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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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Figure 6. Z8 Encore! XP F64xx Series in 68-Pin Plastic Leaded Chip Carrier (PLCC)
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Power-On Reset

Each device in the Z8 Encore! XP F64xx Series contains an internal Power-On Reset cir-
cuit. The POR circuit monitors the supply voltage 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 threshold (VPOR), the POR Counter is enabled and counts 66 cycles of 
the Watchdog Timer oscillator. After the POR counter times out, the XTAL Counter is 
enabled to count a total of 16 system clock pulses. The devices are held in the Reset state 
until both the POR Counter and XTAL counter have timed out. After the Z8 Encore! XP 
F64xx Series devices exit the Power-On Reset state, the eZ8 CPU fetches the Reset vector. 
Following Power-On Reset, the POR status bit in the Watchdog Timer Control 
(WDTCTL) Register is set to 1.

Figure 8 displays Power-On Reset operation. For the POR threshold voltage (VPOR), see 
the Electrical Characteristics chapter on page 200.

Figure 8. Power-On Reset Operation
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Architecture

Figure 10 displays a simplified block diagram of a GPIO port pin. In this figure, the ability 
to accommodate alternate functions and variable port current drive strength are not illus-
trated.

GPIO Alternate Functions

Many of the GPIO port pins can be used as both general-purpose I/O and to provide access 
to on-chip peripheral functions such as the timers and serial communication devices. The 
Port A–H Alternate Function subregisters configure these pins for either general-purpose 
I/O or alternate function operation. When a pin is configured for alternate function, control 
of the port pin direction (input/output) is passed from the Port A–H Data Direction regis-
ters to the alternate function assigned to this pin. Table 12 lists the alternate functions 
associated with each port pin.

Figure 10. GPIO Port Pin Block Diagram
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Port A–H Output Control Subregisters

The Port A–H Output Control Subregister, shown in Table 18, is accessed through the Port 
A–H Control Register by writing 03H to the Port A–H Address Register. Setting the bits in 
the Port A–H Output Control subregisters to 1 configures the specified port pins for open-
drain operation. These subregisters affect the pins directly and, as a result, alternate func-
tions are also affected.

Table 18. Port A–H Output Control Subregisters

Bit 7 6 5 4 3 2 1 0

Field POC7 POC6 POC5 POC4 POC3 POC2 POC1 POC0

RESET 0

R/W R/W

Address See note.

Note: If a 03H exists in the Port A–H Address Register, it is accessible through the Port A–H Control Register.

Bit Description 

[7:0]
POCx

Port Output Control
These bits function independently of the alternate function bit and disables 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].
PS019924-0113 P R E L I M I N A R Y GPIO Control Register Definitions
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Table 35. IRQ2 Enable Low Bit Register (IRQ2ENL)

Bit 7 6 5 4 3 2 1 0

Field T3ENL U1RENL U1TENL DMAENL C3ENL C2ENL C1ENL C0ENL

RESET 0

R/W R/W

Address FC8H

Bit Description 

[7]
T3ENL

Timer 3 Interrupt Request Enable Low Bit

[6]
U1RENL

UART 1 Receive Interrupt Request Enable Low Bit

[5]
U1TENL

UART 1 Transmit Interrupt Request Enable Low Bit

[4]
DMAENL

DMA Interrupt Request Enable Low Bit

[3]
C3ENL

Port C3 Interrupt Request Enable Low Bit

[2]
C2ENL

Port C2 Interrupt Request Enable Low Bit

[1]
C1ENL

Port C1 Interrupt Request Enable Low Bit

[0]
C0ENL

Port C0 Interrupt Request Enable Low Bit
PS019924-0113 P R E L I M I N A R Y Interrupt Control Register Definitions
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Operation

The timers are 16-bit up-counters. Minimum time-out delay is set by loading the value 
0001H into the Timer Reload High and Low Byte registers and setting the prescale value 
to 1. Maximum time-out delay is set by loading the value 0000H into the Timer Reload 
High and Low Byte registers and setting the prescale value to 128. If the Timer reaches 
FFFFH, the timer rolls over to 0000H and continues counting.

Timer Operating Modes

The timers can be configured to operate in the following modes:

ONE-SHOT Mode

In ONE-SHOT Mode, the timer counts up to the 16-bit reload value stored in the Timer 
Reload High and Low Byte registers. The timer input is the system clock. Upon reaching 
the reload value, the timer generates an interrupt and the count value in the Timer High 
and Low Byte registers is reset to 0001H. Then, the timer is automatically disabled and 
stops counting. 

Also, if the timer output alternate function is enabled, the timer output pin changes state 
for one system clock cycle (from Low to High or from High to Low) upon timer reload. If 

Figure 12. Timer Block Diagram
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– Disable the timer

– Configure the timer for CONTINUOUS Mode

– Set the prescale value

– If using the timer output alternate function, set the initial output level (High or 
Low)

2. Write to the Timer High and Low Byte registers to set the starting count value (usually 
0001H), affecting only the first pass in CONTINUOUS Mode. After the first timer 
reload in CONTINUOUS Mode, counting always begins at the reset value of 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. 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 to enable the timer and initiate counting.

In CONTINUOUS Mode, the system clock always provides the timer input. The timer 
period is calculated using 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 time-out 
period.

COUNTER Mode

In COUNTER Mode, the timer counts input transitions from a GPIO port pin. The timer 
input is taken from the GPIO port pin timer input alternate function. The TPOL bit in the 
Timer Control 1 Register selects whether the count occurs on the rising edge or the falling 
edge of the timer input signal. In COUNTER Mode, the prescaler is disabled.

The input frequency of the timer input signal must not exceed one-fourth the system 
clock frequency.

Upon reaching the reload value stored in the Timer Reload High and Low Byte registers, 
the timer generates an interrupt, the count value in the Timer High and Low Byte registers 
is reset to 0001H and counting resumes. Also, if the timer output alternate function is 

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

Caution:
PS019924-0113 P R E L I M I N A R Y Operation
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Timer 0–3 Control 0 Registers

The Timer 0–3 Control 0 (TxCTL0) registers, shown in Tables 45 and 46, allow cascading 
of the timers.

Table 45. Timer 0–3 Control 0 Register (TxCTL0)

Bit 7 6 5 4 3 2 1 0

Field Reserved CSC Reserved

RESET 0

R/W R/W

Address F06H, F0EH, F16H, F1EH

Bit Description 

[7:5] Reserved
These bits are reserved and must be programmed to 000.

[4]
CSC

Cascade Timers
0 = Timer input signal comes from the pin. 
1 = For Timer 0, the input signal is connected to Timer 3 output.

For Timer 1, the input signal is connected to the Timer 0 output.
For Timer 2, the input signal is connected to the Timer 1 output.
For Timer 3, the input signal is connected to the Timer 2 output.

[3:0] Reserved
These bits are reserved and must be programmed to 0000.
PS019924-0113 P R E L I M I N A R Y Timer Control Register Definitions



Z8 Encore! XP® F64xx Series
Product Specification

155
DMAx Address High Nibble Register

The DMAx Address High Register, shown in Table 80, specifies the upper four bits of 
address for the Start/Current and End addresses of DMAx.

Table 80. DMAx Address High Nibble Register (DMAxH)

Bit 7 6 5 4 3 2 1 0

Field DMA_END_H DMA_START_H

RESET X

R/W R/W

Address FB2H, FBAH

Bit Description 

[7:4]
DMA_END_H

DMAx End Address High Nibble
These bits, used with the DMAx End Address Low Register, form a 12-bit End Address. 
The full 12-bit address is provided by {DMA_END_H[3:0], DMA_END[7:0]}.

[3:0]
DMA_START_H

DMAx Start/Current Address High Nibble
These bits, used with the DMAx Start/Current Address Low Register, form a 12-bit Start/
Current Address. The full 12-bit address is provided by {DMA_START_H[3:0], 
DMA_START[7:0]}.
PS019924-0113 P R E L I M I N A R Y DMA Control Register Definitions
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The write-only Flash Control Register shares its Register File address with the read-only 
Flash Status Register.

Table 93. Flash Control Register (FCTL)

Bit 7 6 5 4 3 2 1 0

Field FCMD

RESET 0

R/W W

Address FF8H

Bit Description 

[7:0]
FCMD

Flash Command*
73H = First unlock command.
8CH = Second unlock command.
95H = Page erase command.
63H = Mass erase command
5EH = Flash Sector Protect Register select.

Note: *All other commands, or any command out of sequence, lock the Flash Controller.
PS019924-0113 P R E L I M I N A R Y Flash Control Register Definitions
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In the following list of OCD commands, 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. 

Table 102. On-Chip Debugger Commands 

Debug Command
Command 

Byte 

Enabled when 
NOT in DEBUG 

Mode? Disabled by Read Protect Option Bit

Read OCD Revision 00H Yes —

Read OCD Status 
Register

02H Yes —

Read Runtime Counter 03H — —

Write OCD Control 
Register

04H Yes Cannot clear DBGMODE bit

Read OCD Control 
Register

05H Yes —

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 — Disabled

Read Data Memory 0DH — Disabled

Read Program Memory 
CRC

0EH — —

Reserved 0FH — —

Step Instruction 10H — Disabled

Stuff Instruction 11H — Disabled

Execute Instruction 12H — Disabled

Reserved 13H–FFH — —
PS019924-0113 P R E L I M I N A R Y On-Chip Debugger Commands
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Figure 43 displays the typical active mode current consumption while operating at 25 ºC 
plotted opposite the system clock frequency. All GPIO pins are configured as outputs and 
driven High.

Figure 43. Typical Active Mode IDD vs. System Clock Frequency
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I2C Timing

Figure 55 and Table 120 provide timing information for I2C pins.

Figure 55. I2C Timing

Table 120. I2C Timing 

Parameter Abbreviation

Delay (ns)

Minimum Maximum

I2C

T1 SCL Fall to SDA output delay SCL period/4

T2 SDA Input to SCL rising edge Setup Time 0

T3 SDA Input to SCL falling edge Hold Time 0

SCL

SDA

T1

(Output)

SDA

T2

nput)

Output Data

Input Data

(Output)

T3
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Assembly Language Source Program Example

Assembly Language Syntax

For proper instruction execution, eZ8 CPU assembly language syntax requires that the 
operands be written as destination, source. After assembly, the object code usually pres-
ents the operands in the source, destination order; however, ordering is op code-depen-
dent. The following instruction examples illustrate the format of some basic assembly 
instructions and the resulting object code produced by the assembler. This binary format 
must be followed if you prefer manual program coding or intend to implement your own 
assembler.

Example 1. If the contents of Registers 43H and 08H are added and the result is stored in 
43H, the assembly syntax and resulting object code result is shown in Table 123.

Example 2. In general, when an instruction format requires an 8-bit register address, that 
address can specify any register location in the range 0–255 or, using Escaped Mode 
Addressing, a Working Register R0–R15. If the contents of Register 43H and Working 
Register R8 are added and the result is stored in 43H, the assembly syntax and resulting 
object code result is shown in Table 124.

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.

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.

Table 123. Assembly Language Syntax Example 1

Assembly Language Code ADD 43H, 08H (ADD dst, src)

Object Code 04 08 43 (OPC src, dst)
PS019924-0113 P R E L I M I N A R Y Assembly Language Syntax
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Figure 60. First Op Code Map
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Hex Address: F09

Hex Address: F0A

Hex Address: F0B

Hex Address: F0C

Table 147. Timer 0–3 Low Byte Register (TxL)

Bit 7 6 5 4 3 2 1 0

Field TL

RESET 0 1

R/W R/W

Address F01H, F09H, F11H, F19H

Table 148. Timer 0–3 Reload High Byte Register (TxRH)

Bit 7 6 5 4 3 2 1 0

Field TRH

RESET 1

R/W R/W

Address F02H, F0AH, F12H, F1AH

Table 149. Timer 0–3 Reload Low Byte Register (TxRL)

Bit 7 6 5 4 3 2 1 0

Field TRL

RESET 1

R/W R/W

Address F03H, F0BH, F13H, F1BH

Table 150. Timer 0–3 PWM High Byte Register (TxPWMH)

Bit 7 6 5 4 3 2 1 0

Field PWMH

RESET 0

R/W R/W

Address F04H, F0CH, F14H, F1CH
PS019924-0113 P R E L I M I N A R Y Timer 0
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Hex Address: F19

Hex Address: F1A

Hex Address: F1B

Hex Address: F1C

Table 163. Timer 0–3 Low Byte Register (TxL)

Bit 7 6 5 4 3 2 1 0

Field TL

RESET 0 1

R/W R/W

Address F01H, F09H, F11H, F19H

Table 164. Timer 0–3 Reload High Byte Register (TxRH)

Bit 7 6 5 4 3 2 1 0

Field TRH

RESET 1

R/W R/W

Address F02H, F0AH, F12H, F1AH

Table 165. Timer 0–3 Reload Low Byte Register (TxRL)

Bit 7 6 5 4 3 2 1 0

Field TRL

RESET 1

R/W R/W

Address F03H, F0BH, F13H, F1BH

Table 166. Timer 0–3 PWM High Byte Register (TxPWMH)

Bit 7 6 5 4 3 2 1 0

Field PWMH

RESET 0

R/W R/W

Address F04H, F0CH, F14H, F1CH
PS019924-0113 P R E L I M I N A R Y Timer 0
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Ordering Information

Order your F64xx Series products from Zilog using the part numbers shown in Table 271. 
For more information about ordering, please consult your local Zilog sales office. The 
Sales Location page on the Zilog website lists all regional offices.

Table 271. Z8 Encore! XP F64xx Series Ordering Matrix
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Description

Z8F642x with 64 KB Flash, 10-Bit Analog-to-Digital Converter

Standard Temperature: 0°C to 70°C

Z8F6421PM020SG 64 KB 2 KB 29 23 3 8 1 1 2 PDIP 40-pin package

Z8F6421AN020SG 64 KB 4 KB 31 23 3 8 1 1 2 LQFP 44-pin package

Z8F6421VN020SG 64 KB 4 KB 31 23 3 8 1 1 2 PLCC 44-pin package

Z8F6422AR020SG 64 KB 4 KB 46 24 4 12 1 1 2 LQFP 64-pin package

Z8F6422VS020SG 64 KB 4 KB 46 24 4 12 1 1 2 PLCC 68-pin package

Z8F6423FT020SG 64 KB 4 KB 60 24 4 12 1 1 2 QFP 80-pin package

Extended Temperature: –40°C to +105°C

Z8F6421PM020EG 64 KB 2 KB 29 23 3 8 1 1 2 PDIP 40-pin package

Z8F6421AN020EG 64 KB 4 KB 31 23 3 8 1 1 2 LQFP 44-pin package

Z8F6421VN020EG 64 KB 4 KB 31 23 3 8 1 1 2 PLCC 44-pin package

Z8F6422AR020EG 64 KB 4 KB 46 24 4 12 1 1 2 LQFP 64-pin package

Z8F6422VS020EG 64 KB 4 KB 46 24 4 12 1 1 2 PLCC 68-pin package

Z8F6423FT020EG 64 KB 4 KB 60 24 4 12 1 1 2 QFP 80-pin package

Automotive/Industrial Temperature: –40°C to +125°C

Z8F6421PM020AG 64 KB 2 KB 29 23 3 8 1 1 2 PDIP 40-pin package

Z8F6421AN020AG 64 KB 4 KB 31 23 3 8 1 1 2 LQFP 44-pin package

Z8F6421VN020AG 64 KB 4 KB 31 23 3 8 1 1 2 PLCC 44-pin package

Z8F6422AR020AG 64 KB 4 KB 46 24 4 12 1 1 2 LQFP 64-pin package

Z8F6422VS020AG 64 KB 4 KB 46 24 4 12 1 1 2 PLCC 68-pin package

Z8F6423FT020AG 64 KB 4 KB 60 24 4 12 1 1 2 QFP 80-pin package
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