, which places the new transmit
data into the Shift Register and the ShifgRe&er contents (receive data) into the Data
Register. At that point the Receive DatagRe&er Not Empty signal is asserted (RDRNE
bit set in the Status Register). After softwerads the receive data from the Data Register,
the Transmit Data Register Empty signal issaesl (TDRE bit set in the Status Register)
to request the next tramit byte. To support back-to-batknsfers without an intervening
pause, the receive and transmit interrupts rbeserviced when the current character is
being transferred.

The Master sources the Serial Clock (SCK) and Slave Select sighaly(@®) the
transfer.

Internal data movement (lspftware) to/from the ESRlock is controlled by the

Transmit Data Register Empty (TDRE) and Receive Data Register Not Empty (RDRNE)
signals. These signals are read-only bithenESPI Status Register. When either the

TDRE or RDRNE bits assert, an interrupt is sent to the interrupt controller. In many cases
the software application is onfgoving information in one diation. In this case either the
TDRE or RDRNE interrupts can be disadbito minimize software overhead.

Unidirectional data transfer is supportedd®iting the ESPIEN1,0 bits in the Control
Register to 10 or 01.
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16.3.1. Throughput

In MASTER Mode, the maximum SCK ratepgorted is one-hathe system clock

frequency. This rate is achiet by programming the val@®01H into the Baud Rate

High/Low register pair. Though each charactdl g transferred at this rate it is unlikely

that software interrupt routinesuld keep up with this raten SPI mode the transfer will
automatically pause between characters until the current receive character is read and the
next transmit data value is written.

In SLAVE Mode, the transfer rate is conteall by the Master. As long as the TDRE and
RDRNE interrupt are servicedfoee the next character tramsicompletes, the Slave will
keep up with the Master. BLAVE Mode the baud rate must be restricted to a maximum
of one-eighth of the system clock frequeitayallow for synchroraation of the SCK input

to the internal system clock.

16.3.2. ESPI Clock Phase and Polarity Control

The ESPI supports four combinations of dasiack phase and polaritysing two bits in
the ESPI Control Register. Tlock polarity bit, CLKPOL, selects an active High or
active Low clock and has no effect on trensfer format. Table 108 lists the ESPI Clock
Phase and Polarity Operation parameters.cltek phase bit, PHASE, selects one of two
fundamentally different transfer formats. Theedis output a half-cye before the receive
clock edge which provides a haljcle of setup and hold time.

Table 108. ESPI Clock Phase (PHASE) and Clock Polarity (CLKPOL) Operation

PHASE CLKPOL SCK TransmitEdge S CK Receive Edge SCK Idle State

0 0 Falling Rising Low
0 1 Rising Falling High
1 0 Rising Falling Low
1 1 Falling Rising High

16.3.2.1. Transfer Format when Phase Equals Zero

Figure 34 displays the timing diagram for @Rl type transfer, in which PHASE =0. For
SPI transfers the clock only toggles dgyithe character transfer. The two SCK
waveforms show polarity with CLKPOL & and CLKPOL = 1. The diagram can be
interpreted as either a Master or Slavdrgdiagram because the SCK Master-In/Slave-
Out (MISO) and Master-Out/Slave-In (MOSins are directly connected between the
Master and the Slave.
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Figure 34. ESPI Timing when PHASE=0
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16.3.2.2. Transfer Format When Phase Equals One

Figure 35 displays a timing diagram for an 8pe transfer in which PHASE is one. For
SPI transfers the clock only toggles durthg character transfer. Two waveforms are
depicted for SCK, one for CLKPOL = 0 and another for CLKPOL = 1.
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Figure 35. ESPI Timing when PHASE = 1

16.3.3. Slave Select Modes of Operation

This section describes the different modedaif transfer supported by the ESPI block.
The mode is selected by the Slave Seléate (SSMD) field of the Mode Register.

16.3.3.1. SPI Mode

This mode is selected by setting the SSMD field of the Mode Register to 00. In this mode
software controls the assertion of thessghal directly via the SSV bit of the SP!I
Transmit Data Command register. Softweaa be used to control an SPI mode
transaction. Prior to or simakeously with writing the firsransmit data byte; software
sets the SSV bit. Software sets the SS\étthiter by performing a byte write to the
Transmit Data Command register prior to wigtiie first transmit character to the Data
Register or by performing a word write teetBata Register address which loads the first
transmit character and simultaneously sets the SSV bwilB@main asserted when one
or more characters are transferredefBhare two mechanisms for deassertingiSe

end of the transaction. One method used fiyvsoe is to set the TEOF bit of the Transmit
Data Command register, when the last TDRErimpt is being servéxd (set TEOF before
or simultaneously with writing the last data byt&fter the last bit of the last character is
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transmitted, the hardware will automaticallgassert the SSV and TEOF bits. The second
method is for software to idictly clear the SSV bit aftéine transaction completes. If
software clears the SSV bit dity it is not necessary for software to also set the TEOF bit
on the last transmit byte. After writing the lastnsmit byte, the end of the transaction can
be detected by waiting for the last RDRNEeimupt or monitoring the TFST bit in the
ESPI Status Register.

The transmit underrun and receigverrun errors will not occin an SPI mode Master. If

the RDRNE and TDRE requests have not lsmiced before the current byte transfer
completes, SCLK will be paused until the DRtagister is read and written. The transmit
underrun and receive overrun @gvill occur in a Slave if the Slave’s software does not
keep up with the Master data rate. In this case the Shift Register in the Slave will be loaded
with all 1s.

In the SPI mode, the SCK is active only foe thata transfer with one SCK period per bit
transferred. If the SPI bus has multiple Slaves Stave Select lines to all or all but one of

the Slaves must be controlled independently by software using GPIO pins. Figure 36 dis-
plays multiple character transfer in SPI mode.

} Note: When character n is transferred via the SRdgister, software responds to the receive
request for character n-1 and the transmit request for character n+1.
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Figure 36. SPI Mode (SSMD = 00)

16.3.3.2. Synchronous Fr ame Sync Pulse Mode

This mode is selected by setting the SSMD fadlthe Mode Register to 10. This mode is
typically used for continuous transferfofed length frames where the frames are
delineated by a pulse of dtin one SCK period. The SSWIn the ESPI Transmit Data
Command register does not control thepg@Sdirectly in this mode. SSV must be set
before or in sync with the first transmit data byte being written. Theidd@l will assert 1
SCK cycle before the first ¢bit and will stop after 1 SCK period. SCK is active from
the initial assertion of Séntil the transaction end duelexk of transmit data.

The transaction is termated by the Master when it no longer has data to send. If TDRE=1
at the end of a character, the @8put will remain detacheahd SCK stops after the last

bit is transferred. The TUNDiIt (transmit underrun) will agst in this case. After the
transaction has completed, hardware will ctba SSV bit. Figure 37 displays a frame

with synchronous frame sync pulse mode.
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PHASE =0,
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MQOSI, MISO

SSV

Figure 37. Synchronous Frame Sync Pulse mode (SSMD = 10)

16.3.3.3. Synchronou s Framing with SS Mode

This mode is selected by satithe SSMD field of the Mode Register to 11. Figure 38
displays synchronous message framing mode withl®ghating between consecutive
frames. A frame consists of a fixed numbédata bytes as defined by software. An
example of this mode is the Inter-IC Soun%SlerotocoI which is used to transfer left/
right channel audio data. The SSV indicates whether the corresponding bytes are left or
right channel data. The SSV value mustpdated when servigjthe TDRE interrupt/
request for the first byte in a left or writhannel frame. This can be accomplished by
performing a word write whewriting the first byte of the audio word, which will update
both the ESPI Data and Transmit Data Commaoidis or by doing a byte write to update
SSV followed by a byte Writto the Data Register. The Sgjnal will leadthe data by one
SCK period.

The transaction is terminated whthe_Master has no more data to transmit. After the last
bit is transferred, SCLK will stop and 38d SSV will return to their default states. A
transmit underrun error will occur at this point.
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Figure 38. Synchronous Message Framing Mode (SSMD = 11), Multiple Frames

16.3.4. SPI Protocol Configuration

This section describes in detail how to cgafie the ESPI block for the SPI protocol. In
the SPI protocol the Master sources the SDH asserts Slave Select signals to one or
more Slaves. The Slave Selsignals are typically active Low.

16.3.4.1. SPI Master Operation

The ESPI block is configurddr MASTER Mode operation by setting the MMEN bit = 1
in the ESPICTL register. The SSMD field of tBEPI Mode Register is set to 00 for SPI
protocol mode. The PHASE, CLKPOL and \R®its in the ESPICTL register and the
NUMBITS field in the ESPI Mode Register mustg®t to be consistent with the Slave SPI
devices. Typically for an SPI Master, SSIO = 1 and SSPO = 0.

The appropriate GPIO pinseaconfigured for the ESPI atteate function on the MOSI,
MISO and SCK pins. Typically the GPIO for the ESPI@$is configured in an alternate
function mode as well though the software caa any GPIO pin(s) to drive one or more
Slave select lines. If the ESPI Signal is not used to deva Slave select the SSIO bit
should still be set to 1 insangle Master system. Figww&9 and 40 display a block
diagram of the the ESPI configured as an SPI Master.
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Figure 40. ESPI Configured as an SPI Master in a Single Master, Multiple Slave System

16.3.4.2. Multi-Master SPI Operation

In a Multi-Master SPI system, all SCK piage tied together, all MOSI pins are tied
together and all MISO pins are tied togetidr.SPI pins must be configured in open-

drain mode to prevent bus contention. At any time, only one SPI device is configured as
the Master and all other devices on the busanéigured as slaves. The Master asserts the
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SSpin on the selected slave. Then, the actiastdr drives the clock and transmits data on
the SCK and MOSI pins to the SCK and MOSI pins on the Slave (including those Slaves
which are not enabled). The enabled slaveedrijata out its MISO pin to the MISO Mas-
ter pin.

When the ESPI is configured as a Magtea Multi-Master SPI system, the $H must

be configured as an input. The But signal on a device sigured as a Master should
remain High. If the SSignal on the active Master gdssw (indicating another Master is
accessing this device as a SlaweLollision error flag is set in the ESPI Status Register.
The Slave select outputs on a Master in a Multi-Master system must come from GPIO
pins.

16.3.4.3. SPI Slave Operation

The ESPI block is configurddr SLAVE Mode operation by sing the MMEN bit = 0 in
the ESPICTL register and setting the S8IO= 0 in the ESPIMODE register. The SSMD
field of the ESPI Mode Register is set tofdOSPI protocol mode. The PHASE, CLKPOL
and WOR bits in the ESPICTL registerdathe NUMBITS field in the ESPIMODE regis-
ter must be set to be consistent with tHeeotSPI devices. Typically for an SPI Slave,
SSPO = 0.

If the Slave has data to sendihe Master, the data must be written to the Data Register
before the transaction starts (first edge of SCK wheis 8Sserted). If the Data Register is
not written prior to the Slave trans@n, the MISO pin outputs all 1s.

Due to the delay resulting frosynchronization of the Sghd SCK input signals to the
internal system clock, the maximum SCKubaate that can be supported in SLAVE
Mode is the system clock frequency divideddbyhis rate is controlled by the SPI Mas-
ter. Figure 41 displays the ESPI configuration in SPI SLAVE Mode.
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Figure 41. ESPI Configured as an SPI Slave

16.3.5. Error Detection

Error events detected by the ESPI block ascdbed in this section. Error events gener-
ate an ESPI interrupt and set a bit in the ESRtus Register. The error bits of the ESPI
Status Register are Read/Write 1 to clear.

16.3.5.1. Transmit Underrun

A transmit underrun error occurs for a Master with SSMD = 10 or 11 when a character
transfer completes and TDRE = 1. In thesmdes when a transmihderrun occurs the
transfer will be aborted (SCK will halt and SSV will be deasserted). For a Master in SPI
mode (SSMD = 00), a transmit underrun is sighaled since SCK will pause and wait for
the Data Register to be written.

In SLAVE Mode, a transmit undein error occurs if TDRE = 1 at the start of a transfer.
When a transmit underrun occurs in SLAVE déo ESPI will transmit a character of all
1s.

A transmit underrun sets the TUND bit in the ESRitus Register to 1. Writing a 1 to
TUND clears this error flag.
16.3.5.2. Mode Fault (M ulti-Master Collision)

A mode fault indicates when methan one Master is tng to communicate simultane-
ously (a Multi-Master collision) in SPI mode. &mode fault is deteetl when the enabled
Master’s SSnput pin is asserted. For this to hapghe Control and Mode registers must
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be configured with MMEN = 1, SSIO = 0 ($San input) and SBiput = 0. A mode fault
sets the COL bit in the ESPI Status Registdr. td/riting a 1 to COL clears this error flag.

16.3.5.3. Receive Overrun

A receive overrun error occurs when a transiompletes and tHRDRNE bit is still set
from the previous transfer. A receive overaats the ROVR bit in the ESPI Status Regis-
ter to 1. Writing a 1 to ROVR clears this@ flag. The Receive Daegister is not over-
written and will contain the data from the transfer which initially set the RDRNE bit.
Subsequent received data is lost until the RDRNE bit is cleared.

In SPI MASTER Mode, a receive overrun will not occur. Instead, the SCK will be paused
until software responds to tipeevious RDRNE/TDRE requests.

16.3.5.4. SLAVE Mode Abort

In SLAVE Mode, if the_SSpin deasserts before all bits in a character have been trans-
ferred, the transaction is aborted. When duoisdition occurs the ABbit is set in the
ESPI Status Register. A Slave abort error eedet Slave control logic to idle state.

A Slave abort error is also asserted in SLAVE Mode, if BRGCTL = 1 and a baud rate
generator time-out occurs. &t BRGCTL = 1 in SLAVE Mode, the baud rate generator
functions as a Watchdog Timer monitoring BCK signal. The BRG counter is reloaded
every time a transition on SCK occurs whileiS&sserted. The Baud Rate Reload
registers must be programmed with a valuggtr than the expected time between the SS
assertion and the first SCK ed@petween SCK transitions while $Sasserted and
between the last SCK edge and®@@ssertion. A time-out indicates the Master is stalled
or disabled. Writing a 1 to ABT clears this error flag.

16.3.6. ESPI Interrupts

ESPI has a single interrupt output whiclsserted when any of the TDRE, TUND, COL,
ABT, ROVR or RDRNE bits are set in the BSRatus Register. The interrupt is a pulse
which is generated when any one of tharse bits initially sets. The TDRE and RDRNE
interrupts can be enabled/disabled via the Datrrupt Request Enable (DIRQE) bit of
the ESPI Control Register.

A transmit interrupt is asserted by the TDR&$$ bit when the ESPI block is enabled and
the DIRQE bit is set. The TDRE bit in the Stategister is cleared automatically when the
Data Register is written or the ESPI blocklisabled. After the Data Register is loaded
into the Shift Register to start a new transfiee TDRE bit will be set again, causing a

new transmit interrupt. In SLAVE Mode, if information is being received but not transmit-
ted the transmit interrupts can be elimindigdelecting Receive ®nmode (ESPIENL,0
=01). A Master cannot operate in Receive Onbde since a write to the ESPI (Transmit)
Data Register is still required to initiate tinensfer of a character even if information is
being received but not transmdtey the software application.
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A receive interrupt is generated by the RDR&M&us bit when the ESPI block is enabled,
the DIRQE bit is set and a character transtenpletes. At the end of the character
transfer, the contents of the Shift Registertaansferred into the Data Register, causing
the RDRNE bit to assert. The RDRNE bit is cleared when the Data Buffer is read as
empty. If information is beigtransmitted but not received the software application, the
receive interrupt can be eliminated by sefecTransmit Only mode (ESPIEN1,0 = 10) in
either MASTER or SLAVE modes. When imfoation is being sent and received under
interrupt control, RDRNE and TDRE will Hobassert simultaneously at the end of a
character transfer. Since the new receive datatlse Data Register, the receive interrupt
must be serviced befotke transmit interrupt.

ESPI error interrupts occur if any of the TUND, COL, ABT and ROVR bits in the ESPI
Status Register are set. These bits arared by writing a 1. If the ESPI is disabled
(ESPIEN1, 0 = 00), an ESPI interrupt can be generated by a Baud Rate Generator time-
out. This timer function must be enatbley setting the BRGCTL bit in the ESPICTL
register. This timer interrupt does not set any of the bits of the ESPI Status Register.

16.3.7. ESPI Baud Rate Generator

In ESPI MASTER Mode, the Baud Rate Generareates a lower frequency serial clock
(SCK) for data transmission synchronizathmtween the Master and the external Slave.
The input to the Baud Rate @arator is the systemiock. The ESPI Baud Rate High and
Low Byte registers combine to form a 164@toad value, BRG[15:0], for the ESPI Baud
Rate Generator. The ESPI baud rateaisulated using the following equation:

System Clock Frequendy Hz

SPI Baud Raté bit§ )s= 2 x BRG[15:0]

Minimum baud rate is obtained by setting BRG[15:0)@00H for a clock divisor value
of (2 x 65536 = 131072).

When the ESPI is disabled, the Baud Ratagea&tor can function 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 ESPI by clearing the ESPIEN1,0 bits in the ESPI Control Register.

2. Load the appropriate 16-lmbunt value into the ESPI Bd Rate High and Low Byte
registers.

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

When configured as a general purpose timer3Rl BRG interrupt interval is calculated
using the following equation:

PRELIMINARY Enhanced Serial Peripheral Interface



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 2 1 3

SPI BRG Interrupt Interval (s¥ yStem Clock Period (8 BRG[15:0]

16.4. ESPI Control Register Definitions

This section defines the featurediod following ESPI Control registers.
ESPI Data Registesee page 213
ESPI Transmit Data Command and Receive Data Buffer Control Registepage 214

ESPI Control Registesee page 215

ESPI| Mode Registesee page 217

ESP| Status Registesee page 219
ESPI State Registesee page 220
ESPI Baud Rate High and Low Byte Registsee page 221

16.4.1. ESPI Data Register

The ESPI Data Register, shown in Table fijresses both the outgoing Transmit Data
Register and the incoming Receive DatgiRier. Reads from the ESPI Data Register
return the contents of the Receive Data Rtegi The Receive Data Register is updated
with the contents of the Shift Register a& #nd of each transfer. Writes to the ESPI Data
Register load the Transmit Data Registdess TDRE = 0. Data is shifted out starting
with bit 7. The last bit receéd resides in bit position O.

With the ESPI configured as a Master, writing sadayte to this register initiates the data
transmission. With the ESPI configured asav8] writing a data byte to this register
loads the Shift Register in praation for the next data traesfwith the external Master.
In either the MASTER or SLAVE modes, if TDREOQ, writes to this register are ignored.

When the character length is less thaiit8 (as set by the NUMBITS field in the ESPI
Mode Register), the transmit character mudeltgustified in the ESPI Data Register. A
received character of less than 8 bits is rjgstified (last bit received is in bit position 0).
For example, if the ESPI is configured for 4dharacters, the transnatharacters must be
written to ESPIDATA[7:4] and the receivetharacters are read from ESPIDATA[3:0].
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Table 109. ESPI Data Register (ESPIDATA)

Bits 7 6 5 4 3 2 1 0
Field DATA

Reset X X X X X X X X
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F60H

Bit Description

[7:0] Data

DATA Transmit and/or receive data. Writes to the ESPIDATA register load the Shift Register. Reads

from the ESPIDATA register return the value of the Receive Data Register.

Table 110. ESPI Transmit Data Command and Recei

16.4.2. ESPI Transmit Data Co mmand and Receive Data
Buffer Control Register

214

The ESPI Transmit Data Comnthand Receive Data Buffer Control Register, shown in

Table 110, provides control of the $B when it is configured as an output (MASTER

Mode), clear receive data buffer function and flag. The CRDR, TEOF and SSV bits can be

controlled by a bus write to this register.

ve Data Buffer Contro | Register (ESPITDCR)

Bits 7 6 5 4 3 2 1 0
Field CRDR RDFLAG Reserved TEOF SSV
Reset 0 00 0 0 0 0 0
R/W R/W R R R R R/W R/W
Address F61H
Bit Description
[7] Clear Receive Data Register
CRDR Writing 1 to this bit is used to clear all data in receive data buffer.
[6:5] Receive Data Buffer Flag
RDFLAG This bit is used to indicate how many bytes stored in receive buffer.

00 = 0 or 4 bytes (see RDRNE in the ESPI Status Register).

01 =1 byte.

02 = 2 bytes.

03 = 3 bytes.
[4:2] Reserved

These bits are reserved and must be programmed to 000.
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Bit Description
[1] Transmit End of Frame
TEOF This bit is used in MASTER Mode to indicate that the data in the Transmit Data Register is the
last byte of the transfer or frame. When the last byte has been sent SS (and SSV) will change
state and TEOF will automatically clear.
0 = The data in the Transmit Data Register is not the last character in the message.
1 = The data in the Transmit Data Register is the last character in the message.
[0] Slave Select Value .
Sy When SSIO = 1, writes to this register will control the value output on the SS pin. For more
details, see the SSMD field of the ESPI Mode Redqister on page 217.
16.4.3. ESPI Control Register
The ESPI Control Register, shown in Tabld, configures the ESPI for transmit and
receive operations.
Table 111. ESPI Control Register
Bits 7 6 5 4 3 2 1 0
Field DIRQE | ESPIEN1 | BRGCTL | PHASE | CLKPOL WOR MMEN | ESPIENO
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 F62H
Bit Description
[7] Data Interrupt Request Enable
DIRQE  This bit is used to disable or enable data (TDRE and RDRNE) interrupts. Disabling the data

interrupts is needed to control data transfer by polling. Error interrupts are not disabled. To

block all ESPI interrupt sources, clear the ESPI interrupt enable bit in the Interrupt Controller.

0 = TDRE and RDRNE assertions do not cause an interrupt. Use this setting if controlling data
transfer by software polling of TDRE and RDRNE. The TUND, COL, ABT and ROVR bits
will cause an interrupt.

1 = TDRE and RDRNE assertions will cause an interrupt. TUND, COL, ABT and ROVR will
also cause interrupts. Use this setting when controlling data transfer via interrupt handlers.
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Bit Description (Continued)
[6,0] ESPI Enable and Di rection Control
ESPIEN1, 00 = The ESPI block is disabled. BRG can be used as a general-purpose timer by setting
ESPIENO BRGCTL = 1.
01 = Receive Only Mode. Use this setting in SLAVE Mode if software application is receiving
data but not sending. TDRE will not assert. Transmitted data will be all 1s. Not valid in
MASTER Mode since Master must source data to drive the transfer.
10 = Transmit Only Mode
Use this setting in MASTER or SLAVE Mode when the software application is sending
data but not receiving. RDRNE will not assert.
11 = Transmit/Receive Mode
Use this setting if the software application is both sending and receiving information. Both
TDRE and RDRNE will be active.
[5] Baud Rate Generator Control
BRGCTL The function of this bit depends upon ESPIEN1,0. When ESPIEN1,0 = 00, this bit allows
enabling the BRG to provide periodic interrupts.
If the ESPI is disabled
0 = The Baud Rate Generator timer function is disabled. Reading the Baud Rate High and Low
registers returns the BRG reload value.
1 = The Baud Rate Generator timer function and time-out interrupt is enabled. Reading the
Baud Rate High and Low registers returns the BRG Counter value.
If the ESPI is enabled
0 = Reading the Baud Rate High and Low registers returns the BRG reload value. If MMEN =
1, the BRG is enabled to generate SCK. If MMEN = 0, the BRG is disabled.
1 = Reading the Baud Rate High and Low registers returns the BRG Counter value. If MMEN =
1, the BRG is enabled to generate SCK. If MMEN = 0 the BRG is enabled to provide a
Slave SCK time-out. See the SLAVE Mode Abort error description on page 211.
Caution: If reading the counter one byte at a time while the BRG is counting keep in mind that
the values will not be in sync. Zilog recommends reading the counter using (2-byte) word
reads.
[4] Phase Select
PHASE Sets the phase relationship of the data to the clock. For more information about operation of
the PHASE bit, see the ESPI Clock Phase and Polarity Control section on page 201.
[3] Clock Polarity
CLKPOL 0 =SCK dles Low (0).
1 = SCKidles High (1).
[2] Wire-OR (Open-Drain) Mode Enabled
WOR 0 = ESPI signal pins not configured for open-drain.
1 = All four ESPI signal pins (SCK, SS, MISO and MOSI) configured for open-drain function.
This setting is typically used for multi-Master and/or Multi-Slave configurations.
[1] ESPI MASTER Mode Enable
MMEN This bit controls the data 1/0 pin selection and SCK direction.

0 = Data out on MISO, data in on MOSI (used in SPI SLAVE Mode), SCK is an input.
1 = Data out on MOSI, data in on MISO (used in SPI MASTER Mode), SCK is an output.
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16.4.4. ESPI Mode Register

The ESPI Mode Register, shown in Table 112, configures the character bit width and
mode of the ESPI I/O pins.

Table 112. ESPI Mode Register (ESPIMODE)

Bits 7 6 5 4 3 2 1 0
Field SSMD NUMBITS[2:0] SSIO SSPO
Reset 000 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
Address F63H

Bit Description

[7:5] Slave Select Mode o

SSMD This field selects the behavior of SS as a framing signal. For a detailed description of

PS025013-1011

these modes, see Slave Select on page 200.

000 = SPI Mode

When SSIO = 1, the SS pin is driven directly from the SSV bit in the Transmit Data__
Command Register. The Master software should set SSV (or a GPIO output if the SS pin
is not connected to the appropriate Slave) to the asserted state prior to or on the same
clock cycle that the Transmit Data Register is written with the initial byte. At the end of a
frame (after the last RDRNE event), SSV will be automatically deasserted by hardware.
In this mode, SCK is active only for data transfer (one clock cycle per bit transferred).
001 = Loopback Mode

When ESPI is configured as Master (MMEN = 1), the outputs are deasserted and data is
looped from Shift Register Out to Shift Register In. When ESPI is configured as a Slave
(MMEN = 0) and SS in asserts, MISO (Slave output) is tied to MOSI (Slave input) to
provide an asynchronous remote loop back (echo) function.

010 = 12S Mode (Synchro nous Framing with SSV) .

In this mode, the value from SSV will be output by the Master on the SS pin with one SCK
period before the data and will remain in that state until the start of the next frame.
Typically this mode is used to send back to back frames with SS alternating on each
frame. A frame boundary is indicated in the Master when SSV changes. A frame
boundary is detected in the Slave by SS changing state. The SS framing signal will lead
the frame by one SCK period. In this mode SCK will run continuously, starting with the
initial SS assertion. Frames will run back-to-back as long as software continues to
provide data. An example of this mode is the 1S protocol (Inter IC Sound) which is used
to carry left and right channel audio data with the SS signal indicating which channel is
being sent. In SLAVE Mode, the change in state of SS (Low to High or High to Low)
triggers the start of a transaction on the next SCK cycle.
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Description (Continued)

[4:2]
NUMBITS[2:0]

Number of Data Bits Per Character to Transfer

This field contains the number of bits to shift for each character transfer. For information
about valid bit positions when the character length is less than 8 bits, see the description
of the ESPI Data Register on page 213.

000 = 8 hits

001 =1 hit

010 = 2 hits

011 = 3 hits

100 = 4 bits

101 =5 bits

110 = 6 bits

111 =7 bits

(1]

Slave Select I/O

SSIO This bit controls the direction of the SS pin. In single MASTER Mode, SSIO is setto 1
unless a separate GPIO pin is being used to provide the SS output function. In the SPI
Slave or multi-Master configuration, SSIO is set to 0.
0 = SS pin configured as an input (SPI SLAVE and MULTI-MASTER modes).
1 =SS pin configured as an output (SPI SINGLE MASTER Mode).

[0] Slave Select Polarity _

SSPO This bit controls the polarity of the SS pin.

0 = SS is active Low. (SSV = 1 corresponds to SS = 0).
1 =SS is active High. (SSV = 1 corresponds to SS = 1).

PS025013-1011
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16.4.5. ESPI Status Register

The ESPI Status Register, shown in Table iridcates the current state of the ESPI. All

bits revert to their Reset state if the ESPI is disabled.

Table 113. ESPI Status Register (ESPISTAT)

Bits 7 6 5 4 3 2 1 0
Field TDRE TUND COL ABT ROVR RDRNE TFST SLAS
Reset 1 0 0 0 0 0 0 1
R/W R R/W* R/W* R/W* R/W* R R R
Address F64H

Note: R/W* = Read access. Write a 1 to clear the bit to 0.

Bit Description
[7] Transmit Data Register Empty
TDRE 0 = Transmit Data Register is full or ESPI is disabled.
1 = Transmit Data Register is empty. A write to the ESPI (Transmit) Data Register clears this bit.
[6] Transmit Underrun
TUND 0 = A Transmit Underrun error has not occurred.

1 = A Transmit Underrun error has occurred.

[5] Collision
COoL 0 = A multi-Master collision (mode fault) has not occurred.
1 = A multi-Master collision (mode fault) has occurred.

[4] SLAVE Mode Transaction Abort

ABT This bit is set if the ESPI is configured in SLAVE Mode, a transaction is occurring and SS
deasserts before all bits of a character have been transferred as defined by the NUMBITS field
of the ESPIMODE register. This bit can also be set in SLAVE Mode by an SCK monitor time-
out (MMEN = 0, BRGCTL = 1).
0 = A SLAVE Mode transaction abort has not occurred.
1 = A SLAVE Mode transaction abort has occurred.

[3] Receive Overrun

ROVR 0 = A Receive Overrun error has not occurred.
1 = A Receive Overrun error has occurred.

[2] Receive Data Register Not Empty

RDRNE 0 = Receive Data Register is empty.

1 = Receive Data Register is not empty.
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Bit Description (Continued)
[1] Transfer Status
TFST 0 = No data transfer is currently in progress.
1 = Data transfer is currently in progress.
[0] Slave Select .
SLAS Reading this bit returns the current value of the SS pin.

0 = The SS pin input is Low.
1 =The SS pin input is High.

16.4.6. ESPI State Register

The ESPI State Register, shown in Table 16i4,you observe the ESPI clock, data and
internal state.

Table 114. ESPI State Register (ESPISTATE)

Bits 7 6 5 4 3 2 1 0
Field SCKI SDI ESPISTATE
Reset 0 0 0
R/W R R R
Address F65H
Bit Description
[7] Serial Clock Input
SCKI This bit reflects the state of the serial clock pin.
0 = The SCK input pin is Low.
1 = The SCK input pin is High.
[6] Serial Data Input
SDI This bit reflects the state of the serial data input (MOSI or MISO depending on the MMEN
bit).
0 = The serial data input pin is Low.
1 = The serial data input pin is High.
[5:0] ESPI State Machine
ESPISTATE Indicates the current state of the internal ESPI State Machine. This information is

intended for manufacturing test purposes. The state values may change in future
hardware revisions and are not intended to be used by a software driver.

PS025013-1011
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Table 115 defines the valid ESPI states.

Table 115. ESPISTATE Values

ESPISTATE Value Description

00_0000 Idle

00_0001 Slave Wait For SCK
01_0001 Master Ready
10_1110 Bit 7 Receive
10 1111 Bit 7 Transmit
10_1100 Bit 6 Receive
10 1101 Bit 6 Transmit
10_1010 Bit 5 Receive
10_1011 Bit 5 Transmit
10_1000 Bit 4 Receive
10 1001 Bit 4 Transmit
10_0110 Bit 3 Receive
10 0111 Bit 3 Transmit
10_0100 Bit 2 Receive
10_0101 Bit 2 Transmit
10 0010 Bit 1 Receive
10 0011 Bit 1 Transmit
10_0000 Bit O Receive
10 0001 Bit 0 Transmit

16.4.7. ESPI Baud Rate High and Lo w Byte Registers

The ESPI Baud Rate High and Low Byte registers, shown in Tables 116 and 117, combine
to form a 16-bit reload value, BRG[15:0], for the ESPI Baud Rate Generator. The ESPI
baud rate is calculateding the following equation:

System Clock Frequenay Hz
2 x BRG[15:0]

SPI Baud Rat¢ bit§ )s=

The minimum baud rate is olnad by setting BRG[15:0] to000H for a clock divisor
value of (2 x 65536 = 131072).
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Table 116. ESPI Baud Rate High Byte Register (ESPIBRH)
Bits 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 F66H
Bit Description
[7:0] ESPI Baud Rate High Byte
BRH The most significant byte, BRG[15:8], of the ESPI Baud Rate Generator’s reload value.
Table 117. ESPI Baud Rate Low Byte Register (ESPIBRL)
Bits 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 Riw
Address F67H
Bit Description
[7:0] ESPI Baud Rate Low Byte
BRL The least significant byte, BRG[7:0], of the ESPI Baud Rate Generator’s reload value.
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Chapter 17. I°C Master/Slave Controller

17.1.

PS025013-1011

The PC Master/Slave Controller ensures thatZBeEncore! XP F1680 Series devices are
bus-compatible with theéC protocol. The4C bus consists of the serial data signal (SDA)
and a serial clock signal (SCL) hidctional lines. The features éa controller include:

® Operates in MASTER/SLAVE or SLAVE ONLY modes

® Supports arbitration in a multimaster environment (MASTER/SLAVE Mode)
® Supports data rates up to 400 Kbps

® 7-bit or 10-bit slave address recogniti@merrupt only on address match)

® Optional general call address recognition

® Optional digital filter orreceive SDA, SCL lines

® Optional interactive receive mode allowdta@re interpretatiomf each received ad-
dress and/or data byte before acknowledging

® Unrestricted number of data bytes per transfer

®* Baud Rate Generator can be used as argleperpose timer with an interrupt, if the
1°C controller is disabled

Architecture

Figure 42 displays the architecture of tA@ tontroller.
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Figure 42. 1 2C Controller Block Diagram

17.1.1. I°C Master/Slave Cont roller Registers

Table 118 summarizes th& Master/Slave controller’s software-accessible registers.

Table 118. 12C Master/Slave Controller Registers

Name Abbreviation Description

1°C Data I2CDATA Transmit/Receive Data Register.

12C Interrupt Status I2CISTAT Interrupt status register.

1°C Control [2CCTL Control Register—basic control functions.
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Table 118. I°C Master/Slave Controller Registers (Continued)
Name Abbreviation Description
1°C Baud Rate High [2CBRH High byte of baud rate generator initialization value.
12C Baud Rate Low [2CBRL Low byte of baud rate generator initialization value.
1°C State I2CSTATE State register.
1°C Mode [2CMODE Selects MASTER or SLAVE modes, 7-bit or 10-bit addressing;
configure address recognition, define slave address bits [9:8].
12C Slave Address I2CSLVAD Defines slave address bits [7:0].

17.2. Operation

The FC Master/Slave Controller operaieSMASTER/SLAVE Mode, SLAVE ONLY
Mode, or with master arbitration. In MBYER/SLAVE Mode, it can be used as the only
Master on the bus or as one of the severalemasn the bus, with arbitration. In a Multi-
Master environment, the controller swigshfrom MASTER to SLAVE Mode on losing
arbitration.

Though slave operation is fully supported in MASTER/SLAVE Mode, if a device is
intended to operate only as a slave, tSBEAVE ONLY mode can be selected. In SLAVE
ONLY mode, the device will not initiate a transan, even if the software inadvertently
sets the start bit.

17.2.1. SDA and SCL Signals

The PC circuit sends all addresses, Data and Acknowledge signals over the SDA line,
with most-significanbit first. SCL is the clock for théC bus. When the SDA and SCL
pin alternate functions are selected for thespective GPIO ports, the pins are automati-
cally configured folopen-drain operation.

The Master is responsible for driving the S€tck signal. During the Low period of the
clock, a slave can hold the SCL signal Lovstspend the transaction if it is not ready to
proceed. The Master releases the clock agtiaeof the Low periodnd notices that the

clock remains Low instead of returning to ayhlievel. When the slave releases the clock,
the PC master continues the transaction. All data is transferred in bytes; there is no limit to
the amount of data transferred in one openatWhen transmittingddress, data, or an
Acknowledge, the SDA signal changes in the middle of the Low period of \&#@é&n

receiving address, Data, or an Acknowledge; the SDA signal is sampled in the middle of
the High period of SCL.

A low-pass digital filter can be appliedttee SDA and SCL receive signals by setting the
Filter Enable (FILTEN) bit in the“C Control Register. When the filter is enabled, any
glitch that is less than a system clock perodidth will be rejectedThis filter should be
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enabled when running ifC FAST Mode (400 Kbps) and can also be used at lower data
rates.

17.2.2. 1°C Interrupts

The PC controller contains multiple interrupt soas that are combined into one interrupt
request signal to the interrupt controller. If tR€ tontroller is enabled, the source of the
interrupt is determined by which bitseaset in the I2CISTAT Register. If th#Q control-
ler is disabled, the BRG controller is usedyenerate general-aose timer interrupts.

Each interrupt source, other than the batel ganerator interrupt, features an associated
bit in the I2CISTAT Register that clears amatically when software reads the register or
performs another taskuch as reading/writing the Data Register.

17.2.2.1. Transmit Interrupts

Transmit interrupts (TDRE bit = 1 in 12CI&T) occur under the following conditions,
both of which must be true:

®* The Transmit Data Register is pty and the TXI bit =1 in théC Control Reqister.
* The PC controller is enabled with erof the following elements:
— The first bit of a 10-bit address is shifted out.
— The first bit of the final byte of aamddress is shifted out and the RD bit is
deasserted.
— The first bit of a data byte is shifted out.

Writing to the PC Data Register always clears the TRDE bit to 0.

17.2.2.2. Receive Interrupts

Receive interrupts (RDRF bit = 1 in [2CISTAT) occur when a byte of data has been
received by the’C controller. The RDRF bit isleared by reading from théad Data
Register. If the RDRF interru not serviced prior to theompletion of the next Receive
byte, the {C controller holds SCL Low during thenéil data bit of the next byte until
RDREF is cleared, to prevent receive ovasuA receive interrupt does not occur when a
Slave receives an address byte or for Ogitas following a slave address that do not
match. An exception is if the Interactivedeee Mode (IRM ) bit is set in the 2CMODE
Register, in which case Receive interrupts oéouall Receive address and data bytes in
SLAVE Mode.

17.2.2.3. Slave Address Match Interrupts

Slave address match interrupts (SAN=bil in I2CISTAT) occur when théC controller
is in SLAVE Mode and an address receiveatches the unique slave address. The
General Call Addres®000_0000 ) and STARTBYTE 000_0001 ) are recognized if the
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GCE bit = 1 in the I2CMODE Register. The sadire checks the RD bit in the 12CISTAT
Register to determine if the transaction is a Read oeWaganhsaction. The General Call
Address and STARTBYTE address are alsartystished by the RD bit. The General Call
Address (GCA) bit of the I2CISTAT Regjer indicates whether the address match
occurred on the unique slave address ®Gbneral Call/STARTBYTE address. The SAM
bit clears automatically whendgH2CISTAT Register is read.

If configured via the MODE[1:0] field of théC Mode Register for 7-bit slave
addressing, the most significant 7 bits af fhist byte of the transaction are compared
against the SLA[6:0] bits of the Slave Adds Register. If configured for 10-bit slave
addressing, the first byte of the transaction is compared againsiof, SLA[9:8], R/W}
and the second byte isropared against SLA[7:0].

17.2.2.4. Arbitration Lost Interrupts

Arbitration Lost interrupts (ARBLSTib= 1 in I2CISTAT) occur when théC controller
is in MASTER Mode and loses arbitratioruputs 1 on SDA and receives 0 on SDA).
The FC controller switches to SWWE Mode when this instance occurs. This bit clears
automatically when the I2GITAT Register is read.

17.2.2.5. Stop/Restart Interrupts

A Stop/Restart event interrupt (SPRS bit = 1 in I2CISTAT) occurs wheR@heohtroller

is operating in SLAVE Mode and a stop estart condition is recesd, indicating the end
of the transaction. The RSTR bit in tH€IState Register indicates whether the bit is set
due to a stop or restart condition. Whemstart occurs, a new transaction by the same
master is expected to follow. This bitdkeared automatically when the I2CISTAT Regis-
ter is read. The Stop/Restart interrupt ocaumy on a selected (address match) slave.

17.2.2.6. Not Ack nowledge Interrupts

Not Acknowledge interrupts (NCKI bit = 1 i2CISTAT) occur in MASTER Mode when
Not Acknowledge is recedd or sent by theéC controller and the start or stop bit is not
set in the 4C Control Register. In MASTER Mode, the Not Acknowledge interrupt clears
by setting the start or stop bit. When this interrupt occUMASTER Mode, thedC
controller waits until it is cla&d before performing any actioln SLAVE Mode, the Not
Acknowledge interrupt occurs when a NotkAhowledge is received in response to data
sent. The NCKI bit clears in SLAVE Mode eh software reads the I2CISTAT Register.

17.2.2.7. General Purpose Timer In terrupt from Baud Rate Generator

If the I2C controller is disabled (IEN bit in theGZ TL Register = 0) and the BIRQ bit in
the I2CCTL Register = 1, an interrupt igeated when the bawdte generator (BRG)
counts down to 1. The baud rate genersgtpads and continues counting, providing a
periodic interrupt. None of the bits in theQISTAT Register are set, allowing the BRG in
the PC Controller to be used as angeal-purpose timer when th@ Controller is
disabled.
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17.2.3. Start and Stop Conditions

The Master generates the start and stop conditistrt or end a transaction. To start a
transaction, the’C controller generates a start coiaitby pulling the SDA signal Low
while SCL is High. To comipte a transaction, théQ controller generates a stop
condition by creating a Low-to-High transitiontbie SDA signal while the SCL signal is
High. These stadnd stop events occur when the start and stop bits iAGh@dntrol
Register are written by software to begin or end a transaction. Aeytransfer currently
under way including the Ackndedge phase finishes befdte start or stop condition
occurs.

17.2.4. Software Control of | 2C Transactions

The FC controller is configured via thé@ Control and4C Mode registers. The
MODE[1:0] field of the fC Mode Register allows the configuration of the tontroller

for MASTER/SLAVE or SLAVE ONLY mode and configures the slave for 7-bit or 10-bit
addressing recognition.

MASTER/SLAVE Mode can be used for:

®* MASTER ONLY operation in a Single Master/One or More Slgr@dystem
* MASTER/SLAVE in a Multimaster/multislavéC system

® SLAVE ONLY operation in an’C system

In SLAVE ONLY mode, the start bit of théd Control Register is ignored (software can-
not initiate a master transaction by acaoijl@nd operation t6LAVE ONLY Mode is
restricted thereby preventing accidental operation in MASTER Mode. The software con-
trols I°C transactions by enabling th&€l controller interrupt in the interrupt controller or

by polling the fC Status Register.

To use interrupts, théC interrupt must be enabled iretmterrupt controller and followed
by executing an El instruction. The TXI bit in tHeEIControl Register must be set to
enable transmit interrupts. ARG interrupt service routine then checks tf@ Status
Register to determine the cause of the interrupt.

To control transactions by polling, the RE, RDRF, SAM, ARBLST, SPRS and NCKI
interrupt bits in thedC Status Register should be polled. The TDRE bit asserts regardless
of the state of the TXI bit.

17.2.5. Master Transactions

The following sections describe Master Read Write transactions to both 7-bit and 10-
bit slaves.
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17.2.5.1. Master Arbitration

If a Master loses arbitration during the agkl byte it releases the SDA line, switches to
SLAVE Mode and monitors the address to deteenif it is selected as a Slave. If a Mas-
ter loses arbitration during the transmissida data byte, it releases the SDA line and
waits for the next stop or start condition.

The Master detects a loss of arbitration wadnis transmitted but a O is received from the
bus in the same bit-time. This loss ocdfireore than one Master is simultaneously
accessing the bus. Loss of arbitration esauring the address phase (two or more
Masters accessing different slaves) or nigithe data phase, wh the masters are
attempting to Write differendata to the same Slave.

When a Master loses arbitration, the softwaliaformed by means dfie Arbitration Lost
interrupt. The software can repeat fame transaction at a later time.

A special case can occur when a Slave transastarts just before the software attempts
to start a new master transaction by settirgstiart bit. In this case, the state machine
enters its Slave states before the start bit is set and as a rest(t toatroller will not
arbitrate. If a Slave adelss match occurs and tH€lcontroller receives/transmits data,
the start bit is cleared and an ArbitratiorsL.oterrupt is asserted. The software can
minimize the chance of this instance ocimgry checking the busy bit in the I2CSTATE
Register before initiating a Master transactib@a. slave address match does not occur, the
Arbitration Lost interrupt will not occurmal the start bit will not be cleared. THE!
controller will initiate the master transaction after @ bus is no longer busy.

17.2.5.2. Master A ddress-Only Transactions

It is sometimes preferable perform an address-onhatisaction to determine if a

particular slave device is able to respomhis transaction can be performed by

monitoring the ACKYV bit in the I2CSTATE Register after the address has been written to
the I2CDATA Register and thetart bit has been set. After the ACKV bit is set, the ACK
bit in the I2CSTATE Register determines if glave is able to communicate. The stop bit
must be set in the I2CCTL Register to teratéthe transaction without transferring data.
For a 10-bit slave address, if the first addrbyte is acknowledg, the second address

byte should also be sent to deterenifithe preferred Slave is responding.

Another approach is to set both the stop and start bits (for sending a 7-bit address). After
both bits have been cleared (7-bit addressheen sent and transaction is complete), the
ACK bit can be read to determine if the® has acknowledged. For a 10-bit Slave, set
the stop bit after the second TDRE interruphigh indicates that the second address byte

is being sent).

17.2.5.3. Master Tr ansaction Diagrams

In the following transactiodiagrams, the shaded regiondicate the data that is
transferred from the Master toetlslave and the unshaded regidimdicate the data that is
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transferred from the Slave to the Mastere Ttansaction field labels are defined as
follows:

T P> 0

Start

Write
Acknowledge

Not Acknowledge
Stop

17.2.5.4. Master Write Tran saction with a 7-Bit Address

Figure 43 displays the data transfer fatrfrom a Master to a 7-bit addressed slave.

Slave
Address

W=0 A Data A Data A Data AA | PIS

Figure 43. Data Transfer Format—Master Write Transaction with a 7-Bit Address

Observe the following steps for a Mastemnsmit operation to a 7-bit addressed slave:

1.

10.

PS025013-1011

The software initializes the MODE field in tHi€IMode Register for MASTER/

SLAVE Mode with either a 7-bit or 10-bit slave address. The MODE field selects the
address width for this mode when address®ed slave (but not for the remote slave).
The software asserts the IEN bit in tA€ IControl Register.

The software asserts the TXI bit of tR€ IControl Register to enable transmit
interrupts.

The PC interrupt asserts, because th@ Data Register is empty.

The software responds to the TDRE bitAgyting a 7-bit slave address plus the Write
bit (which is cleared to 0) to théd Data Register.

The software sets the start bit of th& Control Register.
The FC controller sends a start condition to the lave.

The FC controller loads théC Shift Register with the contents of tH€IData
Register.

After one bit of the address has beeiftesth out by the SDA signal, the transmit
interrupt asserts.

The software responds by wrigithe transmit data into théd Data Register.

The FC controller shifts the remainder of the address and the Write bit out via the
SDA signal.
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13.

14.
15.

16.

17.
18.
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. The C slave sends an Acknowledge (by pullihg SDA signal Low) during the next
High period of SCL. The?C controller sets the ACK bit in théQ Status Register.

If the slave does not acknowledge the address bytez,(ﬂmhtroller sets the NCKI
bit in the PC Status Register, sets the ACKW &nd clears the ACK bit in théT

State Register. The software respondti¢oNot Acknowledge ierrupt by setting the
stop bit and clearing the TXI bit. Théa controller flushes the Transmit Data Regis-
ter, sends a stop condition on the bus and clears the stop and NCKI bits. The transac-
tion is complete and the follang steps can be ignored.

The fC controller loads the contents of tKE IShift Register with the contents of the
I°C Data Register.

The FC controller shifts the data out via thBA signal. After the first bit is sent, the
transmit interrupt asserts.

If more bytes remaito be sent, return tBtep 9

When there is no more datebe sent, the software respgrby setting the stop bit of
the PC Control Register (or the staiit bo initiate a new transaction).

If no additional transactiaas queued by the master, thaftware can clear the TXI bit
of the PC Control Register.

The FC controller completesdnsmission of the data on the SDA signal.

The fC controller sends a stop condition to th@ bus.

} Note: Ift

he slave terminates the transaction earlydsponding with a Not Acknowledge during

the transfer, the’C controller asserts the NCKI interrupt and halts. The software must ter-

mi
thi

nate the transaction by setting either the sibend transaction) or the start bit (end
s transaction, start a new one). In this case,not necessary for software to set the

FLUSH bit of the I2CCTL Register to flusheldata that was prewsly written but not
transmitted. The?C controller hardware automaticaflyshes transmit data in the not

ac

knowledge case.

17.2.5.5. Master Write Tran saction with a 10-Bit Address
Figure 44 displays the data transfer forfnam a Master to a 10-bit addressed slave.

Slave Address Slave Address
1st Byte 2nd Byte

W=0 | A A | Data | A | Data AIA FIS

Figure 44. Data Transfer Format—Master Write Transaction with a 10-Bit Address
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The first 7 bits transmittein the first byte ar@1110XX. The 2XX bits are the two most
significant bits of the 10-bit address. The Ieivgit of the first byte transferred is the
Read/Write control bit (which is cleared@p The transmit operatmois performed in the
same manner as 7-bit addressing.

Observe the following steps for a mastansmit operation to a 10-bit addressed slave:

1. The software initializes the MODE field in tH€IMode Register for MASTER/
SLAVE Mode with 7- or 10-bit addressing (tH€lbus protocol allows the mixing of
slave address types). The MODE field selects the address width for this mode when
addressed as a slave (but nottfee remote slave). The setfire asserts the IEN bit in
the PC Control Register.

2. The software asserts the TXI bit of tR€ IControl Register tenable transmit inter-
rupts.

The PC interrupt asserts because th@ Data Register is empty.

4. The software respondsttte TDRE interrupt by writinghe first Slave Address byte
(11110xx0 ). The least-significant bit must be 0 for the write operation.

The software asserts the start bit of i@ Control Register.
The BC controller sends a start condition to tF@ Blave.

7. The FC controller loads théC Shift Register with the contents of tHf€IData Reg-
ister.

8. After one bit of the address is shifted out by the SDA signal, the transmit interrupt
asserts.

9. The software responds by writing the secbyieé of address intthe contents of the
1°C Data Register.

10. The FC controller shifts the remainder of thesfibyte of the address and the Write bit
out via the SDA signal.

11. The #C slave sends an Acknowledge by mdlithe SDA signal Low during the next
High period of SCL. The’C controller sets the ACK bit in théQ Status Register.

If the slave does not acknowledge the first address bytez,CthmhtroIIer sets the

NCKI bit in the PC Status Register, sets the ACKV bit and clears the ACK bit in the

12C State Register. The software responds to the Not Acknowiletggeipt by setting

the stop bit and clearing the TXI bit. TH€lcontroller flushes the second address

byte from the Data Register, sends a stop condition on the bus and clears the stop and
NCKI bits. The transaction is completad the following steps can be ignored.

12. The £C controller loads the’C Shift Register with the contents of tH€ IData
Register (2nd address byte).

13. The fC controller shifts the second addrbgte out via the SDA signal. After the
first bit has been sent, the transmit interrupt asserts.

PRELIMINARY I12C Master/Slave Controller
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The software respontly writing the data tbe written out to the’C Control
Reqister.

The fC controller shifts out the remaindertb& second byte of the slave address (or
ensuring data bytes, if looping) via the SDA signal.

The fC slave sends an Acknowledge by mdlithe SDA signal Low during the next
High period of SCL. The?C controller sets the ACK bit in théG Status Register. If
the slave does not acknowledgee the second paragraptstép 11

The fC controller shifts the dataut by the SDA signal. Aftehe first bit is sent, the
transmit interrupt asserts.

If more bytes remaito be sent, return tBtep 14
The software responds hgserting the stop bit of théQ Control Register.
The FC controller completesdnsmission of the data on the SDA signal.

The fC controller sends a stop condition to th@ bus.

} Note:

If the slave responds with a Not Aakmledge during the transfer, thCl controller

asserts the NCKI bit, sets the ACKit, clears the ACK bit in théC State Register and
halts. The software terminates the transaction by setting either the stop bit (end transac-
tion) or the start bit (end thtsansaction, start a new one). The Transmit Data Register is
flushed automatically.

17.2.5.6. Master Read Tran saction with a 7-Bit Address

Figure 45 displays the data transfer forfioata Read operation to a 7-bit addressed slave.

Slave Address R=1 A Data A Data A P/S

Figure 45. Data Transfer Format—Master Read Transaction with a 7-Bit Address

PS025013-1011

Observe the following steps for a Master Read operation to a 7-bit addressed slave:

1.

3.

The software initializes the MODE field in tr€IMode Register for MASTER/

SLAVE Mode with 7- or 10-bit addressing (tH€lbus protocol allows the mixing of
slave address types). The MODE field selects the address width for this mode when
addressed as a slave (but nattfee remote slave). The sotire asserts the IEN bit in

the PC Control Register.

The software writes théT Data Register with a 7-bit slave address, plus the Read bit
(which is set to 1).

The software asserts the start bit of i@ Control Register.
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If this operation is a single-byte transfiile software asserts the NAK bit of tRE€|
Control Register so that after the fibstte of data has been read by tf@ tontroller,
a Not Acknowledge instruction is sent to tke klave.

The FC controller sends a start condition.
The BC controller sends the address and Read bit out via the SDA signal.

The FC slave acknowledges the address hiimmithe SDA signal.ow during the
next High period of SCL.

If the slave does not acknowledge the address bytez,(trm)htroller sets the NCKI

bit in the PC Status Register, sets the ACKW &nd clears the ACK bit in théT

State Register. The software respondsi¢oNot Acknowledge ierrupt by setting the

stop bit and clearing the TXI bit. Théa controller flushes the Transmit Data Regis-

ter, sends a stop condition on the bus and clears the stop and NCKI bits. The transac-
tion is complete and the folling steps can be ignored.

The FC controller shifts in the first byte of data from tke klave on the SDA signal.
The FC controller asserts the receive interrupt.

The software responds by reading fi2 Data Register. If the neghta byte is to be
the final byte, the software rauset the NAK bit of the’C Control Register.

The FC controller sends a Not Acknowledge to th@ klave if the next byte is the
final byte; otherwise, it sends an Acknowledge.

If there are more bytes to transfer, #@ tontroller returns t&tep 7
A NAK interrupt (NCKI bit in I2CISTAT) is generated by tHel controller.
The software responds by setting the stop bit ofbntrol Register.

A stop condition is sent to thedl slave.

17.2.5.7. Master Read Tran saction with a 10-Bit Address

Figure 46 displays the read transaction format for a 10-bit addressed Slave.

Slave Address _ Slave Address Slave Address | =
S 1st Byte W=0| A 2nd Byte AlS 1st Byte R=1| A | Data |A| Data |A|P
Figure 46. Data Transfer Format—Master Read Transaction with a 10-Bit Address

The first 7 bits transmittein the first byte ar@1110XX. The twoXX bits are the two
most-significant bits of the 10-bit address. Tdweest bit of the first byte transferred is the
write control bit.

Observe the following data transfer procedfor a Read operation to a 10-bit addressed
slave:

PS025013-1011
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The software initializes the MODE field in tHi€IMode Register for MASTER/

SLAVE Mode with 7- or 10-bit addressing (tl?ézlbus protocol allows the mixing of
slave address types). The MODE field selects the address width for this mode when
addressed as a slave (but nottfee remote slave). The sofire asserts the IEN bit in

the PC Control Register.

The software write$1110b , followed by the two most-sijficant address bits and a
0 (write) to the C Data Regjister.

The software asserts the start bit of i Control Reqister.
The £C controller sends a start condition.

The FC controller loads théC Shift Register with the contents of tH€ IData
Register.

After the first bit has been shiftedt, a transmit interrupt is asserted.

The software responds by writing the least significant eighbb#ddress to théC
Data Register.

The FC controller completes shifinof the first address byte.

The FC slave sends an Acknowledge by mdlithe SDA signal Low during the next
High period of SCL.

If the slave does not acknowledge the address byte?Gheohtroller sets the NCKI

bit in the PC Status Register, sets the ACK¥ &nd clears the ACK bit in théT

State Register. The software respondsi¢oNot Acknowledge ierrupt by setting the

stop bit and clearing the TXI bit. Théa controller flushes the Transmit Data

Register, sends the stop condition on the bus and clears the stop and NCKI bits. The
transaction is complete and tfelowing steps can be ignored.

The FC controller loads the’C Shift Register with the contents of tH€ IData
Register (the lower byte of the 10-bit address).

The fC controller shifts out the next eight bits of the address. After the first bit shifts,
the PC controller generatestransmit interrupt.

The software responds by setting the start bit of&Ebntrol Register to generate a
repeated start condition.

The software writes1110b , followed by the 2-bit slave address and a 1 (Read) to the
I°C Data Register.

If the user chooses to read only one ftjie software responds by setting the NAK bit
of the FC Control Register.

After the fC controller shifts out the address bits liste&iap 9(the second address
transfer), thedC slave sends an Acknowledgeylling the SDA signal Low during
the next High period of SCL.

If the slave does not acknowledge the address byte?Gheohtroller sets the NCKI
bit in the PC Status Register, sets the ACKW &nd clears the ACK bit in théT
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State Register. The software respondfiéadNot Acknowledge terrupt by setting the

stop bit and clearing the TXI bit. Thé&a controller flushes the Transmit Data

Register, sends the stop condition on the bus and clears the stop and NCKI bits. The
transaction is complete and tfelowing steps can be ignored.

16. The fC controller sends a repeated start condition.

17. The fC controller loads théC Shift Register with the contents of tH€ IData
Register (the third address transfer).

18. The FC controller send$1110b , followed by the two most-significant bits of the
slave read address and a 1 (Read).

19. The fC slave sends an Acknowledge by mdlthe SDA signal Low during the next
High period of SCL.

20. The fC controller shifts in a byte of data from the slave.
21. The FC controller asserts the Receive interrupt.

22. The software responds by reading i Data Reqgister. If the negata byte is to be
the final byte, the software rauset the NAK bit of the?’C Control Register.

23. The FC controller sends an Acknowleglgr Not Acknowledge to théC Slave,
based on the value of the NAK bit.

24. If there are more bytes to transfer, @ ¢ontroller returns t&tep 18

25. The FC controller generates a NAK interrupt (the NCKI bit in the 12CISTAT
Reqister).

26. The software responds by setting the stop bit oft&bntrol Register.
27. A stop condition is sent to th& Slave.

17.2.6. Slave Transactions

The following sections describe Reand Write transactions to th& controller
configured for 7-bit and 10-bit Slave modes.
17.2.6.1. Slave A ddress Recognition

The following two slave address recognitiortiops are supported; a description of each
follows.

® Slave 7-Bit Address Recognition Mode
® Slave 10-Bit Address Recognition Mode

Slave 7-Bit Address Recognition Mode.  If IRM = 0 during the address phase and the
controller is configured for MASTERLAVE or SLAVE 7-bit address mode, the
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hardware detects a match to the 7-bit skddress defined in the I2CSLVAD Register and
generates the slave address match interratSAM bit = 1 in the I2CISTAT Register).
The FC controller automatically responds duritig Acknowledge pdse with the value

in the NAK bit of the I2CCTL Register.

Slave 10-Bit Address Recognition Mode.  If IRM = 0 during the address phase and the
controller is configured for MASTER/SIME or SLAVE 10-bit address mode, the

hardware detects a match to the 10-livsladdress defined in the I2CMODE and
I2CSLVAD registers and generates the slave address match interrupt (the SAM bit =1 in
the 12CISTAT Register). Thé&T controller automatically responds during the
Acknowledge phase with the valuetire NAK bit of the I2CCTL Register.

17.2.6.2. General Call and St art Byte Address Recognition

If GCE =1 and IRM = 0 during the addressaph and the controller is configured for
MASTER/SLAVE or SLAVE in either 7- or 10it address modes, the hardware detects a
match to the General Call Address or the start byte and generates the slave address match
interrupt. A General Call Address is @if-address of all 0’s with the R/\bit = 0. A start

byte is a 7-bit address of all 0's with the RBivV= 1. The SAM and GCA bits are set in the
I2CISTAT Register. The RD bit in the I2ETAT Register distinguishes a General Call
Address from a start byte which is cleared to O for a General Call Address). For a General
Call Address, the’C controller automatically respondsring the address acknowledge
phase with the value in the NAK bit of the I2CCTL Register. If the software is set to pro-
cess the data bytes associated with the Gif;Ahe IRM bit can optionally be set follow-

ing the SAM interrupt to allowhe software to examine each received data byte before
deciding to set or clear the NAK bit. Aast byte will not be acknowledged—a require-

ment of the 4C specification.

17.2.6.3. Software Address Recognition

To disable hardware address recognition, the IRM bit must be set to 1 prior to the
reception of the address byte(s). When IRM = 1, each received byte generates a receive
interrupt (RDRF = 1 in the I2CISTAT RegisteThe software must examine each byte and
determine whether to set or clear the NBIK The slave holds SCL Low during the
Acknowledge phase until the software regimhy writing to the I2CCTL Register. The

value written to the NAK bit is usdaly the controller to drive théC bus, then releasing

the SCL. The SAM and GCA bits are not set when IRM = 1 during the address phase, but
the RD bit is updated based on the first address byte.

17.2.6.4. Slave Transaction Diagrams

In the following transaction dgrams, the shaded regions indicate data transferred from
the Master to the Slave and the unshadgibns indicate the data transferred from the
Slave to the Master. The transactfaid labels are defined as follows:
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Start

Write
Acknowledge

Not Acknowledge

T PI> s 0

Stop

17.2.6.5. Slave Receive Tran saction with 7-Bit Address

The data transfer format for writing data franMaster to a Slave in 7-bit address mode is
displayed in Figure 47. The procedure that follows describe€@hklaster/Slave Con-
troller operating as a slave in 7-bit addreganode and receiving data from the bus mas-
ter.

S Slave Address W=0 A Data A Data A Data AIA P/S

Figure 47. Data Transfer Format—Slave Receive Transaction with 7-Bit Address

PS025013-1011

1. The software configures the controller égeration as a slave 7-bit addressing
mode, as follows:

a. Initialize the MODE field in the’C Mode Register for either SLAVE ONLY
mode or MASTER/SLAVE Mode with 7-bit addressing.

b. Optionally set the GCE bit.
c. Initialize the SLA[6:0] bits in the’C Slave Address Register.
d. SetlEN =1 in the?C Control Register. Set NAK = 0 in th&Q Control Register.

2. The bus master initiates a transfer, septliie address byte. In SLAVE Mode, thE |
controller recognizes its own address and detects thatR/A0 (written from the
master to the slave). Thea controller acknowledges indicating it is available to
accept the transaction. The SAM bit in the ISTAT Register is set to 1, causing an
interrupt. The RD bit in the I2CISTAT Register is cleared to 0, indicating a Write to
the slave. The?C controller holds the SCL signiabw waiting for the software to
load the first data byte.

3. The software responds to the interropteading the 1I2CISTAT Register (which
clears the SAM bit). After seeing the SAM to 1, the softwarehecks the RD bit.
Because RD = 0, no immediate action iguieed until the first byte of data is
received. If software is only able to acceingle byte, it sets the NAK bit in the
I2CCTL Register at this time.

4. The Master detects the Acknowledge and sends the byte of data.
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5. The PC controller receives the data byte and responds with Acknowledge or Not
Acknowledge depending on the state & MAK bit in the I2CCTL Register. Théa
controller generates the receive datarimupt by setting the RDRF bit in the
I2CISTAT Register.

6. The software responds ading the I2CISTAT Register, finding the RDRF bit =1
and reading the I2CDATA Register clearing RDRF bit. If software can accept only
one more data byte it sets the NAK bit in the I2CCTL Register.

7. The master and slave loops thro&ibp 4to Step Guntil the master detects a Not
Acknowledge instruction or runs out of data to send.

8. The master sends the stop or restart smméhe bus. Either dhese signals can cause
the PC controller to assert a stop interrupt (dtep bit = 1 in the I2CISTAT Register).
Because the slave received data from thstenathe software takes no action in
response to the stop interrupt other theading the I2CISTAT Register to clear the
stop bit in the I2CISTAT Register.

17.2.6.6. Slave Receive Tran saction with 10-Bit Address

The data transfer format for ittng data from a master to a séawith 10-bit addressing is
displayed in Figure 48. The procedure that follows describe$@hBlaster/Slave Con-
troller operating as a slave in 10-bit addnegsnode and receiving data from the bus mas-

ter.
Slave Address _ Slave Address —
S 1st Byte W=0 A 2nd Byte A Data A Data |A/A| PIS

Figure 48. Data Transfer Format—Slave Receive Transaction with 10-Bit Address

1. The software configures the controller égreration as a slave in 10-bit addressing
mode, as follows:

a. Initialize the MODE field in the I2CMODE Register for either SLAVE ONLY
mode or MASTER/SLAVE Mode with 10-bit addressing.

Optionally set the GCE bit.

Initialize the SLA[7:0] bits in the 12AYAD Register and the SLA[9:8] bits in
the I2CMODE Register.

d. SetlEN =1inthe [2CCTL Register. Set NAK =0 in tf@ Control Reqister.
2. The Master initiates a transferndeng the first address byte. TI‘?@Icontro_IIer rec-
ognizes the start of a 10-bit address vaitmatch to SLA[9:8] and detects Rl = 0

(a Write from the master to the slave). The tontroller acknowlegks, indicating it
is available to accept the transaction.

3. The Master sends the second address byte. The SLAVE K@demtroller detects
an address match between the second asdltinge and SLA[7:0]. The SAM bit in the
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I2CISTAT Register is set to 1, thereby causamgnterrupt. The RDit is cleared to 0,
indicating a Write to the slave. Th&d controller acknowledgg indicating it is
available to accept the data.

4. The software responds to the interrupténding the 12CISTAT Register, which clears
the SAM bit. Because RD = @p immediate action is takdy the software until the
first byte of data is receivetf.the software is only abl® accept a single byte, it sets
the NAK bit in the I2CCTL Register.

The Master detects the Acknowledge and sends the first byte of data.

The £C controller receives the first byte and responds with Acknowledge or Not
Acknowledge, depending ondlstate of the NAK bit in the I2CCTL Register. The|
controller generates the receive datetiupt by setting the RDRF bit in the
I2CISTAT Register.

7. The software responds ading the I2CISTAT Register, finding the RDRF bit =1
and then reading the 12CDATA Register,ialhclears the RDRF bit. If the software
can accept only one more data bytsgits the NAK bit in the I2CCTL Register.

8. The Master and Slave loops throdgikp 5to Step 7until the Master detects a Not
Acknowledge instruction or runs out of data to send.

9. The Master sends the stop or restart signgheibus. Either of these signals can cause
the PC controller to assert the stop interrdibie stop bit = 1 in the I2CISTAT Regis-

ter). Because the slave received data from the master, the software takes no action in

response to the STOP interrupt other thawlirgg the 12CISTAT Register to clear the
stop bit.

17.2.6.7. Slave Transmit Tran saction With 7-bit Address

The data transfer format for a master regdiata from a slave in 7-bit address mode is
displayed in Figure 49. The procedure that follows describeg@nklaster/Slave Con-
troller operating as a slave in 7-bit addreggnode and transmittirdata to the bus mas-
ter.

S Slave Address R=1 A Data A Data A P/S

Figure 49. Data Transfer Format—Slave Transmit Transaction with 7-bit Address

PS025013-1011

1. The software configures the controller égeration as a slave 7-bit addressing
mode, as follows:

a. Initialize the MODE field in the’C Mode Reqgister for either SLAVE ONLY
mode or MASTER/SLAVE Mode with 7-bit addressing.

Optionally set the GCE bit.
Initialize the SLA[6:0] bits in the’C Slave Address Register.
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d. Set|EN =1 in the?C Control Register. Set NAK = 0 in th&Q Control Register.

2. The Master initiates a transfer by sending thees$tbyte. The SLAVE ModéC
controller finds an address b and detects that the RNt = 1 (read by the master
from the slave). The?C controller acknowledges, inditag that it is ready to accept
the transaction. The SAM lint the I2CISTAT Registeis set to 1, causing an
interrupt. The RD bit is set to hdicating a Read from the slave.

3. The software responds to the interropteading the I2CISTAT Register, thereby
clearing the SAM bit. Because RD = 1, thétware responds by &ling the first data
byte into the I2CDATA Register. Thefsware sets the TXI bit in the I2CCTL
Register to enable transmit interrupts. Whiem master initiates the data transfer, the
12C controller holds SCL Low until the software has writtes first data byte to the
I2CDATA Register.

4. SCL is released and the first data byte is shifted out.

5. After the first bit of the first dathyte has been transferred, tR€ controller sets the
TDRE bit, which asserts ¢htransmit data interrupt.

6. The software responds to the transmit datexrupt (TDRE = 1) by loading the next
data byte into the I2CDATARegister, which clears TDRE.

7. After the data byte hasd®received by the master, the master transmits an
Acknowledge instruction (or N&tcknowledge instruction if fils byte is the final data
byte).

8. The bus cycles throudgbtep 5to Step 7until the final byte has been transferred. If the
software has not yet loaded the next dati@ when the master brings SCL Low to
transfer the most significant data bit, the sld@ dontroller holds SCL Low until the
Data Register has been written. When & Alkknowledge instruion is received by
the slave, the?C controller sets the NCKI bit in ¢h2CISTAT Register causing the
Not Acknowledge interrupt to be generated.

9. The software responds to the Not Acknowkedderrupt by clearing the TXI bit in the
I2CCTL Register and by asserting the FLUSH bit of the I2CCTL Registenyty
the Data Register.

10. When the Master has complithe final acknowledge cyclig asserts a stop or restart
condition on the bus.

11. The Slave?C controller asserts the stop/restateirupt (set SPRS bit in I2CISTAT
Register).

12. The software responds to the stop/restéetrupt by reading the 12CISTAT Register,
which clears the SPRS bit.

17.2.6.8. Slave Transmit Tran saction With 10-Bit Address

The data transfer format for a master regdiata from a slave with 10-bit addressing is
displayed in Figure 50. The following procedure describes’@élaster/Slave Control-
ler operating as a slave in 10-bit addressimagle, transmitting data to the bus master.
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Slave Address
1st Byte

_ Slave Address Slave Address _
W=0 A 2nd Byte AlS 1st Byte R=1/A|Data| A|Data|A | P

Figure 50.
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Data Transfer Format—Slave Transmit Transaction with 10-Bit Address

The software configures the controller égeration as a slave in 10-bit addressing
mode.

a. Initialize the MODE field in the’C Mode Reqister for either SLAVE ONLY
mode or MASTER/SLAVE Mode with 10-bit addressing.

Optionally set the GCE bit.

Initialize the SLA[7:0] bits in the 12AYAD Register and SLA[9:8] in the’C
MODE Reqgister.

d. SetlEN =1 and NAK = 0 in théT Control Register.

The Master initiates a trafer by sending the firsddress byte. The SLAVE Mode
I2C controller recognizes the start of a Ibanldress with a match to SLA[9:8] and
detects R/W bit = 0 (a Write from the master to the slave). Kneaontroller
acknowledges indicating it is alable to accept the transaction.

The Master sends the second address byte. The SLAVE K®dertroller compares
the second address byte wiitle value in SLA[7:0]. If theres a match, the SAM bit in
the I2CISTAT Register is set = 1, causiglave address match interrupt. The RD bit
is set = 0, indicating a write the slave. If a match occurs, t€Icontroller acknowl-
edges on the’C bus, indicating it is aviable to accept the data.

The software responds to the slave agsimatch interrupt by reading the 12CISTAT
Register, which clears the SAM bit. Because the RD bit = 0, no further action is
required.

The Master sees the Acknowledge and seméstart instruction, followed by the first
address byte with R/W set to 1. The SLAVE Mo8@ tontroller recognizes the
restart instruction followed by the firatldress byte with a match to SLA[9:8] and
detects R/W = 1 (the master reads from the slave). The $@wmhtroller sets the
SAM bit in the 12CISTAT Register which causes the slave address match interrupt.
The RD bit is set = 1. The SLAVE Mod#Q controller acknowledges on the bus.

The software responds taetimterrupt by reading the I2CISTAT Register clearing the
SAM bit. The software loadbe initial data byte into the I2CDATA Register and sets
the TXI bit in the I2CCTL Register.

The Master starts the data transfer by asserting SCL Low. AftéGtmhtroller has
data available to transmit,dfSCL is released and the master proceeds to shift the first
data byte.
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8. After the first bit of the first dathyte has been transferred, tR€ tontroller sets the
TDRE bit which asserts the transmit data interrupt.

9. The software responds to tinensmit data interrupt by loam) the next data byte into
the I2CDATA Register.

10. The fC Master shifts in the remainder okthata byte. The Mger transmits the
Acknowledge (or Not Acknowledge, tifiis byte is thdinal data byte).

11. The bus cycles throu@tep 7to Step 10until the final byte is transferred. If the soft-
ware has not yet loaded the next data kHien the master brings SCL Low to trans-
fer the most significant data bit, the sla®€ tontroller holds SCL Low until the Data
Register is written.

When a Not Acknowledge isceived by the slave, théG controller sets the NCKI
bit in the I2CISTAT Register, causitige NAK interrupt to be generated.

12. The software responds to the NAK int@trby clearing the TXI bit in the I2CCTL
Register and by asserting the FLUSH bit of the I2CCTL Register.

13. When the Master has completed the Acknoggedy/cle of the last transfer, it asserts a
stop or restart condition on the bus.

14. The Slave?C controller asserts the stop/restaterrupt (sets the SPRS bit in the
I2CISTAT Register).

15. The software responds to the stoprinigt by reading the I2CISTAT Register and
clearing the SPRS hit.

1°C Control Register Definitions

This section defines the features of the foIIowh"@ Control registers.

I12C Data Reqistersee page 243

12C Interrupt Status Registesee page 245

12C Interrupt Status Registesee page 245

I2C Baud Rate High and Low Byte Registesse page 248

I12C State Registesee page 250

I2C Mode Regqistersee page 253

I12C Slave Address Registesee page 255

17.3.1. I1°C Data Register

The PC Data Register listed in Table 119 contaires data that is to be loaded into the
Shift Register to transmit onto thed bus. This register also contains data that is loaded
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from the Shift Register aftét is received from the’C bus. ThedC Shift Register is not
accessible in the Register File address sgadéds used only to buffer incoming and out-
going data.

Writes by the software to the I2CDATA Regisége blocked if a slave Write transaction is
underway (the4C controller is in SLAVE Modend data is being received).

Table 119. 1°C Data Register (I2CDATA = F50H)

Bits 7 6 5 4 3 2 1 0
Field Data 7 Data 6 Data 5 Data 4 Data 3 Data 2 Data 1 Data 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 F50H

Bit Position Value Description

[7:0] — 1°C Data Byte

DATA
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17.3.2. I12C Interrupt Status Register

The read—onlch Interrupt Status Register, showable 120, indicates the cause of any
current fC interrupt and provides status of tk€ lcontroller When an interrupt occurs,
one or more of th DRE, RDRF, SAM, ARBLST, SPRS &CKI bits is set. The GCA

and RD bits do not generateiaterrupt but rather provide status associated with the SAM
bit interrupt.

Table 120. 12C Interrupt Status Register (I2CISTAT = F51H)

Bits 7 6 5 4 3 2 1 0

Field TDRE RDRF SAM GCA RD ARBLST SPRS NCKI

Reset 1 0 0 0 0 0 0 0

R/W R R R R R R R R

Address F51H

Bit Description

[7] Transmit Data Register Empty

TDRE When the I12C controller is enabled, this bit is 1 when the I2C Data Register is empty. When set,
this bit causes the 12C controller to generate an interrupt, except when the 12C controller is
shifting in data during the reception of a byte or when shifting an address and the RD bit is set.
This bit clears by writing to the I2CDATA Register.

[6] Receive Data Register Full

RDRF This bit is set = 1 when the 1°C controller is enabled and the I1°C controller has received a byte
of data. When asserted, this bit causes the 1°C controller to generate an interrupt. This bit
clears by reading the I2CDATA Register.

[5] Slave Address Match

SAM This bit is set = 1 if the 12C controller is enabled in SLAVE Mode and an address is received
that matches the unique slave address or General Call Address (if enabled by the GCE bit in
the 1°C Mode Register). In 10-bit addressing mode, this bit is not set until a match is achieved
on both address bytes. When this bit is set, the RD and GCA bits are also valid. This bit clears
by reading the I2CISTAT Register.

[4] General Call Address

GCA This bit is set in SLAVE Mode when the General Call Address or Start byte is recognized (in
either 7 or 10 bit SLAVE Mode). The GCE bit in the I°C Mode Register must be set to enable
recognition of the General Call Address and Start byte. This bit clears when IEN = 0 and is
updated following the first address byte of each SLAVE Mode transaction. A General Call
Address is distinguished from a Start byte by the value of the RD bit (RD = 0 for General Call
Address, 1 for Start byte).

[3] Read

RD This bit indicates the direction of transfer of the data. It is set when the Master is reading data

from the Slave. This bit matches the least-significant bit of the address byte after the start
condition occurs (for both MASTER and SLAVE modes). This bit clears when IEN = 0 and is
updated following the first address byte of each transaction.
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Bit Description (Continued)

[2] Arbitration Lost

ARBLST This bit is set when the 12C controller is enabled in MASTER Mode and loses arbitration
(outputs a 1 on SDA and receives a 0 on SDA). The ARBLST bit clears when the 12CISTAT
Register is read.

[1] Stop/Restart Condition Interrupt

SPRS This bit is set when the 12C controller is enabled in SLAVE Mode and detects a stop or restart
condition during a transaction directed to this slave. This bit clears when the I2CISTAT
Register is read. Read the RSTR bit of the I2CSTATE Register to determine whether the
interrupt was caused by a stop or restart condition.

[0] NAK Interrupt

NCKI In MASTER Mode, this bit is set when a Not Acknowledge condition is received or sent and
neither the start nor the stop bit is active. In MASTER Mode, this bit can only be cleared by
setting the start or stop bits. In SLAVE Mode, this bit is set when a Not Acknowledge condition
is received (Master reading data from Slave), indicating the master is finished reading. A stop
or restart condition follows. In SLAVE Mode this bit clears when the I2CISTAT Register is read.
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17.3.3. I°C Control Register

The EC Control Register, shown in Table 121, enables and conﬁg%ﬁaxobration.

} Note:

The R/W1 bit can be set (writtéa 1) when IEN = 1, but cannot be cleared (written to 0).

Table 121. 12C Control Register (I2CCTL)

Bits

5

4

3

0

Field

IEN

START

STOP

BIRQ

TXI

NAK

FLUSH

FILTEN

Reset

0

0

R/W

R/W

R/W1

R/W1

R/W

R/W

R/W1

R/W

Address

F52H

Bit

Description

[7]
IEN

IC Enable
This bit enables the 12C controller.

(6]
START

Send Start Condition

When set, this bit causes the 12C controller (when configured as the master) to send a start
condition. After it is asserted, this bit is cleared by the I°C controller after it sends the start
condition or by deasserting the IEN bit. If this bit is 1, it cannot be cleared by writing to the bit.
After this bit is set, a start condition is sent if there is data in the I2CDATA or I12C Shift Register.
If there is no data in one of these registers, the 12C controller waits until data is loaded. If this
bit is set while the 1°C controller is shifting out data, it generates a restart condition after the
byte shifts and the Acknowledge phase completes. If the stop bit is also set, it waits until the
stop condition is sent before the start condition. If start is set while a SLAVE Mode transaction
is underway to this device, the start bit will be cleared and ARBLST bit in the Interrupt Status
Register will be set.

[5]
STOP

Send Stop Condition

When set, this bit causes the I°C controller (when configured as the master) to send the stop
condition after the byte in the 1°C Shift Register has completed transmission or after a byte is
received in a receive operation. When set, this bit is reset by the 12C controller after a stop
condition has been sent or by deasserting the IEN bit. If this bit is 1, it cannot be cleared to 0 by
writing to the register. If stop is set while a SLAVE Mode transaction is underway, the stop bit is
cleared by hardware.

[4]
BIRQ

Baud Rate Generator Interrupt Request

This bit is ignored when the I1°C controller is enabled. If this bit is set = 1 when the I2C controller
is disabled (IEN = 0), the baud rate generator is used as an additional timer causing an
interrupt to occur every time the baud rate generator counts down to one. The baud rate
generator runs continuously in this mode, generating periodic interrupts.
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Bit Description (Continued)
[3] Enable TDRE Interrupts
TXI This bit enables interrupts when the 1°C Data Register is empty.
[2] Send NAK
NAK Setting this bit sends a Not Acknowledge condition after the next byte of data has been
received. It is automatically deasserted after the Not Acknowledge is sent or the IEN bit is
cleared. If this bit is 1, it cannot be cleared to 0 by writing to the register.
[1] Flush Data
FLUSH  Setting this bit clears the 1°C Data Register and sets the TDRE bit to 1. This bit allows flushing
of the I°C Data Register when an NAK condition is received after the next data byte is written
to the 1°C Data Register. Reading this bit always returns 0.
[0] 12C Signal Filter Enable
FILTEN Setting this bit enables low-pass digital filters on the SDA and SCL input signals. This function
provides the spike suppression filter required in 1°C Fast Mode. These filters reject any input
pulse with periods less than a full system clock cycle. The filters introduce a 3-system clock
cycle latency on the inputs.
17.3.4. 1°C Baud Rate High and Low Byte Registers
The PC Baud Rate High and Low Byte registers, shown in Tables 122 and 123, combine
to form a 16-bit reloastalue, BRG[15:0], for the?’C Baud Rate Generator. THEIbaud
rate is calculated uginthe following equation.
System Clock Frequency (Hz
1°C Baud Rate (bits/s) = Y a y(H2)
4 x BRG[15:0]
} Note: If BRG =0000H, usel0000H in the equation.
Table 122. 1°C Baud Rate High Byte Register (I2CBRH = 53H)
Bits 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 F53H
Bit Position  Value Description
[7:0] I°C Baud Rate High Byte
BRH The most significant byte, BRG[15:8], of the 1°C Baud Rate Generator’s reload value.

PS025013-1011

PRELIMINARY I12C Master/Slave Controller

248



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

249

} Note: If the DIAG bit in the fC Mode Register is setto 1, a read of the I2CBRH Register returns
the current value of thé€ Baud Rate Counter{15:8].

Table 123. 12C Baud Rate Low Byte Register (I2CBRL = F54H)

Bits 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 F54H

Bit Position  Value Description

[7:0] 1°C Baud Rate Low Byte

BRL The least significant byte, BRG[7:0], of the 1°C Baud Rate Generator’s reload value.

} Note: If the DIAG bit in the FC Mode Register is set to 1, ackof the I2CBRL Register returns
the current value of théC Baud Rate Counter[7:0].
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17.3.5. I°C State Register

The read—only%C State Register, shown in Table 1@iyvides informatia about the state
of the PC bus and the’C bus controller. When the DIAG bit of th& Mode Register is
cleared, this register provides infortiaa about the intemd state of the?C controller and

1°C bus; see Table 126.

When the DIAG bit of the?C Mode Register is set, this register returns the value of the
1°C controller state machine.

Table 124. 1°C State Register (I2CSTATE)—Description when DIAG = 1

Bits 7 6 5 4 3 2 1

Field I2CSTATE_H [2CSTATE_L

Reset 0 0 0 0 0 0 0

R/W R R R R R R R

Address F55H

Bit Description

[7:4] 12C State

[2CSTATE_H This field defines the current state of the 12C controller. It is the most significant nibble of
the internal state machine. Table 126 defines the states for this field.

[3:0] Least Significant Nibble of the | 2C State Machine

[2CSTATE_L This field defines the substates for the states defined by I2CSTATE_H. Table 127 defines

the values for this field.
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Bits 7 6 5 4 3 2 1 0

Field ACKV ACK AS DS 10B RSTR SCLOUT BUSY

Reset 0 0 0 0 0 0 1 0

R/W R R R R R R R R

Address F55H

Bit Description

[71 ACK Valid

ACKV This bit is set, if sending data (Master or Slave) and the ACK bit in this register is valid for the
byte just transmitted. This bit can be monitored if it is appropriate for software to verify the ACK
value before writing the next byte to be sent. To operate in this mode, the Data Register must
not be written when TDRE asserts; instead, the software waits for ACKV to assert. This bit
clears when transmission of the next byte begins or the transaction is ended by a stop or
restart condition.

[6] Acknowledge

ACK This bit indicates the status of the Acknowledge for the last byte transmitted or received. This
bit is set for an Acknowledge and cleared for a Not Acknowledge condition.

[5] Address State

AS This bit is active High while the address is being transferred on the 1°C bus.

[4] Data State

DS This bit is active High while the data is being transferred on the 1°C bus.

[3] 10B

10B This bit indicates whether a 7-bit or 10-bit address is being transmitted when operating as a
Master. After the start bit is set, if the five most-significant bits of the address are 11110B, this
bit is set. When set, it is Reset after the address has been sent.

[2] RESTART

RSTR This bit is updated each time a stop or restart interrupt occurs (SPRS bit set in [2CISTAT
Register).
0 = Stop condition.
1 = Restart condition.

[1] Serial Clock Output

SCLOUT Current value of Serial Clock being output onto the bus. The actual values of the SCL and SDA
signals on the I2C bus can be observed via the GPIO Input Register.

[0] I°C Bus Busy

BUSY 0= No activity on the 1°C Bus.

1 = A transaction is underway on the 12C bus.
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Table 126. I2CSTATE_H

State

Encoding State Name State Description

0000 dle 12C bus is idle or I1°C controller is disabled.

0001 Slave Start 12C controller has received a start condition.

0010 Slave Bystander Address did not match; ignore remainder of transaction.

0011 Slave Wait Waiting for stop or restart condition after sending a Not
Acknowledge instruction.

0100 Master Stop2 Master completing stop condition (SCL =1, SDA = 1).

0101 Master Start/Restart MASTER Mode sending start condition (SCL = 1, SDA = 0).

0110 Master Stopl Master initiating stop condition (SCL = 1, SDA = 0).

0111 Master Wait Master received a Not Acknowledge instruction, waiting for
software to assert stop or start control bits.

1000 Slave Transmit Data  Nine substates, one for each data bit and one for the Acknowledge.

1001 Slave Receive Data Nine substates, one for each data bit and one for the Acknowledge.

1010 Slave Receive Addrl  Slave receiving first address byte (7- and 10-bit addressing) Nine
substates, one for each address bit and one for the Acknowledge.

1011 Slave Receive Addr2  Slave Receiving second address byte (10-bit addressing) nine
substates, one for each address bit and one for the Acknowledge.

1100 Master Transmit Data  Nine substates, one for each data bit and one for the Acknowledge.

1101 Master Receive Data  Nine substates, one for each data bit and one for the Acknowledge.

1110 Master Transmit Addrl Master sending first address byte (7- and 10-bit addressing) nine
substates, one for each address bit and one for the Acknowledge.

1111 Master Transmit Addr2 Master sending second address byte (10-bit addressing) nine
substates, one for each address bit and one for the Acknowledge.

Table 127. 1I2CSTATE_L

State Substate

[I2CSTATE_H I2CSTATE_L Substate Name State Description

0000-0100 0000 — There are no substates for these I2CSTATE_H

values.
0110-0111 0000 — There are no substates for these I2CSTATE_H
values.
0101 0000 Master Start Initiating a new transaction
0001 Master Restart Master is ending one transaction and starting a

new one without letting the bus go idle.
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Table 127. I2CSTATE_L (Continued)

State Substate
I2CSTATE_H I12CSTATE_L Substate Name State Description
1000-1111 0111 Send/Receive bit 7 Sending/Receiving most significant bit.
0110 Send/Receive bit 6
0101 Send/Receive bit 5
0100 Send/Receive bit 4
0011 Send/Receive bit 3
0010 Send/Receive bit 2
0001 Send/Receive bit 1
0000 Send/Receive bit 0 Sending/Receiving least significant bit.
1000 Send/Receive Sending/Receiving Acknowledge.

Acknowledge

17.3.6. I°C Mode Register

The PC Mode Register, shown in Table 128, gd®s control over master versus slave
operating mode, slave address and diagnostic modes.

Table 128. 1°C Mode Register (12C Mode = F56H)

Bits 7 6 5 4 3 2 1 0
Field Reserved MODE[1:0] IRM GCE SLA[9:8] DIAG
Reset 0 0 0 0 0 0
R/W R R/W R/W R/W R/W R/W
Address F56H

Bit Description

[7] Reserved; must be 0.

[6:5] Selects the | 2C Controller Operational Mode

MODE[1:0] 00 = MASTER/SLAVE capable (supports multi-master arbitration) with 7-bit Slave address.
01 = MASTER/SLAVE capable (supports multi-master arbitration) with 10-bit slave address.
10 = Slave Only capable with 7-bit address.
11 = Slave Only capable with 10-bit address.
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Bit

Description (Continued)

[4]
IRM

Interactive Receive Mode

Valid in SLAVE Mode when software needs to interpret each received byte before

acknowledging. This bit is useful for processing the data bytes following a General Call

Address or if software wants to disable hardware address recognition.

0 = Acknowledge occurs automatically and is determined by the value of the NAK bit of the
[2CCTL Register.

1 = Areceive interrupt is generated for each byte received (address or data). The SCL is
held Low during the Acknowledge cycle until software writes to the I2CCTL Register.
The value written to the NAK bit of the I2CCTL Register is output on SDA. This value
allows software to Acknowledge or Not Acknowledge after interpreting the associated
address/data byte.

(3]
GCE

General Call Address Enable

Enables reception of messages beginning with the General Call Address or start byte.

0 = Do not accept a message with the General Call Address or start byte.

1 = Do accept a message with the General Call Address or start byte. When an address
match occurs, the GCA and RD bits in the I°C Status Register indicates whether the
address matched the General Call Address/start byte or not. Following the General Call
Address byte, the software can set the IRM bit that allows software to examine the
following data byte(s) before acknowledging.

[2:1]
SLA[9:8]

Slave Address Bits 9 and 8
Initialize with the appropriate slave address value when using 10-bit slave addressing.
These bits are ignored when using 7-bit slave addressing.

[0]
DIAG

Diagnostic Mode

Selects read back value of the Baud Rate Reload and State registers.

0 = Reading the Baud Rate registers returns the Baud Rate register values. Reading the
State register returns 12C controller state information.

1 = Reading the Baud Rate registers returns the current value of the baud rate counter.
Reading the State register returns additional state information.

PS025013-1011 PRELIMINARY I12C Master/Slave Controller

254



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

17.3.7. 1°C Slave Address Register

The PC Slave Address Register, shown in Table, Ji26vides control over the lower
order address bits used in ™ak0 bit slave address recognition.

Table 129. 12C Slave Address Register (I2CSLVAD = 57H)

Bits 7 6 5 4 3 2 1 0
Field SLA[7:0]

Reset O00H

R/W R/W

Address F57H

Bit Description

[7:0] Slave Address Bits

SLA[7:0] Initialize with the appropriate Slave address value. When using 7-bit Slave addressing,

SLA[9:7] are ignored.
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Chapter 18. Comparator

The Z8 Encore! XP F1680 Series devicesusmatwo same general purpose comparators
that compares two analog input signals. &mch comparator, a GPIO (COINP/C1INP) pin
provides the positive comparator input, tiegative input (COINN/ANN) can be taken
from either an external GPIO pin or an int@drreference. The output of each comparator
is available as an interrupt source or canduted to an external pin using the GPIO mul-
tiplex. Features for each comparator include:

®* Two inputs which are connecteding the GPIO multiplex (MUX)

®* One input can be connected tpragrammable internal reference

®* One input can be connectedth@ on-chip temperature sensor

® Qutput can trigger timer counting

® Qutput can be either an interrupt steior an output to an external pin
® OQOperation in STOP Mode

18.1. Operation

One of the comparator inputs can be conmetden internal reference which is a user-
selectable reference that is usergpeanmable with 200mV resolution.

The comparator can be powered down to sapgplglcurrent or to continue to operate in
STOP Mode. For details, see thewer Control Register €ection on page 44. In STOP
Mode, the comparator interrupt (if enabledjcawatically initiates a Stop Mode Recovery
and generates an intept request. In thReset Status Registésee page 40), the stop bit is
set to 1. Also, the Comparator request bit inltiterrupt Request 1 Reqistsee page 75)

is set. Following compt®n of the Stop Mode Recovery, and if interrupts are enabled, the
CPU responds to the interrupt requestdighing the comparator interrupt vector.

A Caution: Because of the propagation delay of the carafor, spurious interrupts can result after
enabling the comparator. Zilog recommends enabling the compatior without first
disabling interrupts, then waitingrfthe comparator output to settle.

The following code example shows howvsafely enable the comparator:
di

Idx CMPO,r0
nop
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nop ; wait for output to settle
ldx IRQO,#0 ; clear any spurious interrupts pending
ei

18.2. Comparator Control Register Definitions
This section defines the features of thikowing Comparator Control registers.
Comparator 0 Control Reqistesee page 257
Comparator 1 Control Reqistesee page 258
18.2.1. Comparator 0 Control Register
The Comparator 0 Control Register (CMPO), showihaible 130, configures the
Comparator 0 inputs and sets the eabdi the internal voltage reference.
Table 130. Comparator 0 Control Register (CMPO)
Bits 7 6 5 4 3 2 1 0
Field INPSEL INNSEL REFLVL TIMTRG
Reset 0 0 0 1 0 1 0 0
R/W R/W R/W R/W R/W R/IW R/W R/W R/W
Address F90H
Bit Description
[7] Signal Select for Positive Input
INPSEL 0 = GPIO pin used as positive comparator O input.
1 = Temperature sensor used as positive comparator O input.
[6] Signal Select for Negative Input
INNSEL 0 = Internal reference disabled, GPIO pin used as negative comparator 0 input.

1 = Internal reference enabled as negative comparator O input.

PS025013-1011

PRELIMINARY Comparator

257



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 2 58

Bit Description (Continued)

[5:2] Comparator 0 Internal Reference Voltage Level
REFLVL This reference is independent of the ADC voltage reference.

0000=0.0V

0001=0.2V

0010=0.4V

0011=0.6V

0100=0.8V

0101 = 1.0 V (Default)

0110=1.2V

0111=14V

1000=1.6V

1001=1.8V

1010-1111 = Reserved

[1:0] Timer Trigger (COMPARATOR COUNTER MODE)
TIMTRG 00 = Disable Timer Trigger.
01 = Comparator O output works as Timer O Trigger.
10 = Comparator O output works as Timer 1 Trigger.
11 = Comparator O output works as Timer 2 Trigger.

18.2.2. Comparator 1 Control Register

The Comparator 1 Control Register (CMP1), shown in Table 131, configures the compar-
ator 1 inputs and sets the vabfehe internal voltage reference.

Table 131. Comparator 1 Control Register (CMP1)

Bits 7 6 5 4 3 2 0
Field INPSEL INNSEL REFLVL TIMTRG
Reset 0 0 0 1 0 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F91H
Bit Description
[71 Signal Select for Positive Input
INPSEL 0= GPIO pin used as positive comparator 1 input.

1 = Temperature sensor used as positive comparator 1 input.
[6] Signal Select for Negative Input
INNSEL 0 = Internal reference disabled, GPIO pin used as negative comparator 1 input.

1 = Internal reference enabled as negative comparator 1 input.
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Bit Description (Continued)

[5:2] Comparator 1 Internal Reference Voltage Level
REFLVL This reference is independent of the ADC voltage reference.

0000=0.0V

0001=0.2V

0010=0.4V

0011=0.6V

0100=0.8V

0101 = 1.0 V (Default)

0110=1.2V

0111=14V

1000=1.6V

1001=1.8V

1010-1111 = Reserved

[1:0] Timer Trigger (Comparator Counter Mode)

TIMTRG Enable/disable timer operation.
00 = Disable Timer Trigger.
01 = Comparator 1 output works as Timer O Trigger.
10 = Comparator 1 output works as Timer 1 Trigger.
11 = Comparator 1 output works as Timer 2 Trigger.
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Chapter 19. Temperature Sensor

19.1.

PS025013-1011

The on-chip Temperature Sensor allows yom&asure temperature on the die to an accu-
racy of roughly £7°C over a range of —40faC+105° C. Over a reduced range, the accu-
racy is significantly better. This block@amoderately accurate temperature sensor for
low-power applications where high accuracydd required. Uncalibtad accuracy is sig-
nificantly worse, therefore the temperature sensor is not recommended for untrimmed use:

® On-chip temperature sensor
® +7°C full-range accuracfor calibrated version
® +1.5°C accuracy over the range of 20°C to 30°C

® Flash recalibration capability

Operation

The on-chip temperature sensor is a Propoalido Absolute Temperature (PTAT) topol-
ogy which provides for zero-point calibration. A pair of Flash option bytes contain the cal-
ibration data. The temperature sensor can be disabled by a biFovtke Control

Register O(see page 44) to reduce power consumption.

The temperature sensor can be directly reati&®yADC to determine the absolute value of
its output. The temperature sensor output isasdable as an inptd the comparator for
threshold type measurement detaation. The accuracy ofdérsensor when used with the
comparator is substantially less than whesasured by the ADC. Maximum accuracy can
be obtained by customer retrimming the sensing an external reference and a high-pre-
cision external reference in the target application.

During normal operation, the die undergoeating that will caus a mismatch between

the ambient temperature and that measuratidogensor. For best results, the XP device
should be placed into STOP Mode for suéfit time such that the die and ambient tem-
peratures converge (this time will be dependent on the thermal design of the system). The
temperature sensor should be measuredddiately after recovery from STOP Mode.

The following two equations defe the relationship betweéme ADC reading and the die
temperature. In each equatidnis the temperature in degrees Celsius,ADd is the 10-
bit compensated ADC value.

Equation #1. If bit 2 of TEMPCALH calibration option byte is 0, then:
T = (25/128) * (ADC + {TEMPCALH_bitl, TEMPCALH_bit0, TEMPCALL}) — 77

Equation #2. If bit 2 of TEMPCALH calibration option byte is 1, then:
T =(25/128) * (ADC — {TEMPCALH_bitl, TEMPCALH_bit0, TEMPCALL}) -77
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In these two equations, TEMPCALH and TEMPCALL are a pair of Flash option bits con-
taining the calibration data. For more distesee the discussion of TEMPCALH and
TEMPCALL in theFlash Option Bitshapter on page 276.

} Note:

The equations above are temporary test resitithe Z8F1680 MCU, version A. The coef-
ficient in the formula may change accoiglto results from tests of version B.

PS025013-1011

19.1.1. Calibration

The temperature sensor undergoes calibratising the manufacturing process and is
maximally accurate only at 30°C. Acegy decreases as measured temperatures move
further from the calibration point.

Because this sensor is an on-chip sensorgZ#sommends that the user accounts for the
difference between ambient and die terapgies when inferring ambient temperature
conditions.
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Chapter 20. Flash Memory

The products in the Z8 Encore! XP F1680 Series feature either 24KB (24576 bytes),

16 KB (16384 bytes) and 8KB (8192 bytes) of nonvolatile Flash memory with read/write/
erase capability. The Flash memory can be programmed and erased in-circuit by either
user code or through the On-Chip Debugger.

The Flash memory array is anged in pages with 512 bytes per page. The 512 byte page
is the minimum Flash block size that can kesed. Each page is divided into 4 rows of
128 bytes.

For program/data protection, Flash memory is also divided into sectors. In the Z8 Encore!
XP F1680 Series, Flash memory is divided into 8 sectors which can be protected from
programming and erase operation on a per sector basis.

The first 2 bytes of the Flash program memory are used as Flash option bits. For more
information about their operation, see Fash Option Bithapter on page 276.

Table 132 lists the Flash memory configioa for each device in the Z8 Encore! XP
F1680 Series.

Table 132. Z8 Encore! XP F1680 Series Flash Memory Configurations

Flash Size in  Flash Program Memory  Flash Sector Number of  Pages per

Part Number KB (Bytes) Pages Addresses Size (bytes) Sectors Sector
Z8F2480 24 (24576) 48 0O00OH-5FFFH 3072 8 6
Z8F1680 16 (16384) 32 0000H—-3FFFH 2048 8 4
Z8F0880 8 (8192) 16 0000H—-1FFFH 1024 8 2

20.1. Flash Information Area

The Flash Information Area is separate frBrogram Memory and is mapped to the
address rangeEOOH to FFFFH. Not all these addresses are user-accessible. Factory trim
values for the analog peripherals are stametie Flash Information Area, and so are fac-
tory calibration data for the Temperature Senbigures 51 through 53 display the Flash
memory arrangement.
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8KB Flash
Program Memory
Addresses
1FFFH
Sector 7
1COOH
1BFFH i
Sector 6
1800H
17FFH
Sector 5
1400H |
13FFH T
|
|
|
|
0COOH )
OBFFH
Sector 2
0800H
07FFH
Sector 1
0400H
03FFH
Sector 0
0000H
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1FFFH
Page 15
1DFFH
Page 14
1BFFH
Page 13
19FFH
Page 12
17FFH
Page 11
15FFH
Page 10
13FFH
|
|
|
|
|
|
|
|
|
07FFH
Page 3
O5FFH
Page 2
03FFH
Page 1
O1FFH
Page 0
0000H

Figure 51. 8KB Flash Memory Arrangement
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16KB Flash
Program Memory
Addresses
3FFFH
Sector 7
3800H
37FFH
Sector 6
3000H
2FFFH
Sector 5
2800H
27FFH T
|
|
|
|
1800H |
17FFH
Sector 2
1000H
OFFFH
Sector 1
0800H
07FFH
Sector 0
0000H
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3FFFH
Page 31
|
Page 30 |
Page 29 !
39FFH
Page 28
37FFH
Page 27
35FFH
Page 26
33FFH
Page 25
31FFH
Page 24
. 2FFFH
I
OFFFH
Page 7
ODFFH
Page 6
OBFFH
Page 5 |
Page 4 |
Page 3 I
O5FFH
Page 2
O03FFH
Page 1
O1FFH
Page 0
0000H

Figure 52. 16 KB Flash Memory Arrangement
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24KB Flash
Program Memory - - 5FFFH
Addresses = Page 47 \
SFFFH i Page 46 |
Sector 7 [
Page 45
5400H
59FFH
53FFH ~ _ Page 44
~ 57FFH
4800H Sector 6 ~ _ Page 43
~ bace 4z | 2oTFH
47FFH ~ age
53FFH
Sector 5 Page 41
3CO0H 51FFH
3BFFH I Page 40
| , AFFFH
|
|
: .
|
| |
|
2400H , .
23FFH P - Page 5 OBFFH
Sector 2 ~ !
1800H 7 Page 4 |
17FFH P Page 3 '
Sector 1 P Page 2 O5FFH
~
0COOH > 03FFH
OBFFH Page 1
Sector 0 O1FFH
Page O
eooOH[ | _ == 0000H

Figure 53. 24KB Flash Memory Arrangement

20.2. Operation

The Flash Controller programs and erasest-imemory. The Flash Controller provides
the proper Flash controls and timing for bgtegramming, Page Erase and Mass Erase of
Flash memory.

The Flash Controller contains several potion mechanisms to prevent accidental
programming or erasure. These mechanigpgsate on the page, sector and full-memory
levels.

The Flow Chart in Figure 54 displays basiadfl Controller operation. The sections that
follow provide details about éhvarious operations (Lockinlock, Byte Programming,
Page Protect, Page Unprotect, Page Select Page Erase and Mass Erase) shown in
Figure 54.

PS025013-1011 PRELIMINARY Flash Memory



PS025013-1011

Yes
<Protected Sector?

Reset )

Y

Y

—» Lock State 0

Write Page
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Figure 54. Flowchart: Flash Controller Operation
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20.2.1. Flash Operation Timi ng Using Flash Frequency
Registers

Before performing either a program or eraperation on Flash memory, you must first
configure the Flash frequency High and Low Brggisters. The Flash frequency registers
allow programming and erasing of the Flaskhvaystem clock frequencies ranging from
32kHz (32768 Hz) through 20 MHz.

The Flash frequency High and Low Byt@isters combine to fon a 16-bit value,
FFREQ, to control timing for flash program and erase operations. The 16-bit binary Flash
frequency value must contain the systemllivoequency (in kHz). This value is calcu-
lated using the following equation:

FFREQ[15:0] = System Cloclioli)rgquency (Hz)

Flash programming and erasure are not supgd 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 ceit value to ensure operatiohthe Z8 Encore! XP F1680
Series devices.

PS025013-1011

20.2.2. Flash Code Protection Against External Access

The user code contained within Flash meyean be protected against external access
with the On-Chip Debugger. 8gramming the FRP Flash option bit prevents reading of
the user code with the On-Chip Debugger. For more details, sSE@ieOption Bits
chapter on page 276 and Be-Chip Debuggechapter on page 294.

20.2.3. Flash Code Protection Against Accidental Program
and Erasure

The Z8 Encore! XP F1680 Series provides sa@Mevels of protection against accidental
program and erasure of the contents of Flash memory. This protection is provided by a
combination of the Flash Option bits, thgister locking mechanism, the page select
redundancy and the sector level prétetcontrol of the Flash Controller.

20.2.3.1. Flash Code Protecti on Using the Flash Option Bits

The FWP Flash option bit provides Flash Program Memory protection as listed in Table
133. For more details, see tRiash Option Bitshapter on page 276.
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Table 133. Flash Code Protection Using the Flash Option Bit
FWP  Flash Code Protection Description
0 Programming and erasing disabled for all of Flash Program Memory. In user code programming,
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.

20.2.3.2. Flash Code Protecti on Using the Flash Controller

At Reset, the Flash Controller locks to pretvaccidental program or erasure of the con-
tents of Flash memory. Follow the steps leto unlock the Flash Controller from user
code:

1. Write the Page Select Register with the target page.

2. Write the first unlock commari8H to the Flash Control Register.

3. Write the second unlock commad@dH to the Flash Control Register.
4

Rewrite the Page Select Register lith same page previously stored there.

If the two Page Select writes do not matcle, ¢bntroller reverts to a locked state. If the
two writes match, the selected page becoawtive. For details, see the flowchart in
Figure 54on page 266.

} Note: Byte Programming, Page Erase and Mass Brilkaot be allowed if the FWP bit is
cleared or if the page resides in a protected block.

After unlocking a specific page, Byte Progniag or Page Erase can be performed. At the
conclusion of a Page Erase, the Flash Contrigllautomatically lockd. To lock the Flash
Controller after Byte Programming, write to the Flash Control Register with any value
other than the Page Erase or Mass Erase comands.

20.2.3.3. Sector Ba sed Flash Protection

The final protection mechanism is implemeahta a per-sector basis. The Flash memaories
of Z8 Encore! devices are divided into a nmxm number of 8 sectors. A sector is 1/8 of
the total size of Flash memory unless this gatusmaller than the page size, in which case
the sector and page sizes are equal. On ttiEenZ8re! XP F1680 Series devices, the sector
size is 3KB, 2KB or 1 KB depending on #daéle on-chip Flash size of 24KB, 16 KB and
8KB.
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The Flash Sector Protect Register can bidigored to prevent sectors from being pro-
grammed or erased. After a sector is protedtednnot be unprotected by user code. The
Flash Sector Protect Register is cleargdrakset and any previously written protection
values is lost. User de must write this register in ténitialization routine if they want

to enable sector protection.

The Flash Sector Protect Register shard3étgister 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,
bits can only be set to 1. Thus, sectors caprb&cted, but not unprotected, via register
write operations. Writing a value other th&fH to the Flash Control Register deselects

the Flash Sector Protect Register and relesadxcess to the Page Select Register. 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 Registerimdtialized to 0 on Reset, putgreach sector into an unpro-
tected state. When a bit in the Sector PtdRamgister is written td, the corresponding
sector can no longer be written or erased. rAdtbit of the Sector Protect Register has
been set, it can not be cledrexcept by a System Reset.

20.2.4. Byte Programming

Flash memory is enabled fbyte programming on the actiypage after unlocking the

Flash Controller. Erase the address(es) tprbgrammed using either the Page Erase or
Mass Erase command prior to performingebyrogramming. An erased Flash byte
contains all 1sRFH). The programming operation can only be used to change bits from 1
to 0. To change a Flash lir multiple bits) from O to 1 piires execution of either the
Page Erase or Mass Erase command.

Byte programming can be accomplished using the On-Chip Debugger’s Write Memory
command or eZ8 CPU execution of the LDC or LDCI instructions. For a description of the
LDC and LDClI instructions, refer to teZ8 CPU Core User Manual (UM0128)yailable

for download atvww.zilog.com While the Flash Controllggrograms the contents of

Flash memory, the eZ8 CPU idles but theeystlock and on-chip peripherals continue

to operate.

After a byte is written, the page remains unlocleidwing for subsequent writes to other
bytes on the same page. To exit prograngmitode and lock Flash memory, write any
value to the Flash Control Register gxctihe Mass Erase or Page Erase commands.

PRELIMINARY Flash Memory
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A Caution: The byte at each Flash memory addressicbbe programmed (any bits written to 0)

more than twice before an erase cycle occurs.

PS025013-1011

20.2.5. Page Erase

The Flash memory can be erased one page (512 bytes) at a time. Page-erasing Flash
memory sets all bytes that page to the vali&=H. The Flash Page Select register
identifies the page to be erased. Only a pag#&ling in an unprotected sector can be
erased. With the Flash Contreallunlocked, writing the valugsh to the Flash Control
Register initiates the Page Erase operatiotheractive page. While the Flash Controller
executes the Page Erase operatthe eZ8 CPU idles butdtsystem clock and on-chip
peripherals continue to operate. The eZ8 CPU resumes operation after the Page Erase
operation completes. If the Page Erase ajan is performed using the OCD, poll the
Flash Status register to determine whenRthge Erase operationdemplete. When the
Page Erase is complete, the Flash Controller returns to its locked state.

20.2.6. Mass Erase

Flash memory can also be mass-erased uwka§lash Controller, but only by using the
On-Chip Debugger. Mass-erasing Flasemory sets all bytes to the valreH. With the
Flash Controller unload, writing the valué3H to the Flash ContrdRegister initiates the
Mass Erase operation. While the Flash @ullgr executes the Mass Erase operation, the
eZ8 CPU idles but the system clock and orpg@ripherals continue to operate. Using the
On-Chip Debugger, poll the Flash Status s&ggito determine when the Mass Erase
operation is complete. WhenatiMass Erase is complete, thagH Controller returns to its
locked state.

20.2.7. Flash Controller Bypass

The Flash Controller can be bypassed tedcontrol signals foFlash memory are
brought out to the GPIO pins. Bypassthg Flash Controller allows faster row
programming algorithms by controllingabe Flash programming signals directly.

Row programming is recommended for ganggpamming applications and large-volume
customers who do not require in-circuit inifmogramming of Flash memory. Mass Erase
and Page Erase operations are also supported when the Flash Controller is bypassed.

For more information about bypasgithe Flash Controller, pleasentact Zilog Technical
Support
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20.2.8. 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

®* Programming operations are fiatited to the page selectadthe Page Select Register
® Bits in the Flash Sector Protect register can be writtento 1 or O

®* The second write of the Page Select registemlock the Flash Controller is not nec-
essary

®* The Page Select register can be wmittdhen the Flash Controller is unlocked

®* The Mass Erase command is enaltledugh the Flash Control Register

A Caution: For security reasons, the Flastntroller allows only a single page to be opened for

write/erase. When writing multiple Flash pages, the Flasitralter must go through
the unlock sequence again to select another page.

20.3.

PS025013-1011

Flash Control Register Definitions

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

Flash Control Registesee page 271

Flash Status Registesee page 272

Flash Page Select Reqisteee page 273

Flash Sector Protect Reqgisteee page 274

Flash Frequency High and Low Byte Registse page 274

20.3.1. Flash Control Register

The Flash Controller must be unlocked gsihe Flash Control Register (see Table 134)
before programming or erasing Flash mem®he Flash Controller is unlocked by

writing to the Flash Page Select Register, tr@h8CH, sequentially, to the Flash Control
Register, and finally again to the Flash P&g&ct Register with the same value as the
previous write. When the Flash Controller is unlocked, Mass Erase or Page Erase can be
initiated by writing the appropriate commandhe FCTL. Erase apgls only to the active

page selected in the Flash Page SelectdRergMass Erase is enabled only through the
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On-Chip Debugger. Writing an invalid valoe an invalid sequence returns the Flash
Controller to its locked state. The write-piilash Control Register shares its Register
File address with the read-only Flash Status Register.

Table 134. Flash Control Register (FCTL)

Bits 7 6 5 4 3 2 1 0
Field FCMD
Reset 0 0 0 0 0 0 0 0
R/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
20.3.2. Flash Status Register
The Flash Status register (Table 135) inisdahe current state tife Flash Controller.
This register can be read at any time. Téedronly Flash Status Register shares its Regis-
ter File address with the write-only Flash Control Register.
Table 135. Flash Status Register (FSTAT)
Bits 7 6 5 4 3 2 1 0
Field Program_status FSTAT
Reset 0 0 0 0 0 0 0 0
R/W R R
Address FF8H
Bit Description
[7:6] Indicate the fail or success after Flash Write/Erase

Program_ 00 = Success.

status

10 = Success.
11 = Fail due to low power.
01 = Reserved.
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Bit Description (Continued)

[5:0]
FSTAT

Flash Controller Status

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.

20.3.3. Flash Page Select Register

The Flash Page Select Register, shown in Table 136, shares address space with the Flash
Sector Protect Register. Unless the Flash controller was last writteBBaithvrites to
this address target the Flash Page Select Register.

The register is used to select one of the Flasmory pages to logrammed or erased.
Each Flash Page contains 512 bytes of Rtasmory. During a Page Erase operation, all
Flash memory having addresses with the most significant 7 bits provided by FPS[6:0] are
chosen for program/erase operation.

Table 136. Flash Page Select Register (FPS)

Bits

7

6

5

4

3

Field

INFO_EN

PAGE

Reset

0

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

FFOH

Address

Bit Description

[71 Information Area Enable
INFO_EN 0 = Information Area is not selected.
1 = Information Area is selected. The Information Area is mapped into the Program Memory
address space at addresses FEOOH through FFFFH.

Page Select

This 7-bit field identifies the Flash memory page for Page Erase and page unlocking. Program
Memory address[15:9] = PAGE[6:0].

» On Z8F2480 devices, the upper 1 bit must always be 0.

» On Z8F1680 devices, the upper 2 bits must always be 0.

» On Z8F0880 devices, the upper 3 bits must always be 0.

[6:0]
PAGE
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20.3.4. Flash Sector Protect Register

The Flash Sector Protect Register is shariid the Flash Page Select Register. When the
Flash Control Registeisee page 271) is written wilEH, the next write to this address

targets the Flash Sector Protect Register. In all other cases, it targets the Flash Page Select
Register.

This register selects one of the eight axdé@alash memory sectors to be protected. The
reset state of each Sector Protect bit is an unprotected state. After a sector is protected by
setting its corresponding register bit, it can dmdyunprotected (the register bit can only

be cleared) by a System Reset. Please refatile 132o0n page 262 and to Figures 51
through 53 to review how Flash memory is arranged by sector.

Table 137. Flash Sector Protect Register (FPROT)

Bits 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

[7:0] Sector Protection

SPROTx + On Z8F2480 devices, each bit corresponds to a3KB Flash sector.
» On Z8F1680 devices, each bit corresponds to a 2KB Flash sector.
» On Z8F0880 devices, each bit corresponds to a 1KB Flash sector.

20.3.5. Flash Frequency High and Low Byte Registers

The Flash Frequency High and Low Byte stgis, shown in Tables 138 and 139, com-
bine to form a 16-bit value, FFREQ, to carttiming for Flash program and erase opera-
tions. The 16-bit binary Flash Frequency alust contain the system clock frequency
(in kHz) and is calculatedsing the following equation:

System Clock Frequency

FFREQ[15:0] = {FFREQH[7:0],FFREQL[7:0]} = 1000

A Caution: Flash programming and erasure is not sujgabfor system clock frequencies below
32 kHz or above 20MHz. The Flash Frequency High and Low Byte registers must be
loaded with the correct values toseine proper operation of the device.
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Table 138. Flash Frequency High Byte Register (FFREQH)
Bits 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 139. Flash Frequency Low Byte Register (FFREQL)
Bits 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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Chapter 21. Flash Option Bits

21.1.

PS025013-1011

Programmable Flash option bits allow usemfaguration of certain aspects of Z8 Encore!
XP F1680 Series MCU operation. The feattwmafiguration data is stored in Flash pro-
gram memory and are read during Reset.f€awres available for control through the
Flash option bits include:

®* Watchdog Timer time-out responsdestion—interrupt or System Reset
®* Watchdog Timer enabled at Reset
®* The ability to prevent unweed read access to usede in Program Memory

® The ability to prevent accideadtprogramming and erasure of all or a portion of the user
code in Program Memory

* VBO configuration-always enabled or disabled during STOP Mode to reduce STOP
Mode power consumption

®* LVD voltage threshold selection

® Oscillator mode selection for high, mediamd low-power crystal @dlators or an ex-
ternal RC oscillator

® Factory trimming information fothe IPO and Temperature Sensor

Operation

This section describes the types of option &itd their configuration in the Option Con-
figuration registers.

21.1.1. Option Bit Co nfiguration by Reset

Each time the Flash option bits are prograedror erased, the device must be Reset for

the change to take effect. During any Regetration (System Reset or Stop Mode Recov-
ery), the Flash option bits are automaticadlgd from Flash PrograMemory and written

to the Option Configuration registers. These Option Configuration registers control opera-
tion of the devices within thZ8 Encore! XP F1680 Series MCU. Option bit control is
established before the device exits Resdttha eZ8 CPU begins code execution. The
Option Configuration registers are not partied Register File and are not accessible for
read or write access.
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21.1.2. Option Bit Types

This section describes the User, Tamd Calibration option bit types.

21.1.2.1. User Option Bits

The user option bits are contained in the first two bytes of Program Memory. User access
to these bits has been provided because theatons contain application-specific device
configurations. The information contained here is lost when page 0 of the Program Mem-
ory is erased.

21.1.2.2. Trim Option Bits

The trim option bits are contained in thesth memory informatiopage. These bits are
factory programmed values reémd to optimize the operation of onboard analog circuitry
and cannot be permanently altered byuber. Program Memory can be erased without
endangering these values. It is possibldter avorking values of these bits by accessing
the Trim Bit Address and Datagisters, but these working values are lost after a power
loss.

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 Registashanges 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 ranges from information addees3F only. The remainder of the
information page is not accessible via thm bit address and data registers.

PS025013-1011

21.1.2.3. Calibration Option Bits

The calibration option bits are also contaiimethe information page. These bits are fac-
tory programmed values interdl®r use in software correcting the device’s analog per-
formance. To read these valut®e user code must emplthye LDC instruction to access
the information area of the address space as defined htatsie Information Areaection
on page 21

The following code example shows how to read the calibration data from the Flash Infor-
mation Area.

; get value at info address 60 (FE60h)
ldx FPS, #%80 ; enable access to flash info page
Id RO, #%FE
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Id R1, #%60
Idc R2, @RRO ; R2 now contains the calibration value

21.2. Flash Option Bit Control Register Definitions
This section defines the features of thiéofeing Flash Option Bit Control registers.
User Option Bitssee page 278
Trim Bit Data Option Bitssee page 281
Trim Bit Address Option Bitssee page 281
Trim Bit Address Spacesee page 282
Zilog Calibration Option Bitssee page 289
21.2.1. User Option Bits
The first two bytes of Flash program memory, at addrexxeEsd and0001H, are
reserved for the user-programmable Flash option bits, as shown in Tables 140 and 141.
Table 140. Flash Option Bits at Program Memory Address 0000H
Bits 7 6 5 4 3 2 1 0
Field WDT_RES| WDT_AO OSC_SEL[1:0] VBO_AO FRP PRAM_M | FWP
Reset 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 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

unprogrammed (erased) Flash.

[6] Watchdog Timer Always ON

WDT_AO 0 = Watchdog Timer is automatically enabled upon application of system power.

Watchdog Timer cannot be disabled.

1 = Watchdog Timer is enabled upon execution of the WDT instruction. After it is
enabled, the Watchdog Timer can only be disabled by a Reset or Stop Mode
Recovery. This setting is the default for unprogrammed (erased) Flash.

PS025013-1011
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Bit

Description (Continued)

[5:4]
OSC_SELJ[1:0]

Oscillator Mode Selection

00 = On-chip oscillator configured for use with external RC networks or external clock
input (<4MHz).

01 = Reserved.

10 = Medium power for use with medium frequency crystals or ceramic resonators
(1.0MHz to 8.0MHz).

11 = Maximum power for use with high-frequency crystals (8.0MHz to 20.0MHz). This
setting is default for unprogrammed (erased) Flash.

(3]

Voltage Brown-Out Protection Always ON

VBO_AO 0 = Voltage Brown-Out Protection is disabled in STOP Mode to reduce total power
consumption. And it is controlled by VBO/LVD control bit of Power Control Register in
ACTIVE and HALT Mode.
1 = Voltage Brown-Out Protection is always enabled including during STOP Mode. And it
cannot be disabled by VBO/LVD control bit of Power Control Register in any mode.
This setting is 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 default for unprogrammed (erased) Flash.
[1] On-Chip Program RAM Mode Select
PRAM_M 0 = Program RAM is used as on-chip Register RAM and it begins at the first available
Register File address space. See the Register Map chapter on page 23.
1 = Program RAM is used as on-chip Program RAM and it begins at address EOOOH in
the Program Memory address space. This setting is default for unprogrammed
(erased) Flash.
[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 are disabled. Mass Erase is
available using the On-Chip Debugger.

1 = Programming, Page Erase and Mass Erase are enabled for all of Flash program
memory.

PS025013-1011
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Table 141. Flash Option Bits at Program Memory Address 0001H

Bits 7 6 5 4 3 2 1 0
e EXTLTMG FLS: OH:I\EAII\JR_ EXTL_AO Reserved X2_Mode X2TL_AO
Reset U U U 0] 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.

Bit Description
[7:6] External Crystal Reset Timing
EXTLTMG 00 = 500 Internal Precision Oscillator Cycles.
01 = 1000 Internal Precision Oscillator Cycles.
10 = 5000 Internal Precision Oscillator Cycles.
11 = 10,000 Internal Precision Oscillator Cycles.
[5] Flash Write Operation Protect
FLASH_WR_ 0 = Flash write protect disable.
PRO_EN 1 = Flash write protect with internal LVD.
[4] External Crystal Always ON
EXTL_AO 0 = Crystal oscillator is enabled during Reset, resulting in longer reset timing.
1 = Crystal oscillator is disabled during Reset, resulting in shorter reset timing.
Note: This bit determines the state of the external crystal oscillator at Reset. Its selection as system
clock must be performed in the Oscillator Control Register (OSCCTLO).
[3:2] Reserved; must be 00.
[1] Secondary Crystal Mode Select
X2_Mode 0 = External clock input.
1 = External 32kHz watch crystal.
[0] Secondary Crystal Always ON
X2TL_AO 0 = Secondary Crystal Oscillator is enabled during reset.
1 = Secondary Crystal Oscillator is disabled during reset.
} Note: This bit determines state of the Secondarystal Oscillator at Reset. Its selection as

peripheral clock must be performed i tReripheral Control (for example, Timer
Control2) register.

PS025013-1011
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21.2.2. Trim Bit Data Option Bits

The Trim Bit Data Register, shown in Table214ontains the read or write data for access

to the trim option bits.

Table 142. Trim Bit Data Register (TRMDR)

Bits 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

21.2.3. Trim Bit Address Option Bits

The Trim Bit Address Register, shown in Tab#, contains the target address for access

to the trim option bits. Trim Bit addresses in the ra®@é-1FH map to the Information

Area address ran@®H-3FH, as indicated in Table 142.

Table 143. Trim Bit A ddress Register (TRMADR)

Bits 7 6 5 4 3 2 1 0
Field TRMADR—Trim Bit Address (00H 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

PS025013-1011

Table 144. Trim Bit Address Map

Trim Bit Address

Information Area Address

00H 20H
01H 21H
02H 22H
03H 23H
1FH 3FH
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21.2.4. Trim Bit Address Space

All available Trim Bit addresses and theinfilions are summarized in Table 145. For
details about each, see Tables 146 through 156.

Table 145. Trim Bit Address Description

Address Function
0000H Temperature Sensor Trim0O
0001H Temperature Sensor Trim1
0002H Internal Precision Oscillator
0003H VBO and LVD
0004H ADC and Comparator 0/1
0005H ADC Reference Voltage
0006H 20-M Oscillator and 32-K Oscillator
0007H Reserved
0008H Reserved
21.2.4.1. Trim Bit A ddresses 0000H and 0001H

The Trim Option Bits registers at addresd@d0H and00001H, shown in Tables 146 and
147, govern control of the temperature sensor trim bits.

Table 146. Trim Option Bits at Address 0000H (TTEMPO)

Bits 7 6 5 4 3 2 1 0
Field TS_FINE Reserved TS_ULTRAFINE
Reset 1 0 0 0 0 0 1 1
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

[7:4] Temperature Sensor Fine Control Trim Bits

TS_FINE Contains fine control offset trimming bits for the Temperature Sensor.
[3] Reserved; must be 1.

[2:0] Temperature Sensor Ultra Fine Control Trim Bits

TS_ULTRAFINE Contains ultra-fine control offset trimming bits for the Temperature Sensor.

PS025013-1011
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Bits 7 6 5 4 3 1 0
Field TS_NEG TS_COARSE

Reset 1 0 1 0 0 1 0
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

[7:4]

Temperature Sensor Negative Control Trim Bits

TS_NEG Negative control offset trimming bits for the Temperature Sensor.
[3:0] Temperature Sensor Coarse Control Trim Bits
TS _COARSE Contains coarse control offset trimming bits for the Temperature Sensor.
21.2.4.2. Trim Bit Address 0002H
The Trim Option Bits Register at addr&€92H, shown in Table 148, governs control of
the Internal Precision Oscillator trim bits.
Table 148. Trim Option Bits at 0002H (TIPO)
Bits 7 6 5 4 3 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]
IPO_TRIM

Internal Precision Oscillator Trim Byte
Contains trimming bits for Internal Precision Oscillator.

PS025013-1011
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21.2.4.3. Trim Bit Address 0003H

The Trim Option Bits Register at addr@8®3H, shown in Table 149, governs control of
the Voltage Brown-Out and LoWoltage Detect trim bits.

Table 149. Trim Option Bits at Address 0003H (TLVD_VBO)

Bits 7 6 5 4 3 2 1 0
Field VBO_TRIM LVD_TRIM

Reset U U U U U U U U
R/W R/W R/W R/W R/IW R/W R/W R/W R/W
Address Information Page Memory 0023H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:4] Reserved
VBO_TRIM These bits are reserved and must be programmed to 0000.
[3:0] Low Voltage Detect Trim
LVD_TRIM This trimming affects the low-voltage detection threshold. Each LSB represents a
50mV change in the threshold level. Alternatively, the low voltage threshold can be
computed from the options bit value by the following equation:
LVD_LVL=3.2V-LVD_TRIM*0.05V
Typical LVD_TRIM values are listed in Table 150.
Table 150. LVD_Trim Values
LVD Threshold (V)
LVD_TRIM Minimum Typical Maximum Description
00000 3.20 Maximum LVD threshold
00001 3.15
00010 3.10
00011 3.05
00100 3.00
00101 2.95
00110 2.90
00111 2.85
01000 2.80
01001 2.75
01010 2.70
01011 2.65
01100 2.60
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Table 150. LVD_Trim Values (Continued)

LVD Threshold (V)

LVD_TRIM Typical Maximum Description
01101 2.55

01110 2.50

01111 2.45

10000 2.40

10001 2.35

10010 2.30

10011 2.25

10100 2.20

10101 2.15

10110 2.10

10111 2.05

11000 2.00

11001 1.95

11010 1.90

11011 1.85

11100 1.80

11101 1.75

11110 1.70

11111 1.65 Minimum LVD threshold, default on Reset.
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PRELIMINARY

Flash Option Bits

285
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The Trim Option Bits Register at addr@s94H, shown in Table 151, governs control of

the Temperature Sensor Test, Comparator, and ADC trim bits.
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Bits 7 6 5 4 3 2 1 0
Field TEMPTST |[COMP1_OPT| Reserved [COMP0O_OPT ADC_OPT

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 0024H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description

[71 Temperature Sensor Test Control Bit

TEMPTST The default is 1.

[6] Comparator 1 Trim Bit

COMP1_OPT This COMP1_OPT bit controls the comparator’s hys input; see Table 152.
[5] Reserved; must be 0.

4] Comparator 0 Trim Bit

COMPO_OPT This COMPO_OPT bit controls the comparator’s hys input; see Table 152.
[3:0] ADC Trim Values

ADC_OPT Contains factory trimmed values for the ADC block.

PS025013-1011

Table 152. Truth Table of HYS

HYS  Hysteresis Input
1 Enable
0 Disable
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21.2.4.5. Trim Bit Address 0005H

In the Trim Option Bits Register at addr@g®5H and shown in Table 153, all bits are

reserved.

Table 153. Trim Option Bits at 0005H (TVREF)

Bits 7 6 5 4 3 2 1 0
Field Reserved 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 0025H
Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:5] Reserved; must be 1.
[4:0] Reserved; must be 1.
21.2.4.6. Trim Bit Address 0006H
The Trim Option Bits Register at addr&®96H, shown in Table 154, governs crystal
oscillator trim signals.
Table 154. Trim Option Bits at 0006H (TBG)
Bits 7 6 5 4 3 2 1 0
Field X1_TRIM X0_TRIM
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 0026H
Note: U = Unchanged by Reset. R/W = Read/Write.
Bit Description
[7:4] 4-bit trimming signal for the 20M crystal oscillator.
X1_TRIM
[3:0] 4-bit trimming signal for the 32K second crystal oscillator.
X0_TRIM

PS025013-1011
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21.2.4.7. Trim Bit Address 0007H

In the Trim Option Bits Register at addr@g®7H and shown in Table 155, all bits are

reserved.

Table 155. Trim Option Bits at 0007H (TFilter0)

Bits 7 6 5 4 3 2 1 0
Field Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | 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 0027H
Note: U = Unchanged by Reset. R/W = Read/Write.

21.2.4.8. Trim Bit Address 0008H

In the Trim Option Bits Register at addr@898H and shown in Table 156, all bits are

reserved.

Table 156. Trim Option Bits at 0008H (TFilterl)

Bits 7 6 5 4 3 2 1 0
Field Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
Reset ] 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 0028H
Note: U = Unchanged by Reset. R/W = Read/Write.
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21.2.5. Zilog Calibration Option Bits

This section describes thelibaation of the temperature sensor’s Low and High bytes.

21.2.5.1. Temperature Sensor Ca libration High and Low Byte

Registers

Tables 157 and 158 present the Temperature Sensor Calibration High and Low Byte regis-
ters.

Table 157. Temperature Sensor Calibration High Byte at FE60H (TEMPCALH)

Bits 7 6 5 4 3 2 1 0
Field TEMPCALH

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 FE60H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:0] Temperature Sensor Calibration High Byte
TEMPCALH Bits [7:3] of this register are not used. Bit 2 indicates whether the calibration data is
added to or subtracted from the measured ADC data. If bit 2 is 0, the calibration data is
added; if bit 2 is 1, the calibration data is subtracted.
Bits 1 and O are the High two bits of the 10-bit calibration data.
Table 158. Temperature Sensor Calibration Low Byte at FE61H (TEMPCALL)
Bits 7 6 5 4 3 2 1 0
Field TEMPCALL
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 FE61H

Note: U = Unchanged by Reset. R/W = Read/Write.

Bit Description
[7:0] Temperature Sensor Calibration Low Byte
TEMPCALL TEMPCALL is the low eight bits of 10-bit calibration data. The entire 10-bit calibration

data field is {TEMPCALH[1:0], TEMPCALL}.
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Chapter 22. Nonvolatile Data Storage

The Z8 Encore! XP F1680 Series devices aond Nonvolatile Data Storage (NVDS) ele-
ment of up to 256 bytes. This memory can perform over 100,000 write cycles.

22.1. Operation

The NVDS is implementebly special purpose Zil&gsoftware stored in areas of Program
Memory not accessible to you. These speciappse routines use Flash memory to store
the data. The routines incorporate a dynamic addressing scheme to maximize the Write/
Erase endurance of the Flash.

} Note: Different members of the Z8 Encore! XP&8D Series feature multiple NVDS array sizes.
For more details, s€eble 1on page 2

22.2. NVDS Code Interface

Two routines are required to access the NVD@rite routine and a reagutine. Both of
these routines are accessed with a CALL ision to a predefined address outside the
program memory accessible to you. Bothf\DS address and data are single-byte val-
ues. In order NOT to disturb the user cdtiese routines save tharking register set
before using it, so 16 bytes of stack spaceeded to preserve thige. After finishing the
call to these routines, the working regrsset of the user code is recovered.

During both read and write accesses to the NVDS, interrupt service is NOT disabled. Any
interrupts that occur duringgtNVDS execution must not disturb the working register and
existing stack contents; or else the atvagomes corrupted. Disabling interrupts before
executing NVDS operations is recommended.

Use of the NVDS requires 16 bytes of available stack space. The contents of the working
register set are saved before calling NVDS read or write routines.

For correct NVDS operation, the Flash Frequency registers must be programmed based on
the system clock frequency. For more details, seEldsh Operation Timing Using Flash
Frequency Registesection on page 267.
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22.2.1. Byte Write

To write a byte to the NVDS array, the user cousst first push the adess, then the data
byte onto the stack. The user code iSsUEALL instruction to the address of the Byte
Write routine 0x43FD). At the return from the subroutinghe write status byte resides in
working register RO. The bit fields of thisatis byte are defined in Table 159. Also, the
user code should pop the address and data bytes off the stack.

The write routine uses 16 bytekstack space in addition to the two bytes of address and
data pushed by the user code. Sufficientnimey must be available for this stack usage.

Because of the flash memory architectiN®DS writes exhibit a nonuniform execution
time. In general, a write takes 136 s (asislg a 20 MHz system clock). For every 200
writes, however, a maintenance operatioreisassary. In this rare occurrence, the write
takes up to 58 ms to completower system clock speeds result in proportionally higher
execution times.

NVDS byte writes to invalid addresses (thegeeeding the NVDS array size) have no
effect. lllegal write operations have a 7 us execution time.

Table 159. Write Status Byte

Bits 7 6 5 4 3 2 1 0
Field Reserved FE IGADDR WE
Default 0 0 0 0 0 0 0 0
Value
Bit Description
[7:3] Reserved; must be 0.
[2] Flash Error
FE If Flash error is detected, this bit is set to 1.
[1] Illegal Address
IGADDR When NVDS byte writes to invalid addresses (those exceeding the NVDS array size) occur,
this bit is set to 1.
Note: When the NVDS array size is 256 bytes, there is no address exceeding the size; therefore the
IGADDR bit cannot be used.
[0] Write Error
WE A failure occurs during writing data into Flash. When writing data into a certain address, a read

back operation is performed. If the read back value is not the same as the value written, this bit
is set to 1.

PS025013-1011

22.2.2. Byte Read

To read a byte from the NVDS array, usedeonust first push the address onto the stack.
User code issues a CALL instructionth® address of the byte-read routi@et000 ). At
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the return from the subroutinie read byte resides in wimg register RO and the read
status byte resides in working register R1. Bhdields of this status byte are defined in
Table 160. Also, the user code shoptip the address byte off the stack.

The read routine uses bgtes of stack space in additiortbhe 1 byte of address pushed by
you. Sufficient memory must be available fbis stack usage. Bause of the Flash mem-
ory architecture, NVDS reads exhibit a nonanif execution time. Aead operation takes
between 71 us and 258 us (assuming a 20 Midtem clock). Slower system clock speeds
result in proportionally higher execution times.

NVDS byte reads from invalid addresses (theseeeding the NVDS array size) return
Oxff. lllegal read operations have a 6 yus execution time. The status byte returned by the
NVDS read routine is zero for successful rdfithe status byte is nonzero, there is a
corrupted value in the NVDS array at thedtion being read. In this case, the value
returned in RO is the byte rsiorecently written to the aydhat does not have an error.

Table 160. Read Status Byte

Bits 7 6 5 4 3 2 1 0

Field Reserved DE Reserved FE IGADDR | Reserved

Default 0 0 0 0 0 0 0 0

Value

Bit Description

[7:5] Reserved; must be 0.

[4] Data Error

DE When reading a NVDS address, if an error is found in the latest data corresponding to the
NVDS address, this bit is set to 1. NVDS source code steps forward until it finds valid data at
this address.

[3] Reserved; must be 0.

[2] Flash Error

FE If a Flash error is detected, this bit is set to 1.

[1] Illegal Address

IGADDR When NVDS byte reads occur from invalid addresses (those exceeding the NVDS array size),
this bit is set to 1.
Note: When the NVDS array size is 256 bytes, there is no address exceeding the size: therefore the

IGADDR bit cannot be used.
[0] Reserved; must be 0.
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22.2.3. Power Failure Protection

The NVDS routines employr®r checking mechanisms to ensure a power failure endan-
gers only the most recently written byte. Byfgeviously written to the array are not per-
turbed. For this protectioto function, the VBO must be enabled (seeline-Power
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Modessection on page 342nd configured for a threshold voltage of 2.4V or greater (see
theTrim Bit Address Spacsection on page 282).

A System Reset that occurs during a write apen (such as a pin reset or watchdog timer
reset) also perturbs the byte currently being written. All other bytes in the array remain
unperturbed.

22.2.4. Optimizing NVDS Me mory Usage for Execution
Speed

As listed in Table 161, the NVDS read tiwvaries drastically, this discrepancy being a
trade-off for minimizing the frequency of wréehat require post-write page erases. The
NVDS read time of address N is a functionled number of writes to addresses other than
N since the most recent write to address Nyals as the number of writes since the most
recent page erase. Neglecting effects causqrhbg erases and results caused by the ini-
tial condition in which the NVDS is blank,rale of thumb is that every write since the
most recent page erase causes read timeswitiam addresses to ireaise by 0.8us up to

a maximum of 258 us.

Table 161. NVDS Read Time

Minimum Maximum
Operation Latency (us) Latency (us)
Read 71 258
Write 126 136
Illegal Read 6 6
lllegal Write 7 7

If NVDS read performance is critical to yosmftware architecturgou can optimize your
code for speed by using eithafrthe methods listed below.

® Periodically refresh all addresses that ased; the most useful method. The optimal
use of NVDS, in terms of speed, is to tetthe writes evenly among all planned ad-
dresses, bringing all reads closer to theimum read time. Because the minimum read
time is much less than the wriiene, however, actual speed benefits are not always re-
alized.

®* Use as few unigue addresses as possible to optimize the impact of refreshing.
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Chapter 23. On-Chip Debugger

23.1.

System
Clock

DBG

The Z8 Encore! XP F1680 Series device contains an integrated On-Chip Debugger (OCD)
that provides advanced debugging features, including:

®* Reading and writing of the Register File
®* Reading and writing of Program and Data Memory
® Setting of breakpoints

®* Executing eZ8 CPU instructions

Architecture

The OCD consists of four primary functional blocks:
®* Transmitter

®* Receiver

* Autobaud detector/generator

® Debug controller

Figure 55 displays the architecture of the On-Chip Debugger.

Autobaud eZ8 CPU
Detector/Generator Control
A
Transmitter -
[
Debug Controller

Pin
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Receiver

Figure 55. On-Chip Debugger Block Diagram
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Operation of the On-Chip Debugger Interface

The On-Chip Debugger (OCD) uses the DB far communication with an external

host. This one-pin interface is a bidirect# open-drain interface that transmits and

receives data. Data transmdsiis half-duplex, in thatéansmit and receive cannot occur
simultaneously. The serial data on the D@6 is sent using the standard asynchronous
data format defined in RS-232. This pin ifidees the Z8 Encore! XP F1680 Series device

to the serial port of a host PC using minimeternal hardware. Gure 56 displays the
connections between the debug connector and the Z8 Encore! microcontroller. Two differ-
ent methods for connecting the BBin to an RS-232 interfaeee depicted in Figures 57

and and 58.

For operation of the Z8 Encore! XP &80 Series device, all power pinsgy and
AV pp) must be supplied with power and all ground pingd&hd AVgg) must be prop-
erly grounded. The DBG pin should always be connectedyfpthirough an external
pull-up resistor.

The Serial Smart Cable (SSC) does not wawith the F1680 device series because it
does not fully support the silicon OCD. Dugiexternal clock switching, the OCD sends

a break command to the SSC. This causes the SSC to disconnect from the target and ter-
minate the debug session. You must thenmeeot to the target again. Use the Opto-
Isolated USB, USB, or Ethernet Smart Cables when using in conjunction with ZDSII.

PS025013-1011
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Z8 Encore!
Microcontroller

vCC
. VCC
10K €1OK
Debug Connector
1 2 L RESET#
3 4 DBG
5 6 —x
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Figure 57. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, #1 of 2
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Figure 58. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, #2 of 2
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23.2.1. DEBUG Mode

The operating characteristiobthe Z8 Encore! XP F168Beries device 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 peripherals operate gslen STOP Mode or otherwise defined by
the on-chip peripheral to disable in DEBUG mode

Automatically exits HALT Mode
Constantly refreshes the Wha-Dog Timer, if enabled

23.2.1.1. Entering DEBUG Mode

The device enters DEBUG mode fallimg any of the these operations:

Writing the DBGMODE bit in the OCD Contr&egister to 1 using the OCD interface
eZ8 CPU execution of a breakpo{BRK) instruction (when enabled)

Match of PC to OCDCNTR Register (when enabled)

OCDCNTR Register decrementsa@00H (when enabled)

The DBG pin is Low when the device exits Reset

23.2.1.2. Exiting DEBUG Mode

The device exits DEBUG mode following any of these operations:

Clearing the DBGMODE bit in 8nOCD Control Register to 0

Power-on reset

PRELIMINARY On-Chip Debugger



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 2 98

® Voltage Brown-Out reset
® Asserting the RESEpin Low to initiate a Reset

® Driving the DBG pin Low when the deviégin STOP Mode initiates a System Reset

23.2.2. OCD Data Format

The On-Chip Debugger (OCD) interface uses the asynchronous data format defined for
RS-232. Each character is transmitted as 1 sta® diata bits (least-significant bit first)
and 1 stop bit (see Figure 59).

ST |DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | SP

ST = Start bit
SP = Stop bit
D0—D7 = Data bits

Figure 59. OCD Data Format

23.2.3. OCD Autobaud Detector/Generator

To run over a range of baud rates (bitsgemond) with various system clock frequencies,
the On-Chip Debugger has an Autobaud DetéGemerator. After a reset, the OCD is idle
until it receives data. The OCD requires thatfihnst character sent from the host is the
characteBOH. The characte80H contains eight continuoust® Low (one start bit plus 7
data bits). The Autobaud Detector meastinesperiod and sethe OCD Baud Rate Gen-
erator accordingly.

The Autobaud Detector/Generator is clockedHh®ysystem clock. The minimum baud rate

is the system clock frequencwitied by 512. If the data can be synchronized with the sys-
tem clock, the autobaud generator can ruhigis as the system clock frequency (1 clock/
bit). The maximum recommended baud rate is the system clock frequency divided by 8.
Table 162 lists the minimum and recommended maximum baud rates for sample crystal
frequencies.
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Table 162. OCD Baud-Rate Limits

System Clock Maximum Asynchronous Minimum Baud
Frequency Baud Rate (bits/s) Rate (bits/s)
20.0 MHz 25M 39.1k
1.0MHz 125k 1.96K
32kHz 4096 64

If the OCD receives a Serial Break (temmore continuous bitsow), the Autobaud
Detector/Generator resets. TAetobaud Detector/Generator ciren be reconfigured by
sendinggOH. If the Autobaud Detector overflowghile measuring the Autobaud charac-
ter, the Autobaud Detector will remain reset.

23.2.4. High Speed Synchronous

It is possible to operate the serial On-ChigoDgger at high speeds. To operate at high
speeds, data must be synchronized witkxarnal clock. Higlspeed synchronous com-
munication will only work wherusing an external clock source. To operate in high-speed
synchronous mode, simply Autobaud to the appropriate speed. The Autobaud generator
will automatically run at the appropriate baud rate.

Slow bus rise times due to the pullup resiétecome a limiting factor when operating at
high speeds. To compensate for slow ris@sinthe output driver can be configured to
drive the line High. If the TXD (Transmit Drivéjt is set, the line will be driven both
High and Low during transmission. The line &dreing driven at the beginning of the
start bit and stops being driven at the midufl¢he stop bit. If the TXDH (Transmit Drive
High) bit is set, the line will bdriven High until the input is High or the center of the bit
occurs, whichever is first. If ltle TXD and TXDH are set, the pin will be driven High for
one clock period at the beginning of eadio Q transition. An example of a high-speed
synchronous interface is displayed in Figure 60.
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DBG
Device High Speed
CLOCK Adapter

h 4

Any high-speed
interface

Host PC

Figure 60. Synchronous Operation

23.2.5. OCD Serial Errors

The On-Chip Debugger can detect any of the following error conditions on the DBG pin:
® Serial Break (a minimum of ten continuous bits Low)
®* Framing Error (received stop bit is Low)

® Transmit Collision (OCD and host simultanes transmission detected by the OCD)

When the OCD detects one of these erroahadtrts any command currently in progress,
transmits a Serial Break 4096 system cloodley long back to the host and resets the
Autobaud Detector/Generator. A Framing Emo Transmit Collision can be caused by
the host sending a Serial Break to the OCza8ee of the open-dramature of the inter-
face, returning a Serial Break back to the lowdy extends the lengitf the Serial Break
if the host releases the Serial Break early.

The host transmits a Serial Break on theG@n when first connecting to theZ8 Encore!
XP F1680 Series device or when recovefiagn an error. A Serial Break from the host
resets the Autobaud Generator/Detectordméts not reset the OCD Control Register. A
Serial Break leaves the device in DEBUG mddbat is the current mode. The OCD is
held in Reset until the end of the Serial Brednen the DBG pin returns High. Because of
the open-drain nature tiie DBG pin, the host can sen&earial Break to the OCD even if
the OCD is transmitting a character.
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23.2.6. Automatic Reset

The Z8 Encore! XP F1680 8Bes devices have ¢hcapability to switch clock sources dur-

ing operation. If the Autobaud is set and the clock source is switched, the Autobaud value
becomes invalid. A new Autobaud value must be configured with the new clock fre-
quency.

The oscillator control logic has clock switchtegtion. If a clock switch is detected and
the Autobaud is set, the deviedl automatically send a &al Break for 4096 clocks.

This will reset the Autobaud and indicatdatie host that a new Autobaud character should
be sent.

23.2.7. Transmit Flow Control

Transmit flow control is implemented by theeusf a remote start bit. When transmit flow
control is enabled, the transmitter will wait foettemote host to send the start bit. Trans-
mit flow control is useful in appli¢@ns where receive overruns can occur.

The remote host can transmit a remsitet bit by sending the characksH. The trans-
mitter will append its data after the start bit. Due tovtire-and nature of the open drain
bus, the start bit sent by the remote hostthadiata bits sent byet¥Z8 Encore! XP F1680
Series device appear as one character; see Figure 61.

Receiving ST
Device

Transmitting DO | D1 |D2| D3| D4|D5|D6| D7|SP
Device

gil?sgleWire ST|DO|D1|D2|D3|D4|D5|D6|D7|SP

ST = Start bit
SP = Stop bit
DO0-D7 = Data bits

Figure 61. Start Bit Flow Control

23.2.8. Breakpoints

Execution breakpoints are generatsthg the BRK instruction (op cod®eH). When the
eZ8 CPU decodes a BRK instruction, it signidde On-Chip Debugger. If breakpoints are
enabled, the OCD idles the eZ8 CPU angenDEBUG mode. If breakpoints are not
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enabled, the OCD ignores the BRK signal #ime BRK instruction operates as an NOP
instruction.

If breakpoints are enabled, the OCD carcbefigured to automeally enter DEBUG
mode, or to loop on the break instructitfithe OCD is configuredo loop on the BRK
instruction, then the CPU remaindalo service interrupt requests.

The loop on a BRK instruction can servicteimupts in the backgrod. For interrupts to
be serviced in the backgrourtiere cannot be any breakpisi in the interrupt service
routine. Otherwise, th€PU stops on the breakpoint iretimterrupt routine. For interrupts
to be serviced in the background, interruptstalso be enabled. Interrupts are typically
disabled during critical sections of codeast interrupts do not occgsuch as adjusting
the stack pointer or modifying shared data).

Through the OCD, host debugger software can poll the IDLE bit of the OCDSTAT Regis-
ter to determine if the OCD lsoping on a BRK instructionVhen the host must stop the
CPU on the BRK instruction on which itlsoping, the host must not set the DBGMODE

bit of the OCDCTL register. The CPU may hastored to an inteupt service routine.
Instead, the host clears the BRKLOOP bigréby allowing the CPU to finish the inter-

rupt service routine and retutm the BRK instruction. Whethe CPU returns to the BRK
instruction on which it was previously looping, it automatically sets the DBGMODE bit
and enters DEBUG mode.

The majority of the OCD commands remédisabled when the eZBPU is looping on a
BRK instruction. The eZ8 CPU must bed&BUG mode before these commands can be
issued.

23.2.8.1. Breakpoints in Flash Memory

The BRK instruction is op cod®H, which corresponds to thelly programmed state of

a byte in Flash memory. To implement a breakpoint, Wat&to the appropriate address,
overwriting the current instruction. To remoadreakpoint, erase the corresponding page
of Flash memory and reprogram with the original data.

23.2.9. OCDCNTR Register

The On-Chip Debugger contains a multipurpb6ebit Counter Registelt can be used
for the following:

® Count system clock cycles between breakpoints
®* Generate a BRK when it counts down to O

® Generate a BRK when its valumatches the Program Counter

When configured as a counter, the OCDCNR®&yister starts counting when the On-Chip
Debugger exits DEBUG mode and stops counting when it enters DEBUG mode again or
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when it reaches the maximum counF6FFH. The OCDCNTR Register automatically
resets itself t@d000H when the OCD exits DEBUG mode if it is configured to count clock
cycles between breakpoints.

If the OCDCNTR Register is configured tongeate a BRK when it emts down to zero,
it will not be reset when the CPU stamsining. The counter will start counting down
toward zero after the On-Chip Debuggeits DEBUG mode. If the On-Chip Debugger
enters DEBUG mode before the OCDCNTRyRe&er counts down to zero, the OCD-
CNTR will stop counting.

If the OCDCNTR Register is configured to generate a BRK when the program counter
matches the OCDCNTR Register, the OCD@&\Register will not be reset when the
CPU resumes executing and it will not be @éecented when the CPB running. A BRK

will be generated when the program countatches the value the OCDCNTR Register
before executing the instructionthe location of the program counter.

A Caution: The OCDCNTR Register is used by manyhe OCD commands. ¢bunts the number

of bytes for the register and memory readtgvcommands. It retagnthe residual value
when generating the CRC. If the OCDCNTRis&d to generateBRK, its value must
be written as a final step before leaving DEBUG mode.

23.3.

PS025013-1011

Because this register is overwritten by wag OCD commands, it must only be used to
generate temporary breakpoints, such as stgapier CALL instructios or running to a
specific instruction and stopping.

When the OCDCNTR Registeriisad, it returns the inverse thie data in this register.

The OCDCNTR Register is only decrementdten counting. The mode where it counts
the number of clock cycles in between execution is achieved by counting down from its
maximum count. When the OCDCNTR Register is read, the counter appears to have
counted up because its value is inverted. Theavalthis register is always inverted when

it is read. If this register is used as a hardvimeakpoint, the value read from this register
will be the inverse of the datectually in the register.

On-Chip Debugger Commands

The host communicates to the On-Chip Debugger by sending OCD commands using the
DBG interface. During normal operatiammly a subset of the OCD commands are
available. In Debug mode, all OCD commabédsome available unless the user code is
protected by programming the Flash R@adtect option bit (FRP The Flash Read

Protect option bit prevents the code in memooyn being read out of the Z8 Encore! XP
F1680 Series device. When this option ialdad, several of the OCD commands are
disabled. When the Read Protect optionsb@nabled, asserting the TESTMODE pad does
NOT put the Z8 Encore! XP F16&kries MCU in Flash Test mode.
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Table 163 contains a summary of the On-Chip Debugger commands; each is further
described following the table. The table waties those commands that operate when the
device is not in DEBUG mode (normal operation) and those commands that are disabled
by programming the Flash Read Protect option bit.

Table 163. On-Chip Debugger Commands

Enabled when
Command not in DEBUG

Debug Command Byte mode? Disabled by Read Protect Option Bit

Read Revision OOH Yes -

Write OCD Counter Register 01H - -

Read OCD Status Register 02H Yes -

Read OCD Counter Register O3H - -

Write OCD Control Register 04H Yes -

Read OCD Control Register O5H Yes -

Write Program Counter 06H - Disabled.

Read Program Counter O7H - Disabled.

Write Register 08H - Writes to on-chip peripheral registers
are enabled. Writes to the on-chip RAM

are disabled.
Read Register 09H - Reads from on-chip peripheral registers

are enabled. Reads from the on-chip
RAM are disabled.

Write Program Memory 0AH - Disabled.
Read Program Memory OBH - Disabled.
Write Data Memory OCH - Disabled.
Read Data Memory ODH - Disabled.
Read Program Memory CRC OEH - -
Reserved OFH - -
Step Instruction 10H - Disabled.
Stuff Instruction 11H - Disabled.
Execute Instruction 12H - Disabled.
Write Line Control Register 18H - -
Read Line Control Register 19H - -
Read Baud Reload Register 1BH - -

Note: Unlisted command byte values are reserved.
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Table 163. On-Chip Debugger Commands (Continued)
Enabled when
Command not in DEBUG
Debug Command Byte mode? Disabled by Read Protect Option Bit
Write Test Mode Register FOH - Flash Test mode is not be enabled if the

Information Area Write Protect option
bit is enabled.

Read Test Mode Register F1H - -

Write Option Bit registers F2H - Cannot write the Read Protect or
Information Area Write Protect option
bits.

Read Option Bit registers F3H - -

Note: Unlisted command byte values are reserved.
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In the following bulleted list of OCD Commads, data and commands sent from the host
to the On-Chip Debugger are identified DBG— Command/Data . Data returned from
the On-Chip Debugger to the host is identifiedd®G— Data .

Read Revision (00H). The Read OCD Revision commadetermines the version of the
On-Chip Debugger. If OCD commands are addeshoved or changed, this revision num-
ber changes.

DBG « O0OH

DBG — REVID[15:8] (Major revision number)
DBG — REVIDI[7:0] (Minor revision number)

Write OCD Counter Register (01H). The Write OCD Counter Register command writes
the data that follows to the OCDCNTR Register. If the device is not in DEBUG mode, the
data is discarded.

DBG « 01H

DBG «— OCDCNTR[15:8]

DBG <« OCDCNTR][7:0]

Read OCD Status Register (02H). The Read OCD Status Register command reads the
OCDSTAT Regqister.

DBG « 02H
DBG — OCDSTAT[7:0]

Read OCD Counter Register (03H). The OCD Counter Register can be used to count
system clock cycles in betwebreakpoints, generate a BRK whienounts down to 0, or
generate a BRK when its value matches the Program Counter. Because this register is
really a down counter, the returned valueigerted when this register is read so the
returned result appears to be an up coulitire device is not in DEBUG mode, this com-
mand return&FFFH.
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DBG « 03H
DBG — ~OCDCNTR[15:8]
DBG — ~OCDCNTR[7:0]

Write OCD Control Register (04H). The Write OCD Control Register command writes
the data that follows to the OCDCTL register.

DBG « 04H
DBG « OCDCTL[7:0]

Read OCD Control Register (05H). The Read OCD Control Restier 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 Cour(feC). If the device isot in DEBUG mode
or if the Read Protect Option bit is enahléhe Program Counter (PC) values are dis-
carded.

DBG « 06H

DBG « ProgramCounter[15:8]

DBG « ProgramCounter[7:0]

Read Program Counter (07H). The Read Program Countememand reads the value in
the eZ8 CPU’s Program Counter (PC). If the devs not in DEBUG mode or if the Read
Protect option bit is enaldethis command returm&=FFH.

DBG « 07H

DBG — ProgramCounter[15:8]
DBG — ProgramCounter[7:0]

Write Register (08H). The Write Register command writesa#o the Register File. Data
can be written 1-256 bytes at a time (256 bgtesbe written by setting size to 0). If the
device is not in DEBUG mode, the address daih values are discarded. If the Read Pro-
tect option bit is enabled, then only writeshe on-chip peripheral 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 {(86€s can be read bytseg size to zero). If

the device is not in DEBUG mode or if thedl Protect option bit is enabled and on-chip
RAM is being read from, this command retur#s for all the data values.

DBG « 09H

DBG « {4’h0,Register Address[11:8]
DBG « Register Address[7:0]
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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 equivaterthe LDC and LDClInstructions. Data
can be written 1-65536 bytes at a time (65b@@s can be written by setting size to 0).
The on-chip Flash Controller must be writtard unlocked for the programming operation
to occur. If the Flash Controller is not unlockétg data is discarded. If the device is not
in DEBUG mode or if the Read Protect optioit is enabled, the data is discarded.

DBG <« 0AH

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 equivalerthe LDC and LDClnstructions. 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 Refabtect option bit ignabled, this command
returnsFFH for the data.

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 command writes data to Data Mem-
ory. This command is equivalent to the Eand LDEI instructions. Data is 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 Read Protect optioit is enabled, the 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 is equivalent tbe LDE and LDEI instruabins. Data can be read 1 to
65536 bytes at a time (65536 bytes can be bbgagktting size to 0). If the device is not in
DEBUG mode, this command returrBH for the data.

DBG « ODH

DBG « Data Memory Address[15:8]

DBG « Data Memory Address[7:0]

DBG « Size[15:8]
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DBG « Size[7:0]
DBG — 1-65536 data bytes

Read Program Memory CRC (OEH). The Read Program Msory CRC command com-
putes and returns the CRC (cyaketlundancy check) of Pragn memory using the 16-bit
CRC-CCITT polynomialx® + x*? + x° + 1). The CRC is preset to all 1s. The least-signif-
icant bit of the data is shifted through théypomial first. The CRC isnverted when it is
transmitted. If the device is not PEBUG mode, this command returisFFH for the

CRC value. Unlike most other @CRead commands, there is a delay from issuing of the
command until the OCD returns the data. TO&D reads Program mmry, calculates the
CRC value and returns the resilhe delay is a function of the Program memory size and
is approximately equal to ttsystem clock periochultiplied by the number of bytes in
Program memory.

DBG «— OEH

DBG — CRC[15:8]

DBG — CRC[7:0]

Step Instruction (10H). The Step Instruction commanaps one assembly instruction at
the current Program Counter@pPlocation. If the device isot in DEBUG mode or the
Read Protect Option bit is enablélde OCD ignores this command.

DBG « 10H

Stuff Instruction (11H). The Stuff Instruction command steps one assembly instruction
and allows specification of the first bytetbe instruction. The renr@ing 0-4 bytes of the
instruction are read from Prggn memory. This commanduseful for stepping over
instructions where the first byte of the instion has been overwritten by a breakpoint. If
the device is not in DEBUG mode or theddeProtect option bit is enabled, the OCD
ignores this command.

DBG « 11H

DBG « opcode[7:0]

Execute Instruction (12H). The Execute Instruction command allows sending an entire
instruction to be executed to the eZ8 CPUsTdommand can alsoegt over breakpoints.
The number of bytes to send for the instruction depends on the op code. If the device is not
in DEBUG mode or the Read Protect optimhis enabled, the OCD ignores this com-
mand.

DBG « 12H
DBG « 1-5 byte opcode

Write Line Control Register (18H). The Write Line Control Register command writes the
data that follows to the Line Control Register.

DBG « 18H

DBG « LCRJ[7:0]

Read Line Control Register (19H). The Read Line Control Register command returns
the current value in the Line Control Register.

DBG « 19H
DBG — LCR[7:0]
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Read Baud Reload Register (1BH). The Read Baud Reload Register command returns
the current value in thBaud Reload Register.

DBG <« 1BH

DBG — BAUDI[15:8]

DBG — BAUDI[7:0]

Write Test Mode Register (FOH). The Write Test Mode Register command writes the
data that follows to th Test Mode register.

DBG « FOH
DBG « TESTMODEJ[7:0]

Read Test Mode Register (F1H). The Read Test Mode Register command returns the
current value in the Test Mode register.

DBG « F1H
DBG — TESTMODEJ[7:0]

Write Option Bit Registers (F2H). The Write Option Bit Registrs command is used to

write to the option bit configuration registefe option bit configuration registers store

the device configuration and are loaded from Flash every time the Z8 Encore! XP F1680
Series is reset. The registers may be teamggmwritten using this OCD command to test
peripherals without having farogram the Flash Information Area and resetting the Z8
Encore! XP F1680 Series. The ZilogUserSel bit selects between Zilog option bits (1) and
user option bits (0).

DBG « F2H

DBG « {ZilogUserSel,1’b0,0ptAddr[4:0]}

DBG « OptData[7:0]

Read Option Bit Registers (F3H). The Read Option Bit Regists command is used to
read the option bit registers that store the akeebnfiguration that is read out of flash
when the Z8 Encore! XP F1680 Series is reBee ZilogUserSel bit selects between read-
ing Zilog option bits (1) or user option bits (0).

DBG « F1H

DBG « {ZilogUserSel,1’b0,0ptAddr[4:0]}

DBG — OptData[7:0]

On-Chip Debugger Control Register Definitions

This section defines the features of the following On-Chip Debugger Control registers.

OCD Control Registersee page 310

OCD Status Reqistesee page 312

Line Control Registersee page 313

Baud Reload Registesee page 314
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23.4.1. OCD Control Register

The OCD Control Register, shown in Table 1é&dntrols the state of the On-Chip Debug-

ger. This register is used émter or exit DEBUG mode and¢oable the BRK instruction.
It can also reset the Z8 Encore! XP F1680 Series device.

A reset and stop function can be achieved by writiBgH to this register. Aeset and go
function is achieved by writinglH to this register. If the device is in DEBUG modeya
function is implemented by writing0OH to this register.

Table 164. OCD Contro | Register (OCDCTL)

Bit 7 6 5 4 3 2 1 0
DBGMOD | BRKEN | DBGACK |[BRKLOOP| BRKPC | BRKZRO | Reserved RST
Field E
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
Bit Description
[71 DEBUG Mode
DBGMODE Setting this bit to 1 causes the device to enter DEBUG mode. When in DEBUG mode, the
eZ8 CPU stops fetching new instructions. Clearing this bit causes the eZ8 CPU to resume
execution. This bit is automatically set when a BRK instruction is decoded and breakpoints
are enabled.
0 = The device is running (operating in NORMAL Mode).
1 = The device is in DEBUG mode.
[6] Breakpoint Enable
BRKEN This bit controls the behavior of BRK instruction (op code 00H). By default, breakpoints are
disabled and the BRK instruction behaves like a NOP. If this bit is set to 1 and a BRK
instruction is decoded, the OCD takes action depending upon the BRKLOOP bit.
0 = BRK instruction is disabled.
1 = BRK instruction is enabled.
[5] Debug Acknowledge
DBGACK  This bit enables the debug acknowledge feature. If this bit is set to 1, then the OCD sends a
Debug Acknowledge character (FFH) to the host when a breakpoint occurs. This bit
automatically clears itself when an acknowledge character is sent.
0 = Debug Acknowledge is disabled.
1 = Debug Acknowledge is enabled.
[4] Breakpoint Loop
BRKLOOP This bit determines what action the OCD takes when a BRK instruction is decoded and

breakpoints are enabled (BRKEN is 1). If this bit is 0, the DBGMODE bit is automatically set
to 1 and the OCD enters DEBUG mode. If BRKLOOP is set to 1, the eZ8 CPU loops on the
BRK instruction.

0 = BRK instruction sets DBGMODE to 1.

1 = eZ8 CPU loops on BRK instruction.
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Bit

Description

3]
BRKPC

Break when PC == OCDCNTR

If this bit is set to 1, then the OCDCNTR Register is used as a hardware breakpoint. When
the program counter matches the value in the OCDCNTR Register, DBGMODE is
automatically set to 1. If this bit is set, the OCDCNTR Register does not count when the
CPU is running.

0 = OCDCNTR is set up as a counter.

1 = OCDCNTR generates a hardware break when PC == OCDCNTR.

(2]
BRKZRO

Break when OCDCNTR == 0000H

If this bit is set, then the OCD automatically sets the DBGMODE bit when the OCDCNTR
Register counts down to 0000H. If this bit is set, the OCDCNTR Register is not reset when
the part exits DEBUG Mode.

0 = OCD does not generate BRK when OCDCNTR decrements to 0000H.

1 = OCD sets DBGMODE to 1 when OCDCNTR decrements to 0000H.

(1]

Reserved; must be 0.

[0]
RST

Reset

Setting this bit to 1 resets the device. The controller goes through a normal POR sequence
with the exception that the On-Chip Debugger is not reset. This bit is automatically cleared
to 0 when the reset finishes.

0 = No effect.

1 = Reset the device.
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23.4.2. OCD Status Register

The OCD Status Register, shown in Table 165, reports status information about the current
state of the debugger and the system.

Table 165. OCD Status Register (OCDSTAT)

Bit 7 6 5 4 3 2 0
Field IDLE HALT RPEN Reserved
Reset 0 0 0 0
R/W R R R R
Bit Description
[7] CPU Idle
IDLE This bit is set if the part is in Debug mode (DBGMODE is 1) or if a BRK instruction has
occurred since the last time OCDCTL was written. This can be used to determine if the CPU is
running or if it is idle.
0 = The eZ8 CPU is running.
1 =The eZ8 CPU is either stopped or looping on a BRK instruction.
[6] HALT Mode
HALT 0 = The device is not in HALT Mode.
1 = The device is in HALT Mode.
[5] Read Protect Option Bit Enable
RPEN 0 = The Read Protect option bit is disabled (Flash option bit is 1).
1 = The Read Protect option bit is enabled (Flash option bit is 0), disabling many OCD
commands.
[4:0] Reserved; must be 0.

PS025013-1011
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23.4.3. Line Co ntrol Register

The Line Control Register, shown in Table 166, is used to configure the output driver char-

acteristics during transmissiofhis register is only used high-speed implementations.

Table 166. OCD Line Control Register (OCDLCR)

Bit 7 6 5 4 3 2 1 0
Field Reset NBTX NBEN TXFC TXDH TXD TXHD
Reset 00 0 0 0 0 0 0
R/W R R/W R/W R/W R/W R/W R/W
Bit Description
[7:6] Reset
Reset
[5] Nine Bit Transmit
NBTX This control bit sets the polarity of the ninth bit when nine bit mode is enabled.
0 = Ninth bit is zero.
1 = Ninth bit is one.
[4] Nine Bit Enable
NBEN This control bit enables nine-bit mode; it is useful when transmit flow control using remote start
bit is enabled to detect valid characters.
0 = Nine Bit mode disabled.
1 = Nine Bit mode enabled.
[3] Transmit Flow Control
TXFC 0 = Transmit Flow Control disabled.
1 = Transmit Flow Control using remote start bit.
[2] Transmit Drive High
TXDH 0 = Pin is not driven High during 0 to 1 transitions.
1 = Pin is driven High during 0 to 1 transitions.
[1] Transmit Drive
TXD 0 = Pin is only driven Low during transmission (Open-Drain).
1 = Pin is always driven during transmission.
[0] Transmit High Drive Strength
TXHD 0 = Pin output driver is Low drive strength.

1 = Pin output driver is High drive strength.

PS025013-1011
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23.4.4. Baud Reload Register

The Baud Reload Register, shown in Table 167, contains the measured Autobaud value.

Table 167. Baud Reload Register

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field Reserved RELOAD

Reset OH 000H

R/W R R

Bit Description

[15:12]  Reserved; must be 000.

[11:0] Baud Reload Value
RELOAD This value is the measured Autobaud value. Its value can be calculated using the formula:

SYSCLK

RELOAD = —— x8
BAUDRATE
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Chapter 24. Oscillator Control

The Z8 Encore! XP F1680 Series devicesfusepossible clocking schemes, each user-
selectable:

On-chip precision trimmed RC oscillator

On-chip oscillator using off-chip crystal or resonator
On-chip oscillator usig external RC network
External clock drive

On-chip low-precision Watchdog Timer oscillator

In addition, Z8 Encore! XP F1680 Series devices contain:

A clock failure detection anakcovery circuitry allowing continued operation despite a
failure of the primary oscillator

A peripheral clock that allows timers to be clocked directly from an external 32kHz
watch crystal

24.1. Operation

This chapter discusses the logic used tecs¢he system clock and handle primary
oscillator failures. Descriptionsf the specific operations of each oscillator are outlined
elsewhere in this document. A detailed description of¥atehdog Timeoscillator starts
on page 140, thimternal Precision Oscillatatescription starts on page 327 and the
chapter outlining th€rystal Oscillatobegins on page 321.

24.1.1. System Clock Selection

The oscillator control block is selected from the available clocks. Table 168 details each
clock source and its usage.

PS025013-1011
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Table 168. Oscillator Co nfiguration and Selection

Clock Source

Characteristics Required Setup

Internal Precision ¢ Selectable frequency 0.0432MHz, -

Unlock and write Oscillaor Control Register

RC Oscillator 0.0864MHz, 0.3456 MHz, (OSCCTLDO) to enable and select oscillator
0.6912MHz, 1.3824MHz, frequency.
2.7648MHz, 5.5296 MHz and
11.0592 MHz
e +4% accuracy when trimmed
« No external components required
External Crystal/ + 32kHzto 20MHz » Configure Flash option bits for correct
Resonator * Very high accuracy (dependenton  external oscillator mode
crystal or resonator used) » Unlock and write OSCCTLO to enable crystal
» External components required oscillator, wait for it to stabilize and select as
system clock (if the EXTL_AO option bit has
been deasserted, no waiting is required)
External e 32kHz to 4MHz « Configure Flash option bits for correct
RC Oscillator e Accuracy dependent on external external oscillator mode
components « Unlock and write OSCCTLO to enable crystal
oscillator and select as system clock
External Clock * 0to20MHz » Write GPIO registers to configure PB3 pin for
Drive » Accuracy dependent on external external clock function
clock source * Unlock and write OSCCTLO to select
external system clock
» Apply external clock signal to GPIO
Internal WDT ¢ 10kHz nominal « Enable WDT if not enabled and wait until
Oscillator e +40% accuracy; no external WDT Oscillator is operating.
components required * Unlock and write Oscilldor Control Register

* Low power consumption

(OSCCTLDO) to enable and select oscillator

A Caution:

Unintentional accesses to the Oscillator CdriRegister can actually stop the chip by

switching to a nonfunctioning oscillator. Poevent this conditiorthe oscillator control
block employs a register unlocking/locking scheme.

PS025013-1011

24.1.1.1. OSC Control Re gister Unlocking/Locking

To write to the Oscillator Control Regist@@SCCTL0 and OSCCTL1), unlock it by mak-

ing two writes to the OSCCTLRegister with the value7Hfollowed by the valua8H. A

third write to the OSCCTLx Register changes ¥alue of the actual register and returns it

to a locked state. Any other semnce of oscillator control regjer writes has no effect. The
values written to unlocthe register must be ordered correctly, but are not necessarily con-
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secutive. It is possible to write to or read from other registers within the unlocking/locking
operation.

When selecting a new clock source, the printagillator 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 detion circuitry can be enabled anytime after a
successful write of SCKSEL inehOscillator Control Register.

The internal precision oscillator is enableddafault. If the user code changes to a differ-
ent oscillator, it may be apmpriate to disable the IPOrfpower savings. Disabling the
IPO does not occur automatically.

24.1.2. Clock Failure Detection and Recovery

Clock failure detection and recovery are provided for the primary oscillator. Clock failure
detection is provided for éhWatchdog Timer oscillator.

24.1.2.1. Primary Oscillator Failure

The Z8 Encore! XP F1680 Series devices gamerate nonmaskahlgerrupt-like events
when the primary oscillator fails. To maintaystem function in this situation, the clock
failure recovery circuitry autoatically forces th&Vatchdog Timer oscillator to drive the
system clock. The Watchdog Timer oscillatoust be enabled to allow the recovery.
Although this oscillator runs @ much slower speed tharetbriginal system clock, the
CPU continues to operate alling execution of a clock faite vector and software rou-
tines that either remedy the oscillator failorassue a failure alert. This automatic switch-
over is not available, if the Watchdog Timethe primary oscillator. It is also unavailable
if the Watchdog Timer oscillator is disabjetdough it is not necessary to enable the
Watchdog Timer reset fiction outlined in th&Vatchdog Timechapter on page 140.

The primary oscillator failure detection circuitry asserts if the system clock frequency
drops below 1kHz +50%. If an external signadédected as the system oscillator, it is pos-
sible that a very slow but nonfailing clock can generate a fatlomeition. Under these
conditions, do not enable thdrpary oscillator failure circuitry (i.e., clear the POFEN

bit).

24.1.2.2. Watchdog Timer Failure

In the event of a Watchdog Timer oscillatailure, a similar nonmaskable 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#y 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 othi&€ Watchdog Timer oscillator has been dis-
abled. For either of these cases, it is necgdealisable the detection circuitry by clearing
the WDFEN bit of the OSCCTLO Register.
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The Watchdog Timer oscillatorifare-detection circuit countsystem clocks while look-

ing for a Watchdog Timer clock. The logic ctsi8004 system clock cycles before deter-
mining that a failure has occurred. The system clock rate determines the speed at which
the Watchdog Timer failure can be detected. &y wbow system clock results in very slow
detection times.

A Caution: It is possible to disable the clock failuretegion circuitry as wikas all functioning

clock sources. In this case, the Z8 EmtXP F1680 Series device ceases functioning
and can only be recovered by Power-on reset.

24.2.

Peripheral Clock

The peripheral clock is based on a lowgiiency/low-power 32 kklsecondary oscillator
that can be used with an external watch cty3tae peripheral clock is only available for
driving Timer and associateubise filter operation. lis not supported for other
peripherals. The dedicated peripheral kleource allows Timer operation when the
device is in STOP Mode.

Table 169 summarizes peripheral clock source features and usage.

Table 169. Peripheral Clock Source and Usage

Peripheral Clock Source  Characteristics Required Setup

Secondary Oscillator e Opimized for use witha ¢ Unlock and write OSCCTL1 to enable the

32kHz Watch Crystal secondary oscillator
« Very high accuracy » Select the peripheral clock at the timer
» Dedicated XTAL pins clock source in the TXCTL2 Register
* No external components

24.3.

PS025013-1011

Oscillator Control Register Definitions
The Oscillator Control registers enable arghbie the various oscitlar circuits, enable

and disable the failure deteatiand recovery circuitry, argklect the primary oscillator,
which becomes thsystem clock.

24.3.1. Oscillator Control O Register

The Oscillator Control 0 Register (OSCCTLO) must be unlockéatdevriting. Unlock
the Oscillator Control O Register lyriting the two-step sequence®fH followed by
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18H. The register becomes locked upon succkssimpletion of a rgister write to the

OSCCTLO.

Table 170. Oscillator Control 0 Register (OSCCTLO)

Bits 7 6 5 4 3 2 1 0
Field INTEN* XTLEN | 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] Crystal Oscillator Enable
XTLEN  This setting overrides the GPIO register control for PAO and PA1.
1 = Crystal oscillator is enabled.
0 = Crystal oscillator is disabled.
[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.

001 = Reserved.

010 = Crystal oscillator or external RC oscillator functions as system clock.

011 = Watchdog Timer oscillator functions as system.

100 = External clock signal on PB3 functions as system clock.
101 = Reserved.

110 = Reserved.

111 = Reserved.

Note: The INTEN bit should be disabled when you use another clock as a system clock.

PS025013-1011
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24.3.2. Oscillator Controll Register

The Oscillator Control 1 Register (OSCCTleb)ables/disables tlsecondary oscillator
circuits, which become éhperipheral clock. The Oscillat@ontroll Register is also used
to select the internal prisoon oscillator frequency.

The Oscillator Control 1 Register must béasked before writing. Unlock the Oscillator
Control 1 Register by writimthe two-step sequencet&ifH followed by18H. This register
becomes locked upon successful complediba register write to the OSCCTL1.

Table 171. Oscillator Control 1 Register (OSCCTL1)

Bits 7 6 5 4 3 2 1 0
Field SECEN | SECRDY Reserved INTSEL
Reset 0 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 F87H
Bit Description
[7] Secondary Oscillator Enable
SECEN 1 = 32kHz Secondary Oscillator is enabled.
0 = 32kHz Secondary Oscillator is disabled.
[6] Secondary Oscillator Ready Flag
SECRDY 1 = 32kHz Secondary Oscillator is stable and running.
0 = 32kHz Secondary Oscillator is not running.
[5:3] Reserved; must be 0.
[2:0] Internal Precision Oscillator Frequency Select
INTSEL 000 = Internal Precision Oscillator Frequency is 11.0592MHz.

001 = Internal Precision Oscillator Frequency is 5.5296 MHz.
010 = Internal Precision Oscillator Frequency is 2.7648 MHz.
011 = Internal Precision Oscillator Frequency is 1.3824 MHz.
100 = Internal Precision Oscillator Frequency is 0.6912 MHz.
101 = Internal Precision Oscillator Frequency is 0.3456 MHz.
110 = Internal Precision Oscillator Frequency is 0.0864 MHz.
111 = Internal Precision Oscillator Frequency is 0.0432MHz.
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Chapter 25. Crystal Oscillator

The products in the ZBncore! XP F1680 Series contaimprimary on-chip crystal oscilla-
tor for use with external crias with 1 MHz to 20 MHz frequencies, plus a secondary 32K
crystal oscillator. In additiorthe external oscillatosupports external RC networks with
oscillation frequencies up tdMHz. The 32K secondary crys$tascillator does not feature

an external RC oscillator modEhe on-chip crystal oscillatman be used to generate the
primary system clock for the internal eZ8 CPU and the majority of the on-chip peripher-
als. Additionally, the secondary Bxrystal oscillator can onllge used to generate a clock
for three timers.

Alternatively, the Xy and X3y input pins can also accept a CMOS-level clock input sig-
nal (for Xy, the frequency range is 32kHz—-20MHz; forg¢2he range is below 4 MHz).

If an external clock generator is used, thg pf or X2, pin must remain unconnected.
The Z8 Encore! XP F1680 Series products do not contain an internal clock divider. The
frequency of the signal on thginput pin determines the fregpcy of the system clock;
the frequency of the signal on the g2letermines the frequency of the timers.

} Note: Although the Xy pin can be used as a primary systdack input for an external clock
generator, the CLKIN pin is better sudtéor such use. For details, see 8wstem Clock
Selectionsection on page 315.

25.1. Operating Modes

The primary on-chip crystal oscillatsupports three oscillator modes:

®* Medium power for use with medium frequermystals or ceramic resonators (1 MHz
to 8 MHz)

®* Maximum power for use withigh-frequency crystals 8Hz to 20 MHz)

® On-chip oscillator configured for use with external RC networks or external clock input
(<4MHz)

The primary on-chip crystal oscillator modeselected using usprogrammable Flash
option bits. For information, see th&ash Option Bitsection on page 276. The secondary
32kHz crystal oscillator supports two oscillator modes:

* NORMAL Mode for use with 32kHz crystals

® On-chip oscillator configured farse with external clock input

PS025013-1011 PRELIMINARY Crystal Oscillator
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The secondary 32K crystalaator mode is selected ing user-programmable Flash
option bits. For infomation, see thElash Option Bitsection on page 276.

Main Crystal Oscillator Operation

The Flash Option bit XTLDIS controls whethtibe crystal oscillator is enabled during
reset. The crystal canté be disabled after reset if a new oscillator has been selected as
the system clock. If the crid is manually enabled afteeset through the OSCCTL Reg-
ister, the user code must waitl@hst 1000 crystal oscillatoycles for the crystal to stabi-
lize. After this period comples, the crystal oscillator can belected as the system clock.

Figure 62 displays the recommended configarefor connection witlan external funda-
mental-mode, parallel-resonant crystal opagaat 20 MHz. Recommended 20 MHz crys-
tal specifications are provided in Table 172nfd circuit board layout must add no more
than 4 pF of stray capacitance to either thg of XgT pins. If oscillation does not occur,
reduce the values of capacitorsdhd G to decrease loading.

On-Chip Oscillator

xiN | ]

]

] XOUT

Crystal

Cl=20pF —— —— C2=20pF

1

Figure 62. Recommended 20MHz Crystal Oscillator Configuration
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Parameter Value Units Comments
Frequency 20 MHz

Resonance Parallel

Mode Fundamental

Series Resistance (Rg) 60 w Maximum
Load Capacitance (C,) 30 pF Maximum
Shunt Capacitance (Cg) 7 pF Maximum
Drive Level mw Maximum

25.3. Main Oscillator Operation with External RC Network

Figure 63 displays the recommended configarafor connection with an external resis-

tor-capacitor (RC) network.

VDD
R
XIN
]
)

Figure 63. Connecting the On-Chip Osci

PS025013-1011

llator to an External RC Network
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An external resistance value of 48Ks recommended for odlator operation with an
external RC network. The minimum resistarvalue to ensure operation is 4Q.KThe
typical oscillator frequency can be estisdfrom the values of the resist&if KQ) and
capacitor C in pF) elements usg the following equation:

1><106
(0AxRxC)+(4xC)
Figure 64 displays the typical (3.3V and 25°C) oscillator frequency as a function of the
capacitor C in pF) employed in the RC network assuming a @5dkternal resistor. For
very small values of C, the parasitiapacitance of the oscillatofpin and the printed
circuit board should be included iretlestimation of the oscillator frequency.

Oscillator Frequency (kHz¥

It is possible to operate the RC oscillator gsamly the parasitic gacitance of the pack-
age and printed circuit board. To minimgensitivity to externgbarasitics, external
capacitance values in exceg20 pF are recommended.
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Figure 64. Typical RC Oscillator Frequency as a Function of External Capacitance
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A Caution: When using the external RC oscillator mpttee oscillator can stop oscillating if the
power supply drops below 1.6V but remains above the Voltage Brown-Out threshold.
The oscillator resumes oscillation whitre supply voltage exceeds 1.6V.

25.4. Secondary Crystal Oscillator Operation

Figure 65 displays the recommended configanafor connection witlan external funda-
mental-mode, parallel-resonant crystal epieig at 32kHz. The recommended 32kHz
crystal specifications are provided in Table 173. Printed circuit board layout must add no
more than 4 pF of stray pacitance to either theg{or X1 pins. If oscillation does not
occur, reduce the values of capacitofsa8d G to decrease loading.

On-Chip Oscillator

| —

} XOUT

Il

Cl=22pF —— —— C2=22pF

Figure 65. Recommended 32kHz Crystal Oscillator Configuration
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Table 173. Recommended Crystal Oscillator Specifications

Parameter Value Units Comments
Frequency 32 kHz

Resonance Serial

Mode Fundamental

Series Resistance (Rg) 160K W Maximum
Load Capacitance (C,) 30 pF Maximum
Shunt Capacitance (Cg) 5 pF Maximum
Drive Level 0.1 mw Maximum

PS025013-1011 PRELIMINARY Crystal Oscillator



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 3 2 7

Chapter 26. Internal Precision Oscillator

The Internal Precision Oscillator (IPO) isstigned for use without external components.
You can either manually trim the oscillafor a nonstandard frequeyor use the auto-

matic factory-trimmed version to achieve a 0.0432-11.0592 MHz frequency. IPO features
include:

®* On-chip RC oscillator that does not require external components

® Selectable output frequencies: 11.0592MHz, 5.5296 MHz, 2.7648 MHz, 1.3824 MHz,
0.6912MHz, 0.3456 MHz, 0.0864 MHz and 0.0432 MHz.

®* Trimming possible through Flash-option bits with user override

* Elimination of crystals oceramic resonators in apgditions where high timing accu-
racy is not required

® Accuracy + 4% over temperature and voltage

26.1. Operation

The internal oscillator is an RC relaxation ostdr that has its sensitivity to power supply
variation minimized. By using ratio tracking#sholds, the effect of power supply voltage

is cancelled out. The dominant source ofiltzgor error is the absolute variance of chip

level fabricated components, dilcapacitors. An 8-bit trimmingegister incorporated into

the design compensates for dbs® variation of oscillator &quency. After it is trimmed,

the oscillator frequency is stable and does not require subsequent calibration. Trimming is
performed during manufacturing and is notessary for you to repeat unless a frequency
other than one of the selectable frequensiesquired. Power down this block for

minimum system power.

By default, the oscillator is configured tlugh the Flash Option bits. However, the user
code can override thesénrvalues as described fine Trim Bit Address Spacction on
page 282.

Select one of the frequencies for tieeillator using the INTSEL bits in thike Oscillator
Controll Registesection on page 320.

PS025013-1011 PRELIMINARY Internal Precision Oscillator



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 3 2 8

Chapter 27. eZ8 CPU Instruction Set

The eZ8 CPU instruction setdescribed in this chapter.

27.1. 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 seprogram. 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 consistssgfries of symbolic commands called state-
ments. Each statement contains labefgerations, operands and comments.

Labels are assigned to a particular instrurctitep in a source program. The label identi-
fies that step in the program as atrgpoint for use by other instructions.

The assembly language also includes assandilectives that supplement the machine
instruction. The assembler directives orymi®ops are not translated 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.

27.1.0.1. Assembly Language Source 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 start label 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.

PS025013-1011 PRELIMINARY eZ8 CPU Instruction Set



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 3 2 9

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.

27.2. Assembly Language Syntax

For proper instruction execution, eZ8 CPUeaasbly language syntax requires that the
operands be written as destination and souiter assembly, the object code 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 producedh®syassembler. You must follow this binary
format if you prefer manual program coding or intend to implement your own assembler.

Example 1. If the contents of registe#sH and08H are added and the result is stored in
43H, the assembly syntax and resultingeobcode is as listed in Table 174.
Table 174. 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 instruction formmatjuires an 8-bit register address, that
address can specify any regislocation in the range 0-255 or, using Escaped Mode
Addressing, a Working Register RO-R15. ¥ ttontents of Register 43H and Working
Register R8 are added and the result ieestor 43H, the assembsyntax and resulting
object code is as listed in Table 175.

Table 175. Assembly Language Syntax Example 2

Assembly Language Code ADD 43H, R8 (ADD dst, src)
Object Code 04 ES8 43 (OPC src, dst)

The register file size varies depending oa device type. See the device-specific product
specification to determine the exact register file range available.
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27.3. eZ8 CPU Instruction Notation
In the_ eZ8 CPU Instruction Summasgction on page 336, dloperands, condition codes,
status flags and address modes are represeyntib@ notational shorthand provided in
Table 176.
Table 176. 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 00H 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=0,246,8,10,120r 14
IRR Indirect Register Pair @Reg Reg. represents an even number in the range
OO0H 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
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=0,246,8,10,120r 14
RR Register Pair Reg Reg. represents an even number in the range of
OO0H to FEH
Vector Vector Address Vector Vector represents a number in the range of 00H
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.
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Table 177 contains additional symbols that are used throutifeaZ8 CPU Instruction
Summarysection on page 336.

Table 177. 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 by an arrow. For example, the statement:

dst« dst + src

indicates that the source data is added to the destinatioarshthe result is stored in the
destination location.

eZ8 CPU Instruction Classes

eZ8 CPU instructions is divided fuimnally into the following groups:

Arithmetic

Bit Manipulation
Block Transfer
CPU Control
Load

Logical

Program Control
Rotate and Shift

PRELIMINARY

eZ8 CPU Instruction Set

331



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 3 3 2

Tables 178 through 185 contain the instrutdibelonging to each group and the number
of operands required for eartstruction. Some insictions appear in more than one table
as these instructions are to be consideredsabset of more than one category. Within
these tables, the source operand is identifielcashe destination operanddst and a
condition code isc.

Table 178. 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

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
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Table 179. 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 180. 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

Table 181. 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
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Table 181. CPU Control Instructions (Continued)

Mnemonic Operands Instruction
STOP — STOP Mode
WDT — Watchdog Timer Refresh

Table 182. 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

Table 183. 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

PS025013-1011 PRELIMINARY eZ8 CPU Instruction Set



Table 184. Program Control Instructions

Z8 Encore! XP ® F1680 Series
Product Specification

AnlGIXYS Company

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 185. Rotate and Shift Instructions
Mnemonic Operands Instruction
BSWAP dst Bit Swap
RL dst Rotate Left
RLC dst Rotate Left through Carry
RR dst Rotate Right
RRC dst Rotate Right through Carry
SRA dst Shift Right Arithmetic
SRL dst Shift Right Logical
SWAP dst Swap Nibbles
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27.5. eZ8 CPU Instruction Summary

Table 186 summarizes the eZ8 CPU ingdtams. The table identifies the addressing
modes employed by the instruction, the efigobn 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 186. eZ8 CPU Instruction Summary

Address

Assembly Mo—de Cogg(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 *oxox 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 Q¥ 4 3
ER IM 19 4 3
ADD dst, src  dst «— dst + src r r 02 [ 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 M 07 3 4
ADDX dst, src dst «— dst + src ER ER 08 ¥okoox ok (Q ¥ 4 3
ER IM 09 4 3

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 op
Assembly Mode Code(s) Flags Fetch  Instr.
Mnemonic Symbolic Operation dst  src Hex) € Z S V D H Cycles Cycles
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 - * * 0 - - 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 srcbit] =p r F6 - - - = - = 3 3
dst PC «— PC+ X Ir F7 3 4
BTJNZ bit, src, if src[bit] =1 r F6 - - - - - = 3 3
dst PC —PC+X Ir F7 3 4
BTJZ bit, src, if src[bit] =0 r F6 - - = = - = 3 3
dst PC «—PC+X Ir 7 3 4
CALL dst SP «— SP -2 IRR D4 - - = - - = 2 6
@SP —PC DA D6 3 3
PC « dst
CCF C«—-~C EF R 1 2

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
Mode Op Flags
Assembly Code(s) Fetch  Instr.
Mnemonic Symbolic Operation dst src Hex) € Z S V D H Cycles Cycles
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 N 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
CPCdst,src  dst—src—-C r r 1F A2 *oxoox ok 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 *oxoox ok 5 3
ER IM 1F A9 5 3
CPXdst, src  dst—src ER ER A8 N 4 3
ER IM A9 4 3
DA dst dst < DA(dst) R 40 ok X - = 2 2
IR 41 2 3
DEC dst dst «—dst—1 R 30 - ox x 2 2
IR 31 2 3
DECW dst dst«—dst—1 RR 80 - x ok 2 5
IRR 81 2 6
DI IRQCTL[7] <O 8F - - - = - = 1 2

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
Mode Op Flags
Assembly 77"  Code(s) Fetch  Instr.
Mnemonic Symbolic Operation dst  src Hex) € Z S V D H Cycles Cycles
DJINZ dst, RA dst «—dst—-1 r OA-FA - - - — — - 2 3
if dst# 0
PC —PC+X
El IRQCTL[7] « 1 9F - - - - - - 1 2
HALT Halt Mode 7F - - - = = = 1 2
INC dst dst «— dst+1 R 20 - *x — — - 2 2
IR 21 2 3
r OE-FE 1 2
INCW dst dst«—dst+1 RR AO - x ok 2 5
IRR Al 2 6
IRET FLAGS «— @SP BF ok ok k% 1 5
SP—SP+1
PC «— @SP
SP«— SP +2
IRQCTL[7] « 1
JP dst PC « dst DA 8D - - - = - =
IRR C4
JP cc, dst if cc is true DA OD-FD - - - - — -
PC «— dst
JR dst PC«—PC+X DA 8B - - - = - - 2 2
JR cc, dst if cc is true DA 0B-FB - - = = = = 2
PC «— PC + X

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 186. eZ8 CPU Instruction Summary (Continued)

Address
Mode Op Flags
Assembly 77"  Code(s) 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(r) r D7 3 4
r Ir E3 2 3
R R E4 3 2
R IR E5 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
LDCIl dst, src  dst «— src Ir Irr C3 - - - - - = 2 9
rer+1 I D3 2 9
m—r+1
LDE dst,src  dst < src r Irr 82 - - - - - - 2 5
Irr r 92 2 5
LDEIl dst, src  dst « src Ir Irr 83 - - = = = = 2 9
rer+l T 93 2 9
m—im+1
LDWX dst, src dst < src ER ER 1FES8 - - = - = = 5 4

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 186. eZ8 CPU Instruction Summary (Continued)

Address op
Assembly Mo—de Code(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 E8 4 2
ER IM E9 4 2
LEA dst, X(src) dst «— src + X r X(r) 98 - - - - - = 3 3
re 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 IR 51 2 3

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
Mode Op Flags
Assembly Code(s) Fetch  Instr.
Mnemonic Symbolic Operation dst  src (Hex) C 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 - - - - - -
@SP «— SIC IR 71
IM IF70
PUSHX src SP«+—SP-1 ER C8 - - - = - = 3 2
@SP « src
RCF C<—0 CF o - - - - - 1
RET PC «— @SP AF - - - - - - 1
SP «— SP +2
RL dst R 90 *okoox ok 2 2
EJ-|D7|DG|05|D4|DS|02|01|DO|< IR 91 2 3
dst
RLC dst | R 10 Fokoox ok 2 2
L_ EiEEEE IR 1 2 3
RR dst R EO *okoox ok 2 2
>|D7|D6|D5|D4|D3|D2|D1|DO|J->|§ IR E1 2 3
dst
RRC dst | R Co N 2 2
@EEE-: IR Cc1 2 3
SBC dst,src  dst«—dst—src—-C r r 32 S A 2 3
r Ir 33 2 4
R R 34 3 3
R IR 35 3 4
R M 36 3 3
IR IM 37 3 4
SBCX dst, src  dst«—dst—src—-C ER ER 38 *oxooxoox ] 0x 4 3
ER IM 39 4 3

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
Mode Op Flags
Assembly Code(s) Fetch  Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
SCF C«1 DF 1 - - - - - 1 2
SRA dst vy R DO *x 0 - - 2 2
—Ip7pe[os[p4p3[oApioo | c IR D1 2 3
dst
SRL dst Ny YR S R 1F CO * 0 * - - 3 2
o 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 ook ook ] % 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 ok ook ok ] % 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
TCMdst, 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

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
Mode Op Flags
Assembly Code(s) Fetch  Instr.
Mnemonic Symbolic Operation dst  src (Hex) € Z S V D H Cycles Cycles
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
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

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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Chapter 28. Op Code Maps

Figure 66 displays a description of the opegonap data and the abbreviations. Table 187
lists Op Code Map abbreviations.

Op Code
Lower Nibble
Fetch Cycles l Instruction Cycles
4
3.3
Op Code
Upper Nibble —>A CP
R2,R1
First Operand Second Operand
After Assembly After Assembly

Figure 66. Op Code Map Cell Description
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Table 187. Op Code Map Abbreviations
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 displacement 4-bit Working Register
DA Destination address R 8-bit register
ER Extended Addressing register rl, R1,Irl, Irrl, Destination address
IR1, rrl, RR1,
IRR1, ER1
IM Immediate data value r2,R2,1r2, Irr2, Source address
IR2, rr2, RR2,
IRR2, ER2
Ir Indirect Working Register RA Relative
IR Indirect register rr Working Register Pair
Irr Indirect Working Register Pair RR Register Pair
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provide information about each of the eZ8 CPUinstructions.

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 4.3 4.3 2.3 2.2 2.2 3.2 1.2 1.2
0 BRK SRP | ADD | ADD | ADD | ADD | ADD | ADD | ADDX | ADDX | DINZ JR LD JP INC NOP
IM r1,r2 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM [ER2,ER1| IM,ER1 r1,X cc, X r1,IM cc,DA rl
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 43 43 See 2nd
1 RLC RLC | ADC | ADC | ADC | ADC | ADC | ADC [ADCX [ADCX Op Code|
R1 IR1 r1,r2 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1 Map
2.2 2.3 2.3 2.4 33 3.4 3.3 3.4 43 43 1,2
2 INC INC SuUB SuUB SuUB SUB SUB SUB | SUBX | SUBX ATM
R1 IR1 ri1,r2 rLir2 | R2ZR1 | IR2ZR1 | R1M | IR1,IM [ER2,ER1]| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 43 4.3
3 J DEC | DEC | SBC | SBC | SBC | SBC | SBC | SBC [SBCX [SBCX
R1 IR1 r1,r2 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |[ER2,ER1| IM,ER1
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 43 43
4 DA DA OR OR OR OR OR OR ORX | ORX
R1 IR1 r1,r2 rLir2 | R2R1 | IR2ZR1 | R1,IM | IR1,IM |[ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 4.3 4.3 1.2
5 POP | POP | AND | AND | AND | AND | AND | AND [ANDX [ ANDX WDT
R1 IR1 ri,r2 rLir2 | R2ZR1 | IR2ZR1 | R1M | IR1IM [ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 43 43 1.2
6 JCOM [ COM | TCM | TCM | TCM | TCM | TCM | TCM | TCMX | TCMX STOP
— R1 IR1 r1,r2 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1
E 2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 43 43 1.2
= 7 JPUSH|PUSH| T™ ™ ™ ™ ™ ™ TMX | TMX HALT
% R2 IR2 r1,r2 rLir2 | R2ZR1 | IRZR1 | R1M | IR1IM |[ER2,ER1| IM,ERL
"% 25 2.6 25 2.9 3.2 3.3 3.4 3.5 3.4 3.4 1.2
5 8 JDECW|DECW| LDE LDEI LDX LDX LDX LDX LDX LDX DI
% RR1 IRR1 rl,lrr2 IrL,irr2 | r1,ER2 | Ir1,ER2 |IRR2,R1 [IRR2,IR1]| r1,rr2,X | rr1,r2,X
2 2.2 2.3 25 2.9 3.2 33 3.4 35 3.3 35 1.2
9 RL RL LDE LDEI LDX LDX LDX LDX LEA LEA El
R1 IR1 r2,Irrl Ir2,Irrl | r2,ER1 | Ir2,ER1 |R2,IRR1 [IR2,IRR1| r1,r2,X |rrl,m2,X
25 2.6 2.3 2.4 33 3.4 3.3 3.4 43 43 14
A JINCW | INCW | CP CP CP CP CP CP CPX [ CPX RET
RR1 IRR1 ri1,r2 rLir2 | R2ZR1 | IR2ZR1 [ R1M | IR1,IM |ER2,ER1| IM,ERL
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 4.3 4.3 15
B § CLR CLR XOR [ XOR | XOR | XOR | XOR | XOR [ XORX [ XORX IRET
R1 IR1 rl,r2 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |[ER2,ER1| IM,ER1
2.2 2.3 25 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 Ir1,Irr2 r1,r2,X ER2
2.2 2.3 25 2.9 2.6 2.2 3.3 3.4 3.2 1.2
D | SRA | SRA LDC | LDCI | CALL |BSWAP| CALL LD POPX SCF
R1 IR1 r2,lrrl | Ir2,Irl | IRR1 R1 DA r2,r1,X ER1
2.2 2.3 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 p,b,r1 r1,Ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1
2.2 2.3 2.6 2.3 2.8 3.3 3.3 3.4
F JSWAP | SWAP | TRAP LD MULT LD BTJ BTJ v v v v v
R1 IR1 Vector | Irlr2 RR1 R2,IR1 E,b,rl,x B,b,lrl,x
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3,2
7 fPusH
IM

Upper Nibble (Hex)

3.3
CPC
r1,r2

3.4
CPC
r1,Ir2

43
CPC
R2,R1

44
CPC
IR2,R1

43
CpPC
R1,IM

44
CPC
IR1,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|

PS025013-1011

PRELIMINARY

Figure 68. Second Op Code Map after 1FH

Op Code Maps

348



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS

Chapter 28. Electrical Characteristics

The data in this chapter is prequalificatiand precharacterization and is subject to
change. Additional electricaharacteristics can be foundthe individual chapters.

28.1. Absolute Maximum Ratings

349

Stresses greater than those listed in Tab8ecE® cause permanent damage to the device.
These ratings are stress ratings only. Operatidime device at any condition outside those

indicated in the operationatstions of these specificatiorssnot implied. Exposure to
absolute maximum rating conditis for extended periods can affect device reliability. For
improved reliability, tie unused inputs one of the supply voltagesgd or Vgg).

Table 188. Absolute Maximum Ratings*

Parameter Min Max Units Notes
Ambient temperature under bias 0 +105 T

Storage temperature —65 +150 T

Voltage on any pin with respect to Vgg -0.3 +5.5 Y 1
Voltage on Vpp pin with respect to Vgg -0.3 +3.6 \Y,

Maximum current on input and/or inactive output pin -5 +5 A
Maximum output current from active output pin =25 +25 mA

20-pin Packages Maximum Ratings at 0°C to 70°C

Total power dissipation 430 mw
Maximum current into Vpp or out of Vgg 120 mA

28-pin Packages Maximum Ratings at 0°C to 70°C

Total power dissipation 450 mwW
Maximum current into Vpp or out of Vgg 125 mA

40-pin PDIP Maximum Ratings at —40°C to 70°C

Total power dissipation 1000 mw
Maximum current into Vpp or out of Vgg 275 mA

40-pin PDIP Maximum Ratings at 70°C to 105°C

Total power dissipation 540 mw
Maximum current into Vpp or out of Vgg 150 mA

Notes:

*Operating temperature is specified in DC Characteristics.
1. This voltage applies to all pins except the following: Vpp, AVpp.

PS025013-1011 PRELIMINARY

Electrical Characteristics



Z8 Encore! XP ® F1680 Series
Product Specification

AnEIXYS Company 350
Table 188. Absolute Maxi mum Ratings* (Continued)
Parameter Min Max Units Notes
44-Pin QFN Maximum Ratings at —40°C to 70°C
Total power dissipation 750 mw
Maximum current into Vpp or out of Vgg 200 mA
44-Pin QFN Maximum Ratings at 70°C to 105°C
Total power dissipation 295 mwW
Maximum current into Vpp or out of Vgg 83 mA
44-pin LQFP Maximum Ratings at —40°C to 70°C
Total power dissipation 750 mwW
Maximum current into Vpp or out of Vgg 200 mA
44-pin LQFP Maximum Ratings at 70°C to 105°C
Total power dissipation 410 mwW
Maximum current into Vpp or out of Vgg 114 mA

Notes:

*Operating temperature is specified in DC Characteristics.
1. This voltage applies to all pins except the following: Vpp, AVpp.

28.2. DC Characteristics

Table 189 lists the DC characteristics af #8 Encore! XP F1680 Series products. All
voltages are referenced tgy which is the primary system ground.

Table 189. DC Characteristics

Tp = 0°C to +70°C
T = —40°C to +105°C

Symbol Parameter Min Typ Max  Units Conditions

Vpop Supply Voltage 1.8 - 3.6 \%

Vi1 Low Level Input -0.3 - 0.3*Vpp V  For all input pins except RESET,
Voltage DBG, XIN

V2 Low Level Input -0.3 - 0.2*Vpp V  For RESET, DBG, XIN
Voltage

ViH1 High Level Input 0.7*Vpp - 55 V  PortA, B, C, D and E pins (Digital
Voltage inputs)

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 189. DC Characteristics (Continued)

Tp = 0°C to +70°C
Tp = —40°C to +105°C

Symbol Parameter Min Typ Max  Units Conditions
ViH2 High Level Input 0.7*Vpp - Vppt0.3 V  Ports B and C (Analog)
Voltage
Vor1 Low Level Output - - 0.4 V  logL=2mMA;Vpp =3.0V
Voltage High Output Drive disabled.
VOHl ngh Level Output VDD—0.5 — — \Y IOH = -2 mMA; VDD =3.0V
Voltage High Output Drive disabled.
VoL Low Level Output - - 0.6 V  lg.=20 mA; Vpp = 3.3V
Voltage High Output Drive enabled.
Von2 High Level Output Vpp—0.5 - - V  lgpyg=-20 mA; Vpp = 3.3V
Voltage High Output Drive enabled.
he Input Leakage -5 - +5 MA  Vpp=3.6V;
Current V|N = VDD or Vssl
T Tristate Leakage -5 - +5 MA  Vpp=3.6V
Current
lLeD Controlled LED 15 3 4.5 mA  {AFS2,AFS1} ={0,0}, Vpp = 3.3V
Current Drive 2.8 7 105  mA {AFS2,AFS1}={0,1}, Vpp = 3.3V
7.8 13 19.5 mA  {AFS2,AFS1}={1,0}, Vpp = 3.3V
12 20 30 mA  {AFS2,AFS1} ={1,1}, Vpp = 3.3V
CpaD GPIO Port Pad - 8.0° - pF TBD
Capacitance
Cyin XIN Pad Capacitance ~ — 8.0° - pF  TBD
Cxout XOUT Pad - 9.52 - pF  TBD
Capacitance
Ipy Weak Pull-up Current 30 100 350 MA  Vpp =3.0V-3.6V
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.

PS025013-1011 PRELIMINARY

Electrical Characteristics

351



Z8 Encore! XP ® F1680 Series

Product Specification

LIXYS 3 5 2

The currents in Table 190 represent the power consumption without any peripherals active
(unless otherwise noted). For design guidatatal power consumption will be the sum of
all active peripheral currents plus the agprate current characteristics shown below.

Table 190. Supply Current Characteristics

Tp=0°C to +70°C
Tp =—40°C to +105°C

Symbol Parameter Min  Typical ! Max Units  Conditions 2
Active Mode Device L 3,4,5,6
Ippar Current Executing from 8.5 mA \T/yplc_alééoll;/::szh 259G '
Flash b~ =" ’
Active Mode Device Al 3,4,5,6
lppaz  Current Executing from 6 mA \1;yp|c_alé\30|lg/lé—lpz\M 25°C’
PRAM o= = '
- 3,4,5
. Typical: 20MHz>* ™ ~, Vpp
IDDH Halt Mode Device Current TBD mA typical, 25°C
Typical: WDT, Vpp typical,
lpps1  Stop Mode Device Current 25 MA 25 T, all peripherals
including VBO disabled? 4
Typical: Vpp typical, 25°C,
lppsp  Stop Mode Device Current <1 HA ﬁ]llcﬁzifh?/rglé <:1|rs]:bled
wpT3 4 6
Notes
1. These values are provided for design guidance only and are not tested in production.
2. Typical conditions are defined as 3.3 V at 25°C, unless otherwise noted.
3. Allinternal pull ups are disabled and all push-pull outputs are unloaded.
4. All open-drain outputs are pulled up to Vpp/AVpp and are at a High state.
5. System clock source is an external square wave clock signal driven through the CLK-IN pin.
6. Allinputs are at Vpp/AVpp or Vgs/AVgg as appropriate.
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Figures 69 through 72 display the typical current consumption at voltages of 1.8V, 2.0V,
2.7V, 3.0V, 3.3V and 3.6V, respectively, versus different system clock frequencies while

operating at a temperature of 25°C.

(25 °C)

Active Flash Mode, 1 MHz - 20 MHz, Typical Pow er Consumption

e

Power Consumption (mA)
(o]

N Y O A O

SAENEEVERN
Frequency (MHz)

——36V
—a—33V
——30V
——2.7V
—%—20V
——18V

Figure 69. Typical Active Flash Mode Supply Current (1-20MHz)
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Active PRAM Mode, 1 MHz - 20 MHz, Typical Pow er Consumption

(25 °C)

Power Consumption (mA)
O P N W » U1 O N ©

'\r

5 9 A9

SN EIN
Frequency (MHz)

——36V
—a—33V
——30V
—— 2.7V
—»—20V
—e—18V

Figure 70. Typical Active PRAM Mode Supply Current (1-20MHz)

600

500

400

300

200

Power Consumption (uA)

100

Active Flash Mode, 32 kHz - 900 kHz, Typical Pow er Consumption

(25 °C)

32 100 200 300 400 500 600 700 800 900
Frequency (kHz)

——36V
—a—33V
—— 3.0V
——27V
—*—20V
—— 18V

Figure 71. Typical Active Flash Mode Supply Current (32—900kHz)

PRELIMINARY

Electrical Characteristics

354



Z8 Encore! XP ® F1680 Series
Product Specification

LIXYS 3 55

Active PRAM Mode, 32 kHz - 900 kHz, Typical Pow er Consumption
(25°C)
500

__ 450 ——36V
S 400 | '
5 350 | —=— 33V
‘g_ 300 + —— 3.0V
7 250 + ——2.7V
§ 200 —%—20V
g 150 & —e—18V
3 100 +
o

50 +

0 : : : : : : : : :
32 100 200 300 400 500 600 700 800 900
Frequency (kHz)

Figure 72. Typical Active PRAM Mode Supply Current (32—900kHz)
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Figure 73 displays the STOP Mode supply current versus ambient temperatuggmand V
level with all peripherals disabled.

Idd Stop Current vs. Vdd
with Temperature

14

13

12

11

10
- 9 —105C
EI —70C
g 7 —25C
g 6 —0C
z . —-40C

4

3

2

1

0

18 2 22 24 26 28 3 32 34 36
Vdd(V)

Figure 73. STOP Mode Current Consumption as a Function of V. pp
with Temperature as a Parame ter; all Peripherals Disabled
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Table 191 lists the AC characteristics and timing of the Z8 Encore! XP F1680 Series prod-
ucts. All AC timing information assumes arstard load of 50 pF on all outputs.

Table 191. AC Characteristics

Vpp=1.8103.6 V
Tp = 0°C to +70°C
Tp = —40°C to +105°C

Symbol Parameter Min Typ Max Units Conditions
FsyscLk System Clock Frequency - 20.0 MHz Read-only from Flash
memory. See Figure 74.
0.032768 20.0 MHz Program or erasure of Flash
memory
TxN System Clock Period 50 - ns  Tcik = VFgysci
TxINH System Clock High Time 20 30 ns Tk =50ns
TyNL System Clock Low Time 20 30 ns Tk =50ns
TxINR System Clock Rise Time - 3 ns Tk =50ns
TxINE System Clock Fall Time - 3 ns Tk =50ns
A
N
T
=3
220+
5
2 MAX CLK FREQ = 15 x - 16
o (V,, = 1.8-2.4 V)
C 14 DD
IS
>
£
X
©
=

18 21 24 27 30 33 36
Voltage (V)

Figure 74. V pp Versus Maximum System Clock Frequency
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Table 192. Power-On Reset and Voltage Brown-

Tables 192 through 203 provide AC and DC tleal characteristics data for the on-chip

peripherals.

AnIXYS Company

Out Electrical Characteristics and Timing

Tp=0%Cto
+70°C T o =—40°C to +105°C
Symbol Parameter Min Typ Max Min Typ 1 Max Units Conditions
Vpor Power-On Reset 1.36 1.6 1.84 V' Vpp = Vpor
Voltage Threshold
V1 POR Start Voltage - 0.6 - \Y
IppPOR  POR Active - - 3 HA
Current
IppgPOR POR Quiescent - 5 - nA
Current
TaNA Power-On Reset - 50 - MS  Vpp > Vpor
Analog Delay
Tsumr Stop Mode - - 6 ps
Recovery Delay
Vyveo Voltage Brown- 1.6 1.8 2.0 V' Vpp =Vyro
Out Reset Voltage
Threshold
Vhys Hysteresis of - 80 - mvV
Vveo
Tveo Voltage Brown- - 10 - ps
Out Pulse
Rejection Period
IppVBO  VBO Active - - 5 MA
Current
IppgVBO VBO Quiescent - 5 - nA
Current
Travp  Vpp rampup time 0.10 - 100 ms

1patain the typical column is from characterization at 3.3 V and 0° C. These values are provided for design guidance
only and are not tested in production.
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Flash Memory Electric al Characteristics and Timing

VDD = 2.7V to 3.6V
TA=0°Cto +70°C
TA =—-40°C to +105°C

Parameter Min Typ Max Units Conditions
Flash Byte Read Time 100 - - ns Vpp=18Vto3.6V
Flash Byte Program Time 20 - 40 us
Flash Page Erase Time 50 - - ms
Flash Mass Erase Time 50 - - ms
Writes to Single Address Before - - 2
Next Erase
Data Retention 20 - - years 25°C
Endurance 5,000 - - cycles Program/erase cycles
Table 194. Watchdog Timer Electrical Characteristics and Timing
VDD = 1.8V to 3.6V
TA =0°C to +70°C
TA = —40°C to +105°C
Symbol Parameter Min Typ Max Unit Conditions
TsTARTUP - - 10 ms  After pd disable only
IppWDT WDT Active Current - - 5 HA
IppQWDT ~ WDT Quiescent Current - - nA
FwoT WDT Oscillator Frequency 2.5 20 kHz
Table 195. Non -Volatile Data Storage
VDD =2.7V to 3.6V
TA=0Cto +70°C
TA = -40°C to +105°C
Parameter Min Typ Max Units  Conditions
NVDS Byte Read Time 34 - 519 ps  With system clock at 20MHz
NVDS Byte Program Time 0.171 - 39.7 ms  With system clock at 20MHz
Data Retention 20 - - years 25°C
Endurance 50,000 - - cycles Cumulative write cycles for

entire memory
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ectrical Characteristics and Timing

Tp = 0°C to +70°C
T, = —40°C to +105°C

Symbol Parameter Min Typ Max Units Conditions
N Resolution - 10 - Bit
INL Integral Nonlinearity -5 5 LSB
DNL Differential -1 LSB
Nonlinearity
Gain Error 15 LSB
Offset Error -15 15 LSB PDIP package
-9 9 LSB Other packages
IoppADC  ADC Active Current - - 25 mA
IppgAD  ADC Quiescent - 5 - nA
C Current
REFEN=1, INTREF_SEL=0. See Table
- 1.6 - Y
Vv Internal Reference 101 on page 189.
INT_REF voltage REFEN=1, INTREF_SEL=1. See Table
- AVDD - Y
101 on page 189.
Vext re  External Reference 16 _ 90% Vv REFEN=0. See Table 101 on page 189.
r  Voltage ' AVpp
0 - 1.6 V Internal reference = 1.6V
Vinana  Analog Input Range 0 B 90% , Externalreference or use AVDD as
AVpp internal reference
Cin Analog Input Load - - 5 pF
Tg Sample Time 1.8 — — VK
TH Hold Time 05 - - VK
Tcony  Conversion Time clock
- 13 - cycle
S
GBW,y Input Bandwidth - 200 — kHz
Twake  Wake-up Time - - 10 pus External reference
- - 10 us Internal reference
fabc_cLk Maximum Frequency - - 5 MHz Vpp=2.7Vto 3.6V
of adc_clk - ~ 25 MHz Vpp=1.8Vio2.7V
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Table 197. Comparator El ectrical Characteristics
TA =0°C to +70°C
TA = —-40°C to +105°C
Vpp =1.8Vto 3.6V
Symbol Parameter Min Typ Max Units  Conditions
Vos Input DC Offset - 5 - mvV
VCREF P Programmable Internal 0 - 1.8 \Y
Reference Voltage Range
VcREE D Default Internal Reference 0.90 1.0 1.10 \Y
B Voltage
IopCMP Comparator Active Current - - 400 HA
IlppgCMP  Comparator Quiescent Current — 5 - nA
Vhys Input Hysteresis - 8 - mV
TproP Propagation Delay - 100 - ns
Table 198. Temperature Sensor Electrical Characteristics
TA =0°C to +70°C
TA = —-40°C to +105°C
Vpp=2.7t03.6V Vpp=18to 2.7V
Symbol  Parameter Min Typ Max Min Typ Max Units Conditions
-7 - +7 -10 - +10 °C -40°Cto +105°C (as
measured by ADC)
-15 - +15 -3 - +3 °C +20°Cto +30°C (as
T Temperature Sensor measured by ADC)
AERR Output Error y
-10 - 10 -15 - 15 °C -40°Cto +105°C (as
measured by
comparator)
IppTEMP  Temperature Sensor - - 100 - - 100 pA
Active Current
IppQTEMP Temperature Sensor - 5 - - 5 - nA
Quiescent Current
TwAKE Time for Wake up - 80 100 - 80 100 ps
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Symbol Parameter

TA=0°Cto +70°C
TA = -40°C to +105°C

Vpp =2.7103.6V Vpp=1.8t02.7V

Min Typ Max Min Typ Max

Units Conditions

AV DC Gain - 80 - - 60 - dB
PM Phase Margin - 53 - - 45 - deg 13 pF loading
GBW Gain Bandwidth Product - 0.3 - - 0.3 -  MHz
Vos Input Offset Voltage -4 - 4 -4 - 4 mv
Vosta  Input Offset Temperature Drift - 1 10 - 1 10 pv/eC
louttA Output Current (Drive ability of 50 - - 40 - - A
LPO)
IppLPO  LPO Active Current - 10 - - 10 - MA
IppgLPO LPO Quiescent Current - 5 - - 5 - nA
Vecom Maximum Common Input Voltage - - 14 - - 07 \Y

Table 200. IPO Electrical Characteristics

Vpp=1.8t0 3.6V Vpp =2.7t0 3.6V
Tp =—40°C to +105°C Tp =0°C to +70°C
Symbol Parameter Min Typ Max Min Typ Max Units Conditions
TseTup Setup Time for 15 15 ps
Output
Frequency
Ipp!lPO  IPO Active 500 500 A
Supply
Current
Ippg!PO IPO Quiescent 5 5 nA

Current
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Table 200. IPO Electrical Characteristics (Continued)

Symbol Parameter

Vpp = 1.8 10 3.6V
T, = —40°C to +105°C

Vpp = 2.7 10 3.6V
Tp = 0°C to +70°C

Min

Typ

Max Min Typ Max Units Conditions

Output
Frequency

10.6168

11.0592

11.5016 10.78272 11.0592 11.33568

Divided-by-2
Output
Frequency

5.3084

5.5296

5.7508 5.39136 5.5296 5.66784

Divided-by-4
Output
Frequency

2.6542

2.7648

2.8754 2.69568 2.7648 2.83392

+2.5% 2.7
to 3.6V,

Divided-by-8
Output
Frequency

1.3271

1.3824

1.4377 1.34784 1.3824 1.41696

0-70°C,;

+4% 1.8 to

Firo Divided-by-16
Output

Frequency

0.6636

0.6912

MHz 2.7V,

0-70°C

0.7188 0.67392 0.6912 0.70848

Divided-by-32
Output
Frequency

0.3318

0.3456

+4% 1.8 to
3.6V,
—-40-105°C

0.3594 0.33696 0.3456 0.35424

Divided-by-
128 Output
Frequency

0.0829

0.0864

0.0899 0.08424 0.0864 0.08856

Divided-by-
256 Output
Frequency

0.0415

0.0432

0.0449 0.04212 0.0432 0.04428

Duty Cycle of
Output

45

55 45 55 %

Table 201. Low Voltage Detect Electrical Characteristics

Tp = 0°C to +70°C
T = —40°C to +105°C

Vpp = 1.8103.6 V

Symbol Parameter Min Typ Max Units Conditions
IppLVD  LVD Active Current - - 50 HA
IppgLVD LVD Quiescent Current - 5 - nA
V1 Detected Source Voltage Vip—10% Vipt Vip+10% V
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Table 201. Low Voltage Detect Electrical Characteristics (Continued)

Tp =0°Cto +70°C
Tp =—-40°C to +105°C

Vpp=1.8103.6 V

Symbol Parameter Min Typ Max Units Conditions
V1H_pro Detected Source Voltage for Flash 2.4 25 2.6 \Y

Protection
TpeLay Delay from source voltage falling lower 50 1000 - ns

than Vp to lyp oyt output logic High

Note: ! Vqp is a user-set threshold voltage to be detected.

Table 202. Crystal Oscillator Characteristics

Tp =0°Cto +70°C
Tp =—-40°C to +105°C

Vpp = 2.7 10 3.6V

Vpp = 1.8102.7V

Symbol Parameter Min Typ Max Min Typ Max  Units Conditions
IppXTAL Crystal Oscillator - - 500 - - 300 MA
Active Supply Current
IppgXTAL Crystal Oscillator - 5 - - 5 - nA
Quiescent Current
SciLk Clk_out State in 1 1 1 1 1 1
Crystal Disable
FxtaL External Crystal 1 - 20 1 - 20 MHz See Figure 74.
Oscillator Frequency
TseT Startup Time After - 10,000 30,000 - 10,000 30,000 Cycle
Enable
Clk_out Duty Cycle 40 50 60 40 50 60 %
Clk_out Jitter - 1 - - 1 - %
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Table 203. Low Power 32kHz Secondary Oscillator Characteristics

Tp =0°Cto +70°C

Tp =—-40°C to +105°C

Vpp =2.7103.6 V

Vpp=1.81027V

Symbol  Parameter Min Typ Max  Min Typ Max  Units Conditions

IppXTAL2 32 kHz Secondary - - 20 - - 10 MA
Oscillator Active Current

IppgXTAL2 32 kHz Secondary - 5 - - 5 - nA
Oscillator Quiescent
Current

SciLk Clk_out State in Crystal 1 1 1 1 1 1
Disable

FxTAL2 External Crystal - 32768 - - 32768 - kHz
Oscillator Frequency

TseT Startup Time After - 400 1000 - 400 1000 mS
Enable
Clk_out Duty Cycle 40 50 60 40 50 60 %
CIk_out Jitter - 1 - - 1 - %
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28.4.1. General Purpose I/0O Po rt Input Data Sample Timing

Figure 75 displays timing of the GPIO Port input sampling. The input value on a GPIO
port pin is sampled on the rising edge ofslistem clock. The Port value is available to
the eZ8 CPU on the second rising clock edge following the change of the Port value.

: TCLK : : !

fe——
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 75. Port Input Sample Timing
Table 204. GPIO Port Input Timing
Delay (ns)

Parameter Abbreviation Min Max
Ts_porT Port Input Transition to XIN Rise Setup Time (Not pictured) 5 -
TH_PORT XIN Rise to Port Input Transition Hold Time (Not pictured) 0 -
Tsvr GPIO Port Pin Pulse Width to ensure Stop Mode Recovery 1ps

(for GPIO Port Pins enabled as SMR sources)
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28.4.2. General Purpose 1/0O Port Output Timing

Figure 76 and Table 205 provide timing information for the GPIO port pins.

! TCLK !
- - »>|
| |
XIN / \ /
| |
| T I | T |
. T E -

| I |
| } !
|

Figure 76. GPIO Port Output Timing

Table 205. GPIO Port Output Timing

Delay (ns)
Parameter Abbreviation Min Max
GPIO Port Pins
T, XIN Rise to Port Output Valid Delay - 15
T, XIN Rise to Port Output Hold Time 2 -
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28.4.3. On-Chip Debugger Timing

Figure 77 and Table 206 provide timing infation for the DBG pin. The DBG pin tim-
ing specifications assume astmaximum rise and fall time.

TCLK

| |
|- »|
= =

' /

XIN /
|
| T1 I T2
- -«
| |
DBG | Output Data >.<:
(Output) | |

I T3
- > a—>

| | |
(Input) | | |
|

Figure 77. On-Chip Debugger Timing

Table 206. On-Chip Debugger Timing

Delay (ns)
Parameter Abbreviation Min Max
DBG
T, Xin Rise to DBG Valid Delay - 15
To XN Rise to DBG Output Hold Time 2 -
T3 DBG to XIN Rise Input Setup Time 5 -
Ty DBG to XIN Rise Input Hold Time 5 -
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28.4.4. UART Timing

Figure 78 and Table 207 provide timing infatmon for the UART pins for situations in
which CTS is used for flow control. The GTo DE assertion delay (T1) assumes that the
Transmit Data Register has been leddvith data prior to CTS assertion.

(Input)
|
1 T3 :
DE |‘7 \ \!
(Output) | [ T
|
|
\
|
\
|
TXD \  bit7 )_( parity/ stop | | < : start /bitO %bitl
(Output)  _ [ To
end of ‘
stop bit(s)

Figure 78. UART Timing With CTS

Table 207. UART Timing with CTS

Delay (ns)
Parameter Abbreviation Min Max
UART
T, CTS Fall to DE output delay 2* XN period 2 * X\ period
+ 1 bit time
T, DE assertion to TXD falling edge (start bit) delay
T3 End of stop bit(s) to DE deassertion delay +5

PS025013-1011

Figure 79 and Table 208 provide timing infation for the UART pins for situations in
which CTS is not used for flow control. DdSserts after the Transmit Data Register has
been written. DE remains astst for multiple characters &g as the Transmit Data
Reqgister is written with the next charadbeffore the current character has completed.
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DE \
(Output) i |
| I
|
| |
|
| !
TXD ) :} start bit0 )_( bit 1 Y bit7 x arity/ stop |
(Output) / pery P [
T _
end of
stop bit(s)
Figure 79. UART Timing Without CTS
Table 208. UART Timing Without CTS
Delay (ns)
Parameter Abbreviation Min Max
UART
T, DE assertion to TXD falling edge (start bit) delay 1* XN 1 bit time
period
T, End of stop bit(s) to DE deassertion delay (Tx Data Register is +5

empty)

PS025013-1011
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Chapter 29. Packaging

PS025013-1011

Zilog’'s F1680 Series of MCUs includes the Z8F0880, Z8F1680 and Z8F2480 devices,
which are available ithe following packages:

® 20-pin Plastic Dualnline Package (PDIP)

® 20-pin Small Outline Integrated Circuit Package (SOIC)
® 20-pin Small Shrink Outline Package (SSOP)

® 28-pin Plastic Dualnline Package (PDIP)

® 28-pin Small Outline Integrated Circuit Package (SOIC)
¢ 28-pin Small Shrink Outline Package (SSOP)

® 40-pin Plastic Dualnline Package (PDIP)

® 44-pin Low-Profile Quad Flat Package (LQFP)

® 44-pin Quad Flat No Lead (QFN)

Current diagrams for each of #eepackages are published in Zilog&ckaging Product
Specification (PS0072jvhich is available free for @mload from the Zilog website.

PRELIMINARY Packaging
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Order the Z8 Encore! XPF1680 Series from Zildgusing the part numbers listed in

Table 209For more information about ordering, please consult your local Zilog sales
office. The Zilog websitew\ww.zilog.con) lists all regional offices and provides addi-

tional Z8 Encore! XBroduct information.

Table 209. Ordering Information for the

Z8 Encore! XP F1680 Series of MCUs

Part Number

Flash

Register RAM

Program RAM

NVDS

C
SPI
I/0 Lines
Interrupt Vectors
16-Bit Timers w/ PWM
10-Bit A/D Channels
UART with IrDA
Comparator

Temperature Sensor

Multichannel Timer

Description

Z8 Encore! XP F1680 Series with 24KB Flash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0°C to 70°C

Z8F2480SH020SG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 SOIC 20-pin package
Z8F2480HH020SG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 SSOP 20-pinpackage
Z8F2480PH020SG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 PDIP 20-pin package
Z8F2480SJ020SG 24KB 2KB 1KB 0 1 1 23 21 3 8 1 1 1 0 SOIC28-pinpackage
Z8F2480HJ020SG 24KB 2KB 1KB 0 1 1 2322 3 8 1 1 1 0 SSOP 28-pin package
Z8F2480PJ020SG 24KB 2KB 1KB 0 1 1 2321 3 8 1 1 1 0 PDIP 28-pin package
Z8F2480PM020SG 24KB 2KB 1KB 0 1 1 3 23 3 8 2 2 1 0 PDIP 40-pin package
Z8F2480AN020SG 24KB 2KB 1KB 0 1 1 37 24 3 8 2 2 1 1 LQFP 44-pinpackage
Z8F2480QN020SG 24KB 2KB 1KB 0 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package
Extended Temperature: —40°C to 105°C

Z8F2480SHO20EG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 SOIC 20-pin package
Z8F2480HHO20EG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 SSOP 20-pin package
Z8F2480PHO20EG 24KB 2KB 1KB 0 1 0 17 20 3 7 1 1 1 0 PDIP 20-pin package
Z8F2480SJ020EG 24KB 2KB 1KB 0 1 1 2322 3 8 1 1 1 0 SOIC 28-pin package
Z8F2480HJ020EG 24KB 2KB 1KB 0 1 1 2321 3 8 1 1 1 0 SSOP 28-pin package
Z8F2480PJ020EG 24KB 2KB 1KB 0 1 1 2322 3 8 1 1 1 0 PDIP 28-pin package
Z8F2480PM020EG 24KB 2KB 1KB 0 1 1 3 23 3 8 2 2 1 0 PDIP 40-pin package
Z8F2480AN020EG 24KB 2KB 1KB 0 1 1 37 24 3 8 2 2 1 1 LQFP 44-pin package
Z8F2480QN020EG 24KB 2KB 1KB 0 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package

PS025013-1011
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Table 209. Ordering Information for the Z8 Encore! XP F1680 Series of MCUs (Continued)

Part Number

Flash

Register RAM

Program RAM

NVDS

C
SPI
I/0 Lines
Interrupt Vectors
16-Bit Timers w/ PWM
10-Bit A/D Channels
UART with IrDA
Comparator

Temperature Sensor

Multichannel Timer

Description

Z8 Encore! XP F1680 Series with 16 KB Flash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0°C to 70°C

Z8F1680SH020SG 16KB 2KB 1KB 256B 1 0 17 20 3 7 1 1 1 0O SOIC 20-pinpackage
Z8F1680HH020SG 16KB 2KB 1KB 256B 1 0 17 20 3 7 1 1 1 0O SSOP 20-pin package
Z8F1680PH020SG 16KB 2KB 1KB 256B 1 0 17 20 3 7 1 1 1 0O PDIP 20-pinpackage
Z8F1680SJ020SG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 SOIC 28-pinpackage
Z8F1680HJ020SG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 SSOP 28-pinpackage
Z8F1680PJ020SG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 PDIP28-pinpackage
Z8F1680PM020SG 16KB 2KB 1KB 256B 1 1 33 23 3 8 2 2 1 0 PDIP40-pinpackage
Z8F1680AN020SG 16KB 2KB 1KB 256B 1 1 37 24 3 8 2 2 1 1 LQFP 44-pin package
Z8F16800QN020SG 16KB 2KB 1KB 256B 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package
Extended Temperature: —40°C to 105°C

Z8F1680SHO20EG 16KB 2KB 1KB 256B 1 0 17 20 3 7 1 1 1 0O SOIC 20-pinpackage
Z8F1680HHO020EG 16KB 2KB 1KB 256B 1 0O 17 20 3 7 1 1 1 0 SSOP 20-pin package
Z8F1680PHO20EG 16KB 2KB 1KB 256B 1 0 17 20 3 7 1 1 1 0O PDIP 20-pinpackage
Z8F1680SJ020EG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 SOIC 28-pinpackage
Z8F1680HJ020EG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 SSOP 28-pinpackage
Z8F1680PJ020EG 16KB 2KB 1KB 256B 1 1 23 21 3 8 1 1 1 0 PDIP28-pinpackage
Z8F1680PM020EG 16KB 2KB 1KB 256B 1 1 33 23 3 8 2 2 1 0 PDIP40-pinpackage
Z8F1680AN0O20EG 16KB 2KB 1KB 256B 1 1 37 24 3 8 2 2 1 1 LQFP 44-pin package
Z8F1680QN020EG 16KB 2KB 1KB 256B 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package
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Table 209. Ordering Information for the Z8 Encore! XP F1680 Series of MCUs (Continued)

16-Bit Timers w/ PWM
10-Bit A/D Channels
UART with IrDA

Interrupt Vectors
Comparator

Part Number
Flash
Register RAM
Program RAM
1/0 Lines

Temperature Sensor

Multichannel Timer

Description

Z8 Encore! XP F1680 Series with 8 KB Flash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0°C to 70°C

Z8F0880SH020SG 8KB 1KB 1KB 128B 1 0 17 20 3 7 1 1 1 0 SOIC 20-pin package
Z8F0880HH020SG 8KB 1KB 1KB 128B 1 0 17 20 3 7 1 1 1 0 SSOP 20-pin package
Z8F0880PH020SG 8KB 1KB 1KB 128B 1 0 17 20 3 7 1 1 1 0 PDIP 20-pin package
Z8F0880SJ020SG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 SOIC 28-pinpackage
Z8F0880HJ020SG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 SSOP 28-pin package
Z8F0880PJ020SG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 PDIP 28-pin package
Z8F0880PM020SG 8KB 1KB 1KB 128B 1 1 33 23 3 8 2 2 1 0 PDIP 40-pin package
Z8FO0880AN020SG 8KB 1KB 1KB 128B 1 1 37 24 3 8 2 2 1 1 LQFP 44-pin package
Z8F0880QN020SG 8KB 1KB 1KB 128B 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package
Extended Temperature: —40°C to 105°C

Z8F0880SHO20EG 8KB 1KB 1KB 128B 1 0 17 20 3 7 1 1 1 0 SOIC 20-pinpackage
Z8F0880HHO20EG 8KB 1KB 1KB 128B 1 0O 17 20 3 7 1 1 1 0 SSOP 20-pin package
Z8F0880PHO20EG 8KB 1KB 1KB 128B 1 O 17 20 3 7 1 1 1 0 PDIP 20-pin package
Z8F0880SJ020EG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 SOIC 28-pin package
Z8F0880HJO020EG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 SSOP 28-pinpackage
Z8F0880PJ020EG 8KB 1KB 1KB 128B 1 1 23 21 3 8 1 1 1 0 PDIP 28-pin package
Z8F0880PMO020EG 8KB 1KB 1KB 128B 1 1 33 23 3 8 2 2 1 0 PDIP 40-pin package
Z8FO880ANO20EG 8KB 1KB 1KB 128B 1 1 37 24 3 8 2 2 1 1 LQFP 44-pin package
Z8FO8B0QNO20EG 8KB 1KB 1KB 128B 1 1 37 24 3 8 2 2 1 1 QFN 44-pin package

Z8F16800128ZCOG Z8 Encore! XP F1680 28-pin Series Development Kit

Z8F16800144ZCOG Z8 Encore! XP Dual 44-pin F1680 Series Development Kit

ZUSBSCO00100ZACG USB Smart Cable Accessory Kit

ZUSBOPTSC01ZACG USB Opto-Isolated Smart Cable Accessory Kit

ZENETSCO0100ZACG Ethernet Smart Cable Accessory Kit
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30.1. Part Number Suffix Designations

Zilog part numbers consist of a number of components, as indicated in the following
example.

Example. Part number Z8F1680SH020SG is an 8-bit, 20MHz Flash Motor Controller
with 16 KB of Program memory in a 20-p8OIC package, operating within a 0°C to
+70°C temperature range amuilt using lead-free solder.

Z8 F 16 80 S H 020 S G

Environmental Flow
G = Green Plastic Packaging Compound

Temperature Range
S = Standard, 0°C to 70°C
E = Extended, -40°C to +105°C

Speed
020 = 20MHz

Pin Count *
H=20
J=28
M = 40
N =44

Package*
S =S0IC
H = SSOP
P =PDIP
A =LQFP
Q=QFN

Device Type

Memory Size

24 = 24KB Flash, 2KB RAM, 0 B NVDS
16 = 16KB Flash, 2KB RAM, 256 B NVDS
08 = 8KB Flash, 1KB RAM, 128 B NVDS

Memory Type
F = Flash

Device Family
Z8 = Zilog's 8-Bit Microcontroller

PS025013-1011 PRELIMINARY Ordering Information



PS025013-1011

Z8 Encore! XP ® F1680 Series
Product Specification

Table 210. Package and Pin Count Description

Pin Count
Package 20 28 40 44
SoIC \ V
SSOP \ V
PDIP V \ V
LQFP V
QFN V

30.1.0.1. Precharacterization Product

LIXYS

The product represented by this document is newly introduced an& Bésgnot com-
pleted the full characterization of the pootl The document states what Zilog knows
about this product at this time, but adufital features or nonconformance with some

aspects of the document might be found, eibyeZilog or its customers in the course of

further application andharacterization work. In additiodjlog cautions that delivery

might be uncertain at times, because of start-up yield issues.
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bit 330
clear 333
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bit swap 335
block diagram 3
block transfer instructions 333
BRK 335
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C

calibration and compesation, motor control

measurements 189
CALL procedure 335
capture mode 115, 116
capture/compare mode 115
cc 330
CCF 333
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clear 334
clock phase (SPI) 201
CLR 334
COM 334
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complement 334
complement carry flag 333
condition code 330
control register definition, UART 163
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control register, 12C 247
Control Registers 19
CP 332
CPC 332
CPCX 332
CPU and peripheral overview 4
CPU control instructions 333
CPX 332
current measurement
architecture 186
operation 186
Customer Feedback Form 387

D

DA 330, 332

data memory 21

data register, 12C 243

DC characteristics 350
debugger, on-chip 294
DEC 332

decimal adjust 332
decrement 332
decrement and jump non-zero 335
decrement word 332
DECW 332

destination operand 331
device, port availability 46
DI 333

direct address 330
disable interrupts 333
DJNZ 335

dst 331

E

El 333

electrical characteristics 349
ADC 360
flash memory and timing 359
GPIO input data sample timing 366
watch-dog timer 359, 361

electrical noise 186

enable interrupt 333

ER 330

extended addressing register 330
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external pin reset 37

eZ8 CPU features 4

eZ8 CPU instruction classes 331
eZ8 CPU instruction notation 330
eZ8 CPU instruction set 328

eZ8 CPU instruction summary 336

F
FCTL register 272, 281
features, Z8 Encore! 1
first opcode map 347
FLAGS 331
flags register 331
flash
controller 4
option bit configuration - reset 276
flash memory 262
arrangement 263, 264, 265
byte programming 269
code protection 267
configurations 262
control register definitions 271, 278
controller bypass 270
electrical characteristics and timing 359
flash control register 272, 281
flash option bits 268
flash status register 272
flow chart 266
frequency high and low byte registers 274
mass erase 270
operation 265
operation timing 267
page erase 270
page select register 273, 274
FPS register 273, 274
FSTAT register 272

G
gated mode 115
general-purpose /O 46
GPIO 4, 46
alternate functions 47
architecture 47
control register definitions 59
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input data sample timing 366
interrupts 58

port A-C pull-up enable sub-registers 64, 65

port A-H address registers 60

port A-H alternate foction sub-registers 62
port A-H control registers 61

port A-H data direction sub-registers 61
port A-H high drive enable sub-registers 63
port A-H input data registers 66

port A-H output control sub-registers 63
port A-H output data registers 67

port A-H stop mode @very sub-registers 64

port availability by device 46
port input timing 366
port output timing 367

H

H 331

HALT 333

halt mode 43, 333

hexadecimal number prefix/suffix 331

|

12C 4
10-bit address read transaction 234
10-bit address transaction 231

10-bit addressed slave data transfer format 231,

239
7-bit address transaction 228, 236
7-bit address, reading a transaction 233

7-bit addressed slave data transfer format 230,

238

7-bit receive data transfer format 234, 240, 242
baud high and low byte registers 248, 250, 255

C status register 251
controller 223
controller signals 14
interrupts 226
operation 225
SDA and SCL signals 225
stop and start conditions 228
I2CBRH register 250, 255
I2CCTL register 247
I2CSTAT register 251
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IM 330

immediate data 330
immediate operand prefix 331
INC 332

increment 332

increment word 332

INCW 332

indexed 330

indirect address prefix 331
indirect register 330

indirect register pair 330
indirect working register 330
indirect working register pair 330
infrared encoder/decoder (IrDA) 182
Instruction Set 328
instruction set, ez8 CPU 328
instructions

ADC 332

ADCX 332

ADD 332

ADDX 332

AND 334

ANDX 334

arithmetic 332

BCLR 333

BIT 333

bit manipulation 333
block transfer 333

BRK 335

BSET 333

BSWAP 333, 335

BTJ 335

BTJINZ 335

BTJZ 335

CALL 335

CCF 333

CLR 334

COM 334

CP 332

CPC 332

CPCX 332

CPU control 333

CPX 332

DA 332

Index

379



DEC 332
DECW 332
DI 333
DJINZ 335
El 333
HALT 333
INC 332
INCW 332
IRET 335
JP 335
LD 334
LDC 334

LDCI 333, 334

LDE 334
LDEI 333
LDX 334
LEA 334
load 334
logical 334
MULT 332
NOP 333
OR 334
ORX 334
POP 334
POPX 334

program control 335

PUSH 334
PUSHX 334
RCF 333
RET 335
RL 335
RLC 335

rotate and shift 335

RR 335
RRC 335
SBC 332
SCF 333
SRA 335
SRL 335
SRP 333
STOP 334
SUB 332
SUBX 332
SWAP 335
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TCM 333
TCMX 333
T™ 333
TMX 333
TRAP 335
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watch-dog timer refresh 334

XOR 334
XORX 334

instructions, eZ8 classes of 331
interrupt control register 84

interrupt controller 69

interrupt return 335

architecture 69

interrupt assertion types 72
interrupt vectors and priority 72

operation 71

register definitions 73
software interrupt assertion 73
interrupt edge select register 83
interrupt request O register 74
interrupt request 1 register 75
interrupt request 2 register 76

interrupt vector listing 69
interrupts

SPI 211
UART 157

IR 330
Ir 330
IrDA
architecture 107, 161, 182
block diagram 108, 161, 182
control register definitions 185
operation 108, 161, 182

IRQO enable high and low bit registers 77
IRQ1 enable high and low bit registers 78
IRQ2 enable high and low bit registers 80

receiving data 184

transmitting data 183
IRET 335

IRR 330
Irr 330

J

JP 335
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jump, conditional, relativeand relative conditional MOSI 199

335

L

LD 334

LDC 334

LDCI 333, 334
LDE 334

LDEI 333, 334
LDX 334

LEA 334

load 334

load constant 333
load constant to/fnim program memory 334

load constant with auto-increment addresses 334

load effective address 334
load external data 334

load external data to/from data memory and auto-

increment addresses 333

load external to/from data memory and auto-

increment addresses 334
load instructions 334
load using extended addressing 334
logical AND 334
logical AND/extended addressing 334
logical exclusive OR 334
logical exclusive OR/extended addressing 334
logical instructions 334
logical OR 334
logical OR/extended addressing 334
low power modes 42

M
master interrupt enable 71
master-in, slave-out and-in 199
memory
data 21
program 20
MISO 199
mode
capture 115, 116
capture/compare 115
gated 115
PWM 115, 116
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motor control measurements
ADC Control register definitions 189
calibration and compensation 189
interrupts 188, 189
overview 186

MULT 332

multiply 332

multiprocessor mode, UART 151

N

noise, electrical 186
NOP (no operation) 333
notation

b 330

cc 330

DA 330

ER 330

IM 330

IR 330

Ir 330

IRR 330

Irr 330

p 330

R 330

r 330

RA 330

RR 330

rr 330

vector 330

X 330

notational shorthand 330

@)
OCD
architecture 294
auto-baud detector/generator 298
baud rate limits 299
block diagram 294
breakpoints 301
commands 303
control register 309
data format 298
DBG pin to RS-232 Interface 296
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debug mode 297
debugger break 335
interface 295
serial errors 300
status register 312
timing 368

OCD commands
execute instruction (12H) 308
read data memory (ODH) 307
read OCD control register (05H) 306
read OCD revision (00H) 305
read OCD status register (02H) 305
read program counter (07H) 306
read program memory (0BH) 307
read program memory CRC (OEH) 308
read register (09H) 306
read runtime counter (03H) 305
step instruction (10H) 308
stuff instruction (11H) 308
write data memory (OCH) 307
write OCD control register (04H) 306
write program counter (O6H) 306
write program memory (OAH) 307
write register (08H) 306

on-chip debugger (OCD) 294

on-chip debugger signals 16

on-chip oscillator 321

opcode map
abbreviations 346
cell description 345
first 347
second after 1FH 348

operation 188
current measurement 186
voltage measurement timing diagram 188
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P

p 330

Packaging 371

part selection guide 2

PC 331

peripheral AC and DC electrical characteristics 358
PHASE=0 timing (SPI) 202
PHASE=1 timing (SPI) 203

pin characteristics 17

Pin Descriptions 10

polarity 330

POP 334

pop using extended addressing 334
POPX 334

port availability, device 46

port input timing (GPI1O) 366

port output timing, GPIO 367

power supply signals 16

power-on reset (POR) 34

program control instructions 335
program counter 331

program memory 20

PUSH 334

push using extended addressing 334
PUSHX 334

PWM mode 115, 116

PxADDR register 60

PxXCTL register 61

R
R 330
r 330
RA
register address 330
RCF 333

Operational Description 31, 42, 46, 69, 85, 121receive
140, 144, 182, 186, 195, 196, 256, 260, 262, 276, 7-bit data transfer format (12C) 234, 240, 242

290, 294, 315, 321, 327
OR 334
ordering information 372
ORX 334
Oscillator 318
oscillator signals 16

IrDA data 184
receiving UART data-inteupt-driven method 149
receiving UART data-polled method 148
register 217, 330
baud low and high byte (12C) 248, 250, 255
baud rate high and low byte (SPI) 221
control, 12C 247
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data, SPI 213, 214
flash control (FCTL) 272, 281

flash high and low byte (FFREQH and FRE-

EQL) 274

flash page select (FPS) 273, 274

flash status (FSTAT) 272

GPIO port A-H address (PxADDR) 60

GPIO port A-H alterna function sub-registers
62

GPIO port A-H control address (PxCTL) 61

GPIO port A-H data direction sub-registers 61

I2C baud rate high (I2CBRH) 250, 255

I12C control (I2CCTL) 247

12C status 251

I2C status (I2CSTAT) 251

mode, SPI 217

OCD control 309

OCD status 312

SPI baud rate high byte (SPIBRH) 222

SPI baud rate low byte (SPIBRL) 222

SPI data (SPIDATA) 214

SPI status (SPISTAT) 219

status, SPI 219

UARTX baud rate high byte (UxBRH) 177

UARTX baud rate low byte (UXxBRL) 178

UARTXx Control 0 (UxCTLO) 170, 177

UARTXx control 1 (UxCTL1) 120, 172, 174,
175

UARTX receive data (UXRXD) 164

UARTX status 0 (UXSTATO) 165, 166

UARTX status 1 (UXSTAT1) 168

UARTX transmit data (UxTXD) 163

watch-dog timer control (WDTCTL) 257, 258,
319, 320

watchdog timer control (WDTCTL) 40

watch-dog timer reload high byte (WDTH) 143

register pair 330
register pointer 331
registers

ADC channel 1 189
ADC data high byte 191
ADC data low bit 192, 193, 194, 195

reset

and stop mode characteristics 32
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carry flag 333
sources 33
RET 335
return 335
RL 335
RLC 335
rotate and shift instructions 335
rotate left 335
rotate left through carry 335
rotate right 335
rotate right through carry 335
RP 331
RR 330, 335
rr 330
RRC 335

S
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Customer Support
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experiencing with our products, please visit Zilog’'s Technical Support page at
http://support.zilog.com
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