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Signal and Pin Descriptions

Figure 61. Z8Fxx03 in 80-Pin Quad Flat Package (QFP)
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Table 4. Z8F640x Family Program Memory Maps (Continued)

Program Memory Address (Hex) Function

Z8F480x Products

0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-BFFFH Program Memory
Z8F640x Products
0000-0001 Flash Option Bits
0002-0003 Reset Vector
0004-0005 WDT Interrupt Vector
0006-0007 lllegal Instruction Trap
0008-0037 Interrupt Vectors*
0038-FFFFH Program Memory

* See Table 22 on page 45 for a list of the interrupt vectors.

Data Memory

The Z8F640x family devices contain 128 bytes of read-only memory at the top of the eZ8
CPU’s 64KB Data Memory address space. The eZ8 CPU’s LDE and LDEI instructions
provide access to the Data Memory information. Table 5 describes the Z8F640x family’s

Data Memory Map.

Table 5. Z8F640x family Data Memory Maps

Data Memory Address (Hex)

Function

0000H-FFBFH

Reserved

FFCOH-FFD3H

Part Number
20-character ASCII alphanumeric code
Left justified and filled with zeros

FFD4H-FFFFH

Reserved

PS017610-0404
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Interrupt Controller

Overview

The interrupt controller on the Z8F640x family device prioritizes the interrupt requests
from the on-chip peripherals and the GP10O port pins. The features of the interrupt control-
ler on the Z8F640x family device include the following:
* 24 unique interrupt vectors:

— 12 GPIO port pin interrupt sources

— 12 on-chip peripheral interrupt sources

* Flexible GPIO interrupts
— 8 selectable rising and falling edge GPIO interrupts
— 4 dual-edge interrupts

¢ 3 levels of individually programmable interrupt priority
¢ Watch-Dog Timer can be configured to generate an interrupt

Interrupt requests (IRQs) allow peripheral devices to suspend CPU operation in an orderly
manner and force the CPU to start an interrupt service routine (ISR). Usually this interrupt
service routine is involved with the exchange of data, status information, or control infor-
mation between the CPU and the interrupting peripheral. When the service routine is com-
pleted, the CPU returns to the operation from which it was interrupted.

The eZ8 CPU supports both vectored and polled interrupt handling. For polled interrupts,
the interrupt control has no effect on operation. Refer to the e28 CPU User Manual for
more information regarding interrupt servicing by the eZ8 CPU. The eZ8 CPU User Man-
ual is available for download at www.zilog.com.

Interrupt Vector Listing

Table 22 lists all of the interrupts available on the Z8F640x family device in order of pri-
ority. The interrupt vector is stored with the most significant byte (MSB) at the even Pro-
gram Memory address and the least significant byte (LSB) at the following odd Program
Memory address.

PS017610-0404 Interrupt Controller
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Architecture

Figure 65 illustrates a block diagram of the interrupt controller.

Port Interrupts = Pt!lgrri]ty
i
5
O Vector
5 —
@ Priority
g | Medium | mux IRQ Request
® > Priority o >
-
7]
Q
>
Internal Interrupts 3
» O
I
=
§ | Low
= >\ Priority

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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Interrupt Port Select register selects between Port A and Port D for the individual inter-

rupts.

Table 35. Interrupt Edge Select Register (IRQES)

BITS 7 6 5 4 g 2 1 0
FIELD IES7 IES6 IES5 IES4 IES3 IES2 IES1 IESO
RESET 0 0 0 0 0 0 0 0

R/W R/W RIW RIW RIW R/W R/IW R/IW RIW
ADDR FCDH

IESx—Interrupt Edge Select x

where x indicates the specific GPIO Port pin number (0 through 7). The pulse width
should be greater than 1 system clock to guarantee capture of the edge triggered interrupt.
0 = An interrupt request is generated on the falling edge of the PAX/PDx input.

1 = An interrupt request is generated on the rising edge of the PAX/PDx input.

Interrupt Port Select Register

The Port Select (IRQPS) register (Table 36) determines the port pin that generates the
PAX/PDx interrupts. This register allows either Port A or Port D pins to be used as inter-
rupts. The Interrupt Edge Select register controls the active interrupt edge.

Table 36. Interrupt Port Select Register (IRQPS)

BITS 7 6 5 4 3 2 1 0
FIELD | PAD7S | PAD6S | PAD5S | PAD4S | PAD3S | PAD2S | PAD1S | PADOS

RESET 0 0 0 0 0 0 0 0
R/W R/W R/IW R/W R/W R/W R/IW R/IW R/IW
ADDR FCEH

PADxS—PAX/PDx Selection

0 = PAX is used for the interrupt for PAX/PDx interrupt request.

1 =PDx is used for the interrupt for PAX/PDx interrupt request.
where x indicates the specific GPIO Port pin number (0 through 7).

PS017610-0404 Interrupt Controller
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The Z8F640x family products contain three to four 16-bit reloadable timers that can be
used for timing, event counting, or generation of pulse-width modulated (PWM) signals.
The timers’ features include:

16-bit reload counter

Programmable prescaler with prescale values from 1 to 128
PWM output generation

Capture and compare capability

External input pin for timer input, clock gating, or capture signal. External input pin
signal frequency is limited to a maximum of one-fourth the system clock frequency.

Timer output pin

Timer interrupt

In addition to the timers described in this chapter, the Baud Rate Generators for any
unused UART, SPI, or 1C peripherals may also be used to provide basic timing function-
ality. Refer to the respective serial communication peripheral chapters for information on
using the Baud Rate Generators as timers. Timer 3 is unavailable in the 40- and 44-pin
packages.

Architecture

Figure 66 illustrates the architecture of the timers.

PS017610-0404

Timers
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Table 53. UARTX Status 1 Register (UXSTAT1)

BITS 7 6 5 4 8 2 1 0
FIELD Reserved MPRX
RESET 0 0 0 0 0 0 0 0

R/W R R R R R R R R
ADDR F44H and F4CH

Reserved
These bits are reserved and must be 0.

MPRX—Multiprocessor Receive
This status bit is for the receiver and reflects the actual status of the last multiprocessor bit
received. Reading from the UART Data register resets this bit to 0.

UARTx Control 0 and Control 1 Registers

The UARTX Control 0 and Control 1 registers (Tables 54 and 55) configure the properties
of the UART’’s transmit and receive operations. The UART Control registers must ben be
written while the UART is enabled.

Table 54. UARTx Control 0 Register (UXCTLO)

BITS 7 6 5 4 8 2 1 0
FIELD TEN REN CTSE PEN PSEL SBRK STOP LBEN
RESET 0 0 0 0 0 0 0 0

R/W R/W R/W RIW RIW R/W RIW RIW RIW
ADDR F42H and FAAH

TEN—Transmit Enable

This bit enables or disables the transmitter. The enable is also controlled by the CTS signal
and the CTSE bit. If the CTS signal is low and the CTSE bit is 1, the transmitter is
enabled.

0 = Transmitter disabled.

1 = Transmitter enabled.

REN—Receive Enable

This bit enables or disables the receiver.
0 = Receiver disabled.

1 = Receiver enabled.

PS017610-0404 UART
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Table 58. UART Baud Rates (Continued)
10.0 MHz System Clock 5.5296 MHz System Clock
Desired Rate BRG Divisor Actual Rate Error Desired Rate BRG Divisor Actual Rate Error
(kHz) (Decimal) (kHz) (%) (kHz) (Decimal) (kHz) (%)
1250.0 N/A N/A N/A 1250.0 N/A N/A N/A
625.0 1 625.0 0.00 625.0 N/A N/A N/A
250.0 3 208.33 -16.67 250.0 1 345.6 38.24
115.2 5 125.0 8.51 115.2 3 115.2 0.00
57.6 1 56.8 -1.36 57.6 6 57.6 0.00
38.4 16 39.1 1.73 38.4 9 38.4 0.00
19.2 33 18.9 0.16 19.2 18 19.2 0.00
9.60 65 9.62 0.16 9.60 36 9.60 0.00
4.80 130 4.81 0.16 4.80 72 4.80 0.00
2.40 260 2.40 -0.03 2.40 144 2.40 0.00
1.20 521 1.20 -0.03 1.20 288 1.20 0.00
0.60 1042 0.60 -0.03 0.60 576 0.60 0.00
0.30 2083 0.30 0.02 0.30 1152 0.30 0.00
3.579545 MHz System Clock 1.8432 MHz System Clock
Desired Rate BRG Divisor Actual Rate Error Desired Rate BRG Divisor Actual Rate Error
(kHz) (Decimal) (kHz) (%) (kHz) (Decimal) (kHz) (%)
1250.0 N/A N/A N/A 1250.0 N/A N/A N/A
625.0 N/A N/A N/A 625.0 N/A N/A N/A
250.0 1 223.72 -10.51 250.0 N/A N/A N/A
115.2 2 111.9 -2.90 115.2 1 115.2 0.00
57.6 4 55.9 -2.90 57.6 2 57.6 0.00
38.4 6 37.3 -2.90 38.4 3 38.4 0.00
19.2 12 18.6 -2.90 19.2 6 19.2 0.00
9.60 23 9.73 1.32 9.60 12 9.60 0.00
4.80 47 4.76 -0.83 4.80 24 4.80 0.00
2.40 93 241 0.23 2.40 48 2.40 0.00
1.20 186 1.20 0.23 1.20 96 1.20 0.00
0.60 373 0.60 -0.04 0.60 192 0.60 0.00
0.30 746 0.30 -0.04 0.30 384 0.30 0.00
PS017610-0404 UART
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Error Detection

The SPI contains error detection logic to support SPI communication protocols and recog-
nize when communication errors have occurred. The SPI Status register indicates when a
data transmission error has been detected.

Overrun (Write Collision)

An overrun error (write collision) indicates a write to the SPI Data register was attempted
while a data transfer is in progress. An overrun sets the OVR bit in the SPI Status register
to 1. Writing a 1 to OVR clears this error flag.

Mode Fault (Multi-Master Collision)

A mode fault indicates when more than one Master is trying to communicate at the same

time (a multi-master collision). The mode fault is detected when the enabled Master’s SS
pin is asserted. A mode fault sets the COL bit in the SPI Status register to 1. Writing a 1 to
COL clears this error flag.

SPI Interrupts

When SPI interrupts are enabled, the SPI generates an interrupt after data transmission.
The SPI in Master mode generates an interrupt after a character has been sent. A character
can be defined to be 1 through 8 bits by the NUMBITS field in the SPI Mode register. The
SPI in Slave mode generates an interrupt when the SS signal deasserts to indicate comple-
tion of the data transfer. Writing a 1 to the IRQ bit in the SPI Status Register clears the
pending interrupt request. If the SPI is disabled, an SPI interrupt can be generated by a
Baud Rate Generator time-out.

SPI Baud Rate Generator

In SP1 Master mode, the Baud Rate Generator creates a lower frequency serial clock
(SCK) for data transmission synchronization between the Master and the external Slave.
The input to the Baud Rate Generator is the system clock. The SPI Baud Rate High and
Low Byte registers combine to form a 16-bit reload value, BRG[15:0], for the SPI Baud
Rate Generator. The reload value must be greater than or equal to ooo2# for SPI operation
(maximum baud rate is system clock frequency divided by 4). The SPI baud rate is calcu-
lated using the following equation:

System Clock Frequency (Hz)
2 x BRG[15:0]

SPI Baud Rate (bits/s) =

When the SPI is disabled, the Baud Rate Generator can function as a basic 16-bit timer
with interrupt on time-out. To configure the Baud Rate Generator as a timer with interrupt
on time-out, complete the following procedure:

PS017610-0404 Serial Peripheral Interface
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Analog-to-Digital Converter

Overview

The Analog-to-Digital Converter (ADC) converts an analog input signal to a 10-bit binary
number. The features of the sigma-delta ADC include:

Architecture

PS017610-0404

12 analog input sources are multiplexed with general-purpose 1/0 ports
Interrupt upon conversion complete
Internal voltage reference generator

Direct Memory Access (DMA) controller can automatically initiate data conversion
and transfer of the data from 1 to 12 of the analog inputs.

Figure 83 illustrates the three major functional blocks (converter, analog multiplexer, and
voltage reference generator) of the ADC. The ADC converts an analog input signal to its

digital representation. The 12-input analog multiplexer selects one of the 12 analog input

sources. The ADC requires an input reference voltage for the conversion. The voltage ref-
erence for the conversion may be input through the external VREF pin or generated inter-
nally by the voltage reference generator.

Analog-to-Digital Converter
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A Caution: The byte at each address of the Flash memory cannot be programmed (any
bits written to 0) more than twice before an erase cycle occurs.

Page Erase

The Flash memory can be erased one page (512 bytes) at a time. Page Erasing the Flash
memory sets all bytes in that page to the value FFH. The Flash Page Select register identi-
fies the page to be erased. With the Flash Controller unlocked, writing the value 95H to the
Flash Control register initiates the Page Erase operation. While the Flash Controller exe-
cutes the Page Erase operation, the eZ8 CPU idles but the system clock and on-chip
peripherals continue to operate. The e28 CPU resumes operation after the Page Erase
operation completes. If the Page Erase operation is performed through the On-Chip
Debugger, poll the Flash Status register to determine when the Page Erase operation is
complete. When the Page Erase is complete, the Flash Controller returns to its locked
state.

Mass Erase

The Flash memory can also be Mass Erased using the Flash Controller. Mass Erasing the
Flash memory sets all bytes to the value FrH. With the Flash Controller unlocked, writing
the value 63H to the Flash Control register initiates the Mass Erase operation. While the
Flash Controller executes the Mass Erase operation, the eZ8 CPU idles but the system
clock and on-chip peripherals continue to operate. Typically, the Flash Memory is Mass
Erased using the On-Chip Debugger. Via the On-Chip Debugger, poll the Flash Status reg-
ister to determine when the Mass Erase operation is complete. Although the Flash can be
Mass Erased by user program code, when the Mass Erase is complete the user program
code is completely erased. When the Mass Erase is complete, the Flash Controller returns
to its locked state.

Flash Controller Bypass

The Flash Controller can be bypassed and the control signals for the Flash memory
brought out to the GPIO pins. Bypassing the Flash Controller allows faster Row Program-
ming algorithms by controlling the Flash programming signals directly.

Row programing is recommended for gang programming applications and large volume
customers who do not require in-circuit initial programming of the Flash memory. Mass
Erase and Page Erase operations are also supported when the Flash Controller is bypassed.

Please refer to the document entitled Third-Party Flash Programming Support for Z8
Encore!™ for more information on bypassing the Flash Controller. This document is
available for download at www.zilog.com.

PS017610-0404 Flash Memory
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FHSWP—Flash High Sector Write Protect
FWP—Flash Write Protect
These two Option Bits combine to provide 3 levels of Program Memory protection:

FHSWP

FWP

Description

Programming and erasure disabled for all of Program Memory.
Programming, Page Erase, and Mass Erase via User Code is disabled. Mass
Erase is available through the On-Chip Debugger.

Programming and Page Erase are enabled for the High Sector of the
Program Memory only. The High Sector on the Z8F640x family device
contains 1KB to 4KB of Flash with addresses at the top of the available
Flash memory. Programming and Page Erase are disabled for the other
portions of the Program Memory. Mass erase through user code is disabled.
Mass Erase is available through the On-Chip Debugger.

Programming, Page Erase, and Mass Erase are enabled for all of Program
Memory.

Program Memory Address 0001H

Table 91. Options Bits at Program Memory Address 0001H

BITS 7 6 5 4 3 2 1 0
FIELD Reserved
RESET U u u U u u u u
RIW RIW RIW RIW RIW RIW RIW RIW RIW
ADDR Program Memory 0001H

Note: U = Unchanged by Reset. R/W = Read/Write.

Reserved

These Option Bits are reserved for future use and must always be 1. This setting is the
default for unprogrammed (erased) Flash.

PS017610-0404
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Operation

OCD Interface

The On-Chip Debugger uses the DBG pin for communication with an external host. This
one-pin interface is a bi-directional 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 can interface the Z8F640x family device 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 depicted in Figures 87 and 88.

A Caution: 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 must always be connected to Vpp through
an external pull-up resistor to ensure proper operation.

VDD

RS-232
Transceiver 10K Ohm

Diode

RS-232 TX DBG Pin

RS-232 RX O@

Figure 87. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface (1)

PS017610-0404 On-Chip Debugger
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VDD

RS-232
Transceiver Open-Drain 10K Ohm
Buffer

RS-232 TX DBG Pin

RS-232 RX i

Figure 88. Interfacing the On-Chip Debugger’s DBG Pin with an RS-232 Interface (2)

Debug Mode

The operating characteristics of the Z8F640x family devices in Debug mode are:

The eZ8 CPU fetch unit stops, idling the eZ8 CPU, unless directed by the OCD to
execute specific instructions.

The system clock operates unless in Stop mode.
All enabled on-chip peripherals operate unless in Stop mode.
Automatically exits Halt mode.

Constantly refreshes the Watch-Dog Timer, if enabled.

Entering Debug Mode

The Z8F640x family device enters Debug mode following any of the following opera-
tions:

Writing the DBGMODE bit in the OCD Control Register to 1 using the OCD interface.
eZ8 CPU execution of a BRK (Breakpoint) instruction (when enabled).
Break upon a Watchpoint match.

If the DBG pin is Low when the Z8F640x family device exits Reset, the On-Chip
Debugger automatically puts the device into Debug mode.

Exiting Debug Mode

The device exits Debug mode following any of the following operations:

PS017610-0404

Clearing the DBGMODE bit in the OCD Control Register to 0.

On-Chip Debugger
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* Power-on reset
¢ \ltage Brownout reset
* Asserting the RESET pin Low to initiate a Reset.

¢ Driving the DBG pin Low while the Z8F640x family device is in Stop mode initiates a
System Reset.

OCD Data Format

The OCD interface uses the asynchronous data format defined for RS-232. Each character
is transmitted as 1 Start bit, 8 data bits (least-significant bit first), and 1.5 Stop bits
(Figure 89)

j START ‘ DO | D1 | D2 I D3 ‘ D4 | D5 ‘ D6 | D7 ‘ STOP

Figure 89. OCD Data Format

OCD Auto-Baud Detector/Generator

To run over a range of baud rates (data bits per second) with various system clock frequen-
cies, the On-Chip Debugger has an Auto-Baud Detector/Generator. After a reset, the OCD
is idle until it receives data. The OCD requires that the first character sent from the host is
the character soH. The character 8o# has eight continuous bits Low (one Start bit plus 7
data bits). The Auto-Baud Detector measures this period and sets the OCD Baud Rate
Generator accordingly.

The Auto-Baud Detector/Generator is clocked by the Z8F640x family device system
clock. The minimum baud rate is the system clock frequency divided by 512. For optimal
operation, the maximum recommended baud rate is the system clock frequency divided by
8. The theoretical maximum baud rate is the system clock frequency divided by 4. This
theoretical maximum is possible for low noise designs with clean signals. Table 92 lists
minimum and recommended maximum baud rates for sample crystal frequencies.

Table 92. OCD Baud-Rate Limits

System Clock Frequency Recommended Maximum Baud Rate ~ Minimum Baud Rate

(MHz) (kbits/s) (kbits/s)
20.0 2500 39.1
1.0 125.0 1.96
0.032768 (32KHz) 4.096 0.064

PS017610-0404 On-Chip Debugger



Z8F640x/Z8F480x/Z8F320x/Z8F240x/Z8F160x

SPI Slave Mode Timing

Figure 97 and Table 111 provide timing information for the SPI slave mode pins. Timing
is shown with SCK rising edge used to source MISO output data, SCK falling edge used to
sample MOSI input data.

SCK | /

MISO
(Output)

|
|
(Input) | | |

| |
|<>t T4

Z8 Encore!®
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Output Data

SS ‘\ |
(Input) | |

Figure 97. SPI Slave Mode Timing

Table 111. SPI Slave Mode Timing

Delay (ns)

Parameter  Abbreviation Minimum Maximum
Ty SCK (transmit edge) to MISO output Valid Delay 2* Xin 3* Xin
period  period +20
nsec
T, MOSI input to SCK (receive edge) Setup Time 0
T3 MOSI input to SCK (receive edge) Hold Time 3* Xin
period
Ty SS input assertion to SCK setup 1* Xin
period

PS017610-0404
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12C Timing
Figure 98 and Table 112 provide timing information for 12C pins.
| |

|
SCL / \
(Output) | |

| | T1 |
B ——
: : !
SDA | | >( Output Data
(Output) ; i |
| | '
I T31
T2 |
J<—>|

\ |
(Input) |

Figure 98. 1°C Timing

Table 112. 1°C Timing

Delay (ns)
Parameter  Abbreviation Minimum Maximum
T, SCL Fall to SDA output delay SCL period/4
T, SDA Input to SCL rising edge Setup Time 0
T3 SDA Input to SCL falling edge Hold Time 0

PS017610-0404 Electrical Characteristics
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Table 118. Arithmetic Instructions (Continued)

Mnemonic Operands

Instruction

SBC dst, src Subtract with Carry

SBCX dst, src Subtract with Carry using Extended Addressing
SuB dst, src Subtract

SUBX dst, src Subtract using Extended Addressing

Table 119. Bit Manipulation Instructions

Mnemonic Operands  Instruction

BCLR bit, dst Bit Clear

BIT p, bit, dst Bit Set or Clear

BSET bit, dst Bit Set

BSWAP dst Bit Swap

CCF — Complement Carry Flag

RCF — Reset Carry Flag

SCF — Set Carry Flag

TCM dst, src Test Complement Under Mask

TCMX dst, src Test Complement Under Mask using Extended Addressing
™ dst, src Test Under Mask

TMX dst, src Test Under Mask using Extended Addressing

Table 120. Block Transfer Instructions

Mnemonic Operands

Instruction

LDCI dst, src Load Constant to/from Program Memory and Auto-Increment
Addresses
LDEI dst, src Load External Data to/from Data Memory and Auto-Increment

Addresses

PS017610-0404
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Figure 108 illustrates the 80-pin QFP (quad flat package) available for the Z8F4803 and

Z8F6403 devices.
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Figure 108. 80-Lead Quad-Flat Package (QFP)

PS017610-0404

SYMBOL MILLIMETER INCH

MIN MAX MIN MAX
Al 0.10 0.38 .004 .015
A2 2.60 2.80 .102 110
b 0.30 0.45 .012 .018
c 0.13 0.20 .005 008
HD 23.70 24.15 .933 951
D 19.90 20.10 .783 791
HE 17.70 18.15 697 715
E 13.90 14.10 547 555
] 0.80 BSC .0315 BSC
L 0.70 110 .028 043

NOTES:

1. CONTROLLING DIMENSIONS : MILLIMETER
2. LEAD COPLANARITY : MAX .10
.004"

Packaging
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