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Braces

The curly braces, { }, indicate a single register or bus created by concatenating some com-
bination of smaller registers, buses, or individual bits.

* Example: the 12-bit register address {oH, RP[7:4], R1[3:0]} is composed of a 4-hit
hexadecimal value (oH) and two 4-bit register values taken from the Register Pointer
(RP) and Working Register R1. oH is the most significant nibble (4-bit value) of the
12-bit register, and R1[3:0] is the least significant nibble of the 12-bit register.

Parentheses

The parentheses, (), indicate an indirect register address lookup.

e Example: (R1) is the memory location referenced by the address contained in the
Working Register R1.

Parentheses/Bracket Combinations

The parentheses, (), indicate an indirect register address lookup and the square brackets,
[ 1, indicate a register or bus.

e Example: assume PC[15:0] contains the value 1234h. (PC[15:0]) then refers to the
contents of the memory location at address 1234h.
Use of the Words Set, Reset and Clear

The word set implies that a register bit or a condition contains a logical 1. The words reset
or clear imply that a register bit or a condition contains a logical 0. When either of these
terms is followed by a number, the word logical may not be included; however, it is
implied.

Notation for Bits and Similar Registers

A field of bits within a register is designated as: Register[n:n].

e Example: ADDR[15:0] refers to bits 15 through bit O of the Address.

Use of the Terms LSB, MSB, Isb, and msb

In this document, the terms LSB and MSB, when appearing in upper case, mean least sig-
nificant byte and most significant byte, respectively. The lowercase forms, Ish and msb,
mean least significant bit and most significant bit, respectively.

Use of Initial Uppercase Letters

Initial uppercase letters designate settings, modes, and conditions in general text.

e Example 1: Stop mode.

* Example 2: The receiver forces the SCL line to Low.

* The Master can generate a Stop condition to abort the transfer.

PS017610-0404 Manual Objectives
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Block Diagram
Figure 55 illustrates the block diagram of the architecture of the Z8 Encore!™
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Figure 55. Z8 Encore!® Block Diagram

CPU and Peripheral Overview

eZ8 CPU Features

PS017610-0404

The eZ8, 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 eZ8 CPU features include:

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

Introduction
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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 Recover source, a change in the input pin value
(from High to Low or from Low to High) initiates Stop Mode Recovery. In the Watch-Dog
Timer Control register, the STOP bit is set to 1.

A Caution: In Stop mode, the GPI1O Port Input Data registers (PxIN) are disabled. The
Port Input Data registers record the Port transition only if the signal stays
on the Port pin through the end of the STOP Mode Recovery delay. Thus,
short pulses on the Port pin can initiate STOP Mode Recovery without be-
ing written to the Port Input Data register or without initiating an interrupt
(if enabled for that pin).

PS017610-0404 Reset and Stop Mode Recovery
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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 11 lists the alternate functions asso-
ciated with each port pin.

Table 11. Port Alternate Function Mapping

Port Pin Mnemonic Alternate Function Description
Port A PAO TOIN Timer 0 Input

PA1 TOOUT Timer 0 Output

PA2 N/A No alternate function

PA3  CTSO UART 0 Clear to Send

PA4 RXDO0O/IRRX0 UART 0/ IrDA 0 Receive Data
PA5 TXDO/IRTX0 UART O/ IrDA 0 Transmit Data

PAG SCL 12C Clock (automatically open-drain)

PA7 SDA 12C Data (automatically open-drain)
PortB  PBO ANAO ADC Analog Input 0

PB1 ANA1 ADC Analog Input 1

PB2 ANA2 ADC Analog Input 2

PB3 ANA3 ADC Analog Input 3

PB4 ANA4 ADC Analog Input 4

PB5 ANA5 ADC Analog Input 5

PB6 ANAG ADC Analog Input 6

PB7 ANA7 ADC Analog Input 7
PortC PCO T1IN Timer 1 Input

PC1 T10UT Timer 1 Output

PC2 SS SPI Slave Select

PC3 SCK SPI Serial Clock

PC4 MOSI SPI Master Out Slave In

PC5 MISO SPI Master In Slave Out

PC6 T2IN Timer 2 In

PC7 T20UT Timer 2 Out (not available in 40-pin packages)

PS017610-0404 General-Purpose 1/0
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Table 11. Port Alternate Function Mapping (Continued)

Port Pin Mnemonic Alternate Function Description

PortD  PDO T3IN Timer 3 In (not available in 40- and 44-pin packages)
PD1 T30UT Timer 3 Out (not available in 40- and 44-pin packages)
PD2 N/A No alternate function
PD3 N/A No alternate function

PD4 RXD1/IRRX1 UART 1/ IrDA 1 Receive Data
PD5 TXD1/IRTX1 UART 1/IrDA 1 Transmit Data

PD6  CTSI UART 1 Clear to Send
PD7 RCOUT Watch-Dog Timer RC Oscillator Output
PortE  PE[7:0] N/A No alternate functions
Port F  PF[7:0] N/A No alternate functions
Port G  PG[7:0] N/A No alternate functions
PortH PHO ANAS ADC Analog Input 8
PH1  ANA9 ADC Analog Input 9
PH2 ANA10 ADC Analog Input 10
PH3 ANA11 ADC Analog Input 11

GPIO Interrupts

Many of the GPIO port pins can be used as interrupt sources. Some port pins may be con-
figured to generate an interrupt request on either the rising edge or falling edge of the pin
input signal. Other port pin interrupts generate an interrupt when any edge occurs (both
rising and falling). Refer to the Interrupt Controller chapter for more information on
interrupts using the GPI1O pins.

GPIO Control Register Definitions

Four registers for each Port provide access to GPIO control, input data, and output data.
Table 12 lists these Port registers. Use the Port A-H Address and Control registers together
to provide access to sub-registers for Port configuration and control.

PS017610-0404 General-Purpose 1/0
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Port A-H Data Direction Sub-Registers

The Port A-H Data Direction sub-register is accessed through the Port A-H Control regis-
ter by writing 01H to the Port A-H Address register (Table 15).

Table 15. Port A-H Data Direction Sub-Registers

BITS 7 6 5 4 g 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/IW R/W R/W R/IW R/IW R/IW R/W
ADDR If 01H in Port A-H Address Register, accessible via Port A-H Control Register
DD[7:0]—Data Direction
These bits control the direction of the associated port pin. Port Alternate Function opera-
tion overrides the Data Direction register setting.
0 = Output. Data in the Port A-H Output Data register is driven onto the port pin.
1 = Input. The port pin is sampled and the value written into the Port A-H Input Data Reg-
ister. The output driver is tri-stated.
Port A-H Alternate Function Sub-Registers
The Port A-H Alternate Function sub-register (Table 16) is accessed through the Port A-H
Control register by writing 02H to the Port A-H Address register. The Port A-H Alternate
Function sub-registers select the alternate functions for the selected pins. Refer to the
GPIO Alternate Functions section to determine the alternate function associated with
each port pin.

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

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

Table 16. Port A-H Alternate Function Sub-Registers

BITS 7 6 5 4 8 2 1 0
EIELD AF7 AF6 AF5 AF4 AF3 AF2 AF1 AF0
RESET 0 0 0 0 0 0 0 0

R/W R/W R/W RIW RIW R/W RIW RIW RIW
ADDR If 02H in Port A-H Address Register, accessible via Port A-H Control Register

PS017610-0404 General-Purpose 1/0
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Architecture

Figure 65 illustrates a block diagram of the interrupt controller.
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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 El (Enable Interrupt) instruction

¢ Execution of an IRET (Return from Interrupt) instruction

* Writing a 1 to the TRQE bit in the Interrupt Control register

Interrupts are globally disabled by any of the following actions:

¢ Execution of a DI (Disable Interrupt) instruction

* 78 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

PS017610-0404 Interrupt Controller
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UARTX Receive Data Register

Data bytes received through the RXDx pin are stored in the UARTx Receive Data register
(Table 51). The Read-only UARTXx Receive Data register shares a Register File address
with the Write-only UARTX Transmit Data register.

Table 51. UARTX Receive Data Register (UXRXD)

BITS 7 6 5 4 3 2 1 0
FIELD RXD
RESET X X X X X X X X
R/W R R R R R R R R
ADDR FA0H and F4A8H

RXD—Receive Data
UART receiver data byte from the RXDx pin

UARTx Status 0 and Status 1 Registers

The UARTX Status 0 and Status 1 registers (Table 52 and 53) identify the current UART
operating configuration and status.

Table 52. UARTX Status 0 Register (UXSTATO)

BITS 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
ADDR F41H and FA9H

RDA—Receive Data Available

This bit indicates that the UART Receive Data register has received data. Reading the
UART Receive Data register clears this bit.

0 = The UART Receive Data register is empty.

1 = There is a byte in the UART Receive Data register.

PE—Parity Error
This bit indicates that a parity error has occurred. Reading the UART Receive Data regis-
ter clears this bit.

PS017610-0404 UART
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SPI Control Register
The SPI Control register configures the SPI for transmit and receive operations.
Table 61. SPI Control Register (SPICTL)

BITS 7 6 5 4 3 2 1 0
FIELD IRQE STR BIRQ PHASE | CLKPOL WOR MMEN SPIEN
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 F61H

IRQE—Interrupt Request Enable
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.

STR—Start an SPI Interrupt Request

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.

BIRQ—BRG Timer Interrupt Request

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.

PHASE—Phase Select
Sets the phase relationship of the data to the clock. Refer to the SP1 Clock Phase and
Polarity Control section for more information on operation of the PHASE bit.

CLKPOL—Clock Polarity

0 = SCK idles Low (0).

1 =SCK idle High (1).

WOR—Wire-OR (Open-Drain) Mode Enabled

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.

MMEN—SPI Master Mode Enable
0 = SPI configured in Slave mode.
1 = SPI configured in Master mode.

PS017610-0404 Serial Peripheral Interface
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2. The I2C Controller waits for the slave to send an Acknowledge (by pulling the SDA
signal Low). If the slave pulls the SDA signal High (Not-Acknowledge), the 1°C
Controller sends a Stop signal.

3. If the slave needs to service an interrupt, it pulls the SCL signal Low, which halts 1°C
operation.

4. If there is no other data in the 1°C Data register or the STOP bit in the 1°C Control
register is set by software, then the Stop signal is sent.

Figure 79 illustrates the data transfer format for a 7-bit addressed slave. Shaded regions
indicate data transferred from the 12C Controller to slaves and unshaded regions indicate
data transferred from the slaves to the 12C Controller.

Slave Address wW=0| A Data A Data A Data AAl P

Figure 79. 7-Bit Addressed Slave Data Transfer Format

The data transfer format for a transmit operation on a 7-bit addressed slave is as follows:
1. Software asserts the TEN bit in the 12C Control register.

2. Software asserts the TXT bit of the 12C Control register to enable Transmit interrupts.
3. The I2C interrupt asserts, because the 12C Data register is empty
4

Software responds to the TDRE bit by writing a 7-bit slave address followed by a 0
(write) to the 12C Data register.

Software asserts the START bit of the I1°C Control register.
6. The I2C Controller sends the START condition to the 12C slave.

7. The I2C Controller loads the 12C Shift register with the contents of the 1°C Data
register.

o

8. After one bit of address has been shifted out by the SDA signal, the Transmit interrupt
is asserted.

9. Software responds by writing the contents of the data into the 12C Data register.
10. The I2C Controller shifts the rest of the address and write bit out by the SDA signal.

11. The I2C slave sends an acknowledge (by pulling the SDA signal low) during the next
high period of SCL. The 12C Controller sets the ACK bit in the 12C Status register.

12. The I2C Controller loads the contents of the 12C Shift register with the contents of the
12C Data register.

13. The 12C Controller shifts the data out of via the SDA signal. After the first bit is sent,
the Transmit interrupt is asserted.

PS017609-0803 12C Controller
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14. Software responds by setting the STOP bit of the 12C Control register.

15. If no new data is to be sent or address is to be sent, software responds by clearing the
TX1I bit of the 12C Control register.

16. The I2C Controller completes transmission of the data on the SDA signal.
17. The 1°C Controller sends the STOP condition to the 12C bus.

Writing a Transaction with a 10-Bit Address

1. The IC Controller shifts the 1°C Shift register out onto SDA signal.

2. The I2C Controller waits for the slave to send an Acknowledge (by pulling the SDA
signal Low). If the slave pulls the SDA signal High (Not-Acknowledge), the 1°C
Controller sends a Stop signal.

3. If the slave needs to service an interrupt, it pulls the SCL signal low, which halts 12C
operation.

4. If there is no other data in the 1°C Data register or the STOP bit in the 1°C Control
register is set by software, then the Stop signal is sent.

The data transfer format for a 10-bit addressed slave is illustrated in the figure below.
Shaded regions indicate data transferred from the 12C Controller to slaves and unshaded
regions indicate data transferred from the slaves to the 1°C Controller.

Slave Address - Slave Address —
1st 7 bits D 2nd Byte A Data | A Data |A/A| P

Figure 80. 10-Bit Addressed Slave Data Transfer Format

The first seven bits transmitted in the first byte are 1111 0xx. The two bits xx are the two
most-significant bits of the 10-bit address. The lowest bit of the first byte transferred is the
write signal. The transmit operation is carried out in the same manner as 7-bit addressing.

The data transfer format for a transmit operation on a 10-bit addressed slave is as follows:
1. Software asserts the TEN bit in the 12C Control register.

2. Software asserts the TXI bit of the 12C Control register to enable Transmit interrupts.
3. The I2C interrupt asserts because the 12C Data register is empty.
4

Software responds to the TDRE bit by writing the first slave address byte. The least-
significant bit must be 0 for the write operation.

Software asserts the START bit of the 1°C Control register.
6. The I2C Controller sends the START condition to the 12C slave.

o

PS017609-0803 12C Controller
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Table 76 provides an example of the Register File addresses if the DMA_ADC Address
register contains the value 72H.

Table 76. DMA_ADC Register File Address Example

ADC Analog Input  Register File Address (Hex)!

0

720H-721H

722H-723H

724H-725H

726H-727H

728H-729H

T2AH-72BH

72CH-72DH

T2EH-72FH

730H-731H

O o N O |l W|IN|PF

732H-733H

=
o

734H-735H

11

736H-737H

1 DMAA_ADDR set to 72H.

Table 77. DMA_ADC Address Register (DMAA_ADDR)

BITS 7 6 5 4 3 2 1 0
FIELD DMAA_ADDR Reserved
RESET X X X X X X X X

R/W RIW R/IW R/W RIW R/IW RIW R/W R/W
ADDR FBDH

DMAA_ADDR—DMA_ADC Address

These bits specify the seven most-significant bits of the 12-bit Register File addresses
used for storing the ADC output data. The ADC Analog Input Number defines the five
least-significant bits of the Register File address. Full 12-bit address is
{DMAA_ADDR][7:1], 4-bit ADC Analog Input Number, 0}.

Reserved

This bit is reserved and must be 0.

PS017610-0404

Direct Memory Access Controller

129



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

Z,

zZiLoG

— Set CONT to 1 to select continuous conversion.
— Write to VREF to enable or disable the internal voltage reference generator.
— Set CEN to 1 to start the conversions.

3. When the first conversion in continuous operation is complete (after 5129 system

clock cycles, plus the 40 cycles for power-up, if necessary), the ADC control logic
performs the following operations:

— CEN resets to 0 to indicate the first conversion is complete. CEN remains 0 for all
subsequent conversions in continuous operation.

— Aninterrupt request is sent to the Interrupt Controller to indicate the first
conversion is complete. An interrupt request is not sent for subsequent
conversions in continuous operation.

4. Thereafter, the ADC writes a new 10-bit data result to {ADCD_H[7:0],
ADCD_L[7:6]} every 256 system clock cycles.

5. To disable continuous conversion, clear the CONT bit in the ADC Control register
to 0.

DMA Control of the ADC

The Direct Memory Access (DMA) Controller can control operation of the ADC includ-
ing analog input selection and conversion enable. For more information on the DMA and
configuring for ADC operations refer to the Direct Memory Access Controller chapter.

ADC Control Register Definitions

ADC Control Register

The ADC Control register selects the analog input channel and initiates the analog-to-dig-
ital conversion.

Table 80. ADC Control Register (ADCCTL)

BITS 7 6 5 4 3 2 1 0
FIELD CEN Reserved VREF CONT ANAIN[3:0]
RESET 0 0 0 0 0000

RIW RIW RIW RIW RIW RIW
ADDR F70H

CEN—Conversion Enable
0 = Conversion is complete. Writing a 0 produces no effect. The ADC automatically clears

PS017610-0404 Analog-to-Digital Converter
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zero). If the Z8F640x family device is not in Debug mode or if the Read Protect
Option Bit is enabled, this command returns rrH for all the data values.

DBG <-- 09H

DBG <-- {4'h0,Register Address[11:8]

DBG <-- Register Address|[7:0]

DBG <-- Size[7:0]

DBG --> 1-256 data bytes

Write Program Memory (OAH)—The Write Program Memory command writes data
to Program Memory. This command is equivalent to the LDC and LDCI instructions.
Data can be written 1-65536 bytes at a time (65536 bytes can be written by setting size
to zero). The on-chip Flash Controller must be written to and unlocked for the
programming operation to occur. If the Flash Controller is not unlocked, the data is
discarded. If the Z8F640x family device is not in Debug mode or if the Read Protect
Option Bit is enabled, the data is discarded.

DBG <-- OAH

DBG <-- Program Memory Address([15:8]

DBG <-- Program Memory Address|[7:0]

DBG <-- Size[15:8]

DBG <-- Size[7:0]

DBG <-- 1-65536 data bytes

Read Program Memory (OBH)—The Read Program Memory command reads data
from Program Memory. This command is equivalent to the LDC and LDCI
instructions. Data can be read 1-65536 bytes at a time (65536 bytes can be read by
setting size to zero). If the Z8F640x family device is not in Debug mode or if the Read
Protect Option Bit is enabled, this command returns rrH for the data.

DBG <-- OBH

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 (0CH)—The Write Data Memory command writes data to Data
Memory. This command is equivalent to the LDE and LDEI instructions. Data can be
written 1-65536 bytes at a time (65536 bytes can be written by setting size to zero). If
the Z8F640x family device is not in Debug mode or if the Read Protect Option Bit is
enabled, the data is discarded.

DBG <-- OCH

DBG <-- Data Memory Address[15:8]

DBG <-- Data Memory Address[7:0]

DBG <-- Size[15:8]

DBG <-- Size[7:0]

DBG <-- 1-65536 data bytes

On-Chip Debugger
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eZ8 CPU instructions can be divided functionally into the following groups:

e Arithmetic

¢ Bit Manipulation

e Block Transfer
e CPU Control

e Load

* Logical

*  Program Control
¢ Rotate and Shift

Tables 118 through 125 contain the instructions belonging to each group and the number

of operands required for each instruction. Some instructions appear in more than one table
as these instruction can be considered as a subset of more than one category. Within these
tables, the source operand is identified as ’src’, the destination operand is *dst’ and a con-
dition code is "cc’.

Table 118. 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
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Flags Register

The Flags Register contains the status information regarding the most recent arithmetic,
logical, bit manipulation or rotate and shift operation. The Flags Register contains six bits
of status information that are set or cleared by CPU operations. Four of the bits (C, V, Z
and S) can be tested for use with conditional jump instructions. Two flags (H and D) can-
not be tested and are used for Binary-Coded Decimal (BCD) arithmetic.

The two remaining bits, User Flags (F1 and F2), are 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 used with conditional Jumps. They are undefined at
initial power-up and are unaffected by Reset. Figure 99 illustrates the flags and their bit
positions in the Flags Register.

Bit Bit
7 0
c|z|s|v[p|H][F2|F1]| Flags Register

\—L User Flags
Half Carry Flag

Decimal Adjust Flag
Overflow Flag

Sign Flag

Zero Flag

Carry Flag

U = Undefined
Figure 99. Flags Register

Interrupts, the Software Trap (TRAP) instruction, and Illegal Instruction Traps all write
the value of the Flags Register to the stack. Executing an Interrupt Return (IRET) instruc-
tion restores the value saved on the stack into the Flags Register.
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Figure 107 illustrates the 68-pin PLCC (plastic lead chip carrier) package available for the
Z8F1602, Z8F2402, Z8F3202, Z8F4802, and Z8F6402 devices.
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Figure 107. 68-Lead Plastic Lead Chip Carrier Package (PLCC)
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