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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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Use of All Uppercase Letters
The use of all uppercase letters designates the names of states and commands.

• Example 1: The bus is considered BUSY after the Start condition. 

• Example 2: A START command triggers the processing of the initialization sequence.

Bit Numbering
Bits are numbered from 0 to n–1 where n indicates the total number of bits. For example, 
the 8 bits of a register are numbered from 0 to 7.

Safeguards
It is important that all users understand the following safety terms, which are defined here.

Indicates a procedure or file may become corrupted if the user does not fol-
low directions.

Trademarks
ZiLOG, eZ8, Z8 Encore!, and Z8 are trademarks of ZiLOG, Inc. in the U.S.A. and other 
countries. All other trademarks are the property of their respective corporations.

Caution:
PS017610-0404 Manual Objectives
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• 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 4KB

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

• Pipelined instruction fetch and execution

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

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

• Up to 10 MIPS operation 

• C-Compiler friendly

• 2-9 clock cycles per instruction

For more information regarding the eZ8 CPU, refer to the eZ8 CPU User Manual avail-
able for download at www.zilog.com.

General Purpose I/O
The Z8 Encore!® features seven 8-bit ports (Ports A-G) and one 4-bit port (Port H) for 
general purpose I/O (GPIO). Each pin is individually programmable. 

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

10-Bit Analog-to-Digital Converter
The Analog-to-Digital Converter (ADC) converts an analog input signal to a 10-bit binary 
number. The ADC accepts inputs from up to 12 different analog input sources.

UARTs
Each UART is full-duplex and capable of handling asynchronous data transfers. The 
UARTs support 8- and 9-bit data modes and selectable parity.

I2C
The inter-integrated circuit (I2C®) controller makes the Z8 Encore!® compatible with the 
I2C protocol. The I2C controller consists of two bidirectional bus lines, a serial data (SDA) 
line and a serial clock (SCL) line. 
PS017610-0404 Introduction
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System and Short Resets
During a System Reset, the Z8F640x family device is held in Reset for 514 cycles of the 
Watch-Dog Timer oscillator followed by 16 cycles of the system clock (crystal oscillator). 
A Short Reset differs from a System Reset only in the number of Watch-Dog Timer oscil-
lator cycles required to exit Reset. A Short Reset requires only 66 Watch-Dog Timer oscil-
lator cycles. Unless specifically stated otherwise, System Reset and Short Reset are 
referred to collectively as Reset.

During Reset, the eZ8 CPU and on-chip peripherals are idle; however, the on-chip crystal 
oscillator and Watch-Dog Timer oscillator continue to run. The system clock begins oper-
ating following the Watch-Dog Timer oscillator cycle count. The eZ8 CPU and on-chip 
peripherals remain idle through the 16 cycles of the system clock. 

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

Reset Sources

Table 8 lists the reset sources and type of Reset as a function of the Z8F640x family 
device operating mode. The text following provides more detailed information on the indi-
vidual Reset sources. Please note that Power-On Reset / Voltage Brown-Out events always 
have priority over all other possible reset sources to insure a full system reset occurs.

Table 8. Reset Sources and Resulting Reset Type

Operating Mode Reset Source Reset Type

Normal or Halt modes Power-On Reset / Voltage Brown-Out System Reset

Watch-Dog Timer time-out
when configured for Reset

Short Reset

RESET pin assertion Short Reset

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

System Reset except the On-Chip Debugger is 
unaffected by the reset

Stop mode Power-On Reset / Voltage Brown-Out System Reset

RESET pin assertion System Reset

DBG pin driven Low System Reset
PS017610-0404 Reset and Stop Mode Recovery



Z8F640x/Z8F480x/Z8F320x/Z8F240x/Z8F160x
Z8 Encore!®

46
Architecture

Figure 65 illustrates a block diagram of the interrupt controller.

Figure 65. Interrupt Controller Block Diagram

Operation

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

Interrupts are globally enabled by any of the following actions:
• Execution of an EI (Enable Interrupt) instruction
• Execution of an IRET (Return from Interrupt) instruction
• Writing a 1 to the IRQE bit in the Interrupt Control register

Interrupts are globally disabled by any of the following actions:
• Execution of a DI (Disable Interrupt) instruction
• eZ8 CPU acknowledgement of an interrupt service request from the interrupt 

controller
• Writing a 0 to the IRQE bit in the Interrupt Control register
• Reset
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– Disable the timer
– Configure the timer for PWM mode.
– Set the prescale value.
– Set the initial logic level (High or Low) and PWM High/Low transition for the 

Timer Output alternate function.

2. Write to the Timer High and Low Byte registers to set the starting count value 
(typically 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 desired, enable the timer interrupt and set the timer interrupt priority by writing to 
the relevant interrupt registers.

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

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

The PWM period is given by the following equation:

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

If TPOL is set to 0, the ratio of the PWM output High time to the total period is given by:

If TPOL is set to 1, the ratio of the PWM output High time to the total period is given by:

Capture Mode
In Capture mode, the current timer count value is recorded when the desired external 
Timer Input transition occurs. The Capture count value is written to the Timer PWM High 
and Low Byte Registers. The timer input is the system clock. The TPOL bit in the Timer 
Control register determines if the Capture occurs on a rising edge or a falling edge of the 

PWM Period (s) Reload Value Prescale×
System Clock Frequency (Hz)
----------------------------------------------------------------------------=

PWM Output High Time Ratio (%) Reload Value PWM Value–
Reload Value

------------------------------------------------------------------------ 100×=

PWM Output High Time Ratio (%) PWM Value
Reload Value
---------------------------------- 100×=
PS017610-0404 Timers
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0 = Disable Multiprocessor mode.
1 = Enable Multiprocessor mode.

MPE—Multiprocessor Enable 
0 = The UART processes all received data bytes.
1 = The UART processes only data bytes in which the multiprocessor data bit (9th bit) is 
set to 1.

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

Reserved
These bits are reserved and must be 0.

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. The associated DMA will still be notified that 
received data is available.

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

UARTx Baud Rate High and Low Byte Registers
The UARTx Baud Rate High and Low Byte registers (Tables 56 and 57) combine to create 
a 16-bit baud rate divisor value (BRG[15:0]) that sets the data transmission rate (baud 
rate) of the UART. 

Table 56. UARTx Baud Rate High Byte Register (UxBRH)

BITS 7 6 5 4 3 2 1 0

FIELD BRH

RESET 1 1 1 1 1 1 1 1

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

ADDR F46H and F4EH
PS017610-0404 UART
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The Master and Slave are each capable of exchanging a byte of data during a sequence of 
eight clock cycles. In both Master and Slave SPI devices, data is shifted 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 (SS) input signal is used to select a Slave SPI device. SS 
must be Low prior to all data communication to and from the Slave device. SS must stay 
Low for the full duration of each character transferred. The SS signal may stay Low dur-
ing the transfer of multiple characters or may deassert between each character.

When the SPI on the Z8F640x family device is configured as the only Master in an SPI 
system, the SS pin can be set as either an input or an output. For communication between 
the Z8F640x family device SPI Master and external Slave devices, the SS signal, as an 
output, can assert the SS input pin on one of the Slave devices. Other GPIO output pins 
can also be employed to select external SPI Slave devices.

When the SPI on the Z8F640x family device is configured as one Master in a multi-master 
SPI system, the SS pin on the should be set as an input. The SS input signal on the Master 
must be High. If the SS signal goes Low (indicating another Master is driving the SPI 
bus), a Mode Fault error flag is set in the SPI Status register.

SPI Clock Phase and Polarity Control
The SPI supports four combinations of serial clock phase and polarity using 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 59 lists the SPI Clock Phase and 
Polarity Operation parameters. The clock phase bit, PHASE, selects one of two fundamen-
tally different transfer formats. For proper data transmission, the clock phase and polarity 
must be identical for the SPI Master and the SPI Slave. The Master always places data on 
the MOSI line a half-cycle before the clock edge (SCK signal), in order for the Slave to 
latch the data. 
Table 59. SPI Clock Phase (PHASE) and Clock Polarity (CLKPOL) Operation

PHASE CLKPOL

SCK
Transmit

Edge

SCK
Receive

Edge

SCK
Idle
State

0 0 Falling Rising Low

0 1 Rising Falling High

1 0 Rising Falling Low

1 1 Falling Rising High
PS017610-0404 Serial Peripheral Interface
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DMA Status Register
The DMA Status register indicates the DMA channel that generated the interrupt and the 
ADC Analog Input that is currently undergoing conversion. Reads from this register reset 
the Interrupt Request Indicator bits (IRQA, IRQ1, and IRQ0) to 0. Therefore, software 
interrupt service routines that read this register must process all three interrupt sources 
from the DMA. 

CADC[3:0]—Current ADC Analog Input
This field identifies the Analog Input that the ADC is currently converting.

Reserved
This bit is reserved and must be 0.

IRQA—DMA_ADC Interrupt Request Indicator
This bit is automatically reset to 0 each time a read from this register occurs.
0 = DMA_ADC is not the source of the interrupt from the DMA Controller.
1 = DMA_ADC completed transfer of data from the last ADC Analog Input and generated 
an interrupt.

IRQ1—DMA1 Interrupt Request Indicator
This bit is automatically reset to 0 each time a read from this register occurs.
0 = DMA1 is not the source of the interrupt from the DMA Controller.
1 = DMA1 completed transfer of data to/from the End Address and generated an interrupt.

IRQ0—DMA0 Interrupt Request Indicator
This bit is automatically reset to 0 each time a read from this register occurs.
0 = DMA0 is not the source of the interrupt from the DMA Controller.
1 = DMA0 completed transfer of data to/from the End Address and generated an interrupt.

Table 79. DMA_ADC Status Register (DMAA_STAT)

BITS 7 6 5 4 3 2 1 0

FIELD CADC[3:0] Reserved IRQA IRQ1 IRQ0

RESET 0 0 0 0 0 0 0 0

R/W R R R R R R R R

ADDR FBFH
PS017610-0404 Direct Memory Access Controller
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Figure 83. Analog-to-Digital Converter Block Diagram

Operation

Automatic Power-Down
If the ADC is idle (no conversions in progress) for 160 consecutive system clock cycles, 
portions of the ADC are automatically powered-down. From this power-down state, the 
ADC requires 40 system clock cycles to power-up. The ADC powers up when a conver-
sion is requested using the ADC Control register.

Single-Shot Conversion
When configured for single-shot conversion, the ADC performs a single analog-to-digital 
conversion on the selected analog input channel. After completion of the conversion, the 
ADC shuts down. The steps for setting up the ADC and initiating a single-shot conversion 
are as follows:

Analog-to-Digital
Converter

ANA0
ANA1
ANA2
ANA3
ANA4
ANA5
ANA6
ANA7
ANA8
ANA9
ANA10
ANA11

Analog Input
Multiplexer

ANAIN[3:0]

Internal Voltage
Reference Generator

VREF

Analog Input

Reference Input
PS017610-0404 Analog-to-Digital Converter
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Flash Control Register Definitions

Flash Control Register
The Flash Controller must be unlocked via the Flash Control register before programming 
or erasing the Flash memory. Writing the sequence 73H 8CH, sequentially, to the Flash 
Control register unlocks the Flash Controller. When the Flash Controller is unlocked, writ-
ing to the Flash Control register can initiate either Page Erase or Mass Erase of the Flash 
memory. Writing an invalid value or an invalid sequence returns the Flash Controller to its 
locked state. The Write-only Flash Control Register shares its Register File address with 
the Read-only Flash Status Register.

FCMD—Flash Command
73H = First unlock command.
8CH = Second unlock command.
95H = Page erase command (must be third command in sequence to initiate Page Erase).
63H = Mass erase command (must be third command in sequence to initiate Mass Erase).

Table 85. Flash Control Register (FCTL)

BITS 7 6 5 4 3 2 1 0

FIELD FCMD

RESET 0 0 0 0 0 0 0 0

R/W W W W W W W W W

ADDR FF8H
PS017610-0404 Flash Memory
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Flash Frequency High and Low Byte Registers
The Flash Frequency High and Low Byte registers combine to form a 16-bit value, 
FFREQ, to control timing for Flash program and erase operations. The 16-bit binary Flash 
Frequency value must contain the system clock frequency (in kHz) and is calculated using 
the following equation:.

Flash programming and erasure is not supported for system clock frequen-
cies below 32KHz (32768Hz) or above 20MHz. The Flash Frequency
High and Low Byte registers must be loaded with the correct value to in-
sure proper operation of the Z8F640x family device.

FFREQH—Flash Frequency High Byte
High byte of the 16-bit Flash Frequency value.

FFREQL—Flash Frequency Low Byte
Low byte of the 16-bit Flash Frequency value.

Table 88. Flash Frequency High Byte Register (FFREQH)

BITS 7 6 5 4 3 2 1 0

FIELD FFREQH

RESET 0 0 0 0 0 0 0 0

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

ADDR FFAH

Table 89. Flash Frequency Low Byte Register (FFREQL)

BITS 7 6 5 4 3 2 1 0

FIELD FFREQL

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

ADDR FFBH

FFREQ[15:0] FFREQH[7:0],FFREQL[7:0]{ } System Clock Frequency
1000

---------------------------------------------------------------= =

Caution:
PS017610-0404 Flash Memory
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Figure 92 illustrates the typical current consumption in Halt mode while operating at 
25ºC, 3.3V, versus the system clock frequency. 

Figure 92. Nominal Halt Mode ICC Versus System Clock Frequency
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.

Table 116 contains additional symbols that are used throughout the Instruction Summary 
and Instruction Set Description sections.

Table 115. 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 eZ8 CPU User 
Manual.

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, 2, 4, 6, 8, 10, 12, or 14

IRR Indirect Register Pair @Reg Reg. represents an even number in the range 00H to 
FEH

p Polarity p Polarity is a single bit binary value of either 0B or 1B.

r Working Register Rn n = 0 – 15

R Register Reg Reg. represents a number in the range of 00H to FFH

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, 2, 4, 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 a +127 to -128 
range.
PS017610-0404 eZ8 CPU Instruction Set
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Z8 Encore! with 64KB Flash, Standard Temperature

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 PDIP-40 Z8F6401PM020SC

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 LQFP-44 Z8F6401AN020SC

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 PLCC-44 Z8F6401VN020SC

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 LQFP-64 Z8F6402AR020SC

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 PLCC-68 Z8F6402VS020SC

Z8 Encore!® 64 (65,536) 4 (4096) 20 0 to +70 3.0 - 3.6 QFP-80 Z8F6403FT020SC

Z8 Encore!® with 16KB Flash, Extended Temperature

Z8 Encore!® 16 (16,384) 2 (2048) 20 -40 to +105 3.0 - 3.6 PDIP-40 Z8F1601PM020EC

Z8 Encore!® 16 (16,384) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-44 Z8F1601AN020EC

Z8 Encore!® 16 (16,384) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-44 Z8F1601VN020EC

Z8 Encore!® 16 (16,384) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-64 Z8F1602AR020EC

Z8 Encore!® 16 (16,384) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-68 Z8F1602VS020EC

Z8 Encore!® with 24KB Flash, Extended Temperature

Z8 Encore!® 24 (24,576) 2 (2048) 20 -40 to +105 3.0 - 3.6 PDIP-40 Z8F2401PM020EC

Z8 Encore!® 24 (24,576) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-44 Z8F2401AN020EC

Z8 Encore!® 24 (24,576) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-44 Z8F2401VN020EC

Z8 Encore!® 24 (24,576) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-64 Z8F2402AR020EC

Z8 Encore!® 24 (24,576) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-68 Z8F2402VS020EC

Z8 Encore! with 32KB Flash, Extended Temperature

Z8 Encore!® 32 (32,768) 2 (2048) 20 -40 to +105 3.0 - 3.6 PDIP-40 Z8F3201PM020EC

Z8 Encore!® 32 (32,768) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-44 Z8F3201AN020EC

Z8 Encore!® 32 (32,768) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-44 Z8F3201VN020EC

Z8 Encore!® 32 (32,768) 2 (2048) 20 -40 to +105 3.0 - 3.6 LQFP-64 Z8F3202AR020EC

Z8 Encore!® 32 (32,768) 2 (2048) 20 -40 to +105 3.0 - 3.6 PLCC-68 Z8F3202VS020EC

Table 128. Ordering Information (Continued)

Part
Flash

KB (Bytes)
RAM

KB (Bytes)
Max. Speed

(MHz)
Temp
(0C)

Voltage
(V) Package Part Number
PS017610-0404 Ordering Information
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