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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Overview

Zilog’s Z8 Encore! MCU family of products are the first in a line of Zilog microcontroller 
products based upon the 8-bit eZ8 CPU. Zilog’s Z8 Encore! XP F082A Series products 
expand upon Zilog’s extensive line of 8-bit microcontrollers. The Flash in-circuit pro-
gramming capability allows for faster development time and program changes in the field. 
The new eZ8 CPU is upward compatible with existing Z8 instructions. The rich peripheral 
set of the Z8 Encore! XP F082A Series makes it suitable for a variety of applications 
including motor control, security systems, home appliances, personal electronic devices 
and sensors.

Features

The key features of Z8 Encore! XP F082A Series products include:

• 20 MHz eZ8 CPU

• 1 KB, 2 KB, 4 KB, or 8 KB Flash memory with in-circuit programming capability

• 256 B, 512 B, or 1 KB register RAM

• Up to 128 B nonvolatile data storage (NVDS)

• Internal precision oscillator trimmed to ±1% accuracy

• External crystal oscillator, operating up to 20 MHz

• Optional 8-channel, 10-bit analog-to-digital converter (ADC)

• Optional on-chip temperature sensor

• On-chip analog comparator

• Optional on-chip low-power operational amplifier (LPO)

• Full-duplex UART

• The UART baud rate generator (BRG) can be configured and used as a basic 16-bit timer

• Infrared Data Association (IrDA)-compliant infrared encoder/decoders, integrated 
with the UART

• Two enhanced 16-bit timers with capture, compare and PWM capability

• Watchdog Timer (WDT) with dedicated internal RC oscillator

• Up to 20 vectored interrupts

• 6 to 25 I/O pins depending upon package

• Up to thirteen 5 V-tolerant input pins
PS022827-1212 P R E L I M I N A R Y Overview
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CPU and Peripheral Overview

The eZ8 CPU, Zilog’s latest 8-bit Central Processing Unit (CPU), meets the continuing 
demand for faster and more code-efficient microcontrollers. The eZ8 CPU executes a 
superset of the original Z8 instruction set. The features of eZ8 CPU include:

• Direct register-to-register architecture allows each register to function as an 
accumulator, improving execution time and decreasing the required program 
memory

• Software stack allows much greater depth in subroutine calls and interrupts than 
hardware stacks

• Compatible with existing Z8 code

• Expanded internal Register File allows access of up to 4 KB

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

• Pipelined instruction fetch and execution

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

• New instructions support 12-bit linear addressing of the Register File

• Up to 10 MIPS operation

• C-Compiler friendly

• 2 to 9 clock cycles per instruction

For more information about eZ8 CPU, refer to the eZ8 CPU Core User Manual 
(UM0128), which is available for download on www.zilog.com.

10-Bit Analog-to-Digital Converter

The optional analog-to-digital converter (ADC) converts an analog input signal to a 10-bit 
binary number. The ADC accepts inputs from eight different analog input pins in both sin-
gle-ended and differential modes. The ADC also features a unity gain buffer when high 
input impedance is required.

Low-Power Operational Amplifier

The optional low-power operational amplifier (LPO) is a general-purpose amplifier pri-
marily targeted for current sense applications. The LPO output may be routed internally to 
the ADC or externally to a pin.
PS022827-1212 P R E L I M I N A R Y CPU and Peripheral Overview
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Internal Precision Oscillator

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

Temperature Sensor

The optional temperature sensor produces an analog output proportional to the device tem-
perature. This signal can be sent to either the ADC or the analog comparator.

Analog Comparator

The analog comparator compares the signal at an input pin with either an internal pro-
grammable voltage reference or a second input pin. The comparator output can be used to 
drive either an output pin or to generate an interrupt.

External Crystal Oscillator

The crystal oscillator circuit provides highly accurate clock frequencies with the use of an 
external crystal, ceramic resonator or RC network.

Low Voltage Detector

The low voltage detector (LVD) is able to generate an interrupt when the supply voltage 
drops below a user-programmable level. The LVD is available on 8-pin devices only.

On-Chip Debugger

The Z8 Encore! XP F082A Series products feature an integrated on-chip debugger (OCD) 
accessed via a single-pin interface. The OCD provides a rich-set of debugging capabilities, 
such as reading and writing registers, programming Flash memory, setting breakpoints and 
executing code.

Universal Asynchronous Receiver/Transmitter

The full-duplex universal asynchronous receiver/transmitter (UART) is included in all Z8 
Encore! XP package types. The UART supports 8- and 9-bit data modes and selectable 
parity. The UART also supports multi-drop address processing in hardware. The UART 
baud rate generator (BRG) can be configured and used as a basic 16-bit timer.

Timers

Two enhanced 16-bit reloadable timers can be used for timing/counting events or for 
motor control operations. These timers provide a 16-bit programmable reload counter and 
PS022827-1212 P R E L I M I N A R Y CPU and Peripheral Overview
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F85 Reserved — XX

Oscillator Control

F86 Oscillator Control OSCCTL A0 196

F87–F8F Reserved — XX

Comparator 0

F90 Comparator 0 Control CMP0 14 141

F91–FBF Reserved — XX

Interrupt Controller

FC0 Interrupt Request 0 IRQ0 00 60

FC1 IRQ0 Enable High Bit IRQ0ENH 00 63

FC2 IRQ0 Enable Low Bit IRQ0ENL 00 63

FC3 Interrupt Request 1 IRQ1 00 61

FC4 IRQ1 Enable High Bit IRQ1ENH 00 65

FC5 IRQ1 Enable Low Bit IRQ1ENL 00 65

FC6 Interrupt Request 2 IRQ2 00 62

FC7 IRQ2 Enable High Bit IRQ2ENH 00 66

FC8 IRQ2 Enable Low Bit IRQ2ENL 00 67

FC9–FCC Reserved — XX

FCD Interrupt Edge Select IRQES 00 68

FCE Shared Interrupt Select IRQSS 00 68

FCF Interrupt Control IRQCTL 00 69

GPIO Port A

FD0 Port A Address PAADDR 00 44

FD1 Port A Control PACTL 00 46

FD2 Port A Input Data PAIN XX 46

FD3 Port A Output Data PAOUT 00 46

GPIO Port B

FD4 Port B Address PBADDR 00 44

FD5 Port B Control PBCTL 00 46

FD6 Port B Input Data PBIN XX 46

FD7 Port B Output Data PBOUT 00 46

GPIO Port C

FD8 Port C Address PCADDR 00 44

Table 7. Register File Address Map (Continued)

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

Notes:
1. XX = Undefined.
2. Refer to the eZ8 CPU Core User Manual (UM0128).
PS022827-1212 P R E L I M I N A R Y Register Map
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and as long as four. A reset pulse three clock cycles in duration might trigger a reset; a 
pulse four cycles in duration always triggers a reset.

While the RESET input pin is asserted Low, the Z8 Encore! XP F082A Series devices 
remain in the Reset state. If the RESET pin is held Low beyond the System Reset time-
out, the device exits the Reset state on the system clock rising edge following RESET pin 
deassertion. Following a System Reset initiated by the external RESET pin, the EXT sta-
tus bit in the Reset Status (RSTSTAT) Register is set to 1.

External Reset Indicator

During System Reset or when enabled by the GPIO logic (see Table 20 on page 46), the 
RESET pin functions as an open-drain (active Low) reset mode indicator in addition to the 
input functionality. This reset output feature allows a Z8 Encore! XP F082A Series device 
to reset other components to which it is connected, even if that reset is caused by internal 
sources such as POR, VBO or WDT events.

After an internal reset event occurs, the internal circuitry begins driving the RESET pin 
Low. The RESET pin is held Low by the internal circuitry until the appropriate delay 
listed in Table 8 has elapsed.

On-Chip Debugger Initiated Reset

A Power-On Reset can be initiated using the On-Chip Debugger by setting the RST bit in 
the OCD Control Register. The On-Chip Debugger block is not reset but the rest of the 
chip goes through a normal system reset. The RST bit automatically clears during the sys-
tem reset. Following the system reset the POR bit in the Reset Status (RSTSTAT) Register 
is set.

Stop Mode Recovery
STOP Mode is entered by execution of a STOP instruction by the eZ8 CPU. See the Low-
Power Modes chapter on page 32 for detailed STOP Mode information. During Stop 
Mode Recovery (SMR), the CPU is held in reset for 66 IPO cycles if the crystal oscillator 
is disabled or 5000 cycles if it is enabled. The SMR delay (see Table 135 on page 233) 
TSMR, also includes the time required to start up the IPO.

Stop Mode Recovery does not affect on-chip registers other than the Watchdog Timer 
Control Register (WDTCTL) and the Oscillator Control Register (OSCCTL). After any 
Stop Mode Recovery, the IPO is enabled and selected as the system clock. If another sys-
tem clock source is required, the Stop Mode Recovery code must reconfigure the oscillator 
control block such that the correct system clock source is enabled and selected.

The eZ8 CPU fetches the Reset vector at Program Memory addresses 0002H and 0003H 
and loads that value into the Program Counter. Program execution begins at the Reset vec-
PS022827-1212 P R E L I M I N A R Y Stop Mode Recovery
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Table 11. Reset Status Register (RSTSTAT)

Bit 7 6 5 4 3 2 1 0

Field POR STOP WDT EXT Reserved LVD

RESET See descriptions below 0 0 0 0 0

R/W R R R R R R R R

Address FF0H

Bit Description 

[7]
POR

Power-On Reset Indicator
If this bit is set to 1, a Power-On Reset event occurs. This bit is reset to 0 if a WDT time-out or 
Stop Mode Recovery occurs. This bit is also reset to 0 when the register is read.

[6]
STOP

Stop Mode Recovery Indicator
If this bit is set to 1, a Stop Mode Recovery occurs. If the STOP and WDT bits are both set to 1, 
the Stop Mode Recovery occurs because of a WDT time-out. If the STOP bit is 1 and the WDT 
bit is 0, the Stop Mode Recovery was not caused by a WDT time-out. This bit is reset by a 
Power-On Reset or a WDT time-out that occurred while not in STOP Mode. Reading this regis-
ter also resets this bit.

[5]
WDT

Watchdog Timer Time-Out Indicator
If this bit is set to 1, a WDT time-out occurs. A POR resets this pin. A Stop Mode Recovery 
from a change in an input pin also resets this bit. Reading this register resets this bit. This read 
must occur before clearing the WDT interrupt.

[4]
EXT

External Reset Indicator
If this bit is set to 1, a Reset initiated by the external RESET pin occurs. A Power-On Reset or 
a Stop Mode Recovery from a change in an input pin resets this bit. Reading this register 
resets this bit.

[3:1] Reserved
These bits are reserved and must be programmed to 000.

[0]
LVD

Low Voltage Detection Indicator
If this bit is set to 1 the current state of the supply voltage is below the low voltage detection 
threshold. This value is not latched but is a real-time indicator of the supply voltage level.
PS022827-1212 P R E L I M I N A R Y Reset Register Definitions
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enabled, the Timer Output pin changes state (from Low to High or from High to Low) at 
timer Reload.

Observe the following steps for configuring a timer for COUNTER Mode and initiating 
the count:

1. Write to the Timer Control Register to:

– Disable the timer.

– Configure the timer for COUNTER Mode.

– Select either the rising edge or falling edge of the Timer Input signal for the count. 
This selection also sets the initial logic level (High or Low) for the Timer Output 
alternate function. However, the Timer Output function is not required to be 
enabled.

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

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

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

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

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

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

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

COMPARATOR COUNTER Mode

In COMPARATOR COUNTER Mode, the timer counts input transitions from the analog 
comparator output. The TPOL bit in the Timer Control Register selects whether the count 
occurs on the rising edge or the falling edge of the comparator output signal. In COMPAR-
ATOR COUNTER Mode, the prescaler is disabled. 

COUNTER Mode Timer Input Transitions Current Count Value-Start Value=
PS022827-1212 P R E L I M I N A R Y Operation
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PWM SINGLE OUTPUT Mode

In PWM SINGLE OUTPUT Mode, the timer outputs a Pulse-Width Modulator (PWM) 
output signal through a GPIO port pin. The timer input is the system clock. The timer first 
counts up to the 16-bit PWM match value stored in the Timer PWM High and Low Byte 
registers. When the timer count value matches the PWM value, the Timer Output toggles. 
The timer continues counting until it reaches the reload value stored in the Timer Reload 
High and Low Byte registers. Upon reaching the reload value, the timer generates an inter-
rupt, the count value in the Timer High and Low Byte registers is reset to 0001H and 
counting resumes.

If the TPOL bit in the Timer Control Register is set to 1, the Timer Output signal begins as 
a High (1) and transitions to a Low (0) when the timer value matches the PWM value. The 
Timer Output signal returns to a High (1) after the timer reaches the reload value and is 
reset to 0001H.

If the TPOL bit in the Timer Control Register is set to 0, the Timer Output signal begins as 
a Low (0) and transitions to a High (1) when the timer value matches the PWM value. The 
Timer Output signal returns to a Low (0) after the timer reaches the reload value and is 
reset to 0001H.

Observe the following steps for configuring a timer for PWM SINGLE OUTPUT Mode 
and initiating the PWM operation:

1. Write to the Timer Control Register to:

– Disable the timer

– Configure the timer for PWM SINGLE OUTPUT Mode

– Set the prescale value

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

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

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

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

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

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

7. Write to the Timer Control Register to enable the timer and initiate counting.
PS022827-1212 P R E L I M I N A R Y Operation
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Watchdog Timer

The Watchdog Timer (WDT) protects against corrupt or unreliable software, power faults 
and other system-level problems which may place the Z8 Encore! XP F082A Series 
devices into unsuitable operating states. The features of Watchdog Timer include:

• On-chip RC oscillator

• A selectable time-out response: reset or interrupt

• 24-bit programmable time-out value

Operation
The Watchdog Timer is a one-shot timer that resets or interrupts the Z8 Encore! XP F082A 
Series devices when the WDT reaches its terminal count. The Watchdog Timer uses a ded-
icated on-chip RC oscillator as its clock source. The Watchdog Timer operates in only two 
modes: ON and OFF. Once enabled, it always counts and must be refreshed to prevent a 
time-out. Perform an enable by executing the WDT instruction or by setting the WDT_AO 
Flash option bit. The WDT_AO bit forces the Watchdog Timer to operate immediately 
upon reset, even if a WDT instruction has not been executed.

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

where the WDT reload value is the decimal value of the 24-bit value given by 
{WDTU[7:0], WDTH[7:0], WDTL[7:0]} and the typical Watchdog Timer RC oscillator 
frequency is 10 kHz. The Watchdog Timer cannot be refreshed after it reaches 000002H. 
The WDT reload value must not be set to values below 000004H. Table 58 provides infor-
mation about approximate time-out delays for the minimum and maximum WDT reload 
values.

Table 58. Watchdog Timer Approximate Time-Out Delays

WDT Reload Value 
(Hex)

WDT Reload Value 
(Decimal)

Approximate Time-Out Delay
(with 10 kHz typical WDT oscillator frequency)

Typical Description

000004 4 400 s Minimum time-out delay

FFFFFF 16,777,215 28 minutes Maximum time-out delay

WDT Time-out Period (ms)
WDT Reload Value

10
------------------------------------------=
PS022827-1212 P R E L I M I N A R Y Watchdog Timer
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Watchdog Timer Refresh

When first enabled, the Watchdog Timer is loaded with the value in the Watchdog Timer 
Reload registers. The Watchdog Timer counts down to 000000H unless a WDT instruc-
tion is executed by the eZ8 CPU. Execution of the WDT instruction causes the downcoun-
ter to be reloaded with the WDT reload value stored in the Watchdog Timer Reload 
registers. Counting resumes following the reload operation.

When the Z8 Encore! XP F082A Series devices are operating in DEBUG Mode (using the 
on-chip debugger), the Watchdog Timer is continuously refreshed to prevent any Watch-
dog Timer time-outs.

Watchdog Timer Time-Out Response

The Watchdog Timer times out when the counter reaches 000000H. A time-out of the 
Watchdog Timer generates either an interrupt or a system reset. The WDT_RES Flash 
option bit determines the time-out response of the Watchdog Timer. For information about 
programming the WDT_RES Flash option bit, see the Flash Option Bits chapter on 
page 159.

WDT Interrupt in Normal Operation

If configured to generate an interrupt when a time-out occurs, the Watchdog Timer issues 
an interrupt request to the interrupt controller and sets the WDT status bit in the Reset Sta-
tus (RSTSTAT) Register; see the Reset Status Register on page 29. If interrupts are 
enabled, the eZ8 CPU responds to the interrupt request by fetching the Watchdog Timer 
interrupt vector and executing code from the vector address. After time-out and interrupt 
generation, the Watchdog Timer counter rolls over to its maximum value of FFFFFH and 
continues counting. The Watchdog Timer counter is not automatically returned to its 
reload value.

The Reset Status (RSTSTAT) Register must be read before clearing the WDT interrupt. 
This read clears the WDT time-out Flag and prevents further WDT interrupts from imme-
diately occurring.

WDT Interrupt in STOP Mode

If configured to generate an interrupt when a time-out occurs and the Z8 Encore! XP 
F082A Series devices are in STOP Mode, the Watchdog Timer automatically initiates a 
Stop Mode Recovery and generates an interrupt request. Both the WDT status bit and the 
STOP bit in the Reset Status (RSTSTAT) Register are set to 1 following a WDT time-out 
in STOP Mode. For more information about Stop Mode Recovery, see the Reset, Stop 
Mode Recovery and Low Voltage Detection chapter on page 22.

If interrupts are enabled, following completion of the Stop Mode Recovery the eZ8 CPU 
responds to the interrupt request by fetching the Watchdog Timer interrupt vector and exe-
cuting code from the vector address.
PS022827-1212 P R E L I M I N A R Y Operation
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[2]
BRGCTL

Baud Rate Control
This bit causes an alternate UART behavior depending on the value of the REN bit in the 
UART Control 0 Register. When the UART receiver is not enabled (REN=0), this bit deter-
mines whether the Baud Rate Generator issues interrupts.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG reload value.
1 = The Baud Rate Generator generates a receive interrupt when it counts down to 0. 

Reads from the Baud Rate High and Low Byte registers return the current BRG count 
value.

When the UART receiver is enabled (REN=1), this bit allows reads from the Baud Rate reg-
isters to return the BRG count value instead of the reload value.
0 = Reads from the Baud Rate High and Low Byte registers return the BRG reload value.
1 = Reads from the Baud Rate High and Low Byte registers return the current BRG count 

value. Unlike the Timers, there is no mechanism to latch the Low Byte when the High 
Byte is read.

[1]
RDAIRQ

Receive Data Interrupt Enable 
0 = Received data and receiver errors generates an interrupt request to the Interrupt Con-

troller.
1 = Received data does not generate an interrupt request to the Interrupt Controller. Only 

receiver errors generate an interrupt request. 

[0]
IREN

Infrared Encoder/Decoder Enable
0 = Infrared Encoder/Decoder is disabled. UART operates normally.
1 = Infrared Encoder/Decoder is enabled. The UART transmits and receives data through 

the Infrared Encoder/Decoder.

Bit Description (Continued)
PS022827-1212 P R E L I M I N A R Y UART Control Register Definitions
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Temperature Sensor

The on-chip Temperature Sensor allows you to measure temperature on the die with either 
the on-board ADC or on-board comparator. This block is factory calibrated for in-circuit 
software correction. Uncalibrated accuracy is significantly worse, therefore the tempera-
ture sensor is not recommended for uncalibrated use.

Temperature Sensor Operation
The on-chip temperature sensor is a Proportional to Absolute Temperature (PTAT) topol-
ogy. A pair of Flash option bytes contain the calibration data. The temperature sensor can 
be disabled by a bit in the Power Control Register 0 section on page 33 to reduce power 
consumption.

The temperature sensor can be directly read by the ADC to determine the absolute value of 
its output. The temperature sensor output is also available as an input to the comparator for 
threshold type measurement determination. The accuracy of the sensor when used with the 
comparator is substantially less than when measured by the ADC.

If the temperature sensor is routed to the ADC, the ADC must be configured in unity-gain 
buffered mode (for details, see the Input Buffer Stage section on page 133). The value read 
back from the ADC is a signed number, although it is always positive.

The sensor is factory-trimmed through the ADC using the external 2.0 V reference. Unless 
the sensor is retrimmed for use with a different reference, it is most accurate when used 
with the external 2.0 V reference.

Because this sensor is an on-chip sensor, Zilog recommends that the user account for the 
difference between ambient and die temperature when inferring ambient temperature con-
ditions.

During normal operation, the die undergoes heating that causes a mismatch between the 
ambient temperature and that measured by the sensor. For best results, the Z8 Encore! XP 
device must be placed into STOP Mode for sufficient time such that the die and ambient 
temperatures converge (this time is dependent on the thermal design of the system). The 
temperature sensor measurement must then be made immediately after recovery from 
STOP Mode. 

The following equation defines the transfer function between the temperature sensor out-
put voltage and the die temperature. This is needed for comparator threshold measure-
ments.

V 0.01 T 0.65+=
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In the above equation, T is the temperature in °C; V is the sensor output in volts.

Assuming a compensated ADC measurement, the following equation defines the relation-
ship between the ADC reading and the die temperature: 

In the above equation, T is the temperature in C; ADC is the 10-bit compensated ADC 
value; and TSCAL is the temperature sensor calibration value, ignoring the two least sig-
nificant bits of the 12-bit value.

See the Temperature Sensor Calibration Data section on page 171 for the location of 
TSCAL.

Calibration

The temperature sensor undergoes calibration during the manufacturing process and is 
maximally accurate at 30°C. Accuracy decreases as measured temperatures move further 
from the calibration point.

T 25 128  ADC TSCAL 11:2 –  30+=
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Operation
This section describes the interface and modes of operation of the On-Chip Debugger.

OCD Interface

The on-chip debugger uses the DBG pin for communication with an external host. This 
one-pin interface is a bidirectional, open-drain interface that transmits and receives data. 
Data transmission is half-duplex, in that transmit and receive cannot occur simultaneously. 
The serial data on the DBG pin is sent using the standard asynchronous data format 
defined in RS-232. This pin creates an interface from the Z8 Encore! XP F082A Series 
products to the serial port of a host PC using minimal external hardware.Two different 
methods for connecting the DBG pin to an RS-232 interface are displayed in Figure 24 
and Figure 25. The recommended method is the buffered implementation displayed in 
Figure 25. The DBG pin has a internal pull-up resistor which is sufficient for some appli-
cations (for more details about the pull-up current, see the Electrical Characteristics chap-
ter on page 226). For OCD operation at higher data rates or in noisy systems, an external 
pull-up resistor is recommended.

For operation of the on-chip debugger, all power pins (VDD and AVDD) must be supplied 
with power and all ground pins (VSS and AVSS) must be properly grounded. The DBG 
pin is open-drain and may require an external pull-up resistor to ensure proper operation.

Figure 24. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface; #1 of 2

Caution:

RS-232 TX

RS-232 RX

RS-232
Transceiver

VDD

DBG Pin

10 KOhmSchottky 
Diode
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In the list of OCD commands that follows, data and commands sent from the host to the 
On-Chip Debugger are identified by DBG ← Command/Data. Data sent from the On-
Chip Debugger back to the host is identified by DBG → Data.

Read OCD Revision (00H). The Read OCD Revision command determines the version of 
the On-Chip Debugger. If OCD commands are added, removed, or changed, this revision 
number changes. 

DBG ← 00H
DBG → OCDRev[15:8] (Major revision number)
DBG → OCDRev[7:0] (Minor revision number)

Read OCD Status Register (02H). The Read OCD Status Register command reads the 
OCDSTAT Register. 

DBG ← 02H
DBG → OCDSTAT[7:0]

Read Runtime Counter (03H). The Runtime Counter counts system clock cycles in 
between Breakpoints. The 16-bit Runtime Counter counts up from 0000H and stops at the 
maximum count of FFFFH. The Runtime Counter is overwritten during the Write Memory, 

Write Program Counter 06H – Disabled.

Read Program Counter 07H – Disabled.

Write Register 08H – Only writes of the Flash Memory Control 
registers are allowed. Additionally, only 
the Mass Erase command is allowed to 
be written to the Flash Control Register.

Read Register 09H – Disabled.

Write Program Memory 0AH – Disabled.

Read Program Memory 0BH – Disabled.

Write Data Memory 0CH – Yes.

Read Data Memory 0DH – –

Read Program Memory CRC 0EH – –

Reserved 0FH – –

Step Instruction 10H – Disabled.

Stuff Instruction 11H – Disabled.

Execute Instruction 12H – Disabled.

Reserved 13H–FFH – –

Table 109. Debug Command Enable/Disable (Continued)

Debug Command
Command

Byte 

Enabled when 
Not in DEBUG 

Mode?
Disabled by Flash Read Protect 
Option Bit
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When selecting a new clock source, the system clock oscillator failure detection circuitry 
and the Watchdog Timer oscillator failure circuitry must be disabled. If SOFEN and 
WOFEN are not disabled prior to a clock switch-over, it is possible to generate an inter-
rupt for a failure of either oscillator. The Failure detection circuitry can be enabled any-
time after a successful write of OSCSEL in the OSCCTL Register.

The internal precision oscillator is enabled by default. If the user code changes to a differ-
ent oscillator, it may be appropriate to disable the IPO for power savings. Disabling the 
IPO does not occur automatically.

Clock Failure Detection and Recovery

Should an oscillator or timer fail, there are methods of recovery, as this section describes.

System Clock Oscillator Failure

The Z8F04xA family devices can generate nonmaskable interrupt-like events when the 
primary oscillator fails. To maintain system function in this situation, the clock failure 
recovery circuitry automatically forces the Watchdog Timer oscillator to drive the system 
clock. The Watchdog Timer oscillator must be enabled to allow the recovery. Although 
this oscillator runs at a much slower speed than the original system clock, the CPU contin-
ues to operate, allowing execution of a clock failure vector and software routines that 
either remedy the oscillator failure or issue a failure alert. This automatic switch-over is 
not available if the Watchdog Timer is selected as the system clock oscillator. It is also 
unavailable if the Watchdog Timer oscillator is disabled, though it is not necessary to 
enable the Watchdog Timer reset function (see the Watchdog Timer chapter on page 93).

The primary oscillator failure detection circuitry asserts if the system clock frequency 
drops below 1 kHz ±50%. If an external signal is selected as the system oscillator, it is pos-
sible that a very slow but nonfailing clock can generate a failure condition. Under these 
conditions, do not enable the clock failure circuitry (SOFEN must be deasserted in the 
OSCCTL Register).

Watchdog Timer Failure

In the event of a Watchdog Timer oscillator failure, a similar nonmaskable interrupt-like 
event is issued. This event does not trigger an attendant clock switch-over, but alerts the 
CPU of the failure. After a Watchdog Timer failure, it is no longer possible to detect a pri-
mary oscillator failure. The failure detection circuitry does not function if the Watchdog 
Timer is used as the system clock oscillator or if the Watchdog Timer oscillator has been 
disabled. For either of these cases, it is necessary to disable the detection circuitry by deas-
serting the WDFEN bit of the OSCCTL Register.

The Watchdog Timer oscillator failure detection circuit counts system clocks while look-
ing for a Watchdog Timer clock. The logic counts 8004 system clock cycles before deter-
mining that a failure has occurred. The system clock rate determines the speed at which 
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Opcode Maps

A description of the opcode map data and the abbreviations are provided in Figure 30. 
Figures 31 and 32 display the eZ8 CPU instructions. Table 129 lists Opcode Map abbrevi-
ations.

Figure 30. Opcode Map Cell Description

CP

3.3

R2,R1

A

4

Opcode
Lower Nibble

Second Operand
After Assembly

First Operand
After Assembly

Opcode
Upper Nibble

Instruction CyclesFetch Cycles
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LEA 210
load 210
load constant 209
load constant to/from program memory 210
load constant with auto-increment addresses 210
load effective address 210
load external data 210
load external data to/from data memory and auto-
increment addresses 209
load external to/from data memory and auto-incre-
ment addresses 210
load using extended addressing 210
logical AND 210
logical AND/extended addressing 210
logical exclusive OR 210
logical exclusive OR/extended addressing 210
logical instructions 210
logical OR 210
logical OR/extended addressing 210
low power modes 32

M
master interrupt enable 57
memory

data 17
program 15

mode
CAPTURE 87, 88
CAPTURE/COMPARE 88
CONTINUOUS 87
COUNTER 87
GATED 88
ONE-SHOT 87
PWM 87, 88

modes 87
MULT 208
multiply 208
multiprocessor mode, UART 105

N
NOP (no operation) 209
notation

b 206
cc 206
DA 206
ER 206
IM 206
IR 206
Ir 206
IRR 206
Irr 206
p 206
R 206
r 206
RA 206
RR 206
rr 206
vector 207
X 207

notational shorthand 206

O
OCD

architecture 180
auto-baud detector/generator 183
baud rate limits 184
block diagram 180
breakpoints 185
commands 186
control register 191
data format 183
DBG pin to RS-232 Interface 181
debug mode 182
debugger break 211
interface 181
serial errors 184
status register 192
timing 242

OCD commands
execute instruction (12H) 190
read data memory (0DH) 190
read OCD control register (05H) 188
read OCD revision (00H) 187
read OCD status register (02H) 187
read program counter (07H) 188
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CONTINUOUS mode 72, 87
COUNTER mode 73, 74
COUNTER modes 87
GATED mode 82, 88
ONE-SHOT mode 71, 87
operating mode 71
PWM mode 76, 77, 87, 88
reading the timer count values 84
reload high and low byte registers 91
timer control register definitions 85
timer output signal operation 84

timers 0-3
control registers 85, 86
high and low byte registers 89, 92

TM 209
TMX 209
transmit

IrDA data 121
transmitting UART data-polled method 101
transmitting UART dat-interrupt-driven method 
102
TRAP 211

U
UART 6

architecture 99
baud rate generator 110
baud rates table 118
control register definitions 110
controller signals 10
interrupts 108
multiprocessor mode 105
receiving data using interrupt-driven method 
104
receiving data using the polled method 103
transmitting data usin the interrupt-driven 
method 102
transmitting data using the polled method 101
x baud rate high and low registers 117
x control 0 and control 1 registers 110
x status 0 and status 1 registers 114, 115

UxBRH register 117
UxBRL register 117

UxCTL0 register 111, 117
UxCTL1 register 112
UxRXD register 116
UxSTAT0 register 114
UxSTAT1 register 115
UxTXD register 116

V
vector 207
Voltage Brownout reset (VBR) 25

W
Watchdog Timer

approximate time-out delay 93
approximate time-out delays 140
CNTL 25
control register 96
electrical characteristics and timing 235, 238
interrupt in normal operation 94
interrupt in STOP mode 94
operation 140
refresh 94, 210
reload unlock sequence 95
reload upper, high and low registers 97
reset 26
reset in normal operation 95
reset in STOP mode 95
time-out response 94

WDTCTL register 30, 96, 141, 196
WDTH register 97
WDTL register 98
working register 206
working register pair 206
WTDU register 97

X
X 207
XOR 210
XORX 210
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