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

LIFE SUPPORT POLICY
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SUPPORT DEVICES OR SYSTEMS WITHOUT BEXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

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

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

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

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

Document Disclaimer

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

Each instance in Revision History refleatshange to this doment from its previous
revision. For more details,fe¥ to the corresponding pages or appropriate links listed in
the table below.

Revision
Date Level Description Page No.
Aug 15 Corrected temperature range in Table 144; reflowed LOT. 261
2011
Aug 14 Added Flash Memory Electrical Characteristics and Timing table. 261
2011 Corrected PWEN to PWMEN, all instances per CR#13094. All
Corrected PWM Fault Mask Register (PWMFM) bits(4:3) reset value from 79, 309
000 to 00 per CR#13094.
Sep 13 Updated Figures 57 and 58. 293, 294
2010
Aug 12 Deleted Trim Option Bits at 0004H (ADCCAL) table in Trim Bit Address 226
2010 0003H.
Apr 11 Updated Ordering Information and Part Number descriptions. 295, 297
2008
Jan 10 Updated Table 145 in the Electrical Characteristics chapter. 262
2008
Jul 09 Added description for Alternate Function registers in the General-Purpose 35, 71,
2007 Input/Output chapter; added note under Fault Detection and Protection sec- All, 28
tion in the Pulse Width Modulator chapter; set Faultl as active Low;
updated Table 9 in the Reset and Stop Mode Recovery chapter.
Dec 08 Corrected Figure 9; corrected CMPORST bit; updated Figure 8 and 68. 312,
2006 Table 55. 67,82
Nov 07 Updated Table 103; updated Comparator and Op Amp; updated PWM Min- 196, 333,
2006 imum Pulse Width Filter; updated Table 54; updated Hex Address: F28; 81, 312,
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Introduction

The ZBFMC16100 Series MCU MCU is based on Zilog's advanced eZ8 8-bit CPU core
and is optimized for motor control applications. It supports control of single- and multi-
phase variable-speed motors. Target apitioa are consumer appliances, HVAC, factory
automation, refrigeration drautomotive applications.

Features

PS024615-0811

The Z8FMC16100 SeriddCU features include:

e 20MHz eZ8 CPU core

* Upto 16KB Flash program memory

e 512B register RAM

* Fast 8-channel 10-bit Analog-to-Digital Converter (ADC)

e 12-bit Pulse-Width Modulator (PWM) module with three complementary pairs, or six
independent PWM outputs with deadldageneration and fault trip input

e 16-bit timer with Capture, Compare and PWM capability

* Analog Comparator

* Operational Amplifier

* Inter-Integrated Circuit %C) controller supports mastetave and multimaster modes

* Universal Asynchronous Receiver/TransmifteART) with interface support for Lo-
cal Interconnect Network (LIN) and IrDA

e Serial Peripheral Interface (SPI) controller

* Internal Precision Oscillator (IPO)

* On-chip oscillator supports external crystals, ceramic resonators and clock drivers
e 17 General-Purpose Input/Output (GPIO) pins

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

¢ Watchdog Timer (WDT) with internal RC oscillator

* On-Chip Debugger (OCD)

* In-circuit serial programming

* Operating at 2.7V to 3.6V

* 32-pin packages
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¢ Lead-free packaging
e Standard and extended temperature ranges: 0°C to 70°C (S) and —40°C to 105°C (E)
e Up to 20 interrupts with configurable priority

Block Diagram

Figure 1 presents the architectofahe Z8FMC16100 Series MCU MCU.
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CPU and Peripheral Overview

Zilog's latest 8-bit e28 CPU meets the tinning demand for faster and more code-
efficient microcontrollers. The eZ8 CPUeapnutes a superset of the origina@ZS
instruction set. The feates of the eZ8 CPU include:

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

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

e Compatible with existig Z8 assembly code

* New instructions improve execution efficienimy code developed using higher-level
programming languages, including ‘C’ language

* Pipelined instruction fetch and execution

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

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

* 2-9 clock cycles per instruction

For more details abouterez8 CPU, refer to theZ8 CPUCoreUser Manual (UM0128)
which is available for download atww.zilog.com

Pulse Width Modulator for Motor Control Applications

To rotate a 3-phase motor three voltage amceatisignals must be supplied, each 120°
shifted from each other. To control a 3-phase motor, the MCU must provide 6 PWM
outputs. The Z8BFMC16100 Series MCU featua flexible PWMmodule with three
complementary pairs or six independent PWM outputs supporting deadband operation and
fault protection trip input. These featuresyide multiphase contralapability for various

motor types and ensure safe operation of the motor by providing immediate shutdown of
the PWM pins during fault condition.

10-Bit Analog-to- Digital Converter

The Z8FMC16100 Series MCU devices featurdaipight channels of 10-bit analog-to-
digital conversion.

PS024615-0811 PRELIMINARY CPU and Peripheral Overview
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Analog Comparator
The Z8FMC16100 Series MCU features an on-chip analog comparator with external input
pins.

Operational Amplifier

The Z8BFMC16100 Series MCU features a two-irgmd one-output operational amplifier.

General-Purpose Input/Output

The Z8FMC16100 Series MCU features 17 GPIO pins. Each pin is individually
programmable.

Flash Controller

The Flash Controller programs and erabesFlash Memory. The ZBFMC16100 Series
MCU products contain 16 KB of on-chip Flash Memory. A sector protection scheme
allows for flexible protection of user code.

Random Access Memory

An internal random access memory (RAM)5df2 B provides storage space for data,
variables and stack operations.

UART with LIN and IrDA

A full-duplex 9-bit UART provides a serial, asynchronous communication and supports
the LIN serial communications protocol. @WART communicatiois full-duplex and

capable of handling asynchronous data tenssfThe UARTSs support 8- and 9-bit data
modes, selectable parity and an efficient tbassceiver Driver Enable signal for control-

ling a multitransceiver bus, such as RS-485. The LIN bus is a cost-efficient single master,
multiple slave organization whicupports speed up to 20Kbps.

Serial Peripheral Interface

The SPI allows the ZBFMC16100 Series MClékehange data between other peripheral
devices such as electrically erasable prognable read-only meory (EEPROM), A/D
converters and ISDN devices. The SPI faladuplex, synchronous, character-oriented
channel that supports a 4-wire interface.
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Inter-Integrated Circuit

The FC controller makes the ZBFMC16100rf8e MCU compatible with theéC proto-

col. The £C controller consists of two bidirectidrtzus lines, a serial data (SDA) line and
a serial clock (SCL) line. Théc operates as a master and/or slave and supports multi-
master bus arbitration.

Internal Precision Oscillator

The IPO provides a stable, accurate time bageut the requirement for external compo-
nents. This reduces system cost in marpfiegtions by eliminating the requirement for
external crystals or ceramic resomrratd’ he IPO frequency is 5.5296 MHz.

Crystal Oscillator

The on-chip crystal oscillator features prograate gain to support crystals and ceramic
resonators ranging from 32kHz to 20 MHhe oscillator can alsoe used with clock
drivers.

Standard Timer

The 16-bit reloaddb timer can be used for timifgpunting events and PWM signal
generation. This timer proved a 16-bit programafle reload counter and operate in
ONE-SHOT, CONTINUOUS, GATED, CAPTURE, COMPARE, CAPTURE and COM-
PARE and PWM modes. This timer can measetecity from a tachometer wheel or read
sensor outputs for rotor positiorrforushless DC motor commutation. The standard timer
can also be used for general-purpose timing and counting operations.

Interrupt Controller
The Z8FMC16100 Series MCU supports 3 lexadlprogrammable interrupt priority. The
interrupt sources include internal peripher&PIO pins and system fault detection.
Reset Controller
The Z8FMC16100 Series MLis reset using the RESHIn, POR, WDT, Stop Mode
Recovery, or VBO warning signal.
On-Chip Debugger

The Z8BFMC16100 SeriddCU features an integrated On-Chip Debugger (OCD). The
single-pin OCD interface provides a rich set of debugging capabilities, like reading and
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writing registers, programming the Flash, setting break points and executing code. The
OCD simplifies code development aalibws easy in-circuit programming.
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Signal and Pin Descriptions

The Z8BFMC16100 Series MCU products araikable in various package styles and pin
configurations. This chaptelescribes the signals and available pin configurations for
each package style. For manéormation about the physicphckage specifications, see
the Packagingchapter on page 293.

Pin Configurations

Figure 2 displays the pin configuration the packages available in the Z8BFMC16100
Series MCU. See Table 1 for description of each signal.
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Signal Descriptions

Table 1 describes the Z8FME100 Series MCU signals.

Table 1. Signal Descriptions

Signal Mnemonic

I/0

Description

General-Purpose Input/Output Ports A—H

PA[7:0] 1/0 Port A[7:0]: These pins are used for general-purpose 1/O.
PB[7:0] I/0 Port B[7:0]: These pins are used for general-purpose /0.
PCI0] I/O Port C[0]: These pins are used for general-purpose /0.

Pulse Width Modulator for Motor Control

PWMHO/PWMH1/ O PWM High output.

PWMH2

PWMLO/PWML1/ 0] PWM Low output.

PWML2

FAULTO/FAULT1 I PWM FAULT condition input. FAULTO is active Low, FAULT1 is active Low.

Serial Peripheral Interface

MISO 1/0 Master-In/Slave-Out.

MOSI 1/0 Master-Out/Slave-In.

SCLK 1/0 SPI Clock.

SS I Slave Select

Timers

TOOUT, TOOUT 0] General-Purpose Timer Outputs.

TOINX I General-Purpose Timer Input: This signal is used as the capture, gating
and counter inputs.

UART Controller

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

RXD I Receive Data: This signal is the receiver input for the UART and IrDA.

CTS I Clear To Send signal from the receiving device that ready to receive data.

TXDE 0] Driver Enable: This signal allows automatic control of external RS-485

PS024615-0811
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Table 1. Signal Descriptions (Continued)

Signal Mnemonic 1/0 Description

Analog

ANA[7:0] I Analog Input: These signals are inputs to the ADC.

VREE I/0 Voltage buffer output: This signal provides reference voltage for external
components.
Caution: If using the internal reference voltage generator, a 10 pF capaci-
tor must be placed on this pin to Ground.

CINP I Comparator positive input.

CINN I Comparator negative input.

COMPOUT O Comparator output.

OPINP I Operational amplifier positive input.

OPINN I Operational amplifier negative input.

OPOUT 0] Operational amplifier output.

Oscillators

XiN I The External Crystal Input is the input pin to the crystal oscillator. A crystal
can be connected between it and the XgyT 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 is connected between it and the X,y pin to form the oscillator. This
pin must be left unconnected when not using a crystal.

On-Chip Debugger

DBG 110 Debug: This open-drain pin provides the single-pin control and data inter-
face to the OCD. For operation of the OCD, all power pins (Vpp) must be
supplied with power and all ground pins (Vgg) must be grounded.
Caution: This pin is open-drain and must have an external pull-up resistor
to ensure proper operation.

Reset—-PWM Fault

RESET/FAULTO le] The default state of the RESET pin is determined by FLTSEL bit7 in user

Flash Option2 byte in location 0001 as either 1=RESET or 0=FAULTO.
Subsequent change to FLTSEL bit0 in RSTSTAT Register by software can
set the pin to either 0=RESET or 1=FAULTO.

Power Supply

Vpp, AVpp

Power Supply.

Vss, AVgg

Ground.
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Table 2 lists the characteristics for each Z&A18100 Series MCU’s 32 pins. Data in this
table is sorted alphabetiaby pin symbol mnemonic.

Table 2. Pin Characteristics of the ZBFMC16100 Series MCU

Active Low Internal Pull-  Schmitt
Symbol Reset or Active Tri-State  Up or Pull- Trigger  Open Drain
Mnemonic Direction Direction  High Output Down Input Output
DBG I/O I N/A Yes Pull-up Yes Yes
PA[7:0] /0 I N/A Yes Pull-up, pro-  Yes Yes, pro-
grammable grammable
PBJ[7:0] I/O I N/A Yes Pull-up, pro-  Yes Yes, pro-
grammable grammable
PC[O] I/O I N/A Yes Pull-up, pro-  Yes Yes, pro-
grammable grammable
PWMxH I/O Tristate N/A Yes No Yes No
PWMxL I/O Tristate N/A Yes No Yes No
RESET I I Low N/A Pull-up Yes N/A
XN I I N/A N/A No No N/A
VREE I/O I N/A Yes N/A N/A N/A
Vpp, AVpp  Supply N/A N/A N/A No No N/A
Vgs, AVgs  Supply N/A N/A N/A No No N/A

Note: x represents integers 0, 1,... to indicate multiple pins with symbol mnemonics which differ only by an integer.
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Address Space

The eZ8 CPU can access three distinct address spaces:

* The Register File contains addresses for the general-purpose registers, the eZ8 CPU
and all peripheral and GPIO port control registers

* Program memory contains addresses fothallmemory locations having executable
code and/or data

e Data memory contains addresses for altemory locations &t hold data only

For more information about the eZ8 CRANnd its address space, refer toad8 CPU Core
User Manual (UM0128which is available for download @atvw.zilog.com

Register File

The Z8FMC16100 Series MCU supports up to 512B of internal RAM within the Register
File address space. The Register File is composed of two sections: Control Registers and
General-Purpose Registers (RAM). Whennstions are executed, registers are read

when defined as sources and written wheiindd as destinations. The eZ8 CPU architec-
ture allows all general-purpose registerfutaction 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 I/O poftsese registers are located at addresses rang-
ing fromFOOh to FFFh. Some of the addresses within 8&6-byte control register section
are reserved (unavailable). Reading from me=@ Register File addresses returns an
undefined value.

A Caution: Writing to reserved Register File adgses is not recommeed and can produce
unpredictable results.

The on-chip RAM always begins at addressh in the Register File address space. The
Z8FMC16100 Series MCU devices provide 512 B of on-chip RAM depending upon the
device. Reading from Register File addresses outside the available RAM addresses (and
not within the control registexddress space) returns an uirds value. Writing to these
Register File addresses produces no effect. To determine the amount of RAM available for
the specific ZBFMC16100 Series MCU device, $eeOrdering Informatioghapter on

page 295
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Program Memory

The Z8FMC16100 Series MCU products contab KB of on-chip Flash Memory in the
Program Memory address space, depending upon the device (The Z8FMC08100 MCU
contains 8 KB and the Z8BFMC04100 MCU contains 4KB). Reading from Program Mem-
ory addresses outside the available Flash Memory addresses F&turkigriting to these
unimplemented Program Memory addresses yields no effect.

Table 3 lists the Program Memory map floe Z8FMC16100 Series MCU products.
Table 3. Z8BFMC16100 Series MCBrogram Memory Maps

Program Memory Addr ess (Hex)  Function
Z8FMC16000 Products

0000-0001 Option Bits

0002-0003 Reset Vector

0004-0007 System Exception Vectors
0008-003F Interrupt Vectors
0040-3FFF Program Memory

Note: See Table 29 on page 49 for a list of interrupt vectors.

Data Memory

The Z8FMC16100 Series MCU do not use #£8 CPUs 64 KB Data Memory address
space.

Information Area

Table 4 describes the ZBFMCIHL Series MCU Information Area. This 512 byte Infor-
mation Area is accessed by setting bit 7 effiash Page Select Register to 1. When
access is enabled, the Information Area ippea into the PrograiMemory and overlays

the 512 bytes at addres$&®0h to FFFFh. When the Information Area access is enabled,
execution of LDC and LDCI instructions frothese Program Memory addresses return
the Information Area data rather than Bregram Memory data. Reads of these addresses
through the OCD also returns the InforroatArea data. Code execution from these

addresses continues to cothgase the Program Memory. Access to the Information Area
is read-only.
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Table 4. Z8BFMC16100 Series Information Area Map

Program Memory Address (Hex)  Function
FEOOh—-FE3Fh Reserved.

FE40h—FE5Fh Part Number
e 20-character ASCII alphanumeric code

» Leftjustified and filled withzeros (ASCII Null character).
FE60h—FFFFh Reserved.

PS024615-0811 PRELIMINARY Information Area
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Register File Address Map

Table 5 provides the address map for thgifer File of the ZBFMC16100 Series MCU.

Table 5. Register File Address Map

Product Specification

LIIXYS

Address
(Hex) Register Description Mnemonic  Reset (Hex) Page No
General Purpose RAM: Z8FMC16 devices with 512B On-Chip RAM
000-1FF General-Purpose Register File RAM — XX 13
200-EFF Reserved — XX
Timer O
FOO Timer 0 High Byte Register (TOH) TOH 00 98
FO1 Timer O Low Byte Register (TOL) TOL 01 98
F02 Timer 0 Reload High Byte Register (TORH) TORH FF 99
FO3 Timer 0 Reload Low Byte Register (TORL) TORL FF 99
Fo4 Timer 0 PWM High Byte Register (TOPWMH) TOPWMH 00 100
FO5 Timer 0 PWM Low Byte Register (TOPWML) TOPWML 00 100
FO6 Timer 0 Control 0 Register (TOCTLO) TOCTLO 00 101
FO7 Timer 0 Control 1 Register (TOCTL1) TOCTL1 00 102
FO8 ADC Timer 0 Capture Register, High Byte ADCTCAP_H XX 208
FO9 ADC Timer 0 Capture Register, Low Byte ADCTCAP_L XX 208
FOA-F1F Reserved — XX
Pulse-Width Modulator
F20 PWM Control O Register PWMCTLO 00 75
F21 PWM Control 1 Register PWMCTL1 00 77
F22 PWM Deadband Register PWMDB 00 78
F23 PWM Minimum Pulse Width Filter PWMMPF 00 78
F24 PWM Fault Mask Register PWMFM 00 79
F25 PWM Fault Status Register PWMFSTAT X0XO0- 80
O0XXXb
F26 PWM Input Sample Register PWMIN 00 82
F27 PWM Output Control Register PWMOUT 00 83
F28 PWM Fault Control Register PWMFCTL 00 81
F29 Current Sense ADC Trigger Control Register PWMSHC 00 83

Note: XX = undefined.
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Address

(Hex) Register Description Mnemonic  Reset (Hex) Page No
F2A-B Reserved — XX

F2C PWM High Byte Register (PWMH) PWMH 00 73
F2D PWM Low Byte Register (PWML) PWML 00 73
F2E PWM Reload High Byte Register (PWMRH) PWMRH OF 74
F2F PWM Reload Low Byte Register (PWMRL) PWMRL FF 74
F30 PWM 0 High Side Duty Cycle High Byte PWMHODh 00 75
F31 PWM 0 High Side Duty Cycle Low Byte PWMHODL 00 75
F32 PWM 0 Low Side Duty Cycle High Byte PWMLODh 00 75
F33 PWM 0 Low Side Duty Cycle Low Byte PWMLODL 00 75
F34 PWM 1 High Side Duty Cycle High Byte PWMH1DH 00 75
F35 PWM 1 High Side Duty Cycle Low Byte PWMH1DL 00 75
F36 PWM 1 Low Side Duty Cycle High Byte PWML1DH 00 75
F37 PWM 1 Low Side Duty Cycle Low Byte PWML1DL 00 75
F38 PWM 2 High Side Duty Cycle High Byte PWMH2DH 00 75
F39 PWM 2 High Side Duty Cycle Low Byte PWMH2DL 00 75
F3A PWM 2 Low Side Duty Cycle High Byte PWML2DH 00 75
F3B PWM 2 Low Side Duty Cycle Low Byte PWML2DL 00 75
F3C-F3F Reserved — XX

Note: XX = undefined.
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Embedded in Life

AnLIXYS Company

Address
(Hex) Register Description Mnemonic  Reset (Hex) Page No
LIN-UART
F40 LIN-UART Transmit Data Register UOTXD XX 125
LIN-UART Receive Data Register UORXD XX 125
F41 LIN-UART Status 0 Register UOSTATO 0000 _011Xb 126
F42 LIN-UART Control 0 Register UOCTLO 00 130
F43 LIN-UART Control 1 UOCTL1 00 132
F44 LIN-UART Mode Select and Status UOMDSTAT 00 128
F45 LIN-UART Address Compare UOADDR 00 136
F46 LIN-UART Baud Rate High Byte UOBRH FF 137
F47 LIN-UART Baud Rate Low Byte UOBRL FF 137
F48—-F5F Reserved — XX
Inter-Integrated Circuit
F50 I2C Data Register [2CDATA 00 181
F51 I12C Interrupt Status Register 12CISTAT 80 182
F52 I2C Control Register I2CCTL 00 184
F53 I2C Baud Rate High Byte Register (I2CBRH) [2CBRH FF 185
F54 I2C Baud Rate Low Byte Register (I2CBRL) [2CBRL FF 186
F55 I2C State Register (I2CSTATE) - Description when I2CSTATE 0X 186
DIAG =0
I2C State Register (I2CSTATE) - Description when  [2CSTATE 00 188
DIAG =1
F56 I2C Mode Register I2CMODE 00 190
F57 I2C Slave Address Register I12CSLVAD 00 192
F58—-F5F Reserved — XX
Serial Peripheral Interface
F60 SPI Data Register SPIDATA XX 154
F61 SPI Control Register SPICTL 00 155
F62 SPI Status Register SPISTAT 01 156
F63 SPI Mode Register SPIMODE 00 157
F64 SPI Diagnostic State Register SPIDST 00 158
F65 Reserved — XX
F66 SPI Baud Rate High Byte Register (SPIBRH) SPIBRH FF 159

Note: XX = undefined.
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Table 5. Register File Address Map (Continued)
Address
(Hex) Register Description Mnemonic  Reset (Hex) Page No
F67 SPI Baud Rate Low Byte Register (SPIBRL) SPIBRL FF 159
F68—F6F Reserved — XX
Analog-to-Digital Converter
F70 ADC Control Register 0 ADCCTLO 20 201
F71 ADC Raw Data High Byte Register ADCRD_H XX 202
F72 ADC Data High Byte Register ADCD_H XX 203
F73 ADC Data Low Bits Register ADCD L XX 204
F74 Sample Settling Time Register ADCSST 1F 205
F75 Sample Time Register ADCST AO 206
F76 ADC Clock Prescale Register ADCCP 00 207
F77-F85 Reserved — XX
Oscillator Control
F86 Oscillator Control Register OSCCTL AO 229
F87 Oscillator Divide Register OSCDIV 00 231
Trim Control
F88—F8F Reserved — XX
Comparator and Op Amp
F90 Comparator and Op Amp Control Register CMPOPC 00 196
F91-FBF Reserved — XX
Interrupt Controller
FCO Interrupt Request 0 Register IRQO 00 52
FC1 IRQO Enable High Bit Register (IRQOENH) IRQOENH 00 55
FC2 IRQO Enable Low Bit Register (IRQOENL) IRQOENL 00 56
FC3 Interrupt Request 1 Register IRQ1 00 54
FC4 IRQ1 Enable High Bit Register (IRQLENH) IRQ1ENH 00 57
FC5 IRQ1 Enable Low Bit Register (IRQLENL) IRQ1ENL 00 58
FC9-FCE Reserved — XX
FCF Interrupt Control Register IRQCTL 00 59
GPIO Port A
FDO Port A Address PAADDR 00 38
FD1 Port A Control PACTL 00 39
FD2 Port A Input Data PAIN XX 47

Note: XX = undefined.
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Product Specification

Embedded in Life
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Address

(Hex) Register Description Mnemonic  Reset (Hex) Page No

FD3 Port A Output Data PAOUT 00 47

GPIO Port B

FD4 Port B Address PBADDR 00 38

FD5 Port B Control PBCTL 00 39

FD6 Port B Input Data PBIN XX 47

FD7 Port B Output Data PBOUT 00 47

GPIO Port C

FD8 Port C Address PCADDR 00 38

FD9 Port C Control PCCTL 00 39

FDA Port C Input Data PCIN XX 47

FDB Port C Output Data PCOUT 00 a7

Reset and Watchdog Timer

FFO Reset Status and Control Register RSTSTAT see 28

Table 10

FF1 Reserved — XX

FF2 Watchdog Timer Reload High Byte Register WDTH 04 63
(WDTH)

FF3 Watchdog Timer Reload Low Byte Register WDTL 00 63
(WDTL)

FF4-FF5 Reserved — XX

Note: XX = undefined.
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Table 5. Register File Address Map (Continued)

Product Specification

Embedded in Life
AnLIXYS Company

Address

(Hex) Register Description Mnemonic  Reset (Hex) Page No

Trim

FF6 Trim Bit Address Register TRMADR 00 224

FF7 Trim Bit Data Register TRMDR 00 225

Flash Memory Controller

FF8 Flash Control Register Definitions FCTL 00 216

FF8 Flash Status Register FSTAT 00 217

FF9 Flash Page Select Register FPS 00 218

FF9 (if Flash Sector Protect Register FPROT 00 219

enabled)

FFA Flash Frequency High and Low Byte Registers FFREQH 00 220

(FFREQH, FFREQL)

FFB Flash Frequency Low Byte Register FFREQL 00 219

eZ8 CPU

FFC Flags FLAGS XX Refer to

FFD Register Pointer RP XX thce:lfuﬁ

FFE Stack Pointer High Byte SPH XX Core

FFF Stack Pointer Low Byte SPL XX User

Manual
(UM0128
)

Note: XX = undefined.
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Reset and Stop Mode Recovery

The Reset Controller within the ZBFMC 181 Series MCU controls RESET and Stop
Mode Recovery operatio In typical operation, the lowing events cause a RESET to
occur:

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

* Watchdog Timer time-out (when configurddough the WDT_RES option bit to ini-
tiate a Reset)

¢ External RESETin assertion
* OCD initiated RESET (OCDCTL[0] setto 1)

¢ Fault detect logic

When the Z8BFMC16100 Series MCU is in STMBde, a Stop Mode Revery is initiated
by either of the following occurrences:

e WDT time-out

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

Reset Types

The Z8FMC16100 SeriddCU provides two different typeof reset operation: System

Reset and Stop Mode Recovery. The type of reset is a function of both the current
operating mode of the ZBFMC16100 Series MCU and the source of the reset. Table 6 lists
the types of resets and their operating characteristics.

Table 6. Reset and Stop Mode Recovery Characteristics and Latency

Reset Characteristics and Latency

Reset Type Peripheral Control Registers eZ8 CPU Reset Latency (Delay)
System Reset Reset (as applicable) RESET A minimum of 66 IPO cycles.
Stop Mode Recovery  Unaffected, except RSTSRC  Reset A minimum of 66 IPO cycles.

and OSCCTL registers
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System Reset

During a system reset, the ZBFMC16100 Sav€l) is held in RESET for 66 cycles of
internal precision oscillator (IPO). At thediening of RESET, all GPIO pins are config-
ured as inputs. All GPIO progmmable pull-ups are disabled.

At the beginning of a System Reset, thaanaontrol PWM outputs are forced to high-
impedance momentarily. When the Option Busich control the off-state have been
properly evaluated the PWM outpute dorced to the programmed off-state.

During RESET, the eZ8 CPU and on-chip peripherals are idle; however, the IPO and
WDT oscillator continue to run. During tliest 50 clock cycleghe internal option bit
registers are initialized after which the systelotk for the core ahperipherals begins
operating. The eZ8 CPU and on-chip peripherisain idle through the next 16 cycles of
the system clock after which time the internal reset signal is deasserted.

On RESET, control registers within the Regigtéde which have a defined reset value are
loaded with their reset values. Other conteglisters (including the Flags) and general-
purpose RAM are undefined following REEH he eZ8 CPU fetches the RESET vector
at Program Memory addressg®2h and0003h and loads that value into the Program
Counter. Program execution begatshe RESET vector address.

Table 7 lists the system reset sourcea asction of the operating mode. The text
following provides more detailed infortian about the individual RESET sources.

} Note: A POR/VBO event always has priority over@tlher possible reset sources to ensure a full
system reset occurs.
Table 7. System Reset Sources and Resulting Reset Action
Operating Mode System Reset Source Action
NORMAL or POR/VBO. System Reset.
HALT modes WDT time-out when configured for System Reset.
reset.
RESET pin assertion. System Reset.
Write OCDCTL][O] to 1. System Reset except the OCD is not reset.
Fault detect logic reset. System Reset.
STOP Mode Power-on reset/Voltage Brown-Out. System Reset.
RESET pin assertion. System Reset.
Fault detect logic reset. System Reset.
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Power-On Reset

Each device in the Z8BFMC16100 Series MCltains an internal Power-On Reset (POR)
circuit. The POR circuit monitors the supplgltage and holds the device in the Reset

state until the supply voltage reaches a safe operating level. After the supply voltage
exceeds the POR voltage threshol@§¥) and has stabilized, tHROR Counteis enabled

and counts 50 cycles of theQPAt this point, the Systef@lock is enabled and the POR
Counter counts a total of 16 system clock pulses. The device is held in the Reset state until
this second POR Counter sequence has tmuedOnce the Z8BFMC16100 Series MCU

exits the Power-On Reset state, the eZ8 @thes the Reset vectéiollowing POR, the

POR status bit in the Reset Status and Control Register is set to 1.

Figure 3 displays the POR operation. For POR threshold voltagg(\Vseethe On-Chip
Peripheral AC and DC Electrical Characteristibapter on page 258

System Clock

Internal Precision - - —_— =
Oscillator

Oscillator
Startup

Internal RESET
Signal

Option Bit System Clock |
Counter Delay Counter Delay

Figure 3. Power-On Reset Operation

Voltage Brown-Out Reset

The Z8FMC16100 Series MCU provides low VBO protection. The VBO circuit senses
when the supply voltage drops to an unse¥el (below the VBQhreshold voltage) and
forces the device into a RESET state. WHike supply voltage remains below the POR
voltage threshold (MpR), the VBO holds the device in the Reset state.
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After the supply voltage again exceeds BOR voltage threshold and stabilized, the
device progresses through a full System Resguence, as described in the Power-on
reset section. Following POR, tR®OR status bit in the Reset SouRegister is set to 1.
Figure 4 displays the VBO operation. For VBO and POR threshold voltaggg, @hd
VpoR), seethe On-Chip Peripheral AC and DC Electrical Characteristiegpter on

page 258
The VBO circuit can be either enabled or disabled during STOP Mode. Operation during

STOP Mode is controlled by the VBO_AO optibit. For information about configuring
VBO_AO, see th®©ption Bitschapter on page 221.

| ~——

VCC =33V VCC =33V
Vpor
V,
VBO I I I
| | |
Program | Voltage | | .
Execution . Brownout I Program Execution
1
|

System Clock

I
1
JUT ' 1L
I
I I
Internal Precision —_ - = _—
Oscillator
I

|

|

Internal RESET !
Signal |
|

|

3> |
~* >|

Option Bit System Clock
Counter Delay  Counter Delay

Figure 4. Voltage Brown-Out Reset Operation

Watchdog Timer Reset

If the device is in normal diALT Mode, the WDT can initiate a System Reset at time-out
if the WDT_RES option bit is set to 1. Thgstting is the defau{unprogrammed) setting

of the WDT_RES option bit. The WDT statusib the Reset Status and Control Register
is set to signify that the reset was initiated by the WDT.

External Pin Reset

The input-only RESEDin has a Schmitt-triggered inpafy internal pull-up, an analog
filter and a digital filter to reject noise. When the RES#T is asserted for at least 4
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system clock cycles, the deeiprogresses through the System Reset sequence. While the
RESETinput pin is asserted Low, the ZBFMC16100 Series MCU device continues to be
held in the Reset state. If the RESEif is held Low beyond the System Reset time-out,
the device exits the Reset state 16 system clock cycles following RS E€&assertion.

If the RESETpin is released before thessgm Reset time-out, the RESRIR is driven

Low by the chip until the completion of the time-out as described in the next section. In
STOP Mode the digital filter is bypassbecause the System Clock is disabled.

Following a System Reset initiated by the external RESiBETthe EXT status bit in the
Reset Status and Control Register is set to 1.

External Reset Indicator

During System Reset, the RESRIh functions as an open-digactive Low) reset mode
indicator in addition to the input functidiitg. This reset output feature allows a
Z8FMC16100 Series MCU device to reset ottmmnected components , even if the reset
is caused by internal sources such as P@BR), or WDT events and as an indication of
when the reset sequence completes.

After an internal reset event occurs, the internal gimcbegins driving the RESEin
Low. The RESETpin is held Low by the internaircuitry until the appropriate delay
listed in Table 6 has elapsed.

On-Chip Debugger Initiated Reset

A System Reset may be initiated through OCD by setting RST bit of the OCDCTL
Register. The OCD is not reset but the ofshe chip goes thuggh a normal System
Reset. The RST bit automatically clears dgrihe system resdtollowing the system
reset, the POR bit in the Reset Status and Control Register is set.

Fault Detect Logic Reset

Fault detect circuitry exists to detelieégal state changes which may be caused by
transient power or electrostatic discharge &éiWhen such a fault is detected, a system
reset is forced. Following the system reset, the FLTD bit in the Reset Status and Control
Register is set.

Stop Mode Recovery

The STOP Mode is entered by execution of a STOP instruction by the eZ8 CPU. For
detailed STOP Mode information, siee Low-Power Modeshapter on page 30uring
Stop Mode Recovery, the device is helddret for 66 cycles of the IPO. Stop Mode
Recovery only affects the contentstioé Reset Status and Control Regiateat Oscillator
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Control Register. Stop Mode Recovery doesaifect any other values in the Register
File, including the Stack Pointer, Registeir®er, Flags, peripheral control registers and
general-purpose RAM.

The eZ8 CPU fetches the Reset vector at Program Memory addieggesand0003h

and loads that value into the Program QeurProgram execution begins at the Reset

vector address. Following Stop Mode Recovery, the STOP bit in the Reset Status and Con-
trol Register is set to 1. Table 8 lishe Stop Mode Recovespurces and resulting

actions.

Table 8. Stop Mode Recovery Sources and Resulting Action

Operating Mode Stop Mode Recovery Source Action

Stop Mode WDT time-out when configured for Reset Stop Mode Recovery
WDT time-out when configured for System Stop Mode Recovery followed by WDT
Exception System Exception
Data transition on any GPIO port pin Stop Mode Recovery

enabled as a Stop Mode Recovery source

Stop Mode Recovery Using Watchdog Timer Time-Out

If the WDT times out during STOP Mode, the device undergoes a SMR sequence. In the
Reset Status and Control Register, the WDT and STOP bits are set to 1. If the WDT is
configured to generate a System Exceptipon time-out, the eZ8 CPU services the WDT
System Exception following the normal Stop Mode Recovery sequence.

Stop Mode Recovery Using a GPIO Port Pin Transition

Each of the GPIO port pins may be configured as a Stop Mode Recovery input source. On
any GPIO pin enabled as a Stop Mode Regoseurce, a change in the input pin value

(from High to Low or from Low to High) initiates Stop Mode Recovery. The GPIO Stop
Mode Recovery signals are filtered to rejecspslless than 10 ns (typical) in duration. In

the Reset Status and Control Register, the STOP bit is set to 1.

A Caution: Short pulses on the Port pin can initi&tep Mode Recoverwithout initiating an
interrupt (if enabled for that pin).

PWM FaultO and Reset Pin Selection

The RESETpin can be set to function as a PWMiE@nput. When selected, the RESET
input function is disabled. THELTSEL bit in the Reset Statasd Control Register allows
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software selection of the RESEpIn function. The pin functiois selected by writing the
the unlock sequence followed by the mode te tlgister. A software write to the FLT-
SEL bit overrides the value d&f the FLTSEL user option bit.

Reset Control Register Definitions

Writing the14h, 92h unlock sequence to the Reset Status and Control Register address
unlocks access to the FLTSEL bit. The lockingch@nism prevents spurious writes to this
bit. The following sequence is required to unlock thggster and write the FLTSEL bit:

1. Write14h to the Reset Status and Control Register (RSTSTAT).
2. Write92h to the Reset Status and Control Register (RSTSTAT).
3. Write the FLTSEL bit.

All steps of the unlock sequence shbe written in the order listed.

Reset Status and Control Register

The Reset Status and Control Register, shiowlfable 9, recordthe cause of the most
recent Reset or Stop Mode Recovery. All status bits are updated on each Reset or Stop
Mode Recovery event. Table 10 indicates plossible states of the Reset status bits
following a Reset or Stop M2 Recovery event. The RESIRIh function is also select

with FLTSEL bit.

Table 9. Reset Status and Control Register (RSTSTAT)

Bit 7 6 5 4 3 2 0
Field POR STOP WDT EXT FLT Reserved FLTSEL
RESET See Table 10 on page 29 u
R/W R R R R R R R/W
Address FFOH

The FLTSEL bit in this register alles software selection of the RESRIh. The pin

function is selected by writing the unlock seqce followed by the mode to this register.
A software write to the FLTSEL bit 0 in theSRSTAT Register overrides the value set by

the FLTSEL bit 7 in the User Flash Option2 byte location.
0 = RESETFaultOpin, configured as aESETinput.
1 = RESETFaultOpin, configured as adultOinput.
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} Note: If the FLTSEL bit 7 in the Flash Option2 locatisnprogrammed to O then after reset, the
FLTSEL bit 0 in the RSTSTAT is set to 1. If the FLTSEL bit 7 in the Flash Option2 loca-
tion is unprogrammed (1) then after resle¢, FLTSEL bit O in the RSTSTAT is set to O.

Table 10. Reset Status Regist er Values following Reset

Reset or Stop Mode Recovery Event POR STOP WDT EXT FLT
Power-On Reset 1 0 0 0 0
Reset using RESET pin assertion 0 0 0 1 0
Reset using Watchdog Timer time-out 0 0 1 1 0
Reset by OCD writing OCDCTL[0] to 1 1 0 0 1 0
Reset from Fault Detect Logic 0 0 0 1 1
Stop Mode Recovery using GPIO pin transition 0 1 0 0 0
Stop Mode Recovery using WDT time-out 0 1 1 0 0

Note: Additional bits may be set depending on the number of resets simultaneously occurring.
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Low-Power Modes

The Z8FMC16100 Series MCU products confadwer saving features. The highest level
of power reduction is provided by STOP Mode. The next level of power reduction is pro-
vided by HALT Mode.

STOP Mode

Executing eZ8 CPU’s STOP instructiorapés the ZBFMC16100 Series MCU into STOP
Mode. In STOP Mode, the opdirey characteristics include:

* Primary crystal oscillator and IPO are stoppeg; Znd Xo1 pins are driven to ¥g
e System clock is stopped

e eZ8 CPU is stopped

* Program counter (PC) stops incrementing

¢ If enabled for operation during STOP Modee WDT and its internal RC oscillator
continue to operate

* |f enabled for operation in STOP Mode thgh the associated option bit, the VBO cir-
cuit continues to operate

¢ Comparators and voltage refece operate unless disabled

* All other on-chip peripherals are idle

To minimize current in STOP Mode, all GPpihs which are configured as digital inputs
must be driven to onef the supply rails (¥cor GND), the VBO and WDT must be dis-
abled. The device can be brought out of STOP Mode using Stop Mode Recovery. For
more information, sethe Reset and Stop Mode Recovehapter on page 22

A Caution: To prevent excess current consumption, STM2ele must not be used if the device is
driven with an external clock source.
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HALT Mode

Execution of the eZ8 CPU’s HALT instructiglaces the device into HALT Mode. In
HALT Mode, the operating characteristics are:

Primary crystal oscillator is aebled and 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

If enabled, the WDT continues to operate

All other on-chip peripherals continue to operate

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

Interrupt or System Exception
WDT time-out (System Exception or Reset)
Power-On Reset

\oltage Brown-Out Reset

External RESETin assertion

HALT Mode Recovery time is less than 5us

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

Peripheral-Level Power Control

In addition to the STOP and HALT modes, ipisssible to disablenused on-chip analog
peripherals of the ZBFMC16100 Series M@gVice during operation. Disabling an
unused analog peripheral minimizes poa@nsumption. Powasonsumption of the
unused on-chip digital peripherals ig@matically minimized when not in use.

Power Control Register 0

Each bit of the following registers disable a peripheral block, either by gating its system
clock input or by removing power from the block.
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Bit 7 6 5 4 3 2 1 0
Field Reserved VBODIS 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 F80H
Bit Description
[7:5] Reserved
These bits are reserved and must be programmed to 000.
[4] VBO Detector Disable
VBODIS This bit and the VBO_AO option bit must be enabled for the VBO to be active.
0 = VBO Detector is enabled.
1 = VBO Detector is disabled.
[3:0] Reserved

These bits are reserved and must be programmed to 0000.
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General-Purpose Input/Output

The Z8FMC16100 Sezs MCU contains general-purpose input/output pins (GPIO)
arranged as Ports A—C. Each port contaimdroband data registers. The GPIO control
registers determine data direction, open-dmairiput drive current, pull-up and alternate
pin functions. Each port pin is individually programmable.

GPIO Port Availability By Device

Table 12 lists the port pins availabkith each device and package type.

Table 12. Port Availability by Device and Package Type

Package Port A Port B Port C
32-pin [7:0] [7:0] [0]

A Caution: All Port B, Port A1, Port CO, PAO and PA2 are not 5V tolerant. Any voltage above 3.6V
will affect the analog functions.

Architecture

Figure 5 displays a simplified block diagram of a GPIO port pin. The figure displays the
ability to accommodate altermatunctions and variable partirrent drive strength are not
illustrated.
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Figure 5. GPIO Port Pin Block Diagram

GPIO Alternate Functions

Many GPIO port pins can be used as WBEHO and to provide access to on-chip periph-
eral functions, like timers and serial conmmication devices. The Port A-C Alternate
Function subregisters configure these pins fithee GP1O or alternate function operation.
When a pin is configured for alternate funati control of the port pin direction (input/
output) is passed from Port A-C Data Directiegisters to the alternate function assigned
to this pin. For peripherals with digitaldgot alternate functions (for example, a Timer
input TOINO), selecting the alteate function is not required.
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Table 13 lists the alternate functions associatitid each port pin and the required alter-
nate function (AFO and AFBubregister settings. Enabling amalog alternate function
automatically disables the digital Schmitgger input for the associated port input.

Alternate function settings affethe pins direction (outpenable) and muxes the output
data that come from the pehieral instead of GPI1O. Thepat path coming from the pad
to a peripheral is not blocked based onahernate function settin The alternate func-
tion need not be set for altexse function signals that are used as inputs. The alternate
function can be configured as GPIO inputs. Wtienfault source is not in use, you must
disable the input fault source at the periphsoathe fault input does not affect the periph-

eral.
Table 13. Port Alternate Function Mapping
Port Pin Mnemonic AFO AF1  Alternate Function Description
Port A PA7  PAY 0 0 GPIO.
TOOUT 0 1 Timer O output (active Low).
FAULT1 1 0 Fault Input.
COMPOUT 1 1 Comparator output.
PA6  PA6 0 0 GPIO.
SS 0 1 SPI Slave Select.
CTS 1 0 UART Clear to Send.
SDA 1 1 1°C Serial Data.
PA5  PA5 0 0 GPIO.
MOSI 0 1 SPI Master Out Slave In.
TXD 1 0 UART Transmit data.
1 1 Reserved; do not use.
PA4 PA4 0 0 GPIO.
MISO 0 1 SPI Master In Slave Out.
RXD 1 0 UART Receive data.
1 1 Reserved; do not use.
PA3  PA3 0 0 GPIO.
SCK 0 1 SPI Serial Clock.
TXDE 1 0 UART Driver Enable.
ScL 1 1 I%C serial clock.
PA2  PA2 0 0 GPIO.
0 1 Reserved; do not use.
CINP 1 0 Comparator Positive Input.
1 1 Reserved; do not use.
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Table 13. Port Alternate Function Mapping (Continued)

ANA3 and OPOUT

ADC analog input 3 and op amp output.

Port Pin Mnemonic AFO AF1  Alternate Function Description
Port A PA1 PAl 0 GPIO.
1 Reserved; do not use.
OPINP and CINN 0 Op amp positive input and comparator nega-
tive input.
1 1 Reserved; do not use.
PAO  PAO 0 0 GPIO.
0 1 Reserved; do not use.
OPINN 1 0 Op amp negative input.
1 1 Reserved; do not use.
PortB PB7 PB7 0 0 GPIO.
0 1 Reserved; do not use.
ANA7 1 0 ADC analog input 7.
1 1 Reserved; do not use.
PB6 PB6 0 0 GPIO.
0 1 Reserved; do not use.
ANAG6 1 0 ADC analog input 6.
1 1 Reserved; do not use.
PB5 PB5 0 0 GPIO.
0 1 Reserved; do not use.
ANAS5 1 0 ADC analog input 5.
1 1 Reserved; do not use.
PB4 PB4 0 0 GPIO.
0 1 Reserved; do not use.
ANA4 1 0 ADC analog input 4 (also CINN, if CPSEL=1).
1 1 Reserved; do not use.
PB3 PB3 0 0 GPIO.
PB3INT 0 1 GPIO with edge interrupt.
1 0
1 1
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Table 13. Port Alternate Function Mapping (Continued)
Port Pin Mnemonic AFO AF1  Alternate Function Description
PortB PB2 PB2 0 0 GPIO/Timer 0 input 2.
PB2INT 0 1 GPIO/Timer 0 input 2—edge interrupt
enabled.
ANA2 1 0 ADC analog input 2.
TOIN2 1 1 Timer O input 2; dedicated input.
PB1 PB1 0 0 GPIO/Timer 0 input 1.
PB1INT 0 1 GPIO/Timer 0 input 1—edge interrupt
enabled.
ANA1 1 0 ADC analog input 1.
1 1 Reserved; do not use.
PBO PBO 0 0 GPIO/Timer 0 inputO.
PBOINT 0 1 GPIO/Timer 0 input 0—edge interrupt
enabled.
ANAO 1 0 ADC analog input 0.
1 1 Reserved; do not use.
PortC PCO PCO 0 0 GPIO.
0 1 Reserved; do not use.
TOOUT 1 0 Timer O output.
1 1 Reserved; do not use.

GPIO Interrupts

Many GPIO port pins can be used as interrupt sources. The Port A[7:0] pins can be config-
ured to generate an interruptjuest on either the rising edge or falling edge of the pin

input signal. The Port B[3:0] pins can be configured to generate an interrupt request on
both the rising and falling edges of the piputsignal. For Port A, the GPIO interrupt

edge selection is controlled by the Interrupt Edge Select subregister. Enabling and
disabling of the Port Interrupts is handled in the Interrupt Controller. Port B[3:0], with

dual edge interrupt capabilitig selected by AF1, AF®-or more information, sabe

Interrupt Controllechapter on page 48

GPIO Control Register Definitions

Four registers for each Port provide acceSsR¢O control, input data and output data.
Table 14 lists these Port registers. Use the Port A-C Address and Control registers
together to provide access to subregssfer Port configuration and control.
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Table 14. GPIO Port Registers and Subregisters

Port Register Mnemonic

Port Register Name

PxXADDR Port A—C Address Register—selects subregisters.

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

PxOUT Port A—C Output Data Register.

Port Subregister Mnemonic

Port Register Name

PxDD Data Direction

PxAFO Alternate Function O

PxAF1 Alternate Function 1—Ports A and B only.
PxOC Output Control (open-drain).

PxHDE High Drive Enable.

PXSMRE Stop Mode Recovery Source Enable.
PxPUE Pull-Up Enable.

PXIRQES Interrupt Edge Select—Ports A and C only.
IRQPSEL Interrupt Port Select—Port A only.

Port A-C Address Registers

The Port A—C Address registers, shown in Table 15, select the GPIO port functionality
accessible through the Port A-C Control ségyis. The Port A—C Address and Control
registers combine to provide &ss to all GPIO port control.

Table 15. Port A-C GPIO Address Registers (P xADDR)

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

RESET O0H

R/W R/W

Address FDOH, FD4H, FD8H
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Table 16 lists the Port Control subregistesessible through the Port A—C Control regis-
ters.

Table 16. Port Control Subregisters by Port Address

Port Address Port Control Subregisters

00h No function; provides some protection against accidental port reconfiguration.
01h Data direction.

02h Alternate Function O

03h Output Control (open-drain).

04h High Drive Enable.

05h Stop Mode Recovery source enable.

06h Pull-up enable.

07h Alternate Function 1—Ports A and Port B only.
08h Interrupt Edge Select—Port A and Port C only
09h Port Interrupt Select Register—Port A only
O0Ah—FFh No Function

Port A—C Control Registers

The Port A—C Control registers (PxCTL) set tBPI1O port operation. The value in the
corresponding Port A—-C Addse Register determines thentw| subregisters accessible
using the Port A—C Control registers, shown in Table 17. The Port Control registers
provide access to all subregisterattbonfigure GPIO port operation.

Table 17. Port A-C Control Registers (P xCTL)

Bit 7 6 5 4 3 2 1 0
Field PCTL

RESET O00OH

R/W R/W

Address FD1H, FD5H, FD9H

PS024615-0811

Port A—C Data Direction Subregisters

The Port A—C Data Direction subregistesspwn in Table 18, are accessed through the
Port A—C Control registers by writir@lH to the Port A—C Address registers.

In each of these three data direction subtergsbits [7:0] contiathe direction of the
associated port pin. Port Alternate Functaperation overrides the Data Direction
Register setting.
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If the value of bit is 0, the diction is output and data flhe Port A—-C Output Data regis-
ters is driven onto the port pin.

If the value of bit is 1, the direction is inpUihe port pin is sampled, the value is written
into the Port A—C Input Data regissesind the output driver is tristated.

Table 18. Port A—C Data Direction Subregisters

Bit 7 6 5 4 3 2 1 0

Field DD7 DD6 DD5 DD4 DD3 DD2 DD1 DDO

RESET 1 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 See note.

Note: Ifthe Port A Address Register contains address 01H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Data Direction

DDx These bits control the direction of the associated port pin. Port Alternate Function operation

overrides the Data Direction Register setting.

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

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

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

Port A-B Alternate Function O Subregisters

The Port A—B Alternate Function subregistesisown in Table 19, are accessed through
Port A—B Control registers by writingeH to the Port A—-B Address registers. The Port A—
B Alternate Function subregisters select the alternate functions for the selected pins. To
determine the alternate function associated with padhpin, se¢he GPIO Alternate
Functionschapter on page 34

A Caution: You must not enable alternate function forlGPort pins which do not have an associ-
ated alternate function. Failure to followdlyuideline may resuih unpredictable oper-
ation.
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Bit 7 6 5 4 3 2 1 0

Field AFO_7 AFO_6 AF0_5 AF0_4 AFO0_3 AF0_2 AFO0_1 AF0_O

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: Ifthe Port A Address Register contains address 02H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port Alternate Function 0 Select

AFO_x 0 = The alternate function O function is not selected.

1 = The alternate function 0 function is selected.

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

Port A—C Output C ontrol Subregisters

The Port A—C Output Control subregistesspwn in Table 20, are accessed through the

41

Port A—C Control registers by writir@ggH to the Port A—C Address registers. Setting the
bits in the Port A—C Output @¢rol subregisters to 1 configures the specified port pins for

open-drain operation. These subregisters affecpins directly, asmesult, alternate func-

tions are also affected.

Table 20. Port A—C Out put Control Subregisters

Bit 7 6 5 4 3 2 1 0

Field POC7 POC6 POC5 POC4 POC3 POC2 POC1 POCO

RESET 0 0 0 0 0 0 0 0

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

Address See note.

Note: Ifthe Port A Address Register contains address 03H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port Output Control

POC These bits function independently of the alternate function bit and disable the drains if set to 1.

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

Note: x indicates register bits in the range 7-0.
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Port A—C High Drive Enable Subregisters

The Port A—C High Drive Enable subregrsteshown in Table 21, are accessed through
the Port A-C Control registers by writittgH to the Port A—C Address registers. Setting
the bits in the Port A—C HigBrive Enable subregisters toconfigures the specified port

pins for high current output drive operatidime Port A—C High Drive Enable subregisters
affect the pins directly. As a resudiifernate functions are also affected.

Table 21. Port A-C High Drive Enable Subregisters

Bit 7 6 5 4 3 2 1 0

Field PHDE7 PHDE6 PHDES PHDE4 PHDE3 PHDE2 PHDE1 PHDEO

RESET 0 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: Ifthe Port A Address Register contains address 04H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port High Drive Enable

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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Port A—C Stop Mode Recovery Source Enable Subregisters

The Port A—C Stop Mode Recovery Source Emahbregisters, shown in Table 22, are
accessed through the Port AG@ontrol registers by writing5H to the Port A-C Address
registers. Setting the bits in the Port A—-C Sttgmle Recovery Source Enable subregisters
to 1 configures the specified port pins as a Stop Mode Recovery source. During STOP
Mode, any logic transition on a port pin enabés a Stop Mode Recovery source initiates
Stop Mode Recovery.

Table 22. Port A-C STOP Mode Recovery Source Enable Subregisters

Bit 7 6 5 4 3 2 1 0

Field PSMRE7 | PSMRE6 | PSMRES5 | PSMRE4 | PSMRE3 | PSMRE2 | PSMRE1 | PSMREO

RESET 0 0 0 0 0 0 0 0

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

Address See note.

Note: Ifthe Port A Address Register contains address 05H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port STOP Mode Reco very Source Enable
PSMREXx 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.

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

The Port A—C Pull-Up Enable subregistesisown in Table 23, are accessed through the
Port A—C Control registers by writir@H to the Port A—C Address registers. Setting the
bits in the Port A—C Pull-Up Eable subregisters enables aawénternal resistive pull-up
on the specified port pins.

Table 23. Port A—C Pull- Up Enable Subregisters

Bit 7 6 5 4 3 2 1 0

Field PPUE7 PPUEG6 PPUES PPUE4 PPUE3 PPUE2 PPUE1 PPUEO

RESET 0 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 thg Port A Address Register contains address 06H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port Pull-Up Enable

PPUEx 0= The weak pull-up on the Port pin is disabled.

1 = The weak pull-up on the Port pin is enabled.

Note: x indicates register bits in the range 7-0.
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Port A Interrupt Edge  Select Subregister

The Interrupt Edge Select (IFE3) Subregister, shown in Tal®24, determines whether an
interrupt is generated for the rising edgdatiing edge on the selected GPIO Port A input

pin.
Table 24. Interrupt Edge Select Subregister (IRQES)
Bit 4 3 2 1 0
Field Reserved IES3 IES2 IES1 IESO
RESET 0 0 0 0 0
R/W R R/W R/W R/W R/W
Address See note.
Note: Ifthe Port A Address Register contains address 08H, this register is accessible via the Port A and Port C Control
Registers.
Bit Description
[3:0] Interrupt Edge Select x
IESx 0 = An interrupt request is generated on the falling edge of the PAX input.

1 = An interrupt request is generated on the rising edge of the PAx input, in which x indicates
the specific GPIO Port pin number (0 through 7).

Note: x indicates register bits in the range 3-0.

Interrupt Port Select Register

The Interrupt Port Select Sigister, shown in Table 25, is used to select which Port A
pins are used as interrupts.

Table 25. Interrupt Port Select Subreg ister (IRQPS)

Bit 7 6 5 4 3 2 1 0

Field Reserved PA73SEL | PA62SEL | PAS1SEL | PA40SEL

RESET 0 0 0 0 0

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

Address See note.

Note: Ifthe Port A Address Register contains address 09H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[3:0] Interrupt Port Select x

PAXXSEL 0 = An interrupt request is generated on PAX, where x indicates (0 through 3).

1 = An interrupt request is generated on PAX, where x indicates (4 through 7).

Note:

X indicates register bits in the range 3-0.
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Port B Control Register by writinggH to the Port B Address Register. The Port B
Alternate Function subregister selects thera#tee functions for the selected pins. To
determine the alternate function associated with padhpin, seehe GPIO Alternate

Functionssection on page 34

A Caution: Do not enable alternate funati for GPIO port pins which do not have an associated

alternate function. Failure to follow this gleline may result in unpredictable operation.

Table 26. Port A-B Alternate Function 1 Subregisters

Bit 7 6 5 4 3 2 1 0

Field AF1_ 7 AF1_6 AF1 5 AF1 4 AF1_3 AF1_2 AF1 1 AF1 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 See note.

Note: If thg Port A Address Register contains address 07H, this register is accessible via the Port A and Port C Control
Registers.

Bit Description

[7:0] Port Alternate Function 1 Select

AF1 x 0 = The alternate function 1 function is not selected.

1 = The alternate function 1 function is selected.

Note: x indicates register bits in the range 7-0.
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Port A-C Input Data Registers

Reading from the Port A—C InpDiata registers, shown in Table 27, return the sampled
values from the correspondingrppins. The Port A—C Input Data registers are read-only.
Sampled data are from the corresponding port pin input.

Table 27. Port A-C Input Data Registers (PxIN)

Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X X X X X X X X
R/W R R R R R R R R
Address FD2H, FD6H, FDAH

Note: X = Undefined.

Bit Description

[7:0]
PINXx

Port Input Data

0 = Input data is a logical 0 (Low).
1 = Input data is a logical 1 (High).
Note: x indicates register bits in the range 7-0.

Port A—C Output Data Registers

The Port A—C Output Data registers, showfale 28, write output data to the pins.
These bits contain the data to be drivehfoam 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.

Table 28. Port A-C Out put Data Register (P xOUT)

Bit 7 6 5 4 3 2 1 0
Field POUTY? POUT6 POUTS5 POUT4 POUTS3 POUT2 POUT1 POUTO
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address FD3H, FD7H, FDBH

Bit Description

[7:0] Port Output Data x

POUTx 0 = Drive is a logical 0 (Low).
1 = Drive is a logical 1 (High). High value is not driven if the drain has been disabled by setting

the corresponding Port Output Control Register bit to 1.

Note: x indicates register bits in the range 7-0.
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Interrupt Controller

The interrupt controller othe ZBFMC16100 Series MCU prioritizes the system excep-
tions and interrupt requests inathe on-chip peripherals and the GPIO port pins. The fea-
tures of the interrupt controller include:

* Multiple GPIO interrupts

¢ Interrupts for on-chip peripherals

* Non-maskable system exceptions

* Three levels of individuallyprogrammable interrupt priority

* 20 sources of interrupts for the interruphtoller, 9 of the sources can be configured
from GPIO pins

System exceptions (SEs) and interrupt esgs (IRQs) allow peripheral devices to
suspend CPU operation in an orderly manneérfarce the CPU to start a service routine.
Interrupt service routines arevimived with the data exchangsatus information, or con-
trol information between the CPU and th&emupting peripheralWhen the service rou-
tine is completed, the CPidturns to the operation 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 operation.

For more information abouriterrupt servicing by the eZ8 CPU, refer to €3 CPU
Core User Manual (UM0128yhich is available for download atvw.zilog.com

Interrupt and System Exception Vector Listing

Table 29 lists the SEs and the interrupts oteoof priority. Reset and system exceptions
always have priority over interrupts. Thesegm exception and interrupt vectors are stored
with the most significant byte (MSB) ataleven Program Memognddress and the least
significant byte (LSB) at the foll@ing odd Program Memory address.

} Note: Port interrupts are only available in thoselgges which support the associated port pins.
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Table 29. Reset, System Exception and Interrupt Vectors in Order of Priority

Program Memory
Vector Base

Programmable

Priority Address Priority? Interrupt or Trap Source
Reset and System Exceptions
0002h No Reset
0004h No Watchdog Timer (see the Watchdog Timer section on
page 60)
003AH No Primary Oscillator Fail Trap
003CH No Watchdog Timer Oscillator Fail Trap
0006h No lllegal Instruction Trap
Interrupts (maskable)
Highest 0008h Yes PWM Timer
000Ah Yes PWM Fault
000Ch Yes ADC
000Eh Yes Comparator output rising and falling edge
0010h Yes Timer O
0012H Yes UART O receiver
0014H Yes UART 0 transmitter
0016H Yes SPI
0018H Yes 1’C
001AH Yes Reserved
001CH Yes Port CO with selectable rising or falling input edge
001EH Yes Port B[3:0] rising and fall input edge
0020h Yes Port A7/A3 with selectable rising or falling input edge
0022H Yes Port A6/A2 with selectable rising or falling input edge
0024H Yes Port A5/A1 with selectable rising or falling input edge
0026H Yes Port A4/A0 with selectable rising or falling input edge
Lowest  0028H-0039H N/A Reserved
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Architecture

Figure 6 displays a block diagram of the Interrupt Controller.

Port Interrupts o | High
i | Priority
S
<
]
O]
=]
8
» = Vector
Q
e
Internal Interrupts % _ | Medium _ | Priority
. - ~| Priority 1 Mix )
e Service Request
=) ——>
= >
Q
04
s
=
8
. =
System Exceptions - Low
- ~| Priority

Figure 6. Interrupt Controller Block Diagram

Master Interrupt Enable

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

Interrupts are globally enabled by any of the following actions:
e Execution of an Enableiterrupt (El) instruction

¢ Execution of a Return fronmterrupt (IRET) instruction

e Writing a 1 to the IRQE bit in the Interrupt Control Register

Interrupts are globally disabled by any of the following actions:

e Execution of a Disable Interrupt (DI) instruction

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

* Reset

PS024615-0811 PRELIMINARY Architecture



Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 51

e Execution of a Trap instruction

* lllegal Instruction trap

System Exceptions

The Z8BFMC16100 SeriddCU supports multiple systeexceptions. System exceptions
are generated for ¢hfollowing events:

* lllegal Instruction trap
e Watchdog Timer interrupt
e Watchdog Timer RC oscillator failure

* Primary oscillator failure

System exceptions, excluding the WDT intgrt; are non-maskable and therefore cannot
be disabled by the interrupt control(getting IRQE to 0 has no effect).

Interrupt Vectors and Priority

A Caution: The interrupt controller supports three levels of interrupt priority. Level 3 interrupts are
always higher priority than Level 2 interrgptevel 2 interrupts are always higher pri-
ority than Level 1 interrupts. Within each imapt priority level (Level 1, Level 2, or
Level 3), priority is assigned as specified in Table 29.

Interrupt Assertion

When an interrupt request oesuthe corresponding bit in the Interrupt Request Register
is set. This bit is automatically cleared whbha eZ8 CPU vectors to the Interrupt Service
Routine (ISR). Writing a O to éhcorresponding bit ithe Interrupt Request Register also
clears the interrupt request.

If an interrupt is disabled, software polls #ygpropriate interrupt request register bit and
clear the bit directly. The following style of dimg to clear bits in the Interrupt Request
registers is not recommended. All incominterrupts that are received between execution
of the first LDX command and the last LDX command are lost.

The following code segment is an example of a poor coding style which results in lost
interrupt requests:

LDX 10, IRQO
AND r0, MASK
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QO, 10

To avoid missing interrupts, Zil§&yrecommends the following sgybf coding to clear bits
in the Interrupt Request 0 Register:

ANDX IRQO, MASK

Software Interrupt Assertion

Program code can generate interrupts dire@jting a 1 to the appropriate bit in the
Interrupt Request Register triggean interrupt (assuming thaterrupt is enabled). This
bit is automatically cleared when the eZ8 CPU vectors to the ISR.

The following style of coding to generateftware interrupts bgetting bits in the
Interrupt Request registers is not recommendédncoming interrupts that are received
between execution of the first LDX comnuaand the last LDX command are lost.

The following code segment is an example pbar coding style that results in lost inter-
rupt requests:

LDX r0, IRQO
OR 10, MASK
LDX IRQO, r0

To avoid missing interrupts, ZilS§grecommends the following style of coding to set bits
in the Interrupt Request registers:

ORX IRQO, MASK

Interrupt Control Register Definitions

The interrupt control registers enable individimrrupts, set interrupt priorities and indi-
cate interrupt requests.

Interrupt Requ est O Register

The Interrupt Request 0 (IRQO) Register, shawmable 30, stores ¢hinterrupt requests

for both vectored and polled interrupts. Wizerequest is presentaalthe interrupt con-
troller, the corresponding Liit the IRQO Register becomésilf 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 reads the Inter-
rupt Request 0 Register to determine if any interrupt requests are pending.
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Table 30. Interrupt Request 0 Register (IRQO)
Bit 7 6 5 4 3 2 1 0
Field PWMI FLTI ADCI CMPI TOI UORXI UOoTXI SPII
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] PWM Timer Interrupt Request
PWMI 0 = No interrupt request is pending for the PWM.
1 = An interrupt request from the PWM is awaiting service.
[6] Fault Interrupt Request
FLTI The fault interrupt is generated in the PWM module and originates from the FaultO pin, Faultl
pin or the Comparator output. An interrupt enable for each of these sources exists in the PWM
module.
0 = No Fault interrupt request is pending.
1 = A Fault interrupt request is awaiting service.
[5] ADC Interrupt Request
ADCI 0 = No interrupt request is pending for the Analog-to-Digital Converter.
1 = An interrupt request from the Analog-to-Digital Converter is awaiting service.
[4] Comparator Interrupt Request
CMPI 0 = No interrupt request is pending for the Comparators.
1 = An interrupt request from the Comparators is awaiting service.
[3] Timer O Interrupt Request
TOI 0 = No interrupt request is pending for Timer 0.
1 = An interrupt request from Timer O is awaiting service.
[2] UART 0 Receiver Interrupt Request
UORXI 0 = No interrupt request is pending for the UART O receiver.
1 = An interrupt request from the UART O receiver is awaiting service.
[1] 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.
[0] SPI Interrupt Request
SPII 0 = No interrupt request is pending for the SPI.

1 = An interrupt request from the SPI is awaiting service.
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Interrupt Requ est 1 Register

The Interrupt Request 1 (IRQ1) Register, shawmable 31, stores interrupt requests for
both vectored and polled interrupts. When a estjis presented toghnterrupt controller,
the corresponding bit in the IRQ1 Regidtecomes 1. If the interrupts are globally
enabled (vectored interrupts), the interrupt calldr passes an interrupt request to the eZ8
CPU. If the interrupts are globally disablgablled interrupts), the eZ8 CPU reads the
Interrupt Request 1 Register to determine if any interrupt requests are pending.

Table 31. Interrupt Request 1 Register (IRQ1)

Bit 7 6 5 4 3 2 1 0
Field 12ClI Reserved PCol PBI PAT73I PAG2I PAS51I PA40I
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FC3H
Bit Description
[7] I°C Interrupt Request
12CI 0 = No interrupt request is pending for 12C.
1 = An interrupt request from 12C is awaiting service.
[5] PCO Interrupt Request
PCol Logic in the Port C GPIO module selects either the rising or falling edge.
0 = No interrupt request is pending for PCO.
1 = An interrupt request from PCO is awaiting service.
[4] PB3-PBO Interrupt Request
PBI 0 = No interrupt request is pending for any PB3—-PBO.
1 = An interrupt request from PB3—-PBO is awaiting service.
[3] PA7 or PA3 Interrupt Request
PA73I Logic in the Port A GPIO module selects either PA7 or PA3 and either rising or falling edge.
0 = No interrupt request is pending for PA7 or PA3
1 = An interrupt request from PA7 or PA3 is awaiting service.
[2] PAG6 or PA2 Interrupt Request
PAG2I Logic in the Port A GPIO module selects either PA6 or PA2 and either rising or falling edge.
0 = No interrupt request is pending for PA6 or PA2
1 = An interrupt request from PA6 or PA2 is awaiting service.
[1] PAS5 or PA1 Interrupt Request
PA51I Logic in the Port A GPIO module selects either PA5 or PA1 and either rising or falling edge.

0 = No interrupt request is pending for PA5 or PA1
1 = An interrupt request from PA5 or PAL1 is awaiting service.
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Bit Description (Continued)
[0] PA4 or PAOQ Interrupt Request
PA40I Logic in the Port A GPIO module selects either PA4 or PAO and either rising or falling edge.
0 = No interrupt request is pending for PA4 or PAO
1 = An interrupt request from PA4 or PAO is awaiting service.
IRQO Enable High and Low Bit Registers
The IRQO Enable High and Low Bit registers, shown in Tables 33 and 34, form a priority-
encoded enabling function forterrupts in the Interrupt Regat 0 Register. Priority is
generated by setting bits in eaggister. Table 32 indicates the priority control for IRQO.
Table 32. IRQO Enable and Priority Encoding
IRQOENH[x] IRQOENL[X] Priority Description
0 0 Disabled Disabled
0 1 Level 1 Low
1 0 Level 2 Nominal
1 1 Level 3 High
Note: x indicates register bits in the range 7-0.
Table 33. IRQO Enable Hi gh Bit Register (IRQOENH)
Bit 7 6 5 4 3 2 1 0
Field PWMENH | FLTENH | ADCENH | CMPENH | TOENH | UORENH | UOTENH | SPIENH
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
[7] PWM Interrupt Request Enable High Bit
PWMENH
[6] Fault Interrupt Request Enable High Bit
FLTENH
[5] ADC Interrupt Request Enable High Bit
ADCENH
[4] Comparator Interrupt Request Enable High Bit
CMPENH
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Bit Description (Continued)
[3] Timer 1 Interrupt Reque st Enable High Bit
TOENH
[2] UART 0 Receive Interrupt Request Enable High Bit
UORENH
[1] UART 0 Transmit Interrupt Request Enable High Bit
UOTENH
[0] SPI Interrupt Request Enable High Bit
SPIENH
Table 34. IRQO Enable Low Bit Register (IRQOENL)
Bit 7 6 5 4 3 2 1 0
Eield PWMENL | FLTENL | ADCENL | CMPENL TOENL UORENL | UOTENL | SPIENL
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] PWM Interrupt Request Enable Low Bit
PWMENL
[6] Fault Interrupt Request Enable Low Bit
FLTENL
[5] ADC Interrupt Request Enable Low Bit
ADCENL
[4] Comparator Interrupt Request Enable Low Bit
CMPENL
[3] Timer 1 Interrupt Request Enable Low Bit
TOENL
[2] UART 0 Receive Interrupt Request Enable Low Bit
UORENL
[1] UART 0 Transmit Interrupt Request Enable Low Bit
UOTENL
[0] SPI Interrupt Request Enable Low Bit
SPIENL
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IRQ1 Enable High and Low Bit Registers

The IRQ1 Enable High and Low Bit registers, shown in Tables 36 and 37, form a priority
encoded enabling for interruptstime Interrupt Request 1 Rstgr. Priority is generated
by setting bits in each register. Tabled#scribes the priority control for IRQ1.

Table 35. 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: x indicates register bits in the range 7-0.

Table 36. IRQ1 Enable Hi gh Bit Register (IRQ1ENH)

Bit 7 6 5 4 3 2 1 0
Field I2CENH | Reserved | PCOENH | PBENH | PA73ENH | PA62ENH | PAS1ENH | PA4AOENH
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FC4H
Bit Description
[7] 12C Interrupt Request Enable High Bit
I2CENH
[6] Reserved
This bit is reserved and must be programmed to 0.
[5] Port COInterrupt Requ est Enable High Bit
PCOENH
[4] Port B[3:0] Interrupt Request Enable High Bit
PBENH
[3] Port A73 Interrupt Request Enable High Bit
PA73ENH
[2] Port A62 Interrupt Request Enable High Bit
PAG62ENH
[1] Port A51 Interrupt Request Enable High Bit
PA51ENH
[0] Port A40 Interrupt Request Enable High Bit
PA40ENH
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Table 37. IRQ1 Enable Low Bit Register (IRQ1ENL)

Bit 7 6 5 4 3 2 1 0
Field I2CENL | Reserved | PCOENL | PBENL | PA73ENL | PA62ENL | PAS1ENL | PAAOENL
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FCS5H
Bit Description
[7] 12c Interrupt Request Enable Low Bit
[2CENL
[6] Reserved
This bit is reserved and must be programmed to 0.
[5] Port CO Interrupt Request Enable Low Bit
PCOENL
[4] Port B[3:0] Interrupt Request Enable Low Bit
PBENL
[3] Port A73 Interrupt Request Enable Low Bit
PA73ENL
[2] Port A62 Interrupt Request Enable Low Bit
PAG62ENL
[1] Port A51 Interrupt Request Enable Low Bit
PA51ENL
[0] Port A40 Interrupt Request Enable Low Bit
PA40ENL
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The Interrupt Control (IRQCTLRegister, shown in Table 38, contains the Master Enable

Bit (IRQE) for all interrupts.

Table 38. Interrupt Control Register (IRQCTL)

Bit 7 6 5 4 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

Address FCFH

Bit Description

[7] Interrupt Request Enable

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

[6:0] Reserved

These bits are reserved and must be programmed to O.
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Watchdog Timer

The Watchdog Timer (WDT) helps protect agsicorrupted or unreliable software and
other system-level problems which magq# the ZBFMC16100 Series MCU into unsuit-
able operating states. The 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 tintleat resets or interrupts the Z8FMC16100
Series MCU when the WDT reaches its terahicount. The WDT uses its own dedicated
on-chip RC oscillator as its clock sourdée WDT has only two modes of operation—
ON and OFF. Once enabled, it always countsranst be refreshed pyevent a time-out.
An enable can be performed by exeagtine WDT instruction or by setting the

WDT_AO option bit. The WDT_Ait enables the WDT to operate all the time, even if a
WDT instruction has not been executed.

To minimize power consumptio the RC oscillator can leksabled. The RC oscillator is
disabled by clearing the WDTEN bit in tlscillator Control Register. If the RC oscilla-
tor is disabled, the WDT will not operate.

The WDT is a 16-bit reloadable downcounter that uses two 8-bit registers in the eZ8 CPU
register space to set the reload value. Thmimal WDT time-out period is calculated by
the following equation.

WDT Reload Value
10

WDT Time-Out Period (ms) =

In this equation, the WDT reload valueaissigned by {WDTH[7:0], WDTL[7:0]} and the
typical Watchdog Timer RC oscillator frequency is 10 kia must consider system
requirements while selecting the time out delay. Table 39 provides information about
approximate time-out delays for thefaglt and maximum WDT reload values.
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Table 39. Watchdog Timer Approximate Time-Out Delays

Approximate Time-Out Delay

WDT Reload WD\-l;anéoad (with 10kHz Typical WDT Oscillator Frequency)
Value (Hex) (Decimal) Typical  Description

0400 1024 102 ms Reset default value time-out delay.
FFFF 65,536 6.55s Maximum time-out delay.

Watchdog Timer Refresh

When first enabled, the WDT Isaded with the value in ¢hWatchdog Timer Reload reg-
isters. The WDT thenounts down t@000h unless a WDT instruction is executed by the
eZ8 CPU. Execution of the WDT instruction casishe downcounter tee reloaded with
the WDT Reload value stored in the Watchdog Timer Relegidters. Counting resumes
following the reload operation.

When the Z8FMC16108eries MCU is operating in IEJG Mode (through the OCD),
the WDT is continuouslyefreshed to prevent spurious WDT time-outs.

Watchdog Timer Time-Out Response

The WDT times out when the counter readh@0h . 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
the Option Bitschapter on page 221.

WDT System Exception in Normal Operation

If configured to generate a system excaptidhen a time-out occurs, the WDT issues an
exception request to the interrupt controllére 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.

WDT System Exception in STOP Mode

If configured to generate a system eptben when a time-out occurs and the
Z8FMC16100 Series MCU is in STOP Modlee WDT automatically initiates a Stop
Mode Recovery and generates a system aiarepequest. Both the WDT status bit and
the STOP bit in the Reset Status and CoRegister are set to 1 following WDT time-out
in STOP Mode. For more information, sbe Reset and Stop Mode Recovelnapter on

page 22
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Following completion of the Stop Mode Reeoy the eZ8 CPU rgends to the system
exception request by fetching the Systersdption vector and executing code from the
vector address.

WDT Reset in Normal Operation

If configured to generate a Reset when ationt occurs, the WDT forces the device into
the Reset state. The WDT status bit in the R&&#us and Control Register is setto 1. For
more information about Reset and the WDT status bittheeBeset and Stop Mode
Recoverychapter on page 2Following a Reset sequenceg WDT Counter is initialized
with its reset value.

WDT Reset in STOP Mode

If enabled in STOP Mode and configured to generate a Reset when a time-out occurs and
the device is in STOP Mode, the Watchdogndi initiates a Stop Mite Recovery. Both

the WDT status bit and the STOP bit in thes&eStatus and Control Register are setto 1
following WDT time-out in STOP Mde. For more information, sélee Reset and Stop

Mode Recoverghapter on page 22

Watchdog Timer Relo ad 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
spurious writes to the Reload registers. The following sequencguisee 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).

All steps of the Watchdog Timer Reloadlbck sequence must be written in the order
listed above. The value in thgatchdog Timer Reload regisseis loaded into the counter
every time a WDT instruction is executed.

Watchdog Timer Reload High and Low Byte Registers

The Watchdog Timer Reload High and L&yte (WDTH, WDTL) registers, shown in
Tables 40 and 41, form the 16-bit reloadlresthat is loaded into the Watchdog Timer
when a WDT instruction executes. The 16rblbad value is {WDTH[7:0], WDTL[7:0]}.
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Write to these registers following the unlaxquence sets the appropriate reload value.
Reading from these registers metsithe current WDT count value.

Table 40. Watchdog Timer Reload High Byte Register (WDTH)

Bit 7 6 5 4 3 2 1 0
Field WDTH

RESET 04H

R/W R/W*

Address FF2H

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

Bit Description
[7:0] WDT Reload High Byte
WDTH Most significant byte (MSB), Bits[15:8], of the 16-bit WDT reload value.
Table 41. Watchdog Timer Reload Low Byte Register (WDTL)
Bit 7 6 5 4 3 2 1 0
Field WDTL
RESET OOH
R/W R/W*
Address FF3H
Note: *R/W = A read returns the current WDT count value; a write sets the appropriate reload value.

Bit Description
[7:0] WDT Reload Low
WDTL Least significant byte (LSB), Bits[7:0], of the 16-bit WDT reload value.
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Pulse Width Modulator

The Z8FMC16100 SeriddCU includes a Pulse-WidtkModulator (PWM) optimized for
Motor Control applications. The PWM features include:

* 6 independent PWM outputs, or 3 complementary PWM output pairs
* Programmable deadband insertfoncomplementary output pairs

¢ Edge-aligned or center-aligned PWM signal generation

* PWM OFF state is option-bit-programmable

*  PWM outputs driven to OFF state on System Reset

* Asynchronous disabling of PWM outputs system fault; outputs are forced to the
OFF state

e FAULT inputs generate pulse-by-pulse or hard shutdown

e 12-bit reload counter with 1-, 2-, 4-, or 8-bit programmable clock prescaler
¢ High current source and sink on all PWM outputs

* When outputs are disabled, PWM paire used as general-purpose inputs

¢ ADC synchronized with PWM period

* Narrow pulse suppression wignogrammable threshold

Architecture

The PWM unit consists of a master timegenerate the modulator time base and six
independent compare registers to set theepwidth modulation for each output. The six
outputs are designed to provide control sigriat inverter drive circuits. The outputs are
grouped into pairs consisting of a High driver and a Low driver output. The output pairs
are programmable to operatelependently or as complentary signals. In complemen-
tary output mode, a programmelalead time is inserted tosme non-overlapping signal
transitions. The master count and compareegfaed into modulator logic that generates
the proper transitions in the tpuit states. Output polarity and fault/OFF state control logic
allows programming of the default OFF staighich forces the outputs to a safe state in
the event a fault in theotor drive is detected.

Figure 7 displays the architture of the PWM modulator.
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| ¢ ¢ |
| |
I PWMH2D > I
| > PWM > Fault L > PWMH2
I State Polarity |
| > Logic > Logic [~ PWML2
| PWML2D > |
|

Figure 7. PWM Block Diagram

PWM Option Bits

To protect the configuration of critical PWMnaaneters, the settings to enable the output
channels and the default OFF state are maieda@s user option bits. These values are set
when the user program code is written togthg; they cannot be changed by software. For
more information, setihe Option Bitschapter on page 221.
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M Off State and Output Polarity

The default OFF state and the polarityttegd PWM outputs are controlled by the PWMHI
and PWMLO option bits. The PWMHI option coolis the OFF state drthe polarity for
the PWM High outputs HO, H1 and H2. TR&VMLO option controlshe OFF state and
the polarity for the Low outputs LO, L1 and L2.

The OFF state is the value programmethanoption bit. For exmple, programming
PWMHI to a 1 sets the OFF state of PWMHM1, and H2 to a Higlogic value and the
active state a Low logic value. Conversgisgogramming PWMHI to a 0 causes the OFF
state to be a Low logic value. PWML®programmed in a similar manner.

The relative polarity of the PWM alnnel pairs is controlled by the P©hits in the PWM
Control 1 Register (PWMCTL1). These hits not affect the OFF state programmed by

the option bits. Setting these bitserts the High and Low dhe selected channels. The
relative channel polarity controls the ordemihich the signals of a given PWM pair tog-

gle. If a POIx bit is reset to zero, the High will first go active at the start of a PWM period.
Alternately, if the bit is set, the Low wio active first. A switching of the PQlbits is
synchronized with the PWM reload eves¢é the PWM Reload Event section that fol-
lows). In complementary mode, the switch is additionally delayed until the end of the pro-
grammed deadband time.

M Channel Pair Enable

Following a POR, the PWM pirenter a high-impedance state. As the internal reset pro-
ceeds, the PWM outputs are forced to@te- state as determined by the PWMHI and
PWMLO OFF state option bits.

The PWMOEN, PWM1EN and PWMZ2EN optidits enable the PWMO, PWM1 and
PWM2 output pairs, respectively. If a PWMarimel pair is not enabled, it remains in a
high-impedance state after reset andlmaised as a general-purpose input.

M Reload Event

To prevent erroneous PWM pulse-widths and periods, registers that control the timing of
the output are buffered. Buffering causes all of the PWM compare values to update at the
same time. In other words,ghegisters that control thieity cycle and clock source

prescaler only take effect upon a PWM reload event. A PWM reload event can be
configured to occur at the end of each PWM period, or only every 2, 4, or 8 PWM periods
by setting the RELFREQ bits in the PWM i@l 1 Register (PWINETL1). The software

must indicate that all new values are rebggetting the READY bit in the PWM Control

0 Register (PWMCTLO) to 1. After this READNIt has been set to 1, the buffered values
take effect at the next reload event.
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PWM Prescaler

The prescaler allows the PWM clock signal talbereased by factors of 1, 2, 4, or 8 with
respect to the system clock. The PRES[1:0] bit field in the PWM Control 1 Register
(PWMCTL1) controls prescaler operation. TBibit PRES field is buffered so that the
prescale value only changes upon a PWM reload event.

PWM Period and Count Resolution

The PWM counter operates in two modesllow edge-aligned outputs and center-

aligned outputs. Figures 8 and 9 display edge-aligned and center-aligned PWM outputs.
The period of the PWM outputs (PERIOD) is determined by which mode the PWM coun-
ter is operating. The active time of a PWMpmiitis determined by the programmed duty
cycle (PWMDC) and the prograned deadband time (PWMDB).

The sections that follows ¢se two figures describe the PWM timer modes and the regis-
ters that control the duty cycle and deadband time.

PWMHXx
No Deadband

|
|
|
|
|
|
1
PWMLx |
|
:_ I T | Period :
| | | |
PWMHx | | | |
Deadband Insertion | | | |
e 4 X |
| | | | | |
| | | | | |
| | | 1
PWMLx | | | |
| | | |
[ T T |
| | | | | ! |
PWMDB - < < PWMDB
PWMDC —-1 | |

Figure 8. Edge-Aligned PWM Output
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PWMHx | I
No Dead Band | T

I !
PWMLXx | |

<

PERIOP

PWMHXx

I |
PWMLx | I
PWMDB
| S

—>
PWMDC

Figure 9. Center-Aligned PWM Output

EDGE-ALIGNED Mode

In EDGE-ALIGNED PWM mode, a 12-bit up counter creates the PWM period with a
minimum resolution equal to the PWM clock source period. The counter counts up to the
reload value, resets 6@0h and then resumes counting.

. Prescaler x Reload Value
EDGE-ALIGNED PWM Mode Period =

fsysTEMCLK

CENTER-ALIGNED Mode

In CENTER-ALIGNED PWM mode, a 12-bit {giown counter creates the PWM period
with a minimum resolution el to twice the PWM clockource period. The counter
counts up to the reload vaand then counts down to 0.

i 2 x Prescaler x (Reload Value)
CENTER-ALIGNED PWM Mode Period =

fsysTEMCLK

PWM Duty Cycle Registers

The PWM Duty Cycle registers (PWMHOD, PWMLOD, PWMH1D, PWML1D,
PWMH2D and PWML2D) contain a 16-bit signedu&, in which bit 15 is the sign bit.
The Duty Cycle value is compat to the current 12-bit urggied PWM count value. If the
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PWM Duty Cycle value is set less than or equal to 0, the PWM output is deasserted for the
full PWM period. If the PWM Duty Cycle value set to a value greater than the PWM
reload value, the PWM outputasserted for the full PWM period.

Independent and Comple mentary PWM Outputs

The six PWM outputs are configured to operate independently or as three complementary
pairs. Operation as six independent PWM chhmiseenabled by setting the INDEN bit in
PWM Control 1 Register (PWMCTL1). The PWMHiit must be cleared to alter this bit.

In independent mode, each PWM output uses its own PWM duty cycle value.

When configured to operate as three comgletary pairs, the PWM duty cycle values
PWMHOD, PWMH1D and PWMH2D control the modulator output. In complementary
output mode, deadbandn is also inserted.

The POLX bits in the PWM Control 1 Regs{PWMCTL1) select the relative polarity of
the High and Low signals. As displayedrigures 8 and 9, when the POLX bits are
cleared to 0, the High PWM output will stam the ON state and transition to the OFF
state when the PWM timer count reachesghogrammed duty cycle. The Low PWM
value starts in the OFF state and transitions to the ON state as the PWM timer count
reaches the value in the associated dutjecsegister. Setting the POLXx causes the High
output to start in the OFF state and ttow output to start in the ON state.

Manual Off-State Control of PWM Output Channels

Each PWM output is controlled directly by tiedulator logic or set to the OFF state. To
manually set the PWM outputs the OFF state, set the OOTL bit and the associated
OUTX bits in the PWM Output Control Regist(PWMOUT). OFF state control operates
individually by channel. For eimple, suppressing the single output of a pair allows the
complementary channel to continue operatBiquilarly, if outputsare operating indepen-
dently, disabling one output channel maseffect on the other PWM outputs.

Deadband Insertion

When PWM outputs are configured to operate as complementary pairs, an 8-bit deadband
value can be defined in the PWM Deadband Register (PWMDB). Inserting deadband time
causes the modulator to separate the deasseftone PWM signal from the assertion of

its complement. This separation is essentiairfany motor control agigations in that it
prevents simultaneous turn-on of the Highl &uow drive transistors. The deadband coun-

ter directly counts system clock cycles and is unaffected by PWM prescaler settings. The
width of this deadband is attributed to thember of system clock cycles specified in the
PWM Deadband Register (PWMDB). Themmum deadband duran is one system

clock and the maximum duration is 255 system clocks. During the deadband period, both
PWM outputs of a complementary pair agasgserted. The generation of deadband time
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does not alter the PWM period; instead, thadi&nd time is subtracted from the active
time of the PWM outputs. Figures 8 and 9 thgphe effect of dedzhnd insertion on the
PWM output.

Minimum PWM Pulse Width Filter

The PWM modulator is capable of produgipulses as narrow as a single system clock
cycle in width. As the response time of extdrdrive circuits can be slower than the
period of a system clock, a filter is implented to enforce a mmium-width pulse on the
PWM output pins. All output pulses, whethegHior Low, must be at least the minimum
number of PWM clock cyels (for more details, séee PWM Prescalegection on

page 67 in width as specified in the PWM Minimum Pulse Width Filter (PWMMPF)
Register. If the expected pulse width is lessitthe threshold, the associated PWM output
does not change state until the duty cycle edlas changed suffigidly to allow pulse
generation of an acceptable width. The minimum pulse width filter also accounts for the
duty cycle variation caused biye deadband indeon. The PWM output pulse is filtered
even if the programmed duty cycle is gaxdhan the thresholtut the pulse width
decrease because of deadband insertion cawspslte to be too narrow. The pulse width
filter value is

calculated as:

TmiNPULSEOUT

Roundup (PWMMPF) =
TsysteMcLock X PWMpRrescaLER

whereTyinpuLseout IS the shortest allowed pulsedth on the PWM outputs, in seconds.

The PWM Minimum Pulse Width Filter Register can only be written when the PWMEN
bit is cleared. Values written to this retgr when PWMEN is set will be ignored.

Synchronization of PWM and Analog-to-Digital Converter

The ADC on the Z8FMC16100 Series MCU dansynchronized with the PWM period.
Enabling the PWM ADC triggerauses the PWM to generate an ADC conversion signal
at the end of each PWM ped. Additionally, in centeri@yned mode, the PWM generates
a trigger at the center of the pmdi Setting the ADCTRIG bit in the PWM

Control 0 Register (PWMCTL®nables ADC synchronization.

PWM Timer and Fault Interrupts

The PWM generates interrupts to the €&8U on any of the following events:

PWM Reload. The interrupt is generated at the end of PWM period, when a PWM
Register reload occurs (the READY bit is set).
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PWM Fault. A fault condition is indicatetdy asserting any of the FAULJIns or by the
assertion of the comparator.

Fault Detection and Protection

The Z8FMC16100 SeriddCU contains hardware and softedault controls that allow
rapid deassertion of all enabled PWM outpghais. A logic Low on an external fault pin
(FAULTO or FAULTY), or the assertion of the overcurrent comparator, forces the PWM
outputs to a predefined OFF state.

Similar deassertion of the PWM outputs cambeomplished in softwe by writing to the
PWMOFF bit in the PWM Control 0 Registdihe PWM counter continues to operate
while the outputs are deasserted (made inactivue to one of tise fault conditions.

The fault inputs can be individually enafblarough the PWM Fault Control Register. If a
fault condition is detected and the source is enabled, a fault interrupt is generated. The
PWM Fault Status Register (PWMFSTAT yesad to determine which fault source has
caused the interrupt.

After a fault has been detectadd after the PWM outputseadisabled, modulator control

of the PWM outputs can be rexbied either by software, or by deassertion of the FAULT
input signal. Selection of eiéh method is made throughetPWM Fault Control Register
(PWMFCTL). Configuration of the fault med and reenable methodllows pulse-by-

pulse limiting and hard shutdowWhen configured in autoatic restart mode, the PWM
outputs are reengaged at beginning of the next PWM cycle (the master timer value is equal
to 0) if all fault signals are deasserted. Infivgare-controlled restart, all fault inputs must

be deasserted and all fault flags cleared.

The fault input pin is Schmitriggered. The input signflom the pin and comparators,
pass though an analog filterrgect high-frequency noise.

The logic path from the fault sources to BA&/M outputs is asynchronous, which ensures
that the fault inputs forces the PWM outputs to their OF e séaten if the system clock is
stopped.

} Note: After Reset the Fault mechanism is active, disable the @uilte for normal port input
operation.
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PWM Operation in CPU HALT Mode

When the eZ8 CPU is operating in HAMode, the PWM continues to operate, if
enabled. To minimize the current in HALT Mode, the PWM must be disabled by clearing
the PWMEN bit to 0.

PWM Operation in CPU STOP Mode

When the eZ8 CPU is operating in STOP Matke PWM is disabled because the system
clock has ceased to operate in STOP Madtie. PWM outputs remain in the same state as
they were prior to entering STOP Mode. During normal operation, the PWM outputs must
be disabled by the software prior to tbBU entering STOP Mode. A fault condition
detected in STOP Mode forces the Mutputs to a predefined OFF state.

Observing the State of PWM Output Channels

The logic value of the PWM outputs candaempled by reading the PWMIN Register. If a
PWM channel pair is disabled (an optionibihot set), the associated PWM outputs are
forced to high-impedance and dam used as general-purpose inputs.

PWM High and Low Byte Registers

The PWM High and Low Byte (PWMH andNAML) registers, shown in Tables 42 and
43, contain the current 12-bit PWM countue Reads from PWMH cause the value in

PWML to be stored in a temporary holdiregister. A read from PWML always returns
this temporary register value.

A Caution: Writing to the PWM High andlow Byte registers while the PWM is enabled is not
recommended. There are no temporanging registers fokVrite operations, so
simultaneous 12-bit Wets are not possible.

If either the PWM High Register or Low ByRegister are written during counting, the 8-
bit written value is placed ithe counter (High or Low bytelt the next clock edge. The
counter continues counting from the new value.
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Table 42. PWM High Byte Register (PWMH)
Bit 7 6 5 4 3 0
Field Reserved PWMH
RESET OH OH
R/W R/W R/W
Address F2CH
Table 43. PWM Low Byte Register (PWML)
Bit 7 6 5 4 3 0
Field PWML
RESET O00H
R/W R/W
Address F2DH
Bit Description
[7:0] PWM High and Low Bytes
PWML  These 2 bytes, {PWMHI[3:0], PWML[7:0]}, contain the current 12-bit PWM count value.

PS024615-0811

PWM Reload High and Low Byte Registers

The PWM Reload High and Low Byte\\BMRH and PWMRL) registers, shown in

Tables 44 and 45, store a 12-bit reload value, {PWMRH[3:0], PWMRL[7:0]}. The PWM
reload value is held in buffer registers. The PWM reload value written to the buffer regis-
ters is not used by the PWM generator until the next PWM reload event occurs. Reads
from these registers always reture thalues from the buffer registers.

Prescaler x Reload Value

Edge-Aligned PWM Mode Period =
fpwmeLk

] ) 2 x Prescaler x Reload Value
Center-Aligned PWM Mode Period =

fpwmcLk
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Table 44. PWM Reload High Byte Register (PWMRH)

Bit 7 6 5 4 3 2 1 0
Field Reserved PWMRH
RESET OH FH
R/W R/W R/W
Address F2EH
Table 45. PWM Reload Low Byte Register (PWMRL)

Bit 7 6 5 4 3 2 1 0
Field PWMRL
RESET FF
R/W R/W
Address F2FH
Bit Description
[7:4] Reserved

These bits are reserved and must be programmed to 0000.
[3:0] PWM Reload Register High and Low
PWMRH These two bytes form the 12-bit Reload value, {PWMRH[3:0], PWMRL][7:0]}. This value sets

the PWM period.

PS024615-0811

PWM 0-2 Duty Cycle High and Low Byte Registers

The PWM 0-2 H/L Duty Cycle High and Low Byte (PWMH and PWNXDL) registers,
shown in Tables 46 and 47, se¢ duty cycle of the PWM sigh This 14-bit signed value

74

is compared to the PWM count value teetmine the PWM output. Reads from these reg-

isters always return the vals from the temporary holdinggisters. The PWM duty cycle
value is not used by the PWM generatotil the next PWM rad event occurs.

PWM Duty Cycle Value

PWM Duty Cycle =
PWM Reload Value

Writing a negative value (DUTYH[7] = 1) foes the PWM to be OFF for the full PWM

period. Writing a positive value greater ththa 12-bit PWM reload value forces the PWM

to be ON for the full PWM period.
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Table 46. PWM 0-2 H/L Duty Cycle High Byte Register (PWMH xDH, PWMLxDH)

Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
Bit Description
[7] Duty Cycle Sign
SIGN 0 = Duty Cycle is a positive two’s complement number.
1 = Duty Cycle is a negative two’s complement number. Output is forced to the off-state.
[6] Reserved
These bits are reserved and must be programmed to 00.
[4:0] PWM Duty Cycle High and Low Bytes
DUTYH The two bytes {DUTYH[7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to
the current 12-bit PWM count.
Table 47. PWM 0-2 H/L Duty Cycle Low Byte Register (PWMH xDL, PWMLxDL)
Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to

the current 12-bit PWM count.
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PWM Control O Register

The PWM Control 0 (PWMCTLO) Register, shown in Table 48, controls PWM operation.

Table 48. PWM Control 0 Register (PWMCTLO)

Bit 7 6 5 4 3 2 1 0
Field PWMOFF | OUTCTL | ALIGN | Reserved | ADCTRIG | Reserved | READY | PWMEN
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
Bit Description
[7] Place PWM Outputs in OFF State
PWMOFF 0 = Disable modulator control of PWM pins. Outputs are in predefined off-state. This is not
dependent on the reload event.
1 = Reenable modulator control of PWM pins at next PWM reload event.
[6] PWM Output Control
OUTCTL 0 = PWM outputs are controlled by the PWM.
1 = PWM outputs selectively disabled (set to off-state) according to values in the OUTXx bits
of the PWMOUT Register.
[5] PWM Edge Alignment
ALIGN 0 = PWM outputs are edge aligned.
1 = PWM outputs are center aligned.
[4] Reserved
Reserved  This bit is reserved and must be programmed to 0.
[3] ADC Trigger Enable
ADCTRIG 0= No ADC trigger pulses.
1 = ADC trigger enabled.
[2] Reserved
Reserved  This bit is reserved and must be programmed to 0.
[1] Values Ready for Next Reload Event
READY 0 = PWM values (prescale, period and duty cycle) are not ready. Do not use values in hold-
ing registers at next PWM reload event.
1 =PWNM values (prescale, period and duty cycle) are ready. Transfer all values from tempo-
rary holding registers to working registers at next PWM reload event.
[0] PWM Enable
PWMEN 0 = PWM is disabled and enabled PWM output pins are forced to default off-state. PWM

master counter is stopped. Certain control registers may only written in this state.
1 =PWM is enabled and PWM output pins are enabled as outputs.
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PWM Control 1 Register

77

The PWM Control 1 (PWMCTL1) Register, shown in Table 49, controls portions of the

PWM operation.

Table 49. PWM Control 1 Register (PWMCTL1)

Bit 7 6 5 4 3 2 1 0
Field RLFREQ[1:0] INDEN POL45 POL23 POL10 PRESI[1:0]
RESET 00 0 0 0 0 00

R/W R/W R/W R/W R/W R/W R/W
Address F21H

Bit Description

[7:6] Reload Event Frequency

RLFREQ[1:0]

This bit field is buffered. Changes to the reload event frequency takes effect at the end of
the current PWM period. Reads always return the bit values from the temporary holding
register.

00 = PWM reload event occurs at the end of every PWM period.

01 = PWM reload event occurs once every 2 PWM periods.

10 = PWM reload event occurs once every 4 PWM periods.

11 = PWM reload event occurs once every 8 PWM periods.

[5]
INDEN

Independent PWM Mode Enable

0 = This bit may only be altered when PWMEN (PWMCTLO) cleared; PWM outputs oper-
ate as 3 complementary pairs.

1 = PWM outputs operate as 6 independent channels.

[4]
POL45

PWM2 Polarity
1 = Invert Output polarity for channel pair PWM2.
0 = Noninverted polarity for channel pair PWM2.

(3]
POL23

PWM1 Polarity
1 = Invert Ouput polarity for channel pair PWML1.
0 = Noninverted polarity for channel pair PWML1.

(2]
POL10

PWMO Polarity
1 = Invert Ouput polarity for channel pair PWMO.
0 = Noninverted polarity for channel pair PWMO.

[1:0]
PRES

PWM Prescaler

The prescaler divides down the PWM input clock (either the system clock or the PWMIN
external input). This field is buffered. Changes to this field take effect at the next PWM
reload event. Reads always return the values from the temporary holding register.

00 = Divide by 1.

01 = Divide by 2.

10 = Divide by 4.

11 = Divide by 8.
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PWM Deadband Register

The PWM Deadband (PWMDB) Register, shown in Table 50, stores the 8-bit PWM
deadband value. This register determinesitiraber of system otk cycles inserted as
dead-time in complementary output mode. The minimum deadband value is 1.

Table 50. PWM DeadBand Register (PWMDB)

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

RESET 01H

R/W R/W

Address F22H

Bit Description

[7:0] PWM Deadband

PWMDB Sets the PWM dead band period for which both PWM outputs of a complementary PWM output
pair are deasserted.

Note: This register can only be written when PWMEN is cleared.

PWM Minimum Pulse Width Filter

The value in the PWM Minimum Pulse Width Filter (PWMMPF) Register, shown in
Table 51, determines the minimum width pulse, either High or Low, which can be gener-
ated by the PWM module. The minimyualse width period is calculated as:

- B (PWMDB+PWMMPF)*PWMPrescale
MINPULSEOUT ~ FOSC

A Caution: A value other thanOH must be written to the PWMRF Register; otherwise, the PWM
output waveform will be distorted.
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Table 51. PWM Minimum Pulse Width Filter (PWMMPF)
Bit 7 6 5 4 3 2 1 0
Field PWMMPF[7:0]
RESET O00H
R/W R/W
Address F23H
Bit Description
[7:0] PWM Minimum Pulse Filter

PWMMPF  Sets the minimum allowed output pulse width in PWM clock cycles.
Note: This register can only be written when PWMEN is cleared.

PWM Fault Mask Register

The PWM Fault Mask (PWMFM) Register, showm Table 52, enables individual fault
sources. PWM behavior whem input is asserted istéemined by the PWM Fault
Control Register (PWMFCTL).

Table 52. PWM Fault Mask Register (PWMFM)

Bit 7 6 5 4 3 2 1 0
Field Reserved DBGMSK Reserved F1IMASK | COMASK | FMASK
RESET 00 0 00 0 0 0
R/W R R/W R R/W R/W R/W
Address F24H

Bit Description

[7:6] Must be 0.

[5] Debug Entry Fault Mask

DBGMSK 0 = Entering CPU DEBUG Mode generates a PWM fault.
1 = Entering CPU DEBUG Mode does not generate a PWM fault.

[4:3] Reserved
These bits are reserved and must be programmed to 00.
[2] Faultl Fault Mask

FIMASK 0 = Faultl generates a PWM fault.
1 = Faultl does not generate a PWM fault.

[1] Comparator Fault Mask
COMASK 0 = Comparator generates a PWM fault.
1 = Comparator does not generate a PWM fault.
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Bit

Description (Continued)

[0]

Fault Pin Mask

FOMASK 0 = FaultO pin generates a PWM fault.

1 = FaultO pin does not generate a PWM fault.

Note: This register can only be written when PWMEN is cleared.

PWM Fault Status Register

The PWM Fault Status (PWMFSTAT) Register, shown in Table 53, provides status of
fault inputs and timer reload. €tault flags indicate which fault source is active. If a fault
source is masked the flag iriglegister will not be set if the source is asserted. The reload
flag is set when the timer compare values @dated. Clear flags by writing a 1 to the flag
bits. Fault flag bits can only be cleaiiéthe associated fault source has deasserted.

Table 53. PWM Fault Status Register (PWMFSTAT)

Bit 7 6 5 4 3 2 1 0
Field RLDFlag | Reserved |DBGFLAG Reserved F1IFLAG | COFLAG | FFLAG
RESET U 0 U 00 U U U
R/W R/W1C R R/W1C R R/W1C R/W1C R/W1C
Address F25H
Bit Description
[7] Reload Flag
RLDFlag This bit is set and latched when a PWM timer reload occurs. Writing a 1 to this bit clears the
flag.
[6] Reserved
This bit is reserved and must be programmed to 0.
[5] Debug Flag
DBGFLAG This bit is set and latched when DEBUG Mode is entered. Writing a 1 to this bit clears the
flag.
[4:3] Reserved
These bits are reserved and must be programmed to 00.
[2] Faultl Flag
F1FLAG This bit is set and latched when Faultl is asserted. Writing a 1 to this bit clears the flag.
[1] Comparator 0 Flag
COFLAG This bit is set and latched when Comparator is asserted. Writing a 1 to this bit clears the flag.
[0] Fault Flag
FFLAG This bit is set and latched when the FAULTO input is asserted. Writing a 1 to this bit clears

the flag.

Note: For this register, W1C means that you must write a 1 to clear the flag.
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PWM Fault Control Register
The PWM Fault Control (PWMFCTL) Register, shown in Table 54, determines how the

PWM recovers from a fault condition. Settingghis register select automatic or soft-
ware-controlled PWM restart.

Table 54. PWM Fault Control Register (PWMFCTL)

Bit 7 6 5 4 3 2 1 0
Field Reserved | DBGRST | FaultlINT |FaultlRST| CMPOINT |CMPORST | FaultOINT |FaultORST
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 F28H
Bit Description
[7] Reserved
Reserved  This bit is reserved and must be programmed to 0.
[6] DebugRestart
DBGRST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
serted and a new PWM period begins.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs.
[5] Faultl Interrupt
FaultlINT O = Interrupt on comparator assertion disabled.
1 = Interrupt on comparator assertion enabled.
[4] Faultl Restart
FaultlRST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
serted.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs.
[3] Comparator 0 Interrupt
CMPOINT 0 = Interrupt on comparator 0 assertion disabled.
1 = Interrupt on comparator 0 assertion enabled.
[2] Comparator O Restart
CMPORST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
stered.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs
[1] FaultO Interrupt
FaultOINT O = Interrupt on FaultO pin assertion disabled.

1 = Interrupt on FaultO pin assertion enabled.

Note: This register can only be written when PWMEN is cleared.
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Bit Description (Continued)

[0] Fault0 Restart

FaultORST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
stered.

1 = Software-controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs

Note: This register can only be written when PWMEN is cleared.

PWM Input Sample Register

PWM pin values are sampled by reading WM Input Sample Register, shown in

Table 55.
Table 55. PWM Input Sample Register (PWMIN)

Bit 7 6 5 4 3 2 1 0
Field Reserved | FAULT IN2H IN2L IN1H IN1L INOH INOL
RESET 0 0 0 0 0 0 0 0
R/W R R/W R/W R/W R/W R/W R/W R/W
Address F26H
Bit Description
[7] Reserved

This bit is reserved and must be programmed to O.
[6] Sample Fault0 Pin
FAULT 0 = A Low level signal was read on the FaultO pin.

1 = A High level signal was read on the FaultO pin.

[5:0] Sample PWM Pins

IN2H/IN2L/ 0 = A Low level signal was read on the pins.
IN1IH/INIL/ 1 = A High level signal was read on the pins.
INOH/INOL
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PWM Output Control Register

The PWM Output Control (PWMOUT) Registashown in Table 56, enables modulator
control of the six PWM output signals. Outgontrol is enabled by OUTCTL bit in the

PWMCTLO Register. The PWM continues to ager, but has no effect on the disabled

PWM pins. If a fault condition is detected| BWM outputs are forced to their selected
OFF state.

Table 56. PWM Output Control Register (PWMOUT)

Bit 7 6 5 4 3 2 1 0
Field Reserved | Reserved | OUT2L OUT2H OUTI1L OUT1H OuUTOoL OUTOH
RESET 0 0 0 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W
Address F27H
Bit Description
[7:6] Reserved
Reserved  These bits are reserved and must be programmed to 00.
[5, 3, 1] PWM L2/L1/L0O Output Configuration
OUTxL 0 = PWM L2/L1/L0 output signal is enabled and controlled by PWM.

1 =PWM L2/L1/L0 output signal is in low-side off-state.
[4, 2, 0] PWM H2/H1/HO Output Configuration
OUTyH 0 = PWM H2/H1/HO output signal is enabled and controlled by PWM.

1 = PWM H2/H1/HO output signal is in high-side off-state.

Note: x indicates low bits in the range 2-0; y indicates high bits in the range 2-0.

PS024615-0811

Current Sense ADC Trigger Control Register

An ADC trigger is generated when the PWMpmut signals match the state specified by
the Current-Sense ADC Trigger Control Registee match logic is an AND/OR tree that
will resolve to true if based on the regissettings. An ADC conversion will be triggered
on the rising edge of this signal.

The logic equation fothe ADC trigger is:

ADCTRIGGER = CSTPOL * (
(HEN & PWMHO &PWMH1 & PWMH2) |
(LEN & PWMLO &PWML1 & PWMLZ2) |
(nHEN & 'PWMHO &!PWMH1 & IPWMH?2) |
( nLEN & 'PWMHO & 'PWMH1 & |PWMH2) )
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In the preceding equation, tfalowing symbols are defined as:

* The ~ symbol indicates a logical exclusive OR (XOR) function
* The & symbol indicates a logical AND function

* The | symbol indicates a logical OR function

* The ! symbol indicates a logical NOT function

The combinations of parity, enable and PWM signaliaw the logic to generate an
ADC-trigger under a wide variety of oging conditions. The HEN, LEN, nHEN and
NLEN bits enable a group in the OR lodithe CSTWMX bits allow the level of the PWM
output signals to control the equation. IE&TPWMX bit is cleared, the value of the
associated PWMx output always evaluates T(RUE condition in the equation. Note that
these bits do not affetthe actual PWM outputs.

Table 57. Current-Sense Trigger Control Register (PWMSHC)

Bit 7 6 5 4 3 2 1 0
Field CSTPOL HEN NHEN LEN NLEN |CSTPWM2 |CSTPWM1 | CSTPWMO
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 F29H
Bit Description
[7] Sample/Hold Polarity
CSTPOL 0 = Hold when terms are active.
1 = Hold when terms are not active.
[6] High Side Active Enable
HEN 0 = Ignore Product of PWMHO0, PWMH1 and PWMH2 in Sample/Hold equation
1 = Hold when PWMHO0, PWMH1 and PWMH2 are all active.
[5] High Side Inactive Enable
NHEN 0 = Ignore Product of PWMHO, PWMH1 and PWMH2 in Sample/Hold equation.
1 = Hold when are all active.
4] Low Side Active Enable
LEN 0 = Ignore Product of PWMLO, PWML1 and PWML2 in Sample/Hold equation.
1 = Hold when PWMLO, PWML1 and PWML2 are all active.
[3] Low Side Inactive Enable
NLEN 0 = Ignore Product of PWMLO, PWML1 and PWML2 in Sample/Hold equation.
1 = Hold when PWMLO, PWML1 and PWML2 are all active.
[2] PWM Channel2 Sample/Hold Enable
CSTPW 0 = Channel 2 terms are not used in Sample/Hold equation.
M2 1 = Channel 2 terms are used in Sample/Hold equation.
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Bit Description (Continued)

[1] PWM Channell Sample/Hold Enable

CSTPW 0= Channel 1 terms are not used in Sample/Hold equation.
M1 1 = Channel 1 terms are used in Sample/Hold equation.

[0] PWM Channel0 Sample/Hold Enable

CSTPW 0 = Channel 0 terms are not used in Sample/Hold equation.
MO 1 = Channel 0 terms are used in Sample/Hold equation.
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General-Purpose Timer

The Z8BFMC16100 Series MCU contains ditebit reloadable timemsed for timing,
event counting, or generation of PWM signals.

Features

The features of general-purpose timer include:

16-bit reload counter

Programmable prescaler with prescale values from 1 to 128

PWM output generation (single or differential)

Capture and compare capability

External input pin for event counting, clock gating, or capture signal
Complementary Timer Output pins

Timer interrupt

Architecture

Capture and compare capability measures theeitg from a tachometer wheel or reads

86

sensor outputs for rotor positidor brushless DC motor commutation. Figure 10 displays
the architecture of the timer.
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Figure 10. Timer Block Diagram
Operation

The general-purpose timer i48-bit up-counter. In normal epation, the timer is initial-

ized to0001h . After it is enabled, the timer counts up to the value contained in the Reload
High and Low Byte registers, then reset8@01h . The counter either halts or continues,
depending on its current mode of operation.

Minimum time-out delay (1 system clockdluration) is set by loading the valo@01h
into the Timer Reload High and Low Byteagisters and setting the prescale value to 1.

Maximum time-out delay & x 2’ system clocks) is set byading the value 0000h into
the Timer Reload High and Low Byte retrs and setting the prescale value to 128.
When the timer reach&&FFh, the timer rolls over t0000h .

If the reload register is set to a value lésm the current countealue, the counter con-
tinues counting until reachirgFFFh, rolls over to0000h and continues counting until
reaching the reload value, then reset@0@ih .
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The timers can be configured to ogterin the following eleven modes:

ONE-SHOT Mode
TRIGGERED ONE-SHOT Mode
CONTINUOUS Mode
COUNTER Mode
COMPARATOR COUNTER Mode
PWM SINGLE OUTPUT Mode
PWM DUAL OUTPUT Mode
CAPTURE RESTART Mode
CAPTURE COMPARE Mode
COMPARE Mode

GATED Mode

ONE-SHOT Mode

In ONE-SHOT Mode, the timer caits up to the 16-bit reload value stored in the Timer
Reload High and Low Byte registers. The Tirnrgout is the system clock. After reaching

LIIXYS

this reload value, the timgenerates an interrupt and ttauint value in the Timer High

and Low Byte registers is reset@@01h . The timer is automatically disabled and stops

counting.

If the Timer Output alternate function is eteh the Timer Output pin changes state for
one system clock cycle (from Low to High, tHeack to Low if TPOL = 0) at timer reload.
If the user chooses, the Timer Output cadargo a permanent state change upon One-

Shot time-out, as shown below:

1. Setthe TPOL bit in the Timer Control 1d®&er to the start value before beginning

ONE-SHOT Mode.

2. After starting the timer, set TPOL to the opposite value.

Observe the following procedeaito configure a timer fADNE-SHOT Mode and initiate

the count:

1. Write to the Timer Control registers to:

a. Disable the timer.
b. Configure the timer for ONE-SHOT Mode.
c. Setthe prescale value.

PRELIMINARY
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d. If using the Timer Output alternate function, set the initial output level (High or
Low) using the TPOL bit.

e. Set the interrupt mode.

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

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

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

6. Write to the Timer Control 1 Registier enable the timeand initiate counting.
The timer period is calculated by tfwlowing equation (Start Value = 1):

ONE-SHOT Mode Time-Out Period (s) = (Reload Value — Start Value + 1) x Prescaler
System Clock Frequency (Hz)

TRIGGERED ONE-SHOT Mode
In TRIGGERED ONE-SHOT Mode, the timer operates as shown below:

1. The Timer idles until a trigger is receivddhe timer trigger is taken from the Timer
Input pin. The TPOL bit in the Timer Contrb Register selectiwhether the trigger
occurs on the rising edge or thdlifay edge of the Timer Input signal.

2. Following the trigger event, the timer counts system clocks up to the 16-bit reload
value stored in the Timer Relo&tigh and Low Byte registers.

3. Upon reaching the reload value, the timetputs a pulse on the Timer Output pin,
generates an interrupt and resets the cealoe in the Timer High and Low Byte
registers t@001h . The duration of the output pulsea single system clock. The
TPOL bit also sets the polarity of the output pulse.

4. The timer idles until the next trigger evehtigger events that occur while the timer is
responding to a previous trigger is ignored.

Observe the following procedure to configure Timer O in TRIGGERED ONE-SHOT
Mode and initiate operation:

1. Write to the Timer Control registers to:
a. Disable the timer.
b. Configure the timer for TRIGGERED ONE-SHOT Mode.
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c. Set the prescale value.

d. If using the Timer Output alternate function, set the initial output level (High or
Low) via the TPOL bit.

e. Set the interrupt mode.

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

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

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

6. Write to the Timer Control 1 Registerg¢nable the timer. Counting does not start until
the appropriate input transition occurs.

The timer period is calculated by tfwlowing equation (Start Value = 1):

) ) (Reload Value — Start Value + 1) x Prescaler
TRIGGERED ONE-SHOT Mode Time-Out Period (s) =

System Clock Frequency (Hz)

} Note: The one-shot delay from input triggerdotput includes the above-defined time-out
period, plus an additional delay of 2—3 systdotk cycles, due tthe synchronization of
the input trigger.

CONTINUOUS Mode

In CONTINUOUS Mode, the timer counts up to the 16-bit reload value stored in the
Timer Reload High and Low Byte registerstéfreaching the retm value, the timer
generates an interrupt, the coualue in the Timer High and Low Byte registers is reset to
0001h and counting resumes. Also, if the Timert@ut alternate function is enabled, the
Timer Output pin changes state (from Low t@kibr High to Low) after timer reload.

Observe the following procedure to config a timer for CONTMUOUS Mode and initi-
ate the count:

1. Write to the Timer Control registers to:
a. Disable the timer.
b. Configure the timer for CONTINUOUS Mode.
c. Setthe prescale value.
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d. If using the Timer Output alternate function, set the initial output level (High or
Low) through TPOL.

2. Write to the Timer High and Low Byte regiss to set the startirgpunt value (usually
0001h). This setting only affects the first pass in CONTINUOUS Mode. After the
first timer reloads in CONTINUOUS Modeounting begins at the reset value of
0001h.

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

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

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

6. Write to the Timer Control 1 Register enable the timeand initiate counting.

The timer period is calculatdry the following equation:

Reload Value x Prescaler

CONTINUOUS Mode Time-Out Period (s) =
System Clock Frequency (Hz)

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

COUNTER and COMPARATOR COUNTER Modes

In COUNTER Mode, the timer counts inpuansitions from a GPIO port pin. The Timer
Input is taken from the associated GPIO mant The TPOL bit in the Timer Control 1
Register selects whether the count occurs on sivegredge or the falling edge of the
Timer Input signal. In COUNTER Mode, the prescaler is disabled.

A Caution: The input frequency of the Timer Input sigmalist not exceed edfourth the system
clock frequency.

In COMPARATOR COUNTER Mode, the timer counts output transitions from an analog
comparator output. Timer O takes its inpainfrthe output of the comparator. The TPOL

bit in the Timer Control 1 Regist selects whether the count occurs on the rising edge or
the falling edge of the comparator outtgignal. In COMPARATOR COUNTER Mode,

the prescaler is disabled.
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A Caution: The frequency of the comparator output sigmust not exceed erfourth the system
clock frequency.

After reaching the reload vadstored in the Timer Reload High and Low Byte registers,
the timer generates amterrupt, the count value in theriéer High and Low Byte registers
is reset t@001h and counting resumes.

If the Timer Output alternate function isadsied, the Timer Output pin changes state
(from Low to High or High to Low) at timer reload.

Observe the following procedure to configure a timer for COUNTER and COMPARA-
TOR
COUNTER modes aniitiate the count:
1. Write to the Timer Control registers to:
a. Disable the timer.
b. Configure the timer for COUNTER or COMPARATOR COUNTER Mode.
c. Select either the rising edge or falliedge of the Timer Input or comparator
output signal for the count. This choiaso sets the initial logic level (High or
Low) for the Timer Output alternatanction. Howeverthe Timer Output
function does not have to be enabled.

2. Write to the Timer High and Low Byte ratgrs to set the stargjrcount value. This
setting only affects the first pass in thaioter modes. After the first timer reload,
counting begins at the reset valueofih .

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

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

5. Configure the associated GPIO port for the Timer Input alternate function
(COUNTER Mode).

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

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

PWM SINGLE and DUAL OUTPUT Modes

In PWM SINGLE OUTPUT Mode, the timer outputs a PWM output signal through a
GPIO port pin. In PWM DUAL OUTPUT Modéhe timer outputs a PWM output signal
and also its complement through two GPIO pams. The timer first counts up to the 16-
bit PWM match value stored in the Timer RAWHigh and Low Byte registers. When the

PS024615-0811 PRELIMINARY Operation



Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 93

timer count value matches the PWM value, Timer Output toggles. The timer continues
counting until it reaches theload value stored in the Timer Reload High and Low Byte

registers. On reaching the reload value, thettigenerates an interrupt, the count value in
the Timer High and Low Byte registers is rese2@01h and counting resumes.

The Timer Output signal begins with a valequal to TPOL and then transits to TPOL
when the timer value matchége PWM value. The Timer Output signal returns to TPOL
after the timer reaches the reload value and is re9e01d .

In PWM DUAL OUTPUT Mode, the timer alsgenerates a second PWM output signal,
Timer Output Complement §f7). A programmable deadband can be configured
(PWMD field) to delay (0—128 system clockotgs) the Low to a High (inactive to active)
output transitions on these two pins. Tédgmfiguration ensures a time gap between the
deassertion of one PWM outputtte assertion of its complement.

Observe the following procedure to config a timer for either PWM SINGLE or DUAL
OUTPUT Mode and initiate PWM operation:

1. Write to the Timer Control registers to:

a. Disable the timer.

b. Configure the timer for the selected PWM Mode.
c. Set the prescale value.
d

Set the initial logic level (High or lvg) and PWM High/Low transition for the
Timer Output altenate function vith the TPOL bit.

e. Setthe deadband delay (DUAL OUTPUT Mode) with the PWMD field.

2. Write to the Timer High and Low Bytegisters to set the starting count value
(typically 0001h). The starting count value only affts the first pass in PWM Mode.
After the first timer reset in PWM Modepunting begins at the reset value0of1h .

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

4. Write to the Timer Reload High and Low t@yregisters to set the reload value (PWM
period). The reload value mus greater than the PWM value.

5. If appropriate, enable the timer interruptlaet the timer interrupt priority by writing
to the relevant interrupt registers.

6. Configure the associated GPIO port piti¢)the Timer Output alternate function.

7. Write to the Timer Control 1 Register enable the timeand initiate counting.

The PWM period is determinday the following equation:

] Reload Value x Prescaler
PWM Period (s) =

System Clock Frequency (Hz)
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If an initial starting value other tha©01h is loaded into the Timer High and Low Byte
registers, use the ONE-SHOT Mode equatioddtermine the firdPWM time-out period.

If TPOL is set to 0, the ratio of the PWMtput High time to the total period is deter-
mined by the equation:

. ' . Reload Value — PWM Value
PWM Output High Time Ratio (%) = x 100
Reload Value

If TPOL is set to 1, the ratio of the PWMtput High time to the total period is deter-
mined by the equation:

. . . PWM Value
PWM Output High Time Ratio (%) = x 100
Reload Value

CAPTURE Modes

There are three capture modes that providétyy different methods for recording the
time or time interval between, Timergut events. These modes are CAPTURE Mode,
CAPTURE RESTART Mode and CAPTURE COMRE Mode. In all three modes, when
the appropriate Timer Input transition (captakent) occurs, the tien counter value is
captured and stored in the RHigh and Low Byte register The TPOL bit in the Timer
Control 1 Register determines whether the Gagbccurs on a rising edge or a falling
edge of the Timer Input signal. The TICONRb& determines whaer interrupts are gen-
erated on capture events, reload eventBpthr. The INCAP bit in Timer Control O Regis-
ter clears to indicate an inteptucaused by a reload event and sets to indicate the timer
interrupt is caused by an input capture event.

There is a delay from the input event to the timer capture of 2—3 system clock cycles, due
to internal synlronization logic.

If the Timer Output alternate function isadsied, the Timer Output pin changes state
(from Low to High or High to Low) at timaeload. The initial valués determined by the
TPOL bit.

CAPTURE Mode. In CAPTURE Mode and after it enabled, the timer counts continu-
ously and rolls over frorAFFFh to 0000h . When the capture emt occurs, the timer
counter value is captured and stored inRk¢M High and Low Byte registers, an inter-
rupt is generated and the timer continues tiagnThe timer continues counting up to the
16-bit reload value stored in the Timer ReddHigh and Low Byte registers. Upon reach-
ing the reload value, the timer gerntesaan interrupt ahcontinues counting.

CAPTURE RESTART Mode. In CAPTURE RESTART Mode, after it is enabled, the
timer counts continuously until the captureevoccurs or the timer count reaches the 16-
bit compare value stored in the Timer Reléfidh and Low Byte registers. If the capture
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event occurs first, the timer counter valseaptured and stored in the PWM High and
Low Byte registers. An interrupt is geneidtéhe count value in the Timer High and Low
Byte registers is reset @01h and counting resumes. If no capture event occurs, upon
reaching the reload value gttimer generates an interrughte count value in the Timer
High and Low Byte registers is reseto@1h and counting resumes.

CAPTURE/COMPARE Mode. CAPTURE/COMPARBEModEe is identical to CAPTURE
RESTART Mode, except that counting does statt until the first external Timer Input
transition occurs. Every subsequent transition (after the first) of the Timer Input signal
captures the current count valiléhen the capture event occurs, an interrupt is generated,
the count value in the ifier High and Low Byte registers is rese0@@1h and counting
resumes. If no capture event occurs, uponhiegahe compare valughe timer generates

an interrupt, the count value in the Tinkéigh and Low Byte registers is reset@1h

and counting resumes.

Observe the following procedure to configarémer for one of these capture modes and
initiate the count:

1. Write to the Timer Control registers to:
a. Disable the timer.
Configure the timer for the selected capture mode.
Set the prescale value.
Set the capture edge (rising or falling) for the Timer Input.

Configure the timer interrupt to be geriedaat the input capture event, the reload
event, or both, by setting the TICONFIG field.

® o0 T

2. Write to the Timer High and Low Bytegisters to set the starting count value
(typically 0001h).

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

4. |If appropriate, enable the timer interrupti@et the timer interrupt priority by writing
to the relevant interrupt registers.

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

Write to the Timer Control 1 Registier enable the timer. In CAPTURE and CAP-
TURE RESTART modes, the timer bagicounting. In CAPTURE COMPARE
Mode, the timer does not start countingiluthie first input transition occurs.

In capture modes, the elapsed time from a tistent to a capture event can be calculated
using the following equation (Start Value = 1):

(Capture Value — Start Value +1) x Prescale

Capture Elapsed Time (s =
P P (©) System Clock Frequency (Hz)
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COMPARE Mode

In COMPARE Mode, the timer counts up te th6-bit compare value stored in the Timer
Reload High and Low Byte registers. Afteaching the compare value, the timer
generates an interrupt and counting cargg(the timer value is not resedtih ). If the
Timer Output alternate functias enabled, the Timer Outppin changes state (from Low
to High or High to Low).

If the timer reacheBFFFh, the timer rolls over t0000h and continues counting.

Observe the following procedure to conifig a timer for COMPARE Mode and initiate
the count:

1. Write to the Timer Control registers to:

a. Disable the timer.

b. Configure the timer for COMPARE Mode.
c. Set the prescale value.
d

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

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

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

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

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

The compare time is calleded by the following equimn (Start Value = 1):

(Compare Value — Start Value +1) x Prescale

Compare Mode Time (s =
P (®) System Clock Frequency (Hz)

GATED Mode

In GATED Mode, the timer counts only when the Timer Input signial its active state,
as determined by the TPOL bit in the Tin@ontrol 1 Register. When the Timer Input
signal is active, counting begins. A timeterrupt is generated when the Timer Input
signal transits from active to inactive state, a timer retamadrs, or both, depending on
TICONFIG[1:0]. To determine i& Timer Input signal deagsien generated the interrupt,
read the associated GPIO input value and esejt to the value stored in the TPOL bit.
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The timer counts up to the 16-bit reload value storedeiimer Reload High and Low
Byte registers. On reaching the reload ealine timer generates an interrupt, the count
value in the Timer High and Low Byte registers is res@0dtidh and counting continues
as long as the Timer Input signalactive. Also, if the TimeOutput alternate function is
enabled, the Timer Output pin changes dfiaten Low to High or from High to Low) at
timer reload.

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

1. Write to the Timer Control registers to:
a. Disable the timer.
b. Configure the timer for GATED Mode.
c. Set the prescale value.
d. Select the active state of thiener Input through the TPOL bit.

2. Write to the Timer High and Low Byte retgrs to set the startjrcount value. This
setting only affects the first pass in GATHRIbde. After the first timer reset in
GATED Mode, counting begins at the reset valuegsflh .

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

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

5. Configure the timer interrupt to be genedhonly at the input deassertion event, the
reload event, or both, by setting the TICONFIG field of the Timer Control O Register.

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

8. The timer counts when the Timaput is equal to the TPOL bit.

Reading the Timer Count Values

The current count value in thieners can be read while courdifenabled). This Read has
no effect on timer operation. When the tineeenabled and the Timer High Byte Register
is read, the contents of the Timer Low BfRegister are placed into a holding register. A
subsequent Read from Timer Low Byte Registéturns the value in the holding register.
This operation allows accurate Reads effilil 16-bit timer count value while enabled.
When the timer is not enalolea Read from the Timer Low Byte Register returns the
actual value in the counter.
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Timer 0 High and Low Byte Registers

The Timer 0 High and Low Byte (TOH and TOL) registers, shown in Tables 58 and 59,
contain the current 16-bit timer count valMghen the timer is enabled, a Read from TOH
causes the value in TOL to be stored teraporary holding register. A Read from TOL
always returns this temporary register whtemtimer is enabled. When the timer is dis-
abled, Reads from the TOL are direct from this temporary register.

A Caution: Writing to the Timer High and Low Byte regjers while the timer is enabled is not

recommended. There are no temporary holding registers available for Write operations;
therefore, simultaneous 46t Writes are not possible.

If either the Timer High or Low Byte regfiers are written during counting, the 8-bit
written value is placed in the counter (HighLow Byte) at the next clock edge. The
counter continues counting from the new value.

Table 58. Timer 0 High Byte Register (TOH)

Bit 7 6 5 4 3 2 1 0
Field TH
RESET O00H
R/W R/W
Address FOOH
Table 59. Timer O Low Byte Register (TOL)
Bit 7 6 5 4 3 2 1 0
Field TL
RESET 01H
R/W R/W
Address FO1H
Bit Description
[7:0] Timer High and Low Bytes
TH, TL  These two bytes, {TH[7:0], TL[7:0]}, contain the current 16-bit timer count value.
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Timer 0 Reload High and Low Byte Registers

The Timer 0 Reload High and Low Byte (TORH and TORL) registers, shown in Tables 60
and 61, store a 16-bit reload value, {TRHI[{ TRL[7:0]}. Values written to the Timer
Reload High Byte Register are stored inragerary holding register. When a Write to the
Timer Reload Low Byte Register occurs, the temporary holding register value is written to
the Timer High Byte Registefhis operation allows simalheous updates of the 16-bit
timer reload value.

Table 60. Timer O Reload High Byte Register (TORH)

Bit 7 6 5 4 3 2 1 0
Field TRH
RESET FFH
R/W R/W
Address FO2H
Table 61. Timer 0 Reload Low Byte Register (TORL)
Bit 7 6 5 4 3 2 1 0
Field TRL
RESET FF
R/W R/W
Address FO3H
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 sets the maxi-
TRL mum count value which initiates a timer reload to 0001H.

Timer 0 PWM High and Low Byte Registers

The Timer 0 PWM High and Low Byte (TOPWMH and TOPWML) registers, shown in
Tables 62 and 63, define PWM operations. Thegesters also store the timer counter val-
ues for the Capture modes.

The two bytes {PWMH][7:0], PWML][7:0]} forma 16-bit value that is compared to the
current 16-bit timer count. When a matcltars, the PWM output changes state. The
PWM output value is set by the TPOL bitthre Timer Control 1 Register (TOCTLL1).

The TOPWMH and TOPWML registers alsorg the 16-bit captured timer value when
operating in CAPTURE or CAPTURE/COMPARE modes.
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Bit 7 6 5 4 3 2 0
Field PWMH
RESET 00H
R/W R/W
Address FO4H
Table 63. Timer 0 PWM Low Byte Register (TOPWML)
Bit 7 6 5 4 3 2 0
Field PWML
RESET OOH
R/W R/W
Address FO5H
Bit Description
[7:0] PWM High and Low Bytes
PWMH, These two bytes, {PWMH][7:0], PWML[7:0]}, form a 16-bit value which is compared to the cur-
PWML rent 16-bit timer count. When a match occurs, the PWM output changes state. The PWM out-

put value is set by the TPOL bit in the Timer Control 1 Register (TOCTL1). The TOPWMH and
TOPWML registers also store the 16-bit captured timer value when operating in CAPTURE or

CAPTURE/COMPARE modes.
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Timer 0 Control Registers

Two Timer 0 Control registers determine timer configuration (TOCTLO) and operation
(TOCTLY).

Timer 0 Control 0 Register

The Timer 0 Control 0 (TOCTLO) Register, tdiger with the Timer 0 Control 1 (TOCTL1)
Register, determines the timer confiigtion and operation. See Table 64.

Table 64. Timer 0 Control 0 Register (TOCTLO)

Bit

7 6 5 4 3 2 1 0

Field

TMODE[3] TICONFIG TINSEL PWMD INCAP

RESET

0 00 0 000 0

R/W

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

Address

FO6H

Bit

Description

[7]
TMODEJ3]

Timer Mode High Bit

This bit along with TMODE[2:0] field in TOCTL1 Register determines the operating mode of
the timer. This is the most significant bit of the Timer Mode selection value. For more details,
see the TOCTL1 Register description.

[6:5]
TICONFIG

Timer Interrupt Configuration
This field configures timer interrupt definitions. These bits affect all modes. The effect, per
mode, is defined below.

ONE SHOT, CONTINUOUS, COUNTER, PWM, COMPARE, DUAL PWM, TRIGGERED
ONE-SHOT, COMPARATOR COUNTER:

Ox = Timer interrupt occurs on reload.

10 = Timer interrupts are disabled.

11 = Timer Interrupt occurs on reload.

GATED:

Ox = Timer interrupt occurs on reload or inactive gate edge.
10 = Timer interrupt occurs on inactive gate edge.

11 = Timer interrupt occurs on reload.

CAPTURE, CAPTURE/COMPARE, CAPTURE RESTART:
Ox = Timer interrupt occurs on reload and capture.

10 = Timer interrupt occurs on capture only.

11 = Timer interrupt occurs on reload only.

[4]
TINSEL

Timer Input Select
0 = Timer input is the Timer input pin.
1 = Timer input is the comparator 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 additional system clock cycles
following a PWM or Reload compare before the Timer Output or the Timer Output Comple-
ment is switched to the active state. This field ensures a time gap between the deassertion
of one PWM output to the assertion of its complement.
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
INCAP 0 = Previous timer interrupt is not a result of a Timer Input Capture Event.
1 = Previous timer interrupt is a result of a Timer Input Capture Event.
Timer 0 Control 1 Register
The Timer O Control 1 (TOCTL1) Register, shoim Table 65, enables/disables the timer,
sets the prescaler value and deiaas the timer operating mode.
Table 65. Timer 0 Control 1 Register (TOCTL1)
Bit 7 6 5 4 3 2 1 0
Field TEN TPOL PRES TMODE
RESET 0 0 000 000
R/W R/W R/W R/W R/W
Address FO7H
Bit Description
[7] Timer Enable
TEN 0 = Timer is disabled.

1 = Timer is enabled.
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[6] Timer Input/Output Polarity
TPOL This bit is a function of the current operating mode of the timer. It determines the polarity of

the input and/or output signal. When the timer is disabled, the Timer Output signal is set to
the value of this bit.

ONE-SHOT Mode
If the timer is enabled the Timer Output signal pulses (changes state) for one system clock
cycle after timer Reload.

CONTINUOUS Mode

If the timer is enabled the Timer Output signal is complemented after timer Reload.
COUNTER Mode—If the timer is enabled the Timer Output signal is complemented after
timer reload.

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

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

PWM SINGLE OUTPUT Mode
When enabled, the Timer Output is forced to TPOL after PWM count match and forced
back to TPOL after Reload.

CAPTURE Mode

If the timer is enabled, the Timer Output signal is complemented after timer Reload.
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
The Timer Output signal is complemented after timer Reload.

GATED Mode

The Timer Output signal is complemented after timer Reload.

0 = Timer counts when the Timer Input signal is High and interrupts are generated on the
falling edge of the Timer Input.

1 = Timer counts when the Timer Input signal is Low and interrupts are generated on the
rising edge of the Timer Input.

CAPTURE/COMPARE Mode

If the timer is enabled, the Timer Output signal is complemented after timer Reload.

0 = Counting starts 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 starts 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] PWM DUAL OUTPUT Mode

TPOL (cont'd) If enabled, the Timer Output is set=TPOL after PWM match and set=TPOL after Reload. If
enabled the Timer Output Complement takes on the opposite value of the Timer Output.
The PWMD field in the TOCTL1 Register determines an optional added delay on the asser-
tion (Low to High) transition of both Timer Output and the Timer Output Complement for
deadband generation.

CAPTURE RESTART Mode

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

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

TRIGGERED ONE-SHOT Mode

If the timer is enabled the Timer Output signal is complemented after timer Reload.
0 = The timer triggers on a Low to High transition on the input.

1 = The timer triggers on a High to Low transition on the input.
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Description (Continued)

[5:3]
PRES

Prescale

The timer input clock is divided by 2PRES where PRES can be set from 0 to 7. The pres-
caler 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]
TMODE[2:0]

Timer Mode

This field along with the TMODE([3] bit in TOCTLO Register determines the operating mode
of the timer. TMODE[3:0] selects from 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.
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LIN-UART

The Local Interconnect Network Univerggdynchronous Recegr/Transmitter (LIN-
UART) is a full-duplex communication cha@l capable of handling asynchronous data
transfers in standard UART applicaticas well as providing LIN protocol support.

Features of the LIN-UART include:

e 8-bit asynchronous data transfer

* Selectable even- and odd-parity generation and checking

¢ Option of one or two stop bits

e Selectable Multiprocessor (9-bit) modémthree configurable interrupt schemes
* Separate transmit and receive interrupts

* Framing, parity, overrun and break detection

e 16-bit Baud Rate Generat@®@RG) which may function 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

¢ Configurable digital noise filter on Receive Data line

Architecture

The LIN-UART consists of tlee primary functional blockstansmitter, receiver and
BRG. The LIN-UART’s transmitter and receninction independdly, but employ the
same baud rate and data forn¥die basic UART operation enhanced by the Noise Fil-
ter and IrDA blocks. Figure 11 displays the LIN-UART architecture.
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Transmit Data ; Baud Rate
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Parity Generator |
A
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Figure 11. LIN-UART Block Diagram

Data Format for Standard UART Modes

The LIN-UART always transmits and reces/data in an 8-bit data format, least-

significant bit first. An even- or odd-paribjit or multiprocessor address/data bit can be
optionally added to the data stream. Eachadttar begins with an active Low start bit and
ends with either 1 or 2 active High stop bits. Figures 12 and 13 display the asynchronous
data format employed by the LIN-UART tivout parity and with parity, respectively.
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| < , >
Idle State < Data Field >~ Stop Bit(s
| _ofLine | Isb msb |
\Start)/BitOXBiHXBitZXBit3XBit4XBit5XBit6X Bit7* l l
0 | | |
| —| 1 | |
|<— 2 —>|
Figure 12. LIN-UART Asynchronous Data Format without Parity
| < :
Idle State < Data Field | Stop Bit(s)
1 of Line | msb | |
\ Start / Bit0 X Bit 1 X Bit 2 X Bit 3X Bit 4 X Bit SX Bit GX Bit 7 XParityl( l l
0 | | |
| | |l«<— |

Figure 13. LIN-UART Asynchronous Data Format with Parity

Transmitting Data using Polled Method

Observe the following procedure to trarisdata using the pied operating method:

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 appropregtwrite to the LIN-UART Control 1
Register to enable MULTIPRCESSOR (9-bit) Mode functions.

Set the MULTIPROCESSOR Mode Sel@PEN) to enable MULTIPROCESSOR
Mode.

4. Write to the LIN-UART Control 0 Register to:
a. Setthe transmit enable bit (TEN) table the LIN-UART for data transmission.

b. If parity is appropriate and MULTIPROCESSOR Mode is not enabled, set the
parity enable bit (PEN) and select either even or odd parity (PSEL).
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c. Set or clear the CTSE bit to enablelmable control from the remote receiver
using the CTSin.

Check the TDRE bit in the LIN-UART StatOsRegister to determine if the Transmit
Data Register is empty (indicated by alLgmpty, continue to Step 6. 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.

Ifin MULTIPROCESSOR Mode, write the NFUART Control 1 Register to select
the outgoing address bit. Set the Multiproce&biransmitter (MPBT) if sending an
address byte; clear it if sending a data byte.

Write the data byte to the LIN-UARITransmit Data Register. The transmitter
automatically transfers the data to the Transmit Shift Register and transmits the data.

If appropriate and if MULTIPROCESSOR Motkeenabled, make any changes to the
Multiprocessor Bit Transmitter (MPBT) value.

To transmit additional bytes, return to Step 4.

Transmitting Data usin g Interrupt-Driven Method

PS024615-0811

The LIN-UART Transmitter interrupt indicatéise availability of the Transmit Data Reg-
ister to accept new data for transmissiObserve the following procedure to configure
the LIN-UART for interrupt-diven 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 regist@msenable the LIN-UART Transmitter interrupt
and set the appropriate priority.

If MULTIPROCESSOR Mode is appropriatetite to the LINUART Control 1 Reg-
ister to enable Multiprocessor (9-bit) mode functions.

Set the MULTIPROCESSOR Mode Sel@etPEN) to enable MULTIPROCESSOR
Mode.

Write to the LIN-UART Control O Register to:
a. Set the transmit enable bit (TEN) table the LIN-UART for data transmission

b. If MULTIPROCESSOR Mode inot enabled, enable parity, if appropriate and
select either even or odd parity.
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c. Setor clear the CTSE bit to enablaeimable controfrom the remote receiver via
the CTSpin.

7. Execute an El instrtion to enable interrupts.

The LIN-UART is now configured for interpt-driven data transmission. As the LIN-
UART Transmit Data Register is empty, ateimupt is generated immediately. When the
LIN-UART Transmit interrupt is detected and there is transmit data ready to send, the
associated interrupt service routine (ISR) performs the following actions:

1. Ifin MULTIPROCESSOR Mode, write the NFUART Control 1 Register to select
the outgoing address bit:

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

2. Write the data byte to the LIN-UARIransmit Data Register. The transmitter
automatically transfers the data to the Brait Shift Register ahtransmits the data.

3. Execute the IRET instruction to return from the interr@ptdse routine and wait for
the Transmit Data Registey again become empty.

If a transmit interrupt occurs and there istramsmit data ready &end, the interrupt-ser-
vice routine executes the IRET instruction. &dithe application does have data to trans-
mit, software can set the appropriate intermguest bit in the berrupt Controller to
initiate a new transmit interrupt. Another aitative would be for software to write the
data to the Transmit Data Register indte&invoking the interrupt-service routine.

Receiving Data us ing Polled Method

Observe the following procedure to config the LIN-UART 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. Write to the LIN-UART Control 1 Register to enable MULTIPROCESSOR Mode
functions, if appropriate.

4. Write to the LIN-UART Control 0 Register to:
a. Setthe receive enable bit (RENgtmable the LIN-UART for data reception.

b. If MULTIPROCESSOR Mode inot enabled, enable parity, if appropriate and
select either even or odd parity.
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5. Check the RDA bit in the LIN-UART StatilsRegister to determine if the Receive

7.

Data Register contains a valid data byte @athd by a 1). If RDA is set to 1 to indi-
cate available data, continue to <CrossF¢#p 6. If the Receive Data Register is
empty (indicated by a 0), continue to mitor the RDA bit awaing reception of the
valid data.

Read data from the LIN-UART Receive Data Register. If operating in
MULTIPROCESSOR (9-bit) Mode, further aatis may be required depending on the
MULTIPROCESSOR Mode bits MPMDJ1:0].

Return to <CrossRef>Stépo receive aditional data.

Receiving Data using In terrupt-Driven Method

PS024615-0811

The LIN-UART Receiver interrupt indicates theailability of new data (as well as error
conditions).

Observe the following procedure to configthie LIN-UART receiver for interrupt-driven
operation:

1.

Write to the LIN-UART Baud Rate High dii.ow Byte registers to set the appropriate
baud rate.

Enable the LIN-UART pin functions by conigng the associated GPIO port pins for
alternate function operation.

Execute a DI instruction to disable interrupts.

Write to the Interrupt control registerseimable the LIN-UART Receiver interrupt and
set the appropriate priority.

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

a. Setthe MULTIPROCESSOR Mode S#l6MPEN) to enable MULTIPROCES-
SOR Mode.

b. Set MULTIPROCESSOR Mode bits MPMD{ to select the appropriate address
matching scheme.

c. Configure the LIN-UART to interrupt oreceived data and errors or errors only
(interrupt on errors only is unlikely to be useful for ZBFMC16100 Series MCU
devices without a DMA block).

Write the device address to the Addréssnpare Register (auhatic multiprocessor
modes only).

Write to the LIN-UART Control O Register to:
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a. Setthe receive enable bit (RENgtmable the LIN-UART for data reception.

b. If MULTIPROCESSOR Mode inot enabled, enable parity, if appropriate and
select either even or odd parity.

9. Execute an El instrtion to enable interrupts.

The LIN-UART is now configured for interpi-driven data recéjon. When the LIN-
UART Receiver interrupt is detected, the ass@d ISR performs the following actions:

1. Check the LIN-UART Status 0 Registerdetermine the source of the interrupt-error,
break, or received data.

2. If the interrupt was due to data availgliead 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 MPMDI[1:0].

3. Execute the IRET instruction to return from the intersgawvice routine and await
more data.

Clear To Send Operation

The Clear To Send (CT®in, if enabled by the CTSE bit of the LIN-UART Control 0
Register, performs flow control on the outggitransmit data stream. The Clear To Send
(CTS) input pin is sampled one system cldekore beginning any new character trans-
mission. To delay transmission of the nexiadzharacter, an external receiver must deas-
sert CTSat least one system clock cycle befaneew data transmission begins. For

multiple character transmissionlis operation is typicallperformed duringhe STOP bit
transmission. If CTS8leasserts in the middle of a character transmission, the current char-
acter is sent completely.

External Driver Enable

The LIN-UART provides a Driver Enable (DEjgnal for off-chip bus transceivers. This
feature reduces the software overhead assatigith using a GPIO pin to control the
transceiver when communicating on altimansceiver bus, such as RS-485.

Driver Enable is a programmapolarity signal that envelopes the entire transmitted data
frame including parity and Stop bits as displayed in Fig4rerhe Driver Enable signal
asserts when a byte is written to th&lLWART Transmit Data Register. The Driver

Enable signal asserts at least one bit peaitdino greater than two bit periods before the
START bit is transmitted. This allows a setup time to enable the transceiver.

The Driver Enable signal deasserts one sysfeck period after the last STOP bit is
transmitted. This one system clock delay all®wh time for data to clear the transceiver
before disabling it, as well as the ability tdetenine if another chacter follows the cur-
rent character. In the event of back to belkracters (new data must be written to the
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Transmit Data Register before the previobaracter is completely transmitted) the DE
signal is not deasserted between charactérs DEPOL bit in the LIN-UART Control
Register 1 sets the polarivy the Driver Enable signal.

=/ \_

Idle State ! < Data Field > | |
of Line msb | |

_\/XXXXXXXX/ :

[

Stop Bit(s

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

The Driver Enable to START bit sep time is calculated as follows:

1 2
< DE to Start Bit Setup Time(s) <
Baud Rate (Hz) Baud Rate (Hz)

LIN-UART Special Modes

The special modes of the LIN-UART are:
* MULTIPROCESSOR Mode
¢ LIN Protocol Mode

The LIN-UART features a commarontrol Register (Control 0) that contains a unique
register address and several mode-spewifitrol registers (Multiprocessor Control,

Noise Filter Control and LIN Qdrol) that share a commaeagister address (Control 1).
When the Control 1 address is read or written, the MSEL[2:0] (Mode Select) field of the
Mode Select and Status Register determingshwphysical register is accessed. Similarly,
there are mode-specific status registers, onehich is returned wén the Status 0 Regis-
ter is read, depending on the MSEL field.

MULTIPROCESSOR Mode

The LIN-UART features a MULTIPROCESSOR (#)iMode that uses an extra (9th) bit
for selective communication whemnumber of processors share a common UART bus. In
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MULTIPROCESSOR Mode (also referred to aBi®mode), the multiprocessor bit (MP)
is transmitted immediately following the &of data and immediately preceding the
STOP bit(s) as displayed in Figure 15.

The character format is shown below.

Data Field :!

4

Idle State < l Stop Bit(s)
1 of Line | 1sb msb | |
\Start/BitoXBimXBithBit3XBit4XBit5XBit6X Bit7XMP/ ! |
0 : el I
| — |
I

Figure 15. LIN-UART Asynchronous MULTIPROCESSOR Mode Data Format

In MULTIPROCESSOR (9-bit) Mode, the Rgrbit location (9th bit) becomes the
MULTIPROCESSOR control bit. The LIN-UARTontrol 1 and Status 1 registers provide
MULTIPROCESSOR (9-bit) Mode control and staiinformation. If an automatic address
matching scheme is enabled, the LUMRT Address Compare Register holds the
network address of the device.

MULTIPROCESSOR Mode Receive Interrupts

When MULTIPROCESSOR (9-bit) Mode is enabled, the LIN-UART processes only
frames addressed to it. The determination aétiver a frame of data is addressed to the
LIN-UART can be made in hardware, software or a combination of the two, depending on
the multiprocessor configuratidnts. In general, the addressmpare feature reduces the
load on the CPU, as it does not needdoess the LIN-UART when it receives data

directed to other devices on the multinode network. The following 3 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 MPMDJ[1:0fHa LIN-UART Control 1 Register. For all
MULTIPROCESSOR modes, bit MPEN of theN-IUART Control 1 Register must be set
to 1.

The first scheme is enabled by writiagb to MPMDJ[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 witriggered the interrupt. If it matches the
LIN-UART address, the softwaresadrs MPMDIO0]. At this poit) each new incoming byte
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interrupts the CPU. The softwadetermines the end of the frame and checks for it by
reading the MPRX bit of the LIN-UART Sta 1 Register for each incoming byte. If
MPRX=1, a new frame has begun. 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 interrupts to go inactevuntil the next address bytéthe new frame’s address
matches the LIN-UART's, then the data in the new frame is processed.

The second scheme is enablyy setting MPMD[1:0] td0B and writing the LIN-UART’s
address into the LIN-UART Address Compare Reggi This mode introduces more hard-
ware control, interrupting only on fram#sat match the LIN-UART’s address. When an
incoming address byte does not match the UART’s address, it is ignored. All succes-
sive data bytes in this frame are also igdok&hen a matching ddess byte occurs, an
interrupt is issued and furthiterrupts occur on each successilata byte. The first data
byte in the frame has NEWFRM=1 in theN-=UART Status 1 Register. When the next
address byte occurs, the hardware comgateshe LIN-UART’s address. If there is a
match, the interrupt occurs and the NEWFRiIMaset for the first byte of the new frame.
If there is no match, the LIN-UART ignored incoming bytes until the next address
match.

The third scheme is enaldlby 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 aretaoupts on address bytes. The first data byte
of each frame remains accompanied by a NEWFRM assertion.

LIN Protocol Mode

The LIN protocol as supported by the LIN-UAR1odule is defined in revision 2.0 of the
LIN Specification Package. The LIN protocggecification covers all aspects of transfer-
ring information between LIN Master and Slave devices usiesgage frames including

error detection and recovery, sleep mode and wake up from sleep mode. The LIN-UART
hardware in LIN Mode provides character s#ans to support the LIN protocol including
BREAK transmission and detection, WAKHEPUransmission and detection and slave
autobauding. Part of the error detection @f thN protocol is for both master and slave
devices to monitor their reise@ data when transmitting.

If the receive and transmit data streams domatch, the LIN-UART asserts the PLE bit
(physical layer error bit in Status 0 Register). Twessage frame time-out aspect of the
protocol is left to software, requiring tige of an additional geral purpose timer. The
LIN Mode of the LIN-UART does not provide any hardware support for computing/veri-
fying the checksum field or véying the contents of the Identifier field. These fields are
treated as data and are not interpretedargware. The checksum calculation/verification
can easily be implemented in software tigb the Add with Carr¢ADC) instruction.

The LIN bus contains a single master and @nmore slaves. The LIN master is responsi-
ble for transmitting the messaffame header which consists of the Break, Synch and
Identifier fields. Either the master one of the slaves transmits the associatgubnse
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section of the message which consists of data characters followed by a checksum charac-
ter.

In LIN Mode, the interrupts dimed for normal UART operation still apply with the fol-
lowing changes.

e Parity Error (PE bit in Status O Register) is redefined as the Physical Layer Error (PLE)
bit. The PLE bit indicates tha¢ceive data doe®t match transmit data when the LIN-
UART is transmitting. This applies to hoMaster and Slasoperating modes.

* The Break Detect interrupt (BRKD bit in StatO Register) indicates when a Break is
detected by the slave (break condition foleast 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[3:0] field of the Mode Status Register.

* The Break Detect interrupt (BRKD bit ingiiis O Register) indicates when a Wake-up
message has been received if the LIN-UART is in LinSleep state.

* InLIN SLAVE Mode, if the BRG counter @rflows while measurigpthe autobaud pe-
riod (Start bit to beginning of bit 7 of altaud character) an Overrun Error is indicated
(OE bit in the Status 0 Register). In thiseasoftware sets the LinState field back to
10b, where the Slave ignores the current message and waits for the next Break. The
Baud Reload High and Low registers are uqpdated by hardware tifiis autobaud er-
roroccurs. The OE bit is also set if a data overrun error occurs.

LIN System Clock Requirements

The LIN master provides the timing reference for the 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 reference withaccuracy of £2%. If a Slave does not con-
tain autobaud capability it must include aidalock which devias from the masters by

no more than +1.5%. These accuracy requirements must include effects such as voltage
and temperature drift during operation.

Before sending or receiving messages, the Beldad High/Low registers must be ini-
tialized. Unlike standard UART modes, theuBaReload High/Low registers must be
loaded with the baud interval rathtaan 1/16 of the baud interval.

In order to autobaud with étvequired accuracy, the LINaste system clock must be at
least 100 times the baud rate.
LIN Mode Initializa tion and Operation

The LIN protocol mode is selected by saijtgither the LMST (LIN Master) or LSLV
(LIN Slave) and optiorily (for LIN slave) the Autobaud Enable (ABEN) bits in the LIN
Control Register. To access the LIN Controgigeer, the MSEL (Mode Select) field of the
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LIN-UART Mode Select/Status Register must be18B. The LIN-UART Control 0 Reg-
ister must be initialized with TEN = 1, REN = 1, all other bits = 0.

In addition to the LMST, LSLV and ABEN bits in the LIN Control Register, a Lin-
State[1:0] field exists that defines the currstatte of the LIN logic. This field is initially

set by software. In the LIN SLAVE Mode, the LinState field is updated by hardware as the
Slave moves through the Wait Freak, Autobaud and Active states.

The Noise Filter may also need to be endlaled configured wheimterfacing to a LIN
bus.

LIN MASTER Mode Operation

LIN MASTER Mode is selected by setting LMST =1, LSLV =0, ABEN = 0, Lin-
State[1:0] =11B. If the LIN bus protocol indicateseltbus is required go into the LIN
sleep state, the LinState[1:0] bits must be s#B-by software.

The Break is the first part of the message frammesmitted by the master, 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) dahe Break is written to the TxBreakLength field of the LIN
Control Register. The transmission of the& is performed by setting the SBRK bit in

the Control O Register. The LIN-UART starts the Break once the SBRK bit is set and any
character transmission currently underway d@spleted. The SBRK bit is deasserted by
hardware once the ¢k is completed.

The Synch character is transmitted by writirgbH to the Transmit Data Register (TDRE
must = 1 before writing). The Synch chagads not transmitted by the hardware until
after the Break is complete.

The Identifier character is transmittedwyiting the appropriate value to the Transmit
Data Register (TDRE must = 1 before writing).

If the master is sending the response portion of the message, these data and checksum
characters are written to the Transmit DRégister when the TRE bit asserts. If the
Transmit Data Register is written after TDRESerts, but befofEXE asserts, the hard-

ware inserts one or two stop bits between ehenacter as determined by the STOP bit in
the Control O Register. Additional idle tinoecurs between characters 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 is signalled bydhreceive data interrupt (RDAth$ set in the Status 0 Regis-
ter).

If the selected slave is senditige response to a different séathe master can ignore the
response characters by deerting the REN bit in the Cawot 0 Register until the frame
time slot has completed.
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LIN Sleep Mode

While the LIN bus is in the sleep state, @U can be in either low power STOP Mode,
in HALT Mode, or in normal operationalage. Any device on the LIN bus may issue a
Wake-up message if it requires the master to initiate anhéNsage framé&ollowing the
Wake-up message, the master wakes upratigtes a new message. A Wake-up message
is accomplished by pulling the low for at least 250 ps bless than 5 ms. Transmitting
a00h character is one way to transmit 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 may preclude making@murate measurement of the Wake-up mes-
sage duration.

If the CPU is in HALT or operational modegthIN-UART (if enabled) times the duration

of the Wake-up and provides an interrupgtdi@ing the end of thbreak sequence if the
duration is> 3 bit times. The total duration ofdlWake-up message in bit times may be
obtained by reading the RxBreakLength field in the Mode Status Register. After a Wake-
up message has been detected, the LIN-UART can be placed (by software) into either LIN
Master or LIN Slave Wait for Break statesagpropriate. If the break duration exceeds 15

bit times, the RxBreakLengfield contains the valugh. If the LIN-UART is disabled,

the Wake-up message can be detected via gpoiriterrupt and timed by software. If the
device is in STOP Mode, the High to Low ts#tion on the port pin bring the device out of
STOP Mode.

The LIN Sleep state is selected by softwsetting LinState[1:0] = 00. The decision to
move from an active state to sleep stateaised on the LIN messages as interpreted by
software.

LIN Slave Operation

LIN SLAVE Mode is selected by setting LMST =0, LSLV =1, ABEN =1 or 0 and Lin-
State[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 aakbof at least 11 bit times in duration. The
LIN-UART detects the Break and generatesraarrupt to the CPUThe duration of the
Break is observable in the RxBreakLength field of the Mode Status Register. A Break of
less than 11 bit times in dui@n does not generate a bréaterrupt when the LIN-UART

is in Wait for Break state. If the Breakrdtion exceeds 15 bit times, the RxBreakLength
field contains the valueh.

Following the Break the LIN-UART hardwa automatically transits to ti#eitobaud

state, where it autobauds by timing the tioreof the first 8 bit times of the Synch charac-
ter as defined in the standard. At the enthefautobaud period, the duration measured by
the BRG counter (auto baud period dividedBpys automatically ansferred to the Baud
Reload High and Low registers if the ABEN bit of the LIN Control Register is set. If the
BRG Counter overflows beforeaching the start of bit 7 in the autobaud sequence the
Autobaud Overrun Error interrupt occurs, the OE bit in thauStatRegister is set and the
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Baud Reload registers are not updated. Toksutd within 2% of the master’s baud rate,

the slave system clock must be minimum 100 times the baud rate. To avoid an autobaud
overrun error, the system clock must not be greater thaim®es the baud rate (16 bit
counter following 3-bit prescaler whenuting the 8 bit times of the Autobaud

sequence).

Following the Synch character, thEN-UART hardware transits to th&ctive state where

the Identifier character is received and the characters &edpense section of the mes-
sage are sent or received. The Slave remains ixcthe state until a Break is received or
software forces a state change. When it is in Active State (autobaud has completed), a
Break of 10 or more bit times is recognizetl will cause a transition to the Autobaud
state.

If the Identifier character indicates that thiave device is not participating in the mes-
sage, software cantdhe LinState[1:0] 01b (Wait for Break State) to ignore the rest of
the message. No further receive migts will occur until the next Break.

LIN-UART Interrupts

The LIN-UART features separate interruptsthoe transmitter and receiver. In addition,
when the LIN-UART primary functionality is disabled, the BRG can also function as a
basic timer with interrupt capability.

Transmitter Interrupts

The transmitter generates a single interidpén the Transmit Dat&egister Empty bit
(TDRE) is set to 1. This indicates that trensmitter is ready to accept new data for trans-
mission. The TDRE interrupt oars when the transmitterirgtially enabled and after the
Transmit Shift Register has shiftéhe first bit of a character out. At this point, the Trans-
mit Data Register may be written with the nelkaracter to send. This provides 7 bit peri-
ods of latency to load the Transmit DatagiReer before the Transmit Shift Register
completes shifting the current character.tifig to the LIN-UART Transmit Data Register
clears the TDRE bit to O.

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

e A data byte is received and is availabl¢hia LIN-UART Receive Data Register. This
interrupt can be disabled independent efdther receiver interrupt sources through the
RDAIRQ bit (this feature is useful in devices which support DMA). The received data
interrupt occurs after the receive character is placed in the Receive Data Register. Soft-
ware must respond to this received datalabke condition before #hnext character is
completely received to avoid an overrun error.
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} Note: In MULTIPROCESSOR Mode (MPEN = 1), theceve data interrupts are dependent on
the multiprocessor configuration and the most recent address byte.

* A breakis received
e Areceive data overrun or LIN slaa®tobaud overrun error is detected
* A data framing error is detected

e A parity error is detected (phical layer error in LIN Mode)

LIN-UART Overrun Errors

When an overrun error conditiaoccurs the LIN-UART preves overwriting of the valid
data currently in the Receive Data Regisiée Break Detect and Overrun status bits are
not displayed until the valid data has been read.

After the valid data has been read, the OE hihefStatus 0 Register is updated to indicate
the overrun condition (and Break Detect, if apgtile). The RDA bit is set to 1 to indicate
that the Receive Data Register containsta tgte. However, because the overrun error
occurred, this byte may not contain validaland must be ignored. The BRKD bit indi-
cates if the overrun is caused due to a bopeaidition on the line. Aér reading the status
byte indicating an overrun errdhe Receive Data Register must be read again to clear the
error bits in the LIN-UART Status 0 Register.

In LIN Mode, an Overrun Error is signaléat receive data overruns as 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 the Receive Data Registest be read to clear the OE bit. In this
case software must write a 10B to the LinSteteel, forcing the LIN slave back to a Wait
for Break state.

LIN-UART Data-Handling and Error-Handling Procedure

Figure 16 displays the recommended procedor use in LIN-UART receiver interrupt
service routines.
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Figure 16. LIN-UART Receiver In terrupt Service Routine Flow

Baud Rate Gene rator Interrupts

If the BRGCTL bit of the Multiprocessor ContiRegister (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-UART Baud Rate Generator reloads. This allows
the BRG to function as an ditional counter if the LIN-URT receiver functionality is

not employed. The transmitterenabled in this mode.
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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 Raten&ator is the system clock. The LIN-UART
Baud Rate High and Low Byte registers coneldio 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 is calculataging the followingequation for normal UART operation:

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

UART Data Rate (bps) =

The LIN-UART data rate is calculated ugithe following equatio for LIN Mode UART
operation:

System Clock Frequency (Hz)

UART Data Rate (bps) = —
UART Baud Rate Divisor Value

When the LIN-UART is disaleld, the Baud Rate Generator can function as a basic 16-bit
timer with interrupt on time-out. To configure the Baud Rate Generator as a timer with
interrupt on time-out, compie the following procedure:

1. Disable the LIN-UART receiver by clearitige REN bit in the LIN-UART Control 0
Register to 0 (TEN bit may besested, transmit activity may occur).

2. Load the appropriate 16-bit count valo® the LIN-UART Baud Rate High and Low
Byte registers.

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

Noise Filter

PS024615-0811

A noise filter circuit is included which filtersoise on a digital input signal (such as UART
Receive Data) before the data is sampled by the block. This 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 seleetbether the noise filtds bypassed (NFEN
= 0) or included (NFEN = 1) the receive data path.

* Noise Filter Control (NFCTL[2:0]) input setts the width of the up/down saturating
counter digital filter. The available dths range from 4 bits to 11 bits.
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* The digital filter output features hysteresis.

* Provides an active loWaturated Sate output (FiltSatB) used as an indication of the
presence of noise.

Architecture

Figure 17 displays how the noise filter isaigrated with the LIN-UART for use on a LIN

network.
System A
Clock
Y Y
RxD RxD
< < ——— — RxD
FiltSatB é
‘ Noise >
NFEN, NFCTL _ Filter LIN >
LIN-UART g GPIO Transceiver
TxD TxD
— > TxD
Figure 17. Noise Filter System Block Diagram
Operation

Figure 18 displays the operation of the ndiker both with andwithout noise. The noise
filter in this example is a 2-bitp/down counter which saturateab and1ib. A 2-bit
counter is shown for convenience, the operatiomidér counters is similar. The output of
the filter switches from 1 to O vem the counteraunts down fron®1b to 00b and
switches from 0 to 1 when the counter counts up ftomto 11b. The noise filter delays
the receive data by three System Clock cycles.

The FiltSatB signal is checked when the féid RxD is sampled in the center of the bit
time. The presence of noise (FiltSatB = 1 aiteeof bit time) does not mean the sampled
data is incorrect, just that the filter is not ingturated state of all 1s or all Os. If FiltSatB
=1, when RxD is sampled during a receitaracter, the NE bit in the ModeStatus[4:0]
field is set. By observing this bit, an indiicen of the level of na@e in the network can be
obtained.
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Figure 18. Noise Filter Operation

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/Decodechapter on page 142.
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Data bytes written to the LIN-UART Transnilata Register, shown in Table 66, are
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shifted out on the TxD pin. The Write-only LIN-UART Transmit Data Register shares a
Register File address with the read-only LIN-UART Receive Data Register.

Table 66. LIN-UART Transmit Data Register (UOTXD)

Bit 7 6 5 4 3 2 0
Field TXD
RESET X
R/W W
Address F40H
Bit Description
[7:0] Transmit Data
TXD LIN-UART transmitter data byte to be shifted out through the TXD pin.
LIN-UART Receive Data Register
Data bytes received through the RxD pia stored in the LIN-UART Receive Data Reg-
ister, shown in Table 67. The read-only LIN-UART Receive Data Register shares a
Register File address with the Write-only LIN-UART Transmit Data Register.
Table 67. LIN-UART Receive Data Register (UORXD)
Bit 7 6 5 4 3 2 0
Field RXD
RESET X
R/W R
Address F40H
Bit Description
[7:0] Receive Data
RXD LIN-UART receiver data byte from the RXD pin.

PS024615-0811

PRELIMINARY

LIN-UART Control Register Definitions



Z8FMC16100 Series Flash MCU
Product Specification

126

LIIXYS

LIN-UART Status 0 Register

The LIN-UART Status 0 Register identifies the current LIN-UART operating configura-
tion and status. Table 68 describes the Status 0 Register for Standard UART Mode.
Table 69 describes the Status 0 Register for LIN Mode.

Table 68. LIN-UART Status 0 Register — Standard UART Mode (UOSTATO)

Bit 7 6 5 4 3 2 1 0

Field RDA PE OE FE BRKD TDRE TXE CTS

RESET 0 0 0 0 0 1 1 X

R/W R R R R R R R R

Address F41H

Bit Description

[7] Receive Data Available

RDA This bit indicates that the LIN-UART Receive Data Register has received data. Reading the
LIN-UART Receive Data Register clears this bit.

[6] Parity Error

PE This bit indicates that a parity error has occurred. Reading the Receive Data Register clears
this bit.

[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 has not been read. Reading the Receive Data
Register clears this bit.

[4] Framing Error

FE This bit indicates that a framing error (no ~ STOPbit following data reception) is detected.
Reading the Receive Data Register clears this bit.

[3] Break Detect

BRKD This bit indicates that a break has 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.

[2] Transmitter Data Register Empty

TDRE This bit indicates that the Transmit Data Register is empty and ready for additional data. Writ-
ing to the Transmit Data Register resets this bit.

[1] Transmitter Empty

TXE This bit indicates that the Transmit Shift Register is empty and character transmission is fin-
ished.

[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.
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Table 69. LIN-UART Status 0 Register, LIN Mode (UOSTATO)

Bit 7 6 5 4 3 2 1 0

Field RDA PLE ABOE FE BRKD TDRE TXE ATB

RESET 0 0 0 0 0 1 1 0

R/W R R R R R R R

Address F41H

Bit Description

[7] Receive Data Available

RDA This bit indicates that the Receive Data Register has received data. Reading the Receive Data
Register clears this bit.

[6] Physical Layer Error

PLE This bit indicates that transmit and receive data do not match when a LIN slave or master is
transmitting. This could be caused 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.

[5] Receive Data and Autobaud Overrun Error

ABOE 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 auto-
baud sequence, indicating the receive activity was 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 read-
ing the Receive Data Register.

[4] Framing Error

FE This bit indicates that a framing error (no STOPbit following data reception) was detected.
Reading the Receive Data Register clears this bit.

[3] Break Detect

BRKD This bit is set in LIN Mode if () in LinSleep state and a break of at least 4 bit times occurred
(Wake-up event) or (b) in Slave Wait Break state and a break of at least 11 bit times occurred
(Break event) or (c) in Slave Active state and a break of at least 10 bit times occurs. Reading
the Status O Register or the Receive Data Register clears this bit.

[2] Transmitter Data Register Empty

TDRE This bit indicates that the Transmit Data Register is empty and ready for additional data. Writ-
ing to the Transmit Data Register resets this bit.

[1] Transmitter Empty

TXE This bit indicates that the Transmit Shift Register is empty and character transmission is fin-
ished.

[0] LIN Slave Autobaud Complete

ATB 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. Read-
ing the Status O Register clears this bit. This bit will be 0 in LIN MASTER Mode.
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LIN-UART Mode Select and Status Register

The LIN-UART Mode Select and Status Register, shown in Table 70, contains mode select
and status bits. A more detailed discussion of each bit follows the table.

Table 70. LIN-UART Mode Select and Status Register (UOMDSTAT)

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/W R/W R/W R R R R
Address F44H
Bit Description
[7:5] Mode Select
MSEL This R/W 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 ModeStatus field when reading this register.
000 = Multiprocessor and normal UART control/status.
001 = Noise Filter control/status.
010 = LIN Protocol control/status.
011-110: Reserved.
111 = LIN-UART Hardware Revision (allows hardware revision to be read in the Mode Status
field).
[4:0] Mode Status
Mode This read-only field returns status corresponding to the mode selected by MSEL as follows:
Status 000: Multiprocessor and normal UART mode status = {NE, 0, 0, NEWFRM, MPRX}

001: Noise Filter status = {NE, 0,0,0,0}.

010: LIN Mode status = {NE, RxBreakLength[3:0]}.
011-110: reserved ={0, 0, 0, 0, 0}.

111: LIN-UART hardware revision.

PS024615-0811

MULTIPROCESSOR Mode Stat us field (MSEL = 000B)

Noise Event (NE). This bit is asserted if digital noise detected on the receive data line
while the data is sampled (center of bit tim&)his bit is set, it does not mean that the
receive data is corrupted (though it may bextreme cases), just that one or more of the
noise filter data samples near the centeghefbit time did not match the average data
value.

New Frame (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 thiest data byte of a new frame.

1 = The current byte is thedt data byte of a new frame.
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Multiprocessor Receive (MPRX). Returns the value of ¢hlast multiprocessor bit
received. Reading from the LIN-UART Receive Data Register resets this bit to 0.

Digital Noise Filter Mode Status Field (MSEL = 001B)

NE—Noise Event.This bit is asserted if digital noisedetected on the receive data line
while the data is sampled (center of bit tim&)his bit is set, it does not mean that the
receive data is corrupted (though it may bextreme cases), just that one or more of the
noise filter data samples near the centdhefbit time did not match the average data
value.

LIN Mode Status Fi eld (MSEL = 010B)

Noise Event (NE). This bit is asserted if some noisedéis detected on the receive data
line while the data is sampled (center of bit timigdhis bit is set, it does not indicate that
the receive data is corrupt (though it may bextreme cases), just that one or more of the
16x data samples near the center of thérbe did not match # average data value.

RxBreakLength. LIN Mode received break length. This field may be read following a
break (LIN WAKE-UP or BREAK) so softwarean determine the measured duration of
the break. If the break exceeds 15 bit times the value saturateis Bt

Hardware Revision Mode Status Field (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.

PRELIMINARY LIN-UART Control Register Definitions
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LIN-UART Control O Register

The LIN-UART Control O Register, shown infdla 71, configures the basic properties of
the LIN-UART's transmit and receive operaif A more detailed discussion of each bit

follows the table.

Table 71. LIN-UART Contro | 0 Register (UOCTLO)

Bit 7 6 5 4 3 2 1 0
Field TEN REN CTSE PEN PSEL SBRK STOP LBEN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F42H
Bit Description
[7] Transmit Enable
TEN This bit enables or disables the transmitter. The enable is also controlled by the CTS signal
and the 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] CTS 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 addi-
tional parity bit.
[3] Parity Select
PSEL 0 = Even parity is transmitted and expected on all received data.

1 = Odd parity is transmitted and expected on all received data.

PS024615-0811
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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 finished sending data before setting this bit. In
standard UART mode, the duration of the break is determined by how long 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 Regis-
ter. 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.
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LIN-UART Control 1 Registers

Multiple registers, shown in Tables 72 thrbugg, are accessible by a single bus address.
The register selected is dateéned by the Mode Select (MSEL) field. These registers pro-
vide additional control over LIN-UART operation.

Multiprocessor Control Register

When MSEL =000b, the Multiprocessor Control Registehown in Table 72, provides
control for UART MULTIPROCESSOR Mod#&DA Mode, Baud Rate Timer Mode, as
well as other features wihicapply to multiple modes.

Table 72. MultiProcessor Control Register (UOCTL1 with MSEL = 000b)

Bit 7 6 5 4 3 2 1 0
Field MPMD[1] | MPEN | MPMD|0] MPBT DEPOL | BRGCTL | RDAIRQ IREN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F43H with MSEL = 000b

Bit Description

[7,5] MULTIPROCESSOR Mode

MPMD[1], If MULTIPROCESSOR (9-bit) Mode is enabled, the following IRQ events can occur:
MPMDI[0] 00 = The LIN-UART generates an interrupt request on all received bytes (data and address).

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 (9-bit) Enable

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

[4] Multiprocessor Bit Transmit

MPBT This bit is applicable only when Multiprocessor (9-bit) mode is enabled.
0 = Send 0 in the multiprocessor bit location of the data stream (9th bit).
1 = Send 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.

PS024615-0811
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Bit 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 O Register).
When the LIN-UART receiver is not enabled, this bit determines whether the Baud Rate Gen-
erator issues interrupts.
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 1. Reads from the Baud Rate High and Low Byte registers return
the current BRG count value.

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.

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 Enable
RDAIRQ 0 = Received data and receiver errors generates an interrupt request to Interrupt Controller.
1 = Received data does not generate an interrupt request to the Interrupt Controller. Only
receiver errors generate an interrupt request.

[0] Infrared Encoder/Decoder Enable
IREN 0 = Infrared Encoder/Decoder is disabled. LIN-UART operates normally.
1 = Infrared Encoder/Decoder is enabled. The LIN-UART transmits and receives data through
the Infrared Encoder/Decoder.

PS024615-0811 PRELIMINARY LIN-UART Control Register Definitions
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When MSEL =001b, the Noise Filter Control Register, shown in Table 73, provides con-

trol for the digital noise filter.
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Table 73. Noise Filter Control Register (UOCTL1 with MSEL = 001b)

Bit 7 6 5 4 3 2 1 0
Field NFEN NFCTL Reserved
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R
Address F43H with MSEL = 001b
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 is fil-
tered.
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

These bits are reserved and must be programmed to 0000.
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LIN Control Register

When MSEL =010b, the LIN Control Register provides control for the LIN Mode of
operation.

Table 74. LIN Control Register (UOCTL1 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 with MSEL = 010b
Bit Description
[71 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 follows Autobaud, if in LIN SLAVE Mode and ABEN = 1. When the Autobaud
character is received, a receive interrupt is generated and the ATB bit is set in the
Status 0 Register. There is no receive data associated with this interrupt. The Baud
Reload registers will be updated by hardware with the new bit period value.
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Bit

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 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 may 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 may be set).

[2:0] Transmit Break Length
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.
LIN-UART Address Compare Register
The LIN-UART Address Compare Registeorsts the multinode network address of the
LIN-UART. When the MPMDI[1] bit of th&.IN-UART Control Register 0 is set, all
incoming address bytes are compared to the value stored in this Address Compare Regis-
ter. Receive interrupts and RDA assertionly accur in the event of a match. See
Table 75.
Table 75. LIN-UART Address Compare Register (UOADDR)
Bit 7 6 5 4 3 2 1 0
Field COMP_ADDR
RESET 00H
R/W R/W
Address F45H
Bit Description
[7:0] Compare Address
COMP_ADDR  This 8-bit value is compared to the incoming address bytes.
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LIN-UART Baud Rate High and Low Byte Registers

The LIN-UART Baud Rate High and Low Bytegisters, Tables 77 and 76, combine to
create a 16-bit baud rate divisor value (BR%&30]) which sets the data transmission rate
(baud rate) of the LIN-UART.

Table 76. LIN-UART Baud Rate Low Byte Register (UOBRL)

Bit 7 6 5 4 3 2 1 0
Field BRL
RESET FFH
R/W R/W
Address F47H
Table 77. LIN-UART Baud Rate High Byte Register (UOBRH)
Bit 7 6 5 4 3 2 1 0
Field BRH
RESET FFH
R/W R/W
Address F46H
} Note: The UART must be disabled when updating Baud Rate registers because the high and

low registers must be written independently.
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The LIN-UART data rate is calculated ngithe following equation for standard UART

operation:

UART Data Rate (bps)

System Clock Frequency (Hz)

16 x UART Baud Rate Divisor Value

The LIN-UART data rate is calculated ugithe following equatio for LIN Mode UART

operation:

UART Data Rate (bps)

System Clock Frequency (Hz)

UART Baud Rate Divisor Value
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For a given LIN-UART data rate, the integer baa divisor value isalculated using the
following equation for standard UART operation:

System Clock Frequency (Hz))

UART Baud Rate Divisor Value = Round( 16XUART Data Rate (bits/s)

For a given LIN-UART data rate, the integer baaid divisor value isalculated using the
following equation for LIN Mode UART operation:

System Clock Frequency (Hz))

UART Baud Rate Divisor Value s = Round( UART Data Rate (bits/s)

The baud rate error relative thoe appropriate baud ratedalculated using the following
eqguation:

Actual Data Rate — Desired Data Rate)

0, =
UART Baud Rate Error (%) 1OOX( Desired Data Rate

For reliable communication, the LIN-UART batate error must never exceed 5 percent.
Table 78 through Table 82 provide error data for popular baud rates and commonly-used
crystal oscillator frequencies fanrmal UART modes of operation.
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Applicable BRG Divisor Actual Rate  Error Applicable BRGDivisor Actual Rate  Error
Rate (kHz)  (Decimal) (kHz) (%) Rate (kHz) (Decimal) (kHz) (%)
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 79. LIN-UART Baud Rates, 10.0 MHz System Clock
BRG BRG
Applicable Divisor Actual Rate Error Applicable Divisor Actual
Rate (kHz) (Decimal) (kHz) (%) Rate (kHz) (Decimal) Rate (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
38.4 16 39.1 1.73 0.30 2083 0.30 0.2
19.2 33 18.9 0.16
Table 80. LIN-UART Baud Rat es, 5.5296 MHz System Clock
BRG BRG
Applicable Divisor Actual Rate Error Applicable Divisor Actual Rate  Error
Rate (kHz) (Decimal) (kHz) (%) Rate (kHz)  (Decimal) (kHz) (%)
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
250.0 345.6 38.24 2.40 144 2.40 0.00
115.2 115.2 0.00 1.20 288 1.20 0.00
57.6 57.6 0.00 0.60 576 0.60 0.00
38.4 38.4 0.00 0.30 1152 0.30 0.00
19.2 18 19.2 0.00
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Table 81. LIN-UART Baud Rates, 3.579545 MHz System Clock

BRG BRG
Applicable Divisor Actual Rate Error Applicable Divisor Actual Rate
Rate (kHz) (Decimal) (kHz) (%) 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 47 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
Table 82. LIN-UART Baud Rates, 1.8432 MHz System Clock
BRG BRG
Applicable Divisor Actual Rate  Error Applicable Divisor Actual Rate Error
Rate (kHz) (Decimal) (kHz) (%) Rate (kHz) (Decimal) (kHz) (%)
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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The Z8FMC16100 Series MCU contains twthyftiunctional, high-performance UART to
Infrared Encoder/Deaters (endecs). Each infrared ends integrated with an on-chip
UART to allow easy communication beten the ZBFMC16100 Series MCU and IrDA
Physical Layer Specification, versionl.3-compliant infdaransceivers. Infrared com-
munication provides secure, reliable, lonstgoint-to-point comunication between
PCs, PDAs, cell phones, printerdasther infrared enabled devices.

Architecture

Figure 19 displays the architecture of the infrared endec.

System
Clock
Y Y
- RxD
TxD Infrared
UART > Encoder/Decoder
Baud Rate (endec)
Clock
Interrupt 1/O Data

Signal  Address

Zilog
ZHX1810
RxD
~€——— RxD
TxD
—— > TxD
Infrared
Transceiver

Figure 19. Infrared Data Communication System Block Diagram

Operation

When the infrared endec isabied, the transmitted dat@m the associated on-chip

UART is encoded as digital signals in accardawith IrDA standar@nd output to the
infrared transceiver using the TXD pin. Thaaleeceived from the infrared transceiver is
passed to the infrared endec using the RXD) ¢¢coded by the infrared endec and passed
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to the UART. Communication isalf-duplex, which mearg@multaneous data transmis-
sion and reception is not allowed.

The baud rate is set by thARTs Baud Rate Generator 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 (bps) =

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) which drivesetinfrared transceiver. Each UART/Infrared
data bit is 16-clocks wide. If the data to be transmitted is 1, the IR_TXD signal remains
Low for the full 16-clock periodif the data to be transmitted is 0, a 3-clock high pulse is
output following a 7-clock low period. After the 3-clock high pulse, a 6-clock low pulse is
output to complete the full-clock data period. Figure 20 displays the IrDA data
transmission. When the infrareddec is enabled, the UART’s TXD signal is internal to
the ZBFMC16100 Series MCU while the IR_TXD signal is output through the TXD pin.

6-Clock

| ~ ! Period

— | | | |
I

Start Bit = 0 Data Bit0 =1 DataBit1=0 DataBit2 =1 Data Bit3 =1

3-Clock

1
Pulse

1

Delay

Figure 20. Infrared Data Transmission
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Receiving IrDA Data

Data received frorthe infrared transceiver via the IR_R>§iginal 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 demodulated signal (RXD) which drives the
UART. Each UART/Infrared data bit is 16-clocks wide. Figure 21 displays the data
reception. When the infrareda@gc is enabled, the UART’s RXD signal is internal to the
Z8FMC16100 Series MCU while the IR_RXD signal is received through the RXD pin.

|‘ 16-Clock ,| | | | |
1

Period
1 | 1

Baud Rate
Clock

1 1

Start Bit =0 | Data Bit 0 = 1 DataBit1=0 | DataBit2=1
1 1
1

Min. 1.6us ! !
| Pulse
|
— T

UART's ) . . . |
RxD | Start Bit=0 Data Bit0 =1 DataBit1=0 Data Bit2 =1

IR_RxD

|
Data Bit 3 =1 i
1
|
1

Data Bit 3 =1

1
> | 16-Clock > | 16-Clock > | < 16-Clock >
Period | Period Period |

1
_>| 8-Clock |<_
Delay 16-Clock
Period

Figure 21. Infrared Data Reception

A Caution: The system clock frequency must be at least 1.0 MHz to ensure proper reception of the
1.6 s minimum-width pulses allowed by the IrDA standard.

Endec Receiver Synchronization

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

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

stream is detected, the endec counter is.régle¢n the count reaches a value of 8, the
UART RXD value is updated to reflect thelwa of the decoded data. When the count
reaches 12 baud clock periods, the sampling window for the next incoming pulse opens.
The window remains open until the count agaismches 8 (or in other words 24 baud clock
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periods since the previous pulse was detBogiving the endec a sampling window of
minus four baud rate clocks to plus eight beate clocks around the expected time of an
incoming pulse. If an incoming pulse is det 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 next falling edge. As each falledpe is detected, tlemdec clock counter is
reset, resynchronizingehendec to the incoming signal.iSfallows the endec to tolerate
jitter and baud rate errors in the incomiteta stream. Resynahmizing the endec does

not alter the operation of the UART, thdtimately receives the @@ The UART is only
synchronized to the inooing data stream when a START bit is received.

Infrared Encoder/Decoder Co ntrol Register Definitions

All infrared endec configuration and statoformation is set by the UART control
registers as defined the LIN-UART Control Register Definitionsection on page 124

A Caution: To prevent spurious signals during IrDAt@@ransmission, set the IREN bit in the
UARTX Control 1 Register to 1 to enalhe Infrared Encoder/Decoder before enabling
the GPIO Port alternate futen for the corresponding pin.
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Serial Peripheral Interface

The Serial Peripheral Interfa8Pl) is a synchronous intade allowing several SPI-type
devices, such as EEPROMSs, to bericwanected. The SPI features include:

Full-duplex, synchronous, character-oriented communication

Four-wire interface

Data transfer rates up to a maximum of one-half the system clock frequency
Error detection

Dedicated Baud Rate Generator

Architecture

The SPI can be configured as either a mgstesingle or multimaster systems) or a slave
as displayed in Figures 22 through 24.

SPI Master
To Slave’s SS Pin <€—— SS
MISO 8-Bit Shift Register
From Slave >»| Bit 0 Bit 7
A
MOSI
To Slave -«
To Slave <€—— SCK Baud Rate
Generator

Figure 22. SPI Configured as a Master in a Single Master, Single Slave System
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Vee

35 SPI Master

To Slave #2’s SS Pin <«——, GPIO
To Slave #1's SS Pin <«—— GPIO

MISO 8-Bit Shift Register
From Slave >| Bit 0 Bit 7
A
MOSI
To Slave ~€——
To Slave <€«—— SCK Baud Rate
Generator

Figure 23. SPI Configured as a Master in  a Single Master, Multiple Slave System

SPI Slave
From Master —> SS
MISO 8-Bit Shift Register
To Master <€ Bit 7 Bit 0 |-
A
MOSI
From Master
SCK
From Master

Figure 24. SPI Configured as a Slave
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Operation

The SPI is a full-duplex, synchronous, chareotéented channel that supports a four-wire
interface (serial clock, transmit, receive and slave select). The SPI block consists of a
transmit/receive shift regist, a Baud Rate (clock) Gerator and a control unit.

During an SPI transfer, data is sent and rasmesimultaneously by both the master and the
slave SPI devices. Separate signals are regfdarethta and the serial clock. When an SPI
transfer occurs, a multibit (typilta 8-bit) character is shifgtout one data pin and an mul-
tibit character is simultaneously shifted in on a second data pin. An 8-bit shift register in
the master and another 8-bit shift registethie slave are connected as a circular buffer.
The SPI shift register is single-buffered ie tihansmit and receive directions. New data to
be transmitted cannot be written into the shift register until the previous transmission is
complete and receive ddiévalid) has been read.

SPI Signals

The four basic SPI signals are:
* Master-In/Slave-Out (MISO)
* Master-Out/Slave-In (MOSI)
e Serial Clock (SCK)

e Slave Select (SS

Each signal is described ooth MASTER and SLAVE modes.

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. It is one of the times that transfer dat data, with the most
significant bit sent first. The MISO pin afslave device is placed in a high-impedance
state if the slave is not selected. When thei§Rbt enabled, this signal is in a high-
impedance state.

Master-Out/Slave-In

The Master-Out/Slave-In (MOSI) pin is configaras an output in a master device and as
an input in a slave device. It is one of th@ times that transfer serial data, with the most
significant bit sent first. When the SPI is motabled, this signal is in a high-impedance
state.

PS024615-0811 PRELIMINARY Operation
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Serial Clock

The Serial Clock (SCK) synchronizes datavement both in and out of the device

through its MOSI and MISO pins. In MAER Mode, the SPI's Baud Rate Generator
creates the serial clock. The master driesserial clock through its own serial clock
(SCK) pin to the slave’s SCK pin. When the SPI is configured as a slave, the SCK pin is
an input and the clock signal from the mastarchronizes the data transfer between the
master and slave devices. These slawvicds ignore the SCK signal unless the@sis
asserted. When configured as a slaveStReblock requires a minimum SCK period of
greater than or equad 8 times the system (x{) clock period.

The master and slave are eaabable of exchanging a charxwf data during a sequence

of NUMBITS clock cycles (refer to the NUMBITS field in the SRINDE Register). In

both master and slave SPI devices, dashif$ed on one edge of the SCK and is sampled

on the opposite edge, where data is stable. Edge polarity is determined by the SPI phase
and polarity control.

Slave Select

The active Low Slave Select (Si8put signal selects a slave SPI devicen&8t be Low
prior to all data communicaticdo and from the slave device. &&ist remain Low for the
full duration of each character transferred. ThesfgBal may stay Low during the transfer
of multiple characters, or maleassert between each character.

When the SPI is configured as thdyomaster in an SPI system, the @8 can be set as
either an input or an output. For communication between the Z8FMC16100 Series MCU'’s
SPI master and external slave devices,_the@&l, as an output, can assertﬁérfbﬁt

pin on one of the slave devices. Other GPIO output pins can also be employed to select
external SPI slave devices.

When the SPI is configured as one master in a multimaster SP| system pines8&uld

be set as an input. The 8fut signal on the master must be High. If thesB@al goes

Low (indicating that another master is driving the SPI bus), a collision error flag is set in
the SPI Status Register.

Clock Phase and Polarity Control

The SPI supports four combinations of seriatklphase and polaritysing two bits in the

SPI Control Register. The clock polarity bit, CLKPOL, selects an active High or active
Low clock and has no effect on the transfer format. Table 83 lists the SPI Clock Phase and
Polarity Operation parameters. The clock phase bit, PHASE, selects one of two
fundamentally different transfer formats.rifyoper data transmission, clock phase and
polarity must be identical for the SPI masded the SPI slave. The master always places
data on the MOSI line a half-cycle befahe receive clock edge (SCK signal) for the

slave to latch the data.
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Table 83. SPI Clock Phase and Clock Polarity Operation

SCK Transmit SCK Receive SCK Idle
PHASE CLKPOL Edge Edge State
0 0 Falling Rising Low
0 1 Rising Falling High
1 0 Rising Falling Low
1 1 Falling Rising High

Transfer Format Phase Equals Zero

Figure 25 displays the timingatjram for an SPI transfer in which PHASE is cleared to 0.
The two SCK waveforms show polarity with CLKPOL reset to 0 and with CLKPOL set to

1. The diagram can be interpreted as either a master or slave timing diagram because the
SCK Master-In/Slave-Out (MISO) and Masteuislave-In (MOSI) pins are directly con-
nected between the star and the slave.

SCK
(CLKPOL = 0)

I I
SCK
(CLKPOL = 1)
I I
MOSI x Bit 7 D( Bit6 Bit 4D( Bit 3
|
|

N
& |

Input Sample Time

i I

<\

Figure 25. SPI Timing When Phase is O
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Transfer Format Phase Equals One

Figure 26 displays the timing diagram for an SPI transfer in which PHASE is 1. Two
waveforms are depicted for SCK, one forkROL reset to 0 and another for CLKPOL
setto 1.

SCK | | | | |
(CLKPOL = 0) | | I
sck | [] [ | | | | | [
(CLKPOL = 1)
I I
| |
MOSI D(Bit 7 D( Bit 6
I I
[ [

MISO

R N N N N N M

ss | [

Figure 26. SPI Timing When Phase is 1

Multimaster Operation

PS024615-0811

In a multimaster SPI systeral] SCK pins are tied together, all MOSI pins are tied
together and all MISO pins are tied togetidr.SPI pins must then be configured in
OPEN-DRAIN mode to prevent bus contemti At any time, only one SPI device is
configured as the master and all other SRIa#s on the bus are configured as slaves. The
master enables a single slave by asserting th@ErS&h that slave only. Then, the single
master drives data out its SCK and MOSI gimghe SCK and MOSI pins on the slaves
(including those which are not enabled). Thatl#ed slave drives data out its MISO pin to
the MISO master pin.

For a master device operating in a multimaster system, if thgn3$§ configured as an
input and is driven Low by another mastle COL bit is set to 1 in the SPI Status
Register. The COL bit indicates the occawe of a multimaster collision (mode fault
error condition).
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Slave Operation

The SPI block is configured for SLAVE Modgeration by setting the SPIEN bit to 1 and
the MMEN bit to 0 in the SETL Register and setting the SSIO bit to 0 in the SPIMODE
Register. The IRQE, PHASE, CLKPOL and WOR bits in the SPICTL Register and the
NUMBITS field in the SPIMODE Register must bet to be consistent with the other SPI
devices. The STR bit in the SPICTL Registan ba used, if appropriate, to force a start-
up interrupt. The BIRQ bit in the SPICTL §ister and the SSV bit in the SPIMODE Reg-
ister are not used in SLAVE Mode. The $ald rate generator is not used in SLAVE
Mode; therefore, the SPH3H and SPIBRL registers do not require initialization.

If the slave contains data to send to theterathe data shoultk written to the SPIDAT
Register before the transaction starts (first edge of SCK whén&Serted). If the
SPIDAT Register is not written prior to tis&ave transaction, the MISO pin outputs the
value that is currently in the SPIDAT Register.

Due to the delay resulting frosynchronization of the SPI inpsignals to the internal
system clock, the maximum SPICLK baud rdiat can be supported in SLAVE Mode is
the system clock frequency (g divided by 8. This rate is controlled by the SPI master.

Error Detection

The SPI contains error detection logic that supports SPI communication protocols and
recognizes when communication errors haveurred. The SPI Status Register indicates
when a data transmissienror has been detected.

Overrun

An overrun error (write collisio) indicates that a Write to the SPI Data Register was
attempted while a data transfer is in pragrén either MASTER or SLAVE modes). An
overrun sets the OVR bit in the SPI StatugiBter to 1. Writing a 1 to OVR clears this
error flag. The SPI Data Register is not altesen a Write occurs while a data transfer is
in progress.

Mode Fault

A mode fault indicates when methan one master is tryiig communicate at the same
time (a multimaster collision). The mode fault is detected wheetiabled master's SS
pin is asserted. A mode faults¢he COL bit in the SPI Status Register to 1. Writing a 1 to
COL clears this error flag.

SLAVE Mode Abort

In the SLAVE Mode, if the_Ssin deasserts before all bits in a character are transferred,
the transaction aborts. Wherstieondition occurs, the ABT bit is set in the SPISTAT Reg-
ister as well as the IRQ bit (which indicates that the transaction is complete). The next
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time SSasserts, the MISO pin outputs SPIDAT[f@gardless of where the previous trans-
action suspended. Writing a 1ABT clears this error flag.

SPI Interrupts

When SPI interrupts are enabled, the §terates an interrupt after character
transmission/reception is completed intbMASTER and SLAVE modes. A character

can be defined to be 1-8 bits by the NUMBITS field in the SPI Mode Register. In SLAVE
Mode, it is not necessary for $&deassert between characters to generate an interrupt.
The SPI in SLAVE Mode can algnerate an interrupt if the S§jnal deasserts prior to
transfer of all the bits in a character (slescription of slave abort error above). Writing a

1 to the IRQ bit in the SPI Status Registkrars the pending SPI interrupt request. The
IRQ bit must be cleared to 0 by the interrgptvice routine to gendeafuture interrupts.

To start the transfer process, an SPI intercaptbe forced by softwato write a 1 to the
STR bit in the SPICTL Register.

If the SPI is disabled, an SPI interrupt dsngenerated by a Baud Rate Generator time-
out. This timer function must be enabled by setting the BIRQ bit in the SPICTL Register.
This Baud Rate Generator time-out does nbtreeIRQ bit in the SPISTAT Register, just
the SPI interrupt bit ithe interrupt controller.

SPI Baud Rate Generator

In SPI MASTER Mode, the Baudate Generator creates a lower-frequency serial clock
(SCK) for data transmission synchronizattmtween the master and the external slave.
The input to the Baud Rate @arator is from the system clock. The SPI Baud Rate High
and Low Byte registers combine to formi@bit reload value, BRG[15:0], for the SPI
Baud Rate Generator. The SPI baud imtalculated usinthe following equation:

System Clock Frequency (Hz)

SPI Baud Rate (bps) = 2 x BRG[15:0]
X .

Minimum baud rate is obtained by setting BRG[15:0)@00h for a clock divisor value
of (2 x 65536 = 131072).

When the SPI is disabled, the Baud Raenerator can function as a basic 16-bit timer
with an interrupt upon time-out. To configure the Baud Rate Generator as a timer with an
interrupt upon time-out, congte the following procedure:

1. Disable the SPI by clearing the SPIBiNin the SPI Control Register to 0.

2. Load the appropriate 16-fibunt value into the SPI Baurhte High and Low Byte
registers.
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3. Enable the Baud Rate Generator timacfion and the associated interrupt by setting
the BIRQ bit in the SPI Control Register to 1.

SPI Data Register

The SPI Data Registeshown in Table 84tores both the outgoir{gansmit) data and the
incoming (receive) data. Reads from the SPI Data Register always return the current con-
tents of the 8-bit shift register. Data is shifteut starting with bit 7. The last bit received
resides in bit position O.

With the SPI configured as a master, writingeda byte to this master initiates data
transmission. With the SPI configured as a slawding a data byte to this register loads
the shift register in preparatidor the next data transfer withe external master. In either
MASTER or SLAVE Mode, if a transmission ig@hdy in progress, Writes to this register
are ignored and the overrun error flag, OVR, is set in the SPI Status Register.

When character length is less than 8 @sset by the NUMBITS field in the SPI Mode
Reqgister), the transmit character must bejledtified in the SPI Data Register. A received
character of less than 8 bits is right-justifida(final bit received is bit position 0). For
example, if the SPI is configured for 4-bitachcters, the transmit characters must be writ-
ten to SPIDATA[7:4] and the received characters are read from SPIDATA[3:0].

Table 84. SPI Data Register (SPIDATA)

Bit 7 6 5 4 3 2 1 0
Field DATA

RESET X

R/W R/W

Address F60H

Bit Description

[7:0] Data

DATA Transmit and/or receive data.
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SPI Control Register

The SPI ControRegister, shown in Table 85, configgrthe SPI for transmit and receive

operations.
Table 85. SPI Control Register (SPICTL)
Bit 7 6 5 4 3 2 1 0
Field IRQE STR BIRQ PHASE | CLKPOL WOR MMEN SPIEN
RESET 00H
R/W R/W
Address F61H
Bit Description
[7] Interrupt Request Enable
IRQE 0 = SPI interrupts are disabled. No interrupt requests are sent to the Interrupt Controller.
1 = SPI interrupts are enabled. Interrupt requests are sent to the Interrupt Controller.
[6] Start an SPI Interrupt Request
STR 0 = No effect.

1 = Setting this bit to 1 also sets the IRQ bit in the SPI Status Register to 1. Setting this bit
forces the SPI to send an interrupt request to the Interrupt Control. This bit can be used by
software for a function similar to transmit buffer empty in a UART. Writing a 1 to the IRQ bit
in the SPI Status Register clears this bit to 0.

[5] BRG Timer Interrupt Request
BIRQ If the SPI is enabled, this bit has no effect. If the SPI is disabled:
0 = The Baud Rate Generator timer function is disabled.
1 = The Baud Rate Generator timer function and time-out interrupt are enabled.
[4] Phase Select
PHASE Sets the phase relationship of the data to the clock. For more details about operation of the
PHASE bit, see SPI Clock Phase and Polarity Control section.
[3] Clock Polarity
CLKPOL 0= SCK idles Low (0).
1 = SCK idle High (1).
[2] Wire-OR (Open-Drain) Mode Enabled
WOR 0 = SPI signal pins not configured for open-drain.
1 = All four SPI signal pins (SCK, SS, MISO, MOSI) configured for open-drain function. This
setting is typically used for multi-master and/or multi-slave configurations.
[1] SPI MASTER Mode Enable
MMEN 0 = SPI configured in SLAVE Mode.
1 = SPI configured in MASTER Mode.
[0] SPI Enable
SPIEN 0 = SPI disabled.

1 = SPI enabled.

PS024615-0811
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SPI Status Register

The SPI Status Register, shown in Table 8@icetes the current state of the SPI. All bits
revert to their reset state if the &R bit in the SPICTL Register = 0.

Table 86. SPI Status Register (SPISTAT)

Bit 7 6 5 4 3 2 1 0
Field IRQ OVR COL ABT Reserved TXST SLAS
RESET 0 0 0 0 o | o 0 1
R/W R/W* R

Address F62H

R/W* = Read access. Write a 1 to clear the bit to 0.

Bit

Description

[7]
IRQ

Interrupt Request

If SPIEN = 1, this bit is set if the STR bit in the SPICTL Register is set, or upon completion of
an SPI master or slave transaction. This bit does not set if SPIEN = 0 and the SPI Baud Rate
Generator is used as a timer to generate the SPI interrupt.

0 = No SPl interrupt request pending.

1 = SPI interrupt request is pending.

(6]
OVR

Overrun
0 = An overrun error has not occurred.
1 = An overrun error has been detected.

[5]
coL

Collision
0 = A multi-master collision (mode fault) has not occurred.
1 = A multi-master collision (mode fault) has been detected.

(4]
ABT

SLAVE Mode Transaction Abort .

This bit is set if the SPI is configured in SLAVE Mode, a transaction is occurring and SS deas-
serts before all bits of a character have been transferred as defined by the NUMBITS field of
the SPIMODE Register. The IRQ bit also sets, indicating the transaction has completed.

0 = A SLAVE Mode transaction abort has not occurred.

1 = A SLAVE Mode transaction abort has been detected.

[3:2]

Reserved
These bits are reserved and must be programmed to 00.

(1]
TXST

Transmit Status
0 = No data transmission currently in progress.
1 = Data transmission currently in progress.

[0]
SLAS

Slave Select

If SPI enabled as a Slave,

0 = SS input pin is asserted (Low)

1 =SS input is not asserted (High).

If SPI enabled as a Master, this bit is not applicable.

PS024615-0811
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SPI Mode Register

The SPI Mode Register, shown in Table &hfigures the character bit width and the
direction and value of the Sin.

Table 87. SPI Mode Register (SPIMODE)

Bit 7 6 5 4 3 2 1 0
Field Reserved DIAG NUMBITS[2:0] SSIO Ssv
RESET 00H
R/W R R/IW
Address F63H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5] Diagnostic Mode Control bit
DIAG This bit is for SPI diagnostics. Setting this bit allows the Baud Rate Generator value to be
read using the SPIBRH and SPIBRL register locations.
0 = Reading SPIBRH, SPIBRL returns the value in the SPIBRH and SPIBRL registers
1 = Reading SPIBRH returns bits [15:8] of the SPI Baud Rate Generator; and reading
SPIBRL returns bits [7:0] of the SPI Baud Rate Counter. The Baud Rate Counter High
and Low byte values are not buffered.
Caution: Exercise caution if reading the values while the BRG is counting.
[4:2] Number of Data Bits Per Character to Transfer

NUMBITS[2:0]

This field contains the number of bits to shift for each character transfer. Refer to the SPI
Data Register description for information about valid bit positions when the character
length is less than 8-bits.

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/0

SSIO 0 = SS pin configured as an input.

1 = SS pin configured as an output (MASTER Mode only).
[0] Slave Select Value
SSv If SSIO = 1 and SPI configured as a Master:

0 = SS pin driven Low (0).
1 = SS pin driven High (1).
This bit has no effect if SSIO = 0 or if SPI is configured as a Slave.
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SPI Diagnostic State Register

The SPI Diagnostic State Register, showmahle 88, provides obsability of internal
state. It is a read-only register used for &Rgnostics. More detadlbout each bit follows
the table.

Table 88. SPI Diagnostic State Register (SPIDST)

Bit 7 6 5 4 3 2 1 0
Field SCKEN | TCKEN SPISTATE
RESET O00H
R/W R
Address F64H
Bit Description
[7] Shift Clock Enable
SCKEN 0 = The internal Shift Clock Enable signal is deasserted.
1 = The internal Shift Clock Enable signal is asserted (shift register is updates on next sys-
tem clock).
[6] Transmit Clock Enable
TCKEN 0 = The internal Transmit Clock Enable signal is deasserted.
1 = The internal Transmit Clock Enable signal is asserted. When this is asserted the serial
data out is updated on the next system clock (MOSI or MISO).
[5:0] SPI State Machine
SPISTATE Defines the current state of the internal SPI State Machine.

SPI Baud Rate High an d Low Byte Registers

The SPI Baud Rate High and Low Byte regiist shown in Tables 89 and 90, combine to
form a 16-bit reload valuBRG[15:0]) for the SPI Baud RaGenerator. The SPI baud
rate is calculated uginthe following equation:

System Clock Frequency (Hz)

SPI Baud Rate (bps) = 2 x BRG[15:0]
X .

Minimum baud rate is obtained by setting BRG[15:0)@00h for a clock divisor value
of (2 x 65536 = 131072).
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Bit 7 6 5 4 3 2 0
Field BRH
RESET FFH
R/W R/W
Address F66H
Bit Description
[7:0] SPI Baud Rate High Byte
BRH Most significant byte (BRG[15:8]) of the SPI Baud Rate Generator’s reload value.
Table 90. SPI Baud Rate Low Byte Register (SPIBRL)
Bit 7 6 5 4 3 2 0
Field BRL
RESET FFH
R/W R/W
Address F67H
Bit Description
[7:0] SPI Baud Rate Low Byte
BRL Least significant byte (BRG[7:0]) of the SPI Baud Rate Generator’s reload value.
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1°C Master/Slave Controller

The FC Master/Slave Controller ensures that the Z8BFMC16100 Series MCU 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

e Supports arbitration in a multimaster environment (MASTER/SLAVE modes)
e Supports data rates up to 400Kbps

e 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

e Optional interactive receive mode allogaftware interpretatio of each received
address and/or data byte before acknowledging

e Unrestricted number of data bytes per transfer

* Baud Rate Generator can be used as a gemanaose timer with an interrupt if théa
controller is disabled

Architecture

PS024615-0811

Figure 27 displays the architecture of tA@ tontroller.
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Figure 27. | 2C Controller Block Diagram
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I°C Master/Slave Controller Registers
Table 91 summarizes th&d master/slave controller’s software-accessible registers.

Table 91. 12C Master/Slave Controller Registers

162

Name Abbreviation Description

I°C Data [2CDATA Transmit/Receive Data Register.

1°C Interrupt Status I2CISTAT Interrupt Status Register.

1°C Control [2CCTL Control Register—basic control functions.

I°C Baud Rate High [2CBRH High byte of baud rate generator initialization value.

1°C Baud Rate Low I2CBRL Low byte of baud rate generator initialization value.

1°C State I2CSTATE State Register.

1°C Mode I2CMODE Selects MASTER or SLAVE modes, 7-bit or 10-bit addressing;

configure address recognition, defines slave address bits [9:8].

1°C Slave Address

I2CSLVAD Defines slave address bits [7:0].

Comparison with the MASTER Mode Only | 2C Controller

Porting code written for the MASTER ONLYGC controller found on other ZSFMC16100
Series MCUs to théC Master/Slave Controller israightforward. The I2CDATA,
I2CCTL, I2CBRH and I2CBRL Register definitie have not changed. The following bul-
lets highlight the differensebetween these two designs:

PS024615-0811

The Status (I2CSTATE) Register from the MASTER ONEE tontroller is split into

the Interrupt Status (I2CISTAT) Registand the State (I2CSTATE) Register because
more interrupt sources are availablee CK, 10B, TAS (now called AS) and DSS

(now called DS) bits, formerly part of the Status Register, are now part of the State Reg-
ister.

The 12CSTATE Register was called the Diagnostic State (I2CDST) Register in the
MASTER-Mode-only version. The [2CDST Register provided diagnostic information.
The I2CSTATE Register contains status atate information that may be useful to
software in an operational mode.

The I2CMODE Register was called the Diagtio Control (I2CDIAG) Register in the
MASTER-Mode-only version. The I2CMODE Register provides control for the
SLAVE modes of operation, as well as thestgignificant two bits of the 10-bit slave
address.

The I2CSLVAD Register is added to progigrogramming capabilities for the slave ad-
dress.

The ACKV bit in the I2CSTATE Registanables the master to check the
Acknowledge from the slave before sending the next byte.
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e Support for multimaster emanments—if arbitration i&st when operating as a
master, the ARBLST bit in the I2CISTAT Register is set and the mode automatically
switches to SLAVE Mode.

Operation

The PC Master/Slave Controller operates in MASTER/SLAVE MODE, SLAVE ONLY
Mode, or with master arbitration. In MASTER/SLAVE MODE, it can be used as the only
master on the bus or as one of several nmstethe bus, with arbétion. In a multimaster
environment, the controlleswitches from MASTER to SIME MODE upon losing
arbitration.

Though slave operation is fully supported in MASTER/SLAVE Mode, if a device is
intended to operate only asslave, then SLAVE ONLY Mode can be selected. In SLAVE
ONLY Mode, the device will not initiate a trans@an, even if the software inadvertently
sets the START bit.

SDA and SCL Signals

The PC circuit sends all addresses, data and acknowledges signals over the SDA line,
most-significant bit firstSCL is the clock for theé’C bus. When the SDA and SCL pin
alternate functions are selected their respective GPIO partthe pins are automatically
configured for operdrain operation.

The master is responsible for driving tB€EL clock signal. During Low period of the
clock, a slave can hold the SCL signal Lovwstspend the transaction if it is not ready to
proceed. The master releases the clockeaétid of the Low period and notices that the
clock remains Low instead of returning to ayhlievel. When the slave releases the clock,
the PC master continues transaction. All dataasferred in bytes; there is no limit to the
amount of data transferred in one operathen transmitting address, data, or an
Acknowledge, the SDA signal changes in the middle of the Low period of \&#@&n
receiving address, Data or an Acknowledbe, 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 less than a system clock period in width will be rejected. This filter should be
enabled when running ifC FAST Mode (400 Kbps) and can also be used at lower data
rates.

I°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
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interrupt is determined by which bitseaset in the 12CISTAT Register. If théQl
Controller is disabled, the BREntroller can be used to generate general-purpose 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.

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 thé?C Control Register

e The FC 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 an dtkss 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.

Receive Interrupts

Receive interrupts (RDRF bit = 1 in I2CISTAT) occur when a byte of data has been
received by the’C controller. The RDRF bit isleared by reading from théa Data
Register. If the RDRF interrus not serviced prior to theompletion of the next Receive
byte, the ¥C controller holds SCL Low during thenfil 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 Bgitas following a slavaddress that did not
match. An exception is if the Interactivedeeve Mode (IRM) bit is set in the I2CMODE
Register, in which case Receive interrupts oéouall Receive address and data bytes in
SLAVE MODE.

Slave Address Match Interrupts

Slave address match interrupts (SAM=bil in [2CISTAT) occur when théC controller

is in SLAVE MODE and an address is receitleat matches the unique slave address. The
General Call Addres®¢00_0000 ) and STARTBYTE 000_0001 ) are recognized if the
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 oeWdnhsaction. The General Call
Address and STARTBYTE address are alsdristished 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 ®Ghneral Call/STARTBYTE address. The SAM
bit clears automatically whendH2CISTAT Register is read.
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If configured through th&1ODE[1:0] field of the C 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 compaganhst {11110,SLA[9:8],R/W}
and the second byte isropared against SLA[7:0].

Arbitration Lost Interrupts

Arbitration Lost interrupts (ARBLSTib= 1 in I2CISTAT) occur when théC controller

is in MASTER Mode and loses arbitration (puts a 1 on SDA and receives a 0 on SDA).
The FC controller switches to SLAVE MODE whehis instance occurs. This bit clears
automatically when the I2SITAT Register is read.

Stop/Restart Interrupts

A Stop/Restart event interrupt (SPRS bit = 1 in I2CISTAT) occurs wheRGheohtroller

is in SLAVE Mode and a STOP or RESTAR®Ndition is receivedndicating the end of
the transaction. The RSTR bit in tH€IState Register indicates whether the bit was set
due to a STOP or RESTART condition. Wherestart occurs, a new transaction by the
same master is expected to follow. Thisibitleared automatically when the 12CISTAT
Register is read. The Stop/Restart interamy occurs on a selected (address match)
slave.

Not Acknowledge Interrupts

Not Acknowledge interrupts (NCKI bit = 1 i2CISTAT) occur in MASTER Mode when
a Not Acknowledge is reoed or sent by the’C controller and the START or STOP bit is
not set in the3C Control Register. In MASTER Modée Not Acknowledge interrupt
clears by setting the START or STOP bit. $¥fthis interrupt czurs in MASTER Mode,
the PC controller waits until it isleared before performing any action. In SLAVE MODE,
the Not Acknowledge interrupt oars when a Not Acknowledggreceived in response to
data sent. The NCKI bit clears in SLAMBEODE when software reads the [2CISTAT
Register.

General Purpose Timer Interrup t from Baud Rate Generator

If the I°C controller is disabled (IEN bit in theGZTL Register = 0) and the BIRQ bit in
the I2CCTL Register = 1, an interrupt ismgeated when the baudte generator (BRG)
counts down to 1. The baud rate generegtbads and continues counting, providing a
periodic interrupt. None of the bits in theJBSTAT Register are set, allowing the BRG in
the PC controller to be used as a general-purpose timer whefQtmhtroller is
disabled.
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Start and Stop Conditions

The master generates the START and STOPItiond to start or end a transaction. To
start a transaction, théa controller generates a START condition by pulling the SDA
signal Low while SCL is High. To complete a transaction, faecontroller generates a
STOP condition by creating a Low-to-Higlamsition of the SDA signal while the SCL
signal is High. These STARAnd STOP events occur when the START and STOP bits in
the PC Control Register are written by software to begin or end a transaction. Any byte
transfer currently under way, includingethcknowledge phase, finishes before the
START or STOP condition occurs.

Software Control of | 2C Transactions

The PC controller is configured via thé@ Control and4C Mode registers. The
MODE([1:0] field of the fC Mode Register allows the configuration of th€ tontroller
for MASTER/SLAVE or SLAVE ONLY Mode ad configures the slave for 7- or 10-bit
addressing recognition.

MASTER/SLAVE Mode can be used for:
* MASTER ONLY operation in a single master/one or more sl%ﬁlesystem
e MASTER/SLAVE in a multimaster/multislavéC system

¢ Slave only operation in ara system

In SLAVE ONLY Mode, the START bit of thé’C Control Reqister is ignored (software
cannot initiate a master transaction by aatifand operation to SLAVE ONLY Mode is
restricted, thereby preventing accidental operation in MASTER Mode.

The software can controfC transactions by enabling tHel controller interrupt in the
interrupt controlleor by polling the {C status Register.

To use interrupts, théC interrupt must be enabled iretiterrupt controller and followed
by executing an El instruction. The TXI bit in tHE€IControl 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 REB, RDRF, SAM, ARBLST, SPRS and NCKI
interrupt bits in the3C Status Register should be polled. The TDRE bit asserts regardless
of the state of the TXI bit.
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Master Transactions

The following sections describe master read\arite transactions to both 7-bit and 10-bit
slaves.

Master Arbitration

If a master loses arbitration during the address byte, it releases the SDA line, switches to
SLAVE MODE and monitors the address to deti@e if it is selected as a slave. If a mas-
ter loses arbitration during the transmissiba data byte, it releases the SDA line and

waits for the next STOP or START condition.

The master detects a loss of arbitration wééns transmitted but@is received from the

bus in the same bit-time. This loss oca@iraore than one master is simultaneously
accessing the bus. Loss of arbitration cecuo during the address phase (two or more
masters accessing different slaves) or duriegita phase, when the masters are attempt-
ing to write different data to the same slave.

When a master loses arbitration, the softvismmeformed by means dlie Arbitration Lost
interrupt. The software can repea¢ game transaction at a later time.

A special case can occur whenslave transaction starts just before the software attempts
to start a new master transaction by settiegSMART bit. In this case, the state machine
enters its slave states before thRT bit is set and as a result, tR€Icontroller will not
arbitrate. If a slave address match occurs and@edntroller receives/transmits data, the
START bit is cleared and an Arbitration Lost interrupt is asserted. The software can
minimize the chance of this instancecoring by checking #aBUSY bit in the

I2CSTATE Register before initiating a mastemsaction. If a slavaddress match does

not occur, the Arbitration Lost interrupt lsot occur and the START bit will not be
cleared. The?C controller will initiate tie master transaction after tf€Ibus is no longer
busy.

Master Address-Only Transactions

It is sometimes preferable to perform an &ddronly transaction to determine if a particu-

lar slave device is able to respond. Thesmigaction can be performed by monitoring the

ACKY bit in the I2CSTATE Register aftéhe address has been written to the I2CDATA
Register and the START bit has been seteihe ACKYV bit is set, the ACK bit in the
I2CSTATE Register determines if the slavalide to communicate. The STOP bit must be

set in the [2CCTL Register to terminate thansaction without transfring data. For a 10-

bit slave address, if the first address byte is acknowledged, the second address byte should
also be sent to determine iktipreferred slave is responding.

Another approach is to slebth the STOP and START bits (for sending a 7-bit address).
After both bits have cleared (7-bit addresslhesn sent and transaction is complete), the
ACK bit can be read to determine if the sl&as acknowledged. Forl@-bit slave, set the
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STOP bit after the second TDRE interrupt (whimtlicates that the second address byte is
being sent).

Master Transaction Diagrams

In the following transaction dgrams, the shaded regions cade the data that is trans-
ferred from the master to the séagnd the unshadedyiens indicate the data that is trans-
ferred from the slave to the master.

The transaction field labele defined as follows:

Start

Write
Acknowledge

Not Acknowledge

T> >0

Stop

Master Write Transacti on with a 7-Bit Address

Figure 28 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 28. Data Transfer Format—Master Write Transaction with a 7-Bit Address

The procedure for a master transmit operatama 7-bit addressed slave is as follows:

1. The software initializes the MODE field in tH€IMode Register for MASTER/
SLAVE Mode with either a 7- or 10-bitasle address. The MODE field selects the
address width for this mode when address®d slave (but not for the remote slave).
The software asserts the IEN bit in tR€ IControl Register.

2. The software asserts the TXI bit of tR€ IControl Registeto enable transmit

interrupts.

The FC interrupt asserts, because tf@ Data Register is empty.

4. The software responds to the TDRE bitAoyting a 7-bit slave address plus the Write

bit (which is cleared to 0) to théa Data Register.

5. The software sets the START bit of tR€ IControl Register.
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The £C controller sends a START condition to tRE klave.

The £C controller loads theé?C Shift Register with the contents of tf€ IData
Register.
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After one bit of the address has beeifteth out by the SDA signal, the transmit
interrupt asserts.

The software responds by wriithe transmit data into théd Data Reqister.

The £C controller shifts the remainder of the address and the Write bit out via the
SDA signal.

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 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. Th& controller flushes the Transmit Data
Register, sends a STOP condition on theangsclears the STOP and NCKI bits. The
transaction is complete and tfelowing steps can be ignored.

The fC controller loads the contents of tKE IShift Register with the contents of the
1°C Data Register.

The £C controller shifts the data out via thB/A signal. After the first bit is sent, the
transmit interrupt asserts.

If more bytes remain to be sent, return to Step 9.

When there is no more ddtabe sent, the software responds by setting the STOP bit
of the FC Control Register (or the STARIIt to initiate a new transaction).

If no additional transactida queued by the master, thaftware can clear the TXI bit
of the BC Control Register.

The £C controller completesansmission of the data on the SDA signal.
The C controller sends a $IP condition to the’C bus.

} Note: If the slave terminates the transaction earlydgponding with a Not Acknowledge during
the transfer, the?C controller asserts the NCKI interrupt and halts. The software must
terminate the transaction by setting eitherSA©P bit (end transaction) or the START bit
(end this transaction, start a new one). Ia tase, it is not necessary for software to set
the FLUSH bit of the I2CCTL Register to flushe data that was previously written but
not transmitted. TheC controller hardware automaticaflyshes transmit data in this not
acknowledge case.
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Master Write Transaction with a 10-Bit Address

Figure 29 displays the data transfer fatfrom a master to a 10-bit addressed slave.

Slave Address Slave Address
1st Byte

W=0 A 2nd Byte A Data A Data AlA F/S

Figure 29. Data Transfer Format—Master Write Transaction with a 10-Bit Address

The first seven bits transtted in the first byte ar#1110XX. The twoXX bits are the two
most significant bits of the 10-bit address. Thedst bit 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.

The procedure for a master transmit operatiioa 10-bit addressesfave is as follows:

1.

10.

11.
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The software initializes the MODE field in tHr€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 asserts the TXI bit of &€ IControl Register to enable transmit
interrupts.

The FC interrupt asserts because th@ Data Register is empty.

The software responds to the TDRE iinipt by writing the first slave address byte
(11110xx0 ). The least-significant bit must be 0 for the write operation.

The software asserts the START bit of tH@ Control Register.
The BC controller sends a START condition to tR€ klave.

The FC controller loads théC Shift Register with the contents of tH€IData Reg-
ister.

After one bit of the address is shifted out by the SDA signal, the transmit interrupt
asserts.

The software responds by writing the secbyié of address intthe contents of the
1°C Data Register.

The £C controller shifts the remainder of thesfibyte of the address and the Write bit
out 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 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
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the STOP bit and clearing the TXI bit. TH€Icontroller flushes the second address
byte from the data register, sends a STORdition on the bus arclears the STOP
and NCKI bits. The transaction is completad the following steps can be ignored.

12. The fC controller loads théC Shift Register with the contents of tH€IData Reg-
ister (2nd address byte).

13. The ¥C controller shifts the second addrégte out via the SDA signal. After the
first bit has been sent, the transmit interrupt asserts.

14. The software respondly writing the data tbe written out to the’C Control Regis-
ter.

15. The fC controller shifts out the remaindertb second byte of the slave address (or
ensuing data bytes, if looping) via the SDA signal.

16. 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 théQ Status Register.

If the slave does not acknowledge, refer to the second paragraph of Step 11.

17. The ¥C controller shifts the dataut by the SDA signal. Aftehe first bit is sent, the
transmit interrupt asserts.

18. If more bytes remain to tsent, return to Step 14.

19. The software responds agserting the STOP bit of th& Control Register.
20. The FC controller completesansmission of the data on the SDA signal.
21. The fC controller sends a ®IP condition to the’C bus.

} Note: If the slave responds with a Not Ackmledge during the transfer, treCl controller
asserts the NCKI bit, sets the ACKM, clears the ACK bit in theC State Register and
halts. The software terminates the tranigm by setting either the STOP bit (end
transaction) or the START bit (end this traason, start a new one). The Transmit Data
Register is flushed automatically.

Master Read Transaction with a 7-Bit Address
Figure 30 displays the data transfer forfioata read operation to a 7-bit addressed slave.

S Slave Address R=1 A Data A Data A P/S

Figure 30. Data Transfer Format—Master Read Transaction with a 7-Bit Address
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The procedure for a master Read operatiom 7-bit addressed slave is as follows:

1.

10.

11.

12.
13.
14.
15.

The software initializes the MODE field in tH€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 nattfee remote slave). The sofire asserts the IEN bit in

the PC Control Register.

The software writes thé@ Data Register with a 7-bit slave address, plus the Read bit
(which is set to 1).

The software asserts the START bit of tf@ Control Register.

If this operation is a single-byte transfiae 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 tR€ klave.

The PC controller sends a START condition.
The £C controller sends the address and Read bit out via the SDA signal.

The PC slave acknowledges the address biimmthe SDA signaLow during the
next High period of SCL.

If the slave does not acknowledge the address byteZ,Ctha)htroIIer sets the NCKI
bit in the PC Status Register, sets the ACKW &nd clears the ACK bit in théT

State Register. The software respondfiédNot Acknowledge terrupt by setting the
STOP bit and clearing the TXI bit. Thed controller flushes the Transmit Data
Register, sends a STOP condition on theangsclears the STOP and NCKI bits. The
transaction is complete and tfelowing steps can be ignored.

The PC controller shifts in the first byte of data from tR€ klave on the SDA signal.
The FC controller asserts the receive interrupt.

The software responds by reading fi@ Data Register. If the nesita byte is to be
the final byte, the software rauset the NAK bit of the?C Control Reqister.

The C controller sends a Not Acknowledge to th@ blave if the next byte is the
final byte; otherwise, it sends an Acknowledge.

If there are more bytes to transfer, @ ¢ontroller returns to Step 7.

A NAK interrupt (NCKI bit in I2CISTAT) is generated by tHel controller.
The software responds by setting the STOP bit of@€Ebntrol Register.
A STOP condition is sent to tHCl slave.
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Master Read Transaction with a 10-Bit Address

Figure 31 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 31. Data Transfer Format—Master Read Transaction with a 10-Bit Address

The first seven bits transtted in 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.

The data transfer procedure for a Read dpmerdo a 10-bit addressethve is as follows:

1.

10.
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The software initializes the MODE field in the€IMode Register for MASTER/

SLAVE Mode with 7- or 10-bit addressing (tf?é: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 write$1110b , followed by the two most-sigficant address bits and a
0 (write) to the C Data Register.

The software asserts the START bit of tH@ Control Register.
The BC controller sends a START condition.

The FC controller loads théC Shift Register with the contents of tH€IData Reg-
ister.

After the first bit has been shiftedt, a transmit interrupt is asserted.

The software responds by writing the least significant eighbbéddress to theéC
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 bytez,(ﬂm)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. Th& controller flushes the Transmit Data
Register, sends the STOP condition onlthe and clears the STOP and NCKI bits.
The transaction is cortgie and the followingteps can be ignored.

The fC controller loads thé?C Shift Register with the contents of tf€ IData Reg-
ister (the lower byte of the 10-bit address).
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11. The ?C controller shifts out the next eight bits of the address. After the first bit shifts,
the PC controller generatestransmit interrupt.

12. The software responds by setting the START bit of4BeControl Register to gener-
ate a repeated START condition.

13. The software writes1110b , followed by the 2-bit slave address and a 1 (Read) to the
1°C Data Register.

14. To read only one byte, the softwaesponds by setting the NAK bit of tH&l Control
Reqister.

15. After the fC controller shifts out the address Bigsed in Step 9 (the second address
transfer), theC slave sends an Acknowledgemlling the SDA signal Low during
the next High period of SCL.

If the slave does not acknowledge the address bytez,Ctha)htroller sets the NCKI
bit in the PC Status Register, sets the ACK¥ &nd clears the ACK bit in théT
State Register. The software respondséaNot Acknowledge terrupt by setting the
STOP bit and clearing the TXI bit. Th&1 controller flushes the Transmit Data
Register, sends the STOP condition onlthe and clears the STOP and NCKI bits.
The transaction is corteie and the followingteps can be ignored.

16. The fC controller sends a repeated START condition.

17. The FC controller loads the’C Shift Register with the contents of t{€ IData Reg-
ister (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 C slave sends an Acknowledge by mdlithe 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 fi2 Data Register. If the neghta byte is to be
the final byte, the software rauset the NAK bit of the’C Control Register.

23. The fC controller sends an Acknowledge or Not Acknowledge toXbeslave, based
on the value of the NAK bit.

24. If there are more bytes to transfer, @ ¢ontroller returns to Step 18.

25. The FC controller generates a NAK interrupt (the NCKI bit in the 12CISTAT Regis-
ter).

26. The software responds by setting the STOP bit of@€Ebntrol Register.
27. A STOP condition is sent to thel slave.
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Slave Transactions

The following sections describe Reawdd Write transactions to thd controller config-
ured for 7-BIT and 10-BIT SLAVE modes.

Slave Address Recognition
The following slave address recognition options are supported.

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
hardware detects a match to the 7-bit skederess defined in the I2CSLVAD Register and
generates the slave address match interra@tSAM bit = 1 in the 1I2CISTAT Register).
The EC controller automatically responds duritg Acknowledge pdise 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). ThéC controller automatically sponds during the Acknowl-

edge phase with the value iretNAK bit of the I2CCTL Register.

General Call and Start Byte Address Recognition—  If GCE =1 and IRM = 0 during the
address phase and the controller is configdor MASTER/SLAVE or SLAVE in either

7- or 10-BIT ADDRESS modes, the hardware detects a match to the General Call Address
or the START byte and generates the slagddress match interrupt. A General Call

Address is a 7-bit address of all 0’s with the R#it= 0. A START byte is a 7-bit address

of all 0’'s with the R/Mbit = 1. The SAM and GCA bits are set in the I2CISTAT Register.
The RD bit in the 12CISTAT Register distinguishes a Gain@all Address from a START

byte which is cleared to O for a General Call Address).

For a General Call Address, tH€Ilcontroller automatically responds during the address
acknowledge phase with the value in the NAKadb the I2CCTL Register. If the software
is set to process the data bytes associaitine GCA bit, the IRM bit can optionally be
set following the SAM interrupt to allow thefsware to examine each received data byte
before deciding to set or clear the NAK bit.

A START byte will not be acknoledged—a requirement of thed specification.

Software Address Recognition— To disable hardware address recognition, the IRM bit
must be set to 1 prior to the reception & #udress byte(s). When IRM = 1, each received
byte generates a receive imtgpt (RDRF = 1 in the 12CISTAT Register). The software
must examine each byte and determine whidthset or clear the NAK bit. The slave

holds SCL Low during the Acknowledge phase until the software responds by writing to
the I2CCTL Register. The value written to tHAK bit is used by the controller to drive

the PC bus, then releasing the SCL. The SAM and GCA bits are not set when IRM =1
during the address phase, but the RD hifpdated based on the first address byte.
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Slave Transaction Diagrams

In the following transaction dgrams, the shaded regions indicate data transferred from
the master to the slave ane tiinshaded regions indicate the data transferred from the
slave to the master. The transacfiietd labels are defined as follows:

T > > sz 0

Start

Write
Acknowledge

Not Acknowledge
Stop

Slave Receive Transacti on with 7-Bit Address

The data transfer format for writing ddtam a master to a slave in 7-BIT ADDRESS
Mode is shown in Figure 32. Thegmedure that follows describes tK€ IMaster/Slave
Controller operating as a slave in 7-BADDRESS Mode and receiving data from the bus
master.

S Slave Address W=0 A Data A Data A Data A/A P/S

Figure 32. Data Transfer Format—Slave Receive Transaction with 7-Bit Address
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The software configures the controller éperation as a slave in 7-BIT ADDRESS
Mode, as follows:

a. Initialize the MODE field in the’C Mode Register for either SLAVE ONLY
Mode or MASTER/SLAVE Modavith 7-bit addressing.

b. Optionally set the GCE bit.
Initialize the SLA[6:0] bits in the’C Slave Address Register.
d. SetIEN =1 in the’C Control Register. Set NAK = 0 in th&Q Control Register.

The bus master initiates a transfer, semtiie address byte. In SLAVE Mode, the |l
controller recognizes its own address and detects that théoRAN (written from

the master to the slave). THEIcontroller acknowledges,ditating it is available to
accept the transaction. The SAM bit in the I3TAT 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 signal Low, waiting for the software to
load the first data byte.

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.
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Because RD = 0, no immediate action iguieed until the first byte of data is
received. If software is only able to actagsingle byte it sets the NAK bit in the
I2CCTL Register at this time.

4. The master detects the Acknodde and sends the byte of data.

The FC controller receives the data byte and responds with Acknowledge or Not
Acknowledge depending on the state @ MAK bit in the I2CCTL Register. ThéQ
controller generates the receive dateriupt by setting the RDRF bit in the
I2CISTAT Register.

6. The software responds gading the 12CISTAT 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 throughstepo 6 until the master detects a Not
Acknowledge instruction or runs out of data to send.

8. The master sends the STOP or RESTART signal on the bus. Either of these signals can
cause the’C controller to assert a STOP interrggbie STOP bit = 1 in the 12CISTAT
Register). Because the slave received data from the master, the software takes no
action in response to the ST@Rerrupt other than readirthe I2CISTAT Register to
clear the STOP bit in the I2CISTAT Register.

Slave Receive Transacti on with 10-Bit Address

The data transfer format for ittng data from a master to a séawith 10-bit addressing is
shown in Figure 33. The procee@uhat follows describes théa Master/Slave Controller
operating as a slave in 10-BIT ADDRESS Mode and receiving data from the bus master.

Slave Address _ Slave Address _
S 1st Byte W0 A 2nd Byte A Data | A | Data |A/A| PIS

Figure 33. Data Transfer Format—Slave Receive Transaction with 10-Bit Address

1. The software configures the controller for operation as a slave in 10-BIT ADDRESS
Mode, as follows:

a. Initialize the MODE field in the I2CMODE Register for either SLAVE ONLY
Mode or MASTER/SLAVE Modevith 10-bit addressing.

b. Optionally set the GCE bit.

c. Initialize the SLA[7:0] bits in the 12QYAD Register and the SLA[9:8] bits in
the I2CMODE Register.

d. SetlEN =1 in the I2CCTL Register. Set NAK = 0 in tf@ Control Register.
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2. The master initiates a transfer, sending the first address byt€Crbentroller recog-
nizes the start of a 10-bit address vétmatch to SLA[9:8] and detects the RBiV=
0 (a Write from the master to the slave). THe tontroller acknowledges, indicating
it is available to accept the transaction.

3. The master sends the secaddress byte. The SLAVE Mod®a controller detects an
address match between the second adtiygesand SLA[7:0]. The SAM bit in the
I2CISTAT Register is set to 1, thereby causamgnterrupt. The RDit is cleared to 0,
indicating a Write to the slave. Th& controller acknowledges, indicating it is avail-
able 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 sends the first byte of data.

The FC 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 datetirupt by setting the RDRF bit in the
I2CISTAT Register.

7. The software responds 3ading 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 bytseiis the NAK bit in the I2CCTL Register.

8. The master and slave loops throughst&po 7 until the master detects a Not
Acknowledge instruction or runs out of data to send.

9. The master sends the STOP or RESTART signal on the bus. Either of these signals can
cause the?C controller to assert the STOP imteot (the STOP bit = 1 in the
I2CISTAT Register). Because the slave received data from the master, the software
takes no action in responsethe STOP interrupt other than reading the 12CISTAT
Register to clear the STOP bit.

Slave Transmit Transaction with 7-bit Address

The data transfer format for a master regdiata from a slave in 7-BIT ADDRESS Mode
is shown in Figure 37. The procedure that follows describe$@h#aster/Slave Control-
ler operating as a slave in 7-BIT ADDRESS Mauhel transmitting data to the bus master.

S Slave Address R=1 A Data A Data A P/S

Figure 34. Data Transfer Format—Slave Transmit Transaction with 7-bit Address
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1. The software configures the controller éperation as a slave in 7-BIT ADDRESS
Mode, as follows:
a. |Initialize the MODE field in the’C Mode Register for either SLAVE ONLY
Mode or MASTER/SLAVE Modevith 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& Control Register.

2. The master initiates a transfer, sendimgaddress byte. The SLAVE Mod€Icon-
troller finds an address match and detects that thelR/W1 (read by the master
from the slave). TheC controller acknowledges, indiirag that it is ready to accept
the transaction. The SAM bit the I2CISTAT Register iset to 1, causing an inter-
rupt. The RD bit is set to Indicating a Read from the slave.

3. The software responds to the interroptreading the 12CISTAT Register, thereby
clearing the SAM bit. Because RD = 1, théware responds by $&uling the first data
byte into the I2CDATA Register. The sefire sets the TXI bit in the I2CCTL Regis-
ter to enable transmit integpts. When the master initiates the data transfer2@e |
controller holds SCL Low until the softwalhas written the first data byte to the
I2CDATA Reqgister.

SCL is released and the first data byte is shifted out.

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 daterrupt (TDRE = 1) by loading the next
data byte into the I2CDATARegister, which clears TDRE.

7. After the data byte has been receivedhaymaster, the master transmits an Acknowl-
edge instruction (or NcAcknowledge instruction if thibyte is the final data byte).

8. The bus cycles through steps 5 to 7 untifite byte has been transferred. If the soft-
ware has not yet loaded the next data lmhen the master brings SCL Low to trans-
fer the most significant data bit, the sla%€ tontroller holds SCL Low until the data
Register has been writtevWhen a Not Acknowledge instttion is received by the
slave, the4C controller sets the NCKI bit in the I2CISTAT Register, causing the Not
Acknowledge interrupt to be generated.

9. The software responds to the Not Acknowkedgerrupt by clearing the TXI bit in the
I2CCTL Register and by asserting the Flbgtof the I2CCTL Register to empty the
data Register.

10. When the master has completed the fachowledge cycle, it asserts a STOP or
RESTART condition on the bus.
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The slave?C controller asserts the STOP/RESTART interrupt (set SPRS bit in
I2CISTAT Reqgister).

The software responds to the STOP/R&ST interrupt by reading the 12CISTAT
Register, which clears the SPRS bit.

Slave Transmit Transactio n with 10-Bit Address

The data transfer format for a master regdiata from a slave with 10-bit addressing is
shown in Figure 35. The fawing procedure describes tff€IMaster/Slave Controller
operating as a slave in 10-BIT ADDRESS diéo transmitting dat the bus master.

Slave Address
1st Byte

_ Slave Address Slave Address | _
W=0 A 2nd Byte Al|lS 1st Byte R=1 A |Data| A |Data|A | P

Figure 35.
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Data Transfer Format—Slave Transmit Transaction with 10-Bit Address

The software configures the controller for operation as a slave in 10-BIT ADDRESS
Mode:
a. |Initialize the MODE field in the’C Mode Register for either SLAVE ONLY

Mode or MASTER/SLAVE Modavith 10-bit addressing.

b. Optionally set the GCE bit.

Initialize the SLA[7:0] bits in the RSLVAD Register and SLA[9:8] in the
I2CMODE Register.

d. SetlEN =1, NAK = 0 in the’C Control Register.

The master initiates a transfer, sendimgfirst address byte. The SLAVE Mode€|
controller recognizes the start of a li@dzldress with a match to SLA[9:8] and
detects the R/Vit = 0 (a Write from the master to the slave). T9@ ¢ontroller
acknowledges, indicating it is available to accept the transaction.

The master sends the secaddress byte. The SLAVE Mod#&Q controller compares
the second address byte wiitle value in SLA[7:0]. If theres a match, the SAM bit in
the 12CISTAT Register is set = 1, causanglave address maitch interrupt. The RD bit
is set = 0, indicating a write tbe slave. If a match occurs, t€ Icontroller acknowl-
edges on thé’C bus, indicating it is aWable to accept the data.

The software responds to the slave adslimatch interrupt by reading the I2CISTAT
Register, which clears the SAM bit. Because the RD bit = 0, no further action is
required.

The master sees the Acknowledge and seRIESTART instruction, followed by the
first address byte with the R/#ét to 1. The SLAVE Modé€C controller recognizes

the RESTART instruction followed by the first address byte with a match to SLA[9:8]
and detects the R/W 1 (the master reads from the slave). The siE@eontroller
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sets the SAM bit in the I2CISTAT Regist which causes the slave address match
interrupt. The RD bitis $& 1. The SLAVE Mode4C controller acknowledges on the
bus.

6. The software responds taethmterrupt by reading the @STAT Register, clearing the
SAM bit. The software loadbe initial data byte into the I2CDATA Register and sets
the TXI bit in the I2CCTL Register.

7. The master starts the data transfer by asserting SCL Low. AftéCticentroller has
data available to transmit,@lsCL is released and the master proceeds to shift the first
data byte.

8. After the first bit of the first dathyte has been transferred, tR€ controller sets the
TDRE bit which asserts the transmit data interrupt.

9. The software responds to tin@nsmit data interrupt by loamd) the next data byte into
the I2CDATA Register.

10. The C master shifts in the remainder oéttiata byte. The master transmits the
Acknowledge (or Not Acknowledge, tifiis byte is thdinal data byte).

11. The bus cycles through stépt 10 until the final bytbas been transferred. If the
software has not yet loaded the next dgtie when the master brings SCL Low to
transfer the most significant data bit, the slé@ dontroller holds SCL Low until the
data register is written.

When a Not Acknowledge isceived by the slave, théQ controller sets the NCKI
bit in the I2CISTAT Register, causitige NAK interrupt to be generated.

12. The software responds to the NAK int@irby clearing the TXI bit in the 12CCTL
Register and by asserting the FLUSH bit of the I2CCTL Register.

13. When the master has completed the Acknowledge cycle of the last transfer, it asserts a
STOP or RESTART condition on the bus.

14. The slaveC controller asserts the STOP/RESTART interrupt (sets the SPRS bit in
the 12CISTAT Register).

15. The software responds to the STOP interrupt by reading the I2CISTAT Register and
clearing the SPRS bit.

I°C Data Register

The PC Data Register, shown in Table 92, contaéiesdata that is to be loaded into the
Shift Register to transmit onto thed bus. This register also contains data that is loaded
from the Shift Register afitét 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.
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Writes by the software to the I2CDATA Registee blocked if a slave Write transaction is
underway (the2|C controller is in SLAVE MODEand data is being received).

Table 92. 1°C Data Register (I2CDATA)

Bit 7 6 5 4 3 2 1 0
Field DATA
RESET 0
R/W R/W
Address F50H
I2C Interrupt Status Register
The read-onlch Interrupt Status Register, shown in Table 93, indicates the cause of any
current C interrupt and provides status of tA€ lcontroller When an interrupt occurs,
one or more of the TDRE, RDRF, SAM, ARBT, SPRS or NCKI bits is set. The GCA
and RD bits do not generateiaterrupt but rather provide status associated with the SAM
bit interrupt.
Table 93. 12C Interrupt Status Register (I2CISTAT)
Bit 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 12C Controller is enabled, this bit is 1 when the 12C 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 12C Controller is enabled and the 12C Controller has received a byte
of data. When asserted, this bit causes the 12C 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

which matches the unique Slave address or General Call Address (if enabled by the GCE bit in
the 1°C Mode Register). In 10-BIT ADDRESS 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.
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Bit Description (Continued)

[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 12C 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.

[2] Arbitration Lost

ARBLST This bit is set when the 1°C Controller is enabled in MASTER Mode and loses arbitration (out-
puts a 1 on SDA and receives a 0 on SDA). The ARBLST bit clears when the
I2CISTAT 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 read-
ing. A STOP or RESTART condition follows. In SLAVE Mode this bit clears when the I2CISTAT
Register is read.

PS024615-0811 PRELIMINARY Operation



Z8FMC16100 Series Flash MCU
Product Specification

184

LIIXYS

I°C Control Register
The FC Control Register, shown in Table 94, enables and configt@espleration.

Table 94. 12C Control Register (I12CCTL)

Bit 7 6 5 4 3 2 1 0
Field IEN START STOP BIRQ TXI NAK FLUSH FILTEN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W* R/W* R/W R/W R/W1 R/W R/W
Address F52H

Note: R/W = This bit may be set (write 1) but not cleared.

Bit

Description

[7]
IEN

IC Enable
This bit enables the 12C Controller.

(6]
START

Send Start Condition

When set, this bit causes the I°C Controller (when configured as the Master) to send the Start
condition. Once asserted, it 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, the START condition is sent if there is data in the I2CDATA or I2CSHIFT 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 I2C 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 also 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 12C 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 has
been received in a receive operation. When set, this bit is reset by the 1°C 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 will be cleared by hardware.

(4]
BIRQ

Baud Rate Generator Interrupt Request

This bit is ignored when the I°C Controller is enabled. If this bit is set = 1 when the 1°C Control-
ler is disabled (IEN = 0) the baud rate generator is used as an additional timer causing an inter-
rupt to occur every time the baud rate generator counts down to one. The baud rate generator
runs continuously in this mode, generating periodic interrupts.

(3]
TXI

Enable TDRE Interrupts
This bit enables interrupts when the 1°C Data Register is empty.
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Bit Description (Continued)
[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 12C Data Register and sets the TDRE bit to 1. This bit allows flushing
of the 1°C Data Register when an NAK condition is received after the next data byte has been
written to the 1C Data Register. Reading this bit always returns 0.
[0] 1°C 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 I°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.
1°C Baud Rate High and Low Byte Registers
The PC Baud Rate High and Low Byte registers, shown in Tables 95 and 96, combine to
form a 16-bit reload vak) BRG[15:0], for thedC Baud Rate Generator. THEIbaud
rate is calculated uginthe following equation:
System Clock Frequency (Hz
12C Baud Rate (bps) = y q y(H2)
4 x BRG[15:0]
} Note: In the preceding equation, if BRG0800h , use10000h .
Table 95. 12C Baud Rate High Byte Register (I2CBRH)
Bit 7 6 5 4 3 2 1 0
Field BRH
RESET FFH
R/W R/W
Address F53H
Bit Description
[7] 12C Baud Rate High Byte
BRH Most significant byte, BRG[15:8], of the I°C Baud Rate Generator’s reload value.
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} 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 96. 1°C Baud Rate Low Byte Register (I2CBRL)

Bit 7 6 5 4 3 2 1 0
Field BRL

RESET FFH

R/W R/W

Address F54H

Bit Description

[7] 12C Baud Rate Low Byte

BRL Least significant byte, BRG[7:0], of the I°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].

1°C State Register

The read-only4C State Register, shown in Table pfvides information 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 infortioam about the interd state of the’C controller and
the PC bus. When the DIAG bit of thé@ Mode Reqister is set, this register returns the

value of the 4C Controller state machine, which is shown in Table 98.

Table 97. 12C State Register (I2CSTATE) - Description when DIAG =0

Bit 7 6 5 4 3 2 1 0
Field ACKV ACK AS DS 10B RSTR SCLOUT BUSY
RESET 0 0 0 0 0 0 X X
R/W R R R R R R R
Address F55H
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Bit Description

[7]
ACKV

(6]

(5]

[4]

(3]

(2]

(1]

[0]

ACKV—ACK Valid

This bit is set if sending data (Master or Slaae(l the ACK bit in this register is valid for
the byte just transmitted. This bit can be mamitbif it is appropria for software to ver-

ify the ACK value before writing the next bytelte sent. To operate in this mode, the data
register must not be written when TDRE atseénstead, softwareaits for ACKV to

assert. This bit clears when transmission ofivd byte begins or the transaction is ended
by a STOP or RESTART condition.

ACK—Acknowledge
This bit indicates the status tife Acknowledge for the labyte transmitted or received.
This bit is set for an Acknowledged cleared for a Nohcknowledge condition.

AS—Address State
This bit is active High wite the address is being transferred on fiehus.

DS—Data State
This bit is active Higlwhile the data is being transferred on @ bus.

10B—This bit indicates whether a 10 or ifdddress is being transmitted when operating
as a Master. After the START bit is set, if fhee most-significant bits of the address are
11110B, this bit is set. When set, itiieset once the address has been sent.

RSTR—RESTART
This bit is updated each time a STOP &3ART interrupt occurs (SPRS bit set in
I2CISTAT Register).

PS024615-0811 PRELIMINARY Operation



Z8FMC16100 Series Flash MCU
Product Specification

0 = Stop condition
1 = Restart condition

SCLOUT—Serial Clock Output

AnLGIXYS Company

Current value of Serial Clock being output@ihe bus. The actuahlues of the SCL and
SDA signals on the 12C bus can be observed via the GPIO Input Register.

BUSY—I2C Bus Busy
0 = No activity on theC Bus.
1 = A transaction is underway on tHEIbus.

Table 98. 12C State Register (I2CSTATE) - Description when DIAG =1

Bit 7 6 5 4 3 2 1 0
Field I2CSTATE_H [2CSTATE_L

RESET 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address F55H

Bit Description

[7]

[6]

(5]

[4]

(3]

(2]

(1]

[0]

PS024615-0811

I2CSTATE_H—I °C State

This field defines the current state of tR€ Controller. It is the most significant nibble of

the internal state machine. Table®fines the states for this field.
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I2CSTATE_L —Least significant nibble of théC state machine. This field defines the
substates for the states defined by I2CBHAH. Table 100 defines the values for this

field.

Table 99. I2CSTATE_H

State

Encoding State Name State Description

0000 Idle I°C bus is idle or I°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 soft-
ware to assert STOP or START control bits.

1000 Slave Transmit Data 9 substates, one for each data bit and one for the Acknowledge.

1001 Slave Receive Data 9 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)
9 substates, one for each address bit and one for the Acknowl-
edge.

1011 Slave Receive Addr2  Slave Receiving second address byte (10-bit addressing)
9 substates, one for each address bit and one for the Acknowl-
edge.

1100 Master Transmit Data 9 substates, one for each data bit and one for the Acknowledge.

1101 Master Receive Data 9 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)
9 substates, one for each address bit and one for the Acknowl-
edge.

1111 Master Transmit Addr2 Master sending second address byte (10-bit addressing)
9 substates, one for each address bit and one for the Acknowl-
edge.
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State Substate
I2CSTATE_H I12CSTATE_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.
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 Acknowl- Sending/Receiving Acknowledge
edge
I°C Mode Register
The PC Mode Register, shown in Table 101, pe®s control over master versus slave
operating mode, slave address and diagnostic modes.
Table 101. 1°C Mode Register (I2CMODE)
Bit 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]

(6]
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Bit

Description (Continued)

5]

[4]

(3]

(2]

(1]

[0]

MODE—Selects the ¥C Controller operational Mode

00 = Master/Slave capable (supports multster arbitration) with 7-bit Slave address
01 = Master/Slave capable (supports multi-Masirbitration) with 10-bit Slave address
10 = Slave Only capable with 7-bit address

11 = Slave Only capable with 10-bit address

IRM—Interactive Receive Mode

Valid in SLAVE Mode when software neetisinterpret each received byte before
acknowledging. This bit is useful for processthe data bytes following a General Call
Address or if software wants tlisable hardware address recognition.

0 = Acknowledge occurs autotially and is determined by the value of the NAK bit of
the 12CCTL Register.

1 = A receive interrupt is generated for eactebgceived (address data). The SCL is
held Low during the acknowdigie cycle until software writes to the I2CCTL Register. The
value written to the NAK bit of the I2CCTL Regsstis output on SDAThis value allows
software to Acknowledge or Not Acknowledgger interpreting the associated address/
data byte.

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 Alidress or START byte. When an address
match occurs, the GCA drRD bits in the4C Status Register indicates whether the
address matched the General Call Address/ST#RE or not. Following the General Call
Address byte, software may set the IRM bit tillaws software t@xamine the following

data byte(s) before acknowledging.
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SLA[9:8]— Slave Address Bits 9 and 8
Initialize with the appropriate Slave addreasue when using 10i#bSlave addressing.
These bits are ignored whaging 7-bit Slave addressing.

DIAG—Diagnostic Mode
Selects read back value of the Baud Rate Reload and State registers.
0 = Reading the Baud Rate registers rettliesBaud Rate Register values. Reading the

Z8FMC16100 Series Flash MCU

State Register returnéd Controller state information

1 = Reading the Baud Rate registers returasthrent value of the baud rate counter.
Reading the State Register meisl additional state information.

I°C Slave Addr ess Register
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The PC Slave Address Register (Table 102) presidontrol over the lower order address
bits used in 7- and 10-bit slave address recognition.

Table 102. 12C Slave Address Register (I2CSLVAD)

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

RESET O00H

R/W R/W

Address F57H

Bit Description

[7]

(6]

5]

[4]

(3]

(2]

(1]

[0]
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SLA[7:0] — Slave Address Bits 7-Olnitialize with the appropriate Slave address value.
When using 7 bit Slave addressing, SLA[9:7] are ignored.
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Comparator and Operational Amplifier

The Z8BFMC16100 Series MCU devices featargeneral-purpose comparator and an
operational amplifier. The comparator is ademte speed (200 ns propagation delay)
device that is designed for a maximum input offset of 5 mV. The comparator is used to
compare two analog input signals. Gengnatlpose input pins (CINP and CINN) provide
the comparator inputs. The outpubigilable as an interrupt source.

The operational amplifier istavo-input, one-output opeliahal amplifier with a open

loop gain of 10,000 (80 dB). One general-purpose input pin (OPINP) provides a non-
inverting amplifier input, while another geral-purpose input pin (OPINN) provides the
inverting amplifier inputThe output is available at the output pin (OPOUT).

The key operating characteristics of the operational amplifier are:
* Input common-mode range froGND (0.0 V) to \bp—1 V

* Input offset voltage less than 15 mV

e Output voltage swing from GND + 0.1V tpyy — 0.1 V

¢ Input bias current less than 1 nA

¢ Operating the operational afififger open loop (no feedick) effectively provides
another on-chip comparator (if appropriate)

Comparator Operation

The comparator output reflects the relasioip between the nonserting input and the
inverting (reference) input. If the voltage the non-inverting inpis higher than the
voltage on the inverting input, the comparator output isHigh state. If the voltage on
the non-inverting input is lowdahan the voltage on the intimg input, the comparator
output is at a Low state.

To operate, the comparator must be erdhblesetting the CMPEN bit in the Comparator
and Op Amp Register to 1. In addition the CINP and CINN comparator input alternate
functions must be enabled on their resipecGPIO pins. For more information, sibe
GPIO Alternate Functionsection on page 34

The comparator does not automatically podewn. To reduce opating current when
not in use, the comparator is dited by clearing ta CMPEN bit to 0.
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Operational Amplifier Operation

To operate, the operational amplifier mbhetenabled by settirthe OPEN bit in the
Comparator and Op Amp Register to latdition, the OPINP, OPINN and OPOUT alter-
nate functions must be enabled on theireetipe GP 1/O pins. For more information, see
the_ GPIO Alternate Functiorsection on page 34

The logical value of the operational amplif@rtput (OPOUT) can be read from the Port 3
data input register if both the operatibamplifier and input pin Schmitt trigger are
enabled. For monmformation, se¢he GPIO Alternate Functiors&ction on page 34 he
operational amplifier can also generatdrdarrupt through th6&PIO Port B3 input
interrupt, if enabled.

The output of the operational amplifier is also connected to an analog input (ANA3) of the
Analog-to-Digital Converter (ADC) multiplexer.

The operational ampldr does not automatically m@r-down. To reduce operating
current when not in use, the operational kiep is disabled by clearing the OPEN bit in
the Comparator and Op Amp Register to 0.eWWkhe operational amplifier is disabled, the
output is high-impedance. Operation of operational amplifienity gain mode may
require external compensation.

Interrupts

PS024615-0811

The comparator generates atemupt on any change in thagic output value (from 0 to 1
and 1 to 0). For information about enablingl gmioritization of the comparator interrupt,
seethe Interrupt Controllechapter on page 48
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Comparator and Op Amp Control Register

The Comparator and Op Amp Control (CMPORR&gister, shown in Table 103, enables
the comparator and operational amplified gmovides access to the comparator output.

Table 103. Comparator and Op Amp Control Register (CMPOPC)

LIIXYS

Bit 7 6 5 4 3 2 1 0
Field OPEN Reserved CPSEL | CMPIRQ | CMPIV | CMPOUT | CMPEN
RESET 0 00 0 0 0 X 0
R/W R/W R/W R/W R/W R/W R R/W
Address F90H
Bit Description
[7] Operational Amplifier Disable
OPEN 0 = Operational amplifier is disabled.
1 = Operational amplifier is enabled.
[6:5] Reserved
These bits are reserved and must be programmed to 00.
[4] Comparator Input Select
CPSEL 0= Comparator input is PA1
1 = Comparator input is PB4
[3] Comparator Interrupt Edge Select
CMPIRQ 0 = Interrupt Request on Comparator Rising Edge
1 = Interrupt Request on Comparator Falling Edge
[2] PWM Fault Comparator Polarity
CMPIV 0 =PWM Fault is active when CP- > CP+
1 =PWM Fault is active when CP+ > CP-
[1] Comparator Output Value
CMPOUT 0 = Comparator output is logical O.
1 = Comparator output is logical 1.
[0] Comparator Enable
CMPEN 0 = Comparator is disabled.

1 = Comparator is enabled.
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Analog-to-Digital Converter

The Z8FMC16100 SeriddCU includes an eight-channel Analog-to-Digital Converter
(ADC). The ADC converts an analagput signal to a 10-bit binary number.

The features of the successigpproximation ADC include:

Eight analog input sources multigkxl with general-purpose /O ports
Fast conversion time, less than 5us

Programmable timing controls

Interrupt upon conversion complete

Internal voltage rerence generator

Internal reference volgge available externally

Ability to supply external reference voltage

Timer count capture on every ADC conversion

Architecture

PS024615-0811

Figure 36 displays the ADC architecture,igihconsists of an 8-input multiplexer, sam-
ple-and-hold amplifier and 10-bit successamgproximation ADC. The ADC digitizes the
signal on a selected channel and stores thigzdid data in the ADC data registers. In
environments with high electrical noise,external RC filter must be added at the input
pins to reduce high-frequency noise.
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I\ REFEN
VR2
Internal Voltage
Reference Generator W VREF
Analog-to-Digital
Converter
— ANAO
10
ol?tgtﬁ ~A Reference Input | | ANA1
E g ANA2
s ANA3
< Sample-and-Hold <
BUSY —— Analog Input |- Rmnlifior < ANA4
_/_ ANAS5
A
e ANAG
e ANA7
A A A
ADCLK
ADCEN ANAINI[2:0]
START SAMPLE/HOLD
Figure 36. Analog-to-Digital Converter Block Diagram
Operation

PS024615-0811

The ADC converts an analog input (ANAto a 10-bit digital representation. The
equation for calculating the digital value is shown below:

ADC Output = 1024 x (ANA, * VRep)

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 is initiated by either seéire write to the ADC Control Register’s
START bit or by PWM trigger. For formation about the PWM trigger, st Synchro-
nization of PWM and Analog-to-Digital Convertsection on page 70

198

To avoid disrupting a conversion already in progress, the START bit can be read to indi-

cate ADC operation status (busy or available).
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A Caution: Starting a new conversion while another cension is in progress will stop the conver-
sion in progress and result irethew conversion to not complete.

ADC Timing

Each ADC measurement consists of 3 phases:

1. Input sampling (programmable, minimum of 1.0us).

2. Sample-and-hold amplifier settlifigrogrammable, minimum of 0.5us).
3. Conversion is 13 ADCLK cycles.

Figure 37 displays the control and flow of an ADC conversion.
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Figure 37. ADC Timing Diagram
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Figure 38 displays the timing of an ADC conversion period.
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Figure 38. ADC Convert Timing

ADC Interrupt

The ADC can generate an interrupt request waheanversion is completed. An interrupt
request that is pending when the AD@isabled is not automatically cleared.

ADC Timer 0 Capture

The Timer 0 count is captured for every 8onversion. The capture of the Timer 0

count occurs after the programmed santiphe is complete foevery conversion and
stored in the ADC Timer Capture Register (ADCTCAP).

Reference Buffer

The reference buffer (RBUF) supplies th&erence voltage for hADC. When enabled,
the internal voltage reference generator §apghe ADC and the voltage is available on
the Vreg pin. When RBUF is disabled, the ADC must have the reference voltage supplied

externally through the ¥gg pin. RBUF is controlled by theREFENDit in the ADC Control
Register.

Internal Voltage Reference Generator

The Internal Voltage Reference Generator mtes the voltage (VRZor the RBUF. This
VR2 value is 2 V.

PS024615-0811 PRELIMINARY Operation
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You can perform calibration and store the vainés Flash, or the user code can perform a

manual offset calibration. There is pmvision for manual gain calibration.

ADC Control Register O

The ADC Control Register 0 (ADCCTLO), sWwn in Table 104, initiates the analog-to-
digital conversion and provid ADC status information.

Table 104. ADC Control Register 0 (ADCCTLO)

Bit 7 6 5 4 3 2 1 0
Field START | Reserved | REFEN ADCEN | Reserved ANAIN[2:0]
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
Bit Description
[7] ADC Start/Busy
START 0= Writing to 0 has no effect; reading a O indicates that the ADC is available to begin a conver-
sion.
1 = Writing to 1 starts a conversion; reading a 1 indicates that a conversion is currently in prog-
ress.
[6] Reserved
This bit is reserved and must be programmed to O.
[5] Reference Enable
REFEN 0 = Internal reference voltage is disabled allowing an external reference voltage to be used by
the ADC.
1 = Internal reference voltage for the ADC is enabled. The internal reference voltage can be
measured on the Vrgg pin.
[4] ADC Enable
ADCEN 0= ADC is disabled for low power operation.

1 = ADC is enabled for normal use.

(3]

Reserved
This bit is reserved and must be programmed to O.
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Bit Description (Continued)
[2:0] Analog Input Select
ANAIN 000 = ANAO input is selected for analog-to-digital conversion.
001 = ANAL input is selected for analog-to-digital conversion.
010 = ANA2 input is selected for analog-to-digital conversion.
011 = ANA3 input is selected for analog-to-digital conversion.
100 = ANA4 input is selected for analog-to-digital conversion.
101 = ANAS input is selected for analog-to-digital conversion.
110 = ANAG input is selected for analog-to-digital conversion.
111 = ANAY input is selected for analog-to-digital conversion.
ADC Raw Data High Byte Register
The ADC Data Raw High Byte Register, shown in Table 105, contains the upper eight bits
of raw data from the ADC output. Access to the ADC Raw Data High Byte Register is
read-only. This registes used for test only.
Table 105. ADC Raw Data High Byte Register (ADCRD_H)
Bit 7 6 5 4 3 2 1 0
Field ADCRDH
RESET X
R/W R
Address F71H
Note: X = Undefined.
Bit Description
[7:0] ADC Raw Data High Byte

ADCRDH 00H-FFH = 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.

PS024615-0811
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ADC Data High Byte Register

The ADC Data High Byte Register, shownTiable 106, contains the upper eight bits of
the ADC output. Access to the ADC Data Higyite Register is read-only. Reading the
ADC Data High Byte Regter latches data in the ADC Low Bits Register.

Table 106. ADC Data High Byte Register (ADCD_H)

Bit 7 6 5 4 3 2 1 0
Field ADCDH

RESET X

R/W R

Address F72H

Note: X = Undefined.

Bit Description

[7:0] ADC High Byte

ADCDH O0O0H-FFH = The last conversion output is held in the data registers until the next ADC conver-

sion has completed.

PS024615-0811 PRELIMINARY Operation
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The ADC Data Low Bits Register, shown inbl@ 107, contain the lower bits 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 107. ADC Data Low Bits Register (ADCD_L)

Bit 7 6 5 4 3 2 1 0

Field ADCDL Reserved

RESET X X

R/W R R

Address F73H

Note: X = Undefined.

Bit Description

[7:6] ADC Low Bits

ADCDL 00-11b = These bits are the 2 least significant bits of the 10-bit ADC output. These bits are
undefined after a Reset. The low bits are latched into this register whenever the ADC Data
High Byte Register is read.

[5:0] Reserved

These bits are reserved and must be programmed to 000000.

PS024615-0811

PRELIMINARY

Operation



Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 205

Sample Settling Time Register

The Sample Settling Time Register, shown ibl&d.08, is used to program the length of
time from the SAMPLE/HOLDsignal to the START signal, when the conversion can

begin. The number of clock cycles requifedsettling varies from system to system
depending on the system clock period used. You must program this register to contain the
number of clocks required togat a 0.5us minimum settling time.

Table 108. Sample and Settling Time (ADCSST)

Bit 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 Description
[7:5] Reserved
These bits are reserved and must be programmed to 000.
[4:0] Sample Settling Time
SST OH-FH = The number of system clock periods to meet a 0.5us minimum.

PS024615-0811 PRELIMINARY Operation



Sample Time Register

The Sample Time Register, shown in Table 1%sed to program the length of active
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time for the sample after a conversion hagun by setting the START bit in the ADC

Control Register or initiated by the PWM. Tinember of system clock cycles required for
sample time varies from system to system, ddjpey on the clock period used. You must

206

program this register to contain the numbesysftem clocks required to meet a 1 us mini-

mum sample time.

Table 109. Sample/Hold Time (ADCST)

Bit 7 6 5 4 1 0
Field Reserved ST
RESET 0 1 1| | R 1
R/W R/W R/W
Address F75H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5:0] Sample/Hold Time
ST OH-FH = The number of system clock periods to meet a 1us minimum.

PS024615-0811
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ADC Clock Prescale Register

The ADC Clock Prescale Register, shown in Table 110, is used to provide a divided
system clock to the ADC. When thisgister is programmed with, the System Clock is
used for the ADC Clock.

Z8FMC16100 Series Flash MCU
Product Specification

Table 110. ADC Clock Pre scale Register (ADCCP)
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Bit 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
These bits are reserved and must be programmed to 0000.
[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.

PS024615-0811
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ADC Timer Capture High Byte Register

The High byte of the ADC Timer Capture Register, shown in Table 111, contains the
upper eight bits of the ADC Timer 0 couAtcess to the ADC Timer Capture High Byte
Register is read-only.

Table 111. ADC Timer Capture Hi gh Byte Register (ADCTCAP_H)

Bit 7 6 5 4 3 2 1 0

Field ADCTCAPH

RESET X

R/W R

Address FO8H

Bit Description

[7:0] ADC Timer Capture Count High Byte

ADCTCAPH 00H-FFH = The timer count is held in the data registers until the next ADC conversion is
started.

ADC Timer Capture Low Byte Register

The low byte of the ADC Timer Capture Low ByRegister, shown in Table 112, contains
the lower eight bits of the ADC Timer 0 count. Access to the ADC Timer Capture Low
Byte Register is read-only.

Table 112. ADC Timer Capture Low Byte Register (ADCTCAP_L)

Bit 7 6 5 4 3 2 1 0

Field ADCTCAPL

RESET X

R/W R

Address FO9H

Bit Description

[7:0] ADC Timer Capture Count Low Byte

ADCTCAPL O00OH-FFH = The timer count is held in the data registers until the next ADC conversion is
started.
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Program Memory

The Z8FMC16100 Series MCU products featureaup6 KB (16,384 bies) of nonvolatile
Flash Memory with read/write/erase capability. Flash Memory can be programmed and
erased in-circuit by either user coalethrough the On-Chip Debugger (OCD).

The Flash Memory array is arranged in 512-byte pages; 512 bytes is the minimum Flash
block size that can be erased. Flash Memoaysis divided into 8 sectors which can be
protected from programming and erase operations on a per-sector basis.

Table 113 lists the Flash Memory configtion for each device in the Z8FMC16100
Series of MCUs. Table 114 lists the sector address ranges, and Figure 39 displays the
Flash Memory arrangement.

Table 113. Flash Memory Configurations

Part Number of  Program Memory Number of  Pages per
Number Flash Size Pages Addresses Sector Size Sectors Sector
Z8FMC16 16K (16,384) 32 0000h—3FFFh 2K (2048) 8 4
Z8FMCO08 8K (8,192) 16 0000h—1FFFh 1K (1024) 8 2
Z8FMCO04 4K (4,096) 8 0000h—0FFFh 512 8 1
Table 114. Flash Memory Sector Addresses
Flash Sector Address Ranges
Sector Number Z8FMC16 Z8FMCO08 Z8FMCO04
0 0000h—07FFh 0000h—03FFh 0000h—01FFh

0800h—OFFFh

0400h—07FFh

0200h—03FFh

1000h-17FFh

0800h—-0BFFh

0400h—05FFh

1800h—1FFFh

0CO0h—OFFFh

0600h—07FFh

2000h-27FFh

1000h—-13FFh

0800h—09FFh

2800h—2FFFh

1400h-17FFh

0AO00h-0BFFh

3000h-37FFh

1800h—-1BFFh

0CO00h—ODFFh

N ool WIN|E

3800h—3FFFh

1C00h-1FFFh

OEOOh-OFFFh

PS024615-0811
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16 KB Flash
Program Memory

3FFFh

!
3EQO0h
/ 3DFFh

!
/ 3C00h
! 3BFFh

/
3A00h

32 Pages’
512 Bytes per Page
\

\ 05FFh

\
\ 0400h
\ 03FFh

\
\ 0200h
\ 01FFh

0000h

Figure 39. Flash Memory Arrangement

Information Area

Table 115 describes the ZBFMC16100 SeMé&J’s information area. This 512 byte
information area is accessed by setting bit 7 @Rhge Select Registerl. When access
is enabled, the informationea is mapped into Program Memory and overlays the 512
bytes at address€&00h to FFFFh. When information area access is enabled, LDC
instructions return data frothe information area. CPU instruction fetches always arrive
from Program Memory regardless of the information area access bit. Access to the

information area is read-only.

PS024615-0811 PRELIMINARY Information Area
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Table 115. Z8BFMC16100 Series MCU Information Area Map

Program Memory

Address (Hex) Function
FEOOh—FE3Fh Reserved.
FE40h—FE53h Part Number : 20-character ASCII alphanumeric
code, left-justified and filled with zeroes.
FE54h—FFFFh Reserved.
Operation

The Flash Controller provides the approgisignals and timing for the Byte Program-
ming, Page Erase and Mass Erase operatierisrmed in Flash Maory. The Flash Con-
troller contains a protection roleanism, via the Flash ContiRegister (FCTL), to prevent
accidental programming or erasure. The follagvgections provide thls about the Lock,
Unlock, Sector Protect, Byte Programmifgge Erase and Mass Erase operations.

* Timing Using Flash Frequency Registers
* Flash Read Protection

* Flash Write/Erase Protection

e Byte Programming

* Page Erase

* Mass Erase

* Flash Controller Bypass

¢ Flash Controller Behavior in Debug Mode

Timing Using Flash Frequency Registers

PS024615-0811

Before performing a program or erase operabn Flash Memory, the programmer must
first configure the Flash Frequency Highddrow Byte registers. The Flash Frequency
registers allow programming and erasur&lash Memory with system clock frequencies
ranging from 32 kHz through 20 MHz (validnge is limited to device operating frequen-
cies).

The Flash Frequency High and Low Bytgisters combine to form a 16-bit value,
FFREQ, to control the timing of Flashggram and erase operations. The 16-bit Flash
Frequency value must contain the system cfomffuency in kHz. This value is calculated
using the following equation:

PRELIMINARY Operation
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System Clock Frequency (Hz)
1000

FFREQ[15:0] =

A Caution

. Flash programming and erasure are not etpp for system clock frequencies below
32 kHz, above 20 MHz, or outside oéttevice’s operating frequency range. The Flash
Frequency High and Low Byte registers mustdagled with the correct value to ensure
proper Flash programming and erase operations.

Flash Read Protection

The user code within Flash Memory canppetected from external access. Programming
the Flash Read Protect option bit prevents thdirg of user code by the OCD or by using
the Flash Controller Bypass u@. For more information, sélee Option Bitschapter on
page 221 anthe On-Chip Debuggethapter on page 235

Flash Write/Erase Protection

PS024615-0811

The Z8FMC16100 Series MCU device provideseral levels of protection against acci-
dental program and erasure of the contentdash Memory. This protection is provided
by the following three features, eachvdiich is described in this section:

¢ Flash Controller Unlock Mechanism
¢ Flash Sector Protection
¢ Flash Write Protection Option Bit

Flash Controller Unlock Mechanism

Upon Reset, the Flash Controller locks to prevaccidental program or erasure of Flash
Memory. To program or erase Flash Memag Flash Controller must be unlocked.

After unlocking the Flash Controller, Flasfemory can be programmed or erased. Any
value written by user code to thtash Control Register or the Page Select Register out of
sequence locks the Flash Controller.

Observe the following procedure to uckathe Flash Controller from user code:
1. Write00h to the Flash Control Register to reset the Flash Controller.

2. Write the page to be programmed or erased to the Page Select Register.
3. Write the first unlock commari8h to the Flash Control Register.
4

Write the second unlock commas@h to the Flash Control Register.
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5. Rewrite the page written Btep 2to the Page Select Register.

Flash Sector Protection

The Flash Sector Protect Register carcdr#igured to prevent sectors from being
programmed or erased. After a sector is protected, it cannot be unprotected by user code.
The Flash Sector Protect Register is cleared after reset and any previously written
protection values are lost. User code must whitg register in their initialization routine

to enable sector protection.

The Flash Sector Protect Register shardlatgister File address with the Page Select
Register. The Flash Sector Protect Registaccessed by writing the Flash Control

Register wittbEH. After the Flash Sector Protect Register is selected, it can be accessed at
the Page Select Register address. Whencasker writes the Flash Sector Protect Register,

bits can only be set to 1. Therefore, sectors can be protected, but not unprotected, through
register Write operations. The Flash Sector Protect Register is deselected by writing any
value to the Flash Control Register.

Observe the following procedure to setup Elash Sector Protect Register from user
code:

1. Write00h to the Flash Control Register to reset the Flash Controller.
2. Write5Eh to the Flash Control Register to select the Flash Sector Protect Register.

3. Read and/or write the Flash Sector PraoRajister, which now resides at Register
File addres&Foh.

4. Write0oh to the Flash Control Register to rettine Flash Controller to its reset state.

Flash Write Protection Option Bit

The Flash Write Protect option bit candreabled to block all program and erase
operations from user code. For more information tise@ption Bitschapter on page 221.

Byte Programming

When the Flash Controller is unlocked, Writes to Program Memory from user code pro-
grams a byte into the Flash if the addredsdated in the unlockeplage. An erased Flash
byte contains all oneskh). The programming operation can only be used to change bits
from 1 to 0. To change a Flablt (or multiple bits) from 0 td requires a Page Erase or
Mass Erase operation.

Byte programming can be performed using the eZ8 CPU’s LDC or LDCI instructions. For
a description of the LDC and LD@istructions, refer to theZ8 CPU Core User Manual
(UMQ128), which is available for download aivw.zilog.com

When the Flash Controller programs Flashnidey, the eZ8 CPU idles, but system clock
and on-chip peripherals continue to operate. Interrupts which occur when a programming
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operation is in progress are serviced afterglogramming operation is complete. To exit
programming mode and lo¢ke Flash Controller, writeéoh to the Flash Control Register.

User code cannot program Flash Memory page which lies in a protected sector. When
user code writes memory locations, onlylasses located in the unlocked page are
programmed. Memory Writes outsidetbe unlocked page are ignored.

A Caution

. Each memory location must not be progrardmere than twice before an erase is
required.

Pag

PS024615-0811

Observe the following procedure taogram Flash Memory from user code:
Write 00h to the Flash Control Register to reset the Flash Controller.
Write the page of memory to beogrammed to the Page Select Register.
Write the first unlock commarit8h to the Flash Control Register.

Write the second unlock commas@h to the Flash Control Register.
Rewrite the page written Btep 2to the Page Select Register.

Write Program Memory using LDC aDCI instructions to program Flash.

Repeattep 6to program additional memofgcations on the same page.

© N o o b~ w0 D PRE

Write 00h to the Flash Control Register to lock the Flash Controller.

e Erase

Flash Memory can be erased one page (51&shwat a time. Page-erasing Flash Memory
sets all bytes in that page to the vaid. The Page Select Registdentifies the page to

be erased. While the Flash Controller exesuhe Page Erase operation, the eZ8 CPU
idles, but the system clock and on-chip pkerals continue to operate. The eZ8 CPU
resumes operation after the Page Erase tpereompletes. Interrupts which occur when

the Page Erase operation is in progresssarviced after the Page Erase operation is
complete. When the Page Erase operation is complete, the Flash Controller returns to its
locked state. Only pages located in unprotected sectors can be erased.

Observe the following procedure to perform a Page Erase operation:

1. Write00h to the Flash Control Register to reset the Flash Controller.
Write the page to be erasedthe Page Select Register.

Write the first unlock command@3h) to the Flash Control Register.

Write the second unlock commas@h to the Flash Control Register.

a > wn

Rewrite the page written Btep 2to the Page Select Register.

PRELIMINARY Operation



Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 215

6. Write the Page Erase commag8h() to the Flash Control Register.

Mass Erase

The Flash Memory cannot be mass-erased by user code.

Flash Controller Bypass

The Flash Controller can be bypassed wedcontrol signals for Flash Memory are
brought out to the GPIO pins. Bypassing fhesh Controller allow$aster programming
algorithms by controlling the Flash programming signals directly.

Flash Controller Bypass is recommendedgang-programming applications and large-
volume customers who do not requirecircuit programming of Flash Memory.

For more information about bypassitig Flash controller, refer to tfdird Party Flash
Programming Support for Z8 Eare! MCUs Application Notewhich is available for
download onwww.zilog.com

Flash Controller Behavior in Debug Mode

The following changes in behavior oktlrlash Controller occur when the Flash
Controller is accessed using the OCD:

* The Flash Write Protect option bit is ignored

* The Flash Sector Protect Register is ignored for programming and erase operations
* Programming operations are tiatited to the page selectedthe Page Select Register

¢ Bits in the Flash Sector Protect Register can be written to 1 or 0

* The second write of the Page Select Regist unlock the Flash Controller is not
necessary

* The Page Select Register can be writkden the Flash Controller is unlocked
* The Mass Erase command is enaltlkedugh the Flash Control Register

* The page erase and programming operatweslisabled if the Memory Read Protect
option is enabled
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The Flash Control Register, shown in &fll6, unlocks the Flash Controller for
programming and erase operations adlect the Flash Sector Protect Register.

The write-only Flash Control Register shaiteRegister File address with the read-only

Flash Status Register.

Table 116. Flash Control Register (FCTL)

Bit 7 6 5 4 3 2 1 0
Field FCMD
RESET O00H
R/W w
Address FF8H
Bit Description
[7:0] Flash Command
FCMD 73H = First unlock command.
8CH = Second unlock command.
95H = Page erase command.
63H = Mass erase command.
5EH = Flash Sector Protect Register select.
All other commands or any command out of sequence locks the Flash Controller.
PS024615-0811 PRELIMINARY Operation
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Flash Status Register

The Flash Status Register, shown in Tablg Iddicates the current state of the Flash
Controller. This register can be read a ime. The read-only Flash Status Register
shares its Register File address wiite Write-only Flash Control Register.

Table 117. Flash Status Register (FSTAT)

Bit 7 6 5 4 3 2 1 0
Field Reserved FSTAT
RESET 00B 00_0000B
R/W R R
Address FF8H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5:0] Flash Controller Status
FSTAT  00_0000 = Flash Controller locked.

00_0001 = First unlock command received.
00_0010 = Second unlock command received.
00_0011 = Flash Controller unlocked.

00_0100 = Flash Sector Protect Register selected.
0_1xxx = Program operation in progress.

01_Oxxx = Page erase operation in progress.
10_0Oxxx = Mass erase operation in progress.

PS024615-0811 PRELIMINARY Operation
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The Flash Page Select (FPS) Register, showalite 118, selects one of the 32 available
Flash Memory pages to be erased or prograchreach Flash Page contains 512-bytes of
Flash Memory. During a Page Erase operatadl Flash Memoryocations with the 7

most significant bits of the addressigaed by the PAGE field are erased-feh.

The Flash Page Select Register shares igiske File address with the Flash Sector
Protect Register. The Flash Page Select Ragisihnot be accessed when the Flash Sector
Protect Register is enabled.

Table 118. Flash Page Select Register (FPS)

Bit 7 6 5 4 3 1 0
Field INFO_EN PAGE
RESET 0 000_0000B
R/W R/W R/W
Address FF9H
Bit Description
[7] 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.
[6:0] Page Select
PAGE This 7-bit field selects the Flash Memory page for Programming and Page Erase operations.

Program Memory Address[15:9] = PAGE[6:0].

PS024615-0811
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Flash Sector Protect Register

The Flash Sector Protect Register, shown in Table 119, protects Flash Memory sectors
from being programmed or erased from usmte. The Flash Sector Protect Register
shares its Register File address with theskIPage Select Register. The Flash Sector
Protect Register can be accessed only aftiding the Flash Control Register wistEh.

User code can only write bits ihis register to 1 (bits cannot be cleared to 0 by user code).

Table 119. Flash Sector Protect Register (FPROT)

Bit 7 6 5 4 3 2 1 0
Field SECT7 SECT6 SECT5 SECT4 SECT3 SECT2 SECT1 SECTO
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 FF9H

Note: *R/W = Register is accessible for Read operations and can only be written to 1 via user code.

Bit Description
[7:0] Sector Protect
SECTn 0= Sector n can be programmed or erased from user code.

1 = Sector n is protected and cannot be programmed or erased from user code.

Flash Frequency High and Low Byte Registers

The Flash Frequency High and Low Byte regist shown in Table 120, combine to form

a

16-bit value (FFREQ) to control timing fBlash program and erase operations. The 16-

bit Flash Frequency registers must be writigth the system clockequency in kHz for
Program and Erase operations.

Calculate the Flash Frequencyuausing the following equation:

FFREQ[15:0] = {FFREQH[7:0],FFREQL[7:0]} =

System Clock Frequency
1000

A Caution: Flash programming and erasure is not sujgal for system clock frequencies below

32kHz, above 20MHz, or outside the valjerating frequency range for the device. The
Flash Frequency High and Low Byte registerstihe loaded with the correct values to
ensure proper program and erase times.

PS024615-0811
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Bit 7 6 5 4 3 2 1 0
Field FFREQH

RESET OOH

R/W R/W

Address FFAH

Bit 7 6 5 4 3 2 1 0
Field FFREQL

RESET O0H

R/W R/W

Address FFBH

Bit Description

[7:0] Flash Frequency High and Low Bytes

FFREQH, These 2 bytes, {FFREQH][7:0], FFREQL[7:0]}, contain the 16-bit Flash Frequency value.

FFREQL

PS024615-0811
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Option Bits

Option bits allow user configuration of cartaspects of the ZBFMC16100 Series MCU
operation. The feature configuration datatmred in program memory and read during
Reset.

The features available for conltrgsing the option bits include:

Watchdog Timer (WDT) time-out sedtion of interrupt or Reset

Watchdog Timer enabled at Reset

Code protection by preventing external read access of program memory
Ability to prevent accidental prograning and erasure of program memory

Voltage Brown-Out (VBO) can be disabled during STOP Mode to reduce power con-
sumption

External oscillator mode selection

Selectable PWM OFF state, output polarity, fault state and Reset state
Disable PWM output pairgnabling them as inputs

RESETFault0 pin function selection

Low power clock divide mode selection

Option Bit Types

Two types of option bits (useption and trim option bits) allow configuration of certain
aspects of ZBFMC16100 Series MCU opemstieach is described in this section.

User option bits

Trim option bits

User Option Bits

The user option bits are contained in fiingt two bytes of program memory. As these
locations contain application-specific devamnfiguration, you can alter these bytes by
programming Flash Memory.

} Note: The information in these bytes is lost wheage 0 of program memory is erased.

PS024615-0811
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The trim option bits are contained in the mf@ation page of Flash Memory. These bits are
factory-programmed values requiredofmimize the operation of on-board analog
circuitry and cannot be altered by the uBeagram memory can be erased without endan-

gering these values.

A Caution: Itis possible to alter the wking values of these bits laccessing the Trim Bit Address
and Data registers, but these wingkvalues are lost after a Reset.

There are 32 trim addresses. To read or whigse values, the user code must first write a
value betweenOh and1Fh into the Trim Bit Address Regfier. Writing the Trim Bit Data
Register changes the working value of thrgeatrim data. Reading the Trim Bit Data
Register returns the working lua of the target trim data.

User Option Bit Configuration By Reset

Each time the user option bits are programimeerased, the device must be Reset for the

change to take place.

Option Bit Address Space

The first two bytes of program memory at addres8esh , shown in Table 121, and
0001h, shown in Table 122, are reged for the user option bits.

Table 121. User Option Bits at Program Memory Address 0000H

Bit 7 6 5 4 3 2 1 0
Field WDT_RES | WDT_AO OSC_SELJ1:0] VBO_AO RP Reserved 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
Address Program Memory 0000H

Note: U = Unchanged by Reset; R/W = Read/Write.

Bit

Description

[7]

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 Reset.

PS024615-0811
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Bit Description (Continued)
[6] Watchdog Timer Always On
WDT_AO 0= Watchdog Timer is automatically enabled.
1 = Watchdog Timer is enabled on execution of the WDT instruction.
[5:4] External Oscillator Mode Selection
OSC_SEL 00 = Reserved.
01 = Minimum power for use with very low frequency crystals (32kHz to 1.0MHz).
10 = Medium power for use with medium frequency crystals or ceramic resonators (0.5MHz
to 10.0MHz).
11 = Maximum power for use with high frequency crystals (8.0MHz to 20.0MHz).
[3] Voltage Brown-Out Always On
VBO_AO 0 = Voltage Brown-Out Protection is disabled in STOP Mode to reduce total power con-
sumption.
1 = Voltage Brown-Out Protection is always enabled.
[2] Read Protect
RP 0 = External access to User program code is disabled.
1 = User program code is accessible.
[1] Reserved
This bit is reserved and must be programmed to 1.
[0] Flash Write Protect
FWP 0 = Programming, Page Erase and Mass Erase using User Code is disabled.
1 = Programming, Page Erase and Mass Erase are enabled for all of Flash Program Mem-
ory.
The bits described in Table 122 define PWM behavior. The High and Low default off state
(the output polarity) is also defined here. The off state is used by the PWM output control
and PWM Fault logic. PWM output pairs che disabled and uses high-impedance
input pins. The RESET/FaultO pianction is also selectable.
Table 122. Options Bits at Program Memory Address 0001H
Bit 7 6 5 4 3 2 1 0
Field FLTSEL | LPDEN | Reserved | PWM2EN | PWM1EN | PWMOEN | PWMHI | PWMLO
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 Program Memory 0001H
Note: U = Unchanged by Reset; R/W = Read/Write.
Bit Description
[7] RESET/Fault0 Select
FLTSEL 0= RESET/FaultO pin is configured as a FaultO input.

1 = RESET/Fault0 pin is configured as RESET input.

PS024615-0811
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Bit Description (Continued)

[6] Low Power Divide Mode Enable
LPDEN 0 = See the Oscillator Control chapter on page 227. Low Power Divide mode is enabled.
1 = Low Power Divide mode is disabled.

[5] Reserved
This bit is reserved and must be programmed to 1.
[4] PWM Output Pair PWM2 Enable

PWM2EN 0 = PWM2 outputs are enabled and controlled by PWM logic.
1 = PWM2 outputs are always high-impedance.

[3] PWM Output Pair PWM1 Enable
PWM1EN 0 = PWML1 outputs are enabled and controlled by PWM logic.
1 = PWM1 outputs are always high-impedance.

[2] PWM Output Pair PWMO Enable
PWMOEN 0 = PWMO outputs are enabled and controlled by PWM logic.
1 = PWMO outputs are always high-impedance.

[1] PWM High Side (PWM outputs OH,1H, 2H) Default Off State
PWMHI 0 =PWM High-side inactive state is Low, active state is High.
1 = PWM High-side inactive state is High, active state is Low.

[0] PWM Low Side (PWM outputs OL,1L, 2L) Default Off State
PWMLO 0 =PWM Low-side inactive state is Low, active state is High.
1 = PWM Low-side inactive state is High, active state is Low.

Trim Bit Address Register

The Trim Bit Address Register, shown in Tall3, contains the target address for access
to the trim option bits.

Table 123. Trim Bit Address Register (TRMADR)

Bit 7 6 5 4 3 2 1 0
Field TRMADR

RESET 00H

R/W R/W

Address FF6H

Bit Description

[7:0} 00-1FH = Trim Bit Address Register

TRMADR
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The Trim Bit Data Register, shown in Table 124, contains the read or write data for access

to addresses in the Trim Bit Address Register.

Table 124. Trim Bit Data Register (TRMDR)

Bit 7 6 5 4 3 2 1 0
Field TRMDR
RESET OOH
R/W R/W
Address FF7H
Bit Description
[7:0} 00—-FFH = Trim Bit Data Register
TRMDR
Trim Bit Address 0001H
The IPO Trim Bit Address Register at addredd1H, shown in Table 125, is loaded from
the Flash Information Area following reset ooftMode Recovery. Writi this register
allows user frequency adjustment of the IPO. Writing i® ibgister does not effect the
Flash Memory contents.
Table 125. IPO Trim Option Bits at 0001H (IPO_TRIM)
Bit 7 6 5 4 3 2 1 0
Field TEMP_TRIM IPO_TRIM[9:8]
RESET U
R/W R/W
Address Information Page Memory 0021H

Note: U = Unchanged by Reset; R/W = Read/Write.

Bit Description

[7:2] Internal Precision Oscillator Trim Bits

TEMP_TRIM  00-3FH = Used for temperature compensation.

[1:0] Internal Precision Oscillator Trim Byte

IPO_TRIM 00-11H = Trimming for Internal Precision Oscillator frequency adjustment; used with IPO
Trim1 options bits as bits [9:8].
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IPO Trim Bit Address Register at addr@se2H, shown in Table 126, is loaded from the
Flash Information Area followingeset or Stop Mode RecayeWriting to this register
allows user frequency adjustment of the IPO. Writing i® ibgister does not effect the

Flash Memory contents.

Table 126. IPO Trim1 Option Bits at 0002H (IPO_TRIM1)

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

RESET U

R/W R/W

Address Information Page Memory 0022H

Note: U = Unchanged by Reset; R/W = Read/Write.

Bit Description
[7:0] Internal Precision Oscillator Trim Byte
IPO_TRIM  00-FFH = Trimming byte for Internal Precision Oscillator frequency adjustment. Use with

IPO trim bits [9:8] in the IPO Trim Bit Address Register at address 0001H Register.

PS024615-0811

Trim Bit Address 0003H

Vger_TRIM. The trim values for the yegcircuit used by the Analog-to-Digital Converter
(ADC) contains factory-trimmed values fog¥g (ADC Reference Vol@ge). These values
are used to set ther¢r voltage to meet a specified toleranthe format of which is to be

determined in the future.
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Oscillator Control

The Z8FMC16100 Series MCU uses thpassible clocking schemes, each user-
selectable:

¢ Trimmable internal precision oscillator
* On-chip oscillator using off-chip crysteesonator or external clock driver

¢ On-chip low precision Watchdog Timer oscillator

In addition, ZBFMC16100 Series MCUs comtalock failure detection and recovery cir-
cuitry, allowing continud operation despite grpotential failure of the primary oscillator.

The on-chip system clock frequency carréa@uced through a clock divider allowing
reduced dynamic power dissipation. Flash Mpntuan be powered down during portions
of the clock period when running slower than 10 MHz.

Operation

This section explains the logic used to setketsystem clock, divide down the system
clock and handle oscillator failures. For thescription of specific operation of each oscil-
lator, seehe Watchdog Timechapter on page 6the On-Chip Oscillatochapter on

page 232andthe Internal Precision Oscillatchapter on page 234

System Clock Selection

The oscillator control block selects from thedable clocks. Table 127 details each clock
source and its usage.
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Table 127. Oscillator Conf iguration and Selection
Clock Source Characteristics Required Setup
Internal Precision « 5.5296 MHz * This is the reset default
Oscillator » High precision possible when trimmed

* No external components required
External Crystal/ ¢ OMHz to 20MHz » Configure Option Bits for correct exter-
Resonator, * Very high accuracy (dependent on nal oscillator mode
External Clock crystal/resonator or external source) ¢ Unlock and write Oscillator Control
Drive * Requires external components Register (OSCCTL) to enable external
oscillator

* Wait for 50 ms stabilization time
* Unlock and write Oscillator Control
Register (OSCCTL) to select external

oscillator
Internal Watchdog + 10kHz, nominal e Unlock and write Oscillator Control
Timer Oscillator e Low accuracy Register (OSCCTL) to enable and
« No external components required select Internal WDT oscillator

Low power consumption

Unintentional accesses to thedlator Control Register (OSCCTL) can stop the chip by
switching to a nonfunctioning oscillator. Adeintal alteration of the OSCCTL Register is
prevented by a locking/unlocking scheme. Titevthe register, unlock by two writes to

the OSCCTL Register with the valuesH followed by18H. A third write to the OSCCTL
Register then changes the value of the regastdrreturns the register to a locked state.
Any other sequence of aiator control register writes has no effect. The values written to
unlock the register must be ordered correctlyn@med not be consecutive. It is possible to
access other registers withirettocking/unlocking operation.

Clock Selection Follo wing System Reset

The Internal Precision Oscillator (IPO) isesgtked following a SystefReset. Startup code

after the System Reset may change the systeck source by unlocking and configuring

the OSCCTL Register. If the LPDEN bit in Program Memory AddeessH is 0, Flash

Low Power Mode is enabled during reset. When Flash Low Power mode is enabled during
reset, the FLPEN bit in the Oscillator ContR#gister (OSCCTL) is set and the DIV field

of the OSCDIV Register is set 08h.

Clock Failure Detection and R ecovery for Primary Oscillator

The Z8BFMC16100 SeriddCU generates a System Exception, when a failure of the pri-
mary oscillator occurs, if the POFEN bitsst in the OSCCTL Register. To maintain
system function in this situation, the clocikdee recovery circuity automatically forces
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the Watchdog Timer (WDT) osdiltor to drive the system clocAlthough this oscillator
runs at a much lower frequency than theioagsystem clock, the CPU continues to oper-
ate, allowing execution of a clock failure vecand software routines that either remedy
the oscillator failure or issue a failure alert. This automatic switchievest available if

the WDT is the primary oscillator.

If the system clock frequency drops belbwHz £50%, the primary oscillator failure
detection circuitry asserts. For operating freqienbelow 2kHz, do not enable the clock
failure circuitry (POFEN must beéeasserted in the OSCCTL Register).

Clock Failure Detection and Recovery for WD T Oscillator

In the event of a WDT oscillator failure, astgm Exception is issued if the WDFEN bit

of the OSCCTL Register is set. This even¢sloot trigger an atteadt clock switch-over,

but alerts the CPU of the failure. After a WDT failure, it is no longer possible to detect a
primary oscillator failure.

The WDT oscillator failure detection circuibunts system clocks while looking for a
WDT clock. The logic counts 8000 system &aycles before deteriming that a failure
occurred. The system clock rate determithesspeed at which the WDT failure can be
detected. A very slow system clock resultsény slow detectiotimes. If the WDT is the
primary oscillator or if the Watchdog Timescillator is disabledjeassert the WDFEN bit
of the OSCCTL Register.

Oscillator Control Register

The Oscillator Control Registé@SCCTL) enables/disables th@rious oscillator circuits,
enables/disables the failure detection/recoweacuitry, actively powers down the flash
and selects the primary oscillator, which becomessitstem clock.

The Oscillator Control Register must bdagked before writing. Writing the two-step
sequenc&7H followed by18H to the Oscillator Control Regfier address unlocks it. The
register locks after completion afregister write to the OSCCTL.
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Bit 7 6 5 4 3 2 1 0
Field INTEN XTLEN WDTEN | POFEN | WDFEN FLPEN SCKSEL
RESET 1 0 1 0 0 0* 00
R/W R/W R/W R/W R/W R/W R/W R/W
Address F86H
Note: *The reset value is 1 if the option bit LPDEN is 0.

Bit Description
[7] Internal Precision Oscillator Enable
INTEN 0 = Internal precision oscillator is disabled.
1 = Internal precision oscillator is enabled.
[6] Crystal Oscillator Enable
XTLEN 0 = Crystal oscillator is disabled.
1 = Crystal oscillator is enabled.
[5] Watchdog Timer Oscillator Enable
WDTEN 0 = Watchdog Timer oscillator is disabled.

1 = Watchdog Timer oscillator is enabled.

[4] Primary Oscillator Failure Detection Enable
POFEN 0 = Failure detection and recovery of primary oscillator is disabled. This bit is cleared automat-
ically if a primary oscillator failure is detected.

1 = Failure detection and recovery of primary oscillator is enabled.

[3] Watchdog Timer Oscillator Failure Detection Enable
WDFEN 0 = Failure detection of Watchdog Timer oscillator is disabled.This bit is cleared automatically if
a Watchdog Timer oscillator failure is detected.
1 = Failure detection of Watchdog Timer oscillator is enabled.
[2] Flash Low Power Mode Enable
FLPEN 0 = Flash Low Power Mode is disabled.

1 = Flash Low Power Mode is enabled. The Flash is powered down during idle periods of the
clock and powered up during Flash reads. This bit should only be set if the frequency of the
primary oscillator source is 8MHz or lower. The reset value of this bit is controlled by the
LPDEN option bit during reset.

[1:0] System Clock Oscillator Select
SCKSEL 00 = Internal precision oscillator functions as system clock at 5.6 MHz.

01 = Crystal oscillator or external clock driver functions as system clock .
10 = Reserved.
11 = Watchdog Timer oscillator functions as system clock.
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The Oscillator Divide Register (OSCDIV)quides the value that divides the system

clock. The Oscillator Divide Register must unlocked before writing. Writing the two-
step sequenderh, followed by18h, to the Oscillator Control Register address unlocks

the register. The register locks after cdéetipn of a register write to the OSCDIV.

Table 129. Oscillator Divide Register (OSCDIV)

Bit 7 6 5 4 3 2 0
Field DIV
RESET O00H*
R/W R/W
Address F87H

Note: *The reset value is 08H if the option bit LPDEN is 0.

Bit Description
[7:0] Oscillator Divide
DIV In the range 00H-FFH, the 00H address determines that the divider is disabled. All other

entries represent divide values for scaling the system clock.
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On-Chip Oscillator

The products in the ZBFMC16100 Series MCU features an on-chip oscillator for use with
external crystals witfrequencies ranging from 32 kHz26 MHz. In addition, the oscil-

lator supports ceramic resonegavith oscillation frequenciagp to 20 MHz. This oscilla-

tor generates the primary system clock fer ititernal e28 CPU and the majority of the
on-chip peripherals. Alternatively, thgyXinput pin can also accept a CMOS-level clock
input signal (32 kHz to 20MHz). If an external clock generator is used gh¢ pin must
remain unconnected.

When configured for use withystal oscillators or externalaztk drivers, the frequency of
the signal on the g input pin determines the frequenaythe system clock (that is, no
internal clock divider).

Crystal Oscillator Operation

Figure 40 displays a recommended camfigion for connectiowith an external
fundamental-mode, pdlal-resonant crystal operating2® MHz. Recommended 20 MHz
crystal specifications are provided in TabB91The printed circuit board layout must add
no more than 4 pF of stray capacitance to either f@XXq pins. If oscillation does
not occur, reduce the values of capas C1 and C2 to decrease loading.

On-Chip Oscillator

wl] i

20 MHz Crystal
(Fundamental Mode)

Cy=22pF ——— —— C,=22pF

L

Figure 40. Recommended 20MHz Crystal Oscillator Configuration
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Table 130. Recommended Crystal Oscillator Specifications (20MHz Operation)

Parameter Value Units Comments
Frequency 20 MHz

Resonance Parallel

Mode Fundamental

Series Resistance (Rg) 25 Ohm Maximum
Load Capacitance (C,) 20 pF Maximum
Shunt Capacitance (Cp) 7 pF Maximum
Drive Level 1 mw Minimum
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Internal Precision Oscillator

The Internal Precision Oscillator (IPO) isstigned for use without external components.
The IPO comes factory trimmed a +4%cduency accuracy over the operating
temperature and supply voltage range of the device.

The features of the IPO include:

* On-chip RC oscillator that does not require external components
* Trimmed to 4% accuracy

* Target output frequency of 5.5296 MHz

¢ Trimming possible through Flasiption bits with user override

* |PO can eliminate crystals or ceramic resorgin applications where high timing
accuracy is not required

Operation

The internal oscillator is an RC relaxation oscillator which has its sensitivity to power sup-
ply variation minimized. By using ratio tracking thresholds, the effect of power supply
voltage is cancelled out. The darant source of oscillator errs the absolute variance of
chip-level fabricated compents, such as capacitors. Two 8-bit trimming registers,
incorporated into the design, allow compation of absolute variation of oscillator
frequency. Once calibrated, the oscillator frequencylaively stable and does not

require subsequent calibration.

By default, the oscillator is configured tlugh the Flash Option bits. However, the user
code can override these trim values as describdtbirim Option Bitssection on

page 222
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On-Chip Debugger

The ZBFMC16100 Series MCU device includes 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
e Setting of break points

e Execution of eZ8 CPU instructions

Architecture

The OCD consists of four primary funatial blocks: Transmitter, Receiver, Autobaud
Generator and Debug Controller. Figuredddplays the archétture of the OCD.

System ; Autobaud
Clock Detector/Generator eZ8 CPU
Control
A
Transmitter <
Debug Controller
DBG Pin = > > Receiver >

Figure 41. On-Chip Debugger Block Diagram
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OCD Interface

The OCD uses the DBG pin for communicatiotitman external hosthis one-pin inter-
face is a bidirectional open-drain interface tiahsmits and receivekata. Data transmis-
sion is half-duplex, in that transnahd receive cannot occur simultaneously.

The serial data on the DBG pin is serihgghe standard asynchronous data format
defined in RS-232. This pin interfaces #@FMC16100 Series MCU device to the serial
port of a host PC using minimal exterhardware. Two differennethods for connecting
the DBG pin to an RS-232 interface are displayed in Figures 42 and 43.

A Caution: For operation of the Z8BFMC16100 Series MCU, power pinspy(8¥nd AVpp) must be
supplied with power and ground pinsdyand AVgg must be properly grounded. The
DBG pin must always be connected tgp/through an external pull-up resistor.

VDD
RS-232
Transceiver 10 KQ
Diode
RS232 TX —~l>o——|<]—— DBG pin
RS232 RX —w<}

Figure 42. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, #1 of 2
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VDD

RS-232
Transceiver Open-Drain 10K

Buffer

RS232 TX —~l>o——[}— DBG pin

RS232 RX —

Figure 43. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface, #2 of 2

Debug Mode

The operating characteristics of the Z8EM100 Series MCU device in DEBUG Mode
are:

PS024615-0811

The eZ8 CPU fetch unit stops, idling theBeZPU, unless directed by the OCD to
execute specific instructions

The system clock operates unless in STOP Mode

All enabled on-chip peripherals operate unless in STOP Mode or otherwise defined by
the on-chip peripheral to disable in DEBUG Mode

Automatically exits HALT Mode
Constantly refreshes the YWhdog Timer (if enabled)

Entering DEBUG Mode
The device enters DEBUG Mode follavg any of the following operations:

Writing the DBGMODE bit in the OCD Contr&egister to 1 using the OCD interface
eZ8 CPU execution of a BRK (brephint) instruction (when enabled)

Match of PC to OCDCNTR Register (when enabled)

OCDCNTR Register decrementst@ooh (when enabled)

The DBG pin is Low when the device exits Reset
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Exiting DEBUG Mode

The device exits DEBUG Mode followgnany of the following operations:
¢ Clearing the DBGMODE bit in 8nOCD Control Register to 0

* Power-On Reset

* \oltage Brown-Out reset

* Asserting the RESEPin Low to initiate a Reset
¢ Driving the DBG pin Low while the devids in STOP Mode initiates a System Reset

OCD Data Format

The OCD interface uses the asynchronous fdataat defined for RS-232. Each character
is transmitted as 1 start bit, 8 data bits (lesggificant bit first)and 1 stop bit, see
Figure 44.

ST DO D1 D2 D3 D4 D5 D6 D7 SP

ST = Start Bit
SP = Stop Bit
D0-D7 = Data Bits

Figure 44. OCD Data Format

OCD Autobaud Detector/Generator

To run over a range of baud rates (bpghwarious system clock frequencies, the OCD
has an Autobaud Detector/Generator. Afterseetethe OCD is idle until it receives data.
The OCD requires that the first charactent from the host is the chara&eh. The char-
acter80h contains eight continuous bits Low (08&ART bit plus 7 data bits). The Auto-
baud Detector measures this period andtbet©CD Baud Rate @Gerator accordingly.

The Autobaud Detector/Generator is clockedHh®sysystem clock. The minimum baud rate
is the system clock frequency divided by25The maximum recommended baud rate is
the system clock frequency divided byTéble 131 lists minimum and recommended
maximum baud rates for sample crystal frequencies.
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Table 131. OCD Baud-Rate Limits

Maximum
System Clock Asynchronous Minimum
Frequency Baud Rate (bps) Baud Rate (bps)
20.0MHz 25M 39.1K
1.0MHz 125K 1960
32.768kHz 4096 64

If the OCD receives a Serial Break (temmare continuous bitsow), the Autobaud
Detector/Generator resets. Thetobaud Detector/Generator ctren be reconfigured by
sendingdoh. If the Autobaud Detector overflowghile measuring the Autobaud charac-
ter, the Autobaud Detector will remain reset.

OCD Serial Errors

The OCD detects any of the follovgrerror conditions on the DBG pin:
e Serial Break (a minimum of ten continuous bits Low)
* Framing Error (received STOP bit is Low)

* Transmit Collision (OCD and Isb simultaneous transmissi detected by the OCD)

When the OCD detects one of these erroaharts 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 ODDe to the open-drain nature of the interface,
returning a Serial Break backttee host only extends the length of the Serial Break , if the
host releases the Serial Break early.

The host transmits a Serial Break on the DBG pin whendinsnectiig to the
Z8FMC16100 Series MCU device or when resong from an error. A Serial Break from
the host resets the Autobaud Generator/Detdnit does not reset the OCD Control Reg-
ister. A Serial Break leaves the device inB2ES Mode if that is the current mode. The
OCD is held in Reset until the end of the Serial Break when the DBG pin returns High.
Due to the open-drain nature of the DBG pirg, host can send a Serial Break to the OCD
even if the OCD is transmitting a character.

Automatic Reset

The Z8FMC16100 Series MCU dees have the capability twitch clock sources during
operation. If the Autobaud &et and the clock source is switched, the Autobaud value
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becomes invalid. A new Autobaud value must be configured with the new clock fre-
quency.

The oscillator control logic has clock switchtelgion. If a clock switch is detected and
the Autobaud is set, the deviaatomatically sends a SerBieak for 4096 clocks. This
resets the Autobaud and indicate to the Hustta new Autobaud character must be sent.

Break Points

Execution break points are generated using the BRK instruction (op@oiéNVhen the
eZ8 CPU decodes a BRK instruction, it sigrthls OCD. If break points are enabled, the
OCD idles the eZ8 CPU and enters DEBUGddolf break points are not enabled, the
OCD ignores the BRK signal and the BRIstiruction operates as a NOP instruction.

If break points are enabled, the OCD carcbefigured to automatically enter DEBUG
Mode, or to loop on the break instructidinthe OCD is configured to loop on the BRK
instruction, then th CPU remains able to servib®A and interrupt requests.

The loop on BRK instruction can service intgraiin the background. For interrupts to be
serviced in the background, there cannaailne break points ithe interrupt service

routine. Otherwise, the CPU stops on ltiheak point in the interrupt routine. For

interrupts to be serviced in the background, interrupts must be enabled. Debugging soft-
ware does not automatically efalinterrupts when using this feature. Interrupts are typi-
cally disabled during critical sections@fde where interrupts do not occur (such as
adjusting the stack pointer or modifying shared data).

Host software can poll the IDLE bit of the OSTAT Register to determine if the OCD is
looping on a BRK instructionVhen software wants &iop the CPU on the BRK
instruction on which it isooping, software must neet the DBGMODE bit of the
OCDCTL Register. The CPU may have vectdiedn interrupt service routine. Instead,
software clears the BRKLP bithis allows the CPU to finiste interrupt sevice routine it
may be in and return to the BRK ingttion. When the CPU returns to the BRIstruction
on which it was previously looping, it autotizally sets the DBGMODE bit and enters
DEBUG Mode.

The majority of the OCD commands remdisabled when the eZA8PU is looping on a
BRK instruction. The eZ8 CPU must beliBUG Mode before these commands are
issued.

Break Points 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 break point, vadteto the appropriate address,
overwriting the current instructin. To remove a break poitase the corresponding page
of Flash Memory and reprograwith the original data.
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OCDCNTR Register

The OCD contains a multipurpose 16-bit counégister which can be used for the fol-
lowing events:

¢ Count system clock cycles between breakpoints
* Generate a BRK when it counts down to O

* Generate a BRK when its valunatches the Program Counter

When configured as a counter, the OCDCNR&yister starts counting when the on-chip
debugger leaves DEBUG Moded stops counting when it enters DEBUG Mode again or
when it reaches the maximum countefFh. The OCDCNTR Register automatically
resets itself t®000h when the OCD exits DEBUG Mod#,it is configured to count

clock cycles between break points.

If the OCDCNTR Register is configured tonggate a BRK when it emts down to zero,
it will not be reset when the CPU startaming. Once the OCD exits DEBUG Mode, the
counter starts counting down toward zdfahe OCD enters DEBUG Mode before the
OCDCNTR Register counts down to zero, the OCDCNTR stops counting.

If the OCDCNTR Register is configured to generate a BRK when the program counter
matches the OCDCNTR Register, the OCDEN\Register will not be reset when the
CPU resumes executing and it will not be éetented when the CRB running. A BRK

is generated when the pragn counter matches the value in the OCDCNTR Register
before executing the instructionthe location of the program counter.

A Caution: The OCDCNTR Register is used by many O&iInmands. It counts the number of bytes
for the register and memory read/write coamus. It retains the residual value when gen-
erating the CRC. If the OCDCNTR is usedyenerate a BRK, its value must be written
as a final step before leaving DEBUG Mode.

As this register is overwritten by various D€ommands, it must only be used to gener-
ate temporary break points, such as steppirg GALL instructions or running to a spe-
cific instruction and stopping.

When the OCDCNTR Registeriigad, it returns the inverse thie data in this register.

The OCDCNTR Register is only decrementgdten 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 Registeaeiad, the counter appears to be counted
up as its value is inverted. Thelue in this register is alwa inverted when it is read. If

this register is used as a hardware breahtpthe value read frorthis register will be
inverse of the data aally in the register.
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On-Chip Debugger Commands

The host communicates teet®CD by sending OCD commands using the DBG interface.
During normal operation, only a subsetlod OCD commands are available. In Debug
mode, all OCD commands are available unlessuder code is protected by programming
the Read Protect option bit (RP). The Readd®tatption bit preventhie code in memory
from being read out of the Z8BFMC1618@ries MCU device. Win this option is

enabled, several OCD commands are disabled. Table 132 lists a summary of the OCD
commands. Each OCD commandiescribed in detail in #nlist following Table 132.

Table 132 indicates the commands that openditen the device is not in DEBUG Mode
(normal operation) and those commands énatdisabled by programming the Read Pro-
tect option bit.

Table 132. On-Chip Debugger Commands

Command Enabled When Not Disabled by Read Protect

Debug Command Byte In Debug Mode? Option Bit

Read Revision 00h Yes —

Write OCD Counter Register 01h — —

Read OCD Status Register 02h Yes —

Read OCD Counter Register 03h — —

Write OCD Control Register 04h Yes —

Read OCD Control Register 05h Yes —

Write Program Counter 06h — Disabled

Read Program Counter 07h — Disabled

Write Register 08h — Writes to on-chip peripheral regis-

ters 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 0Bh — Disabled
Write Data Memory 0Ch — Disabled
Read Data Memory 0Dh — Disabled
Read Program Memory CRC OEh — —

Note: Unlisted command byte values are reserved.
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Table 132. On-Chip Debugger Commands (Continued)
Command Enabled When Not Disabled by Read Protect
Debug Command Byte In Debug Mode? Option Bit
Reserved OFh — —
Step Instruction 10h — Disabled
Stuff Instruction 11H — Disabled
Execute Instruction 12H — Disabled
Read Baud Reload Register 1BH — —

Note: Unlisted command byte values are reserved.

In the following list of OCD Commands, daaad commands sent from the host to the
OCD are identified by ‘DBG— Command/Data’. Data sefibm the OCD back to the
host is identified by ‘DBG— Data’

Read Revision. The Read Revision command netsi the revision identifier.

DBG « 00h
DBG — REVID[15:8] (Major revision number)
DBG — REVID[7:0] (Minor revision number)

Write OCD Counter Register. The Write OCD Counter Regfer command writes the
data that follows to the OCDCNTR Registéthe device is not in DEBUG Mode, the
data is discarded.

DBG « 01h
DBG «— OCDCNTR[15:8]
DBG « OCDCNTR[7:0]

Read OCD Status Register. The Read OCD Status Register command reads the OCD-
STAT Register.

DBG « 02h
DBG — OCDSTAT[7:0]

Read OCD Counter Register. The OCD Counter Register can be used to count system
clock cycles in between break points, generate a BRK when it counts down to 0, or
generate a BRK when its value matches the ®rodgCounter. As this register is a down
counter, the returned value is inverted, wttes register is reaslo the returned result
appears to be an up counter. If the deigasot in DEBUG Mode, this command returns
FFFFh.

DBG « 03h
DBG — ~OCDCNTRI[15:8]
DBG — ~OCDCNTR[7:0]
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Write OCD Control Register. 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. The Read OCD Control Register command reads the value
of the OCDCTL Register.

DBG « 05h
DBG — OCDCTL[7:0]

Write Program Counter. The Write Program Counter komand writes the data that
follows to the eZ8 CPU’s Program Counter (PC). If the device is not in DEBUG Mode or
if the Read Protect option bit isaried, the PC values are discarded.

DBG « 06h
DBG « ProgramCounter[15:8]
DBG « ProgramCounter[7:0]

Read Program Counter. The Read Program Counter command reads the value in the eZ8
CPU's Program Counter. If the device ig mDEBUG Mode or if the Read Protect
option bit is enabled, this command retuFRsFh.

DBG « 07h
DBG — ProgramCounter[15:8]
DBG — ProgramCounter[7:0]

Write Register. The Write Register command writes data to the Register File. Data can be
written 1-256 bytes at a time (256 bytes argt@m by setting size to zero). If the device is
not in DEBUG Mode, the address and dataeslare discarded. If the Read Protect option
bit is enabled, then only weis to the 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. The Read Register command reads data from the Register File. Data can
be read 1-256 bytes at a tim&§2ytes can be redny setting size to zero). If the device

is not in DEBUG Mode or if the Read Peact option bit is enabled and on-chip RAM is
being read from, ik command returnsFh 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 Memory. The Write Program Memory command writes data to Program
Memory. This command is equivalent t@ethDC and LDCI instructions. Data can be
written 1-65536 bytes at a tini@5536 bytes can be written bgtting size to 0). The on-
chip Flash controller must lveritten to and unlocked fahe programming operation to
occur. If the Flash controller it unlocked, the data is disdad. If the device is not in
DEBUG Mode or if the Read Protect optibit is enabled, thdata 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. The Read Program Memory corarmd reads data from Program
Memory. This command is equivalent to the@.Bnd LDCI instructions. Data can be read

1 to 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 Read Protegition bit is enabledhis command returns

FFh 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. The Write Data Memory commanites data to Data Memory.
This command is equivalent the LDE and LDEI instructions. Data can be written 1 to
65536 bytes at a time (65536 bytes can be wrlitesetting size to 0). If the device is not
in DEBUG Mode or if the Read Protect optibit is enabled, the data is discarded.

DBG « 0Ch

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. The Read Data Memory commargads from Data Memory. This
command is equivalent to the LDE and LD&dtructions. Data can be read 1 to 65536
bytes at a time (65536 bytesndae read by setting size to 0). If the device is not in
DEBUG Mode, this command returfsh for the data.
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DBG « 0Dh

DBG « Data Memory Address[15:8]
DBG « Data Memory Address[7:0]
DBG « Size[15:8]

DBG « Size[7:0]

DBG — 1-65536 data bytes

Read Program Memory CRC. The Read Program Memory CRC command computes and
returns the CRC (cyclic redundancy checklPobgram Memory using the 16-bit CRC-
CCITT polynomial k¢ + x12 + x° + 1). The CRC is preset to all 1s. The least-significant

bit of the data is shifted through the polymal first. The CRC is inverted when it is
transmitted. If the device is not DEBUG Mode, this command returREFFh for the

CRC value. Unlike most other @CRead commands, there is a delay from issuing of the
command until the OCD returns the data. OD reads the Program Memory, calculates
the CRC value and returns the result. The delay is a function of the Program Memory size
and is approximately equal to the systemicloeriod multiplied by the number of bytes in

the Program Memory.

DBG « OEh
DBG — CRCJ[15:8]
DBG — CRC[7:0]

Step Instruction. The Step Instruction command ssegne assembly instruction at the
current Program Counter locatidf the device is not in DEBUG Mode or the Read Pro-
tect option bit is enabled,¢fOCD ignores this command.

DBG « 10h

Stuff Instruction. The Stuff Instruction commandegts one assembly instruction and
allows specification of the first byte of tivestruction. The remaining O to 4 bytes of the
instruction are read from Program MemoryisTbommand is useful for stepping over
instructions where the first bytd the instruction has been overwritten by a break point. If
the device is not in DEBUG Mie or the Read Protect option bit is enabled, the OCD
ignores this command.

DBG « 11h
DBG « op code[7:0]

Execute Instruction. The Execute Instruction commaatlows sending an entire

instruction to be executed tioe eZ8 CPU. This command can also step over break points.
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 optibit is enabled, tnOCD ignores this

command.

DBG « 12h
DBG « 1-5 byte op code
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Read Baud Reload Register. The Read Baud Reload Register command returns the
current value in the Baud Reload Register.

DBG « 1Bh
DBG — BAUD[15:8]
DBG — BAUDI[7:0]

OCD Control Register

The OCD Control Register, shown in Tat&3, controls the state of the on-chip
debugger. This register enters or exits DEBMode and enables the BRK instruction. It
can also reset the ZBFMC16100 Series MCU.

A reset and stop function can be achieved by writi8@H to this register. Aeset and go
function is achieved by writing1H to this register. If the device is in DEBUG Mode, a
run function is implemented by writingoh to this register.

A more detailed description efch bit follows Table 133.

Table 133. OCD Contro | Register (OCDCTL)

Bit 7 6 5 4 3 2 1 0
Field DBGMODE | BRKEN |[DBGACK | BRKLOOP | BRKPC | BRKZRO | Reserved RST
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R/W R/W R/W R/W
Bit Description

[7] 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 the 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 dependent 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 auto-
matically clears itself when an acknowledge character is sent.
0 = Debug Acknowledge is disabled.
1 = Debug Acknowledge is enabled.
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Bit Description (Continued)

[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.

[3] Break When PC == OCDCNTR

BRKPC 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 setup as counter.
1 = OCDCNTR generates hardware break when PC == OCDCNTR.

[2] Break When OCDCNTR == 0000H

BRKZRO 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 leaves DEBUG Mode.
0 = OCD does not generate BRK when OCDCNTR decrements to 0000H.
1 = 0OCD sets DBGMODE to 1 when OCDCNTR decrements to 0000H.

[1] Reserved
This bit is reserved and must be programmed to 0.
[0] Reset
RST Setting this bit to 1 resets the device. The controller goes through a normal POR sequence

with the exception that the OCD is not reset. This bit is automatically cleared to O when the
reset finishes.

0 = No effect.

1 = Reset the device.
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The OCD Status Register, shown in Table 18@orts status inforntian about the current

state of the debugger and the system.

Table 134. 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 Enabled
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 com-
mands.
[4:0] Reserved

These bits are reserved and must be programmed to 00000.
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Baud Reload Register

The Baud Reload Register, shown in Tal88,lcontains the measured autobaud value.

Table 135. 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
These bits are reserved and must be programmed to 0000.
[11:0] Baud Reload Value

RELOAD This value is the measured autobaud value. This value is calculated using the following for-
mula:

SYSCLK

= —————— X
RELOAD BAUDRATE
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The electrical characteristics thfe ZBFMC16100 Series MCUs are described in this chap-

ter.

Absolute Maximum Ratings

The ratings listed in Table 136 are stresmgs only. Operation of the device at any
condition outside as incted in the opational sections of these specifications is not
implied. Exposure to absoluteaximum rating coritions for extended periods may affect

device reliability. For improved reliability, unused inputs must be tied to one of the supply

voltages (\bp or Vg9).

A Caution: Stresses greater than those listed inda86 may cause permanent damage to the

device.
Table 136. Absolute Maximum Ratings

Parameter Minimum  Maximum Units
Ambient temperature under bias -40 +105 °C
Storage temperature —65 +150 °C
Voltage on PA3, PA4, PA5, PA6 and PA7 pins with respect to Vssl -0.3 +5.5 Vv
Voltage on all of Port B, PAQ, PA1, PA2, PCO, RESET, DBG, Xy, -0.3 +3.6 Vv
Vpp and AVpp pins with respect to Vgg
Maximum current on input and/or inactive output pin -5 +5 MA
Maximum output current from digital active output pin -25 +25 mA
Maximum output current from digital active output pin -5 +5 mA
32-pin LQFP Package Maximum Ratings at —40°C to 70°C

Total power dissipation 811 mwW

Maximum current into Vpp or out of Vgg 225 mA
32-pin LQFP Package Maximum Ratings at 70°C to 105°C

Total power dissipation 295 mw

Maximum current into Vpp or out of Vgg 82 mA

Note: *This condition excludes all pins that have on-chip pull-ups, when driven Low.
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Table 136. Absolute Maximum Ratings (Continued)
Parameter Minimum  Maximum Units
32-pin QFN Package Maximum Ratings at —40°C to 70°C
Total power dissipation 1580 mw
Maximum current into Vpp or out of Vgg 439 mA
32-pin QFN Package Maximum Ratings at 70°C to 105°C
Total power dissipation 575 mw
Maximum current into Vpp or out of Vgg 160 mA

Note: *This condition excludes all pins that have on-chip pull-ups, when driven Low.

DC Characteristics

Table 137 lists the DC characteristicdtugd Z8FMC16100 Series MCU products. All volt-
ages are referenced tgy the primary system ground.

Table 137. DC Characteristics

T = —40°C to 105°C

Symbol Parameter Minimum Typical 1 Maximum Units Conditions

Vpp Supply Voltage 2.7 — 3.6 \%

Vi1 Low Level -0.3 — 0.3*Vpp V  For all input pins except RESET,
Input Voltage DBG and Xy

V||_2 Low Level -0.3 — O'Z*VDD Vv For RESET, DBG and X|N.
Input Voltage

Vi1 High Level 0.7 X Vpp — 5.5 V  PA3, PA4, PA5, PA6 and PA7 pins
Input Voltage when their programmable pull-ups

are disabled.

ViH2 High Level 0.7 x Vpp — Vpp+0.3 V  PA3, PA4, PA5, PA6 and PA7 pins

Input Voltage when their programmable pull-ups

are enabled. All of Port B, PAO,
PA1, PA2 and PCO pins.

V|H3 ngh Level 0.8 x VDD — VDD+0'3 Vv RESET, DBG and X|N pinS.
Input Voltage

VoL Low Level Out- — — 0.4 V. logL=2mA,;
put Voltage Vpp = 3.0V,

High Output Drive disabled.

Notes:
1. These values are provided for design guidance only and are not tested in production.
2. This condition excludes all pins that have on-chip pull-ups, when driven Low.
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Table 137. DC Characteristics (Continued)
Tp = —40°C to 105°C
Symbol Parameter Minimum Typical * Maximum Units Conditions
Von1 High Level 2.4 — — V. lgg=-2 mA;
Output Voltage Vpp = 3.0V,
High Output Drive disabled.
VOL2 Low Level Out- — — 0.6 Vv IOL =20 mA;
put Voltage Vpp = 3.3V,
High Drive High Output Drive enabled;
Tp =—40°C to +70°C.
VoH2 High Level 24 — — V. lgg=-20 mA;
Output Volt- Vpp = 3.3V,
age High Drive High Output Drive enabled;
Tp = —40°C to +70°C
VolLs Low Level Out- — — 0.6 V gL =15 mA;
put Voltage Vpp = 3.3V,
High Drive High Output Drive enabled;
T = +70°C to +105°C.
VOH3 ngh Level 2.4 — — Vv IOH =15 mA;
Output Voltage Vpp = 3.3V
High Drive High Output Drive enabled;
Ty = +70°C to +105°C.
VRAM RAM Data 0.7 — — V —
Retention
m Input Leakage -5 — +5 MA  Vpp =3.3V;
Current ViN = Vpp OF Vsg?.
L Tri-State Leak- -5 — +5 MA  Vpp =3.3V.
age Current
IPUl Weak PU”'Up 9 20 50 HA VDD =2.7-3.6V.
Current Tp = 0°C to +70°C.
Notes:

1. These values are provided for design guidance only and are not tested in production.
2. This condition excludes all pins that have on-chip pull-ups, when driven Low.

PS024615-0811

PRELIMINARY

DC Characteristics

253



Z8FMC16100 Series Flash MCU
Product Specification

AnLIXYS Company

Table 137. DC Characteristics (Continued)

Tp = —40°C to 105°C

Symbol Parameter Minimum Typical 1 Maximum Units Conditions
lpu2 Weak Pull-up 7 20 75 MA  Vpp=2.7-3.6V.
Current Tp = —40°C to +105°C.
Idd ACTIVE mode 22 38 mA Max.: 20MHz CLK, max temp.,
ACTIVE device current max Vpp
Typ.: 25°C, Vpp nom., 20MHz
Idd HALT HALT Mode 8 12 mA  Max.: 20MHz CLK, max temp.,
device current max Vpp
Typ.: 25°C, Vpp nom., 20MHz
Idd STOP Chip leakage 2 15 MA  Max.: VBO disabled, WDT
1 current in enabled, max Vpp, max temp.
STOP Mode Typ.: 25°C, Vpp nom.
Idd STOP Chip leakage <1 15 MA  Max.: VBO and WDT disabled,
2 current in max Vpp, max temp.
STOP Mode Typ.: 25°C, Vpp nom.
Notes:

1. These values are provided for design guidance only and are not tested in production.
2. This condition excludes all pins that have on-chip pull-ups, when driven Low.
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Figure 45 displays the actimeode current consumption while operating at 25°C and 3.3V,
plotted opposite the system clock frequerdiyGPIO pins are configured as outputs and
driven High.

Z8FMC16 ACTIVE Idd vs CLK Freq at Vdd (25°C)

25

\
J

ACTIVE ldd (mA

0 5 10 15 20 25
CLK Freq (MHz)

Vdd=2.7V — - -Vdd=3.3V Vdd=3.6V

Figure 45. ACTIVE Mode Current Consumption as a Function of Clock Frequency
with V pp as Parameter at 25°C
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ted opposite the system cloitkquency. All GPIO pins are configured as outputs and
driven High.

HALT Idd (mA )

Z8FMC16 HALT Ildd vs CLK Freq at vVdd (25 °C)

10.00
9.00 -
8.00 - ,
7.00 - .
6.00 - .
5.00 —

4.00
3.00 A
2.00 -
1.00
0.00 ‘ ‘ T T

10 15 20
CLK Freq (MHz)

25

vdd=2.7V — - -Vdd=3.3V

Vdd=3.6V

Figure 46. HALT Mode Current Consumption as a Function of Clock Frequency
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Figure 47 displays the STOP Mode supglyrent plotted oppositine ambient tempera-
ture and \bp level, with respect to all of the ppherals being disabled. All GPIO pins are
configured as outputs and driven High.

Z8FMC16 STOP Idd vs Vdd at Temp

9.000

8.000 ~

7.000

6.000 ~

5.000 -

4.000

STOP Idd (uA)

3.000 -

2.000 4

000 /

0.000 T T
2.5 3 3.5 4

vdd (V)

Figure 47. STOP Mode Current Consumption as a Function of Temperature with V DD as a
Parameter, All Peripherals Disabled
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AC Characteristics

The section provides information about the él@aracteristics and timing. All AC timing
information assumes a standard load of 50 pBlboutputs. Data in the typical column is
from characterization at 3.3V and 25°C. Thealues are providddr design guidance
only and are not tested in production.

Table 138. AC Characteristics

Vpp = 2.7-3.6V
Ty = —40°C to 105°C

Symbol Parameter Minimum Maximum  Units Conditions
Fsyscik System clock frequency — 20.0 MHz
FxtaL Crystal oscillator frequency 0.032768 20.0 MHz System clock frequencies

below the crystal oscillator
minimum require an exter-
nal clock driver.

TxN System clock period 50 — ns Tck=1+Fgyscik:
TxINH System clock high time 20 30 ns Tcik =50 ns.
TyNL System clock low time 20 30 ns Tck =50 ns.

On-Chip Peripheral AC and DC Electrical Characteristics

Table 139 provides electrical characteristics and timing information for the POR and VBO
circuits.
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Characteristics and Timing

T, = —40°C to 105°C

Symbol Parameter Minimum  Typical* Maximum Units Conditions
VpoR Power-On Reset volt- 2.20 2.45 2.70 V. Vpp = Vpor:
age threshold
Vveo Voltage Brown-Out 2.15 2.40 2.65 vV Vpp = Vygo-
reset voltage threshold
VPOR_VVBO 50 100 mV
Starting Vpp voltage to — Vss — \%
ensure valid Power-On
Reset
TaNA Power-On Reset ana- — 50 — ms  Vpp > Vpor; Tpor Digi-
log delay tal Reset delay follows
TANA-
TpoRr Power-On Reset digi- — 5.0 — ms 50 WDT Oscillator
tal delay cycles (10kHz) + 16
System Clock cycles
(20 MHz).
Tveo Voltage Brown-Out — 10 — ms  Vpp < Vypgo t0 generate
pulse rejection period a Reset.
TrRAMP Time for Vpp to transi- 0.10 — 100 ms
tion from Vgg t0 Vpogr
to ensure valid Reset
lcc Supply current 500 MA  Vpp=3.3V.

Note: *Data in the Typical column is based on characterization at 3.3V and 25°C. These values are provided for de-

sign guidance only and are not tested in production.
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Table 140 provides electrical characterisiog timing information for the External RC
Oscillator.

Table 140. External RC Oscillator Elec trical Characteristics and Timing

T = —40°C to 105°C

Symbol Parameter Minimum  Typical* Maximum Units Conditions
Vpp Operating voltage 2.70 — — V
range
RexT External resistance 40 45 200 KQ
from X|N to VDD
CexT External capacitance 0 20 1000 pF
from Xy to Vgg
Fosc External RC oscillation — — 4 MHz
frequency

Note: *When using the external RC oscillator mode, the oscillator may stop oscillating if the power supply drops below
2.7V, but before the power supply drops to the Voltage Brown-Out threshold. The oscillator resumes oscillation
as soon as the supply voltage exceeds 2.7V.

Table 141 provides electrical characteristiogl timing information for the Internal
Precision Oscillator.

Table 141. Internal Precision Oscillat or Electrical Characteristics and Timing

Symbol

Tp =—40°C to 105°C

Parameter Minimum Typical Maximum  Units Conditions

For

Output frequency* 5.308 5.5296 5.75 MHz 4% limits

5.391 5.5296 5.668 MHz Tighter limits are 2.5%; these
are applicable at 3.3V and 0°C-
70°C and are based on charac-
terization data. These are pro-
vided for design guidance ONLY.
These limits ARE NOT tested in
production.

lec

Supply current 1.6 mA  Vpp =3.3V.

Note: *The frequency is factory programmed.
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Table 142 provides electrical characteristiosgl timing information for the Watchdog
Timer.

Table 142. Watchdog Timer Electrical Characteristics and Timing

Vpp =2.7-3.6V
Tp =—40°C to 105°C
Symbol Parameter Minimum Typical Maximum  Units Conditions
Fosc Output frequency 5 10 20 kHz Vpp=3.3V.
e Supply current 2 MA  Vpp=3.3WV

Table 143 provides electrical characterisiing timing information for the Reset and Stop
Mode Recovery functions.

Table 143. Reset and Stop Mode Recovery Pin Timing

Tp = —40°C to 105°C

Symbol Parameter Minimum Typical Maximum  Units Conditions
Treser RESET pin assertion to 4 — — Tck Notin STOP Mode.
initiate a System Reset. Tk = System Clock
period.
Tsur Stop Mode Recovery pin 10 20 40 ns RESET, DBG and GPIO
pulse rejection period pins configured as SMR
sources.

Table 144 lists the Flash Memory dlécal characteristics and timing.

Table 144. Flash Memory Electric al Characteristics and Timing

VDD =2.7t0 3.6V
Th = —40C to 105C

Parameter Minimum  Typical Maximum Units Notes
Flash Byte Read Time 50 — — ns

Flash Byte Program Time 20 — 40 us

Flash Page Erase Time 10 — — ms

Flash Mass Erase Time 200 — — ms

Writes to Single Address — — 2

Before Next Erase

Note: *This parameter is only an issue when bypassing the Flash Controller.
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Characteristics and Timing (Continued)

Parameter

VDD =2.7t03.6V
Tp = —40C to 105C

Minimum  Typical

Maximum

Units Notes

Flash Row Program Time

ms  Cumulative program time for sin-
gle row cannot exceed limit before
next erase*

Data Retention

100

years 25T

Endurance

10,000

cycles Program/erase cycles

Note: *This parameter is only an issue when bypassing the Flash Controller.

Table 145 provides electrical characteristing timing informatiorior the ADC and illus-

trates the input frequency response of the ADC.

Table 145. Analog-to-Digital Converter

Electrical Characteristics and Timing

Ty = —40°C to 105°C

Symbol Parameter Minimum Typical Maximum Units Conditions
Resolution 10 — bits External Vggg = 2.0 V.
Throughput conversion 13 CLKs ADC clock cycles.
ADCCLK frequency 20 MHz
DNL Differential nonlinearity -0.99 1.25 LSB 20MHz sys clock with
for 8-bit use ADC clock divided by 4
INL Integral nonlinearity -1.25 1.25 LSB 20MHz sys clock with
for 8-bit use ADC clock divided by 4
DNL Differential nonlinearity 2 LSB 20MHz sys clock with
for 10-bit ADC clock divided by 4
INL Integral nonlinearity for 2 LSB 20MHz sys clock with
10-bit ADC clock divided by 4
Offset error -30 30 mV
Gain error -25 25 LSB
Vreg  On-chip voltage refer- 1.9 2 2.1 \Y
ence
Analog input voltage 0 VREE \Y
range
Analog input current 500 nA
Reference input current 2.0 mA  Worst-case code
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ical Characteristics and Timing (Continued)

Ty = —40°C to 105°C

Symbol Parameter Minimum Typical Maximum Units Conditions
Vier  External Vrgp voltage AVDD -1.0V  V

Analog input capaci- 15 pF

tance
AVpp  Operation supply voltage 2.7 3.6 \%

Operating current, AVpp 9.0 mA At 20MHz ADC clock

Power-down current <1 MA

Table 146 provides electrical charactecdstand timing information for the on-chip
comparator.
Table 146. Comparator El ectrical Characteristics
=2.7-3.6V
Tp = —40°C to 105°C
Symbol Parameter Minimum Typical Maximum  Units Conditions
Vcore  Input offset — 5 15 mV  Vpp=3.3V,;
Vin=Vpp * 2.
Tcprop Propagation delay — 200 ns  Vcomm Mode =1V
Vpee=100 mV

I Input bias current 1 MA
CMVR  Common-mode voltage -0.3 Vpp—1 \

range
lcc Supply current 55 HA  Vpp =3.6V, 25°C
Twup Wake up time from 5 pus  CINP =0.9V

off state

CINN= 1.0V
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Table 147 provides electrical charactecdstand timing information for the on-chip
Operational Amplifier.

Table 147. Operational Amplifier Electrical Characteristics

=2.7-3.6V
Tp =—40°C to 105°C
Symbol Parameter Minimum Typical Maximum  Units Conditions
Vos Input offset 5 15 mV  Vpp=3.3V,
Vem = Vop * 2.
TCyos Input offset average drift 1 uvi/iC
I Input bias current TBD UA
los Input offset current TBD UA
CMVR Common Mode Voltage -0.3 Vpp -1 \Y
Range
VOL Output Low 0.1 \ ISlNK =100 U.A
VOH Output H|gh VDD -1 \ ISOURCE =100 l.lA
CMRR Common Mode Rejection 70 dB 0<Vgy<14V;
Ratio Tp = 25°C.
PSRR  Power Supply Rejection 80 dB Vpp=27V-36V,
Ratio T = 25°C.
AyoL Voltage gain 80 dB
SR+ Slew rate while rising 12 Vius R pap =33 K;
CLoap = 50 pF;
AvelL = 1,
ViN=0.7Vito 1.7 V.
SR- Slew rate while falling 16 Vius R pap =33 K;
CLoap =50 pF;
AvcL = 1,
ViN=1.7V1t00.7V.
GBW Gain-Bandwidth Product 5 MHz
FM Phase Margin 50 degree
Is Supply Current 1 mA  Vpp=3.6V,
Vout = Vpp * 2.
Twup  Wake-up time from off 20 us
state
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General-Purpose Input/Output Po rt Input Data Sample Timing

Figure 48 displays the timing of the GPIOrBPiaput sampling. Table 148 lists the GPIO
port input timing.

B TCLK —»:

System
Clock

Port Value

| |
I Changes to 0 : |
GPIO Pin I
Input Value | |
! |
I
I
GPIO Input 0 Latched \ |
Data Latch into Port Input ——> |
|

Data Register .
GPIO Data Register
GPIO Data <~—— Value 0 Read

Read on Data Bus by eZ8 CPU

Figure 48. Port Input Sample Timing

Table 148 and Table 149 provide timing information for the GPIO Port inputs and outputs.

Table 148. GPIO Port Input Timing

Delay (ns)
Parameter Abbreviation Min Max
Ts_poRrT Port input transition to X,y fall setup time (not pictured) 5 —
TH_PORT Xy fall to port input transition hold time (not pictured). 5 —
Tsur GPIO port pin pulse width to ensure Stop Mode Recovery 1lus

(for GPIO port pins enabled as SMR sources).
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General-Purpose Input/Output Port Output Timing

Figure 49 and Table 149 provide timing information for the GPIO port pins.

|
:< Tk

X

______>\<_!_

I I
T1 €— —> T2 <€—

_>
Figure 49. GPIO Port Output Timing
Table 149. GPIO Port Output Timing
Delay (ns)
Parameter Abbreviation Minimum  Maximum
T XN Rise to Port Output Valid Delay — 15
T, XN Rise to Port Output Hold Time 2 —
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On-Chip Debugger Timing

Figure 50 and Table 150 provide timindgammation for the DBG pin. The DBG pin
timing specifications assume a 4 s maximum rise and fall time.

TCLK

X X

I
—> T — —> T2 <—
| |

|
I | |

DBG Input Input Data I
| , |

| |
e— T3 — T4 <—
|

______>\<_!_

Figure 50. On-Chip Debugger Timing

Table 150. On-Chip Debugger Timing

Delay (ns)

Parameter Abbreviation Minimum  Maximum
T, XN Rise to DBG Valid Delay — 15
Ty XNy Rise to DBG Output Hold Time 2 —
T3 DBG to Xy Rise Input Setup Time 10 —
Ty DBG to X Rise Input Hold Time 5 —

DBG Frequency System

Clock +4
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UART Timing

Figure 51 and Table 151 provide timing infaation for UART pins for the case where the
Clear To Send input pin (CJ% used for flow control. In this example, it is assumed that
the Driver Enable polarity is configured e Active Low and is represented here by. DE
The CTSto DE assertion delay (T1) assumes the UART Transmit Data Register is loaded
with data prior to CT@issertion.

CTS \ /
(Input) | .

|
—>‘ T — |
o ‘ | |
(Output) |
| |
—>| T2 |e— —»\ T3 \4—

TxD
(Output) _\Start,{ Bit 0 i Bit 1 ; ¥ Bit 7 XParlty/ Stop |

End of
Stop Bit(s)
Figure 51. UART Timing with CTS
Table 151. UART Timing with CTS
Delay (ns)
Parameter Abbreviation Minimum Maximum
T, CTS fall to DE assertion delay 2 x Xy period 2 x X\ period
+ 1 bit period
T, DE assertion to TxD falling edge (start) delay 1 bit period 1 bit period +
1 x X period
T, End of stop bit (s) to DE deassertion delay 1 x X,y period 2 x Xy period

PS024615-0811 PRELIMINARY On-Chip Peripheral AC and DC Electrical



Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 269

Figure 52 and Table 152 provide timing infation for UART pins for the case where the
Clear To Send input signal (CYB not used for flow control. In this example, it is
assumed that the Driver Enable polarityasfigured to be Active Low and is represented
here by DE DE asserts after the UART Transmit Data Register is writtenteDigains
asserted for multiple characters as long agthasmit Data Register is written with the
next character before the current character has completed.

DE \‘ /_
(Output) .

—> \4—
(OUJ)EB _\Start,< Bit 0 2 Bit 1 5 * Bit 7 XParity/ Stop ‘
End of
Stop Bit(s)
Figure 52. UART Timing without CTS
Table 152. UART Timing without CTS
Delay (ns)
Parameter Abbreviation Minimum Maximum
T, DE assertion to TxD falling edge (start) delay 1 bit period 1 bit period +
1 x X,y period
T, End of stop bit (s) to DE deassertion delay 1 x Xy period 2 x Xy period
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eZ8 CPU Instruction Set

This chapter describes how to use the eZ8 CPU.

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

(op codes and operands) to represent the instructions themselves. The op codes identify
the instruction while the operands represeamory locations, registers, or immediate

data values.

Each assembly language program consisgss#ries of symbolic commands called
statements. Each statement can contdiel$a operations, opgnds and comments.

Labels can be assigned to a particularition step in a source program. The label
identifies that step in the program aseautry point for use by other instructions.

The assembly language also includes assandilectives that supplement the machine
instruction. The assembler directives, esepdo-ops, are not traagtd into a machine
instruction. Rather, the pseudo-ops are imgal as directives that control or assist the
assembly process. The source programdsgssed (assembled) by the assembler to
obtain a machine language pram called the object code. The object code is executed by
the eZ8 CPU. An example segment of an adetanguage program is detailed in the
code below:

Assembly Language S ource Program Example

JP START ; Everything after the semicolon is a comment.

START: ; A label called START. The first instruction (JP START) in
; this example causes program execution to jump to the point
; within the program where the 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.
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LD 234H, #%01 ; Another Load (LD) instruction with two operands.
; The first operand, Extended Mode Register Address 234H,
; identifies the destination. The second operand, Immediate
; Data value 01h, is the source. The value 01h is written into
; the Register at address 234h.

Assembly Language Syntax

For proper instruction execution, eZ8 CPUemsbly language syntax requires that the
operands be written as ‘destination, source’. After assembly, thetaojde usually has

the operands in the order 'source, destination’, but ordering is op code-dependent. The fol-
lowing instruction examples illugtte the format of some &ia assembly instructions and

the resulting object codaroduced by the assembler. Thisary format must be followed

for manual program coding or for those who intend to implement their own assembler.

Example 1. If the contents of registe#sh andosh are added and the result is stored in
43h, the assembly syntax anesulting object code is:

Assembly Language Code ADD 43H, 08h (ADD dst, src)
Object Code 04 08 43  (OPC src, dst)

Example 2. In general, when an instruction formatjuires an 8-bit register address, that
address can specify any regislocation in the range 0-255 or, using Escaped Mode
Addressing in working registers RR15. If the contents of Regis#3h and Working
Register R8 are added and the result is storad@rinthe assembly syntax and resulting
object code is:

Assembly Language Code ADD 43H, R8 (ADD dst, src)
Object Code 04 ES8 43  (OPC src, dst)

} Note: The size of the register file varies depegdipon device type. The register file is 512
bytes for the ZBFMC16100 Series MCU.
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In the e28 CPU Instruction Summary and Description sections, the operands, condition
codes, status flags and address modes presented by a notational shorthand described

in Table 153.
Table 153. Notational Shorthand

Notation Description Operand Range

b Bit b b represents a value from 0 to 7 (000b to
111b).

cc Condition Code — See Condition Codes overview in the refer to
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=0,24,6,8,10, 12, or 14.

IRR Indirect Register Pair @Reg Reg. represents an even number in the range
00h to FEh.

p Polarity p Polarity is a single bit binary value of either
Ob or 1b.

r Working Register Rn n = 0-15.

R Register Reg Reg. represents a number in the range of O0h
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=0,24,6,8,10, 12, or 14.

RR Register Pair Reg Reg. represents an even number in the range
of 00h 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
the+127 to —128 range.
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PRELIMINARY

eZ8 CPU Instruction Notation


http://www.zilog.com/docs/um0128.pdf
http://www.zilog.com/docs/um0128.pdf

Z8FMC16100 Series Flash MCU
Product Specification

GIXYS 273

Table 154 contains additional symbols that are used throughout the Instruction Summary
and Instruction Set Description sections.

Table 154. 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,
dst < dst + src

The above code segment indicates that salataeis added to thdestination data, and
that the result is stored the destination location.

Condition Codes

The C, Z, S and V flags control the operataf the conditional jump (JP cc and JR cc)
instructions. Sixteen frequently-useful functiamighe flag settings are encoded in a 4-bit
field called the condition code (cc), whiftirms Bits 7:4 of the conditional jump
instructions. Table 155 lists the condition eesdSome binary condition codes are created
using more than one assembly code mnemdihie.result of the flag test operation
decides whethdhe conditional jump is executed.
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Assembly
Binary Hex Mnemonic Definition Flag Test Operation
0000 0 F Always False —
0001 1 LT Less Than (SXORV)=1
0010 2 LE Less Than or Equal (Zor(SXORV)) =1
0011 3 ULE Unsigned Less Than or Equal (CORZ)=1
0100 4 OV Overflow V=1
0101 5 Ml Minus S=1
0110 6 Z Zero Z=1
0110 6 EQ Equal zZ=1
0111 7 C Carry c=1
0111 7 ULT Unsigned Less Than c=1
1000 8 T (or blank) Always True —
1001 9 GE Greater Than or Equal (SXORV)=0
1010 A GT Greater Than (ZOR (SXORV))=0
1011 B UGT Unsigned Greater Than (C=0ANDZ=0)=1
1100 C NOoVv No Overflow V=0
1101 D PL Plus S=0
1110 E Nz Non-Zero Z=0
1110 E NE Not Equal Z=0
1111 F NC No Carry C=0
1111 F UGE Unsigned Greater Than or Equal Cc=0

eZ8 CPU Instruction Classes

PS024615-0811

The eZ8 CPUnstructions are divided functioliyainto the following groups:

Arithmetic

Bit Manipulation
Block Transfer
CPU Control
Load

Logical

Program Control
Rotate and Shift
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Tables 156 through 163 contain the instrutdibelonging to each group and the number

of operands required for eartstruction. Some insictions appear in more than one table
as these instruction are considered as a subset of more than one category. Within these
tables, the source operand is identifiedrasthe destination operanddst and a

condition code isc.

Table 156. 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
Table 157. 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

PS024615-0811
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Table 157. Bit Manipulatio n Instructions (Continued)
Mnemonic Operands Instruction
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 158. Block Transfer Instructions
Mnemonic Operands Instruction
LDCI dst, src Load Constant to/from program memory and autoin-
crement addresses.
LDEI dst, src Load External Data to/from data memory and autoin-
crement addresses.
Table 159. CPU Control Instructions
Mnemonic Operands Instruction
CCF — Complement Carry Flag
DI — Disable Interrupts
El — Enable Interrupts
HALT — HALT Mode
NOP — No Operation
RCF — Reset Carry Flag
SCF — Set Carry Flag
SRP src Set Register Pointer
STOP — STOP Mode
WDT — Watchdog Timer Refresh
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Table 160. 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 autoin-
crement addresses
LDE dst, src Load External Data to/from data memory
LDEI dst, src Load External Data to/from data memory and autoin-
crement 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 161. 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
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Table 162. Program Control Instructions
Mnemonic Operands Instruction
ATM — Atomic
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 163. 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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Table 164 lists the eZ8 CPU instructiombis table identifies the addressing modes
employed by the instruction,aheffect upon the Flags Register, the number of CPU clock

cycles required for the instruction fetch ahd number of CPU clock cycles required for

the instruction execution.

Table 164. eZ8 CPU Instruction Summary

A(:/Idorgzs Op Code Flags
Assembly - (s) Fetch Instr.
Mnemonic Symbolic Operation dst src Hex) C Z S V D H Cycles Cycles
ADC dst, src dst «—dst+src +C r r 12 * ok ox x 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 ¥ ox o ox x 0 * 4 3
ER IM 19 4 3
ADD dst, src dst <— dst + src r r 02 * o x ox x Q * 2 3
r Ir 03 2 4
R R 04 3 3
R IR 05 3 4
R IM 06 3 3
IR IM 07 3 4
ADDX dst, src  dst «— dst + src ER ER 08 * ox ox x 0 * 4 3
ER IM 09 4 3

Notes: Flags Notation symbols legend:

* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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A(:/Idczgzs Op Code Flags
Assembly " (s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
AND dst, src dst «— dst + 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 M 59 4 3
ATM Atomic execution 2 - = — — — 1 1
BCLR bit, dst dst[bit] «— 0 r E2 — * ¥ — — 2 2
BIT p, bit, dst dst[bit] «<— p r E2 — * * 0 — — 2 2
BRK Debugger Break oo - — — 1 1
BSET bit, dst dst[bit] «— 1 r E2 — * * 0 — — 2 2
BSWAP dst dst[7:0] «— dst[0:7] R D5 X * * - - 2 2
BTJ p, bit, src, if src[bit] = p r F6 - — — 3 3
dst PC «<— PC + X Ir E7 3 4
BTJINZ 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 F7 3 4
CALL dst SP«— SP-2 IRR b4 @ - — 2 6
@SP «— PC DA D6 3 3
PC «— dst
CCF C«+—~C EF o — = — — 1 2
CLR dst dst «<— 00h R BO —— = — — 2 2
IR B1 2 3
COM dst dst «— ~dst R 60 —_ * * 0 — — 2 2
IR 61 2 3

Notes: Flags Notation symbols legend:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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A(:/Idczgzs Op Code Flags
Assembly " (s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
CP dst, src dst — src r r A2 *oxoox X 2 3
r Ir A3 2 4
R R A4 3 3
R IR A5 3 4
R IM A6 3 3
IR M A7 3 4
CPC dst, src dst—src—-C r r 1F A2 *oxoox X 3 3
r Ir 1F A3 3 4
R R 1F A4 4 3
R IR 1F A5 4 4
R M 1F A6 4 3
IR M 1F A7 4 4
CPCXdst,src  dst—src—C ER ER 1F A8 N 5 3
ER IM 1F A9 5 3
CPX dst, src dst — src ER ER A8 O 4 3
ER IM A9 4 3
DA dst dst <— DA(dst) R 40 *oror X — — 2 2
IR 41 2 3
DEC dst dst «<—dst—1 R 30 — * F xy 2 2
IR 31 2 3
DECW dst dst«—dst—1 RR 80 — x F 2 5
IRR 81 2 6
DI IRQE «<— 0 8F — - — — — — 1 2
DINZ dst, RA  dst<«—dst—-1 r OA-FA — — — — — — 2 3
if dst#0
PC «— PC + X
El IRQE «— 1 9F - = — — — —
HALT HALT Mode - = — — —

Notes: Flags Notation symbols legend:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.
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Aﬁ/ldc:gzs Op Code
Assembly (s) Fetch  Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
INC dst dst«—dst+1 R 20 — % — — 2 2
IR 21 2 3
r OE-FE 1 2
INCW dst dst«—dst+1 RR A0 — % — — 2 5
IRR Al 2 6
IRET FLAGS «— @SP BF *oox ook 1 5
SP«—SP+1
PC «— @SP
SP«—SP+2
IRQE «+— 1
JP dst PC «— dst DA 8O - — — — — —
IRR C4
JP cc, dst if cc is true DA ob-Ffb — — — — — —
PC «— dst
JR dst PC«—PC+X DA 8B @- — — — — — 2
JR cc, dst if cc is true DA oB-FB — — — — — — 2
PC «— PC + X
LD dst, rc dst < src r M oCFC — — — — — — 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 M E7 3 3
Ir r F3 2 3
IR R F5 3 3

Notes: Flags Notation symbols legend:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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A(:/Idczgzs Op Code Flags
Assembly - (s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
LDC dst, src dst < src r Irr c2 - — — 2 5
Irlrr C5 2 9
Irr r D2 2 5
LDCI dst, src dst <— src Ir  lrr c3 @ - — — 2 9
re—r+l IrIr D3 2 9
m<«—rm+1l
LDE dst, src dst <— src r Irr 82 - — = — — — 2 5
Irr r 92 2 5
LDEI dst, src dst < src Ir lrr 83 - — — — 2 9
rer+l I Ir 93 2 9
m<«—im+1
LDWX dst, src  dst «— src ER ER 1FE8 — — — — — — 5 4
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(r) 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 9 @ - — — 3 3
rr X(rr) 99 3 5
MULT dst dst[15:0] «— RR F4 - — — — 2 8

dst[15:8] * dst[7:0]

Notes: Flags Notation symbols legend:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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A(:/Idcgzzs Op Code Flags
Assembly (s) 9 Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
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 a7 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
POPX dst dst «— @SP ER g - — — 3 2
SP«—SP+1
PUSH src SP<«—SP-1 R N7 @ - — — — 2 2
@SP «—src IR 71 2 3
IM 1F 70 3 2
PUSHX src SP<«—SP-1 ER cg - — — 3 2
@SP «—src
RCF C«—0 CF O —— — — —
RET PC «— @SP AF - = — — — —
SP«—SP+2
RL dst R 90 ookooxox 2 2
EJ{D7|D6|D5|D4|D3|D2|D1|DO|< IR 91 2 3
dst
RLC dst R 10 ookooxox 2 2
D7|D6 DSD?‘SE: D2|D1|DO] IR 11 2 3
RR dst R EO S 2 2
>|D7|D6|D5|D4|D3|D2|D1|DO|J->E IR E1l 2 3

dst

Notes: Flags Notation symbols legend:

* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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A(:/Idczgzs Op Code Flags
Assembly (s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) € Z S V D H Cycles Cycles
RRC dst | R Co ookooxox 2
D7[Dé|D Dz D2|D1|Do IR Cc1 2 3
SBC dst, src dst «—dst—src-C r r 32 ookoox X ] % 2 3
r Ir 33 2 4
R R 34 3 3
R IR 35 3 4
R IM 36 3 3
IR IM 37 3 4
SBCXdst,src  dst<«—dst—src—-C ER ER 38 *oxooxoox ] % 4 3
ER IM 39 4 3
SCF C«—1 DF 1 - — — — — 1 2
SRA dst vy R DO ok 0 — — 2 2
—{o7]pe{ps{p4]pslpzpafoo | IR D1 2 3
dst
SRL dst I = o R Y e R BE R 1F CO * o 0 0 — — 3 2
o IR 1F C1 3 3
SRP src RP < src IM g - —— — — — 2 2
STOP STOP Mode 6F @ — — — — — — 1 2
SUB dst, src dst <— dst — src r r 22 *oxoox X ] % 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 oox X ] % 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

Notes: Flags Notation symbols legend:
* = Value is a function of the result of the operation.

— = Unaffected.
X = Undefined.
0 = Reset to 0.
1=Setto 1.
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Aﬁﬂdczgzs Op Code Flags
Assembly " (s) Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
TCM dst, src (NOT dst) AND src r r 62 —_ * * 0 — — 2 3
r Ir 63 2 4
R R 64 3 3
R IR 65 3 4
R IM 66 3 3
IR IM 67 3 4
TCMX dst, src  (NOT dst) AND src ER ER 68 — * * 0 — — 4 3
ER IM 69 4 3
TM dst, src dst AND src r r 72 — * * 0 — — 2 3
r Ir 73 2 4
R R 74 3 3
R IR 75 3 4
R IM 76 3 3
IR IM 77 3 4
TMX dst, src dst AND src ER ER 78 — * * 0 — — 4 3
ER IM 79 4 3
TRAP Vector SP«—SP-2 Vec- e 2 6
@SP «— PC tor
SP«SP-1
@SP «— FLAGS
PC «— @Vector
wDT 5 @ - = — — — — 1 2

Notes: Flags Notation symbols legend:
* = 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 164. eZ8 CPU Instruction Summary (Continued)

Address

Assembly Moide op (Cs:;)de Flags Fetch Instr.
Mnemonic Symbolic Operation dst src (Hex) C Z S V D H Cycles Cycles
XOR dst, src dst <— dst XOR src r r B2 —_ * * 0 — — 2 3
r Ir B3 2 4
R R B4 3 3
R IR B5 3 4
R IM B6 3 3
IR IM B7 3 4
XORX dst, src  dst «— dst XOR src ER ER B8 — * * 0 — — 4 3
ER IM B9 4 3

Notes: Flags Notation symbols legend:

* = Value is a function of the result of the operation.
— = Unaffected.

X = Undefined.

0 = Reset to 0.

1=Setto 1.

Flags Register

The Flags Register contains the status inédiom regarding the most recent arithmetic,
logical, bit manipulation, or rotate and shiftesgtion. The Flags Register contains six bits
of status information that are set or cleargd_PU operations. Four of the bits (C, V, Z
and S) are tested for use with conditional jurgiructions. Two flag (H and D) cannot

be tested and are used for Bin&lgded Decimal (BCD) arithmetic.

The two remaining bits, User Flags (F1 and, B2e available as general-purpose status
bits. User Flags are unaffected by arithmetic operations and must be set or cleared by
instructions. The User Flags cannot be wsitd conditional Jumps. They are undefined at
initial power-up and are unaffected by Re&égure 53 displays the flags and their bit
positions in the Flags Register.
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Bit Bit
7 0

C|Z|S|V|D|H|F2|F1]| Flags Register

|—|— User Flags

Half Carry Flag

Decimal Adjust Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag

U = Undefined.

Figure 53. Flags Register

Interrupts, the software trap (TRAP) ingttion and illegal instrction traps write the
value of the Flags Register to the stacke&tring an Interrupt Return (IRET) instruction
restores the value saved on the stack into the Flags Register.
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Op Code Maps

Figure 54 and Table 165 provide descriptions of the op code map data and the abbrevia-
tions. Figures 55 and Figure 56 provide miation about each of the eZ8 CPU instruc-

tions.
Op Code
Lower Nibble
Fetch Cycles l Instruction Cycles
4
3.3
Op Code
Upper Nibble ——> A cpP
R2,R1
First Operand Second Operand
After Assembly After Assembly
Figure 54. Op Code Map Cell Description
Table 165. 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 displace- r 4-bit Working Register
ment
DA Destination address R 8-bit Register
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Table 165. Op Code Map Abbreviations (Continued)
Abbreviation Description Abbreviation Description
ER Extended Addressing Register rl, R1,1Irl, Irrl, Destination address
IR1, rrl, RR1,
IRR1, ER1
IM Immediate data value r2, R2,Ir2, 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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0 1 2 3 4 5 6 7 8 9 A B c D E F
1.1 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
oI BRK | SRP | ADD | ADD | ADD | ADD | ADD | ADD |ADDX |ADDX |DJNZ | 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 rl1,IM cc,DA rl
2.2 2.3 2.3 2.4 3.3 3.4 3.3 3.4 4.3 4.3 See 2nd
1 J rRLC | 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 3.3 34 3.3 34 4.3 4.3 1.1
20 INC | INC | SUB | SUB | SUB | SUB | SUB | SUB |SUBX | SUBX ATM
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 4.3 4.3
3 | 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 4.3 4.3
4] DA | DA | OR | OR | OR | OR | OR | OR | ORX | ORX
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 4.3 4.3 1.2
5 | POP | POP | AND | AND | AND | AND | AND | AND | ANDX | ANDX wDT
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 4.3 4.3 1.2
e fcom|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
x
% 2.2 2.3 2.3 2.4 3.3 34 3.3 34 4.3 4.3 1.2
= 7 QPUSH|PUSH| ™ | ™ | ™M | T™™M | T™™ | ™™ | TMX | TMX HALT
% R2 IR2 r1,r2 r1,Ir2 R2,R1 IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1
'ng 2.5 2.6 25 2.8 3.2 3.3 3.4 3.5 3.4 3.4 1.2
- 8 |PECW|DECW/| LDE | LDEI | LDX | LDX | LDX | LDX LDX3 | LDX3 DI
& RR1 IRR1 rl,lrr2 Ir1,lrr2 r1,ER2 | Ir1,ER2 |IRR2,R1|IRR2,IR1| r1,rr2,X | rrl,r2,X
) 2.2 2.3 2.5 2.8 3.2 33 34 35 3.3 35 1.2
9l RL RL | LDE | LDEI | LDX | LDX | LDX | LDX | LEA | LEAS El
R1 IR1 r2,lrrl Ir2,Irrd | r2,ER1 | Ir2,ER1 |R2,IRR1|IR2,IRR1| r1,r2,X | rri,rr2,X
2.5 2.6 2.3 2.4 3.3 34 3.3 34 4.3 4.3 1.4
AliNncw | INcw| cP | cP | cP | cP | cP | CP | CPX | CPX RET
RR1 IRR1 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 4.3 4.3 1.5
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR | XORX [ XORX IRET
R1 IR1 r1,r2 r1,ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1
2.2 2.3 2.5 2.8 2.3 2.8 3.4 3.3 1.2
cf RRC | RRC | LDC | LDCI | JP2 | LDC LD |PUSHX3 RCF
R1 IR1 rl,lrr2 Ird,Irr2 IRR1 Ir1,Irr2 r1,r2,X ER2
2.2 2.3 25 2.8 2.6 2.2 3.3 3.4 3.3 1.2
D SRA | SRA | LDC | LDCI |CALL2|BswaP|CALL | LD |PoPX3 SCF
R1 IR1 r2,lrrl Ir2,lrrl IRR1 R1 DA r2,r1,X ER1
2.2 2.3 2.2 2.3 3.2 3.3 3.3 3.4 4.2 4.2 1.2
Efl RR | RR | BIT | LD LD LD LD LD | LDX | LDX CCF
R1 IR1 p.b,rl r1,ir2 R2,R1 | IR2,R1 R1,IM IR1,IM |ER2,ER1| IM,ER1
2.2 2.3 2.6 2.3 2.9 3.3 3.3 34
F ISWAP |[SWAP | TRAP| LD [MULT| LD | BTJ | BTJ v v v v v
R1 IR1 Vector Irl,r2 RR1 R2,IR1 | p,b,r1X | p,b,Irl,X
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Lower Nibble (Hex)

6

7

8

9
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3.2
7 JPUSH
IM

Upper Nibble (Hex)

3.3
CPC
r1,r2

34
CPC
r1,Ir2

43
CpPC
R2,R1

44
CPC
IR2,R1

43
CPC
R1,IM

4.4
CpPC
IR1,IM

5.3
CPCX
ER2,ER1

5.3
CPCX
IM,ER1

3.2

R1

33
SRL
IR1

4.2
LDWX
ER2,ER1
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Packaging

Figure 57 displays the 32-pin quad ftet lead (QFN) package available for the
Z8FMC16100 Series MCU.

TOP VIEW SIDE VIEW BOTTOM VIEW
MILLIMETER INCH
SYMBOL
A 02 MIN MAX MIN MAX
— L
[——Dbo—— | A 0.80 1.00 0.031 0.039
7 24 |
JUUuUuUuUuUU 11— A1 - 0.05 - 0.002
= g 25 | O\A3 0.20 REF 0.008 REF
5 a b 0.18 0.30 0.007 0.012
P g D 4.95 5.05 0.195 0.199
E E2 =
= g E 4.95 5.05 0.195 0.199
) (@ /D\D2 3.00 3.70 0.118 0.146
210 o o D\E2 3.00 3.70 0.118 0.146
nNNNNMMA
1 s—l I_ 1 0.50 BSC 0.020 BSC
A3 b e L 0.35 0.45 0.014 0.018
Al Notch or chamfer

1. CONTROLLING DIMENSIONS : mm
2. MAX. COPLANARITY : 0.08 mm
0.003"

Figure 57. 32-Pin Quad Flat No Lead Package
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Figure 58 displays the 32-pin low qufiat package (LQFP) available for the
Z8FMC16100 Series MCU.

MILLIMETER INCH
HD , SYMBOL
A MIN MAX MIN MAX
D — A2 A 1.40 1.60 0.055 0.063
A1
Al 0.05 0.15 0.002 0.006
A2 135 1.45 0.053 0.057
Fo16 b 0.30 0.45 0.012 0.018
10
Fm c 0.09 0.20 0.004 0.008
10
HE E - HD 875 9.25 0.344 0.364
Fm D 6.90 7.10 0.272 0.280
o DETAIL A
— HE 8.75 9.25 0.344 0.364
- LE E 6.90 7.10 0.272 0.280
] 0.80 BSC 0.031BSC
¢ L 0.45 075 0018 0.030
LE 1.00 REF 0.039 REF

1. CONTROLLING DIMENSIONS : mm

2. MAX. COPLANARITY :.10mm
0.004"

o

Detail A

Figure 58. 32-Pin Low Quad Flat Package
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Ordering Information

Table 166 identifies the badeatures available for eachwiee within the Z8FMC16100
Series MCU product line. Table 167 providedesing information fothese products by
part number. Seine Part Number Descripticgection on page 29dr a description of a
part number’s unique identifying attributes.

Table 166. ZBFMC16100 Series Part Selection Guide

Product Feature Z8FMC16100 Z8FMC08100 Z8FMC04100
Flash (KB) 16 8 4
SRAM (B) 512 512 512
General-Purpose 1/0 17 17 17
Motor Control PWM Channels 6 6 6
ADC Inputs 8 8 8
Operational Amplifier Yes Yes Yes
Comparator Yes Yes Yes
16-bit Standard Timers w/ Capture, Compare, PWM Yes Yes Yes
UART with support for LIN and IrDA Yes Yes Yes
I°C or SPI Controller Yes Yes Yes
Watchdog Timer Yes Yes Yes
5.5296 MHz Internal Precision Oscillator Yes Yes Yes

Each of the parts listed in Table 167 is shawa lead-free packag€he use of lead-free
packaging adheres to a socially responsiblérenmental standard. To order the standard
plastic (lead-soldered) package, coniittig Customer Suppart

Table 167. Ordering Information for the ZBFMC16100 Series Products*

Flash Max.
KB SRAM Speed Trimmed

Part Number (Bytes) (Bytes) GPIO (MHz) 12C/SPI IPO Package Temp (°C)
Z8FMC16100 with 16KB Flash and 512 B SRAM
Z8FMC16100QKSG 16 512 17 20 IPCISPI Y  QFN-32  0to+70
Z8FMC16100QKEG  (16,384) —40t0 +105
Z8FMC16100AKSG 16 512 17 20 I1PC/ISPl Y  LQFP-32  0to+70
Z8FMC16100AKEG  (16,384) _40t0 +105

Note: *Factory-programmed versions of the devices in this table are available upon request from Zilog.
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Table 167. Ordering Information for the Z8BFMC16100 Series Products* (Continued)
Flash Max.
KB SRAM Speed Trimmed
Part Number (Bytes) (Bytes) GPIO (MHz) 12C/SPI IPO Package Temp (°C)

Z8FMC08100 with 8KB Flash and 512 B SRAM
Z8FMCO08100QKSG 8(8,192) 512 17 20  I°C/SPI Y QFN-32 Oto +70

Z8FMCO08100QKEG —40to +105
Z8FMCO08100AKSG 8(8,192) 512 17 20  I°C/SPI Y LQFP-32 Oto +70
Z8FMCO08100AKEG —40to +105

Z8FMCO04100 with 4KB Flash and 512 B SRAM
Z8FMCO04100QKSG 4 (4,096) 512 17 20  I°C/SPI Y QFN-32 Oto +70

Z8FMCO04100QKEG —40to +105
Z8FMCO04100AKSG 4 (4,096) 512 17 20  1°C/SPI Y LQFP-32 Oto +70
Z8FMCO04100AKEG —40to +105

Z8FMC16100 Series Development Kit

Z8FMC160100KITG Z8FMC16100 Series Development Kit

Z8FMC161000ZEM  Z8FMC161000ZEM In-Circuit Emulator Development Tool
ZUSBOPTSCO01ZAC USB Opto-isolated Smart Cable Accessory Kit

Note: *Factory-programmed versions of the devices in this table are available upon request from Zilog.

For complete details about ZBFMC16100i&& Flash MCU, development tools and
downloadable software, visitww.zilog.com
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Part Number Description

Zilog part numbers consist of a number of components, as indicated in the following
example.

Example. Part number Z8FMC16100QKSG is a-liB Flash Motor Controller with
16 KB Program Memory in a QFN package wath pins, operating within a 0°C to +70°C
temperature range and built using lead-free solder.

Z8 FMC 16 100 Q K S G

L Environmental Flow

C = Plastic Standard
G = Lead Free (Green part)

Temperature Range (T)
S = 0°C to +70°C
E = —-40°C to +105°C

Number of Pins in Package
K= 32 Pins

Package Type
A =LQFP
Q=QFN

Product Family and Feature Sets

Memory Size
16 = 16 KB Flash

8 = 8KB Flash
4 = 4KB Flash

FMC = Flash Motor Controller

Device Family
Z8 = Zilog's 8-bit Microcontroller

PS024615-0811 PRELIMINARY Ordering Information
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Appendix A. Register Tables

For the reader’s convenience, this appefidiz all ZBFMC16100 Sé&es registers numer-
ically by hexadecimal address.

General Purpose RAM

In the FO83A Series, tH#0-EFF hexadecimal address range is partitioned for general-
purpose random access memory, as follows.

Hex Addresses: 000—-1FF

This address range is reseryedgeneral-purpose registédliefRAM. For more details, see
the Regqister Filsection on page 13

Hex Addresses: 200—-EFF
This address range is reserved.

Timer O

For more information about the$aner Control registers, see teneral-Purpose Timer
chapter on page 86.

Hex Address: FOO

Table 168. Timer 0 High Byte Register (TOH)

Bit 7 6 5 4 3 2 1 0
Field TH

RESET O00H

R/W R/W

Address FOOH

PS024615-0811 PRELIMINARY General Purpose RAM



Hex Address: FO1

Z8FMC16100 Series Flash MCU

Table 169. Timer O Low Byte Register (TOL)

Product Specification

LIIXYS

Bit 7 6 5 4 3 2 0
Field TL
RESET 01H
R/W R/W
Address FO1H

Hex Address: FO2

Table 170. Timer O Reload High Byte Register (TORH)

Bit 7 6 5 4 3 2 0
Field TRH
RESET FFH
R/W R/W
Address FO2H

Hex Address: FO3

Table 171. Timer O Reload Low Byte Register (TORL)

Bit 7 6 5 4 3 2 0
Field TRL
RESET FF
R/W R/W
Address FO3H

Hex Address: FO4

Table 172. Timer 0 PWM High Byte Register (TOPWMH)

Bit 7 6 5 4 3 2 0
Field PWMH
RESET OOH
R/W R/W
Address FO4H
PS024615-0811 PRELIMINARY Timer O

299



Z8FMC16100 Series Flash MCU
Product Specification

LIXYS 300
Hex Address: FO5
Table 173. Timer 0 PWM Low Byte Register (TOPWML)
Bit 7 6 5 4 3 2 1 0
Field PWML
RESET O00H
R/W R/W
Address FO5H
Hex Address: FO6
Table 174. Timer 0 Control O Register (TOCTLO)
Bit 7 6 5 4 3 2 1 0
Field TMODE[3] TICONFIG TINSEL PWMD INCAP
RESET 0 00 0 000 0
R/W R/W R/W R/W R/W R
Address FO6H
Bit Description
[7] Timer Mode High Bit
TMODE[3] This bit along with TMODE[2:0] field in TOCTL1 Register determines the operating mode of
the timer. This is the most significant bit of the Timer Mode selection value. For more details,
see the TOCTL1 Register description.
[6:5] Timer Interrupt Configuration
TICONFIG This field configures timer interrupt definitions. These bits affect all modes. The effect, per

mode, is defined below.

ONE SHOT, CONTINUOUS, COUNTER, PWM, COMPARE, DUAL PWM, TRIGGERED
ONE-SHOT, COMPARATOR COUNTER:

0x = Timer interrupt occurs on reload.

10 = Timer interrupts are disabled.

11 = Timer Interrupt occurs on reload.

GATED:

Ox = Timer interrupt occurs on reload or inactive gate edge.
10 = Timer interrupt occurs on inactive gate edge.

11 = Timer interrupt occurs on reload.

CAPTURE, CAPTURE/COMPARE, CAPTURE RESTART:
0x = Timer interrupt occurs on reload and capture.

10 = Timer interrupt occurs on capture only.

11 = Timer interrupt occurs on reload only.

PS024615-0811
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Bit Description (Continued)
[4] Timer Input Select
TINSEL 0 = Timer input is the Timer input pin.
1 = Timer input is the comparator output.
[3:1] PWM Delay Value
PWMD This field is a programmable delay to control the number of additional system clock cycles
following a PWM or Reload compare before the Timer Output or the Timer Output Comple-
ment is switched to the active state. This field ensures a time gap between the deassertion
of one PWM output to the assertion of its complement.
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
INCAP 0 = Previous timer interrupt is not a result of a Timer Input Capture Event
1 = Previous timer interrupt is a result of a Timer Input Capture Event.
Hex Address: FO7
Table 175. Timer O Control 1 Register (TOCTL1)
Bit 7 6 5 4 3 2 1 0
Field TEN TPOL PRES TMODE
RESET 0 0 000 000
R/W R/W R/W R/W R/W
Address FO7H
Bit Description
[7] Timer Enable
TEN 0 = Timer is disabled.

1 = Timer is enabled.

PS024615-0811 PRELIMINARY Timer O

301



Z8FMC16100 Series Flash MCU
Product Specification

LIXYS 302
Bit Description (Continued)
[6] Timer Input/Output Polarity
TPOL This bit is a function of the current operating mode of the timer. It determines the polarity of

the input and/or output signal. When the timer is disabled, the Timer Output signal is set to
the value of this bit.

ONE-SHOT Mode
If the timer is enabled the Timer Output signal pulses (changes state) for one system clock
cycle after timer Reload.

CONTINUOUS Mode

If the timer is enabled the Timer Output signal is complemented after timer Reload.
COUNTER Mode—If the timer is enabled the Timer Output signal is complemented after
timer reload.

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

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

PWM SINGLE OUTPUT Mode
When enabled, the Timer Output is forced to TPOL after PWM count match and forced
back to TPOL after Reload.

CAPTURE Mode

If the timer is enabled, the Timer Output signal is complemented after timer Reload.
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
The Timer Output signal is complemented after timer Reload.

GATED Mode

The Timer Output signal is complemented after timer Reload.

0 = Timer counts when the Timer Input signal is High and interrupts are generated on the
falling edge of the Timer Input.

1 = Timer counts when the Timer Input signal is Low and interrupts are generated on the
rising edge of the Timer Input.

CAPTURE/COMPARE Mode

If the timer is enabled, the Timer Output signal is complemented after timer Reload.

0 = Counting starts 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 starts 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] PWM DUAL OUTPUT Mode

TPOL (cont'd) If enabled, the Timer Output is set=TPOL after PWM match and set=TPOL after Reload. If
enabled the Timer Output Complement takes on the opposite value of the Timer Output.
The PWMD field in the TOCTL1 Register determines an optional added delay on the asser-
tion (Low to High) transition of both Timer Output and the Timer Output Complement for
deadband generation.

CAPTURE RESTART Mode

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

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

TRIGGERED ONE-SHOT Mode

If the timer is enabled the Timer Output signal is complemented after timer Reload.
0 = The timer triggers on a Low to High transition on the input.

1 = The timer triggers on a High to Low transition on the input.
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Bit Description (Continued)
[5:3] Prescale
PRES The timer input clock is divided by 2PRES where PRES can be set from 0 to 7. The pres-

caler 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
TMODE[2:0] This field along with the TMODE[3] bit in TOCTLO Register determines the operating mode
of the timer. TMODE[3:0] selects from 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.

Hex Address: FO8

Table 176. ADC Timer Capture Hi gh Byte Register (ADCTCAP_H)

Bit 7 6 5 4 3 2 1 0

Field ADCTCAPH

RESET X

R/W R

Address FO8H

Bit Description

[7:0] ADC Timer Capture Count High Byte

ADCTCAPH 00H-FFH = The timer count is held in the data registers until the next ADC conversion is
started.

PS024615-0811 PRELIMINARY Timer O
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Hex Address: F09
Table 177. ADC Timer Capture Low Byte Register (ADCTCAP_L)
Bit 7 6 5 4 3 2 1 0
Field ADCTCAPL
RESET X
R/W R
Address FO9H
Bit Description
[7:0] ADC Timer Capture Count Low Byte
ADCTCAPL O00OH-FFH = The timer count is held in the data registers until the next ADC conversion is
started.

Hex Address: FOA-F1F
This address range is reserved.

Pulse Width Modulator

For more information about these PWM registers, sePuabse Width Modulatochapter
on page 64.

Hex Address: F20

Table 178. PWM Control 0 Register (PWMCTLO)

Bit 7 6 5 4 3 2 1 0
Field PWMOFF | OUTCTL | ALIGN | Reserved | ADCTRIG | Reserved | READY | PWMEN
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

Bit Description

[7] Place PWM Outputs in OFF State

PWMOFF 0 = Disable modulator control of PWM pins. Outputs are in predefined off-state. This is not
dependent on the reload event.
1 = Reenable modulator control of PWM pins at next PWM reload event.

PS024615-0811 PRELIMINARY Pulse Width Modulator



Z8FMC16100 Series Flash MCU
Product Specification

AnLGIXYS Company

Bit

Description (Continued)

[6]
OUTCTL

PWM Output Control

0 = PWM outputs are controlled by the PWM.

1 = PWM outputs selectively disabled (set to off-state) according to values in the OUTX bits
of the PWMOUT Register.

(5]
ALIGN

PWM Edge Alignment
0 = PWM outputs are edge aligned.
1 = PWM outputs are center aligned.

[4]

Reserved

Reserved
This bit is reserved and must be programmed to O.

(3]
ADCTRIG

ADC Trigger Enable
0 = No ADC trigger pulses.
1 = ADC trigger enabled.

(2]

Reserved

Reserved
This bit is reserved and must be programmed to 0.

(1]
READY

Values Ready for Next Reload Event

0 = PWM values (prescale, period and duty cycle) are not ready. Do not use values in hold-
ing registers at next PWM reload event.

1 =PWM values (prescale, period and duty cycle) are ready. Transfer all values from tempo-
rary holding registers to working registers at next PWM reload event.

[0]
PWMEN

PWM Enable

0 = PWM is disabled and enabled PWM output pins are forced to default off-state. PWM
master counter is stopped. Certain control registers may only written in this state.

1 =PWM is enabled and PWM output pins are enabled as outputs.
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Hex Address: F21
Table 179. PWM Control 1 Register (PWMCTL1)
Bit 7 6 5 4 3 2 1 0
Field RLFREQ[1:0] INDEN POL45 POL23 POL10 PRESJ[1:0]
RESET 00 0 0 0 0 00
R/W R/W R/W R/W R/W R/W R/W
Address F21H
Bit Description
[7:6] Reload Event Frequency

RLFREQ[1:0]

This bit field is buffered. Changes to the reload event frequency takes effect at the end of
the current PWM period. Reads always return the bit values from the temporary holding
register.

00 = PWM reload event occurs at the end of every PWM period.

01 = PWM reload event occurs once every 2 PWM periods.

10 = PWM reload event occurs once every 4 PWM periods.

11 = PWM reload event occurs once every 8 PWM periods.

[5]
INDEN

Independent PWM Mode Enable

0 = This bit may only be altered when PWMEN (PWMCTLO) cleared; PWM outputs oper-
ate as 3 complementary pairs.

1 = PWM outputs operate as 6 independent channels.

[4]
POL45

PWM2 Polarity
1 = Invert Output polarity for channel pair PWM2.
0 = Noninverted polarity for channel pair PWM2.

(3]
POL23

PWM1 Polarity
1 = Invert Output polarity for channel pair PWM1.
0 = Noninverted polarity for channel pair PWML1.

(2]
POL10

PWMO Polarity
1 = Invert Output polarity for channel pair PWMO.
0 = Noninverted polarity for channel pair PWMO.

[1:0]
PRES

PWM Prescaler

The prescaler divides down the PWM input clock (either the system clock or the PWMIN
external input). This field is buffered. Changes to this field take effect at the next PWM
reload event. Reads always return the values from the temporary holding register.

00 = Divide by 1.

01 = Divide by 2.

10 = Divide by 4.

11 = Divide by 8.
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Hex Address: F22
Table 180. PWM DeadBa nd Register (PWMDB)
Bit 7 6 5 4 3 2 0
Field PWMDBJ7:0]
RESET 01H
R/W R/W
Address F22H
Bit Description
[7:0] PWM Deadband

PWMDB Sets the PWM dead band period for which both PWM outputs of a complementary PWM output

pair are deasserted.

Note: This register can only be written when PWMEN is cleared.

Hex Address: F23

Table 181. PWM Minimum Puls e Width Filter (PWMMPF)

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

RESET 00H

R/W R/W

Address F23H

Bit Description

[7:0] PWM Minimum Pulse Filter

PWMMPF  Sets the minimum allowed output pulse width in PWM clock cycles.

Note: This register can only be written when PWMEN is cleared.
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Hex Address: F24
Table 182. PWM Fault Mask Register (PWMFM)
Bit 7 6 5 4 3 2 1 0
Field Reserved DBGMSK Reserved F1IMASK | COMASK | FMASK
RESET 00 0 00 0 0 0
R/W R R/W R R/W R/W R/W
Address F24H
Bit Description
[7:6] Must be 0.
[5] Debug Entry Fault Mask

DBGMSK 0 = Entering CPU DEBUG Mode generates a PWM fault.
1 = Entering CPU DEBUG Mode does not generate a PWM fault.

[4:3] Reserved
These bits are reserved and must be programmed to 00.
[2] Faultl Fault Mask

F1IMASK 0 = Faultl generates a PWM fault.
1 = Faultl does not generate a PWM fault.

[1] Comparator Fault Mask
COMASK 0 = Comparator generates a PWM fault.
1 = Comparator does not generate a PWM fault.

[0] Fault Pin Mask
FOMASK 0 = FaultO pin generates a PWM fault.
1 = FaultO pin does not generate a PWM fault.

Note: This register can only be written when PWMEN is cleared.
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Hex Address: F25

Table 183. PWM Fault Status Register (PWMFSTAT)

Bit 7 6 5 4 3 2 1 0
Field RLDFlag | Reserved |DBGFLAG Reserved F1FLAG | COFLAG FFLAG
RESET U 0 U 00 U U U
R/W R/W1C R R/W1C R R/W1C R/W1C R/W1C
Address F25H
Bit Description
[7] Reload Flag
RLDFlag This bit is set and latched when a PWM timer reload occurs. Writing a 1 to this bit clears the
flag.
[6] Reserved
This bit is reserved and must be programmed to 0.
[5] Debug Flag
DBGFLAG This bit is set and latched when DEBUG Mode is entered. Writing a 1 to this bit clears the
flag.
[4:3] Reserved
These bits are reserved and must be programmed to 00.
[2] Faultl Flag
F1FLAG This bit is set and latched when Faultl is asserted. Writing a 1 to this bit clears the flag.
[1] Comparator 0 Flag
COFLAG This bit is set and latched when Comparator is asserted. Writing a 1 to this bit clears the flag.
[0] Fault Flag
FFLAG This bit is set and latched when the FAULTO input is asserted. Writing a 1 to this bit clears

the flag.

Note: For this register, W1C means that you must write a 1 to clear the flag.
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Table 184. PWM Input Sa mple Register (PWMIN)

LIIXYS

Bit 7 6 5 4 3 2 1 0
Field Reserved | FAULT IN2H IN2L IN1H IN1L INOH INOL
RESET 0 0 0 0 0 0 0 0
R/W R R/W R/W R/W R/W R/W R/W R/W
Address F26H
Bit Description
[7] Reserved

This bit is reserved and must be programmed to O.
[6] Sample Fault0 Pin
FAULT 0 = A Low level signal was read on the FaultO pin.

1 = A High level signal was read on the FaultO pin.
[5:0] Sample PWM Pins
IN2H/IN2L/ 0 = A Low level signal was read on the pins.
INIH/IN1L/ 1 = A High level signal was read on the pins.
INOH/INOL

Hex Address: F27
Table 185. PWM Output Control Register (PWMOUT)

Bit 7 6 5 4 3 2 1 0
Field Reserved | Reserved | OUT2L OUT2H OUT1L OUT1H ouTOoL OUTOH
RESET 0 0 0 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W
Address F27H
Bit Description
[7:6] Reserved
Reserved  These bits are reserved and must be programmed to 00.
[5, 3, 1] PWM L2/L1/L0O Output Configuration
OUTxL 0 = PWM L2/L1/L0 output signal is enabled and controlled by PWM.

1 =PWM L2/L1/LO output signal is in low-side off-state.
[4, 2, 0] PWM H2/H1/HO Output Configuration
OUTyH 0 = PWM H2/H1/HO output signal is enabled and controlled by PWM.

1 = PWM H2/H1/HO output signal is in high-side off-state.

Note: x indicates low bits in the range 2-0; y indicates high bits in the range 2-0.
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Hex Address: F28
Table 186. PWM Fault Control Register (PWMFCTL)
Bit 7 6 5 4 3 2 1 0
Field Reserved | DBGRST | FaultlINT |FaultlRST| CMPOINT |CMPORST | FaultOINT |FaultORST
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 F28H
Bit Description
[7] Reserved
Reserved  This bit is reserved and must be programmed to 0.
[6] DebugRestart
DBGRST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
serted and a new PWM period begins.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs.
[5] Faultl Interrupt
FaultlINT O = Interrupt on comparator assertion disabled.
1 = Interrupt on comparator assertion enabled.
[4] Faultl Restart
FaultlRST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
serted.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs.
[3] Comparator O Interrupt
CMPOINT 0 = Interrupt on comparator 0 assertion disabled.
1 = Interrupt on comparator 0 assertion enabled.
[2] Comparator O Restart
CMPORST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-
stered.
1 = Software controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs
[1] FaultO Interrupt
FaultOINT O = Interrupt on FaultO pin assertion disabled.
1 = Interrupt on FaultO pin assertion enabled.
[0] Fault0 Restart
FaultORST 0 = Automatic recovery. PWM resumes control of outputs when all fault sources have deas-

stered.
1 = Software-controlled recovery. PWM resumes control of outputs only after all fault
sources have deasserted and all fault flags are cleared and a PWM reload occurs

Note: This register can only be written when PWMEN is cleared.
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Table 187. Current-Sense Trigger Control Register (PWMSHC)

LIIXYS

Bit 7 6 5 4 3 2 1 0
Field CSTPOL HEN NHEN LEN NLEN |CSTPWM2 |CSTPWM1 | CSTPWMO
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 F29H
Bit Description
[7] Sample/Hold Polarity
CSTPOL 0 = Hold when terms are active.
1 = Hold when terms are not active.
[6] High Side Active Enable
HEN 0 = Ignore Product of PWMHO, PWMH1 and PWMH2 in Sample/Hold equation
1 = Hold when PWMHO0, PWMH1 and PWMH?2 are all active.
[5] High Side Inactive Enable
NHEN 0 = Ignore Product of PWMHO, PWMH1 and PWMH2 in Sample/Hold equation.
1 = Hold when are all active.
[4] Low Side Active Enable
LEN 0 = Ignore Product of PWMLO, PWML1 and PWML2 in Sample/Hold equation.
1 = Hold when PWMLO, PWML1 and PWML2 are all active.
[3] Low Side Inactive Enable
NLEN 0 = Ignore Product of PWMLO, PWML1 and PWML2 in Sample/Hold equation.
1 = Hold when PWMLO, PWML1 and PWML2 are all active.
[2] PWM Channel2 Sample/Hold Enable
CSTPW 0 = Channel 2 terms are not used in Sample/Hold equation.
M2 1 = Channel 2 terms are used in Sample/Hold equation.
[1] PWM Channell Sample/Hold Enable
CSTPW 0 = Channel 1 terms are not used in Sample/Hold equation.
M1 1 = Channel 1 terms are used in Sample/Hold equation.
[0] PWM Channel0 Sample/Hold Enable
CSTPW 0 = Channel 0 terms are not used in Sample/Hold equation.
MO 1 = Channel 0 terms are used in Sample/Hold equation.
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Hex Address: F2C

Table 188. PWM High Byte Register (PWMH)

Bit 7 6 5 4 3 2 1 0
Field Reserved PWMH
RESET OH OH
R/W R/W R/W
Address F2CH

Hex Address: F2D

Table 189. PWM Low Byte Register (PWML)

Bit 7 6 5 4 3 2 1 0
Field PWML
RESET 01H
R/W R/W
Address F2DH

Hex Address: F2E

Table 190. PWM Reload High Byte Register (PWMRH)

Bit 7 6 5 4 3 2 1 0
Field Reserved PWMRH
RESET OH FH
R/W R/W R/W
Address F2EH

Hex Address: F2F

Table 191. PWM Reload Low Byte Register (PWMRL)

Bit 7 6 5 4 3 2 1 0
Field PWMRL
RESET FF
R/W R/W
Address F2FH
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Table 192. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLxDH)

Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
Hex Address: F31
Table 193. PWM 0-2 H/L Duty Cy cle Low Byte Register (PWMH xDL, PWMLxDL)
Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to
the current 12-bit PWM count.
Hex Address: F32
Table 194. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLXDH)
Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
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Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to
the current 12-bit PWM count.
Hex Address: F34
Table 196. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLxDH)
Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
Hex Address: F35
Table 197. PWM 0-2 H/L Duty Cy cle Low Byte Register (PWMH xDL, PWMLxDL)
Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to

the current 12-bit PWM count.
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Table 198. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLxDH)

Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
Hex Address: F37
Table 199. PWM 0-2 H/L Duty Cy cle Low Byte Register (PWMH xDL, PWMLxDL)
Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to
the current 12-bit PWM count.
Hex Address: F38
Table 200. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLXDH)
Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
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Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to
the current 12-bit PWM count.
Hex Address: F3A
Table 202. PWM 0-2 H/L Duty Cy cle High Byte Register (PWMH xDH, PWMLxDH)
Bit 7 6 5 4 3 2 1 0
Field SIGN Reserved DUTYH
RESET 0 00 0_0000
R/W R/W R/W R/W
Address F30H, F32H, F34H, F36H, F38H, F3AH
Hex Address: F3B
Table 203. PWM 0-2 H/L Duty Cy cle Low Byte Register (PWMH xDL, PWMLxDL)
Bit 7 6 5 4 3 2 1 0
Field DUTYL
RESET O00H
R/W R/W
Address F31H, F33H, F35H, F37H, F39H, F3BH
Bit Description
[7:0] PWM Duty Cycle High and Low Bytes
DUTYL The two bytes {DUTYH][7:0], DUTYL[7:0]} form a 14-bit signed value. The value is compared to

the current 12-bit PWM count.
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LIN-UART

AnLIXYS Company

For more information about these LIN-UART registers, se¢ iNRe&UART chapter on

page 106.

Hex Address: F40

Table 204. LIN-UART Transmit Data Register (UOTXD)

Bit 7 6 5 4 3 2 1 0
Field TXD
RESET X
R/W w
Address F40H
Table 205. LIN-UART Receive Data Register (UORXD)
Bit 7 6 5 4 3 2 1 0
Field RXD
RESET X
R/W R
Address F40H
Hex Address: F41
Table 206. LIN-UART Status 0 Register, Standard UART Mode (UOSTATO)
Bit 7 6 5 4 3 2 1 0
Field RDA PE OE FE BRKD TDRE TXE CTS
RESET 0 0 0 0 0 1 1 X
R/W R R R R R R R R
Address F41H
PS024615-0811 PRELIMINARY LIN-UART

319



Hex Address: F42

Z8FMC16100 Series Flash MCU

Product Specification

Table 207. LIN-UART Control 0 Register (UOCTLO)
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Bit 7 6 5 4 3 2 1 0
Field TEN REN CTSE PEN PSEL SBRK STOP LBEN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F42H

Hex Address: F43

Table 208. MultiProcessor Control Register (UOCTL1 with MSEL = 000b)

Bit 7 6 5 4 3 2 1 0
Field MPMD[1] | MPEN | MPMDI[O] | MPBT DEPOL | BRGCTL | RDAIRQ IREN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Address F43H with MSEL = 000b

Hex Address: F44

Table 209. LIN-UART Mode Select and Status Register (UOMDSTAT)
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/W R/W R/W R R R
Address F44H

Hex Address: F45

Table 210. LIN-UART Address Compare Register (UOADDR)

Bit 7 6 5 4 3 2 1 0
Field COMP_ADDR
RESET OOH
R/W R/W
Address F45H
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Table 211. LIN-UART Address Compare Register (UOADDR)

Z8FMC16100 Series Flash MCU
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Bit 7 6 5 4 3 2 0
Field COMP_ADDR
RESET O00H
R/W R/W
Address F45H
Hex Address: F47
Table 212. LIN-UART Baud Rate Low Byte Register (UOBRL)
Bit 7 6 5 4 3 2 0
Field BRL
RESET FFH
R/W R/W
Address F47H
Hex Addresses: F48-F5F
This address range is reserved.
1°C
For more information about thesil registers, see thaC Master/Slave Controllethap-
ter on page 160.
Hex Address: F50
Table 213. 12C Data Register (I2CDATA)
Bit 7 6 5 4 3 2 0
Field DATA
RESET 0
R/W R/W
Address F50H
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Table 214. 1°C Interrupt Status Register (I2CISTAT)
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Bit 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

Hex Address: F52

Table 215. 12C Control Register (I2CCTL)

Bit 7 6 5 4 3 2 1 0
Field IEN START STOP BIRQ TXI NAK FLUSH FILTEN
RESET 0 0 0 0 0 0 0 0
R/W R/W R/W1 R/W1 R/W R/W R/W1 R/W R/W
Address F52H

Hex Address: F53

Table 216. 12C Baud Rate High Byte Register (I2CBRH)

Bit 7 6 5 4 3 2 1 0
Field BRH
RESET FFH
R/W R/W
Address F53H

Hex Address: F54

Table 217. 12C Baud Rate Low Byte Register (I2CBRL)

Bit 7 6 5 4 3 2 1 0
Field BRL
RESET FFH
R/W R/W
Address F54H
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Table 218. 12C State Register (I2CSTATE) Description when DIAG =0
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Bit 7 6 5 4 3 2 1 0
Field ACKV ACK AS DS 10B RSTR SCLOUT BUSY
RESET 0 0 0 0 0 0 X X
R/W R R R R R R R R
Address F55H

Table 219. I1°C State Register (I2CSTATE) Description when DIAG =1
Bit 7 6 5 4 3 2 1 0
Field I2CSTATE_H [2CSTATE_L
RESET 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Address F55H

Hex Address: F56

Table 220. 1°C Mode Register (I2CMODE)

Bit 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

Hex Address: F57

Table 221. 1°C Slave Address Register (I2CSLVAD)

Bit 7 6 5 4 3 2 1 0
Field SLA[7:0]
RESET OOH
R/W R/W
Address F57H
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Hex Addresses: F58—-F5F
This address range is reserved.

SPI
For more information about these SPI registers, seBdhal Peripheral Interfachapter
on page 146.
Hex Address: F60
Table 222. SPI Data Register (SPIDATA)
Bit 7 6 5 4 3 2 1 0
Field DATA
RESET X
R/W R/W
Address F60H
Hex Address: F61
Table 223. SPI Control Register (SPICTL)
Bit 7 6 5 4 3 2 1 0
Field IRQE STR BIRQ PHASE | CLKPOL | WOR MMEN | SPIEN
RESET 00H
R/W R/W
Address F61H
Hex Address: F62
Table 224. SPI Status Register (SPISTAT)
Bit 7 6 5 4 3 2 1 0
Field IRQ OVR COL ABT Reserved TXST SLAS
RESET 0 0 0 0 o | o 0 1
R/W R/W*
Address F62H

Note:

*R/W = Read access; write a 1 to clear the bit to 0.
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Table 225. SPI Mode Register (SPIMODE)
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Bit 7 6 5 4 3 2 1 0
Field Reserved DIAG NUMBITS[2:0] SSI0 SSv
RESET OOH
R/W R | R/W
Address F63H

Hex Address: F64

Table 226. SPI Diagnostic State Register (SPIDST)

Bit 7 6 5 4 3 2 1 0
Field SCKEN TCKEN SPISTATE
RESET OOH
R/W R
Address F64H

Hex Address: F65

This address is reserved.

Hex Address: F66

Table 227. SPI Baud Rate Hi gh Byte Register (SPIBRH)

Bit 7 6 5 4 3 2 1 0
Field BRH
RESET FFH
R/W R/W
Address F66H
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Hex Address: F67
Table 228. SPI Baud Rate Low Byte Register (SPIBRL)
Bit 7 6 5 4 3 2 1 0
Field BRL
RESET FFH
R/W R/W
Address F67H

Hex Addresses: F68—F6F
This address range is reserved.

Analog-to-Digital Converter

For more information about these ADC registers, se@itiadog-to-Digital Converter
chapter on page 197.

Hex Address: F70

Table 229. ADC Control Register 0 (ADCCTLO)

Bit 7 6 5 4 3 2 1 0

Field START | Reserved | REFEN ADCEN | Reserved ANAIN[2:0]

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

Bit Description

[7] ADC Start/Busy

START 0= Writing to 0 has no effect; reading a O indicates that the ADC is available to begin a conver-
1= \S/\I/cr)ir':i'ng to 1 starts a conversion; reading a 1 indicates that a conversion is currently in prog-

ress.
[6] Reserved

This bit is reserved and must be programmed to 0.
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Bit Description (Continued)
[5] Reference Enable
REFEN 0 = Internal reference voltage is disabled allowing an external reference voltage to be used by
the ADC.

1 = Internal reference voltage for the ADC is enabled. The internal reference voltage can be
measured on the Vrgg pin.

[4] ADC Enable

ADCEN 0= ADC is disabled for low power operation.
1 = ADC is enabled for normal use.

[3] Reserved
This bit is reserved and must be programmed to O.

[2:0] Analog Input Select

ANAIN 000 = ANAO input is selected for analog-to-digital conversion.
001 = ANAL input is selected for analog-to-digital conversion.
010 = ANA2 input is selected for analog-to-digital conversion.
011 = ANA3 input is selected for analog-to-digital conversion.
100 = ANA4 input is selected for analog-to-digital conversion.
101 = ANAS input is selected for analog-to-digital conversion.
110 = ANAG input is selected for analog-to-digital conversion.
111 = ANA7 input is selected for analog-to-digital conversion.

Hex Address: F71

Table 230. ADC Raw Data High Byte Register (ADCRD_H)

Bit 7 6 5 4 3 2 1 0
Field ADCRDH

RESET X

R/W R

Address F71H

Note: X = Undefined.

Bit Description

[7:0] ADC Raw Data High Byte
ADCRDH 00H-FFH = 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.
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Hex Address: F72
Table 231. ADC Data High Byte Register (ADCD_H)
Bit 7 6 5 4 3 2 0
Field ADCDH
RESET X
R/W R
Address F72H
Note: X = Undefined.
Bit Description
[7:0] ADC High Byte

ADCDH O0O0H-FFH = The last conversion output is held in the data registers until the next ADC conver-

sion has completed.

Hex Address: F73

Table 232. ADC Data Low Bits Register (ADCD_L)

Bit 7 6 5 4 3 2 0

Field ADCDL Reserved

RESET X X

R/W R R

Address F73H

Note: X = Undefined.

Bit Description

[7:6] ADC Low Bits

ADCDL 00-11b = These bits are the 2 least significant bits of the 10-bit ADC output. These bits are
undefined after a Reset. The low bits are latched into this register whenever the ADC Data
High Byte Register is read.

[5:0] Reserved

These bits are reserved and must be programmed to 000000.
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Hex Address: F74
Table 233. Sample and Settling Time (ADCSST)
Bit 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 Description
[7:5] Reserved
These bits are reserved and must be programmed to 000.
[4:0] Sample Settling Time
SST OH-FH = The number of system clock periods to meet a 0.5us minimum.
Hex Address: F75

Table 234. Sample/Hold Time (ADCST)
Bit 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 Description
[7:6] Reserved

These bits are reserved and must be programmed to 00.

[5:0] Sample/Hold Time
ST OH-FH = The number of system clock periods to meet a 1us minimum.
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Hex Address: F76

Table 235. ADC Clock Pr escale Register (ADCCP)

Bit 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
These bits are reserved and must be programmed to 0000.
[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
DIv4 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.

Hex Addresses: F77—-F85
This address range is reserved.

Oscillator Control

PS024615-0811

For more information about thesedstor Control registers, see tlescillator Control
chapter on page 227.

Hex Address: F86
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Table 236. Oscillator Control Register (OSCCTL)

Bit 7 6 5 4 3 2 1 0
Field INTEN XTLEN WDTEN | POFEN | WDFEN FLPEN SCKSEL
RESET 1 0 1 0 0 0* 00
R/W R/W R/W R/W R/W R/W R/W R/W
Address F86H
Note: *The reset value is 1 if the option bit LPDEN is 0.

Bit Description
[7] Internal Precision Oscillator Enable
INTEN 0 = Internal precision oscillator is disabled.
1 = Internal precision oscillator is enabled.
[6] Crystal Oscillator Enable
XTLEN 0 = Crystal oscillator is disabled.
1 = Crystal oscillator is enabled.
[5] Watchdog Timer Oscillator Enable
WDTEN 0 = Watchdog Timer oscillator is disabled.

1 = Watchdog Timer oscillator is enabled.

[4] Primary Oscillator Failure Detection Enable
POFEN 0 = Failure detection and recovery of primary oscillator is disabled. This bit is cleared automat-
ically if a primary oscillator failure is detected.

1 = Failure detection and recovery of primary oscillator is enabled.

[3] Watchdog Timer Oscillator Failure Detection Enable
WDFEN 0 = Failure detection of Watchdog Timer oscillator is disabled.This bit is cleared automatically if
a Watchdog Timer oscillator failure is detected.
1 = Failure detection of Watchdog Timer oscillator is enabled.
[2] Flash Low Power Mode Enable
FLPEN 0 = Flash Low Power Mode is disabled.

1 = Flash Low Power Mode is enabled. The Flash is powered down during idle periods of the
clock and powered up during Flash reads. This bit should only be set if the frequency of the
primary oscillator source is 8MHz or lower. The reset value of this bit is controlled by the
LPDEN option bit during reset.

[1:0] System Clock Oscillator Select
SCKSEL 00 = Internal precision oscillator functions as system clock at 5.6 MHz.

01 = Crystal oscillator or external clock driver functions as system clock .
10 = Reserved.
11 = Watchdog Timer oscillator functions as system clock.
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Hex Address: F87
Table 237. Oscillator Divide Register (OSCDIV)
Bit 7 6 5 4 3 2 1 0
Field DIV
RESET O00H*
R/W R/W
Address F87H
Note: *The reset value is 08H if the option bit LPDEN is 0.
Bit Description
[7:0] Oscillator Divide
DIV In the range 00H—FFH, the 00H address determines that the divider is disabled. All other

entries represent divide values for scaling the system clock.

Trim Control

For more information about these Trim Control registers, se@ikien Bitschapter on
page 221.

Hex Addresses: F88—F8F
This address range is reserved.
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For more information abouhese Comparator and Op Amp registers, se€ arator
and Operational Amplifiechapter on page 194.
Hex Address: F90
Table 238. Comparator and Op Amp Control Register (CMPOPC)
Bit 7 6 5 4 3 2 1 0
Field OPEN Reserved CPSEL | CMPIRQ | CMPIV | CMPOUT | CMPEN
RESET 0 00 0 0 0 X 0
R/W R/W R/W R/W R/W R/W R R/W
Address FIO0H
Bit Description
[7] Operational Amplifier Disable
OPEN 0 = Operational amplifier is disabled.
1 = Operational amplifier is enabled.
[6:5] Reserved
These bits are reserved and must be programmed to 00.
[4] Comparator Input Select
CPSEL 0 = Comparator input is PA1
1 = Comparator input is PB4
[3] Comparator Interrupt Edge Select
CMPIRQ 0 = Interrupt Request on Comparator Rising Edge

1 = Interrupt Request on Comparator Falling Edge

[2] PWM Fault Comparator Polarity
CMPIV 0 =PWM Fault is active when CP- > CP+
1 = PWM Fault is active when CP+ > CP-

[1] Comparator Output Value
CMPOUT 0 = Comparator output is logical O.
1 = Comparator output is logical 1.

[0] Comparator Enable
CMPEN 0 = Comparator is disabled.
1 = Comparator is enabled.

Hex Addresses: FO1-FBF
This address range is reserved.
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Interrupt Controller

For more information about thesedstor Control registers, see thaerrupt Controller
chapter on page 48

Hex Address: FCO

Table 239. Interrupt Request 0 Register (IRQO)

Bit 7 6 5 4 3 2 1 0
Field PWMI FLTI ADCI CMPI TOI UORXI UOTXI SPII
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] PWM Timer Interrupt Request
PWMI 0 = No interrupt request is pending for the PWM.
1 = An interrupt request from the PWM is awaiting service.
[6] Fault Interrupt Request
FLTI The fault interrupt is generated in the PWM module and originates from the FaultO pin, Faultl
pin or the Comparator output. An interrupt enable for each of these sources exists in the PWM
module.
0 = No Fault interrupt request is pending.
1 = A Fault interrupt request is awaiting service.
[5] ADC Interrupt Request
ADCI 0 = No interrupt request is pending for the Analog-to-Digital Converter.
1 = An interrupt request from the Analog-to-Digital Converter is awaiting service.
[4] Comparator Interrupt Request
CMPI 0 = No interrupt request is pending for the Comparators.
1 = An interrupt request from the Comparators is awaiting service.
[3] Timer O Interrupt Request
TOI 0 = No interrupt request is pending for Timer 0.
1 = An interrupt request from Timer O is awaiting service.
[2] UART 0 Receiver Interrupt Request
UORXI 0 = No interrupt request is pending for the UART O receiver.
1 = An interrupt request from the UART 0O receiver is awaiting service.
[1] UART 0 Transmitter Interrupt Request
UOTXI 0 = No interrupt request is pending for the UART 0 transmitter.
1 = An interrupt request from the UART O transmitter is awaiting service.
[0] SPI Interrupt Request
SPII 0 = No interrupt request is pending for the SPI.

1 = An interrupt request from the SPI is awaiting service.
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Bit 7 6 5 4 3 2 1 0
Field PWMENH | FLTENH | ADCENH | CMPENH | TOENH | UORENH | UOTENH | SPIENH
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
Hex Address: FC2
Table 241. IRQO Enable Lo w Bit Register (IRQOENL)
Bit 7 6 5 4 3 2 1 0
Field PWMENL | FLTENL | ADCENL | CMPENL | TOENL | UORENL | UOTENL | SPIENL
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
Hex Address: FC3
Table 242. Interrupt Request 1 Register (IRQ1)
Bit 7 6 5 4 3 2 1 0
Field 12ClI Reserved PCol PBI PAT73I PAG2I PA51I PA40I
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FC3H
Bit Description
[7] 12C Interrupt Request
12CI 0 = No interrupt request is pending for 12C.
1 = An interrupt request from 12C is awaiting service.
[5] PCO Interrupt Request
PCoOl Logic in the Port C GPIO module selects either the rising or falling edge.

0 = No interrupt request is pending for PCO.
1 = An interrupt request from PCO is awaiting service.
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Bit Description (Continued)
[4] PB3-PBO Interrupt Request
PBI 0 = No interrupt request is pending for any PB3—PBO.
1 = An interrupt request from PB3—-PBO0 is awaiting service.
[3] PA7 or PA3 Interrupt Request
PAT73I Logic in the Port A GPIO module selects either PA7 or PA3 and either rising or falling edge.
0 = No interrupt request is pending for PA7 or PA3
1 = An interrupt request from PA7 or PA3 is awaiting service.
[2] PAG6 or PA2 Interrupt Request
PAG2I Logic in the Port A GPIO module selects either PA6 or PA2 and either rising or falling edge.
0 = No interrupt request is pending for PA6 or PA2
1 = An interrupt request from PA6 or PA2 is awaiting service.
[1] PAS5 or PA1 Interrupt Request
PA51I Logic in the Port A GPIO module selects either PA5 or PA1 and either rising or falling edge.
0 = No interrupt request is pending for PA5 or PA1
1 = An interrupt request from PA5 or PA1 is awaiting service.
[0] PA4 or PAQ Interrupt Request
PA40I Logic in the Port A GPIO module selects either PA4 or PAO and either rising or falling edge.
0 = No interrupt request is pending for PA4 or PAO
1 = An interrupt request from PA4 or PAO is awaiting service.
Hex Address: FC4
Table 243. IRQ1 Enable Hi gh Bit Register (IRQLENH)
Bit 7 6 5 4 3 2 1 0
Field I2CENH | Reserved | PCOENH | PBENH | PA73ENH | PA62ENH | PA51ENH | PA40ENH
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FC4H
Bit Description
[71 1°c Interrupt Request Enable High Bit
I2CENH
[6] Reserved
This bit is reserved and must be programmed to O.
[5] Port COInterrupt Requ est Enable High Bit
PCOENH
[4] Port B[3:0] Interrupt Request Enable High Bit
PBENH
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Bit Description (Continued)
[3] Port A73 Interrupt Request Enable High Bit
PA73ENH
[2] Port A62 Interrupt Request Enable High Bit
PA62ENH
[1] Port A51 Interrupt Request Enable High Bit
PA51ENH
[0] Port A40 Interrupt Request Enable High Bit
PA40ENH
Hex Address: FC5
Table 244. IRQ1 Enable Lo w Bit Register (IRQ1ENL)
Bit 7 6 5 4 3 2 1 0
Field I2CENL | Reserved | PCOENL | PBENL | PA73ENL | PA62ENL | PAS1ENL | PAAOENL
RESET 0 0 0 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Address FC5H
Bit Description
[7] 1°c Interrupt Request Enable Low Bit
[2CENL
[6] Reserved
This bit is reserved and must be programmed to 0.
[5] Port CO Interrupt Request Enable Low Bit
PCOENL
[4] Port B[3:0] Interrupt Request Enable Low Bit
PBENL
[3] Port A73 Interrupt Request Enable Low Bit
PA73ENL
[2] Port A62 Interrupt Request Enable Low Bit
PAG62ENL
[1] Port A51 Interrupt Request Enable Low Bit
PA51ENL
[0] Port A40 Interrupt Request Enable Low Bit
PA40ENL
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Hex Addresses: FC9-FCE

This address range is reserved.

Hex Address: FCF

Table 245. Interrupt Control Register (IRQCTL)
Bit 7 6 5 4 3 2 1 0
Field IRQE Reserved
RESET 0 0 0 0 0 0 0 0
R/W R/W R R R R
Address FCFH
GPIO Port A

For more information about thesedsitor Control registers, see tkieneral-Purpose

Input/Outputchapter on page 33.

Hex Address: FDO

Table 246. Port A—-C GPIO Address Registers (P xADDR)

Bit 7 6 5 4 3 2 1 0
Field PADDR([7:0]
RESET 00H
R/W R/W
Address FDOH, FD4H, FD8H

Hex Address: FD1

Table 247. Port A—C Control Registers (P xCTL)

Bit 7 6 5 4 3 2 1 0
Field PCTL
RESET 00H
R/W R/W
Address FD1H, FD5H, FD9H
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Hex Address: FD2
Table 248. Port A-C Input Data Registers (PxIN)
Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X X X X X X X X
R/W R R R R R R R R
Address FD2H, FD6H, FDAH
Note: X = Undefined.
Bit Description
[7:0] Port Input Data
PINX 0 = Input data is a logical O (Low).
1 = Input data is a logical 1 (High).
Note: x indicates register bits in the range 7-0.
Hex Address: FD3
Table 249. Port A-C Output Data Register (P xOUT)
Bit 7 6 5 4 3 2 1 0
Field POUT7 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
Bit Description
[7:0] Port Output Data x
POUTx 0= Drive is a logical 0 (Low).

the corresponding Port Output Control Register bit to 1.

1 = Drive is a logical 1 (High). High value is not driven if the drain has been disabled by setting

Note: x indicates register bits in the range 7-0.
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For more information about thesedstor Control registers, see tleneral-Purpose

Input/Outputchapter on page 33.
Hex Address: FD4

Table 250. Port A—C GPIO Address Registers (P xADDR)

Bit 7 6 5 4 3 2 0
Field PADDRJ[7:0]
RESET OOH
R/W R/W
Address FDOH, FD4H, FD8H

Hex Address: FD5

Table 251. Port A—C Control Registers (P xCTL)

Bit 7 6 5 4 3 2 0
Field PCTL
RESET OOH
R/W R/W
Address FD1H, FD5H, FD9H
PS024615-0811 PRELIMINARY GPIO Port B
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Hex Address: FD6
Table 252. Port A-C Input Data Registers (PxIN)
Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X X X X X X X X
R/W R R R R R R R R
Address FD2H, FD6H, FDAH
Note: X = Undefined.
Bit Description
[7:0] Port Input Data
PINX 0 = Input data is a logical O (Low).
1 = Input data is a logical 1 (High).
Note: x indicates register bits in the range 7-0.
Hex Address: FD7
Table 253. Port A-C Output Data Register (P xOUT)
Bit 7 6 5 4 3 2 1 0
Field POUT7 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
Bit Description
[7:0] Port Output Data x
POUTx 0= Drive is a logical 0 (Low).

the corresponding Port Output Control Register bit to 1.

1 = Drive is a logical 1 (High). High value is not driven if the drain has been disabled by setting

Note: x indicates register bits in the range 7-0.
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For more information about thesedstor Control registers, see tleneral-Purpose

Input/Outputchapter on page 33.
Hex Address: FD8

Table 254. Port A—C GPIO Address Registers (P xADDR)

Bit 7 6 5 4 3 2 0
Field PADDRJ[7:0]
RESET OOH
R/W R/W
Address FDOH, FD4H, FD8H

Hex Address: FD9

Table 255. Port A—C Control Registers (P xCTL)

Bit 7 6 5 4 3 2 0
Field PCTL
RESET OOH
R/W R/W
Address FD1H, FD5H, FD9H
PS024615-0811 PRELIMINARY GPIO Port C
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Hex Address: FDA
Table 256. Port A-C Input Data Registers (PxIN)
Bit 7 6 5 4 3 2 1 0
Field PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
RESET X X X X X X X X
R/W R R R R R R R R
Address FD2H, FD6H, FDAH
Note: X = Undefined.
Bit Description
[7:0] Port Input Data
PINX 0 = Input data is a logical O (Low).
1 = Input data is a logical 1 (High).
Note: x indicates register bits in the range 7-0.
Hex Address: FDB
Table 257. Port A-C Output Data Register (P xOUT)
Bit 7 6 5 4 3 2 1 0
Field POUT7 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
Bit Description
[7:0] Port Output Data x
POUTx 0= Drive is a logical 0 (Low).

the corresponding Port Output Control Register bit to 1.

1 = Drive is a logical 1 (High). High value is not driven if the drain has been disabled by setting

Note: x indicates register bits in the range 7-0.
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Reset and Watchdog Timer

For more information about these Remed Watchdog Timer registers, see Reset and
Stop Mode Recoverghapter on page 2#hd the th&Vatchdog Timechapter on page 60

Hex Address: FFO

Table 258. Reset Status and Control Register (RSTSTAT)

Bit 7 6 5 4 3 2 1 0
Field POR STOP WDT EXT FLT Reserved FLTSEL
RESET See Table 10. | 0
RIW R R R R R R RIW
Address FFOH

Hex Address: FF1
This address is reserved.

Hex Address: FF2

Table 259. Watchdog Timer Reload High Byte Register (WDTH)

Bit 7 6 5 4 3 2 1 0
Field WDTH

RESET 04H

R/W R/W*

Address FF2H

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

Hex Address: FF3

Table 260. Watchdog Timer Reload Low Byte Register (WDTL)

Bit 7 6 5 4 3 2 1 0
Field WDTL

RESET OOH

R/W R/W*

Address FF3H

Note: *R/W = Read returns the current WDT count value; write sets the appropriate reload value.
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Hex Addresses: FF4—-FF5

This address range is reserved.

Hex Address: FF6

Table 261. Trim Bit Address Register (TRMADR)

Bit 7 6 5 4 3 2 1 0
Field TRMADR
RESET OO0H
R/W R/W
Address FF6H
Bit Description
[7:0} 00-1FH = Trim Bit Address Register
TRMADR

Hex Address: FF7

Table 262. Trim Bit Data Register (TRMDR)

Bit 7 6 5 4 3 2 1 0
Field TRMDR
RESET OO0H
R/W R/W
Address FF7H
Bit Description
[7:0} 00-FFH = Trim Bit Data Register
TRMDR
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For more information abdtwhese Flash Memory Control registers, sedPttogiram Mem-

ory chapter on page 209.

Hex Address: FF8

Table 263. Flash Control Register (FCTL)

LIIXYS

Bit 7 6 5 4 3 2 1 0
Field FCMD
RESET 00H
R/W w
Address FF8H
Bit Description
[7:0] Flash Command
FCMD 73H = First unlock command.
8CH = Second unlock command.
95H = Page erase command.
63H = Mass erase command.
5EH = Flash Sector Protect Register select.
All other commands or any command out of sequence locks the Flash Controller.
Table 264. Flash Status Register (FSTAT)
Bit 7 6 5 4 3 2 1 0
Field Reserved FSTAT
RESET 00oB 00_0000B
R/W R R
Address FF8H
Bit Description
[7:6] Reserved
These bits are reserved and must be programmed to 00.
[5:0] Flash Controller Status
FSTAT 00_0000 = Flash Controller locked.

00_0001 = First unlock command received.
00_0010 = Second unlock command received.
00_0011 = Flash Controller unlocked.

00_0100 = Flash Sector Protect Register selected.
0_1xxx = Program operation in progress.

01_Oxxx = Page erase operation in progress.
10_0xxx = Mass erase operation in progress.
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Bit 7 6 5 4 3 2 1 0
Field SECT7 SECT6 SECT5 SECT4 SECT3 SECT2 SECT1 SECTO
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
Note: *R/W = Register is accessible for Read operations and can only be written to 1 via user code.
Bit Description
[7:0] Sector Protect
SECTn 0 = Sector n can be programmed or erased from user code.
1 = Sector n is protected and cannot be programmed or erased from user code.
Hex Address: FFA
Table 266. Flash Frequency High Byte Register (FFREQH)
Bit 7 6 5 4 3 2 1 0
Field FFREQH
RESET O00H
R/W R/W
Address FFAH
Hex Address: FFB
Table 267. Flash Frequency Low Byte Register (FFREQL)
Bit 7 6 5 4 3 2 1 0
Field FFREQL
RESET O00H
R/W R/W
Address FFBH
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eZ8 CPU
Refer to theeZ8 CPU Core User Manual (UM0128)hich is available for download at
www.zilog.com
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Index
Numerics B
10-bit ADC 5 baud rate generator, UART 122
32-pin QFN and LQFP packages 9 BCLR 275
binary number suffix 273
BIT 275

A bit 272
absolute maximum ratings 251 clear 275
AC characteristics 258 manipulation instructions 275
ADC 275 set 275

block diagram 198 set or clear 275

electrical characteristics and timing 262 swap 275

overview 197 test and jump 278
ADC Channel Register 1 (ADCCTL) 201, 326 test and jump if non-zero 278
ADC Data High Byte Register (ADCDH) 202,203,  testand jump if zero 278

208, 304, 305, 327, 328 bit jump and test if non-zero 277
ADC Data Low Bit Register (ADCDL) 204, 205, bit swap 278
206, 207, 328, 329, 330 block diagram 2

ADC Timer Capture Register 208 block transfer instructions 276
ADCX 275 BRK 278
ADD 275 BSET 275
add - extended addressing 275 BSWAP 275, 278
add with carry 275 BTJ 278
add with carry—extended addressing 275 BTJINZ 277, 278
additional symbols 273 BTJZ 278
address space 13
ADDX 275
analog block/PWM signal synchronization 200 C
analog signals 11 calibration and compenisan, motor control mea-
analog-to-digital converter surements 201

overview 197 CALL procedure 278
AND 277 cc 272
ANDX 277 CCF 276
architecture characteristics

voltage measurements 197 pin 12
arithmetic instructions 275 characteristics, electrical 251
assembly language programming 270 clear 277
assembly language syntax 271 clock phase (SPI) 149
ATM 278 CLR 277
atomic 278 COM 277
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comparator
definition 194
noninverting/inverting input 194
operation 194
compare - extended addressing 275
compare with carry 275
compare with carry - égnded addressing 275
complement 277
complement carry flag 275, 276
condition code 272
control register definition, UART 124
control register, 12C 184
CP 275
CPC 275
CPCX 275
CPU and peripheral overview 4
CPU control instructions 276
CPX 275
current measurement
architecture 197
operation 198
Customer Feedback Form 359
Customer Information 359

D

DA 272, 275
data register, 12C 181
DC characteristics 252
debugger, on-chip 235
DEC 275
decimal adjust 275
decrement 275
decrement and jump non-zero 278
decrement word 275
DECW 275
destination operand 273
device, port availability 33
DI 276
direct address 272
disable interrupts 276
DJNZ 278
DMA

controller 5
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dst 273

E

El 276
electrical characteristics 251
ADC 262
flash memory and timing 261
GPIO input data sample timing 265
watchdog timer 261
electrical noise 197
enable interrupt 276
ER 272
extended addressing register 272
external pin reset 25
external RC oscillator 260
eZ8 CPU features 4
eZ8 CPU instruction classes 274
eZ8 CPU instruction notation 272
eZ8 CPU instruction set 270
eZ8 CPU instruction summary 279

F

FCTL register 216, 224, 225, 345, 346
first opcode map 291
FLAGS 273
flags register 273
flash
controller 5
option bit address space 222
option bit configuration - reset 222
flash memory
arrangement 210
byte programming 213
code protection 212
configurations 209
controller bypass 215
electrical characteristics and timing 261
flash control register 216, 224, 225, 345, 346
flash status register 217
frequency high and low byte registers 219
mass erase 215
operation 211
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operation timing 211 7-bit addressed slave data transfer format 168,

page erase 214 176

page select register 218 7-bit receive data transfer format 173, 178, 180
FPS register 218 baud high and low byte registers 185, 186, 192
FSTAT register 217 C status register 182, 186, 322, 323

controller 160
interrupts 163

G operation 163
general-purpose |/0O 33 SDA and SCL signals 163
GPIO 5, 33 stop and start conditions 166

alternate functions 34 I2CBRH register 185, 188, 190, 192, 322, 323

architecture 33 I2CBRL register 186, 322

control register definitions 37 I2CCTL register 184, 322

input data sample timing 265 I2CDATA register 182, 321

interrupts 37 [2CSTAT register 182, 186, 322, 323

port A-H address registers 38 IM 272

port A—H alternate function sub-registers 40, 46mmediate data 272

port A—H control registers 39 immediate operand prefix 273

port A-H data direction sub-registers 39 INC 275

port A—H high drive enable sub-registers 42 increment 275

port A—H input data registers 47 increment word 275

port A—H output control sub-registers 41 INCW 275

port A—H output data registers 47 indexed 272

port A—-H STOP mode recovery subregisters 43ndirect address prefix 273

port availability by device 33 indirect register 272

port input timing 265 indirect register pair 272

port output timing 266 indirect working register 272

indirect working register pair 272
infrared encoder/decoder (IrDA) 142
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HALT 276 instructions
halt mode 31, 276 ADC 275
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ADD 275
ADDX 275
| AND 277
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CPCX 275
CPU control 276
CPX 275

DA 275

DEC 275
DECW 275
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DJINZ 278

El 276

HALT 276
INC 275
INCW 275
IRET 278
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LDC 277
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LDE 277
LDEI 276
LDWX 277
LDX 277

LEA 277

load 277
logical 277
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NOP 276
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RET 278

RL 278

RLC 278

rotate and shift 278
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SRA 278
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SRP 276

STOP 276

SUB 275

SUBX 275

SWAP 278

TCM 276

TCMX 276

T™ 276

TMX 276

TRAP 278

watchdog timer refresh 276

XOR 277

XORX 277
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interrupt control register 59
interrupt controller 5, 48

architecture 48

interrupt assertion types 51

interrupt vectors and priority 51

register definitions 52

software interrupt assertion 52
interrupt edge select register 45
Interrupt Port Select Register 45
interrupt request 0O register 52
interrupt request 1 register 54
interrupt return 278
interrupt vector listing 48
interrupts

SPI 153

UART 119
introduction 1
IR 272
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architecture 123, 142
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operation 123, 142
receiving data 144
transmitting data 143
IRET 278
IRQO enable high and low bit registers 55
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IRR 272
Irr 272

J

JP 278
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278

L

LD 277

LDC 277

LDCI 276, 277
LDE 277

LDEI 276, 277
LDWX 277

LDX 277
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load 277
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load constant to/frm program memory 277

load constant with autoincrement addresses 277
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overview 197
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N
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notational shorthand 272

OoCD

architecture 235

autobaud detector/generator 238
baud rate limits 239

block diagram 235
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commands 242

data format 238

DBG pin to RS-232 Interface 236
debug mode 237

debugger break 278

interface 236

serial errors 239

status register 249

timing 267
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read data memory (ODH) 245

read OCD control register (05H) 244
read OCD revision (00H) 243

read program counter (07H) 244
read program memory (OBH) 245
read program memory CRC (OEH) 246
read register (09H) 244

read runtime counter (03H) 243
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second after 1FH 292
operation 200
current measurement 198
voltage measurement timing diagram 199, 200
operational amplifier
operation 195
overview 194
Operational Description 64, 86, 106, 227, 234
OR 277
ordering information 295
ORX 277
oscillator signals 11

P
package
32-pin QFN and LQFP 9
part number description 297
PC 273
peripheral AC and DC electrical characteristics 258
PHASE=0 timing (SPI) 150
PHASE=1 timing (SPI) 151
pin characteristics 12
polarity 272
POP 277
pop using extended addressing 277
POPX 277
port availability, device 33
port input timing (GPIO) 265
port output timing, GPIO 266
power supply signals 11
power-on reset (POR) 24
program control instructions 278
program counter 273
program memory 14

write program memory (0AH) 245 PUSH 277
write register (08H) 244 push using extended addressing 277
on-chip debugger 5 PUSHX 277

on-chip debugger (OCD) 235
on-chip debugger signals 11

PxADDR register 38, 338, 340, 342
PxCTL register 39, 338, 340, 342

opcode map
abbreviations 289
cell description 289 R
first 291 RA
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register address 272
RCF 275, 276
receive
7-bit data transfer format (12C) 173, 178, 180
IrDA data 144
receiving UART data-interrupt-driven method 111
receiving UART data-polled method 110
register 157, 272, 325
baud low and high byte (I12C) 185, 186, 192
baud rate high and low byte (SPI) 158
control (SPI) 155
control, 12C 184
data, SPI 154
flash control (FCTL) 216, 224, 225, 345, 346
flash high and low byte (FFREQH and FRE-
EQL) 219
flash page select (FPS) 218
flash status (FSTAT) 217
GPIO port A—H address (PxXADDR) 38, 338,
340, 342
GPIO port A—H alternatfunction subregisters
41, 46
GPIO port A—H control address (PxCTL) 39,
338, 340, 342
GPIO port A—H data direction subregisters 40
I2C baud rate high (I2CBRH) 185, 188, 190,
192, 322, 323
I2C control (12CCTL) 184, 322
I2C data (I2CDATA) 182, 321
I2C status 182, 186, 322, 323
I2C status (I2CSTAT) 182, 186, 322, 323
I2Cbaud rate lowl2CBRL) 186, 322
mode, SPI 157
OCD status 249
SPI baud rate high byte (SPIBRH) 159, 325
SPI baud rate low byte (SPIBRL) 159, 326
SPI control (SPICTL) 155, 324
SPI data (SPIDATA) 154, 324
SPI status (SPISTAT) 156, 324
status, SPI 156
UARTX baud rate high byte (UxBRH) 137
UARTX baud rate low byte (UxBRL) 137, 321
UARTXx Control 0 (UxCTLO) 130, 136, 320,
321
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UARTX transmit data (UxTXD) 125, 319
watchdog timer control (WDTCTL) 230, 231,
331, 332
watchdog timer reload high byte (WDTH) 63,
344
watchdog timer reloalbw byte (WDTL) 63,
344
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register pair 272
register pointer 273
registers
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ADC data high byte 202, 203, 208, 304, 305,
327, 328
ADC data low bit 204, 205, 206, 207, 328, 329,
330

reset
and STOP mode characteristics 22
and STOP mode recovery 22
carry flag 275
controller 5

RET 278

return 278

RL 278

RLC 278

rotate and shift instructions 278
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rotate right 278
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RP 273

RR 272, 278
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serial clock 149
serial peripheral interface (SPI) 146
set carry flag 275, 276
set register pointer 276
shift right arithmetic 278
shift right logical 278
signal descriptions 10
SIO5
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slave select 149
software trap 278
source operand 273
SP 273
SPI
architecture 146
baud rate generator 153
baud rate high and low byte register 158
clock phase 149
configured as slave 147
control register 155
data register 154
error detection 152
interrupts 153
mode fault error 152
mode register 157
multimaster operation 151
operation 148
overrun error 152
signals 148
single master, multiple slave system 147
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status register 156
timing, PHASE =0 150
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SPIMODE register 157, 325
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SRP 276
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STOP mode 30, 276
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sources 26
using a GPIO port pin transition 27
using watchdog timer time-out 27
SUB 275
subtract 275
subtract - extended addressing 275
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SUBX 275
SWAP 278
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system and core resets 23
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control registers 101, 102
high and low byte registers 72, 74, 98, 99 V
timing diagram, voltage measurement 199, 200 vector 272
T™ 276 voltage brown-out reset (VBR) 24
TMX 276 voltage measurement timing diagram 199, 200
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IrDA data 143
transmitting UART data-imtrrupt-driven method  \\/
109_ _ watchdog timer
transmitting UART data-polled method 108 approximate time-out delay 61
TRAP _278 ) approximate time-out delays 60, 227, 234
Trim Bit Address Register 224 control register 229, 231
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interrupt in normal operation 61
U interrupt in STOP mode 61
UART 5 operation 60, 227, 234
architecture 106 refresh 61, 276
asynchronous data format without/with parity reload unlock sequence 62
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baud rate generator 122 reset 25
baud rates table 139, 141 reset in normal operation 62
control register definitions 124 reset in STOP mode 62
controller signals 10 time-out response 61
data format 107 WDTCTL register 230, 231, 331, 332
interrupts 119 WDTH register 63, 344
multiprocessor mode 113 WDTL register 63, 344
receiving data using farrupt-driven method working register 272
111 working register pair 272

receiving data using the polled method 110
transmitting data usinte interrupt-driven

method 109 X
transmitting data using the polled method 108 y 57-
X baud rate high and low registers 137 XOR 277

x control 0 and control 1 registers 130, 132 yoRrx 277
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Customer Support

To share comments, get your technical quastenswered or report issues you may be
experiencing with our products, please visit Zilog’'s Technical Support page at
http://support.zilog.com

To learn more about this product, find addifsbdocumentation or tiscover other facets
about Zilog product offerings, plsa visit the Zilog Knowledge Basetdtp://zilog.com/
kb or consider participating in the Zilog Forumh#tip://zilog.com/forum

This publication is subject t@placement by a later editiofo determine whether a later
edition exists, please vighe Zilog website afittp://www.zilog.com
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