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Architectural Overview

TheeZB80F92 deice is a high-speed singlegale instruction-fetch microcontroller with a
maximum clock speed of RHz. It is the fist member of ZILOG nev eZ80Acclaiml"
product &mily, which ofers on-chip Flash program memofhe eZ80F92device can

operate in Z80-compatible addressing modek@Hyor full 24-bit addressing mode

(16MB). The rich peripheral set of tlez80F92device males it suitable for aariety of
applications including industrial control, embedded communication, and point-of-sale ter
minals.

Note: Additionally, ZiLOG offers the eZ80F93 d&e, which features scaledswo mem
ory options. Br purposes of clarifythis document refers to bothuilges collee
tively as theeZ80F92device, unless otherwise speei.

Features

* Single-gcle instruction fetch, high-performance, pipelined éZ8PU coré
® eZ80F92 contains 128 Flash memory andkB SRAM
® eZ80F93 contains 64B Flash memory andkB SRAM

® Low power features includin§LEEP modeHALT mode, and seleet peripheral
power-down control

®* Two UARTSs with independent baud rate generators

® SPI with independent clock rate generator

* 12C with independent clock rate generator

® IrDA-compliant infrared encoder/decoder

®* New DMA-lik e CPU instructions for dfcient block data transfer

® Glueless rternal peripheral inteatce with 4 Chip Selects, inddual Wait State gen
erators, and arxeernalWAIT input pin—supports Z80-, Intel-, and Motorola-style
buses

® Fixed-priority vectored interrupts (both internal ande¥nal) and interrupt controller

® Real-Time Clock with on-chip 3RHz oscillator selectable 50/88z input, and sepa
rateVpp pin for battery backup

® Six 16-bit Counter/imers with prescalers and direct input/outputelri
® Watch-DogTimer

PS015308-0404

=

For simplicity, the terneZ8® CPUis referred to aEPU for the bulk of this document.
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® 24 bits of General-Purpose I/O

® and ZDI delug interfices
® 100-pin LQFP package
¢ 3.0-3.6/ supplyvoltage with 5/ tolerant inputs

® OperatingTemperature Range:
— Standard: 0°C to +70°C
- Extended: —40°C to +105°C

Note: All signals with aroverlineare actie Low. For example, BW, for whichWORD is
active Laow, andB/W, for which BYTE is actie Low.

Power connections follw these coventional descriptions:

Connection Circuit Device
Power VCC VDD
Ground GND Vss

Block Diagram

PS015308-0404

Figurel illustrates a block diagram of tle&Z80F92processor
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Figure 1.eZ80F92 Block Diagram
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Figure2 illustrates the pin layout of treZ80F92 deice in thel00-pin LQFP package.

100-Pin LQFP Pin Identitation of the eZ80F92 Diee describes the pins and their func
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Figure 2.100-Pin LQFP Configuration of the eZ80F92 Device
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device

Pin# Symbol

Function

Signal Direction

Description

1

ADDRO

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or I/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

ADDR1

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

ADDR2

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

ADDR3

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

ADDR4

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

ADDRS

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

7

Power Supply

Power Supply.

8

Ground

Ground.

9

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or I/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

10

ADDR7

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

11

ADDRS

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

12

ADDR9

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

13

ADDR10

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

PS015308-0404

PRELIMINARY

Architectural Overview



eZ80F92/eZ80F93
Product Specification

ZiLOG

Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function Signal Direction

Description

14

ADDR11

Address Bus Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or I/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

15

ADDR12

Address Bus Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

16

ADDR13

Address Bus Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

17

ADDR14

Address Bus Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

18

Vbbp

Power Supply

Power Supply.

19

Vss

Ground

Ground.

20

ADDR15

Address Bus Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

21

ADDR16

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or I/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

22

ADDR17

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

23

ADDR18

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

24

ADDR19

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

25

ADDR20

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

26

ADDR21

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin #

Symbol

Function

Signal Direction

Description

27

ADDR22

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or I/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

28

ADDR23

Address Bus

Bidirectional

Configured as an output in normal
operation. The address bus selects a
location in memory or 1/O space to be read
or written. Configured as an input during
bus acknowledge cycles. Drives the Chip
Select/Wait State Generator block to
generate Chip Selects.

29

CSO0

Chip Select 0

Output, Active Low

CSO0 Low indicates that an access is
occurring in the defined CS0 memory or I/
O address space.

30

CS1

Chip Select 1

Output, Active Low

CS1 Low indicates that an access is
occurring in the defined CS1 memory or I/
O address space.

31

CS2

Chip Select 2

Output, Active Low

CS2 Low indicates that an access is
occurring in the defined CS2 memory or I/
O address space.

32

CS3

Chip Select 3

Output, Active Low

CS3 Low indicates that an access is
occurring in the defined CS3 memory or I/
O address space.

33

Power Supply

Power Supply.

34

Ground

Ground.

35

Data Bus

Bidirectional

The data bus transfers data to and from 1/O
and memory devices. The eZ80Acclaim!”
drives these lines only during Write cycles
when the CPU is the bus master.

36

DATA1

Data Bus

Bidirectional

The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol Function Signal Direction Description

37 DATA2 Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

38 DATA3 Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

39 DATA4 Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

40 DATA5 Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

41 DATAG Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

42 DATA7 Data Bus Bidirectional The data bus transfers data to and from 1/O
and memory devices. The CPU drives
these lines only during Write cycles when
the CPU is the bus master.

43 Vpp Power Supply Power Supply.

44 Vss Ground Ground.

45 IORQ Input/Output  Bidirectional, Active I0RQ indicates that the_CPU is accessing
Request Low a location in 1/0 space. RD and WR

indicate the type of access. The CPU does
not drive this line during RESET. It is an
input in bus acknowledge cycles.

46 MREQ Memory Bidirectional, Active MREQ Low indicates that the CPU is___
Request Low accessing a location in memory. The RD,

WR, and INSTRD signals indicate the type
of access. The CPU does not drive this line
during RESET. Itis an input in bus
acknowledge cycles.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

47

RD

Read

Output, Active Low

RD Low indicates that the CPU is reading
from the current address location. This pin
is tristated during bus acknowledge cycles.

48

Write

Output, Active Low

WR indicates that the CPU is writing to the
current address location. This pin is
tristated during bus acknowledge cycles.

49

INSTRD

Instruction
Read Indicator

Output, Active Low

INSTRD (with MREQ and RD) indicates
the CPU is fetching an instruction from
memory. This pin is tristated during bus
acknowledge cycles.

50

WAIT

WAIT Request

Input, Active Low

Driving the WAIT pin Low forces the CPU
to wait additional clock cycles for an
external peripheral or external memory to
complete its Read or Write operation.

51

RESET

System Reset

Schmitt Trigger Input,
Active Low

This signal is used to initialize the CPU.
This input must be Low for a minimum of 3
system clock cycles, and must be held Low
until the clock is stable. This input includes
a Schmitt trigger to allow RC rise times.

52

NMI

Nonmaskable
Interrupt

Schmitt Trigger Input,
Active Low

The NMI input is a higher priority input than
the maskable interrupts. It is always
recognized at the end of an instruction,
regardless of the state of the interrupt
enable control bits. This input includes a
Schmitt trigger to allow RC rise times.

53

BUSREQ

Bus Request

Input, Active Low

External devices can request the CPU to
release the memory interface bus for their
use, by driving this pin Low.

54

BUSACK

Bus
Acknowledge

Output, Active Low

The CPU responds to a Low on BUSREQ,
by tristating the address, data, and control
signals, and by driving the BUSACK line
Low. During bus acknowledge cycles
ADDR[23:0], IORQ, and MREQ are inputs.

55

HALT_SLP

HALT and
SLEEP
Indicator

Output, Active Low

A Low on this pin indicates that the CPU
has entered either HALT or SLEEP mode
because of execution of either a HALT or
SLP instruction.

56

Power Supply

Power Supply.

57

Ground

Ground.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol Function Signal Direction Description
58 RTC_Xn Real-Time Input This pin is the input to the low-power
Clock Crystal 32KHz crystal oscillator for the Real-Time
Input Clock.
59 RTC_Xouyr Real-Time Bidirectional This pin is the output from the low-power
Clock Crystal 32KHz crystal oscillator for the Real-Time
Output Clock. This pin is an input when the RTC is
configured to operate from 50/60Hz input
clock signals and the 32KHz crystal
oscillator is disabled.
60 RTC_Vpp Real-Time Power supply for the Real-Time Clock and
Clock Power associated 32KHz oscillator. Isolated from
Supply the power supply to the remainder of the
chip. A battery can be connected to this pin
to supply constant power to the Real-Time
Clock and 32KHz oscillator.
61 Vss Ground Ground.
62 TMS JTAG Test Input JTAG Mode Select Input.
Mode Select
63 TCK JTAG Test Input JTAG and ZDI clock input.
Clock
64 TRIGOUT JTAG Test Output Active High trigger event indicator.
Trigger Output
65 TDI JTAG Test Bidirectional JTAG data input pin. Functions as ZDI data
Data In I/0 pin when JTAG is disabled.
66 TDO JTAG Test Output JTAG data output pin.
Data Out
67 Vpp Power Supply Power Supply.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

68 PDO

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

TxDO

UART
Transmit Data

Output

This pin is used by the UART to transmit
asynchronous serial data. This signal is
multiplexed with PDO.

IR_TxD

IrDA Transmit
Data

Output

This pin is used by the IrDA encoder/
decoder to transmit serial data. This signal
is multiplexed with PDO.

69 PD1

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

RxDO

Receive Data

Input

This pin is used by the UART to receive
asynchronous serial data. This signal is
multiplexed with PD1.

IR_RxD

IrDA Receive
Data

Input

This pin is used by the IrDA encoder/
decoder to receive serial data. This signal
is multiplexed with PD1.

70 PD2

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

RTSO

Request To
Send

Output, Active Low

Modem control signal from UART. This
signal is multiplexed with PD2.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

4l PD3

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

CTSO

Clear To Send Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PD3.

72 PD4

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

DTRO

Data Terminal
Ready

Output, Active Low

Modem control signal to the UART. This
signal is multiplexed with PD4.

73 PD5

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

DSRO

Data Set
Ready

Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PD5.

74 PD6

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

DCDO

Data Carrier
Detect

Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PD6.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

75 PD7

GPIO Port D

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
D pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port D is multiplexed with
one UART.

RIO

Ring Indicator

Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PD7.

76 PCO

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

TxD1

Transmit Data

Output

This pin is used by the UART to transmit
asynchronous serial data. This signal is
multiplexed with PCO.

77 PC1

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

RxD1

Receive Data

Input

This pin is used by the UART to receive
asynchronous serial data. This signal is
multiplexed with PC1.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

78 PC2

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

RTS1

Request To
Send

Output, Active Low

Modem control signal from UART. This
signal is multiplexed with PC2.

79 PC3

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

CTS1

Clear To Send

Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PC3.

80 PC4

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

DTR1

Data Terminal
Ready

Output, Active Low

Modem control signal to the UART. This
signal is multiplexed with PC4.

81 PC5

GPIO Port C

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

DSR1

Data Set
Ready

Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PC5.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function Signal Direction

Description

82

PC6

GPIO Port C  Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

DCD1

Data Carrier  Input, Active Low
Detect

Modem status signal to the UART. This
signal is multiplexed with PC6.

83

PC7

GPIO Port C  Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
C pin, when programmed as output, can be
selected to be an open-drain or open-
source output. Port C is multiplexed with
one UART.

Ring Indicator Input, Active Low

Modem status signal to the UART. This
signal is multiplexed with PC7.

84

Ground

Ground.

85

System Clock Input
Oscillator Input

This pin is the input to the onboard crystal
oscillator for the primary system clock. If an
external oscillator is used, its clock output
should be connected to this pin. When a
crystal is used, it should be connected
between X\ and XgyT-

86

Xout

System Clock Output
Oscillator
Output

This pin is the output of the onboard crystal
oscillator. When used, a crystal should be
connected between Xy and XgyT-

87

Power Supply

Power Supply.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

88 PBO

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

TO_IN

Timer 0 In

Input

Alternate clock source for Programmable
Reload Timers 0 and 2. This signal is
multiplexed with PBO.

89 PB1

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

T1_IN

Timer 1 In

Input

Alternate clock source for Programmable
Reload Timers 1 and 3. This signal is
multiplexed with PB1.

90 PB2

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

Slave Select

Input, Active Low

The slave select input line is used to select
a slave device in SPI mode. This signal is
multiplexed with PB2.

91 PB3

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

SCK

SPI Serial
Clock

Bidirectional

SPI serial clock. This signal is multiplexed
with PB3.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol

Function

Signal Direction

Description

92 PB4

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

T4_OUT

Timer 4 Out

Output

Programmable Reload Timer 4 timer-out
signal. This signal is multiplexed with PB4.

93 PB5

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

T5_OUT

Timer 5 Out

Output

Programmable Reload Timer 5 timer-out
signal. This signal is multiplexed with PB5.

94 PB6

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

MISO

Master In,
Slave Out

Bidirectional

The MISO line is configured as an input
when the CPU is an SPI master device and
as an output when CPU is an SPI slave
device. This signal is multiplexed with PB6.

95 PB7

GPIO Port B

Bidirectional

This pin can be used for general-purpose I/
O. It can be individually programmed as
input or output and can also be used
individually as an interrupt input. Each Port
B pin, when programmed as output, can be
selected to be an open-drain or open-
source output.

MOSI

Master Out,
Slave In

Bidirectional

The MOSI line is configured as an output
when the CPU is an SPI master device and
as an input when the CPU is an SPI slave
device. This signal is multiplexed with PB7.
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Table 1. 100-Pin LQFP Pin Identification of the eZ80F92 Device (Continued)

Pin# Symbol Function Signal Direction Description

96 Vpp Power Supply Power Supply.

97 Vss Ground Ground.

98 SDA I°C Serial Data Bidirectional This pin carries the 1°C data signal.

99 SCL 12C Serial Bidirectional This pin is used to receive and transmit the
Clock 12C clock.

100 PHI System Clock Output This pin is an output driven by the internal

system clock.

Pin Characteristics

Pin Characteristics of the eZ80F92vine describes the characteristics of each pin in the
eZ80F92device’s 100-pin LQFP package.

Table 2. Pin Characteristics of the eZ80F92 Device

Schmitt
Reset Active Tristate Pull Trigger Open Drain/

Pin# Symbol Direction Direction Low/High Output Up/Down Input Source
1 ADDRO I/O O N/A Yes No No No

2 ADDR1 I/O O N/A Yes No No No

3 ADDR?2 I/O O N/A Yes No No No

4 ADDRS3 I/O O N/A Yes No No No

5 ADDR4 I/0 ) N/A Yes No No No

6 ADDRS5 I/O o N/A Yes No No No

7 Vbp

8 Vss

9 ADDRG6 I/O o N/A Yes No No No
10 ADDRY I/O o N/A Yes No No No
11 ADDRS I/O o N/A Yes No No No
12 ADDRS9 I/O o N/A Yes No No No
13 ADDR10 I/O o N/A Yes No No No
14 ADDR11 I/O o N/A Yes No No No
15 ADDR12 I/O o N/A Yes No No No
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Product Specification

ZiLOG

Schmitt
Reset Active Tristate Pull Trigger Open Drain/

Pin# Symbol Direction Direction Low/High Output Up/Down Input Source
16 ADDR13 1/O O N/A Yes No No No
17 ADDR14 1/O O N/A Yes No No No
18 Vbp

19 Vgs

20 ADDR15 1/O O N/A Yes No No No
21 ADDR16 1/O O N/A Yes No No No
22 ADDR17 1/O O N/A Yes No No No
23 ADDR18 I/O O N/A Yes No No No
24 ADDR19 I/O O N/A Yes No No No
25 ADDR20 I/O O N/A Yes No No No
26 ADDR21 I/O O N/A Yes No No No
27 ADDR22 I/O O N/A Yes No No No
28 ADDR23 I/O O N/A Yes No No No
29 CS0 0] 0] Low No No No No
30 CS1 0] 0] Low No No No No
31 CS2 0] 0] Low No No No No
32 CS3 0] 0] Low No No No No
33 Vbp

34 Vgs

35 DATAO I/O I N/A Yes No No No
36 DATA1 I/O I N/A Yes No No No
37 DATA2 I/O I N/A Yes No No No
38 DATA3 I/O I N/A Yes No No No
39 DATA4 I/O I N/A Yes No No No
40 DATA5S I/O I N/A Yes No No No
41 DATAG I/O I N/A Yes No No No
42 DATA7 I/O I N/A Yes No No No
43 Vbp
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Table 2. Pin Characteristics of the eZ80F92 Device (Continued)
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Schmitt
Reset Active Tristate Pull Trigger Open Drain/
Pin# Symbol Direction Direction Low/High Output Up/Down Input Source
44 Vgs
45 IORQ 1/0 0] Low Yes No No No
46 MREQ 1/0 0] Low Yes No No No
47  RD 0 0 Low No No No No
48 WR 0 0 Low No No No No
49 INSTRD 0] 0] Low No No No No
50 WAIT I I Low N/A No No N/A
51 RESET I I Low N/A No Yes N/A
52 NMI I I Low N/A No Yes N/A
53 BUSREQ I I Low N/A No No N/A
54 BUSACK 0] 0] Low No No No No
55 HALT_SLP 0] 0] Low No No No No
56 Vbp
57 Vgs
58 RTC_ XN I I N/A N/A No No N/A
59 RTC_Xout I/0 u N/A N/A No No No
60 RTC_Vpp
61 Vgs
62 TMS I I N/A N/A Up No N/A
63 TCK I I Rising (In) N/A Up No N/A
Falling (Out)
64 TRIGOUT I/0 0] High Yes No No No
65 TDI I/0 I N/A Yes No No No
66 TDO 0] 0] N/A Yes No No No
67 Vbp
68 PDO I/0 I N/A Yes No No OD & OS
69 PD1 I/0 I N/A Yes No No OD & OS
70 PD2 I/0 I N/A Yes No No OD & OS
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Table 2. Pin Characteristics of the eZ80F92 Device (Continued)
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Product Specification

ZiLOG

Schmitt
Reset Active Tristate Pull Trigger Open Drain/

Pin# Symbol Direction Direction Low/High Output Up/Down Input Source
71 PD3 1/O I N/A Yes No No OD & 0OS
72 PD4 1/O I N/A Yes No No OD & 0OS
73 PD5 1/O I N/A Yes No No OD & 0OS
74 PD6 1/O I N/A Yes No No OD & 0OS
75 PD7 1/O I N/A Yes No No OD & 0OS
76 PCO 1/O I N/A Yes No No OD & 0OS
77 PC1 1/O I N/A Yes No No OD & OS
78 PC2 I/O I N/A Yes No No OD & 0OS
79 PC3 I/O I N/A Yes No No OD & 0OS
80 PC4 I/O I N/A Yes No No OD & 0OS
81 PC5 I/O I N/A Yes No No OD & 0OS
82 PC6 I/O I N/A Yes No No OD & 0OS
83 PC7 I/O I N/A Yes No No OD & 0OS
84 Vgs

85 XIN I I N/A N/A No No N/A
86 XouT O O N/A No No No No
87 Vbp

88 PBO I/O I N/A Yes No No OD & 0OS
89 PB1 I/O I N/A Yes No No OD & 0OS
90 PB2 I/O I N/A Yes No No OD & 0OS
91 PB3 I/O I N/A Yes No No OD & 0OS
92 PB4 I/O I N/A Yes No No OD & 0OS
93 PB5 I/O I N/A Yes No No OD & 0OS
94 PB6 I/O I N/A Yes No No OD & 0OS
95 PB7 I/O I N/A Yes No No OD & 0OS
96 Vbp

97 Vgs

98 SDA I/O I N/A Yes Up No oD
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Table 2. Pin Characteristics of the eZ80F92 Device (Continued)
Schmitt
Reset Active Tristate Pull Trigger Open Drain/
Pin# Symbol Direction Direction Low/High Output Up/Down Input Source
99 SCL 1/O I N/A Yes Up No oD
100 PHI O O N/A Yes No No No
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Register Map

All on-chip peripheral rgisters are accessed in the I/O address spddé&) operations
emplogy 16-bit addresse3he upper byte of the 24-Atddress bs is undefied during all
I/O operations (ADDR[23:16] £lU). All I/O operations using 16-bit addresses within the
range0080h—00FFh are routed to the on-chip peripherals. Extet@lIChip Selects are
not generated if the address space programmed fo/Qt@hip Selectswerlaps the
0080h—-00FFh address range.

Registers at unused addresses withindb@0h—-00FFh range assigned to on-chip perph
erals are not implemented. Read access to such addresses returns unprealictsdad
Write access produces ndegft. Register Mapdiagrams the gister map for theZ80F92
device.

Table 3. Register Map

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access #

Programmable Reload Counter/Timers

0080 TMRO_CTL Timer 0 Control Register 00 R/W 85
0081 TMRO_DR_L Timer 0 Data Register—Low Byte 00 R 86
TMRO_RR_L Timer 0 Reload Register—Low Byte 00 W 87
0082 TMRO_DR_H Timer 0 Data Register—High Byte 00 R 87
TMRO_RR_H Timer 0 Reload Register—High Byte 00 W 88
0083 TMR1_CTL Timer 1 Control Register 00 R/W 85
0084 TMR1_DR_L Timer 1 Data Register—Low Byte 00 R 86
TMR1_RR_L Timer 1 Reload Register—Low Byte 00 W 87
0085 TMR1_DR_H Timer 1 Data Register—High Byte 00 R 87
TMR1_RR_H Timer 1 Reload Register—High Byte 00 W 88
0086 TMR2_CTL Timer 2 Control Register 00 R/W 85
Notes:

1.
2.
3.
4.

5.

After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-
out reset, the Watch-Dog Timer Control register is reset to 20h.

When the CPU reads this register, the current sampled value of the port is read.

Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address
(hex) Mnemonic

Name

Reset CPU Page
(hex) Access #

Programmable Reload Counter/Timers (continued)

0087 TMR2_DR_L Timer 2 Data Register—Low Byte 00 R 86
TMR2_RR_L Timer 2 Reload Register—Low Byte 00 w 87
0088 TMR2_DR_H Timer 2 Data Register—High Byte 00 R 87
TMR2_RR_H Timer 2 Reload Register—High Byte 00 w 88
0089 TMR3_CTL Timer 3 Control Register 00 R/W 85
008A TMR3_DR_L Timer 3 Data Register—Low Byte 00 R 86
TMR3_RR_L Timer 3 Reload Register—Low Byte 00 w 87
008B TMR3_DR_H Timer 3 Data Register—High Byte 00 R 87
TMR3_RR_H Timer 3 Reload Register—High Byte 00 w 88
008C TMR4_CTL Timer 4 Control Register 00 R/W 85
008D TMR4_DR_L Timer 4 Data Register—Low Byte 00 R 86
TMR4_RR_L Timer 4 Reload Register—Low Byte 00 w 87
008E TMR4_DR_H Timer 4 Data Register—High Byte 00 R 87
TMR4_RR_H Timer 4 Reload Register—High Byte 00 w 88
008F TMR5_CTL Timer 5 Control Register 00 R/W 85
0090 TMR5 DR L Timer 5 Data Register—Low Byte 00 R 86
TMR5_RR_L Timer 5 Reload Register—Low Byte 00 w 87
0091 TMR5_DR_H Timer 5 Data Register—High Byte 00 R 87
TMR5_RR_H Timer 5 Reload Register—High Byte 00 w 88
0092 TMR_ISS Timer Input Source Select Register 00 R/W 89

Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-
out reset, the Watch-Dog Timer Control register is reset to 20h.

2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address
(hex)

Mnemonic

Name

Reset CPU Page
(hex) Access #

Watch-Dog Timer

0093 WDT_CTL Watch-Dog Timer Control Register1 00/20 R/W 76
0094 WDT_RR Watch-Dog Timer Reset Register XX w 77
General-Purpose Input/Output Ports

009A PB_DR Port B Data Register2 XX R/W 45
009B PB_DDR Port B Data Direction Register FF R/W 46
009C PB_ALT1 Port B Alternate Register 1 00 R/W 46
009D PB_ALT2 Port B Alternate Register 2 00 R/W 46
009E PC_DR Port C Data Register? XX R/W 45
009F PC_DDR Port C Data Direction Register FF R/W 46
00AQ0 PC_ALT1 Port C Alternate Register 1 00 R/W 46
00A1 PC_ALT2 Port C Alternate Register 2 00 R/W 46
00A2 PD_DR Port D Data Register2 XX R/W 45
00A3 PD_DDR Port D Data Direction Register FF R/W 46
00A4 PD_ALT1 Port D Alternate Register 1 00 R/W 46
00A5 PD_ALT2 Port D Alternate Register 2 00 R/W 46
Chip Select/Wait State Generator

00A8 CS0_LBR Chip Select 0 Lower Bound Register 00 R/W 69
00A9 CS0_UBR Chip Select 0 Upper Bound Register FF R/W 70
00AA CS0_CTL Chip Select 0 Control Register ES8 R/W 71
00AB CS1_LBR Chip Select 1 Lower Bound Register 00 R/W 69
00AC CS1_UBR Chip Select 1 Upper Bound Register 00 R/W 70
00AD CS1_CTL Chip Select 1 Control Register 00 R/W 71
Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-
out reset, the Watch-Dog Timer Control register is reset to 20h.

2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address
(hex) Mnemonic Name

Reset CPU Page
(hex) Access #

Chip Select/Wait State Generator (continued)

00AE CS2 LBR Chip Select 2 Lower Bound Register 00 R/W 69

00AF CS2 UBR Chip Select 2 Upper Bound Register 00 R/W 70

00BO CS2_CTL Chip Select 2 Control Register 00 R/W 71

00B1 CS3 LBR Chip Select 3 Lower Bound Register 00 R/W 69

00B2 CS3_UBR Chip Select 3 Upper Bound Register 00 R/W 70

00B3 CS3 CTL Chip Select 3 Control Register 00 R/W 71

On-Chip RAM Control

00B4 RAM_CTL RAM Control Register 80 R/W 195

00B5 RAM_ADDR_U RAM Address Upper Byte Register FF R/W 195

Serial Peripheral Interface (SPI) Block

00B8 SPI_ BRG L SPI Baud Rate Generator Register—Low 02 R/W 137

Byte
00B9 SPI_ BRG H SPI Baud Rate Generator Register—High 00 R/W 139
Byte

00BA SPI_CTL SPI Control Register 04 R/W 139

00BB SPI_SR SPI Status Register 00 R 140

0oBC SPI_TSR SPI Transmit Shift Register XX W 141
SPI_RBR SPI Receive Buffer Register XX R 141

Infrared Encoder/Decoder Block

00BF IR_CTL Infrared Encoder/Decoder Control 00 R/W 131

Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-

out reset, the Watch-Dog Timer Control register is reset to 20h.

2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address

(hex) Mnemonic

Name

Reset CPU Page
(hex) Access #

Universal Asynchronous Receiver/Transmitter 0 (UARTO) Block

00CO UARTO_RBR UART 0 Receive Buffer Register XX R 114
UARTO_THR UART 0 Transmit Holding Register XX w 114
UARTO_BRG_L UART 0 Baud Rate Generator Register— 02 R/W 112

Low Byte

00C1 UARTO_IER UART O Interrupt Enable Register 00 R/W 115

UARTO_BRG_H UART 0 Baud Rate Generator Register— 00 R/W 113
High Byte

00C2 UARTO_IIR UART O Interrupt Identification Register 01 R 116
UARTO_FCTL UART 0 FIFO Control Register 00 W 17

00C3 UARTO_LCTL UART 0 Line Control Register 00 R/W 118

00C4 UARTO_MCTL UART 0 Modem Control Register 00 R/W 121

00C5 UARTO_LSR UART O Line Status Register 60 R 122

00C6 UARTO_MSR UART 0 Modem Status Register XX R 124

00C7 UARTO_SPR UART 0 Scratch Pad Register 00 R/W 125

I2C Block

00C8  I12C_SAR 12C Slave Address Register 00 RW 155

00C9 12C_XSAR 12C Extended Slave Address Register 00 R/W 156

00CA  12C_DR 12C Data Register 00 RW 156

00CB  12C_CTL 12C Control Register 00 RW 158

00CC  I2C_SR 12C Status Register F8 R 159
12C_CCR 12C Clock Control Register 00 w 161

00CD I2C_SRR 12C Software Reset Register XX w 162

Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-
out reset, the Watch-Dog Timer Control register is reset to 20h.

2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93

Product Specification

ZiLOG

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access #
Universal Asynchronous Receiver/Transmitter 1 (UART1) Block
00D0 UART1_RBR UART 1 Receive Buffer Register XX R 114
UART1_THR UART 1 Transmit Holding Register XX w 114
UART1_BRG_L UART 1 Baud Rate Generator Register— 02 R/W 112
Low Byte
00D1 UART1_IER UART 1 Interrupt Enable Register 00 R/W 115
UART1_BRG_H UART 1 Baud Rate Generator Register— 00 R/W 113
High Byte
00D2 UART1_IIR UART 1 Interrupt Identification Register 01 R 116
UART1_FCTL UART 1 FIFO Control Register 00 w 117
00D3 UART1_LCTL UART 1 Line Control Register 00 R/W 118
00D4 UART1_MCTL UART 1 Modem Control Register 00 R/W 121
00D5 UART1_LSR UART 1 Line Status Register 60 R/W 122
00D6 UART1_MSR UART 1 Modem Status Register XX R/W 124
00D7 UART1_SPR UART 1 Scratch Pad Register 00 R/W 125
Low-Power Control
00oDB CLK_PPD1 Clock Peripheral Power-Down Register 1 00 R/W 39
oobcC CLK _PPD2 Clock Peripheral Power-Down Register 2 00 R/W 40
Real-Time Clock
00EO RTC_SEC RTC Seconds Regis’(er3 XX R/W 92
00E1 RTC_MIN RTC Minutes Register3 XX R/W 93
00E2 RTC_HRS RTC Hours Regis’(er3 XX R/W 94
00E3 RTC_DOW RTC Day-of-the-Week Register® 0X R/W 95
Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-

out reset, the Watch-Dog Timer Control register is reset to 20h.
2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address
(hex) Mnemonic Name

Reset CPU Page
(hex) Access #

Real-Time Clock (continued)

00E4 RTC_DOM RTC Day-of-the-Month Register3 XX R/W 96
00E5 RTC_MON RTC Month Register? XX R/W 97
00E6 RTC_YR RTC Year Register3 XX R/W 98
00E7 RTC_CEN RTC Century Register3 XX R/W 99
OOE8 RTC_ASEC RTC Alarm Seconds Register XX R/W 100
00E9 RTC_AMIN RTC Alarm Minutes Register XX R/W 101
O00OEA RTC_AHRS RTC Alarm Hours Register XX R/W 102
00OEB RTC_ADOW RTC Alarm Day-of-the-Week Register 0X R/W 103
00EC RTC_ACTRL RTC Alarm Control Register 00 R/W 104
00ED RTC_CTRL RTC Control Register* x0xxx000b/  R/W 105
x0xxxx10b

Chip Select Bus Mode Control

O00FO0 CS0_BMC Chip Select 0 Bus Mode Control Register 02 R/W 72
OO0F1 CS1_BMC Chip Select 1 Bus Mode Control Register 02 R/W 72
00F2 CS2_BMC Chip Select 2 Bus Mode Control Register 02 R/W 72
OOF3 CS3_BMC Chip Select 3 Bus Mode Control Register 02 R/W 72
Flash Memory Control Registers

00F5 FLASH_KEY Flash Key Register 00 W 201
00F6 FLASH_DATA Flash Data Register XX R/W 202
O0OF7 FLASH_ADDR_U Flash Address Upper Byte Register 0 R/W 202
00F8 FLASH_CTRL Flash Control Register 88 R/W 203
00F9 FLASH_FDIV Flash Frequency Divider Regis’(er5 01 R/W 204
00FA FLASH_PROT Flash Write/Erase Protection Register5 FF R/W 205

Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-

out reset, the Watch-Dog Timer Control register is reset to 20h.

2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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Table 3. Register Map (Continued)

eZ80F92/eZ80F93
Product Specification

ZiLOG

Address
(hex) Mnemonic

Name

Reset CPU Page
(hex) Access #

Flash Memory Control Registers (continued)

OOFB FLASH_IRQ

Flash Interrupt Control Register

O00FC FLASH_PAGE

Flash Page Select Register

O0OFD FLASH_ROW

Flash Row Select Register

O0OFE FLASH_COL

Flash Column Select Register

OOFF FLASH_PGCTL

Flash Program Control Register

00 RW 207
00 RW 208
00 RW 208
00 RW 209
00 RW 210

Notes:

1. After an external pin reset, the Watch-Dog Timer Control register is reset to 00h. After a Watch-Dog Timer time-

out reset, the Watch-Dog Timer Control register is reset to 20h.
2. When the CPU reads this register, the current sampled value of the port is read.
3. Read Only if RTC registers are locked; Read/Write if RTC registers are unlocked.

4. After an external pin reset or a Watch-Dog Timer reset, the RTC Control register is reset to xOxxxx00b. After an
RTC Alarm sleep-mode recovery reset, the RTC Control register is reset to xOxxxx10b.

5. Read Only if Flash Memory is locked. Read/Write if Flash Memory is unlocked.
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eZ80° CPU Core

The ez8® is the fist 8-bit CPU to support 1B linear addressing. Each so#ive mod
ule or task under a real-timgexutve or operating system can operate in Z80-compatible
(64KB) mode or full 24-bit (161B) address mode.

The CPU instruction set is a superset of the instruction sets for the Z80 and 2180 CPUs.
Z80 and Z180 programs can beeuted on an eZ80CPU with little or no modifiation.

Features
® Code-compatible with Z80 and Z180 products
® 24-bit linear address space
® Single-gcle instruction fetch
® Pipelined fetch, decode, andeeute
® Dual Stack Pointers fakDL (24-bit) and Z80 (16-bit) memory modes
® 24-bit CPU registers and\LU (Arithmetic Logic Unit)
¢ Delug support
®* Nonmaskable InterruptNMI), plus support for 128 maskableatored interrupts

For more information on the eZ8ACPU and its instruction set, please refer to the eZ80
CPU User Manual (UM0O077).dEez80Acclaim!" programming considerations, please
refer to the ZILOGICP/IP Softvare Suite ProgrammerGuide (RM0008) \ailable

upon rgistering your eZ80F92 or eZ80F93 productomw.zilog.com

PS015308-0404 PRELIMINARY eZ80® CPU Core
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Reset Operation

} Note:

TheReset controller within thez80F92evice provides a consistent reset function for all
types of resets that carfexdt the systenA system reset, referred to in this document as
RESET returns theZ80F92device to a defied stateAll internal registers dected by
RESET return to their dafilt conditions. RESET coujfiires theGPIO port pins as inputs
and clears the CPBProgram Counter @00000h. Program codexecution ceases dur
ing RESET

The e/ents that can cause a RESET are:

® PaoverOn ResetPOR)

® Low-Voltage Broavn-Out (VBO)

® ExternalRESETpin assertion

¢ Watch-DogTimer (WDT) time-out when confjured to generate a RESET
® Real-Time Clock alarm with the CPU inwepower SLEEP mode

® Execution of a delg reset command

During a RESETan internaRESET mode timer holds the system in RESET mode for
257 system clock$CLK) ¢ycles. The RESET mode timer bms incrementing on the
next rising edge of SCLK follwing deactyation of all RESETevents.

The user must determine if 257 SCL¥ctes praides suficient time for the pri
mary crystal oscillator to stabilize.

Power-On Reset

PS015308-0404

A Power-On Reset (POR) occurs each timeshpplyvoltage to the part rises from belo
thevoltage bravn-out threshold to alve thePOR \oltage threshold (MoR). The internal
band@gp-referencedaltage detector sends a continuous RESET signal to the Reset con
troller until the supply sltage ¥ ) exceeds the PORoltage thresholdifter V¢ rises
aboreVppr an on-chip analog delay element byiefiaintains the RESET signal to the
Reset controller (Jya)- After this analog delayheeZ80F92device is in RESET mode

until the RESET mode timexpires. POR operation is illustratedkigure3. The signals

in this figure are not dan to scale and are for illustration purposes only

PRELIMINARY Reset
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VPOR
VVBO

Ve = 0.0V

System Clock

Oscillator

I

I

I

_ Startup |

Internal RESET |
I

I

I

Signal

Figure 3.Power-On Reset Operation

Voltage Brown-Out Reset

If, after program ®ecution bgins, thesupplyvoltage ¥ ¢) drops belw theVoltage
Brown-Out threshold\(ygp), theeZ80F92device resetsThe VBO protection circuitry
detects the h supply wltage and initiates tiRESET via thdReset controlleThe
eZ80F92device remains in RESET mode until the supphtage agin returns abee the
POR wltage threshold (Mpr and the Reset controller releases the internal RESET sig
nal. TheVBO circuitry rejects ery short ngative bravn-out pulses to pvent spurious
RESET eents.VBO operation is illustrated iRigure4. The signals in thisdjure are not
dravn to scale and are for illustration purposes only

PS015308-0404 PRELIMINARY Reset
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Veg =33V

Voltage

B L e

>
System Clock ||||||||||| ' |||| |||||||

I
I
Program Execution |  Brown-out | I
I
I

I

I

I

Internal RESET I
Signal |
I

I

I

RESET mode

I
I I
: timer delay '

Figure 4.Voltage Brown-Out Reset Operation
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Low-Power Modes

Overview

TheeZ80F92device prwvides a range of peer-saving featuresThe highest heel of
power reduction is pndded bySLEEP modeThe net level of paver reduction is pro
vided by theHALT instruction.The lovest level of paver reduction is pnaded by the
clock peripheral pper-down registers.

SLEEP Mode

Execution of theCPU’s SLEEP instruction (SLP) places #@80F92device into SLEEP
mode. In SLEEP mode, the operating characteristics are:

® The primary crystal oscillator is disabled

® Thesystem clock is disabled

® The CPUis idle

® TheProgram Counter (PC) stops incrementing

® The 3XHz crystal oscillator continues to operate angaltheReal-Time Clock and
theWatch-DogTimer (if WDT is confgured to operate from the BRIz oscillator)

The CPU can be brought out of SLEEP mode lyyairihe folloving operations:
® A RESET via thexernalRESETpin driven Lav

® A RESET via a&Real-Time Clock alarm

® A RESET via &ecution of a Delig Reset command

After exiting SLEEP mode, the standard RESET delay occurs v #lle primary crystal
oscillator to stabilize. Bfer to theResetsectionon page 34or more information.

A Caution: During SLEEP mode, the CPU freezes the last address aed the address
bus with this alue.The GPIO ports remain as canfred by the usePrior to
entering SLEEP mode, the datashs drven Lov and the control signals
MREQ, CS3:0, INSTRD, BSACK, IOREQ,RD, andWR are dwven High.

HALT Mode

Execution of the CPW$'HALT instruction places theZ80F92device into HALT mode. In
HALT mode, the operating characteristics are:

PS015308-0404 PRELIMINARY Low-Power Modes
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® Primary crystal oscillator is enabled and continues to operate
® Thesystem clock is enabled and continues to operate

® The CPUis idle

® TheProgram Counter (PC) stops incrementing

The CPU can be brought outldALT mode by an of the follawing operations:
® A nonmaskable interrupNMI)

® A maskable interrupt

® A RESET via the eernalRESETpin driven Lav

® A Watch-DogTimer time-out (if confjured to generate either an NMI or RESET
upon time-out)

® A RESET via &ecution of a Delig RESET command

To minimize current in HAL mode, the system clock should be disabled for all unused
on-chip peripherals via the Clock PeripheravesDown Ragisters.

A Caution: During HALT mode, the CPU freezes the last address anelsttie addressib
with this value.The GPIO Ports remain as capfied by the usePrior to enter
ing HALT mode, the dataus is drven Lov and the control signals MREQ,
CS3:0, INSTRD, RISACK, IOREQ, RD, anWR are dnven High.

Clock Peripheral Power-Down Registers

To reduce pwer, the Clock Peripheral Rer-Down Rejisters allav thesystem clock to

be disabled unused on-chip peripherals. Upon RESEperipherals are enabléhe

clock to unused peripherals can be disabled by setting the appropriate bit in the Clock
Peripheral P@er-Down Registers to 1When paevered davn, the peripherals are cem
pletely disabledTo reenable, the bit in the Clock PeripheravBeDown Reagisters must

be cleared to 0.

Many peripherals feature separate enable/disable control bits that must be appropriately
set for operationThese peripheral spedfenable/disable bits do not pide the same

level of paver reduction as the Clock PeripheraiWi@eDown Registers When pavered

down, the standard peripheral contralisters are not accessible for ReatMite access.
SeeTables4 andb.

PS015308-0404 PRELIMINARY Low-Power Modes
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Table 4. Clock Peripheral Power-Down Register 1 (CLK_PPD1 = 00DBh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | R\WW | RIW R RW | RRW | RIW | RIW

Note: R/W = Read/Write; R = Read Only.

Bit

Position Value Description

7 1 System clock to GPIO Port D is powered down.

GPIO_D OFF Port D alternate functions do not operate correctly.
0 System clock to GPIO Port D is powered up.

6 1 System clock to GPIO Port C is powered down.

GPIO_C _OFF Port C alternate functions do not operate correctly.
0 System clock to GPIO Port C is powered up.

5 1 System clock to GPIO Port B is powered down.

GPIO_B OFF Port B alternate functions do not operate correctly.
0 System clock to GPIO Port B is powered up.

4 Reserved.

3 1 System clock to SPI is powered down.

SPI_OFF 0 System clock to SPI is powered up.

2 1 System clock to 1%C is powered down.

12C_OFF 0 System clock to 12C is powered up.

1 1 System clock to UART1 is powered down.

UART1_OFF 0 System clock to UART1 is powered up.

0 1 System clock to UARTO and IrDA endec is powered down.

UARTO_OFF :

- 0 System clock to UARTO and IrDA endec is powered up.

PS015308-0404
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Table 5. Clock Peripheral Power-Down Register 2 (CLK_PPD2 = 00DCh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R/W R RW | RRW | RW | RW | R\W | RIW

Note: R/W = Read/Write; R = Read Only.

Bit
Position

Value Description

7
PHI_OFF

PHI Clock output is disabled (output is high-impedance).

PHI Clock output is enabled.

6

Reserved.

5
PRT5_OFF

System clock to PRT5 is powered down.

System clock to PRT5 is powered up.

4
PRT4_OFF

System clock to PRT4 is powered down.

System clock to PRT4 is powered up.

3
PRT3_OFF

System clock to PRT3 is powered down.

System clock to PRT3 is powered up.

2
PRT2_OFF

System clock to PRT2 is powered down.

System clock to PRT2 is powered up.

1
PRT1_OFF

System clock to PRT1 is powered down.

System clock to PRT1 is powered up.

0
PRTO_OFF

System clock to PRTO is powered down.

1
0
0
1
0
1
0
1
0
1
0
1
0
1
0

System clock to PRTO is powered up.

PS015308-0404
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General-Purpose Input/Output

GPIO Overview

TheeZ80F92device features 24 General-Purpose Input/Output (GPIO) pimesGPIO

pins are assembled as three 8-bit ports— Port B, Port C, and PdirpbDrt signals can

be confgured for use as either inputs or outputs. In addition, all of the port pins can be
used as @ctored interrupt sources for the CPU.

GPIO Operation

The GPIO operation is the same for all 3 GPIO ports (Ports B, C, and D). Each port fea
tures eightGGPIO port pinsThe operating mode for each pin is controlled by four bits that
are dvided between four 8-bit gisters.These GPIO mode controlgisters are:

® Portx Data Reister (Px_DR)

¢ Portx Data Direction Rgister (Px_DDR)
® PortxAlternate Rgister 1 (Px_AI1)

® PortxAlternate Rgister 2 (Px_ALI2)

wherex can beB, C, or D representing anof the three GPIO ports B, C, or The mode
for each pin is controlled by setting eacbiséer bit pertinent to the pin to be cafied.
For example, the operating mode for Port B Pin 7 (PB7), is set byalnes contained in
PB_DR[7], PB_DDR][7], PB_ATL1[7], and PB_AI2[7].

The combination of the GPIO controbister bits allavs individual confguration of each
port pin for nine modes. In all modes, reading of the ®Data rgister returns the sam
pled state, or keel, of the signal on the corresponding @10 Mode Selectiomdicates
the function of each port signal based upon these fgistee bits After aRESET &ent,
all GPIO port pins are comfired as standard digital inputs, with interrupts disabled.

Table 6. GPIO Mode Selection

GPIO Px_ALT2 Px_ALT1 Px_DDR Px_DR

Mode  Bits7:0 Bits7:0 Bits7:0 Bits7:0 Port Mode Output

1 0 0 0 0 Output 0
0 0 0 1 Output 1

2 0 0 1 0 Input from pin High impedance
0 0 1 1 Input from pin High impedance

PS015308-0404
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Table 6. GPIO Mode Selection (Continued)

GPIO Px_ALT2 Px_ALT1 Px DDR Px_DR

Mode Bits7:0 Bits7:0 Bits7:0 Bits7:0 Port Mode Output

3 0 1 0 0 Open-drain output 0
0 1 0 1 Open-drain I/O High impedance

4 0 1 1 0 Open-source 1/0 High impedance
0 1 1 1 Open-source output 1

5 1 0 0 0 Reserved High impedance
1 0 0 1 Interrupt—dual edge triggered  High impedance
1 0 1 0 Port B, C, or D—alternate function controls port I/O.
1 0 1 1 Port B, C, or D—alternate function controls port I/O.

8 1 1 0 0 Interrupt—active Low High impedance
1 1 0 1 Interrupt—active High High impedance

9 1 1 1 0 Interrupt—falling edge triggered High impedance
1 1 1 1 Interrupt—rising edge triggered High impedance

PS015308-0404

GPIO Mode 1. The port pin is confjured as a standard digital output [dihe \alue writ
ten to the Porx Data rgister (X_DR) is presented on the pin.

GPIO Mode 2. The port pin is confjured as a standard digital input piitne output is
tristated (high impedanceélhe \alue stored in the PaxtData rejister produces nofett.
As in all modes, a Read from the PoiData rgister returns the pia\alue. GPIO Mode
2 is the dediult operating mode folleing aRESET

GPIO Mode 3. The port pin is conjured as open-drain I/The GPIO pins do not feature
aninternal pull-up to thesupplyvoltage.To emply the GPIO pin irOPEN-DRAIN

mode, an eternalpull-up resistor must connect the pin to the supplyage Writing a 0
to the Por Data regjister outputs a Lw at the pinWriting a 1 to the Port Data rgister
results in high-impedance output.

GPIO Mode 4. The port pin is confjured as open-source I/The GPIO pins do not fea
ture an internal pull-den to the supply groundo emply the GPIO pin irOPEN-
SOURCEmMode, arexternal pull-devn resistor must connect the pin to the supply ground.
Writing a 1 to the Port Data r@ister outputs a High at the pWriting a O to the Port

Data r@gister results in a high-impedance output.

GPIO Mode 5. Resered.This pin produces high-impedance output.

PRELIMINARY General-Purpose Input/Output
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GPIO Mode 6. This bit enables a duatlge-triggered interrupt mode. Both a rising and a
falling edge on the pin cause iaterrupt request to be sent to the CRWliting a 1 to the
Portx Data reister bit position resets the corresponding interrupt reqvesing a O pre
duces no déct. The programmer must set the PoRata rgister before entering the
edge-triggered interrupt mode.

GPIO Mode 7. For Ports B, C, and D, the port pin is copified to pass controVer to the
alternate (secondary) functions assigned to the pme@mple, the alternate mode func

tion for PC7 isRI1 and the alternate mode function for PB4 isTimeer 4 OutWhen

GPIO Mode 7 is enabled, the pin output data and pin tristated control come from the alter
nate function's data output and tristate control, resfdgtThe \alue in the Pork Data

register produces nofetct on operation.

} Note: Input signals are sampled by #stem clock before being passed to the alternate
function input.

GPIO Mode 8. The port pin is confjured forlevel-sensitve interrupt mode#in interrupt
request is generated when theeleat the pin is the same as theelestored in the Pox
Data rgister The port pin @lue is sampled by the system clo€tke input pin must be
held at the selected interruptét for a minimum of 2 clock periods to initiate an interrupt.
The interrupt request remains aetias long as this condition is maintained at tieraal
source.

GPIO Mode 9. The port pin is condjured for single edge-triggered interrupt motiee

value in the Porx Data r@ister determines if a posié or ngative edge causes an inter
rupt requestA 0 in the Pork Data rgister bit sets the selected pin to generate an interrupt
request fordlling edgesA 1 in the Pork Data rgister bit sets the selected pin to generate
an interrupt request for rising edgé&be interrupt request remains &etuntil a 1 is writ

ten to the corresponding interrupt request of the YPDdta rgjister bit.Writing a O pre

duces no ééct on operationiThe programmer must set the PoRata register before
entering the edge-triggered interrupt mode.

A simplified block diagram of a GPIO port pin is illustratedrigureb5.

PS015308-0404 PRELIMINARY General-Purpose Input/Output
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GPIO Register
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Figure 5.GPIO Port Pin Block Diagram

GPIO Interrupts

PS015308-0404

Each port pin can be used as an interrupt source. Interrupts can be eiherledge-
triggered.

Level-Triggered Interrupts

When the port is corgured for leel-triggered interrupts, the corresponding port pin is
tristated An interrupt request is generated when tlvellat the pin is the same as theele
stored in the Port Data rgister The port pin alue is sampled by tteystem clockThe
input pin must be held at the selected interrwgll®r a minimum of 2 consecué clock
cycles to initiate an interrupthe interrupt request remains aetias long as this condition
is maintained at thexternal source.

For example, if PD3 is programmed fomlelevel interrupt and the pin is forced wdor 2
consecutie clock gcles, an interrupt request signal is generated from that port pin and
sent to the CPUlhe interrupt request signal remains\atintil the &ternal deice driv-

ing PD3 forces the pin High.

Edge-Triggered Interrupts

When the port is corgured for edge-triggered interrupts, the corresponding port pin is
tristated. If the pin receés the correct edge from axternal deice, the port pin generates
an interrupt request signal to the CRldy time a port pin is cordgured for edge-triggered

PRELIMINARY General-Purpose Input/Output
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interrupt, writing a 1 to that pia’Portx Data rgister causes a reset of the edge-detected
interrupt.The programmer must set the bit in the Rddata reister to 1 before entering
either single or duaddge-triggered interrupt mode for that port pin.

When confgured for dual edge-triggered interrupt mode (GPIO Mode 6), both a rising and
a falling edge on the pin causeiaterrupt request to be sent to the CPU.

When confjured for single edge-triggered interrupt mode (GPIO Mode 9) allne in

the Portx Data rgjister determines if a posié or ngative edge causes an interrupt
requestA 0 in the Porik Data r@ister bit sets the selected pin to generate an interrupt
request fordlling edgesA 1 in the Pork Data r@ister bit sets the selected pin to generate
an interrupt request for rising edges.

GPIO Control Registers

The 12 GPIO Control Rgsters operate in groups of four with a set for each Port (B, C,
and D). Each GPIO port features a Port Dagigster Port Data Direction gaster Port
Alternate rgister 1, and PoAlternate rgister 2.

Port x Data Registers

When the port pins are cogtired for one of the output modes, the data written to the Port
x Data rgisters, detailed iRortx Data Rgisteis (PB_DR = 009Ah, PC_DR= 009Eh,
PD_DR= 00A2h), are drven on the corresponding pins. In all modes, reading from the
Portx Data rgisters alvays returns the current sampledue of the corresponding pins.
When the port pins are coglired as edge-triggered interrupt sources, writing a 1 to the
corresponding bit in the PoxtData rgister clears the interrupt signal that is sent to the
CPU.When the port pins are cogtired foredge-selectablaterrupts ollevel-sensitie
interrupts, the alue written to the Port Data rgister bit selects the interrupt edge or
interrupt level. SeeGPIO Mode Selectiofor more information.

Table 7. Port x Data Registers (PB_DR = 009Ah, PC_DR = 009Eh, PD_DR = 00A2h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RW | RW | RRW | R'W | R\W | RI\W | RIW

Note: X = Undefined; R/W = Read/Write.

PS015308-0404 PRELIMINARY General-Purpose Input/Output
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Port x Data Direction Registers

In conjunction with the other GPIO Control gisters, the Port Data Direction rgisters,
detailed inPortx Data Direction Rgistes (PB_DDR = 009Bh, PC_DDR= 009Fh,
PD_DDR= 00A3h), control the operating modes of lG&10 port pins. Se€P10 Mode
Selectionfor more information.

Table 8. Port x Data Direction Registers (PB_DDR = 009Bh, PC_DDR = 009Fh,
PD_DDR = 00A3h)

Bit 7 6 5 4 3 2 1 0
Reset 1 1 1 1 1 1 1 1
CPU Access RW | RW | RW | RW | RW | RIWW | RW | R/W
Note: R/W = Read/Write.

Port x Alternate Register 1

In conjunction with the other GPIO Control disters, the Port Alternate Rgisterl,
detailed inPortx Alternate Rgistersl (PB_ALT1 = 009Ch, PC_AL1 = 00AOh,
PD_ALT1 = 00A4h), control the operating modes of the GPIO port pins G3&© Mode
Selectionfor more information.

Table 9. Port x Alternate Registers 1 (PB_ALT1 = 009Ch, PC_ALT1 = 00AOh,
PD_ALT1 = 00A4h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | RIW | RIW | R/W

Note: R/W = Read/Write.

Port x Alternate Register 2

In conjunction with the other GPIO Control disters, the Port Alternate Register2,
detailed inPort xAlternate Rgisters2 (PB_ALT2 = 009Dh, PC_AID2 = 00Alh,
PD_ALT2 = 00A5h), control the operating modes of the GPIO port pins G3&© Mode
Selectionfor more information.

Table 10. Port x Alternate Registers 2 (PB_ALT2 = 009Dh, PC_ALT2 = 00A1h,
PD_ALT2 = 00A5h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | RI\W | RIW | R/W

Note: R/W = Read/Write.

PRELIMINARY General-Purpose Input/Output
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Interrupt Controller

The interrupt controller on theZ80F92device routes thénterrupt request signals from
the internal peripherals andternal deices (via the GPIO pins) to the CPU.

Maskable Interrupts

On theeZ80F92evice, all maskable interrupts use the C®\#ctored interrupt function.
InterruptVector Sources by Prioritysts thelow-byte vector for each of thmaskable
interrupt sourced’ he maskable interrupt sources are listed in order of priaritly vector
00h being thehighest-priority interruptThe full 16-bitinterrupt \ector is located at start
ing address {I[7:0])JVECT[7:0]} where I[7:0] is the CP$ Interrupt RgeAddress Rgis-
ter.

Table 11. Interrupt Vector Sources by Priority

Vector Source Vector Source Vector Source Vector Source
00h Unused 1Ah UART 1 34h Port B 2 4Eh Port C 7

02h Unused 1Ch 1°c 36h Port B 3 50h PortD O
04h Unused 1Eh SPI 38h Port B 4 52h Port D 1
06h Unused 20h Unused 3Ah PortB 5 54h Port D 2
08h Flash 22h Unused 3Ch Port B 6 56h PortD 3
0Ah PRT 0 24h Unused 3Eh PortB 7 58h Port D 4
0Ch PRT 1 26h Unused 40h PortC O 5Ah PortD 5

OEh PRT 2 28h Unused 42h Port C 1 5Ch Port D 6
10h PRT 3 2Ah Unused 44h Port C 2 5Eh PortD 7
12h PRT 4 2Ch Unused 46h Port C 3 60h Unused
14h PRT 5 2Eh Unused 48h Port C 4 62h Unused
16h RTC 30h Port B 0 4Ah PortC 5 64h Unused
18h UART 0 32h Port B 1 4Ch PortC 6 66h Unused

Note: Absolute locations 00h, 08h, 10h, 18h, 20h, 28h, 30h, 38h, and 66h are reserved for hardware
reset, NMI, and the RST instruction.

The usess program should store the starting address dhtherupt service routind$R)
in the two-byteinterrupt \ector locations. & example, forADL mode the tw-byte
address for th&PI interrupt service routineonld be stored atoph, I[7:0], 1Eh} and

PS015308-0404 PRELIMINARY Interrupt Controller



eZ80F92/eZ80F93
Product Specification

ZiLOG

{o0h, I[7:0], 1Fh}. In Z80 mode, the te-byte address for the Siterrupt service rou
tine would be stored at {MBSE[7:0], I[7:0],1Eh} and {MBASE, 1[7:0], 1Fh}. Theleast-
significant byte is stored at thenler address.

When an one or more of thmterrupt requestdRQs) become acte, an interrupt request

is generated by the interrupt controller and sent to the TR&Jcorresponding 8-bit inter
rupt vector for thehighest-priority interrupt is placed on the 8-biierrupt \ector lus,
IVECT][7:0]. The interrupt ector lus is internal to theZ80F92device and is therefore

not visible eternally The response time of the CPU to an interrupt request is a function of
the current instruction beingecuted as well as the numbemdit states being asserted.
Theinterrupt \ector, {I[7:0], IVECTI[7:0]}, is visible on theaddress bis, ADDR[15:0],

when the interrupt service routinegires. The response of the CPU toectored interrupt

on theeZ80F92device is explained inVectored Interrupt Operatiomterrupt sources are
required to be aaté until the interrupt service routine starts. It is recommended that the
Interrupt RgeAddress Ragister (1) \alue be changed by the user from itsadéfvalue of

00h as this address can create dotdlbetween thaonmaskable interrupeetor the

RST instruction addresses, and mhaskable interruptectors.

Table 12. Vectored Interrupt Operation

Memory ADL MADL

Mode Bit Bit Operation

Z80 Mode O 0 Read the LSB of the interrupt vector placed on the internal vectored
interrupt bus, IVECT [7:0], by the interrupting peripheral.
®IEF1 -0
®IEF2 - 0

® The Starting Program Counter is effectively {MBASE, PC[15:0]}

® Push the 2-byte return address PC[15:0] onto the ({(MBASE,SPS}) stack
® The ADL mode bit remains cleared to 0

® The interrupt vector address is located at {MBASE, 1[7:0], IVECT[7:01}

® PC[15:0] —~ ({(MBASE, I[7:0], IVECT[7:01})

® The ending Program Counter is effectively {MBASE, PC[15:0]}

® The interrupt service routine must end with RETI

ADL Mode 1

PS015308-0404

0 Read the LSB of the interrupt vector placed on the internal vectored
interrupt bus, IVECT [7:0], by the interrupting peripheral.
®IEF1 <« 0
®IEF2 ~ 0O
® The Starting Program Counter is PC[23:0]
® Push the 3-byte return address, PC[23:0], onto the SPL stack
® The ADL mode bit remains set to 1
® The interrupt vector address is located at {00h, I[7:0], IVECT[7:0]}
® PC[15:0] ~ ({00Oh, I[7:0], IVECT[7:01})
® The ending Program Counter is {00h, PC[15:0]}
® The interrupt service routine must end with RETI

PRELIMINARY Interrupt Controller
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Table 12. Vectored Interrupt Operation (Continued)

Memory
Mode

ADL
Bit

MADL
Bit

Operation

Z80 Mode

0

1

Read the LSB of the interrupt vector placed on the internal vectored

interrupt bus, IVECTI[7:0], bus by the interrupting peripheral.

®IEF1 0

®IEF2 - 0

® The Starting Program Counter is effectively {(MBASE, PC[15:0]}

® Push the 2-byte return address, PC[15:0], onto the SPL stack

® Push a 00h byte onto the SPL stack to indicate an interrupt from Z80
mode (because ADL = 0)

® Set the ADL mode bit to 1

® The interrupt vector address is located at {00h, 1[7:0], IVECT[7:0]}

® PC[15:0] ~ ({0Oh, I[7:0], IVECTI[7:01})

® The ending Program Counter is {00h, PC[15:0]}

® The interrupt service routine must end with RETI.L

ADL Mode

1

Read the LSB of the interrupt vector placed on the internal vectored

interrupt bus, IVECT [7:0], by the interrupting peripheral.

®IEF1 0

®IEF2 - 0

® The Starting Program Counter is PC[23:0]

® Push the 3-byte return address, PC[23:0], onto the SPL stack

® Push a 01h byte onto the SPL stack to indicate a restart from ADL mode
(because ADL = 1)

® The ADL mode bit remains set to 1

® The interrupt vector address is located at {00h, 1[7:0], IVECT[7:0]}

® PC[15:0] ~ ({0Oh, I[7:0], IVECTI[7:01})

® The ending Program Counter is {00h, PC[15:0]}

® The interrupt service routine must end with RETI.L

Nonmaskable Interrupts

An active Low input on theNMI pin generates anterrupt request to the CPUhis non
maskable interrupt isehys serviced by the CPUgardless of the state of thaterrupt
Enable fhgs (IEF1 and IEF2Y.he nonmaskable interrupt is prioritized higher than all
maskable interrupt3.he response of the CPU to a nonmaskable interrupt is described in
detail in the eZ80 CPU User Manual (UM0077).

PS015308-0404
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Chip Selects and Wait States

TheeZ80F92device generates four Chip Selects fategnal deices. Each Chip Select

may be programmed to access eitnemory space dfO spaceTheMemory Chip

Selects can be inddually programmed on a 68 boundaryThe I/O Chip Selects can
each choose a 256-byte section of I/O space. In addition, each Chip Select may be pro
grammed for up to Wait states.

Memory and I/O Chip Selects

Each of the Chip Selects can be enabled for either the memory address space or the I/0
address spaceubnot bothTo select the memory address space for a particular Chip
Select,CSX_10(CSx_CTL[4]) must be reset to Jo select the I/O address space for a
particular Chip SelecGCSX IO must be set to After RESET the dedult is for all Chip
Selects to be comfured for the memory address spaaw. dither the memory address

space or the I/O address space, theviddal Chip Selects must be enabled by setting
CSx_EN (Cs<_CTL[3]) to 1.

Memory Chip Select Operation

Operation of each of the Memory Chip Selects is controlled by three comjfisibrs.To
enable a particular Memory Chip Select, the feitgy conditions must be met:

® The Chip Select is enabled by settidfx_ENto 1

® The Chip Select is comfilred for Memory by clearinGSX_10to 0

® The address is in the associated Chip Select range:
CSx_LBR[7:0] < ADDR[23:16] < CSx_UBR([7:0]

® No higher priority (lever number) Chip Select meets theaboonditions
® A memory access instruction must beeuting

If all of the foregoing conditions are met to generate a Memory Chip Select, then-the fol
lowing actions occur:

® The appropriate Chip SelecteSQ CS1, CS2 or CS3—is asserted (dren Low)
* MREQis asserted (dren Low)
® Depending upon the instruction, eitl®D or WR is asserted (dren Low)

If the upper and ler bounds are set to the samaéue CSX_UBR =CSx_LBR), then a
particular Chip Select isalid for a single 6&KB page.

PS015308-0404 PRELIMINARY Chip Selects and Wait States
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Memory Chip Select Priority

A lower-numbered Chip Select is granted prioritiepa highenumbered Chip Select.
For example, if the address space of Chip Selectéblaps the Chip Select 1 address
space, Chip Select 0 is ati

Reset States

OnRESET, Chip Select 0 is ac# for all addresses, because itsveo Bound rgister
resets t@0h and its Upper Bound géster resets t6Fh. All of the other Chip Select
Lower and Upper Bound gésters reset tooh.

Memory Chip Select Example

The use oMemory Chip Selects is demonstratedrigure6. The associated controlge
ister \alues indicated iRegisterValues for Memory Chip Select ExampleFigure6. In
this example, all 4 Chip Selects are enabled and gardid for memory addressédso,
CS1 werlaps withCS0. Because CSO0 is prioritized higher than CS1, CS1 is ne famti
much of its defied address space.

Memory
Location
CS3_UBR = FFh FFFFFFh
CS3 Active
3 MB Address Space
CS3_LBR =DO0h D00000h
CS2_UBR = CFh CFFFFFh
CS2 Active
CS2_LBR = A0h 3 MBAddress Space |\ 5000n
CS1_UBR =9Fh CS1 Active 9FFFFFh
2 MB Address Space
800000h
CS0_UBR = 7Fh 7FFFFFh
CSO0 Active
8 MB Address Space
CS0_LBR =CS1_LBR =00h 000000h

Figure 6.Example: Memory Chip Select
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Table 13. Register Values for Memory Chip Select Example in Figure 6

Chip CSx_CTL[3] CSx_CTL[4]
Select CSx_EN CSx_IO CSx_LBR CSx_UBR Description

CSo

0 00h 7Fh CSO0 is enabled as a Memory Chip Select.
Valid addresses range from 000000h—
7FFFFFh.

CS1

0 00h 9Fh CS1 is enabled as a Memory Chip Select.
Valid addresses range from 800000h—
9FFFFFh.

CS2

0 AOh CFh CS2 is enabled as a Memory Chip Select.
Valid addresses range from AO0O000h—
CFFFFFh.

CS3

0 DOh FFh CS3 is enabled as a Memory Chip Select.
Valid addresses range from D0O0000h—
FFFFFFh.

/0 Chip Select Operation

PS015308-0404

I/O Chip Selects can only be a@iwhen the CPU is performing I/O instructions. Because
thel/O space is separate from timemory space in theZ80F92Xevice, there can mer be
a conflct between I/O and memory addresses.

TheeZ80F92device supports a 16-bit I/0 addre3sie I/O Chip Select logic decodes the
High byte of the 1/O addresADDR[15:8]. Because the upper byte of tHuadress bs,
ADDR[23:16], is ignored, the I/O de&es can alays be accessed from withinyamem
ory mode (ADL or Z80)The MBASE ofset value used for setting the Z80 MEMW®R
mode page is alsovahys ignored.

Four 1/0O Chip Selects arevailable with theeZ80F92device. To generate a particular I/0O
Chip Select, the follwing conditions must be met:

® The Chip Select is enabled by settb§X ENto 1

® The Chip Select is comfiired for 1/0O by settin€@SX_10to 1

® An I/O Chip Select address match occurs—ADDR[15:8]Sk_LBR[7:0]
® No higherpriority (lower-number) Chip Select meets the edaonditions

® The I/O address is not within the on-chip peripheral address ca8g&—00FFh.
On-chip peripheral gisters assume priority for all addresses where:

0080h < ADDR[15:0] < 00FFh

® An /O instruction must bexecuting

PRELIMINARY Chip Selects and Wait States
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If all of the foreyoing conditions are met to generate an I/O Chip Select, then theifiglo
actions occur:

® The appropriate Chip SelecteSQ CS1, CS2 or CS3—is asserted (dren Low)
® IORQis asserted (dren Low)
® Depending upon the instruction, eiti®D or WR is asserted (drén Low)

WAIT States

For each of the Chip Selects, programmalild T states can be asserted topde exter

nal devices with additional clockycles to complete their Read\Write operationsThe
number oMWAIT states for a particular Chip Select is controlled by the 3ddd fi
CSX_WAIT (CSX_CTL[7:5]). TheWAIT states can be independently programmed te pro
vide 0 to 7WAIT states for each Chip SeleGhe WAIT states idle the CPU for the speci
fied number ofystem clock gcles.

WAIT Input Signal

Similar to the programmabWAIT states, anxdernal peripheral can ehe theWAIT input
pin to force the CPU to pvide additional clockycles to complete its Read \bfrite oper
ation. Drving theWAIT pin Low stalls the CPUThe CPU resumes operation on thstfi
rising edge of thenternalsystem clock follving deassertion of tR&AIT pin.

A Caution: If the WAIT pin is to be dsien by an gternal deice, the corresponding Chip
Select for the déce must be programmed to pide at least on&/AIT state.
Due to input sampling of th&AIT input pin (shavn in Figure7), one program
mableWAIT state is required to awthe eternal peripheral sfitient time to
assert th&VAIT pin. It is recommended that the corresponding Chip Select for
the external de@ice be programmed to prinle the maximum number SVAIT
states (seen).

Wait eZ80
Pin D Q CPU
System Clock

Figure 7.Wait Input Sampling Block Diagram
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An example ofWAIT state operation is illustrated Figure8. In this ekample, the Chip
Select is confjured to preide a singlaVAIT state.The eternal peripheral being
accessed dres theVAIT pin Low to request assertion of an additiohIT state. If the
WAIT pin is asserted for additionsystem clock ycles,WAIT states are added until the
WAIT pin is deasserted (High).

| | |
€ Tok — > 1<——Tywar —>
| | |

[
ADDR[23:0] : >< X >< x
l
DATA[7:0] : >< X ><
(output) |
[

CSx

I
|
t
|
I
T
[
[
I
|
I
|
I
|
.

395

|
I
|
|
|
I
|
I
il
I
|
I
|
|
|

Figure 8.Example: Wait State Operation Read Operation

Chip Selects During Bus Request/Bus Acknowledge Cycles

When theCPU relinquishes thaddress bs to an gternal peripheral in response to an
external lus requestRUSREQ), it drives thebus acknwledge pin BUSACK) Low. The
external peripheral can then deithe addresaus (anddata lus). The CPU continues to
generate Chip Select signals in response to the address o thxternal ddéces cannot
access the internalgesters of theeZ80F92device.
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Bus Mode Controller

The lus mode controller alles the address and datasktiming and signal formats of the
eZ80F92evice to be confjured to connect seamlessly wittteznalez8®, Z80-, Intel-,
or Motorola-compatible deces.Bus modes for each of the chip selects can beguoefil
independently using the Chip Select Bus Mode ContrgidRers.The number of CPU
system clock ycles petbus mode state is also independently programmabtdnkel kus
mode, multipleed address and data can be selected in whichvlee lyte of the address
and the data byte both use ttaga lus, DATA[7:0]. Each of the bs modes is»@lained in
more detail in the folling sections.

eZ80 Bus Mode

Chip selects corjured for eZ80 bs mode do not modify theub signals from the CPU.
The timing diagrams fongernal Memory and 1/0 Read aldite operations are shm
in the AC Characteristicsectionon page 233The deult mode for each chip select is
eZ80 mode.

Z80 Bus Mode

Chip selects corgured for Z80 mode modify the CPWdsignals to match the Z80
microprocessor address athata lus interfice signal format and timing. During read eper
ations, the Z80Us mode empligs three states (TI2, andT3) as described iA80 Bus
Mode Read States

Table 14. Z80 Bus Mode Read States

STATE T1 The Read cycle begins in State T1. The CPU drives the address onto the address bus and
the associated Chip Select signal is asserted.

STATE T2 During State T2, the RD signal is asserted. Depending upon the instruction, either the
MREQ or IORQ signal is asserted. If the external WAIT pin is driven Low at least one CPU
system clock cycle prior to the end of State T2, additional WAIT states (T\yaT) are
asserted until the WAIT pin is driven High.

STATE T3 During State T3, no bus signals are altered. The data is latched by the eZ80F92 device at
the rising edge of the CPU system clock at the end of State T3.

During Write operations, Z80us mode emplgs 3 states (TI[2, andT3) as described in
Z80 Bus ModeWrite States
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Table 15. Z80 Bus Mode Write States

STATE T1 The Write cycle begins in State T1. The CPU drives the address onto the address bus, the
associated Chip Select signal is asserted.

STATE T2 During State T2, the WR signal is asserted. Depending upon the instruction, either the
MREQ or IORQ signal is asserted. If the external WAIT pin is driven Low at least one CPU
system clock cycle prior to the end of State T2, additional WAIT states (T\ya) are
asserted until the WAIT pin is driven High.

STATE T3 During State T3, no bus signals are altered.

Z80 lus mode Read anirite timing is illustrated ifrigures 9 and0. The Z80bus mode
states can be cogfired for 1 to 1%2PUsystem clock ycles. In the fjures, each Z80us
mode state is tavCPU system clockycles in durationFigures 9 and.0 also illustrate

the assertion of Wait state TyyaT) by the &ternal peripheral during each Z8Gsmode

cycle.

T1 T2 Terk T3

System Clock

ADDR[23:0]

N

DATA[7:0]

—~

CSx

L

¢

MREQ
or IORQ

|
1
|
|
1
|
|
1
|
|
|
|
|
T
]
|
RD |
|
|
f
|
|
|
|
|
|
|
|
|
|
|

LIS T <

ket EECYEEDPES EEREES EES SRS B

Figure 9.Example: Z80 Bus Mode Read Timing
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Figure 10.Example: Z80 Bus Mode Write Timing

Intel Bus Mode

PS015308-0404

Chip selects cordured for Intel hs mode modify the CPWIL signals to duplicate a four
state memory transfer similar to that found on Intel-style microcontrolleestus signals
andeZ80F92device pins are mapped as illustratedrigure11. In Intel lus mode, the
user can select either multigkrl or nonmultipleed address andhata luses. In nonmulki
plexed operation, the address and daisels are separate. In multiyge operation, the
lower byte of the addres&DDR][7:0], also appears on the datsbDATA[7:0], during
StateT1 of the Intel ns mode gcle. During multipleed operation, the Veer byte of the
address bs also appears on the addrass b addition to the dataub.
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Figure 11.Intel Bus Mode Signal and Pin Mapping
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Intel Bus
Signal Equvalents

ALE

READY
MREQ
IORQ

ADDR[23:0]

DATA[7:0]

Intel Bus Mode (Separate Address and Data Buses)

During Read operations with separatklress andata luses, the Intelus mode emplgs
4 states (T1T2, T3, andT4) as described ilmtel Bus Mode Read States (Separate
Address and Data Buses)

Table 16. Intel Bus Mode Read States (Separate Address and Data Buses)

STATE T1 The Read cycle begins in State T1. The CPU drives the address onto the
address bus and the associated Chip Select signal is asserted. The CPU
drives the ALE signal High at the beginning of T1. During the middle of T1,
the CPU drives ALE Low to facilitate the latching of the address.

STATE T2 During State T2, the CPU asserts the RD signal. Depending on the
instruction, either the MREQ or IORQ signal is asserted.

PS015308-0404
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Table 16. Intel Bus Mode Read States (Separate Address and Data Buses)

STATE T3 During State T3, no bus signals are altered. If the external READY (WAIT)
pin is driven Low at least one CPU system clock cycle prior to the
beginning of State T3, additional wait states (T\ya ) are asserted until the
READY pin is driven High.

STATE T4 The CPU latches the Read data at the beginning of State T4. The CPU
deasserts the RD signal and completes the Intel bus mode cycle.

DuringWrite operations with separaaedress andata luses, the Intells mode emplys
4 states (T1T2, T3, andT4) as described imtel Bus ModéN'rite States (Separate
Address and Data Buses)

Table 17. Intel Bus Mode Write States (Separate Address and Data Buses)

STATE T1 The Write cycle begins in State T1. The CPU drives the address onto the
address bus, the associated Chip Select signal is asserted, and the data
is driven onto the data bus. The CPU drives the ALE signal High at the
beginning of T1. During the middle of T1, the CPU drives ALE Low to
facilitate the latching of the address.

STATE T2 During State T2, the CPU asserts the WR signal. Depending on the
instruction, either the MREQ or IORQ signal is asserted.

STATE T3 During State T3, no bus signals are altered. If the external READY (WAIT)
pin is driven Low at least one CPU system clock cycle prior to the
beginning of State T3, additional WAIT states (T\ya 1) are asserted until
the READY pin is driven High.

STATE T4 The CPU deasserts the WR signal at the beginning of State T4. The CPU
holds the data and address buses through the end of T4. The bus cycle is
completed at the end of T4.

Intel bus mode timing is illustrated for a Read operatioRigure12 and for aWrite oper
ation inFigurel3. If the READY signal (eternalWAIT pin) is driven Low prior to the
beginning of Statd 3, additional vait states Ty 1) are asserted until the READsignal
is driven High.The Intelbus mode states can be cgufied for 2 to 15 CPWystem clock
cycles. In the fjures, eacintel™ bus mode state is 2 CPU system clog&les in dura
tion. Figuresl2 andl13 also illustrate the assertion of OMAIT state [Ty T) by the
selected peripheral.
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Figure 13.Example: Intel Bus Mode Write Timing—Separate Address and Data
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Intel Bus Mode (Multiplexed Address and Data Bus)

During Read operations with multipied address and data, théel™ bus mode emplgs
4 states (T1T2, T3, andT4) as described imtel Bus Mode Read States (Multipésd
Address and Data Bus)

Table 18. Intel Bus Mode Read States (Multiplexed Address and Data Bus)

STATE T1 The Read cycle begins in State T1. The CPU drives the address onto the
DATA bus and the associated Chip Select signal is asserted. The CPU
drives the ALE signal High at the beginning of T1. During the middle of T1,
the CPU drives ALE Low to facilitate the latching of the address.

STATE T2 During State T2, the CPU removes the address from the DATA bus and
asserts the RD signal. Depending upon the instruction, either the MREQ
or IORQ signal is asserted.

STATE T3 During State T3, no bus signals are altered. If the external READY (WAIT)
pin is driven Low at least one CPU system clock cycle prior to the
beginning of State T3, additional WAIT states (T\ya ) are asserted until
the READY pin is driven High.

STATE T4 The CPU latches the Read data at the beginning of State T4. The CPU
deasserts the RD signal and completes the Intel M bus mode cycle.

During Write operations with multipleed address and data, tinéel™ bus mode
emplgys 4 states (TI[2, T3, andT4) as described imtel Bus Modénrite States (Multi
plexedAddress and Data Bus)

Table 19. Intel Bus Mode Write States (Multiplexed Address and Data Bus)

STATE T1  The Write cycle begins in State T1. The CPU drives the address onto the
DATA bus and drives the ALE signal High at the beginning of T1. During
the middle of T1, the CPU drives ALE Low to facilitate the latching of the
address.

STATE T2 During State T2, the CPU removes the address from the DATA bus and
drives the Write data onto the DATA bus. The WR signal is asserted to
indicate a Write operation.

STATE T3 During State T3, no bus signals are altered. If the external READY (WAIT)
pin is driven Low at least one CPU system clock cycle prior to the
beginning of State T3, additional wait states (Tyya 1) are asserted until the
READY pin is driven High.

STATE T4 The CPU deasserts the Write signal at the beginning of T4 identifying the
end of the Write operation. The CPU holds the data and address buses
through the end of T4. The bus cycle is completed at the end of T4.
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Signal timing for Intel bs mode with multipbeed address and data is illustrated for a
Read operation iRigure14 and for aW'rite operation irFigure15. In the fgures, each
Intel™ bus mode state is 2 CHystem clock ycles in durationFiguresl4 andl5 also
illustrate the assertion of omait state {yya7) by the selected peripheral.
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Figure 14.Example: Intel'™ Bus Mode Read Timing—Multiplexed Address and Data
Bus
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Figure 15.Example: Intel™ Bus Mode Write Timing—Multiplexed Address and Data
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Chip selects corgured forMotorolabus mode modify the CPWb signals to duplicate
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an eight-state memory transfer similar to that foun®lotorola-style microcontrollers.
The hus signals (andZ80F92/0 pins) are mapped as illustratedFiigure 16.

eZ80 Bus Mode
Signals (Pins)

INSTRD

Bus Mode
Controller

= S R

WR
WAIT
MREQ
IORQ —>
ADDR[23:0]

—_—

DATA[7:0] <—>

Motorola Bus

Signal
AS

DS
RIW
DTACK
MREQ

IORQ

DATA[7

Figure 16.Motorola Bus Mode Signal and Pin Mapping

Equvalents

ADDR[23:0]

:0]
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During Write operations, th®otorolabus mode emplgs 8 states (SO0, S1, S2, S3, S4, S5,
S6, and S7) as describedMiotorola Bus Mode Read States

Table 20. Motorola Bus Mode Read States

STATE SO

The Read cycle starts in state S0. The CPU drives RIW High to identify a Read cycle.

STATE S1

Entering state S1, the CPU drives a valid address on the address bus, ADDR[23:0].

STATE S2

On the rising edge of state S2, the CPU asserts AS and DS.

STATE S3

During state S3, no bus signals are altered.
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Table 20. Motorola Bus Mode Read States (Continued)

STATE S4

During state S4, the CPU waits for a cycle termination signal DTACK (WAIT), a peripheral
signal. If the termination signal is not asserted at least one full CPU clock period prior to
the rising clock edge at the end of S4, the CPU inserts WAIT (T 1) states until DTACK is
asserted. Each WAIT state is a full bus mode cycle.

STATE S5

During state S5, no bus signals are altered.

STATE S6

During state S6, data from the external peripheral device is driven onto the data bus.

STATE S7

On the rising edge of the clock entering state S7, the CPU latches data from the
addressed peripheral device and deasserts AS and DS. The peripheral device deasserts
DTACK at this time.

The eight states for\&rite operation irMotorolabus mode are describedNfotorola Bus
ModeWrite States

Table 21. Motorola Bus Mode Write States

STATE SO

The Write cycle starts in SO. The CPU drives RIW High (if a preceding Write cycle leaves
R/W Low).

STATE S1

Entering S1, the CPU drives a valid address on the address bus.

STATE S2

On the rising edge of S2, the CPU asserts AS and drives R/W Low.

STATE S3

During S3, the data bus is driven out of the high-impedance state as the data to be written
is placed on the bus.

STATE S4

At the rising edge of S4, the CPU asserts DS. The CPU waits for a cycle termination signal
DTACK (WAIT). If the termination signal is not asserted at least one full CPU clock period
prior to the rising clock edge at the end of S4, the CPU inserts WAIT (T 1) States until
DTACK is asserted. Each WAIT state is a full bus mode cycle.

STATE S5

During S5, no bus signals are altered.

STATE S6

During S6, no bus signals are altered.

STATE S7

Upon entering S7, the CPU deasserts AS and DS. As the clock rises at the end of S7, the
CPU drives R/W High. The peripheral device deasserts DTACK at this time.
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Signal timing for Motorola bs mode is illustrated for a Read operatioRigurel7 and
for aWrite operation irFigure18. In these tw figures, each Motorolaus mode state is 2
CPUsystem clockycles in duration.

System Clock ||||||||||||||'|||||||||||||||||||||

I I I [ I I I | I
| | | [ | | | [ |
[ [ [ T [ [ [ [ I
ADDR[23:0] X | | | | | | | | |><:
I I I I I I 1 1 T
| | | [ | | | | |
_\I | | [ | | | |
. | | | | | | | | |
DATALT:0] /1 I I [ I I I < | > |
| | | [ | | | [ |
| | | [ | | I | |
| | | [ | | | | |
Csx \ | | | ! | | | [ | /
T T T T T T T T T
| | | [ | | I | |
] ] ] [ I | | |
— I I I [ | | I | |
AS | | |\ I | | | |/ |
| | | T T T T T |
| | | [ | | | | |
} } } [ | | I | /—0—
— | | | [ | | | | |
DS JI [ |\ | ] ] ] | [
| | | [ | | | | |
| | | [ | | I | |
__ [ [ [ T [ [ [ [ |
R/W | | | [ | | I | |
| | | [ | | | | |
| | | [ | | I | |
} } } L | | | | /_;_
| | | [ | | I | |
DTACK | | | [ \ | | | | |
| | | [ | | I [ |
| | | [ | | | | |
_ T T T I | | | | |
MREQ I I |\ [ I I I | I /
or IORQ | | | I I I I I I
| | | [ | | | | |

Figure 17.Example: Motorola Bus Mode Read Timing
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T T T > rrrre

Figure 18.Example: Motorola Bus Mode Write Timing
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Switching Between Bus Modes

LT

Each time the s mode controller must switch from onesbmode to anothgthere is a
one-gcle CPUsystem clock delayAn extra clock gcle is not required for repeated
access in anof the lus modes; nor is it required when ##80F92device switches to

eZ80 hus modeThe etra clock gcles are not slwn in the timing ®amples. Due to the

asynchronous nature of theseslprotocols, thextra delay does not impact peripheral

communication.
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Chip Select Registers

Chip Select x Lower Bound Register

For Memory Chip Selects, the Chip Sel&ttower Bound rgistet detailed inChip Select

x Lower Bound Rgistea (CSO_LBR= 00A8h, CS1_LBR= 00ABh, CS2_LBR= 00AENh,
CS3_LBR= 00B1h) defnes the laver bound of the address range for which the eorre
sponding Memory Chip Select (if enabled) can bevactor I/O Chip Selects, this gés-

ter defnes the address to whielDDR[15:8] is compared to generate an I/O Chip Select.
All Chip Select lover bound rgisters reset tooh.

Table 22. Chip Select x Lower Bound Register
(CS0_LBR = 00A8h, CS1_LBR = 00ABh, CS2_LBR = 00AEh, CS3_LBR = 00B1h)

Bit

CS0_LBR Reset
CS1_LBR Reset
CS2 LBR Reset
CS3 LBR Reset
CPU Access RW | RRW | RW | RRW | RW | RI'W | RW | R/W
Note: R/W = Read/Write.

oo o|oOoN
oo/ oo
[elNeolNolN ol ]
ol oO| O O~
[l eliNeR NNt
oo O ON
O OO Ol =
oo/ ol

Bit
Position Value Description
[7:0] 00h— For Memory Chip Selects (CSX_[0=0)

CSx_LBR FFh  This byte specifies the lower bound of the Chip Select address
range. The upper byte of the address bus, ADDR[23:16], is
compared to the values contained in these registers for
determining whether a Memory Chip Select signal should be
generated.

For I/0 Chip Selects (CSX_10=1)

This byte specifies the Chip Select address value. ADDR[15:8] is
compared to the values contained in these registers for
determining whether an I/O Chip Select signal should be
generated.
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Chip Select x Upper Bound Register

For Memory Chip Selects, the Chip Seladtpper Bound rgisters, detailed ihip

Select x Upper Bound Reste (CS0_UBR= 00A9h, CS1_UBR= 00ACh, CS2_UBR=
00AFh, CS3_UBR= 00B2h) defnes the upper bound of the address range for which the
corresponding Chip Select (if enabled) can bevackor I/O Chip Selects, this géster
produces no &ct. The reset state for the Chip Select 0 Upper Bougidter isFFh,

while the reset state for the other Chip Select upper bogistaes iO0h.

Table 23. Chip Select x Upper Bound Register
(CS0_UBR = 00A9h, CS1_UBR = 00ACh, CS2_UBR = 00AFh, CS3_UBR = 00B2h)

Bit

CS0_UBR Reset
CS1_UBR Reset
CS2_UBR Reset
CS3_UBR Reset
CPU Access RW | RRW | RW | R'W | RW | R/'W | RW | R/W
Note: R/W = Read/Write.

ol o~ | N
Ol O~ O®
ol O~ O
[l NeRiNeREE N
Ol O~ W
OO O~ DN
Ol OO~ =
[l NeliNoRE NN -]

Bit

Position Value Description

[7:0] 00h— For Memory Chip Selects (CSX_I0=0)

CSx_UBR FFh This byte specifies the upper bound of the Chip Select

address range. The upper byte of the address bus,
ADDR][23:16], is compared to the values contained in these
registers for determining whether a Chip Select signal should
be generated.

For I/O Chip Selects (CSx_IO = 1)
No effect.

Chip Select x Control Register

The Chip Select Control rgistet detailed inChip Select x Control Reste (CSO_CTL

= 00AAh, CS1_CTL= 00ADh, CS2_CTL= 00B0Oh, CS3_CTL= 00B3h) enables the
Chip Selects, speddf$ the type of Chip Select, and sets the numbéirdT statesThe
reset state for the Chip Select 0 Contrgister isE8h, while the reset state for the 3 other
Chip Select control gisters iD0h.
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Table 24. Chip Select x Control Register
(CSO0_CTL = 00AAh, CS1_CTL = 00ADh, CS2_CTL = 00BOh, CS3_CTL = 00B3h)

Bit

CS0_CTL Reset

CS1_CTL Reset

CS2_CTL Reset

CS3 _CTL Reset

OO~ N
oo~ O
OO~ O
oo O O~
O OO~ W

CPU Access

T o|lojoc|o|N
D olo|o|o|~
T o|lolojlo|lo

RW | RRW | RW | RIWW | R/W

Note: R/W = Read/Write; R = Read Only.

IE:)tsition Value Description

[7:5] 000 0 WAIT states are asserted when this Chip Select is active.

CSx_WAIT 001 1 WAIT state is asserted when this Chip Select is active.
010 2 WAIT states are asserted when this Chip Select is active.
011 3 WAIT states are asserted when this Chip Select is active.
100 4 WAIT states are asserted when this Chip Select is active.
101 5 WAIT states are asserted when this Chip Select is active.
110 6 WAIT states are asserted when this Chip Select is active.
111 7 WAIT states are asserted when this Chip Select is active.

4 0 Chip Select is configured as a Memory Chip Select.

CSX_IO 1 Chip Select is configured as an I/0 Chip Select.

3 0 Chip Select is disabled.

CSx_EN 1 Chip Select is enabled.

[2:0] 000 Reserved.

Chip Select x Bus Mode Control Register

The Chip Select Bus Modegister, detailed inChip Seleck Bus Mode Control Rgister,
configures the Chip Select for €280, Z80, IntelMmtorolabus modes. Changing thes
mode allovs theeZ80F92device to interfice to peripherals based on the Z80-, Intel-, or
Motorola-style asynchronouaul interbcesWhen a lns mode other than CPU is pro
grammed for a particular Chip Select, the CSAITsetting in that Chip Select Control

Register is ignored.
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(CS0_BMC = 00FOh, CS1_BMC = 00F1h, CS2_BMC = 00F2h, CS3_BMC = 00F3h)

ZiLOG

Bit 7 6 5 4 3 2 1 0
CS0_BMC Reset 0 0 0 0 0 0 1 0
CS1_BMC Reset 0 0 0 0 0 0 1 0
CS2_BMC Reset 0 0 0 0 0 0 1 0
CS3_BMC Reset 0 0 0 0 0 0 1 0
CPU Access RW | RW | RIW R RW | RRW | RIW | RIW

Note: R/W = Read/Write; R = Read Only.

Bit
Position Value Description
[7:6] 00 e€Z80 bus mode.
BUS_MODE 91" 280 bus mode.
10 Intel™ bus mode.
11 Motorola bus mode.
5 0 Separate address and data.
AD_MUX .
- 1 Multiplexed address and data—appears on data bus
DATA[7:0].
4 0 Reserved.
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E:sition Value Description

[3:0] 0000 Not valid.

BUS_CYCLE 0001 Each bus mode state is 1 CPU clock cycle in duration." 23
0010 Each bus mode state is 2 CPU clock cycles in duration.
0011  Each bus mode state is 3 CPU clock cycles in duration.
0100 Each bus mode state is 4 CPU clock cycles in duration.
0101 Each bus mode state is 5 CPU clock cycles in duration.
0110 Each bus mode state is 6 CPU clock cycles in duration.
0111 Each bus mode state is 7 CPU clock cycles in duration.
1000 Each bus mode state is 8 CPU clock cycles in duration.
1001 Each bus mode state is 9 CPU clock cycles in duration.
1010 Each bus mode state is 10 CPU clock cycles in duration.
1011 Each bus mode state is 11 CPU clock cycles in duration.
1100 Each bus mode state is 12 CPU clock cycles in duration.
1101 Each bus mode state is 13 CPU clock cycles in duration.
1110 Each bus mode state is 14 CPU clock cycles in duration.
1111 Each bus mode state is 15 CPU clock cycles in duration.

Notes:

1. Setting BUS_CYCLE to 1 in Intel bus mode causes the ALE pin to not function properly.

2. Use of the external WAIT input pin in Z80 mode requires that BUS_CYCLE is set to a value
greater than 1.

3. BUS_CYCLE produces no effect in eZ80 mode.
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Watch-Dog Timer

Watch-Dog Timer Overview

PS015308-0404

TheWatch-DogTimer (WDT) helps protect ajnst corrupt or unreliable sofare, paver
faults, and other systemvld problems which may place the CPU into unsuitable operat
ing statesTheeZ80F92WDT features:

® Four programmable time-out period$822%2 225 and 2 clock g/cles

® Two selectabl®V/DT clock sources: thegystem clock or thReal-Time Clock source
(on-chip 3XHz crystal oscillator or 50/@8z signal)

® A selectable time-out response: a time-out can begioefil to generate either a
RESET or anonmaskable interrupNMI)

® A WDT time-out RESET indicatordb

Figurel9illustrates the block diagram for thiéatch-DogTimer.

Data[7:0]

)

Control Register/
Reset Register

WDT_CLK | ‘

RTC Clock —> .
28-Bit <:> WDT Control Logic
Upcounter

U

Time-out Compare Logic
(WDT_PERIOD)

System Clock —>

A

| > RESET

> NMI to eZ80 CPU

Figure 19.Watch-Dog Timer Block Diagram
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Watch-Dog Timer Operation
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Enabling and Disabling the WDT

TheWatch-DogTimer is disabled upon a RESHD enable th&/DT, the application pro
gram must set th&/DT_EN bit (bit 7) of thewDT_CTL reyister When enabled, the
WDT cannot be disabled withouRESET

Time-Out Period Selection

There are four choices of time-out periods forWBT—218 222 225 and 27 system
clock grcles. TheWDT time-out period is dafied by theVDT_PERIODfield of the
WDT_CTL register (WDT_CTL[1:0]).The approximate time-out periods foraiffer-
entWDT clock sources is listed Watch-DogTimer ApproximateTime-Out Delays

Table 26. Watch-Dog Timer Approximate Time-Out Delays

Clock Source Divider Value Time Out Delay
32.768KHz Crystal Oscillator 218 8.00s
32.768KHz Crystal Oscillator 222 128s
32.768KHz Crystal Oscillator  22° 1024s
32.768KHz Crystal Oscillator 227 40965
20MHz System Clock 218 13.1 ms*
20MHz System Clock 222 209.7 ms*
20MHz System Clock 225 1.68s
20MHz System Clock 227 6.71s
50MHz System Clock 218 5.2ms
50MHz System Clock 222 83.9ms
50MHz System Clock 225 0.67s
50MHz System Clock 227 2.68s

Note: *WDT time-out values should be sufficiently long to allow Flash
operations to complete.

RESET Or NMI Generation

Upon aWDT time-out, theRST_FLAGDbit in theWDT_CTL reyister is set to 1. In addi
tion, theWDT can cause a RESET or sendommmaskable interrupt (NMI) signal to the
CPU.The deéult operation is for th&/DT to cause a RESET asserts/deasserts on the
rising edge of the clockheRST_FLAGDbit can be polled by the CPU to determine the
source of the RESETvent.
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If the NMI_OUT bit in theWDT_CTL register is set to 1, then upon time-out, WOT
asserts ahlM| for CPU processingtThe NMI_FLAG bit can be polled by the CPU to
determine the source of the NMiamnt.

Watch-Dog Timer Registers

PS015308-0404

Watch-Dog Timer Control Register

TheWatch-DogTimer Control rgister detailed inWatch-DogTimer Control Rgister; is
an 8-bit Read/Write ggster used to enable thi¢atch-DogTimer, set the time-out period,
indicate the source of the most recRESET and select the required operation upon

WDT time-out.
Table 27. Watch-Dog Timer Control Register
(WDT_CTL = 0093h)
Bit 7 6 5 4 3 2 1 0
Reset 0 0 0/1 0 0 0 0 0
CPU Access RW | RIW R RW | RIW R RW | RIW

Note: R = Read only; R/W = Read/Write.

Bit
Position Value Description
7 0 WDT is disabled.
WDT_EN : :
- 1 WDT is enabled. When enabled, the WDT cannot be disabled
without a RESET
6 0 WDT time-out resets the CPU.
NMI_OUT : :
- 1 WDT time-out generates a nonmaskable interrupt (NMI) to the
CPU.
5 0 RESET caused by external full-chip reset or ZDI reset.
RST_FLAG* : . .

1 RESET caused by WDT time-out. This flag is set by the WDT
time-out, even if the NMI_OUT flag is set to 1. The CPU can
poll this bit to determine the source of the RESET or NMI.

[4:3] 00 WDT clock source is system clock.
WDT_CLK . . .
- 01 WDT clock source is Real-Time Clock source (32KHz on-chip
oscillator or 50/60Hz input as set by RTC_CTRL[4]).
10 Reserved.
11 Reserved.

Note: *RST_FLAG is only cleared by a non-WDT RESET.
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E:sition Value Description

2 0 Reserved.

[1:0] 00 WDT time-out period is 227 clock cycles.

WDT_PERIOD 01 WDT time-out period is 225 clock cycles.
10 WDT time-out period is 222 clock cycles.
11 WDT time-out period is 2'8 clock cycles.

Note: *RST_FLAG is only cleared by a non-WDT RESET.

Watch-Dog Timer Reset Register

TheWatch-DogTimer Reset mgister detailed inWatch-DogTimer Reset Rgister, is an 8-
bit Write Only register TheWatch-DogTimer is reset when akbh value folloved by5Ah

is written to this rgister Any amount of time can occur between the writing ofAble
value and th&Ah value, so long as th&/DT time-out does not occur prior to completion.

Table 28. Watch-Dog Timer Reset Register
(WDT_RR = 0094h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X
CPU Access w w w w w w w w
Note: X = Undefined; W = Write only.

>
>
>
>

Bit

Position Value Description

[7:0] A5h The first Write value required to reset the WDT prior to a time-
WDT_RR out.

5Ah The second Write value required to reset the WDT prior to a
time-out. If an A5h, 5Ah sequence is written to WDT_RR, the
WDT timer is reset to its initial count value, and counting
resumes.
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Programmable Reload Timers

Programmable Reload Timers Overview

TheeZ80F92evice features six Programmable Reldamiers (PR). Each PR contains
a 16-bit devncounter and a 16-bit reloadyister In addition, each PRfeatures a clock
prescaler with four selectable taps for Ctl, CLK +~ 16, CLK+ 64, and CLK+ 256.
Each timer can be inddually enabled to operate in eitf®&iNGLE PASSor CONTINU-
OUSmode.The timer can be programmed to start, stop, restart from the cuateaf gr
restart from the initial @lue, and generate interrupts to the CPU.

Four of the Programmable Relo@iners (timers 0-3) feature a selectable clock source
input. The input for these timers can be eitherdistem clock or thReal-Time Clock
(RTC) sourceTimers 0-3 can also be used feent counting, with their inputs reged
from a GPIO port pin. Output from timers 4 and 5 can be directed to a GPIO port pin.

Each of the six PRs available on theZ80F92device can be controlled inddually. They
do not share the same counters, relogisters, control rgisters, or interrupt signala.
simplified block diagram of a programmable reload timer is illustrat&imre 20.

Data[7:0]

Data[7:0]

Reload Registers Control Register

{TMRx_RR_H, TMRx_RR_L} TMRx_CTL

System Clock —> A4 ]\/I
Adjustable 16-Bit PRT > IRQ to eZ80 CPU
RTC Source —3= Clock > Down Bourit KA et
PIo Pin Prescaler own Counter ontrol Logic Timer Out
1. 4 ) f
TMRx IN  TMRXx CTL[32] Data Registers ‘ TOUT_EN
(Timers 0-3 - {TMRx_DR_H, TMRx_DR_L}| (Timers 4-5 only)
only)
Data[7:0]

Figure 20.Programmable Reload Timer Block Diagram
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Programmable Reload Timer Operation

Setting Timer Duration

There are threattors to consider when determining Programmable Rédlioaer dura
tion—clock frequeny, clock dvider ratio, and initial countalue. Minimum duration of
the timer is achiged by loadingd001h. Maximum duration is achied by loading
0000h, because the timerrst rolls over toFFFFh and then continues countingvao to
0000h.

The time-out period of the ARs returned by the folleing equation:

Clock Divider Ratio x Reload Value
PRT Time-Out Period =

System Clock Frequency

To calculate the time-out period with the gb@quation when using an initialue of
0000h, enter a reloadalue of 65536KFFFh + 1).

Minimum time-out duration is 4 times longer than the input clock period and is generated
by setting the clock dider ratio to 1:4 and the reloadlue to0001h. Maximum time-out
duration is 2% (16,777,216) times longer than the input clock period and is generated by
setting the clock dider ratio to 1:256 and the reloadlwe to0000h.

Single Pass Mode

In SINGLE PASSmode, when the end-of-courdlue,0000h, is reached, counting halts,
the timer is disabled, and tR&RT_ENbit resets to OTo restart the timethe CPU must
reenable the timer by setting tRRT_ENDbit to 1.An example of a PR operating irSIN-
GLE PASSmode is illustrated ifrigure2l. Timer ragister information is indicated in
PRT Single RissMode Operation Example
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t o [7:0] 0
tonL [7:0] o X 4 ¥ 3 X 2 X 1 X 0
IRQ

Figure 21.PRT SINGLE PASS Mode Operation Example

Table 29. PRT SINGLE PASS Mode Operation Example

Parameter Control Register(s) Value
PRT Enabled TMRx_CTL[0] 1
Reload and Restart Enabled TMRx_CTL[1] 1

PRT Clock Divider = 4 TMRx_CTL[3:2] 00b
SINGLE PASS Mode TMRx_CTL[4] 0
PRT Interrupt Enabled TMRx_CTL[6] 1

PRT Reload Value {TMRx_RR_H, TMRx_RR_L} 0004h

Continuous Mode

In CONTINUOUSmMode, when the end-of-courdlue,0000h, is reached, the timer auto
matically reloads the 16-bit stadiue from thelimer Reload rgisters, TMRx_RR_H and
TMRx_RR_L. Davncounting continues on thextelock edge. 'TCONTINUOUSmode,
the PR continues to count until disablelih example of a PR operating inCONTINU-
OUSmode is illustrated ifrigure30. Timer ragister information is indicated IRRT Con
tinuousMode Operation Example
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Table 30. PRT CONTINUOUS Mode Operation Example
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Table 31. PRT CONTINUOUS Mode Operation Example

Parameter Control Register(s) Value
PRT Enabled TMRx_CTL[0] 1
Reload and Restart Enabled TMRx_CTL[1] 1

PRT Clock Divider = 4 TMRx_CTL[3:2] 00b
CONTINUOUS Mode TMRx_CTL[4] 1
PRT Interrupt Enabled TMRx_CTL[6] 1

PRT Reload Value {TMRx_RR_H, TMRx_RR_L} 0004h

Reading the Current Count Value

The CPU is capable of reading the current coahteswhile the timer is runnin@his
Read gent does not &ct timer operatioriThe High byte of the current courdlue is
latched during a Read of thewdyte.

Timer Interrupts

The timer interrupt 8g,PRT_IRQ is set to 1 whener the timer reaches its end-of-count
value,0000h, in SINGLE PASSmode, or when the timer reloads the stalti® inCON-
TINUOUS mode.The interrupt thg is only set when the timer reach@s0h (or reloads)
from 0001h. The timer interrupt #g is not set to 1 when the timer is loaded with tiees
0000h, which selects the maximum time-out period.

The CPU can be programmed to poll BRT_IRQbit for the time-out eent.Alterna
tively, an interrupt service request signal can be sent to the CPU by #Re@ngNto 1.

PRELIMINARY Programmable Reload Timers



eZ80F92/eZ80F93
Product Specification

/7 )] 82

ZiLOG

Then, when the end-of-courdilue,0000h, is reached anBRT_IRQis set to 1, an inter
rupt service request signal is passed to the ®RJ. IRQis cleared to 0 and the interrupt
service request signal is ina@ied wheneer the CPU reads from the timer contrajise
ters,TMRx_CTL.

Timer Input Source Selection

Timers 0-3 feature programmable input source selection. Byldethe input is tadn

from theeZ80F92device’s system clockAlternatively, Timers 0—3 can taktheir input

from port input pins PBO (Mmers 0 and 2) or PBL1 {{fiers 1 and 3)Timers 0-3 can also
use theReal-Time Clock source (50, 60, or 32768Hz) as their clock sow¢hen the

timer clock source is the RealrTe Clock signal, the timer decrements on the second ris
ing edge of the system clock folng the &lling edge of the RC_Xg1 pin. The input
source for these timers is set usingThmer Input Source Selectgister

Event Counter

WhenTimers 0-3 are corfured to tak their inputs from port input pins PBO aRB1,

they function as eent counters. &t event counting, the clock prescaler is bypas$éa.
PRT counters decrement omegy rising edge of the port pifihe port pins must be con
figured as inputs. Due to the input sampling on the pinsyém mput signal frequegds
limited to one-half thesystem clock frequegcinput sampling on the port pins results in
the PR counter being updated on thitHirising edge of the system clock after the rising
edge occurs at the port pin.

Timer Output

Two of the Programmable Relo@omers (Tmers 4 and 5) can be directed to GPIO Port B
output pins (PB4 and PB5, respeety). To enable th&imer Out feature, the GPIO port
pin must be conflured for alternate functionAfter reset, th&imer Output feature is dis
abled by dedult. The GPIO output pin toggles each time th@ P&ches its end-of-count
value. INCONTINUOUS mode operation, the disabling of Timer Output feature

results in &imer Output signal period that is twice theTPiRne-out period. Examples of
theTimer Output operation are illustratediigure22 andPRT Timer Out Operation
Example In these xamples, the GPIO output is assumed to b& (@ when thelimer
Output function is enabled.
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Figure 22.PRT Timer Output Operation Example

Table 32. PRT Timer Out Operation Example

Parameter Control Register(s) Value
PRT Enabled TMRx_CTL[O0] 1
Reload and Restart Enabled TMRx_CTL[1] 1

PRT Clock Divider = 4 TMRx_CTL[3:2] 00b
CONTINUOUS Mode TMRx_CTL[4] 1
PRT Reload Value {TMRx_RR_H, TMRx_RR_L} 0003h

Programmable Reload Timer Registers

PS015308-0404

Each programmable reload timer is controlled usivey8i-bit rgjisters.These rgisters are
theTIMER Control rgister TIMER Reload Lav Byte ragister TIMER Reload High Byte
registet TIMER Data Lav Byte ragister andTIMER Data High Byte rgister

TheTimer Control rgister can be read or written fthe timer reload gisters aréVrite
Only and are located at the same 1/0O address as the timerglatarse which are Read
Only.

Timer Control Register

The TIMER Control rgyistet detailed inTimer Control Rgista (TMRO_CTL = 0080h,
TMR1 _CTL = 0083hTMR2_CTL = 0086hTMR3_CTL = 0089hTMR4_CTL =
008Ch, ofTMR5_CTL = 008Fh)is used to control operation of the timiecluding
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enabling the timerselecting the clock dider, enabling the interrupt, selecting between
CONTINUOUSandSINGLE PASSmodes, and enabling the auto-reload feature.
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Table 33. Timer Control Register
(TMRO_CTL = 0080h, TMR1_CTL = 0083h, TMR2_CTL = 0086h,
TMR3_CTL = 0089h, TMR4_CTL = 008Ch, or TMR5_CTL = 008Fh)
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Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R RW | RW | RW | RW | RW | R'W | R/W
Note: R = Read only; R/W = Read/Write.
Bit
Position Value Description
7 0 The timer does not reach its end-of-count value. This bit is
PRT _IRQ reset to O every time the TMRx_CTL register is read.

1 The timer reaches its end-of-count value. If IRQ_EN is set to 1,

an interrupt signal is sent to the CPU. This bit remains 1 until

the TMRx_CTL register is read.

6 0 Timer interrupt requests are disabled.
IRQ_EN : ;
1 Timer interrupt requests are enabled.
5 0 Reserved.
4 0 The timer operates in SINGLE PASS mode. PRT_EN (bit 0) is
PRT_MODE reset to 0, and counting stops when the end-of-count value is
reached.

1 The timer operates in CONTINUOUS mode. The timer reload
value is written to the counter when the end-of-count value is
reached.

[3:2] 00 Clock + 4 is the timer input source.
CLK_DIV 01 Clock + 16 is the timer input source.

10 Clock + 64 is the timer input source.

11 Clock + 256 is the timer input source.

1 0 The automatic reload and restart function is disabled.

RST_EN 1 The automatic reload and restart function is enabled. When a 1
is written to RST_EN, the values in the reload registers are
loaded into the downcounter and the timer restarts.

0 0 The programmable reload timer is disabled.

PRT_EN 1 The programmable reload timer is enabled.
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Timer Data Register—Low Byte

This Read Only mgister returns the o byte of the current countilue of the selected
timer. TheTimer Data Rgister—Laowv Byte, detailed imimer Data Rgister—Lowv Byte
(TMRO_DR_L =0081hTMR1_DR_L =0084hTMR2_DR_L =0087hTMR3_DR_L =
008Ah,TMR4_DR_L =008Dh, ofTMR5_DR_L =0090h)can be read while the timer is
in operation. Reading the current coualixe does not dct timer operationTo read the
16-bit data of the current courdlue, {TMRx_DR_HJ[7:0],TMRx_DR_L[7:0]}, first read
theTimer Data Rgister—Lav Byte and then read tliémer Data Rgister—High Byte.
TheTimer Data Rgister—High Byte alue is latched when a Read of thimer Data
Register—Lav Byte occurs.

Note: TheTimer Data rgisters andimer Reload rgisters share the same address space.

Table 34. Timer Data Register—Low Byte
(TMRO_DR_L = 0081h, TMR1_DR_L = 0084h, TMR2_DR_L = 0087h,
TMR3_DR_L = 008Ah, TMR4_DR_L = 008Dh, or TMR5_DR_L = 0090h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 2-byte timer data
TMRx_DR_L value, {TMRx_DR_HJ[7:0], TMRx_DR_L[7:0]}. Bit 7 is bit 7

of the 16-bit timer data value. Bit O is bit O (Isb) of the 16-
bit timer data value.

Timer Data Register—High Byte

This Read Only mgister returns the High byte of the current cowlug of the selected
timer. TheTimer Data Rgister—High Byte, detailed ifimer Data Rgister—High Bye
(TMRO_DR_H = 0082hTMR1_DR_H = 0085hTMR2_DR_H = 0088hTMR3_DR_H
=008Bh,TMR4_DR_H = 008Eh, ofMR5_DR_H = 0091h)can be read while the timer
is in operation. Reading the current couatire does not &dct timer operationlo read
the 16-bit data of the current couwe, {TMRx_DR_H[7:0],TMRx_DR_L[7:0]}, first
read thelimer Data Rgister—Laov Byte and then read tiiémer Data Rgister—High
Byte. The Timer Data Rgister—High Byte wlue is latched when a Read of Hhimer
Data Register—Lowv Byte occurs.

Note: The timer data gsters and timer reloadgisters share the same address space.
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Table 35. Timer Data Register—High Byte
(TMRO_DR_H = 0082h, TMR1_DR_H = 0085h, TMR2_DR_H = 0088h,
TMR3_DR_H = 008Bh, TMR4_DR_H = 008Eh, or TMR5_DR_H = 0091h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 2-byte timer data
TMRx_DR_H value, {TMRx_DR_HI[7:0], TMRx_DR_L[7:0]}. Bit 7 is bit 15

(msb) of the 16-bit timer data value. Bit O is bit 8 of the 16-bit
timer data value.

Timer Reload Register—Low Byte

TheTimer Reload Rgister—Lav Byte, detailed imimer Reload Rgister—Lowv Byte
(TMRO_RR_L = 0081hTMR1_RR_L = 0084hTMR2_RR_L = 0087hTMR3_RR_L =
008Ah,TMR4_RR_L =008Dh, ofMR5_RR_L = 0090h)stores théeast-signiftant
byte LSB) of the 2-byte timer reloadhlue. INCONTINUOUSmode, the timer reload
value is reloaded into the timer upon end-of-colfitenRST_EN(TMRx_CTL[1]) is set
to 1 to enable the automatic reload and restart function, the timer reloads/written to
the timer on the né rising edge of the clock.

Note: TheTimer Data rgisters andimer Reload rgisters share the same address space.

Table 36. Timer Reload Register—Low Byte
(TMRO_RR_L = 0081h, TMR1_RR_L = 0084h, TMR2_RR_L = 0087h,
TMR3_RR_L = 008Ah, TMR4_RR_L = 008Dh, or TMR5_RR_L = 0090h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access

Note: W = Write only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 2-byte timer
TMRx_RR_L reload value, {TMRx_RR_H[7:0], TMRx_RR_L[7:0]}. Bit 7

is bit 7 of the 16-bit timer reload value. Bit O is bit O (Isb) of
the 16-bit timer reload value.
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Timer Reload Register—High Byte

TheTimer Reload Rgister—High Byte, detailed ilimer Reload Rgister—High Bye
(TMRO_RR_H =0082hTMR1_RR_H =0085hTMR2_RR_H = 0088hTMR3_RR_H =
008Bh,TMR4_RR_H = 008Eh, ofMR5_RR_H = 0091h)stores thenost-signifcant
byte (MSB) of the 2-byte timer reloadhlue. INCONTINUOUSmode, the timer reload
value is reloaded into the timer upon end-of-cobfitenRST_EN(TMRx_CTL][1]) is set
to 1 to enable the automatic reload and restart function, the timer reloads/written to
the timer on the né rising edge of the clock.

} Note: TheTimer Data rgisters andimer Reload rgisters share the same address space.

Table 37. Timer Reload Register—High Byte
(TMRO_RR_H = 0082h, TMR1_RR_H = 0085h, TMR2_RR_H = 0088h,
TMR3_RR_H = 008Bh, TMR4_RR_H = 008Eh, or TMR5_RR_H = 0091h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access

Note: W = Write only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 2-byte timer
TMRx_RR_H reload value, {TMRx_RR_H[7:0], TMRx_RR_L[7:0]}. Bit 7

is bit 15 (msb) of the 16-bit timer reload value. Bit O is bit 8
of the 16-bit timer reload value.

Timer Input Source Select Register

TheTimer Input Source Selectgister detailed inTimer Input Source Select Bister
(TMR_ISS = 0092h)sets the input source for Programmable Reloatr 0-3 (TMRO,
TMR1, TMR2, TMR3). Event frequeng must be less than one-half of #ystem clock
frequeng. When confjured for gent inputs through the port pins, fhieners decrement
on the ffth system clock rising edge folldng the rising edge of the port pin.
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Table 38. Timer Input Source Select Register (TMR_ISS = 0092h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | RIW | RIW | R/W

Note: R/W = Read/Write.

Bit
Position Value Description
[7:6] 00 The timer counts at the system clock divided by the
TMR3_IN prescaler.
01 The timer event input is the Real-Time Clock source
(832KHz or 50/60Hz—refer to the Real-Time Clock section
on page 90 for details).
10 The timer event input is the GPIO Port B pin 1.
11 The timer event input is the GPIO Port B pin 1.
[5:4] 00 The timer counts at the system clock divided by the
TMR2_IN prescaler.
01 The timer event input is the Real-Time Clock source
(832KHz or 50/60Hz—refer to the Real-Time Clock section
on page 90 for details).
10 The timer event input is the GPIO Port B pin 0.
11 The timer event input is the GPIO Port B pin 0.
[3:2] 00 The timer counts at the system clock divided by the
TMR1_IN prescaler.
01 The timer event input is the Real-Time Clock source
(832KHz or 50/60Hz—refer to the Real-Time Clock section
on page 90 for details).
10 The timer event input is the GPIO Port B pin 1.
11 The timer event input is the GPIO Port B pin 1.
[1:0] 00 Timer counts at system clock divided by prescaler.
TMRO_IN 01 Timer event input is Real-Time Clock source

(832KHz or 50/60Hz—refer to the Real-Time Clock section
on page 90 for details).

10 The timer event input is the GPIO Port B pin 0.
11 The timer event input is the GPIO Port B pin 0.
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Real-Time Clock

Real-Time Clock Overview

to eZ80 CPU

HRsS

System Clock

The Real-Tme Clock RTC) keeps time by maintaining a count of seconds, minutes,
hours, day-of-the-week, day-of-the-month, yeanrd centuryThe current time isdpt in
24-hour formatThe format for all count and alarngisters is selectable betweginary
andbinary-coded-decimaBCD). The calendar operation maintains the correct day of the
month and automatically compensates for leap. pesimplified block diagram of the

RTC and the associated on-chipywpower, 32KHz oscillator is illustrated ifrigure23.
Connections to arxeernal battery supply and BHz crystal netwrk are also demen
strated inFigure23.

RTC_Vpp j
Vpp — _ Battery
IRQ
Real-Time Clock
ADDR[15:0] -
DATA[7:0]
R1
RTC Clock <o £ RTC Xour —WWW |
—_—C
Low-Power
32 KHz Oscillator -_
32 Kel ——
Crystal =
CLK_SEL
(RTC_CTRLI[4])
RTC XN |
C

Figure 23.Real-Time Clock and 32KHz Oscillator Block Diagram
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Real-Time Clock Alarm

The clock can be programmed to generatalarm condition when the current count
matches the alarm set-poingigters Alarm registers are\ailable for seconds, minutes,
hours, and day-of-the-week. Each alarm can be independently erfabiggherate an

alarm condition, the current time must maatlhenabled alarmalues. Br example, if the
day-of-the-week and hour alarms are both enabled, the alarm only occurs at thedspecifi
hour on the spec#d dayThe alarm triggers an interrupt if tiigerrupt enable bit,

INT_EN, is setThe alarm tag, ALARM, and corresponding interrupt to the CPU are
cleared by reading theTR _CTRL ragister

Alarm value rgisters and alarm controlgisters can be written atyatime.Alarm condi
tions are generated when the cousdtie matches the alarmalue.The comparison of
alarm and countalues occurs whexer theRTC count increments (one timeegy see
ond).The RI'C can also be forced to perform a comparison yatiare by writing a 0 to
theRTC_UNLOCK bit (RTC_UNLOCK is not required to be changed to ardt)i

Real-Time Clock Oscillator and Source Selection

The R'C count is dren by either the on-chip 3278& crystal oscillator or a 50/6{z
power-line frequenyg input connected to the 84z RTC_Xg1 pin.An internal dvider
compensates for each of these optidine clock source and per-line frequencies are
selected in the RC_CTRL rayister Writing to the R'C_CTRL ragister resets the clock
divider.

Real-Time Clock Battery Backup

The paver supply pin (RC_Vpp) for the Real-ime Clock and associatedatepower

32KHz oscillator is isolated from the othervper supply pins on theZ80F92device. To
ensure that the RC continues to &ep time in thewent of loss of line pwer to the appli
cation, a battery can be used to supphygroto the RC and the oscillator via the
RTC_Vpp pin.All Vgg(ground) pins should be connected together on the printed circuit
assembly

Real-Time Clock Recommended Operation

PS015308-0404

Following aRESET from a pwered-devn condition, the counteralues of the RC are
undefned and all alarms are disabléfter a RESET from a pgered-devn condition, the
following procedure is recommended:

® Write to RTC_CTRL to set RC_UNLOCK and CLK_SEL
® Write values to the RC count rgisters to set the current time

® Write values to thdkTC alarm registers to set the appropriatiarm conditions

PRELIMINARY Real-Time Clock
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® Write to RTC_CTRL to clear th&TC_UNLOCK bit; clearing the RC_UNLOCK bit
resets and enables the clockidier

Real-Time Clock Registers

PS015308-0404

The Real-Tme Clock rgisters are accessed via #dlress andata lus using I/O instruc
tions. RRC_UNLOCK controls access to tRC count rgisters When unlockd

(RTC_UNLOCK = 1), the RC count is disabled and the courgisters are Read/Write.

When locled (RFC_UNLOCK = 0), the RC count is enabled and the courgisters are
Read OnlyThe defult, atRESET is for the HC to be lockd.

Real-Time Clock Seconds Register

This register contains the current seconds coliné alue in the RC_SEC rgister is
unchanged by RESET The current setting of BCD_EN determines whether éhees in
this ragister are binary (BCD_EN = 0) or binary-coded decimal (BCD_EN Acbess to
this ragister is Read Only if the T’ is locked and Read/Write if theTl is unlocled. See
Real-Time Clock Seconds Reste (RTC_SEC = 00EOh)

Table 39. Real-Time Clock Seconds Register (RTC_SEC = 00EOh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-5 The tens digit of the current seconds count.
TEN_SEC

[3:0] 0-9 The ones digit of the current seconds count.
SEC

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h—  The current seconds count.
SEC 3Bh

PRELIMINARY Real-Time Clock
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Real-Time Clock Minutes Register

This reagister contains the current minutes count. Beal-Time Clock Minutes Rgister
(RTC_MIN = 00E1h)

Table 40. Real-Time Clock Minutes Register (RTC_MIN = 00E1h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-5 The tens digit of the current minutes count.
TEN_MIN

[3:0] 0-9 The ones digit of the current minutes count.
MIN

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h— The current minutes count.
MIN 3Bh
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Real-Time Clock Hours Register

This register contains the current hours count. Beeal-Time Clock Hours Rgister
(RTC_HRS = 00E2h)

Table 41. Real-Time Clock Hours Register (RTC_HRS = 00E2h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-2 The tens digit of the current hours count.
TEN_HRS

[3:0] 0-9 The ones digit of the current hours count.
HRS

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h— The current hours count.
HRS 17h

PRELIMINARY Real-Time Clock
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Real-Time Clock Day-of-the-Week Register

This reagister contains the current day-of-the-week coline RTC_DOW register bgins
counting aD1h. SeeReal-Time Clock Day-of-the-Wek Rgistea (RTC_DOW = 00E3h)

Table 42. Real-Time Clock Day-of-the-Week Register (RTC_DOW = 00E3h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 X X X X
CPU Access R R R R R/W* | RIW* | RIW* | R/W*

Note: X =Unchanged by RESET; R = Read Only; R/W* = Read Only if RTC locked, Read/Write if
RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0000 Reserved.

[3:0] 1-7 The current day-of-the-week.count.
DOW

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:4] 0000 Reserved.

[3:0] 01h—  The current day-of-the-week count.
DOW 07h
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Real-Time Clock Day-of-the-Month Register

This ragister contains the current day-of-the-month cotine RTC_DOM reyister bgins
counting ab1h. SeeReal-Time Clock Day-of-the-Month Rgstea (RTC_DOM = 00E4h)

Table 43. Real-Time Clock Day-of-the-Month Register (RTC_DOM = 00E4h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-3 The tens digit of the current day-of-the-month count.
TENS_DOM

[3:0] 0-9 The ones digit of the current day-of-the-month count.
DOM

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 01h—  The current day-of-the-month count.
DOM 1Fh
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Real-Time Clock Month Register

This reagister contains the current month count. Beal-Time Clock Month Rgister
(RTC_MON = 00E5h)

Table 44. Real-Time Clock Month Register (RTC_MON = 00E5h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-1 The tens digit of the current month count.
TENS_MON

[3:0] 0-9 The ones digit of the current month count.
MON

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 01h—  The current month count.
MON 0Ch
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Real-Time Clock Year Register

This reagister contains the current year count. Beal-Time ClockYear Rgister
(RTC_YR = 00E6h)

Table 45. Real-Time Clock Year Register (RTC_YR = 00E6h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-9 The tens digit of the current year count.
TENS_YR

[3:0] 0-9 The ones digit of the current year count.
YR

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h—  The current year count.
YR 63h
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Real-Time Clock Century Register

This reagister contains the current century count. Beal-Time Clock Century Riiste
(RTC_CEN = 00E7h)

Table 46. Real-Time Clock Century Register (RTC_CEN = 00E7h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R/W* | RIW* | RIW* | RIW* | RIW* | RIW* | R/W* | R/W*

Note: X = Unchanged by RESET; R/W* = Read Only if RTC locked, Read/Write if RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-9 The tens digit of the current century count.
TENS_CEN

[3:0] 0-9 The ones digit of the current century count.
CEN

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h—  The current century count.
CEN 63h
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Real-Time Clock Alarm Seconds Register

This reagister contains the alarm secondéue. Sedkeal-Time ClockAlarm Seconds Rg
ister (RTC_ASEC = 00E8h)

Table 47. Real-Time Clock Alarm Seconds Register (RTC_ASEC = 00E8h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RW | RW | RW | RW | RI'W | RIW | R/W

Note: X = Unchanged by RESET; R/W = Read/Write.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-5 The tens digit of the alarm seconds value.
ATEN_SEC

[3:0] 0-9 The ones digit of the alarm seconds value.
ASEC

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h— The alarm seconds value.
ASEC 3Bh
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Real-Time Clock Alarm Minutes Register

This reagister contains the alarm minuteslue. SedReal-Time ClockAlarm Minutes Rg-
ister (RTC_AMIN = 00E9h)

Table 48. Real-Time Clock Alarm Minutes Register (RTC_AMIN = 00ESh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RW | RW | RW | RW | RI'W | RIW | R/W

Note: X = Unchanged by RESET; R/W = Read/Write.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-5 The tens digit of the alarm minutes value.
ATEN_MIN

[3:0] 0-9 The ones digit of the alarm minutes value.
AMIN

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h— The alarm minutes value.
AMIN 3Bh
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Real-Time Clock Alarm Hours Register

This reagister contains the alarm houawe. Sedreal-Time ClockAlarm Hours Rgiste
(RTC_AHRS = 00EAh)

Table 49. Real-Time Clock Alarm Hours Register (RTC_AHRS = 00EAh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RW | RW | RW | RW | RI'W | RIW | R/W

Note: X = Unchanged by RESET; R/W = Read/Write.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0-2 The tens digit of the alarm hours value.
ATEN_HRS

[3:0] 0-9 The ones digit of the alarm hours value.
AHRS

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:0] 00h— The alarm hours value.
AHRS 17h

PRELIMINARY Real-Time Clock



PS015308-0404

eZ80F92/eZ80F93
Product Specification

7.
4 103

ZiLOG

Real-Time Clock Alarm Day-of-the-Week Register

This reagister contains the alarm day-of-the-weekue. SedReal-Time ClockAlarm Day-
of-the-Week Registe (RTC_ADOW = 00EBh)

Table 50. Real-Time Clock Alarm Day-of-the-Week Register (RTC_ADOW = 00EBh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 X X X X
CPU Access R R R R R/W* | RIW* | RIW* | R/W*

Note: X =Unchanged by RESET; R = Read Only; R/W* = Read Only if RTC locked, Read/Write if
RTC unlocked.

Binary-Coded-Decimal Operation (BCD_EN = 1)

Bit

Position Value Description

[7:4] 0000 Reserved.

[3:0] 1-7 The alarm day-of-the-week.value.
ADOW

Binary Operation (BCD_EN = 0)

Bit

Position Value Description

[7:4] 0000 Reserved.

[3:0] 01h— The alarm day-of-the-week value.
ADOW 07h
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Real-Time Clock Alarm Control Register

This ragister contains alarm enable bits for the RaaleTClock.The RIC_ACTRL ragyis-
ter is cleared by RESET SeeReal-Time ClockAlarm Control Rgista (RTC_ACTRL =
00ECh)

Table 51. Real-Time Clock Alarm Control Register (RTC_ACTRL = 00ECh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R RW | RW | RW | RIW

Note: X = Unchanged by RESET; R/W = Read/Write; R = Read Only.

s:sition Value Description

[7:4] 0000 Reserved.

3 0 The day-of-the-week alarm is disabled.
ADOW_EN 1 The day-of-the-week alarm is enabled.
2 0 The hours alarm is disabled.
AHRS_EN 1 The hours alarm is enabled.

1 0 The minutes alarm is disabled.
AMIN_EN 1 The minutes alarm is enabled.

0 0 The seconds alarm is disabled.
ASEC_EN 1 The seconds alarm is enabled.

Real-Time Clock Control Register

This register contains control and status bits for the R@akTClock. Some bits in the
RTC_CTRL rayister are cleared by a RESHhe ALARM fl ag and associated interrupt
(if INT_EN is enabled) are cleared by reading thgister TheALARM fl ag is updated
by clearing (locking) th&®TC_UNLOCK bit or by an increment of tH&I'C count.Writ-
ing to the RC_CTRL raister also resets thelR count prescaler alldng the R'C to be
synchronized to another time source.

SLP_WAKE indicates if arRTC alarm condition initiated the CPU reaoy fromSLEEP
mode.This bit can be cheekl afterRESET to determine if sleep-mode reaery is
caused by the RC. SLP_WAKE is cleared by a Read of thd® CTRL raister

Setting BCD_EN causes thd® to useBCD counting in all rgisters including the alarm
set points.
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CLK_SEL and FREQ_SEL select tR&C clock source. If the 32Hz crystal option is
selected the oscillator is enabled and the internal prescaler is satléolgi 32768. If the
power-line frequenyg option is selected, the prescaddue is set by FREQ SEL, and the
32Khz oscillator is disabled. S&&eal-Time Clock Control Rgister (RTC_CTRL =

00EDh)

Table 52. Real-Time Clock Control Register (RTC_CTRL = 00EDh)

Bit 7 6 5 4 3 2 1 0
Reset X 0 X X X X 0/1 0
CPU Access R RW | RW | RW | RIW R R R/W

Note: X = Unchanged by RESET; R = Read Only; R/W = Read/Write.

Bit
Position Value Description
7 0 Alarm interrupt is inactive.
ALARM 1 Alarm interrupt is active.
6 0 Interrupt on alarm condition is disabled.
INT_EN o

- 1 Interrupt on alarm condition is enabled.
5 0 RTC count and alarm value registers are binary.
BCD_EN 1 RTC count and alarm value registers are binary-coded

decimal (BCD).
4 0 RTC clock source is crystal oscillator output (32768Hz).
CLK_SEL On-chip 32768Hz oscillator is enabled.
1 RTC clock source is power-line frequency input.
On-chip 32768Hz oscillator is disabled.

3 0 Power-line frequency is 60Hz.
FREQ_SEL 1 Power-line frequency is 50Hz.
2 0 Reserved.
1 0 RTC does not generate a sleep-mode recovery reset.
SLP_WAKE 1 RTC Alarm generates a sleep-mode recovery reset.
0 0 RTC count registers are locked to prevent Write access.
RTC_UNLOCK RTC counter is enabled.

RTC count registers are unlocked to allow Write access.
RTC counter is disabled.
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Universal Asynchronous Receiver/
Transmitter

PS015308-0404

The UART module implements all of the logic required to supporeise asynchronous
communications protocol$he module also implementsdavgeparate 16-byte-deep
FIFOs for both transmission and receptiédrblock diagram of the BIRT is illustrated in
Figure24.

to eZ80 CPU

System Clock ——>

Receive
Buffer ~€——— RxDO0/RxD1

Transmit L o 1,50/TxD1

Data Buffer

/O Address :> <::>
< K=

Interrupt Signal ~€——

5 CTS0/CTST

> RTSO/RTS]

<::> Modem | > DSRO/DSRI

{5gic. [—> DTRO/DTRI

> DCDo/DCDA
L > RIORI

UART Control Interface and Baud Rate Generator

Figure 24.UART Block Diagram

The UART module preides the folleving asynchronous communication protocol-related
features and functions:

5-, 6-, 7-, 8- or 9-bit data transmission

Even/odd, space/mark, or no parity bit generation and detection
Start and stopit generation and detection

supports up to tevstop bits)

Line break detection and generation

Recever overrun andraming errors detection

Logic and associated 1/0 to pide modenhandshak capability
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UART Functional Description

The UART function implements:
® The transmitter and associated control logic
® The receter and associated control logic

® The modem intedce and associated logic

UART Functions

PS015308-0404

The UART function implements:
® The transmitter and associated control logic
® The recerer and associated control logic

® The modem intedce and associated logic

UART Transmitter

The transmitter block controls the data transmitted off tieoutput. It implements the
FIFO, accessed through th&RTx_THR register thetransmit shift rgister, the parity
generatarand control logic for the transmitter to control parameters for the asynchronous
communication protocol.

The UARTx_THR is aWrite Only register The processor writes the data byte to be trans
mitted into this rgister In the FIFO mode, up to 16 data bytes can be written via the
UARTX_THR ragister The data byte from the FIFO is transferred to the transmit sbift re
ister at the appropriate time and transmitted oubxdd output. After SYNC_RESETthe
UARTX_THR ragister is emptyTherefore, th&ransmit Holding Register Empty (THRE)

bit (bit 5 of the LARTx_LSRregister) is 1 and an interrupt is sent to the processor (if
interrupts are enabledlhe processor can reset this interrupt by loading data into the
UARTX_THR ragister which clears the transmitter interrupt.

The transmit shift gister places the byte to be transmitted onrtki@ signal seriallyThe
least-signiftant bit of the byte to be transmitted is shifted ast find thenost-signifcant

bit is shifted out lasfThe control logic within the block adds the asynchronous communi
cation protocol bits to the data byte being transmitféé. transmitter block obtains the
parameters for the protocol from the bits programmed via &RTW_LCTL register

When enabled, an interrupt is generated after the most recent protocol bit is transmitted,
which the processor may reset by loading data into &RRTY_THR register The TxD

output is set to 1 if the transmitter is idle (it does not contajrdata to be transmitted).

The transmitter operates with the Baud Rate Generator (BRG) Gloeldata bits are
placed on th&xD output one timewery 16 BRG clock ycles.The transmitter block also
implements a parity generator that attaches the parity bit to the byte, if progranomed. F
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9-bit data, the host processor programs the parity bit generator so that it marks the byte as
either address (mark parity) or data (space parity).

UART Receiver

The recerer block controls the data reception from Bx® signal.The recerer block
implements a receer shift rgister recever line error condition monitoring logic and
Recever Data Ready logic. It also implements the parity check

The UARTX_RBR is a Read Only géster of the modulelhe processor reads regsil
data from this rgister The condition of the ARTx_RBR rayister is monitored by the DR
bit (bit 0 of the LARTX_LSR raister).The DR bit is 1 when a data byte is reeei and
transferred to the ARTX_RBR raister from the receer shift rgjister The DR bit is reset
only when the processor reads all of the nexgtdata bytes. If the number of bits reeel
is less than eight, the unusedst-signifcant bits of the data byte Read are 0

For 9-bit data, the recgr checks incoming bytes for space paiityis check routine gen
erates a line status interrupt when an address byte igedcbecause address bytes-con

tain mark parity bitsThe processor clears the interrupt, determines if the address matches
its ovn, then confjures the receer to either accept the subsequent data bytes if the
address matches, or ignore the data if it does not.

The receier uses the clock from tH&RG for receving the dataThis clock must be 16
times the appropriate baud ratée recerer synchronizes the shift clock on tladlihg
edge of thdRxD input start bit. It then recads a complete byte according to the set
parametersThe recerler also implements logic to detdé@ming errors, parity errors,
overrun errors, and break signals.

UART Modem Control

The modem control logic pvides two outputs and four inputs for handshaking with the
modemAny change in the modem status inpuieptRI, is detected and an interrupt
can be generatedoFRI, an interrupt is generated only when the trailing edge dRthe
detectedThe module also puidesLOOP mode for self-diagnostics.

UART Interrupts

There are six diérent sources of interrupts from th&RIT. The six sources of interrupts
are:

® Transmitter (tw different interrupts)
® Recever (three diferent interrupts)

® Modem status

PS015308-0404 PRELIMINARY Universal Asynchronous Receiver/Transmitter
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UART Transmitter Interrupt

The transmitter hold ggster empty interrupt is generated if there is no deddadble in

the hold rgister The transmission complete interrupt is generated after the data in the
shift register is sent. Both interrupts can be disabled usingithdil interrupt enable bits
or cleared by writing data into theARTx_THR registet

UART Receiver Interrupts

A recever interrupt can be generated by three possible sodivedist source, a

Recever Data Readyindicates that one or more data bytes arevedeind are ready to

be readThis interrupt is generated if the number of bytes in thevec€&iFO is greater
than or equal to the triggene. If the FIFO is not enabled, the interrupt is generated if the
receve huffer contains a data byt€his interrupt is cleared by reading thARIx_RBR.

The second interrupt source is the reeetime-outA recever time-out interrupt is gener
ated when there arewer data bytes in the reger FIFO than the triggervel and there
are no reads and writes to or from the remekIFO for four consecwi byte timeswhen
the recerer time-out interrupt is generated, it is cleared only after emptying the entire
receve FIFO.

The first two interrupt sources from the reeei (data ready and time-out) share an inter
rupt enable bit.

The third source of a reeir interrupt is a line status erramdicating an error in byte
reception.This error may result from:

® Incorrect receied parity For 9-bit datajncorrect parityindicates detection of an
address byte

® Incorrect framing; that is, the stop bit is not detected byverat the end of the byte
® Recever over run condition
® A BREAK condition being detected on the reeedata input

An interrupt due to one of the al@conditions is cleared when thARTX_LSR reyister
is read. In FIFO mode, a line status interrupt is generated only after theddogtie with
an error reaches the top of the FIFO and is ready to be read.

A line status interrupt is agtted (preided this interrupt is enabled) as long as the Read
pointer of the recger FIFO points to the location of the FIFO that contains a byte with the
error. The interrupt is immediately cleared when th&RTx_LSR reister is readThe

ERR bit of the LARTX_LSRregisteris active as long as an erroneous byte is present in the
recever FIFO.

UART Modem Status Interrupt

The modem status interrupt is generated if thereyi€lhange in state of the modem status
inputs to the BRT. This interrupt is cleared when the processor reads M€Y MSR
register
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UART Recommended Usage

PS015308-0404

The following is the standard sequence wéms that occur in theZ80F92device using
the UART. A description of each folles.

® Module reset
® Control transfers to comfure LART operation

® Data transfers

Module Reset

Upon reset, all internal gésters are set to their defit values All command status ggs-
ters are programmed with their daft values, and the FIFOs arashed.

Control Transfers

Based on the requirements of the application, the data transfer baud rate is determined and
the BRG is confjured to generate a 16X clock frequeraterrupts are disabled and the
communication control parameters are programmed in 8RRTW LCTL register The

FIFO confguration is determined and the reeeirigger leels are set in the

UARTX_FCTL ragister The status @isters, ARTx_LSR and WRTx_MSR, are read,

and ensure that none of the interrupt sources akealiie interrupts are enablekéept

for the transmit interrupt) and the application is ready to use the module for transmission/
reception.

Data Transfers

Transmit. To transmit data, the application enables the transmit inteAnpiterrupt is
immediately &pected in respons&he application reads theARTx_IIR register and
determines whether the interrupt occurs due to an endRiY THR register or due to a
completed transmission. Upon this determination, the application writes the pertinent
transmit data bytes to theARTx_THR register The number of bytes that the application
writes depends on whether or not the FIFO is enabled. If the FIFO is enabled, the applica
tion can write 16 bytes at a time. If not, the application can write one byte at Asime.

result of the fistWrite, the interrupt is deagtated.The processor thenaits for the net
interrupt.When the interrupt is raised by th&RT module, the processor repeats the

same process until ikkausts all of the data for transmission.

To control and check the modem status, the application sets up the modem by writing to
the UARTx_MCTL register and reading theARTx_MCTL register before starting the
process mentioned atm

Receive. The recerer is alays enabled, and it continually checks for the start bit on the
RxD input signalWhen an interrupt is raised by thé&RT module, the application reads
the LARTx_IIR register and determines the cause for the interrupt. If the cause is a line
status interrupt, the application reads tHeRUX_LSR rajister reads the data byte and

PRELIMINARY Universal Asynchronous Receiver/Transmitter



eZ80F92/eZ80F93
Product Specification

27 01111

ZiLOG

then can discard the byte or ¢aither appropriate action. If the interrupt is caused by a
receve-data-ready condition, the application alternately readsAl€l'kY LSR and
UARTX_RBR ragjisters and rems all of the receed data bytes. It reads the
UARTX_LSR raister before reading theARTx_RBR raister to determine that there is
no error in the receed data.

To control and check modem status, the application sets up the modem by writing to the
UARTxXx_MCTL register and reading theARTx_MSR ragyister before starting the process
mentioned abee.

Poll Mode Transfers. When interrupts are disabled, all data transfers are referred to as
poll mode transfers. In poll mode transfers, the application must continually poll the
UARTX_LSR raister to transmit or rece data without enabling the interrupfbe same

is true for the WRTx_MSR rayister If the interrupts are not enabled, the data in the
UARTX_IIR register cannot be used to determine the cause of an interrupt.

Baud Rate Generator

PS015308-0404

The Baud Rate Generator consists of a 16-bitndountey two registers, and associated
decoding logicThe initial value of the Baud Rate Generator is wiedi by the tw BRG
Divisor Latch rgisters, {LARTx_BRG_H, LARTx_BRG_L}. At the rising edge of each
system clock, the BRG decrements until it reachesah&0001h. On the ngt system
clock rising edge, the BRG reloads the initialue from {UARTx_BRG_H,
UARTx_BRG_L) and outputs a pulse to indicate the end-of-count. CalculatéAfR€ U
data rate with the folleing equation:

System Clock Frequency
16 X (UART Baud Rate Generator Divisor)

UART Data Rate (bits/s) =

UponRESET the 16-bit BRG diisor value resets t6002h. A minimum BRG dvisor
value of0001h is also alid, and diectively bypasses the BR@&.softwareWrite to either
the Lav- or High-byte rgisters for the BRG Disor Latch causes both thewand High
bytes to load into the BRG countand causes the count to restart.

The dvisor ragisters can only be accessed if bit 7 of tHeRT Line Control rgister
(UARTx_LCTL) is set to 1After reset, this bit is reset to 0.
Recommended Usage of the Baud Rate Generator

The following is the normal sequence of operations that should occur afes£80&92
device is pavered on to condure the Baud Rate Generator:

® Assert and deassert RESET
® Set ARTx_LCTL[7] to 1 to enable access of the BR®islr registers
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® Program the BRTXx BRG_L and W ARTx_BRG_H r@isters
® Clear LARTx_LCTL[7] to O to disable access of the BR®islor registers

BRG Control Registers

PS015308-0404

UART Baud Rate Generator Register—Low and High Bytes

The rajisters hold the Lw and High bytes of th&6-bitdivisor count loaded by the pro
cessor for BRT baud rate generatiomhe 16-bit clock diisor value is returned by
{UARTx BRG_H, LARTx BRG_L}, wherexis either 0 or 1 to identify the twevailable
UART devices. UporRESET the 16-bit BRG diisor value resets t0002h. The initial
16-bit divisor value must be betwe@®02h andFFFFh as the alues0000h and0001h
are irvalid, and proper operation is not guarantéeda result, the minimum BRG clock
divisor ratio is 2.

A Write to either the La- or High-byte rgisters for the BRG Disor Latch causes both
bytes to be loaded into the BRG countdre count is then restarted.

Bit 7 of the associatedART Line Control rgister (ARTx_LCTL) must be setto 1 to
access this gister SeeTables53 ands4. Refer to thaJART Line Control Rgister
(UARTx_LCTL) on page 118r more information.

Note: The UARTx_BRG_L reisters share the same address space with the
UARTX_RBR and WRTx_THR ragisters.The UARTX_BRG_H r@gjisters share
the same address space with t#ARUx_IER ragisters. Bit 7 of the associated
UART Line Control rgister (LARTx_LCTL) must be set to 1 to enable access to
the BRG rgisters.

Table 53. UART Baud Rate Generator Register—Low Bytes
(UARTO0_BRG_L = 00C0h, UART1_BRG_L = 00D0h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 1 0
CPU Access RW | RW | RW | RW | RW | R'W | RW | R/W
Note: R = Read only; R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— These bits represent the Low byte of the 16-bit Baud Rate

UART_BRG_L FFh Generator divider value. The complete BRG divisor value is
returned by {UART_BRG_H, UART_BRG_L}.
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Table 54. UART Baud Rate Generator Register—High Bytes
(UARTO0_BRG_H = 00C1h, UART1_BRG_H = 00D1h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | R'WW | RW | R/W
Note: R = Read only; R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— These bits represent the High byte of the 16-bit Baud Rate

UART_BRG_H FFh Generator divider value. The complete BRG divisor value is
returned by {UART_BRG_H, UART_BRG_L}.

UART Registers

After aRESET all UART registers are set to their deflt values Any writes to unused
registers or rgister bits are ignored and reads returmlae of 0. Br compatibility with
future revisions, unused bits within agister should avays be written with aatue of 0.
Read/Write attribtes, reset conditions, and bit descriptions of all of tARDregisters
are preided in this section.

UART Transmit Holding Register

If less than eight bits are programmed for transmission, ter lbits of the byte written

to this reister are selected for transmissidhe transmit FIFO is mapped at this address.
The user can write up to 16 bytes for transmission at one time to this address if the FIFO is
enabled by the application. If the FIFO is disabled, thitebis only one byte deep.

These rgisters share the same address space aAREXJRBR and WRTx_BRG_L
registers. Se&JART Transmit Holding Reistess WUARTO_THR = 00COh, LART1_THR
= 00DO0h)
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Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access W W W W W w w w

Note: W = Write only.

Bit

Position Value Description

[7:0] 00h— Transmit data byte.
TxD FFh

UART Receive Buffer Register

The bits in this rgister reféct the data recagd. If less than eight bits are programmed for
receve, the lover bits of the byte redtt the bits receed whereas upper unused bits are 0.
The recere FIFO is mapped at this address. If the FIFO is disabledufiés s only one

byte deep.

These rgisters share the same address space aREXJTHR and LARTX BRG_L
registers. Se®&JART Receve Bufer Ragisteis UARTO_RBR = 00COh, LART1_RBR=

00DOh).

Table 56. UART Receive Buffer Registers
(UARTO0_RBR = 00C0h, UART1_RBR = 00DO0h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

[7:0] 00h— Receive data byte.
RxD FFh
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UART Interrupt Enable Register

The UARTX_IER ragister is used to enable and disable tA&U interrupts.The
UARTX_IER ragisters share the same 1/O addresses asAREX) BRG_H rgjisters. See
UART Interrupt Enable Rgstes UARTO_IER = 00C1h, LART1_IER = 00D1h)

Table 57. UART Interrupt Enable Registers
(UARTO_IER = 00C1h, UART1_IER = 00D1h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R RW | RW | RW | R\W | RIW

Note: R = Read Only; R/W = Read/Write.

Bit

Position Value Description

[7:5] 000 Reserved.

4 0 Transmission complete interrupt is disabled.

TCIE 1 Transmission complete interrupt is generated when both the
transmit hold register and the transmit shift register are empty.

3 0 Modem interrupt on edge detect of status inputs is disabled.

MIIE 1 Modem interrupt on edge detect of status inputs is enabled.

2 0 Line status interrupt is disabled.

LSIE 1 Line status interrupt is enabled for receive data errors:
incorrect parity bit received, framing error, overrun error, or
break detection.

1 0 Transmit interrupt is disabled.

TIE 1 Transmit interrupt is enabled. Interrupt is generated when the
transmit FIFO/buffer is empty indicating no more bytes
available for transmission.

0 0 Receive interrupt is disabled.

RIE

Receive interrupt and receiver time-out interrupt are enabled.
Interrupt is generated if the FIFO/buffer contains data ready to
be read or if the receiver times out.

PS015308-0404
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UART Interrupt Identification Register

The Read Only BRTx_IIR register allavs the user to check whether the FIFO is enabled
and the status of interrupiBhese rgisters share the same 1/O addresses as the
UARTX_FCTL registers. Se@ables58 and59.

Table 58. UART Interrupt Identification Registers
(UARTO_IIR = 00C2h, UART1_IIR = 00D2h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

[7:6] 00 FIFO is disabled.

FSTS 10 Receive FIFO is disabled (MULTIDROP mode).

11 FIFO is enabled.

[5:4] 00 Reserved.

[3:1] 000- Interrupt Status Code

INSTS 110 The code indicated in these three bits is valid only if INTBIT is
1. If two internal interrupt sources are active and their
respective enable bits are High, only the higher priority
interrupt is seen by the application. The lower-priority interrupt
code is indicated only after the higher-priority interrupt is
serviced. UART Interrupt Status Coddists the interrupt
status codes.

0 0 There is an active interrupt source within the UART.

INTBIT

There is not an active interrupt source within the UART.

Table 59. UART Interrupt Status Codes

INSTS

Value Priority Interrupt Type

011 Highest Receiver Line Status

010 Second Receiver Data Ready or Trigger Level
110 Third Character Time-out

101 Fourth Transmission Complete
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Table 59. UART Interrupt Status Codes (Continued)

INSTS

Value Priority Interrupt Type

001 Fifth Transmit Buffer Empty
000 Lowest Modem Status

UART FIFO Control Register

This register is used to monitor triggenvids, clear FIFO pointers, and enable or disable
the FIFO.The UARTx_FCTL registers share the same I/O addresses asART X IIR
registers. Se&JART FIFO Control Rgisteis UARTO_FCTL = 00C2h, LART1_FCTL=

00D2h)

Table 60. UART FIFO Control Registers
(UARTO_FCTL = 00C2h, UART1_FCTL = 00D2h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access
Note: W = Write only.
Bit
Position Value Description
[7:6] 00 Receive FIFO trigger level set to 1. Receive data interrupt is
TRIG generated when there is 1 byte in the FIFO. Valid only if FIFO
is enabled.
01 Receive FIFO trigger level set to 4. Receive data interrupt is
generated when there are 4 bytes in the FIFO. Valid only if
FIFO is enabled.
10 Receive FIFO trigger level set to 8. Receive data interrupt is
generated when there are 8 bytes in the FIFO. Valid only if
FIFO is enabled.
11 Receive FIFO trigger level set to 14. Receive data interrupt is
generated when there are 14 bytes in the FIFO. Valid only if
FIFO is enabled.
[5:3] 000 Reserved.

Note: *Receive FIFO is not enabled during MULTIDROP mode.

PS015308-0404
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Bit

Position Value Description

2 0 No effect.

CLRTXF 1 Clear the transmit FIFO and reset the transmit FIFO pointer.
Valid only if the FIFO is enabled.

1 0 No effect.

CLRRXF 1 Clear the receive FIFO, clear the receive error FIFO, and
reset the receive FIFO pointer. Valid only if the FIFO is
enabled.

0 0 Transmit and receive FIFOs are disabled. Transmit and

FIFOEN receive buffers are only 1 byte deep.

1

Transmit and receive FIFOs are enabled*.

Note: *Receive FIFO is not enabled during MULTIDROP mode.

UART Line Control Register

This ragister is used to control the communication control parameter§abts61 and

62

Table 61. UART Line Control Registers
(UARTO_LCTL = 00C3h, UART1_LCTL = 00D3h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | R\W | RI\W | R/W

Note: R/W = Read/Write.

Bit

Position Value Description

7 0 Access to the UART registers at I/O addresses UARTx_RBR,
DLAB UARTx_THR, and UARTx_IER is enabled.

Access to the Baud Rate Generator registers at /O addresses
UARTx_BRG_L and UARTx_BRG_H is enabled.

Note: *Receive Parity is set to SPACE in MULTIDROP mode.

PS015308-0404

PRELIMINARY Universal Asynchronous Receiver/Transmitter



eZ80F92/eZ80F93
Product Specification

27 g1 119

ZiLOG

Bit
Position Value Description
6 0 Do not send a BREAK signal.

SB 1 Send Break
UART sends continuous zeroes on the transmit output from
the next bit boundary. The transmit data in the transmit shift
register is ignored. After forcing this bit High, the TxD output
is 0 only after the bit boundary is reached. Just before forcing
TxD to 0, the transmit FIFO is cleared. Any new data written
to the transmit FIFO during a break should be written only
after the THRE bit of UARTX_LSR register goes High. This
new data is transmitted after the UART recovers from the
break. After the break is removed, the UART recovers from
the break for the next BRG edge.

5 0 Do not force a parity error.
FPE

1 Force a parity error. When this bit and the party enable bit
(PEN) are both 1, an incorrect parity bit is transmitted with the
data byte.

4 0 Use odd parity for transmit and receive. The total number of 1

EPS bits in the transmit data plus parity bit is odd. Use as a SPACE
bit in MULTIDROP mode. See Parity Select Definition for
Multidrop Communications for parity select definitions.*

1 Use even parity for transmit and receive. The total number of
1 bits in the transmit data plus parity bit is even. Use as a
MARK bit in MULTIDROP mode. See Parity Select Definition
for Multidrop Communications for parity select definitions.

3 0 Parity bit transmit and receive is disabled.
PEN

1 Parity bit transmit and receive is enabled. For transmit, a
parity bit is generated and transmitted with every data
character. For receive, the parity is checked for every
incoming data character. In MULTIDROP mode, receive
parity is checked for space parity.

[2:0] 000- UART Character Parameter Selection—see UART Character
CHAR 111 Parameter Definition for a description of the values.

Note: *Receive Parity is set to SPACE in MULTIDROP mode.

PS015308-0404 PRELIMINARY Universal Asynchronous Receiver/Transmitter
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Table 62. UART Character Parameter Definition

Character Length Stop Bits
CHARJ[2:0] (Tx/Rx Data Bits)  (Tx Stop Bits)

000 1

001

010

011

100

101

110

O N O || N O O,

NN NN 2|2 =

111

eZ80F92/eZ80F93
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Table 63. Parity Select Definition for Multidrop Communications

MDM EPS

UARTXx_MGTL[5] UARTx_LCTL940 Parity Type
0 0 odd

0 1 even

1 0 space

1 1* mark

Note: *In MULTIDROP mode, EPS resets to 0 after the first
character is sent.

PRELIMINARY Universal Asynchronous Receiver/Transmitter
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UART Modem Control Register

This register is used to control and check the modem status, as detdild&RThModem
Control Rgjistes UARTO_MCTL = 00C4h, LART1_MCTL = 00D4h)

Table 64. UART Modem Control Registers
(UARTO0_MCTL = 00C4h, UART1_MCTL = 00D4h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R RW | RW | RW | RW | RIW | RW
Note: R = Read Only; R/W = Read/Write.

Bit

Position Value Description

[7:6] 00b Reserved—must be 00b.

5 0 MULTIDROP mode disabled.

MDM 1 MULTIDROP mode enabled. See Parity Select Definition for
Multidrop Communications for parity select definitions.

4 0 LOOP BACK mode is not enabled.

LOOP .
LOOP BACK mode is enabled.
The UART operates in internal LOOP BACK mode. The
transmit data output port is disconnected from the internal
transmit data output and set to 1. The receive data input port
is disconnected and internal receive data is connected to
internal transmit data. The modem status input ports are
disconnected and the four bits of the modem control register
are connected as modem status inputs. The two modem
control output ports (OUT1&2) are set to their inactive state

3 0-1 No function in normal operation.

OuT2 In LOOP BACK mode, this bit is connected to the DCD bit in
the UART Status Register.

2 0-1 No function in normal operation.

OUT1 In LOOP BACK mode, this bit is connected to the RI bit in the

UART Status Register.

PS015308-0404 PRELIMINARY Universal Asynchronous Receiver/Transmitter



eZ80F92/eZ80F93
Product Specification

7
4 122

ZiLOG

Bit

Position Value Description

1 0-1 Request To Send

RTS In normal operation, the RTS output port is the inverse of this
bit. In LOOP BACK mode, this bit is connected to the CTS bit
in the UART Status Register.

0 0-1 Data Terminal Ready

DTR In normal operation, the DTR output port is the inverse of this

bit. In LOOP BACK mode, this bit is connected to the DSR bit
in the UART Status Register.

UART Line Status Register

This register is used to shothe status of BRT interrupts and gisters. Se®ART Line
Status Rgistess (UARTO_LSR = 00C5h, LART1_LSR = 00D5h).

Table 65. UART Line Status Registers
(UARTO_LSR = 00C5h, UART1_LSR = 00D5h)

Bit 7 6 5 4 3 2 1 0
Reset 0 1 1 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

7 0 Always 0 when operating in with the FIFO disabled. With the

ERR FIFO enabled, this bit is reset when the UARTx_LSR register
is read and there are no more bytes with error status in the
FIFO.

1 Error detected in the FIFO. There is at least 1 parity, framing

or break indication error in the FIFO.

6 0 Transmit holding register/FIFO is not empty or transmit shift

TEMT register is not empty or transmitter is not idle.

PS015308-0404

Transmit holding register/FIFO and transmit shift register are
empty; and the transmitter is idle. This bit cannot be set to 1
during the BREAK condition. This bit only becomes 1 after the
BREAK command is removed.
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Bit
Position Value Description

5 0 Transmit holding register/FIFO is not empty.
THRE

1 Transmit holding register/FIFO is empty. This bit cannot be
set to 1 during the BREAK condition. This bit only becomes 1
after the BREAK command is removed.

4 0 Receiver does not detect a BREAK condition. This bit is reset
Bl to 0 when the UARTX_LSR register is read.

1 Receiver detects a BREAK condition on the receive input line.
This bit is 1 if the duration of BREAK condition on the receive
data is longer than one character transmission time, the time
depends on the programming of the UARTx_LSR register. In
case of FIFO only one null character is loaded into the
receiver FIFO with the framing error. The framing error is
revealed to the CPU whenever that particular data is read
from the receiver FIFO.

3 0 No framing error detected for character at the top of the FIFO.
FE This bit is reset to 0 when the UARTx_LSR register is read.

1 Framing error detected for the character at the top of the
FIFO. This bit is set to 1 when the stop bit following the data/
parity bit is logic 0.

2 0 The received character at the top of the FIFO does not

PE contain a parity error. In multidrop mode, this indicates that
the received character is a data byte. This bit is reset to 0
when the UARTx_LSR register is read.

1 The received character at the top of the FIFO contains a parity
error. In multidrop mode, this indicates that the received
character is an address byte.

1 0 The received character at the top of the FIFO does not
OE contain an overrun error. This bit is reset to 0 when the
UARTx_LSR register is read.

1 Overrun error is detected. If the FIFO is not enabled, this
indicates that the data in the receive buffer register was not
read before the next character was transferred into the
receiver buffer register. If the FIFO is enabled, this indicates
the FIFO was already full when an additional character was
received by the receiver shift register. The character in the
receiver shift register is not put into the receiver FIFO.

PS015308-0404 PRELIMINARY Universal Asynchronous Receiver/Transmitter
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Bit

Position Value Description

0 0 This bit is reset to 0 when the UARTx_RBR register is read or
DR all bytes are read from the receiver FIFO.

1 Data Ready
If the FIFO is not enabled, this bit is set to 1 when a complete
incoming character is transferred into the receiver buffer
register from the receiver shift register. If the FIFO is enabled,
this bit is set to 1 when a character is received and transferred
to the receiver FIFO.

UART Modem Status Register

This register is used to skothe status of the ART signals. Se&JART Modem Status
Registes UARTO_MSR = 00C6h, LART1_MSR = 00D6h).

Table 66. UART Modem Status Registers
(UARTO0_MSR = 00C6h, UART1_MSR = 00D6h)

Bit 7 6 5 4 3 2 1 0

Reset X X X

x
x
x
x
x

CPU Access R R R R R R R R

Note: R = Read only.

Bit

Position Value Description

7 0-1 Data Carrier Detect

DCD In NORMAL mode, this bit reflects the inverted state of the
DCDx input pin. In LOOP BACK mode, this bit reflects the
value of the UARTx_MCTL][3] = out2.

6 0-1 Ring Indicator -

RI In NORMAL mode, this bit reflects the inverted state of the Rlx
input pin. In LOOP BACK mode, this bit reflects the value of
the UARTx_MCTL[2] = out1.

5 0-1 Data Set Ready

DSR In NORMAL mode, this bit reflects the inverted state of the
DSRx input pin. In LOOP BACK mode, this bit reflects the
value of the UARTx_MCTL[0] = DTR.

4 0-1 Clear To Send

CTS In NORMAL mode, this bit reflects the inverted state of the

CTSx input pin. In LOOP BACK mode, this bit reflects the
value of the UARTx_MCTL[1] = RTS.
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Bit

Position Value Description

3 0-1 Delta Status Change of DCD

DDCD This bit is set to 1 whenever the DCDx pin changes state. This
bit is reset to 0 when the UARTx_MSR register is read.

2 0-1 Trailing Edge Change on RI

TERI This bit is set to 1 whenever a falling edge is detected on the
RIx pin. This bit is reset to 0 when the UARTx_MSR register is
read.

1 0-1 Delta Status Change of DSR

DDSR This bit is set to 1 whenever the DSRx pin changes state. This
bit is reset to 0 when the UARTx_MSR register is read.

0 0-1 Delta Status Change of CTS

DCTS This bit is set to 1 whenever the CTSx pin changes state.

This bit is reset to 0 when the UARTx_MSR register is read.

UART Scratch Pad Register

The ULARTX_SPR rgister can be used by the system as a general-purpose Read/¥rite re
ister SeeUART Scratch Bd R@istess (UARTO_SPR= 00C7h, LART1_SPR= 00D7h)

Table 67. UART Scratch Pad Registers
(UARTO_SPR = 00C7h, UART1_SPR = 00D7h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RRW | RW | RW | RW | RI'W | RW | R/W
Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h— The UART scratch pad register is available for use as a
SPR FFh general-purpose Read/Write register.

PRELIMINARY Universal Asynchronous Receiver/Transmitter
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Infrared Encoder/Decoder

TheeZ80F92device contains a ART to infrared encoder/decodemndec).The IrDA
endec is intgrated with the on-chip ARTO to allov easy communication between the
CPU andrDA Physical Layer SpecifiationVersion 1.4-compatible infrared transess,
as illustrated irFigure25. Infrared communication pvides secure, reliable, high-speed,
low-cost, point-to-point communication between PCsABDnobile telephones, printers,
and other infrared-enableduiees.

: eZ80F92 |
| 1
1
! System 1 Infrared
: Clock i ¢ I Transceiver
1
1
I __ RxD IR_RxD |
| < ~—+— RxD
TxD 1
1 > IR_TxD
> Infrared — 1 >
: UARTO Baud Rate| Encoder/Decoder : >| ™D
1 Clock
| = |
| 1
| 1
| 1
| 1
1 Interrupt 1/0 Data 1/0 Data :
1 Signal Address Address "
1
o\~ '
| 1
| To eZ80 CPU 1
1
1
| 1

Figure 25.Infrared System Block Diagram

Functional Description

When the IrIA endec is enabled, the transmit data from the on-cAiRTUis encoded as
digital signals in accordance with th®A standard and output to the infrared transeei
Likewise, data receed from the infrared transeeir is decoded by the endec and passed
to the LART. Communication is half-dupte meaning that simultaneous data transmission
and reception is not alied.

The baud rate is set by théBT Baud Rate Generat@nd supportdDA standard baud
rates from 960Bps to 115.Rbps. Higher baud rates than 11ps are possibleubdo
not meetrDA speciftations for these data rat@fie UART must be enabled to use the
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endec. Refer to thdniversalAsynchronous Receér/Transmittersectionon page 106or
more information on the ART and its Baud Rate Generator

Transmit

The data to be transmitted via the IR trangaeis frst sent to BWRTO. The UART trans
mit signal TxD) and Baud Rate Clock are used by theNlihdec to generate the medu
lation signal [R_TxD) that drves the infrared transa@ir. To enable transmit encoding,
the IR_RXEN bit in the IR_CTL master must be set to 0.

Each WART bit is 16-clocks wide. If the data to be transmitted is a logical 1 (High), the
IR_TxD signal remains Lw (0) for the full 16-clock period. If the data to be transmitted is
a logical 0, a 3-clock High (1) pulse is output fallog a 7-clock Lav (0) period. Bllow-

ing the 3-clock High pulse, a 6-clockWw@ulse completes the full 16-clock data period.
Data transmission is illustrated ligure26. During data transmission, the IR reeei
function should be disabled by clearing the IR_RXEN bit in the IR_C@ta®.The SIR
data format uses half-dugleommunication; the ART does not transmit data while the
recever decoder is enabled.

| | | | | |
:<— 1&%'88" —»: | I I |

Baud Rate
Clock

I I I I I I

UART_TxD StartBit=0 | DataBit0=1 | DataBit1=0 | DataBit2=1 | DataBit3 =1
3-clock [ -

I pulse I I I I I

I | I | I I |

S | | | | |

IR TxD | | | I | |

- | | [ [ [ [

ook ke ! l l :
delay

Figure 26.Infrared Data Transmission

Receive

PS015308-0404

Data is receied from the IR transoegr via thelR_RxD signal and decoded by the AD
endecThis decoded data is passed from the ende@RT0. To enable receer decode,
the IR_RXEN bit in the IR_CTL gister must be set to The SIR data format uses half-
duplex communication; therefore, theART should not transmit data during normal eper
ation while the receer decoder is enabled.
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The UART baud rate clock is used by the Al@ndec to generate the demodulated signal
(RxD) that drves the WART. Each WART bit period is sixteen baud-clocks wide. Each
IR_RXD bit is encoded during a bit period such that a 0 is represented by a pulse and a 1
is represented by no pulSéhe IrDA Physical Layer Speciation describes a nominal

pulse as bein@’le of a bit period wide. In this case, if the data to be weckis a logical 0

(Low), a 3-clock-wide Lw (0) pulse is receed followving a 7-clock High (1) period.d~

lowing the 3-clock Lav pulse is a 6-clock High pulse to complete the full 16-clock data
period. If the data to be rewed is a logical 1 (High), thiR_RxD signal is held High (1)

for the full 16-clock period. Data reception is illustratedrigure27.

Baud Rate
Clock |

| StartBit=0 ! DataBit0=1 ! DataBit1=0

IR_RxD I
—> 1.4pus |

min. pulse
I I
I

R

Data Bit2 =1 Data Bit 3 =1

UART_RxD

|
|
|
' 16-clock 16-clock 16-clock 16-clock

Sé‘é'l%‘;/k > <= period > period > period 1™ period >

Figure 27.Infrared Data Reception

The IrDA Physical Layer Specifiation allavs for a minimum signal width as well as the
nominal signal width described ale By defiition, the receied pulse duration can be as
small as 1.41 seconds for all baud rates up to 115.2 KIBPS Physical Layer 1.4 Pulse
Durations Specifiationsoutlines the minimum and maximum pulse durations for all baud
rates supported by tez8® CPU.A receier frequeng divider based upon the system
clock frequeng measures this time limit and aMe leggal signals to pass toARTO.

Table 68. IrDA Physical Layer 1.4 Pulse Durations Specifications

Minimum Pulse Maximum Pulse
Baud Rate Width Width
9600 1.41s 2213 s
19200 1.41s 11.07 s
38400 1.41s 5.96 s
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Table 68. IrDA Physical Layer 1.4 Pulse Durations Specifications

Minimum Pulse Maximum Pulse
Baud Rate Width Width
57600 141s 434 s
115200 141s 2.23s

Receiver Frequency Divider

PS015308-0404

The IrDA receiver uses a 6-bit frequepndivider. The \alue is desied from the system
clock to measurtR_RxD pulsesThe IrDA endec detects pulses that are within theAlrD

Physical Layer speciéid minimum and maximum ranges, with system clock frequencies
from 5MHz up to 5(MHz.

The upper four bits of the frequendivider factor are set via the FREQ_DIV bit in the
IR_CTL register based on the follWing equation:

System Clock Frequency (MHz)
Frequency Divider Factor =

Target Frequency of 3.33MHz

The remaining laver two bits of the diider are set t03h. The taget frequeng corre
sponds to a period of 1.2 secontise FREQ_DIV walue must be rounded to the nearest
integer and the resulting period of the 6-bit frequedivider must not be lger than 1.4
seconds, which is the Idefined minimum pulse width. If the period is greater than 1.4
seconds, FREQ_DIV should be rounded to the lmsver integer The receier frequeng
divider value \ersus the system clock frequegns shavn in Table 2, bela.

Table 69. Frequency Divider Values

System Clock FREQ_DIV

<5.0MHz 00h*

5.0-7.8MHz 01h

7.8-10.8MHz 02h

10.8-13.6MHz  03h

13.6-25MHz FLOORJ4-bit Frequency Divider Factor]

25-50MHz ROUNDI[4-bit Frequency Divider Factor]

Note: *The frequency divider is disabled when set to 00h.

PRELIMINARY Infrared Encoder/Decoder
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Setting the upper 4 bits of IR_CTL @0h disables the frequendlivider kut not the IrA
recever. In this mode, the IrB recever uses edge detection on tRe RxD bit stream.

Due to the inherent sampling of the reregl IR_RxD signal by the BIt Rate Clock, some
jitter can be epected on therf$t bit in aly sequence of data. Mever, all subsequent bits
in the recaied data stream are adi 16 clock periods wide.

Infrared Encoder/Decoder Signal Pins

ThelrDA endec signal pindR_TxD and IR_RxD) are multipied with General-Purpose
I/0 (GPIO) pinsThese GPIO pins must be canfred for alternate function operation for
the endec to operate.

The remaining six WRTO pins CTSQ DCDO, DSRQ DTRO, RTS andRI0) are not

required for use with the enddte UARTO modem status interrupt should be disabled to
prevent unvanted interrupts from these pifffie GPIO pins corresponding to these six
unused BRTO pins can be used for inputs, outputs, or interrupt sources. Recommended
GPIO Port D control gister settings are primed inGPIO Mode Selection when using

the IrDA Encoder/DecodeRefer to th&eneral-Purpose Input/Outpadctionon page 41

for additional information on setting the GPIO Port modes.

Table 70. GPIO Mode Selection when using the IrDA Encoder/Decoder

Allowable GPIO

GPIO Port D Bits  Port Mode Allowable Port Mode Functions

PDO 7 Alternate function.

PD1 7 Alternate function.

PD2-PD7 Any other than GPIO Mode 7 Output, input, open-drain, open-source, level-
(1,2,3,4,5,6,8,0r9) sensitive interrupt input, or edge-triggered

interrupt input.

Loopback Testing

PS015308-0404

Both internal and>dernal loopback testing can be accomplished withribA endec on
theeZ80F92device. Setting the LOOP_MACK bit to 1 enables internal loopback testing.
During internal loopback, thd&k_TxD output signal is inverted and connected on-chip to
thelR_RxD input.External loopback testing of thef-ahip IrDA transcever can be
accomplished by transmitting data from th&RT while the receier is enabled

(IR_RXEN set to 1).
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Infrared Encoder/Decoder Register

After aRESET the Infrared Encoder/Decodegigter is set to its dafilt value. Any
writes to unused gaster bits are ignored and reads returalaerof 0.The IR_CTL rgis-
ter is described iinfrared Encoder/Decoder Control gtgtess (R_CTL = 00BFh)

Table 71. Infrared Encoder/Decoder Control Registers (IR_CTL = 00BFh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RRW | RW | RI\W | R/W

Note: R = Read only; R/W = Read/Write.

g:sition Value Description

[7:3] 000000 Reserved.

2 0 Internal LOOP BACK mode is disabled.

LOOP_BACK 1 Internal LOOP BACK mode is enabled.
IR_TxD output is inverted and connected to IR_RxD input for
internal loop back testing.

1 0 IR_RxD data is ignored.

IR_RXEN 1 IR_RxD data is passed to UARTO RxD.

0 0 IrDA endec is disabled.

IR_EN 1 IrDA endec is enabled.

PRELIMINARY Infrared Encoder/Decoder
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The Serial Peripheral Intexde GPI) is a synchronous intade alloving several SPI-type
devices to be interconnectetihe SPI is a full-dupbe synchronous, characteriented
communication channel that empoa fourwire interface.The SPI block consists of a
transmittey recever, baud rate generat@nd control unit. During an SPI transfeata is
sent and receéd simultaneously by both the master and thees&P| deices.

In a serial peripheral intexfe, separate signals are required for data and dibekSPI
may be confjured as either a master or aseld he connection of tav SPI deices (one
master and one sl@) and the direction of data transfer is demonstrat€ures28 and

29.

DATAIN —>

MISO

MASTER

Bit 0

Bit 7

> 8-Bit Shift Register

SCK

—> DATAOUT

[—> CLKOUT

Baud Rate
Generator

Figure 28.SPI Master Device

ENABLE —>| SS

DATAIN —>

CLKIN —>

MOSI

SCK

SLAVE

Bit0

>s

Bit 7

Bit Shift Register

MISO

—> DATAOUT

Figure 29.SPI Slave Device
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SPI Signals

PS015308-0404

The four basic SPI signals are:
® MISO (Master In, Shze Out)
® MOSI (Master Out, Sk In)
® SCK (SPIserial Clock)

® SS(Slave Select)

These SPI signals are discussed in theviatlg paragraphs. Each signal is described in
bothMASTER and SLAE modes.

Master In, Slave Out

The Master In, Sk Out (MISO) pin is confiured as an input in a mastevige and as
an output in a slee device. It is one of the tlines that transfegerial data, with thenost-
significant bit sent fst. The MISO pin of a ske device is placed in a high-impedance
state if the shee is not selectedVhen theSPI is not enabled, this signal is in a high-
impedance state.

Master Out, Slave In

The Master Out, Slee In (MOSI) pin is confjured as an output in a mastevide and as
an input in a skee device. It is one of the tevlines that transfer serial data, with the most-
significant bit sent fst. When the SPI is not enabled, this signal is in a high-impedance
state.

Slave Select

The actve Low Slave Select$S input signal is used to select the SPI asaediaice. It
must be Lav prior to all data communication and must staylfor the duration of the
data transfer

TheSSinput signal must be High for the SPI to operate as a masieedd theSSsignal
goes Lav, aMode Fault error fag MODF) is set in the SPI_SRgister See the&SPI Sta
tus Reister(SPI_SR)n page 14@r more information.

When the Clock Phase bEPHA) is set to 0, the shift clock is the logical ORS&with
SCK. In this clock phase mode&Smust go High between succasstharacters in an SPI
messagelVhen CPHA is set to EScan remain Lw for several SPI characters. In cases
where there is only one SPI &g itsSSline could be tied Le as long as CPHA is set to
1. See th&PI Control Rgister(SPI_CTL)on page 13%r more information on CPHA.

Serial Clock

The Serial Clock (SCK) is used to synchronize dataement both in and out of the
device through its MOSI and MISO pinghe master and sla are each capable of
exchanging a byte of data during a sequence of eight clatks Because SCK is gener
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ated by the mastethe SCK pin becomes an input on arslderice. The SPI contains an
internal dvide-by-two clock dvider. In MASTER mode, the SPI serial clock is one-half
the frequeng of the clock signal created by the SFHBaud Rate Generator

As demonstrated iRigure30 andSPI Clock Phase and Clock Polarity Operationr
possible timing relations may be chosen by using controCtAL andCPHA in the SPI
Control rgyister See the&sPI Control Rgister(SPI_CTL)on page 139Both the master

and slae must operate with the identical timing, clock polarity (CPOL), and clock phase
(CPHA). The master ddce alvays places data on the MOSI line a hgifie before the
clock edge (SCK signal) so that thevelalevice latches the data.

Number of Cycles on the SCK Signal

| | | | | | | |
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| | | | | | | |
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|
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Sample Input
(CPHA bit = 0) Data Out _I( M XI XI XI XI X, LB
| [ [ [ [ [
| Y Y ¥ ¥y ¥ ¥ ¥ ¥ |
Sample Input
cpran S Bia Bt —OCEEXE X5 X3 XT3 X2 XTI X
ENABLE (To Slave) _\ —
Figure 30.SPI Timing
Table 72. SPI Clock Phase and Clock Polarity Operation
SS High
SCK SCK SCK
Transmit Receive Idle Between
CPHA CPOL Edge Edge State Characters?
0 0 Falling Rising Low Yes
0 1 Rising Falling High Yes
1 0 Rising Falling Low No
1 1 Falling Rising High No
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SPI Functional Description

When a master transmits to avelalevice via theMOSI signal, the sk&e device responds

by sending data to the master via the madttiO signal.The resulting implication is a
full-duplex transmission, with both data out and data in synchronized with the same clock
signal.Thus the byte transmitted is replaced by the byteved&ind eliminates the
requirement for separate transmit-empty and veetill status bitsA single status bit,

SPIF is used to signify that the I/O operation is completed, seBRhS&tatus Rgster
(SPI_SR)on page 140

TheSPIl is double-bffered on Read,ut not onWrite. If aWrite is performed during data
transfer the transfer occurs uninterrupted, andwhée is unsuccessfulhis condition
causes th&/RITE COLLISION (WCOL) status bit in the SPI_SRgister to be seffter

a data byte is shifted, tI8PIF fag of the SPI_SR gister is set.

In SPIMASTER mode, th&CK pin functions as an output. It idles High oml,.aepenéd
ing on theCPOL bit in the SPI_CTL ggster, until data is written to the shiftgester Data
transfer is initiated by writing to theansmit shift rgister SPI_TSR. Eight clocks are then
generated to shift the eight bits of transmit data ouM®&] pin while shifting in eight
bits of data on th#1SO pin.After transfer theSCK signal idles.

In SPISLAVE mode, the start logic reseis a logic Lav from theSSpin and a clock input
at the SCK pin, and the skis synchronized to the mastBata from the master is
receved serially from the slee MOSI signal and loads the 8-bit shifyigter After the 8-
bit shift register is loaded, its data is parallel transferred to the Reéat.tDuring aWrite
cycle data is written into the shiftgister then the shee waits for the SPI master to initiate
a data transfesupply a clock signal, and shift the data out on thee'sldMISO signal.

If the CPHA bit in the SPI_CTL mister is 0, a transfer gi;ms whenSSpin signal goes

Low and the transfer ends whB&goes High after eight clockcles on SCKWhen the
CPHA bit is set to 1, a transferdies the fist time SCK becomes aeti whileSSis Low

and the transfer ends when the SPélg fjets set.

SPI Flags

PS015308-0404

Mode Fault

TheMode Fault flag MODF) indicates that there may beraltimaster conitt for sys
tem control. The MODF bit is normally cleared to 0 and is only set to 1 when the master
device’s SSpin is pulled Lav. When a modedult is detected, the follding occurs:

1. TheMODF flag (SPI_SR[4]) is set to 1.
2. The SPI deice is disabled by clearing tt8P|_ENbit (SP1_CTL[5]) to 0.

3. TheMASTER_ENbit (SPI_CTL[4]) is cleared to 0, forcing thevitee intoSLAVE
mode.
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4. If the SPI interrupt is enabled by settifRQ_EN (SPI_CTL[7]) High, an SPI
interrupt is generated.

Clearing the Mode &ult flag is performed by reading t&#1 Status mgister The other
SPI control bits$PI_ENandMASTER_EN must be restored to their original states by
user softvare after the Modedult flag is cleared.

Write Collision

The WRITE COLLISIONflag, WCOL (SPI_SRJ[5]), is set to 1 when an attempt is made
to write to theSPITransmit Shift rgister (SP1_TSR) while data transfer occurs. Clearing
theWCOL bit is performed by reading SPI_SR with WEOL bit set.

SPI Baud Rate Generator

The SPIs Baud Rate Generator createsveelofrequeng clock from thehigh-frequeny
system clockThe Baud Rate Generator output is used as the clock source by the SPI.

Baud Rate Generator Functional Description

The SPIs Baud Rate Generator consists of a 16-bitrdmuntey two 8-bit registers, and
associated decoding logithe Baud Rate Generateiihitial value is defied by the tw
BRG Divisor Latch rgisters, {SPI_BRG_H, SPI_BRG_LAt the rising edge of each
system clock, the BRG decrements until it reachesah&0001h. On the ngt system
clock rising edge, the BRG reloads the initialue from {SPI_BRG_H, SPI_BRG_L) and
outputs a pulse to indicate the end-of-count. Calculat8fhdata Rate with the folle
ing equation:

System Clock Frequency

SPI Data Rate (bits/s) =
2 X SPI Baud Rate Generator Divisor

UponRESET the 16-bit BRG diisor value resets t0002h. When the SPI is operating as
a Masterthe BRG drisor value must be set to alue 0f0003h or greaterWhen the SPI
is operating as a Sla, the BRG diisor value must be set to ae 0f0004h or greater

A softwareWrite to either the Lw- or High-byte rgisters for the BRG Risor Latch
causes both the loand High bytes to load into the BRG coungard causes the count to
restart.

Data Transfer Procedure with SPI Configured as the Master
1. Load the SPI Baud Rate GeneratogiRters, SPI_BRG_H and SPI_BRG_L.
2. External deice must deassert tf&S pin if currently asserted.
3. Load the SPI Control Ryster SPI_CTL.
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4. Assert theENABLE pin of the slae device using a GPIO pin.
5. Load the SPTransmit Shift Rgister SPI_TSR.
6. When the SPI data transfer is complete, deasseBNIMBLE pin of the slae device.

Data Transfer Procedure with SPI Configured as a Slave

1. Load the SPI Baud Rate GeneratogRters, SPI_ BRG_H and SPI_BRG_L.

2. Load theSPITransmit Shift Rgister SPI_TSRThis load cannot occur while the SPI
slave is currently receing data.

3. Wait for the aternalSPI Master déce to initiate the data transfer by asserfi®)

SPI Registers

PS015308-0404

There are six gisters in the Serial Peripheral Intiezé which preide control, status, and
data storage function¥he SPI rgisters are described in the fallmg paragraphs.

SPI Baud Rate Generator Registers—Low Byte and High Byte

These rgisters hold the Lw and High bytes of th&6-bitdivisor count loaded by the pro
cessor for baud rate generatidhe 16-bit clock diisor value is returned by
{SPI_BRG_H, SPI_BRG_L}. UpoRESET the 16-bit BRG diisor value resets to
0002h. When confjured as a Mastgthe 16-bit drisor value must be betwe@003h and
FFFFh, inclusive.When confyured as a Sle, the 16-bit diisor value must be between
0004h andFFFFh, inclusive.

A Write to either the La or High byte rgisters for the BRG Disor Latch causes both
bytes to be loaded into the BRG counter and the count restartetaldes’3 and74.

Table 73. SPI Baud Rate Generator Register—Low Byte
(SPI_BRG_L = 00B8h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 1 0
CPU Access RW | RRW | RW | R\W | RW | R/'W | RW | R/W
Note: R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— These bits represent the Low byte of the 16-bit Baud Rate

SPI BRG L FFh Generator divider value. The complete BRG divisor value is
returned by {SPI_BRG_H, SPI_BRG_L}.
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Table 74. SPI Baud Rate Generator Register—High Byte (SPI_BRG_H = 00B9h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RRW | RW | R'W | RW | R/W
Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h— These bits represent the High byte of the 16-bit Baud Rate
SPI_ BRG H FFh Generator divider value. The complete BRG divisor value is

returned by {SPI_BRG_H, SPI_BRG_L}.

SPI Control Register

This ragister is used to control and setup the serial peripheraldantefihe SPI should be
disabled prior to making grchanges t€PHA orCPOL. SeesPI Control Rgister

(SPI_CTL = 00R\h).

Table 75. SPI Control Register (SPI_CTL = 00BAh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 1 0 0
CPU Access R/W R RW | RRW | RW | R/IW R R
Note: R = Read Only; R/W = Read/Write.

E:sition Value Description

7 0 SPI system interrupt is disabled.

IRQ_EN 1 SPI system interrupt is enabled.

6 0 Reserved.

5 0 SPI is disabled.

SPLEN 1 SPl is enabled.

4 0 When enabled, the SPI operates as a slave.
MASTER_EN 1 When enabled, the SPI operates as a master.
3 0 Master SCK pin idles in a Low (0) state.
CPOL 1

Master SCK pin idles in a High (1) state.
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Bit
Position Value Description
2 0 SS must go High after transfer of every byte of data.
CPHA 1 SS can remain Low to transfer any number of data bytes.
[1:0] 00 Reserved.

SPI Status Register

The SPI Status Read Onlygister returns the status of data transmitted using the serial
peripheral intedce. Reading the SPI_SRyjigter clears Bits 7, 6, and 4 to a logical 0. See
SPI Status Rgiste (SPI_SR = 00BBh)

Table 76. SPI Status Register (SPI_SR = 00BBh)

Bit 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0

CPU Access R R R R R R R R

Note: R = Read Only.

Bit

Position Value Description

7 0 SPI data transfer is not finished.

SPIF 1 SPI data transfer is finished. If enabled, an interrupt is
generated. This bit flag is cleared to 0 by a Read of the
SPI_SR register.

6 0 An SPI write collision is not detected.

weoL 1 An SPI write collision is detected. This bit flag is cleared to 0
by a Read of the SPI_SR registers.

5 0 Reserved.

4 0 A mode fault (multimaster conflict) is not detected.

MODF 1 A mode fault (multimaster conflict) is detected. This bit flag is
cleared to 0 by a Read of the SPI_SR register.

[3:0] 0000 Reserved.
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SPI Transmit Shift Register

The SPITransmit Shift rgister (SPI_TSR) is used by the SPI master to transmit data onto
the SPIserial lus to the shee device.A Write to the SPI_TSR gister places data directly
into the shift rgister for transmissiod Write to this rgister within an SPI déce confg-

ured as a master initiates transmission of the byte of the data loaded ingidtes Ad¢

the completion of transmitting a byte of data, $f#F status bit (SPI_SR[7]) is setto 1 in
both the master and sldevices.

The SPITransmit Shiftwrite Only ragister shares the same address space as the SPI
Receve Buffer Read Only rgister SeeSPITransmit Shift Rgister (SPI_TSR = 00BCh)

Table 77. SPI Transmit Shift Register (SPI_TSR = 00BCh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access w w w w w w w w
Note: W = Write only.

Bit

Position Value Description

[7:0] 00h—  SPI transmit data.
TX_DATA FFh

SPI Receive Buffer Register

The SPI Recee Bufer ragister (SPI_RBR) is used by the SPhsl#o receie data from
theserial lus. The SPIF bit must be cleared prior to a second transfer of data from the shift
register or an werrun condition ists. In cases ofwerrun the byte that caused theeoun

is lost.

The SPI Recee Buffer Read Only rgister shares the same address space as the SPI
Transmit ShiftWrite Only ragister SeeSPI Receie Bufer Registea (SPI_RBR = 00BCh)

Table 78. SPI Receive Buffer Register (SPI_RBR = 00BCh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access R R R R R R R R
Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h— SPI received data.

RX_DATA FFh
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I12C Serial I/0 Interface

I2C General Characteristics

Thel2C serial I/0 lus is a tw-wire communication inteate that can operate in four
modes:

®* MASTER TRANSMIT
®* MASTER RECEIVE
® SLAVE TRANSMIT

® SLAVE RECEIVE

Thel?C interface consists of therial Clock §CL) and the&Serial Data$DA). Both SDA
and SCL are bidirectional lines, connected to a pesstipplyvoltage via anxdernal
pull-up resistarWhen the bis is free, both lines are Highhe output stages of dees
connected to theus must be cordured a®pen-drain outputs. Data on tH€ bus can be
transferred at a rate of up to 100 KBPSIPANDARD mode, or up to 400 KBPS in
FAST mode. One clock pulse is generated for each data bit transferred.

Clocking Overview

If another deice on thd“C bus drives the clock line when tHéC is in MASTER mode,
thel?C synchronizes its clock to théC bus clock The High period of the clock is deter
mined by the ddce that generates the shortest High clock pefiibd.Lowv period of the
clock is determined by the diee that generates the longestLdock period.

A slave may stretch the o period of the clock to sk down the lus masterThe Lov

period may also be stretched for handshaking purpdhéscan be done after each bit
transfer or each byte transf&he|2C stretches the clock after each byte transfer until the
IFLG bit in the 12C_CTL rgister is cleared.

Bus Arbitration Overview

In MASTER mode, th¢?C checks that each transmitted logic 1 appears off@hkus as
a logic 1. If another déce on the bis overrules and pulls the SDsignal Law, arbitration
is lost. If arbitration is lost during the transmission of a data byte or a Not-Addaige
bit, thel?C returns to the idle state. If arbitration is lost during the transmission of an
address, th&C switches t&SLAVE mode so that it can recognize itgroslase address or
the general call address.
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Data Validity

The data on th8DA line must be stable during the High period of the clddle High or
Low state of the data line can only change when the clock signal 8«Cthkne is Lav as
illustrated inFigure31

|
SDA Signal / !
I
|

SCL Signal 4/_\

|
I
|
|
|
I

\
AW

X

1
I Data Line | Change of I
I Stable | DataAllowed |
I Data Valid ! '

Figure 31.12C Clock and Data Relationship

START and STOP Conditions

Within thel?C bus protocol, unique situations arise which arengefiasSTART and
STOP conditions. Sekigure32. A High-to-Low transition on the S®line while SCL is
High indicates &TART condition.A Low-to-High transition on the S®line while SCL
is High defhes a SOP condition.

START and STP conditions are whys generated by the masfine hus is considered to
be husy after thesTART condition.The tus is considered to be free a defi time after
the STOPcondition.

-1 T
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|

SCL Signal _:_\—/— I :
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|
I
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—— I_ _ 1
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Figure 32.START and STOP Conditions In I2C Protocol
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Transferring Data

Byte Format

Every character transferred on tBBA line must be a single 8-bit byt€he number of
bytes that can be transmitted per transfer is unrestricted. Each byte musivizedfbloan
Acknowledge(ACK)L. Data is transferred with theost-signifcant bit (nsb) fist. See
Figure33. A receiver can hold th&CL line Lav to force the transmitter into aait state.
Data transfer then continues when the nemres ready for another byte of data and
releases SCL.

Acknowledge from Acknowledge from
Receiver Receiver

1
1
1
1
1 1
1 1
1 1
1 1
1 1
] ]
1 1
1 1
1

1

P

________

ACK

________

START Condition STOP Condition

Clock Line Held Low By Receiver

Figure 33.1°C Frame Structure

Acknowledge

Data transfer with aACK function is obligitory TheACK-related clock pulse is gener
ated by the masterhe transmitter releases the Sline (High) during theACK clock
pulse.The recerer must pull dern the SIA line during theACK clock pulse so that it
remains stable Lw during the High period of this clock pulse. $eégure34.

A recever that is addressed is obliged to generat®@K after each byte is reseid.

When a slhee-recever doesn't acknwaedge the shee address (fon@mple, unable to

receve because it's performing some real-time function), the data line must be left High
by the slae. The master then generateSEOP condition to abort the transfer

If a slave-recever acknwledges the slae address,ui cannot recee ary more data bytes,
the master must abort the transiidre abort is indicated by the géagenerating thBlot
Acknowledge NACK) on the fist byte to follev. The slae leares the data line High and
the master generates theCEH condition.

If a mastetrecever is involved in a transfeiit must signal the end of data to thevela
transmitter by not generating A&K on the fhal byte that is cload out of the sk&e. The

PS015308-0404

1. ACK s defined as a general Acknowledge bit. By contrast 2Klie,‘\cknowledge bit is
represented aSAK, bit 2 of thel 2c Control Register, which identifies which ACK signal to
transmit. Se¢2C Control Reqister (2C_CTL = 00CBh)n page 158
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slave-transmitter must release the data line tonatltie master to generate a@H or a
repeated5TART condition.

Data Output 7 \
by Transmitter 1

[ XXX

:

1

Data Output i

by Receiver E S 1 \_/
scLsignal T\ /\ /\ _/—\_/—\
from Master ! a 1 2 R 8 9

START Condition ’
Clock Pulse for Acknowledge

Figure 34.1°C Acknowledge

Clock Synchronization

All masters generate theiwa clocks on the SCL line to transfer messages oif@bus.
Data is only walid during the High period of each clock.

Clock synchronization is performed using the wikdD connection of thé’C interfaces

to theSCL line, meaning that a High-to-wdransition on the SCL line causes thevatd
devices to start counting from their Wwoperiod.When a deice clock goes Lw, it holds

the SCL line in that state until the clock High state is reached-i§er35. The Lowv-to-
High transition of this clock, weever, may not change the state of the SCL line if another
clock is still within its Lav period.The SCL line is held Lw by the deice with the long

est Law period. Deices with shorter Lw periods enter a Highait-state during this time.

When all deices concerned countfaheir Low period, the clock line is released and goes
High. There is no dierence between thedee clocks and the state of the SCL line, and
all of the deices start counting their High periodse frst device to complete its High
period a@in pulls the SCL line Lw. In this way, a synchronized SCL clock is generated
with its Low period determined by thedee with the longest clock e period, and its
High period determined by the one with the shortest clock High period.
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Start Counting

1
' < Wait > <
: High Period

H State

1
1
]
CLK1 Signal _\_/i

Counter
Reset

CLK2 Signal \ \‘/

SCL Signal \

Figure 35.Clock Synchronization In I°C Protocol

Arbitration

A master may start a transfer only if thesbs freeTwo or more masters may generate a
START condition within the minimum hold time of the SRT condition which results in
a defnedSTART condition to the bs.Arbitration tales place on th8DA line, while the
SCL line is at the High lel, in such a ay that the master which transmits a Higrele
while another master is transmitting an.tevel switches dfits data output stage because
the level on the s doesn't correspond to itwolevel.

Arbitration can continue for marbits. Its frst stage is comparison of the address bits. If
the masters are each trying to address the savieedarbitration continues with compar
ison of the data. Because address and data information tiCthes is used for arbitra
tion, no information is lost during this proceAanaster which loses the arbitration can
generate clock pulses until the end of the byte in which it loses the arbitration.

If a master also incorporates aveldunction and it loses arbitration during the addressing
stage, it's possible that the winning master is trying to addrd$eeitosing master must
switch aver immediately to its slee-recever modeFigure35illustrates the arbitration
procedure for tw masters. Of course, more may beluaed (depending on omary
masters are connected to theshThe moment there is a thfence between the internal
data leel of the master generatingAlDA 1 and the actual el on the SB line, its data
output is switched &fwhich means that a High outpuvé is then connected to thash

As a result, the data transfer initiated by the winning master isfeoted. Because cen

trol of thel?C bus is decided solely on the address and data sent by competing masters,
there is no central masteror ary order of priority on the uss.

Special attention must be paid if, during a serial trangferarbitration procedure is still
in progress at the moment when a repeatédRJ Tcondition or &8TOP condition is trans
mitted to thd?C bus. If it is possible for such a situation to og¢he masters \lved
must send this repeat&d ART condition orSTOP condition at the same position in the
format frame. In other @ards, arbitration is not aleed between:

® Arepeated SART condition and a data bit
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¢ A STOP condition and a data bit
® Arepeated SART condition and a SOP condition

Clock Synchronization for Handshake

The Clock synchronizing mechanism can function as a hanelseafbling receers to
cope with &st data transfers, on either a byte or bitllerhe byte lgel allons a deice to
receve a byte of data at adt rate, bt allows the dgice more time to store the reeed
byte or to prepare another byte for transmissiorveSlaold thesCL line Lav after recep
tion and ackneledge the byte, forcing the master into @tvgtate until the sl is ready
for the nat byte transfer in a handslekrocedure.

Operating Modes

PS015308-0404

Master Transmit
In MASTER TRANSMIT mode, thd2C transmits a number of bytes to avslaecever.

EnterMASTER TRANSMIT mode by setting th8TA bit in the I2C_CTL rgister to 1.
Thel2C then tests thEC bus and transmits a 8RT condition when theus is free.
When a SART condition is transmitted, tHELG bit is 1 and the status code in the
I2C_SR rgister is08h. Before this interrupt is serviced, the 12C_DRister must be
loaded with either a 7-bit sla address or therdit part of a 10-bit slee address, with the
Isb cleared to 0 to specilyRANSMIT mode.The IFLG bit should n@ be cleared to 0 to
prompt the transfer to continue.

After the 7-bit slae address (or therdit part of a 10-bit address) plus iveite bit are
transmitted, the IFLG is setaig. A number of status codes are possible in the 12C_SR
register Seel?C MastefTransmit Status Codes
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Table 79. I°C Master Transmit Status Codes

Code I°C State Microcontroller Response Next I2C Action
18h Addr+W transmitted, For a 7-bit address: write Transmit data byte,
ACK received byte to DATA, clear IFLG receive ACK
Or set STA, clear IFLG Transmit repeated
START
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, clear Transmit STOP then
IFLG START

For a 10-bit address: write  Transmit extended
extended address byte to  address byte
DATA, clear IFLG

20h Addr+W transmitted, ¥ Same as code 18h Same as code 18h
ACK not received
38h Arbitration lost Clear IFLG Return to idle
Or set STA, clear IFLG Transmit START when
bus is free
68h Arbitration lost, Clear IFLG, AAK =0 Receive data byte,
+W received, transmit NACK
ACK transmitted Or clear IFLG, AAK =1 Receive data byte,
transmit ACK
78h Arbitration lost, Same as code 68h Same as code 68h

General call addr
received, ACK
transmitted

BOh Arbitration lost, Write byte to DATA, clear  Transmit last byte,
SLA+R received, IFLG, clear AAK =0 receive ACK
ACK transmitted

Or write byte to DATA, clear Transmit data byte,
IFLG, set AAK = 1 receive ACK

W = Write bit; that is, the Isb is cleared to O.

If 10-bit addressing is being used, then the status cadiisr 20h after the fist part of
a 10-bit address plus th¥rite bit are successfully transmitted.

After this interrupt is serviced and the second part of the 10-bit address is transmitted, the
I2C_SR r@ister contains one of the coded4@ 10-Bit MastefTransmit Status Codes
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Code I2C State Microcontroller Response  Next 12C Action
38h Arbitration lost Clear IFLG Return to idle
Or set STA, clear IFLG Transmit START when
bus free
68h Arbitration lost, Clear IFLG, clear AAK =0 Receive data byte,
SLA+W received, transmit NACK
ACK transmitted Or clear IFLG, set AAK =1 Receive data byte,
transmit ACK
BOh Arbitration lost, Write byte to DATA, Transmit last byte,
SLA+R received, clear IFLG, clear AAK =0 receive ACK
ACK transmitted Or write byte to DATA, Transmit data byte,
clear IFLG, set AAK = 1 receive ACK
DOh  Second Address byte Write byte to DATA, Transmit data byte,
+ W transmitted, clear IFLG receive ACK
ACK received Or set STA, clear IFLG Transmit repeated
START
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, Transmit STOP then
clear IFLG START
D8h  Second Address byte Same as code DOh Same as code DOh

+ W transmitted,
ACK not received

If a repeate@TART condition is transmitted, the status codedb instead of8h.

After each data byte is transmitted, the IFLG is 1 and one of the status codes I&@ed in
MasterTransmit Status Code®FData Bytess in the [2C_SRegister

Table 81. I°C Master Transmit Status Codes For Data Bytes

Code I2C State

Microcontroller Response

Next I2C Action

28h  Data byte Write byte to DATA, Transmit data byte,
transmitted, ACK clear IFLG receive ACK
received .
Or set STA, clear IFLG Transmit repeated START
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, Transmit START then
clear IFLG STOP
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Table 81. I°C Master Transmit Status Codes For Data Bytes (Continued)

Code I2C State Microcontroller Response Next I2C Action

30h  Data byte Same as code 28h Same as code 28h
transmitted,
ACK not received

38h  Arbitration lost Clear IFLG Return to idle
Or set STA, clear IFLG Transmit START when bus
free

When all bytes are transmitted, the microcontroller should write a 1 to the STP bit in the
12C_CTL registerTheIZC then transmits §TOP condition, clears the STP bit and returns
to the idle state.

Master Receive
In MASTER RECEIVEmode, thd?C receires a number of bytes from agaransmitter

After theSTART condition is transmitted, tHELG bit is 1 and the status codeh is
loaded in the 12C_SR gester The 12C_DR rgister should be loaded with thesda
address (or therBt part of a 10-bit slee address), with thisb set to 1 to signify a Read.
The IFLG bit should be cleared to 0 as a prompt for the transfer to continue.

When the 7-bit skee address (or therdit part of a 10-bit address) and the Read bit are
transmitted, the IFLG bit is set and one of the status codes list&@ Master Recee
Status Codess in the 12C_SR gster

Table 82. 12C Master Receive Status Codes

Code 12C State Microcontroller Response Next I2C Action
40h Addr + R For a 7-bit address, Receive data byte,
transmitted, ACK clear IFLG, AAK =0 transmit NACK
received _ .
Or clear IFLG, AAK =1 Receive data byte,
transmit ACK
For a 10-bit address Transmit extended
Write extended address address byte

byte to DATA, clear IFLG
R = Read bit; that is, the Isb is set to 1.
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Code 12C State Microcontroller Response Next I2C Action
48h Addr + R For a 7-bit address: Transmit repeated
transmitted, ACK Set STA, clear IFLG START

not received Or set STP, clear IFLG Transmit STOP
Or set STA & STP, Transmit STOP then
clear IFLG START
For a 10-bit address: Transmit extended
Write extended address address byte
byte to DATA, clear IFLG
38h Arbitration lost Clear IFLG Return to idle
Or set STA, clear IFLG Transmit START when
bus is free
68h Arbitration lost, Clear IFLG, clear AAK =0 Receive data byte,
SLA+W received, transmit NACK
ACK transmitted Or clear IFLG, set AAK =1 Receive data byte,
transmit ACK
78h Arbitration lost, Same as code 68h Same as code 68h
General call addr
received, ACK
transmitted
BOh Arbitration lost, Write byte to DATA, Transmit last byte,

SLA+R received,
ACK transmitted

clear IFLG, clear AAK =0

receive ACK

Or write byte to DATA,
clear IFLG, set AAK = 1

Transmit data byte,
receive ACK

R = Read bit; that is, the Isb is set to 1.

If 10-bit addressing is being used, thesslas frst addressed using the full 10-bit address
plus theWrite bit. The master then issues a restart feéld by the fist part of the 10-bit
address agjn, hut with the Read bifThe status code then becomes or 48h. It is the
responsibility of the slae to remember that it had been selected prior to the restart.

If a repeate@TART condition is receied, the status codeish instead oD8h.

After each data byte is rewed, the IFLG is set and one of the status codes listécin
Master Recefe Status CodesoF Data Bytess in the 12C_SR gister
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Table 83. I2C Master Receive Status Codes For Data Bytes

Code 12C State Microcontroller Response Next 12C Action
50h Data byte received, Read DATA, clear IFLG, Receive data byte,
ACK transmitted clear AAK =0 transmit NACK
Or read DATA, clear IFLG, Receive data byte,
set AAK =1 transmit ACK
58h Data byte received, Read DATA, set STA, Transmit repeated START

NACK transmitted clear IFLG
Or read DATA, set STP, Transmit STOP

clear IFLG
Or read DATA, set Transmit STOP then
STA & STP, clear IFLG START
38h Arbitration lost in Same as master transmit Same as master transmit
NACK bit

When all bytes are resgid, aNACK should be sent, then the microcontroller should
write a 1 to the STP bit in tH2C_CTL registerTheIZC then transmits & TOP condition,
clears the STP bit and returns to the idle state.

Slave Transmit
In SLAVE TRANSMIT mode, a number of bytes are transmitted to a masteveecei

Thel?C entersSLAVE TRANSMIT mode when it receeés its avn slave address and a
Read bit after 8TART condition.Thel%C then transmits an ackwtedge bit (if theAAK
bit is set to 1) and sets tHeL G bit in the 12C_CTL rgister and the 12C_SRgister con
tains the status codeh.

Note: Whenl2C contains a 10-bit ske address (signéd byFOh—F7h in the 1I2C_SAR
register), it transmits an ackwtedge after the ifst address byte is reged after a
restartAn interrupt is generated, IFLG is setthhe status does not change. No
second address byte is sent by the malstisrup to the sk&e to remember it had
been selected prior to the restart.

1°C goes fromMASTER mode toSLAVE TRANSMIT mode when arbitration is lost dur
ing the transmission of an address, and theesdaddress and Read bit are reediThis
action is represented by the status ddalein thel2C_SR register

The data byte to be transmitted is loaded intd28eDR register and thé~LG bit
clearedAfter thel?C transmits the byte and reees an ackneledge, the IFLG bit is set

152

and thd2C_SR register contain®8h. When the fnal byte to be transmitted is loaded into

thel2C_DR register the AAK bit is cleared when the IFLG is clearédter the final byte
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is transmitted, the IFLG is set and 128€_SR register contain€sh and thel%C returns to
the idle stateThe AAK bit must be set to 1 before reenterfBgAVE mode.

If no acknavledge is receked after transmitting a byte, the IFLG is set and2iBe SR
register contain€oh. Thel?C then returns to the idle state.

If a STOP condition is detected after an ackiexige bit, theC returns to the idle state.

Slave Receive

In SLAVE RECEIVEmode, a number of data bytes are naabifrom a master transmit
ter.

Thel°C entersSLAVE RECEIVE mode when it recegs its ovn slave address and a
Write bit (sb = 0) after &8TART condition.The|°C transmits an ackndedge bit and
sets the IFLG bit in th2C_CTL register and thé2C_SR register contains the status code
60h. Thel2C also enterSLAVE RECEIVE mode when it receés the general call
addres®0h (if the GCE bit in thd2C_SAR register is set)The status code is th&ah.

Note: When thel?C contains a 10-bit sk@ address (signéd byFoh—F7h in the
12C_SAR register), it transmits an ackwiedge after the ifst address byte is
receved hut no interrupt is generated. IFLG is not set and the status does not
change.TheIZC generates an interrupt only after the second address byte is
recevved. Thel?C sets the IFLG bit and loads the status code as describeel abo

12C goes fromMASTER mode toSLAVE RECEIVEmode when arbitration is lost during
the transmission of an address, and theestaldress and/rite bit (or the general call
address if the CGE bit in th2C_SAR register is set to 1) are reged.The status code in
thel2C_SR register is68h if the slave address is recad or78h if the general call
address is recetd. The IFLG bit must be cleared to 0 to alldata transfer to continue.

If the AAK bit in the 12C_CTL register is set to 1 then an ackntedge bit (Lav level on
SDA) is transmitted and the IFLG bit is set after each byte isveddihel2C_SR regis-
ter contains the status cogieh or 90h if SLAVE RECEIVEmode is entered with the
general call addresshe recered data byte can be read from 2@_DR register and the
IFLG bit must be cleared to aliothe transfer to continue. If&TOP condition or a
repeated8TART condition is detected after the aclutedge bit, the IFLG bit is set and
thel2C_SR register contains status cogdeh.

If the AAK bit is cleared to 0 during a transfénel?C transmits a not-ackmdedge bit
(High level on SDA) after the ngt byte is receied, and set the IFLG bithel2C_SR reg-
ister contains the status cogigh or 98h if SLAVE RECEIVEmode is entered with the
general call addres§he|%C returns to the idle state when the IFLG bit is cleared to 0.
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I2C Registers
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Addressing

The processor inteate proides access to six 8-bitgisters: four Read/Write gésters,
one Read Only gister and tw Write Only rayisters, as indicated IRC Ragister Descrip
tions.

Table 84. I2C Register Descriptions

Register Description

12C_SAR Slave address register

12C_XSAR Extended slave address register
12C_DR Data byte register

12C_CTL Control register

I2C_SR Status register (Read Only)
I2C_CCR Clock Control register (Write Only)
12C_SRR Software reset register (Write Only)

Resetting the I°C Registers

Hardware reset. When the2C is reset by a hardave reset of theZ80F92 deice, the
I2C_SAR, I12C_XSAR, I12C_DR andIl2C_CTL registers are cleared t®h; while the
12C_SR register is set toF8h.

Software Reset. Perform a softare reset by writing grvalue to the2C Software Reset
Ragister (2C_SRR). A software reset sets th&C back to idle and th8 TP STA, and
IFLG bits of thel2C_CTL register to 0.

I2C Slave Address Register

The 12C_SAR rgister praides the 7-bit address of thC when inSLAVE mode and
allows 10-bit addressing in conjunction with 2€_XSAR register 12C_SAR[7:1] =
sla[6:0] is the 7-bit address of th when in 7-bitSLAVE mode When thel°C receives
this address after@TART condition, it enterSLAVE mode. 12C_SAR[7] corresponds to
the frst bit receied from theC bus.

When the rgister recaies an address starting withh to FOh (12C_SAR[7:3] = 11110b),
thel?C recognizes that a 10-bit slaaddressing mode is being selecld1°C sends an
ACK after receiing the I2C_SAR byte (the diee does not generate an interrupt at this
point). After the net byte of the address (I2C_XSAR) is reesl, thel°C generates an
interrupt and goes intBLAVE mode.Then 12C_SARJ[2:1] are used as the upper 2 bits for
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the 10-bit &tended addres3he full 10-bit address is supplied by {I2C_SAR[2:1],
12C_XSAR[7:0]}. Sed?C Slare Address Rgistess (12C_SAR = 00C8h)

Table 85. I2C Slave Address Registers (12C_SAR = 00C8h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | RI\W | RIW | R/W

Note: R/W = Read/Write.

Bit

Position Value Description

[7:1] 00h—  7-bit slave address or upper 2 bits,|2C_SAR[2:1], of address
SLA 7Fh when operating in 10-bit mode.

0 0 12C not enabled to recognize the General Call Address.
GCE

1 12C enabled to recognize the General Call Address.

I2C Extended Slave Address Register

The 12C_XSAR rgister is used in conjunction with the 12C_SARjister to preide 10-
bit addressing of th&C when inSLAVE mode The 12C_SAR wlue forms the laer 8
bits of the 10-bit shee addressThe full 10-bit address is supplied by {I2C_SAR[2:1],
[2C_XSAR[7:0]}.

When the rgister recaies an address starting withh to FOh (12C_SAR[7:3] = 11110b),
thel?C recognizes that a 10-bit slaaddressing mode is being selectéte|°C sends an
ACK after recaiing the 12C_XSAR byte (the giee does not generate an interrupt at this
point). After the ne&t byte of the address (I2C_XSAR) is res, thel2C generates an
interrupt and goes into SMk mode.Then I12C_SAR[2:1] are used as the upper 2 bits for
the 10-bit atended addres3he full 10-bit address is supplied by {I2C_SAR[2:1],
12C_XSAR[7:0]}. Sed?2C Extended SkeAddress Raisters (2C_XSAR = 00C9h)
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Table 86. I12C Extended Slave Address Registers (12C_XSAR = 00C9h)
Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | R'W | RIW | R/W
Note: R/W = Read/Write.
Bit
Position Value Description
[7:0] 00h— Least-significant 8 bits of the 10-bit extended slave address.
SLAX FFh

I°C Data Register

This register contains the data bytelsteaddress to be transmitted or the data byte just
receved. In transmit mode, thraost-signifcant bit of the byte is transmittedsti. In
receve mode, the fst bit recered is placed in the most-sigu#int bit of the rgister After
each byte is transmitted, the 12C_DRister contains the byte that is present on tisif
case a lost arbitratiorvent occurs. SeC Data Rgistes (2C_DR = 00CAh)

Table 87. I12C Data Registers (12C_DR = 00CAh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | RIW | RIW | R/W

Note: R/W = Read/Write.

Bit

Position Value Description
[7:0] 00h— I12C data byte.
DATA FFh

I°C Control Register

The I2C_CTL rgister is a control ggster that is used to control the interrupts and the
master slae relationships on théC bus.

When thelnterrupt Enable bit (IEN) is set to 1, the interrupt line goes High when the
IFLG is set to 1When IEN is cleared to 0, the interrupt linevays remains Lw.

When theBus Enable bitENAB) is set to 0, thé?C bus inputs SCLx and & are
ignored and th&C module does not respond toyaaddress on theus.When EMB is
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set to 1, thé®C responds to calls to its saddress and to the general call address if the
GCE bit (I2C_SAR|0Q]) is set to 1.

When theMaster Mode Start bitSTA) is set to 1, thé’C enters MASTER mode and

sends &TART condition on the s when the is is free. If the SA bit is set to 1 when

thel?C module is already in MASTER mode and one or more bytes are transmitted, then a
repeated SART condition is sent. If the $Vbit is set to 1 when th€C block is being
accessed iBLAVE mode, thd?C completes the data transfer in SIRAmode and then

enters MASTER mode when thadis released’he ST bit is automatically cleared after

a START condition is setWriting a 0 to this bit produces ndofegt.

If the Master Mode Stop bitSTP) is set to 1 in MASTER modeS3OP condition is
transmitted on thEC bus. If the STP bit is set to 1 in stamore, thel2C module operates
as if a SOP condition is receed, lut no STOP condition is transmitted. If both 8&nd
STP bits are set, tHC block first transmits the SIP condition (if iMASTER mode)
and then transmit the 8RT condition.The STP bit is cleared automaticallyriting a 0
to this bit produces nofeft.

Thel?C Interrupt Flag (IFLG) is set to 1 automatically whey ah30 of the possible 31
12C states is entere@he only state that does not set ReG bit is state F8h. If IFLG is
set to 1 and the IEN bit is also set, an interrupt is geneiéteeh IFLG is set by theeC,

the Low period of thdC bus clock line is stretched and the data transfer is suspended.
When a 0 is written to IFLG, the interrupt is cleared and4@elock line is released.

When thel?C Acknowledge bit AAK) is set to 1, a\cknowledge is sent during the
acknavledge clock pulse on tHéC bus if:

® Either the whole of a 7-bit sta address or therét or second byte of a 10-bit @a
address is recad

® The general call address is re@sl and the General Call Enable bit in 12C_SAR is set
tol

® A data byte is receed while InMASTER or SLAVE modes

WhenAAK is cleared to 0, &lACK is sent when a data byte is reeei inMASTER or
SLAVE mode. IfAAK is cleared to 0 in the Ska Transmitter mode, the byte in the
I2C_DR rayister is assumed to be thedi byte After this byte is transmitted, théC
block enter stategsh, then returns to the idle staféhe 1°C module does not respond to
its slave address unle®AK is set. Sed2C Control Reistess (12C_CTL = 00CBh)
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Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RRW | RW | RW | RWW | RIW R R

Note: R/W = Read/Write; R = Read Only.

Bit
Position Value Description
7 0 12C interrupt is disabled.
IEN 2~ .
1 I1“C interrupt is enabled.
6 0 The 12C bus (SCL/SDA) is disabled and all inputs are
ENAB ignored.
1 The I12C bus (SCL/SDA) is enabled.
5 0 Master mode START condition is sent.
STA 1 Master mode start-transmit START condition on the bus.
4 0 Master mode STOP condition is sent.
STP 1 Master mode stop-transmit STOP condition on the bus.
3 0 1°c interrupt flag is not set.
IFLG 2~ :
1 I=C interrupt flag is set.
2 0 Not Acknowledge.
AAK 1 Acknowledge.
[1:0] 00 Reserved.
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I°C Status Register

The 12C_SR rgister is a Read Only gester that contains a 5-bit status code in the fi
most-signifcant bits: the threkeast-signiftant bits are atays 0.The Read Only 12C_SR
registers share the same 1/0 addresses aA/tihe Only 12C_CCR rgisters. Set’C Sta
tus Rgistes (2C_SR = 00CCh)

Table 89. 1°C Status Registers (12C_SR = 00CCh)

Bit 7 6 5 4 3 2 1 0
Reset 1 1 0 0 0
CPU Access R R R R R R R R
Note: R = Read only.

Bit

Position Value Description

[7:3] 00000—  5-bit I2C status code.

STAT 11111

[2:0] 000 Reserved.

There are 29 possible status codes, as listECitatus CodesVhen the 12C_SR s
ter contains the status colgh, no releant status information isvailable, no interrupt is
generated and tHELG bit in the [2C_CTL rgister is not sefll other status codes corre
spond to a defied state of thEC.

When each of these states is entered, the corresponding status code appeargigtehis re
and the IFLG bit in the I12C_CTL géster is setWhen the IFLG bit is cleared, the status
code returns t&8h.

Table 90. I°C Status Codes

Code Status

00h Bus error

08h START condition transmitted

10h Repeated START condition transmitted

18h Address and Write bit transmitted, ACK received

20h Address and Write bit transmitted, ACK not received

28h Data byte transmitted in MASTER mode, ACK received
30h Data byte transmitted in MASTER mode, ACK not received
38h Arbitration lost in address or data byte
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Table 90. I°C Status Codes (Continued)

Code Status

40h Address and Read bit transmitted, ACK received

48h Address and Read bit transmitted, ACK not received

50h Data byte received in MASTER mode, ACK transmitted

58h Data byte received in MASTER mode, NACK transmitted

60h Slave address and Write bit received, ACK transmitted

68h Arbitration lost in address as master, slave address and Write bit received,
ACK transmitted

70h General Call address received, ACK transmitted

78h Arbitration lost in address as master, General Call address received, ACK

transmitted

80h Data byte received after slave address received, ACK transmitted

88h Data byte received after slave address received, NACK transmitted

90h Data byte received after General Call received, ACK transmitted

98h Data byte received after General Call received, NACK transmitted

AOh STOP or repeated START condition received in SLAVE mode

A8h Slave address and Read bit received, ACK transmitted

BOh Arbitration lost in address as master, slave address and Read bit received,
ACK transmitted

B8h Data byte transmitted in SLAVE mode, ACK received

COh Data byte transmitted in SLAVE mode, ACK not received

C8h Last byte transmitted in SLAVE mode, ACK received

DOh Second Address byte and Write bit transmitted, ACK received

D8h Second Address byte and Write bit transmitted, ACK not received

F8h No relevant status information, IFLG =0

If an illegal condition occurs on tHéC bus, the bis error state is entered (status code
00h). To recwer from this state, th8TP bit in the 1I2C_CTlregister must be set and the
IFLG bit clearedThel%C then returns to the idle state. BSOP condition is transmitted
on thelC bus.

} Note: The STP an&TA bits may be set to 1 at the same time tovecérom the bhs
error Thel?C then sends a RT condition.

PS015308-0404 PRELIMINARY I12C Serial I/O Interface



PS015308-0404

eZ80F92/eZ80F93
Product Specification

27 g1 161

ZiLOG

I°C Clock Control Register

The 12C_CCR rgister is aNrite Only ragister The seenLSBs control the frequegat
which thel2C bus is sampled and the frequgr thel?C clock line 8CL) when thé?C
is iINnMASTER modeTheWrite Only I2C_CCR rgisters share the same 1/O addresses as
the Read Only 12C_SRgésters. Se#’C Clock Control Reisters (2C_CCR = 00CCh)

Table 91. 1°C Clock Control Registers (I2C_CCR = 00CCh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access w w w w w

Note: W = Read only.

g:sition Value Description

7 0 Reserved.

[6:3] 0000— 1C clock divider scalar value.
M 1111

[2:0] 000— 12C clock divider exponent.

N 111

Thel?C clocks are devied from theCPUsystem clockThe frequeng of theCPUsystem
clock isfgck. Thel?C bus is sampled by tH&C block at the frequenydsanp supplied by:

fscLk

fsamp = —5h—

In MASTER mode, thé?C clock output frequerycon SCL {g¢)) is supplied by:

£ = fscik
SCL ™ 10+ M+ 2N

The use of tw separately-programmablevidiers allavs the MASTER mode output fre
gueng to be set independently of the frequeatwhich thd?C bus is sampledlhis fea
ture is particularly useful in multimaster systems because the frgqaewhich thel>C
bus is sampled must be at least 10 times the freguafrtbe fistest master on thedbto
ensure thaBTART andSTOP conditions are whys detected. By using oaprogramma
ble clock dvider stages, a high sampling frequgran be ensured while alMing the
MASTER mode output to be set to avler frequeny.
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Bus Clock Speed
Thel?C bus is defiied for lus clock speeds up to 1RBPS (40KBPS inFAST mode).

To ensure correct detection ®TART andSTOP conditions on theus, thel2C must sam
ple thel?C bus at least ten timeagter than theus clock speed of thastest master on the
bus.The sampling frequegchould therefore be at leastiHz (4MHz in FAST mode) to
guarantee correct operation with othas Imnasters.

ThelC sampling frequengis determined by the frequanof theCPUsystem clock and
the \alue in the 12C_CCR bits 2 to The tus clock speed generated by @ in MAS-
TER mode is determined by the frequgnt the input clock and thealues in
[2C_CCR[2:0] and 12C_CCRJ6:3].

I°C Software Reset Register

The 12C_SRR rgister is aNrite Only register Writing ary value to this rgister performs
a softvare reset of thE’C module. Se¢’C Software Reset Rgste (I2C_SRR = 00CDh)

Table 92. I°C Software Reset Register (I2C_SRR = 00CDh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access W W W W W W W W

Note: W = Write Only.

Bit

Position Value Description

[7:0] 00h—  Writing any value to this register performs a software reset of
SRR FFh  the 1°C module.
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ZiLOG Debug Interface

Introduction

PS015308-0404

The ZiLOG Delng Interfice ZDI) provides a hiilt-in detugging interfice to the eZ&D
CPU. ZDI prarides basic in-circuit emulation features including:

® Examining and modifying internal gesters

® Examining and modifying memory

® Starting and stopping the user program

® Setting program and data BREAK points

® Single-stepping the user program

® Executing usesupplied instructions

® Dehugging the fial product with the inclusion of one small connector
® Downloading code int&RAM

® C source-leel delugging using ZiLOG Deeloper StudioZDSII)

The abwe features areuilt into the silicon. Control is prdded via a tw-wire interface
that is connected to tlEPAK Il Delug InterfaceTool. Figure36illustrates a typical setup
using a a tayet boardZPAK I, and the host PC running ZiLOG oper Studio. Refer
to theZILOG websitefor more information o@ZPAK Il andZDSII.

Target Board

ZILOG _ | ZPAK |_ eZ80
Developer |- > Emulat < Product
Studio mulator roduc

Y
TO-HOmMZZ00
A

Figure 36.Typical ZDI Debug Setup

ZDI allows reading and writing of most internagigters without disturbing the state of
the machine. Reads and writes to memory may occasaag the ZDI can dmload and
upload data, with a maximum frequgraf one-half theCPU system clock frequegc

PRELIMINARY ZiLOG Debug Interface


http://www.zilog.com

eZ80F92/eZ80F93
Product Specification

L7 )| 164

ZiLOG

Recommended ZDI Clock vs. System Cldgkqueny lists the recommended frequen
cies of thezDI clock in relation to the system clock.

Table 93. Recommended ZDI Clock vs. System Clock Frequency

System Clock  ZDI Clock

Frequency Frequency
3—-10Mhz 1Mhz
8-16Mhz 2Mhz
12-24Mhz 4Mhz
20-50Mhz 8Mhz

ZDI-Supported Protocol

ZDI supports a bidirectional serial protocbhe protocol defies ay device that sends
data as th&ransmitterand ary receving device as theeceiver The deice controlling the
transfer is thenasterand the déice being controlled is thelave The master alays ink
tiates the data transfers andypdes the clock for both reaa and transmit operations.
The ZDI block on theZ80F92device is considered a sfain all data transfers.

Figure37illustrates the schematic fouitding a connector on a &t boardThis connee
tor allowvs the user to connect directly to thBAK Il delugger using a six-pin header

TVpp
(Target Vpp)

330 KQ 330 KQ
—2 1

eZ80L92 TCK (ZCL)
TDI (ZDA)

/

6-Pin Target Connector =

Figure 37.Schematic For Building a Target Board ZPAKII Connector

ZDI Clock and Data Conventions

The two pins used for communication with tAB®I block are the ZDI Clock pinZCL)
and the ZDI Data pinZDA). On theeZ80F92evice, theZCL pin is shared with thECK
pin while theZDA pin is shared with th&DI pin. The ZCL and Z[ pin functions are
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only available when the On-Chip Instrumentation is disabled and the ZDI is therefore
enabled. Br general data communication, the dathu& on th&ZDA pin can change only
when ZCL is Lav (0). The only eception is the ZDBETART bit, which is indicated by a
High-to-Low transition (&lling edge) on th&DA pin whileZCL is High.

Data is shifted into and out of ZDI, with theost-signifcant bit (bit 7) of each byte being
first in time, and th&east-signiftant bit (bit O)astin time.All information is passed
between the master and thevslan 8-bit (single-byte) units. Each byte is transferred with
nine clock gcles: eight to shift the data, and the ninth for internal operations.

ZDI START Condition

All ZDI commands are preceded by thBI START signal, which is a High-to-lw tran
sition of ZDA whenZCL is High.The ZDI slave on theeZ80F92device continually mon
itors theZDA and ZCL lines for the SART signal and does not respond ty aammand
until this condition is mefThe master pullZDA Low, with ZCL High, to indicate the
beginning of a data transfer with the ZDI bloékgures38 and39 illustrate a walid ZDI
START signal prior to writing and reading data, respastyi A Low-to-High transition of
ZDA while theZCL is High yields no déct.

Data is shifted in during Write to the ZDI block on the rising edge of ZCL, as illustrated
in Figure38. Data is shifted out during a Read from the ZDI block ondlimd) edge of
ZCL as illustrated ifrigure39. When an operation is completed, the master stops during
the ninth gcle and holds th&CL signal High.

ZDI Data In ZDI Data In
(Write) (Write)

' !

| | | | | |
| | | | |
ZCL

=
TI | |

Start Signal

><

Figure 38.ZDI Write Timing
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ZDI Data Out
(Read)

ZDI Data Out

I I I I I I
| | | | |
ZCL

ZDA_\i
T:

Start Signal

--ko--
--5F--

Figure 39.ZDI Read Timing

ZDI Single-Bit Byte Separator

Following each 8-biZDI data transfera single-bit byte separator is usédinitiate a nev

ZDI command, the single-bit byte separator must be High (logical 1) to fadtca nev

ZDI START command to be sentoFall other cases, the single-bit byte separator can be
either Lav (logical 0) or High (logical 1)When ZDI is confjured to allav the CPU to
accepexternal lus requests, the single-bit byte separator should Wwglbgical 0) during

all ZDl commandsThis Low value indicates that ZDI is still operating and is not ready to
relinquish the BusThe CPU does not accept theéeznal lus requests until the single-bit
byte separator is a High (logical 1primore information on acceptingdrequests in

ZDI DEBUG mode, please see tBais Requests During ZDI DEBS Modesectionon

page 170

ZDIl Register Addressing

PS015308-0404

Following a SART signal theZDI master must output the ZDlgister addres\ll data
transfers with the ZDI block use special ZDgisters.The ZDI control rgisters that
reside in the ZDI rgister address space should not be confused withaB@F92device
peripheral rgisters that reside in the 1/0 address space.

Many locations in the ZDI control gister address space are shared loyragisters, one
for Read Only access and one¥Ydrite Only accesdAs an éample, a Read from ZDI
register addres80h returns the eZ80 Product ID wdByte while aWrite to this same
location,00h, stores the Lw byte of one of the address mataiues used for generating
BREAK points.

The format for a ZDI address isves bits of address, folleed by one bit for Read or
Write control, and completed by a single-bit byte separétm ZDI executes a Read or
Write operation depending on the state of tH&/Rit (0 =Write, 1 = Read). If no e
START command is issued at completion of the Rea/dte operation, the operation
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can be repeated. Repeated Read/ote operations can occur without requiring a resend
of the ZDI commandTo initiate a n&v ZDI command, a SART signal must follov.
Figure4O illustrates the timing for addre®¢rites to ZDI rgisters.

Single-Bit
Byte Separator
or new ZDI
START Signal

| |
< ZDI Address Byte > l
| |

|

| |
ZDA _\ /EA6XA5XA4 XA3 X A2 X A1 X AO XR/WXOM\

e 2y

START 0=WRITE
Signal 1=READ

Figure 40.ZDI Address Write Timing

ZDI Write Operations

ZDI Single-Byte Write

For single-bytéNrite operations, the address aidte control bit are fist written to the
ZDI block. Following the single-bit byte separattine data is shifted into the ZDI block
on the ngt 8 rising edges aCL. The master terminates agty after 8 clock
cyclesFigure4l illustrates the timing for ZDI single-byt&rite operations.

I |
< ZDI Data Byte >
| |
ZCL I |
| |
ZDA X Ao\Write/omXD7XD6XD5XD4XD3X02XD1 X oo [ 1\
' msb Isb !
T T of DATA of DATA T
Isb of Single-Bit End of Data
ZDl Address  Byte Separator or New ZDI
START Signal

Figure 41.ZDI Single-Byte Data Write Timing
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ZDI Block Write

The BlockWrite operation is initiated in the same manner as the singléAnte opera
tion, kut instead of terminating th&'rite operation after therfit data byte is transferred,
theZDI master can continue to transmit additional bytes of data tdRhslave on the
eZ80F92evice.After the receipt of each byte of data the Z[YJiseer address increments
by 1. If the ZDI rgister address reaches the end oMthige Only ZDI register address

space 30h), the address stops incrementiRggure4?2 illustrates the timing for ZDI
Block Write operations.

| |
< ZDI Data Bytes >
| |
ZCL 7 8 9\ /1 2 -—- 7 8 9 1 2\l ——-—
| |
ZDA x Ao\Write/omXD?XDG --- D1 X po Yo1 X b7 X D6 [ ——-
I msb Isb msb !
of DATA of DATA of DATA
Byte 1 Byte 1 Byte 2
Isb of Single-Bit Single-Bit
ZDIl Address  Byte Separator Byte Separator

Figure 42.ZDI Block Data Write Timing

ZDIl Read Operations

ZDI Single-Byte Read

Single-byte Read operations are initiated in the same manner as singléribgtepera
tions, with the gception that the RV bit of the ZDI rgjister address is set to 1. Upon
receipt of a shee address with the R/ bit set to 1, theZ80F92device’s ZDI block loads
the selected data into the shifter at thgiteing of the fist g/cle following the single-bit
data separatof he most-signifcant bit (nsb) is shifted out$t. Figure43illustrates the
timing for ZDI single-byte Read operations.
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| |
< ZDI Data Byte >
| |
ZCL | |
| |
ZDA XAO [Read \ 01 X D7 X b6 X D5 X b4 X b3 X b2 X D1 ¥ po f 1\
' msb Isb !
T T of DATA of DATA T
Isb of Single-Bit End of Data
ZDl Address  Byte Separator or New ZDI
START Signal

Figure 43.ZDI Single-Byte Data Read Timing

ZDI Block Read

A Block Read operation is initiated the same as a single-byte ReaeidictheZDI
master continues to clock in thexhbyte from thezDI slave as the ZDI sl& continues to
output dataThe ZDI raister address counter increments with each Read. If the gi re
ter address reaches the end of the Read Only ZjBitee address spacgoh), the address
stops incrementingzigure44 illustrates the ZDE Block Read timing.

|
< ZDI Data Bytes >
|

ZCL 7 8 9\ 1 /1 2 -—- 7 8 9 1 2 -— -
|

ZDA x A0 [Read\ 01 X D7 X D6 --- D1 X po X o1 X b7 X D6 [ ——~-
I msb Isb msb
of DATA of DATA of DATA

Byte 1 Byte 1 Byte 2
Isb of Single-Bit Single-Bit
ZDl Address  Byte Separator Byte Separator

Figure 44.ZDI Block Data Read Timing

Operation of the eZ80F92 Device During ZDI Breakpoints

If the ZDI forces the CPU to BREAK, only the CPU suspends operdti@system

clock continues to operate andwdriother peripheral§hose peripherals that can operate
autonomously from the CPU may continue to operate, if so enaldeedmple, the
Watch-DogTimer and Programmable Relo@iners continue to count duringZil
BREAK point.
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When using th&DI interface, ag Write or Read operations of peripheraliggers in the
I/O address space produces the sareeteds Read dirite operations using the CPU.
Because manregister Read/Write operationghebit secondary éécts, such as clearing
flags or causing operations to commence, tieetsfof the Read/Write operations during a
ZDI BREAK must be ta&n into consideration.

Bus Requests During ZDI DEBUG Mode

The ZDI block on th&Z80F92device allavs an &ternal deice to tale control of the
address andata lus while theeZ80F92device is inDEBUG mode.ZDI_BUSACK_EN
causes ZDI to allw or prevent acknwledgement of bs requests byxéernal peripherals.
The hus acknwiledge only occurs at the end of the current ZDI operation (indicated by a
High during the single-bit byte separatdre de&ult reset condition is forus acknavl-
edgement to be disableth allov bus acknwledgement, the ZDI_ BSACK _EN must be
written.

When arexternal lus request§USREQpin asserted) is detected, ZDais until comple
tion of the current operation before responding. ZDI askedges the s request by
asserting theus acknaledge BUSACK) signal. If the ZDI block is not currently shift
ing data, it ackneledges the s request immediatelgDI uses the single-bit byte separa
tor of each data ord to determine if it is at the end of a ZDI operation. If the bit is a
logical 0, ZDI does not assé3tJSACK to allov additional data Read @vrite operations.

If the bit is a logical 1, indicating completion of the ZDI commaBi$SACK is asserted.

Potential Hazards of Enabling Bus Requests During DEBUG Mode

There are some potential hazards that the user musiaoe af when enablingkeernal
bus requests during ZIMEBUG mode. First, when theddress andata lus are being
used by anxernal source, ZDI must only access ZOjisters and internal CPUgisters
to prevent possible Bus contentichhe tus acknawledge status is reported in the
ZDI_BUS_STAT register The BUSACK output pin also indicates thedbacknaledge
state.

A second hazard is that whenuskacknw/ledge is granted, the ZDI is subject tyan
WAIT states that are assigned to thgide currently being accessed by tixéeenal
peripheralTo prevent data errors, ZDI should@d data transmission while another
device is controlling the ws.

Finally, exiting ZDI DEBUG mode while anxdernal peripheral controls tlzeldress and
data luses, as indicated BUSACK assertion, may produce unpredictable results.
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ZDI Reset
Address ZDI Register Name ZDI Register Function Value
00h ZDI_ADDRO_L Address Match 0 Low Byte XXh
01h ZDI_ADDRO_H Address Match 0 High Byte XXh
02h ZDI_ADDRO_U Address Match 0 Upper Byte XXh
04h ZDl_ADDR1_L Address Match 1 Low Byte XXh
05h ZDI_ADDR1_H Address Match 1 High Byte XXh
06h ZDI_ADDR1_U Address Match 1 Upper Byte XXh
08h ZDl_ADDR2_L Address Match 2 Low Byte XXh
09h ZDI_ADDR2_H Address Match 2 High Byte XXh
OAh ZDI_ADDR2_U Address Match 2 Upper Byte XXh
0Ch ZDl_ADDRS3 L Address Match 3 Low Byte XXh
0Dh ZDI_ADDR3_H Address Match 3 High Byte XXh
OEh ZDl_ADDR3_U Address Match 4 Upper Byte XXh
10h ZDl BRK_CTL BREAK Control register 00h
11h ZDlI_MASTER _CTL Master Control register 00h
13h ZDI_WR_DATA_L Write Data Low Byte XXh
14h ZDI_WR_DATA_H Write Data High Byte XXh
15h ZDlI_ WR_DATA U Write Data Upper Byte XXh
16h ZDI RW_CTL Read/Write Control register 00h
17h ZDl BUS _CTL Bus Control register 00h
21h ZDIl 1S4 Instruction Store 4 XXh
22h ZDI1 1S3 Instruction Store 3 XXh
23h ZDI1 182 Instruction Store 2 XXh
24h ZDI1 181 Instruction Store 1 XXh
25h ZDI1_1S0 Instruction Store 0 XXh
30h ZDlI_ WR_MEM Write Memory register XXh

PRELIMINARY
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ZDI Read Only Registers

ZDI Read Only Ragisterslists the ZDI Read Only gisters. Mawg of the ZDI Read Only
addresses are shared with ARtite Only reisters.

Table 95. ZDI Read Only Registers

ZDI Reset

Address ZDI Register Name ZDI Register Function Value

00h ZDI ID_L €Z80 Product ID Low Byte register  07h

01h ZDI ID_H €Z80 Product ID High Byte register  00h

02h ZDl ID_REV €Z80 Product ID Revision register XXh

03h ZDI_STAT Status register 00h

10h ZDI RD_L Read Memory Address Low Byte XXh
register

11h ZDlI RD_H Read Memory Address High Byte XXh
register

12h ZDI RD_U Read Memory Address Upper Byte  XXh
register

17h ZDl BUS_STAT Bus Status register 00h

20h ZDl_ RD_MEM Read Memory Data Value XXh

ZDI Register Definitions

PS015308-0404

ZDI Address Match Registers

The four sets of address matchisters are used for setting the addresses for generating
BREAK points.When the accompgng BRK_ADDRX bit is set in the ZDI BREAK
Control register to enable the particular address match, the c@Z&d~92address is
compared with the 3-byte address set, {ZDI_ADDRx_U, ZDI_ADDRx_H,
ZDI_ADDR_x_L}. If the CPU is operating iADL mode, the address is supplied by
ADDR[23:0]. If the CPU is operating in Z80 mode, the address is supplied by

{MB ASE[7:0],ADDR[15:0}]}. If a match is found, ZDI issues a BREAK to #&80F92
device placing the processor in ZDI mode pending further instructions from the ZDI inter
face block. If the address is not tivstfiop-code fetch, the ZDI BREAK isecuted at the
end of the instruction in which it ixecutedThere are four sets of address matgjisre
ters.They can be used in conjunction with each other to BREAK on branching instruc
tions. Se&ZDI Address Match Rgstes ZDI ADDRO_L = 00h, ZDI_ADDRO_H = 01h,
ZDI_ADDRO_U =02hzZDI_ADDR1_L =04h, ZzDI_ADDR1_H =05h, ZDI_ADDR1_U

= 06h,ZDI_ADDR2_L = 08h, ZDI_ADDR2_H = 09h, ZDI_ADDR2_U = 0Ah,
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ZDl_ADDR3_L =0Ch, ZDI_ADDR3_H = 0Dh, and ZDI_ADDR3_U = OEh in the ZDI
RagisterWrite OnlyAddress Space
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Table 96. ZDI Address Match Registers

ZDI_ADDRO_L = 00h, ZDI_ADDRO_H = 01h, ZDI_ADDRO0_U = 02h,
ZDI_ADDR1_L = 04h, ZDI_ADDR1_H = 05h, ZDI_ADDR1_U = 06h,
ZDI_ADDR2_L = 08h, ZDI_ADDR2_H = 09h, ZDI_ADDR2_U = 0Ah,
ZDI_ADDR3_L = 0Ch, ZDI_ADDR3_H = 0Dh, and

ZDI_ADDRS3_U = 0Eh in the ZDI Register Write Only Address Space

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access W W W W W w w w

Note: W = Write Only.

Bit

Position Value Description

[7:0] 00h—  The four sets of ZDI address match registers are used for
ZDI_ADDRx_L, FFh setting the addresses for generating BREAK points. The
ZDI_ADDRx_H, 24-bit addresses are supplied by {ZDI_ADDRx_U,

or ZDI_ADDRx_H, ZDI_ADDRx_L, where xis 0, 1, 2, or 3.
ZDI_ADDRx_U

ZDI BREAK Control Register

The ZDI BREAK Control rgister is used to enable BREAK poird®| asserts a BREAK
when theCPU instruction address, ADDR[23:0], matches the value in the ZDI Address
Match 3 registers, {ZDI_ADDR3_U, ZDI_ADDR3_H, ZDI_ADDR3_L}. BREAKs can

only occur on an instruction boundary. If the instruction address is not the beginning of an
instruction (that is, for multibyte instructions), then the BREAK occurs at the end of the
current instruction. ThBRK_NEXT bit is set to 1. ThBRK_NEXT bit must be reset to

0 to release the BREAKSeeZDI BREAK Control Reister.
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Table 97. ZDI BREAK Control Register
(ZDI_BRK_CTL = 10h in the ZDI Write Only Register Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access w w w w w w w w
Note: W = Write Only.
Bit
Position Value Description
7 0 The ZDI BREAK on the next CPU instruction is disabled.
brk next Clearing this bit releases the CPU from its current BREAK
condition.
1 The ZDI BREAK on the next CPU instruction is enabled.
The CPU can use multibyte Op Codes and multibyte
operands. BREAK points only occur on the first Op Code
in a multibyte Op Code instruction. If the ZCL pin is High
and the ZDA pin is Low at the end of RESET, this bit is set
to 1 and a BREAK occurs on the first instruction following
the RESET. This bit is set automatically during ZDI
BREAK on address match. A BREAK can also be forced
by writing a 1 to this bit.
6 0 The ZDI BREAK, upon matching BREAK address 3, is
brk _addr3 disabled.
1 The ZDI BREAK, upon matching BREAK address 3, is
enabled.
5 0 The ZDI BREAK, upon matching BREAK address 2, is
brk _addr2 disabled.
1 The ZDI BREAK, upon matching BREAK address 2, is
enabled.
4 0 The ZDI BREAK, upon matching BREAK address 1, is
brk _addr1 disabled.
1 The ZDI BREAK, upon matching BREAK address 1, is
enabled.
3 0 The ZDI BREAK, upon matching BREAK address 0, is
brk _addrO disabled.

PS015308-0404

The ZDI BREAK, upon matching BREAK address 0, is
enabled.
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Bit
Position

Value Description

2
ign_low_1

0

The Ignore the Low Byte function of the ZDI| Address
Match 1 registers is disabled. If BRK_ADDR1 is setto 1,
ZDl initiates a BREAK when the entire 24-bit address,
ADDRJ[23:0], matches the 3-byte value {ZDI_ADDR1_U,
ZDI_ADDR1_H, ZzDI_ADDR1_L}.

The Ignore the Low Byte function of the ZDI Address
Match 1 registers is enabled. If BRK_ADDR1 is set to 1,
ZDl initiates a BREAK when only the upper 2 bytes of the
24-bit address, ADDR[23:8], match the 2-byte value
{ZDI_ADDR1_U, ZDI_ADDR1_H}. As a result, a BREAK
can occur anywhere within a 256-byte page.

ign_low_0

The Ignore the Low Byte function of the ZDI| Address
Match 1 registers is disabled. If BRK_ADDRO is set to 1,
ZDl initiates a BREAK when the entire 24-bit address,
ADDRJ[23:0], matches the 3-byte value {ZDI_ADDRO_U,
ZDI_ADDRO_H, ZzDI_ADDRO_L}.

The Ignore the Low Byte function of the ZDI Address
Match 1 registers is enabled. If the BRK_ADDR(1 is set to
0, ZDl initiates a BREAK when only the upper 2 bytes of
the 24-bit address, ADDR[23:8], match the 2 bytes value
{ZDI_ADDRO_U, ZDI_ADDRO_H}. As a result, a BREAK
can occur anywhere within a 256-byte page.

0
single_step

ZDI SINGLE STEP mode is disabled.

ZDI SINGLE STEP mode is enabled. ZDI asserts a
BREAK following execution of each instruction.

PRELIMINARY ZiLOG Debug Interface



PS015308-0404

eZ80F92/eZ80F93
Product Specification

7
4 177

ZiLOG

ZDI Master Control Register

The ZDI Master Control gister praides control of theZ80F92device. It is capable of
forcing aRESET and wking up theeZ80F92device from the lav-powver modesALT
or SLEEP). Se&DI Master Control Rgistea (ZDI_MASTER_CTL = 11h in ZDI Regis-
terWrite Address Spaces)

Table 98. ZDI Master Control Register
(ZDI_MASTER_CTL = 11h in ZDI Register Write Address Spaces)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access

Note: W = Write Only.

g:sition Value Description

7 0 No action.

ZDI_RESET 1 Initiate a RESET of the CPU. This bit is automatically
cleared at the end of the RESET event.

[6:0] 0000000 Reserved.
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ZDI Write Data Registers

These three gisters are used in the ZWIrite Only ragister address space to store the
data that is written when\@rite instruction is sent to the ZDI Read/Write Contrgjiséer
(ZDI_RW_CTL). The ZDI Read/Write Control gister is located at ZDI addresgh
immediately follaving the ZDIWrite Data rgisters As a result, the ZDI Master is
allowed to write the data to {ZDI_WR_U, ZDI_WR_H, ZDI_WR_L} and th&ite com
mand in one data transfer operation. B¢ Write Data Rgistes ZDI_WR_U = 13h,
ZDI_WR_H = 14hand ZDI_WR_L = 1% in the ZDI RgisterWrite OnlyAddress
Space)

Table 99. ZDI Write Data Registers (ZDI_WR_U = 13h, ZDI_WR_H = 14h,
and ZDI_WR_L = 15h in the ZDI Register Write Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access W W W W W w w w

Note: X = Undefined; W = Write.

Bit

Position Value Description

[7:0] 00h— These registers contain the data that is written during
ZDI_WR_L, FFh  execution of a Write operation defined by the
ZDl_WR_H, ZDI_RW_CTL register. The 24-bit data value is stored as
or {ZDI_WR_U, ZDI_WR_H, ZDI_WR_L}. If less than 24 bits
ZDI_WR L of data are required to complete the required operation,

the data is taken from the least-significant byte(s).

ZDI Read/Write Control Register

The ZDI Read/Write Control gister is used in the ZDWrite Only Rajister address to
read data from, write data to, and manipulate the €Rdglisters or memory locations.
When this rgister is written, theZ80F92device immediately performs the operation-cor
responding to the datale written as described #ZDl Read/Write Control Rgster
Functiors ZDI_RW_CTL = 16h in the ZDI RgisterWrite OnlyAddress Spaceyhen a
Read operation isxecuted via this igister the requested datalues are placed in the ZDI
Read Data mgsters {ZDI_RD_U, ZDI_RD_H, ZDI_RD_L}When aWrite operation is
executed via this @gster theWrite data is takn from the ZDWrite Data rgisters
{ZzDI_WR_U, ZDI_WR_H, ZDI_WR_L}. SeeZDI Read/Write Control Rgister Fune
tions ZDI_RW_CTL = 16h in the ZDI RgisterWrite OnlyAddress SpaceRefer to the
eZ80 CPU User Manual (UM0077) for informatiomyaeding the CPU gsters.
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(ZDI_RW_CTL = 16h in the ZDI Register Write Only Address Space)

Hex Hex
Value Command Value Command
00 Read {MBASE, A, F} 80 Write AF
ZDl RD_U ~ MBASE MBASE ~ ZDI WR U
ZDI RD H « F F —« ZDI WR_H
ZDI RD L « A A « ZDI WR L
01 Read BC 81 Write BC
ZDlI RD_U ~ BCU BCU « ZDI WR U
ZDI RD H-B B - ZzDI WR H
ZDI RD L ~C C « ZDI WR L
02 Read DE 82 Write DE
ZDlI RD_U ~ DEU DEU « ZDI WR_ U
ZDI RD H~D D - ZzDI WR_H
ZDI RD L « E E - ZDI_ WR L
03 Read HL 83 Write HL
ZDlI RD U ~ HLU HLU ~ ZDI_ WR_U
ZDI RD H « H H « zZDI WR_H
ZDI RD L « L L -« ZDI_ WR_L
04 Read IX 84 Write IX
ZDlI RD_U ~ IXU IXU « ZDI_ WR_U
ZDlI RD_H ~ IXH IXH « ZDI_WR_H
ZDlI RD L « IXL IXL —« ZDI_ WR L
05 Read IY 85 Write 1Y
ZDlI RD_U ~ IYU IYU « ZDI_ WR_U
ZDlI RD_H ~ IYH IYH « ZDI_WR_H
ZDI RD L < IYL IYL — ZDI_ WR L
06 Read SP 86 Write SP
In ADL mode, SP = SPL. In ADL mode, SP = SPL.
In Z80 mode, SP = SPS. In Z80 mode, SP = SPS.
07 Read PC 87 Write PC
ZDl RD_U ~ PCJ[23:16] PC[23:16] — ZDI WR_U
ZDlI RD_H ~ PCJ[15:8] PC[15:8] -« ZzDI WR _H
ZDI RD_L « PCJ[7:0] PC[7:0] -« ZDI_ WR L
08 Set ADL 88 Reserved
ADL ~ 1

The eZ80® CPU’s alternate register set (A’, F’, B’, C’, D’, E’, HL’) cannot be read
directly. The ZDI programmer must execute the exchange instruction (EXX) to gain
access to the alternate eZ80® CPU register set.
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Table 100. ZDI Read/Write Control Register Functions
(ZDI_RW_CTL = 16h in the ZDI Register Write Only Address Space) (Continued)

Hex Hex
Value Command Value Command
09 Reset ADL 89 Reserved
ADL ~ O
0A Exchange CPU register sets 8A Reserved
AF — AF’
BC ~ BC
DE ~ DFE’
HL « HL
0B Read memory from current 8B Write memory from current PC
PC value, increment PC value, increment PC

The eZ80® CPU’s alternate register set (A’, F’, B’, C’, D’, E’, HL’) cannot be read
directly. The ZDI programmer must execute the exchange instruction (EXX) to gain
access to the alternate eZ80® CPU register set.

PRELIMINARY ZiLOG Debug Interface



ZDI Bus Control Register

eZ80F92/eZ80F93
Product Specification

7
4 181

ZiLOG

The ZDI Bus Control rgister controls bs requests duringeEBUG mode. It enables or
disables bs acknwledge inZDI DEBUG mode and alls ZDI to force assertion of the
BUSACK signal.This register should only be written during ZDEBUG mode (that is,
following a BREAK). Se&DI Bus Control Rgiste (ZDI_BUS_CTL = 17h in the ZDI
ReagisterWrite OnlyAddress Space)

Table 101. ZDI Bus Control Register
(ZDI_BUS_CTL = 17h in the ZDI Register Write Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0
CPU Access w w w w w w w

Note: W = Write Only.

Bit Position Value Description
7 0 Bus requests by external peripherals using the

ZDI_BUSAK_EN

BUSREQ pin are ignored. The bus acknowledge signal,
BUSACK, is not asserted in response to any bus
requests.

Bus requests by external peripherals using the
BUSREQ pin are accepted. A bus acknowledge occurs
at the end of the current ZDI operation. The bus
acknowledge is indicated by asserting the BUSACK pin
in response to a bus request.

6 0 Deassert the bus acknowledge pin (BUSACK) to return
ZDl_BUSAK control of the address and data buses back to ZDI.

1 Assert the bus acknowledge pin (BUSACK) to pass
control of the address and data buses to an external
peripheral.

[5:0] 000000 Reserved.
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Instruction Store 4:0 Registers

The ZDI Instruction Store gisters are located in the ZDI §isterWrite Only address
spaceThey can be written with instruction data for diregeeution by the CPUVhen

the ZDI_ISO rgister is written, theZ80F92device «its the ZDI BREAK state andxe-

cutes a single instructioithe Op Codes and operands for the instruction come from these
Instruction Store @gisters.The Instruction Store Ryster O is the fst byte fetched, fel

lowed by Instruction Store gésters 1, 2, 3, and 4, as necess@nly the bytes the proces

sor requires toxecute the instruction must be stored in thegsters. Some CPU
instructions, when combined with tMEMORY mode suixes (.SIS, .SIL, .LIS, or

.LIL), require 6 bytes to operat€hese 6-byte instructions cannot xe@uted directly

using the ZDI Instruction Storegisters. Sednstruction Store 4.0 Rgsters

) Note: The Instruction Store 0 géster is located at a higher ZDI address than the other
Instruction Store misters.This feature allavs the use of the ZDI auto-address
increment function to load andecute a multibyte instruction with a single data
stream from th&DI master Execution of the instruction commences with writing
the most recent byte to ZDI_ISO0.

Table 102. Instruction Store 4:0 Registers
(ZDI_IS4 = 21h, ZDI_IS3 = 22h, ZDI_IS2 = 23h, ZDI_IS1 = 24h,
and ZDI_IS0 = 25h in the ZDI Register Write Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access w w w w w w w w
Note: X = Undefined; W = Write.

Bit

Position Value Description

[7:0] 00h— These registers contain the Op Codes and operands for
ZDI_1S4, FFh immediate execution by the CPU following a Write to
ZDI 1S3, ZDI_1S0. The ZDI_ISO0 register contains the first Op Code
ZDI_1S2, of the instruction. The remaining ZDI_ISx registers

ZDI 181, or contain any additional Op Codes or operand dates

ZDI IS0 required for execution of the required instruction.

PS015308-0404 PRELIMINARY ZiLOG Debug Interface



PS015308-0404

eZ80F92/eZ80F93
Product Specification

/7 | 183

ZiLOG

ZDI Write Memory Register

A Write to the ZDIWrite Memory rgjister causes theZ80F92device to write the 8-bit
data to the memory location speeifiby the current address in the program coulmter
Z80MEMORY mode, this address is {ME&SE, PC[15:0]}. INnADL MEMORY mode,
this address is PC[23:00he program countePC, increments after each d#tate.
However, the ZDI rgyister address does not increment automatically when tigeeis
accessedis a result, th&DIl master is alleed to write ag number of data bytes by wit

ing to this address one time folled by ag number of data bytes. SEBI Write Memory
Register.

Table 103. ZDI Write Memory Register
(ZDI_WR_MEM = 30h in the ZDI Register Write Only Address Space)

Bit 7 6 5 4 3 2 1 0

Reset X X

X
X
X
X
X
X

CPU Access W W W W W w w w

Note: X = Undefined; W = Write.

Bit

Position Value Description

[7:0] 00h— The 8-bit data that is transferred to the ZDI slave following
ZDI_WR_MEM FFh  a Write to this address is written to the address indicated

by the current program counter. The program counter is
incremented following each 8 bits of data. In Z80
MEMORY mode, ({(MBASE, PC[15:0]}) ~ 8 bits of
transferred data. In ADL MEMORY mode, (PC[23:0])
8-bits of transferred data.
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eZ80 Product ID Low and High Byte Registers

The eZ80 Product ID b and High Byte rgisters combine to pride a means for an
external deice to determine the particuIaZ8OAchaim.fM product being addressed. See
Tables104 andl05

Table 104. eZ80 Product ID Low Byte Register
(ZDI_ID_L = 00h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 1
CPU Access R R R R R R R R

Note: R = Read Only.

Bit

Position Value Description

[7:0] 07h {ZDI_ID_H, zZDI_ID_L} = {00h, 07h} indicates the
ZDI_ID L €Z80F92 product.

Table 105. eZ80 Product ID High Byte Register
(ZDI_ID_H = 01h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h {ZDI_ID_H, zZDI_ID_L} = {00h, 07h} indicates the
ZDI_ID_H e€Z80F92 product.
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eZ80 Product ID Revision Register

The €280 Product ID Rision register identifes the current vision of theeZ80F92prod
uct. SeeeZ80 Product ID Rasion Rayiste (ZDI_ID_REV = 02h in the ZDI Rgister
Read OnlyAddress Space)

Table 106. eZ80 Product ID Revision Register
(ZDI_ID_REYV = 02h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4
Reset X X X
CPU Access R R R R R R R R
Note: X = Undetermined; R = Read Only.

w
N
-
o

X
X
X
X
X

Bit

Position Value Description

[7:0] 00h— Identifies the current revision of the eZ80F92 product.
ZDI_ID_REV FFh

ZDI Status Register

The ZDI Status mgister praides current information on tlez80F92device. SeeZDI Sta
tus R@ista (ZDI_STAT = 03h in the ZDI Rgister Read OnhAddress Space)

Table 107. ZDI Status Register
(ZDI_STAT = 03h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read Only.

E:)tsition Value Description

7 0 The CPU is not functioning in ZDI mode.
ZDI_ACTIVE 1 The CPU is currently functioning in ZDI mode.

6 0 Reserved.

5 0 The CPU is not currently in HALT or SLEEP mode.
HALT_SLP 1 The CPU is currently in HALT or SLEEP mode.

PS015308-0404 PRELIMINARY ZiLOG Debug Interface



PS015308-0404

eZ80F92/eZ80F93
Product Specification

7.
4 186

ZiLOG

Bit
Position Value Description
4 0 The CPU is operating in Z80 MEMORY mode.
ADL (ADL bit = 0)
1 The CPU is operating in ADL MEMORY mode.
(ADL bit = 1)
3 0 The CPU’s Mixed-Memory mode (MADL) bit is reset to 0.
MADL 1 The CPU’s Mixed-Memory mode (MADL) bit is set to 1.
2 0 The CPU’s Interrupt Enable Flag 1 is reset to 0. Maskable
IEF1 interrupts are disabled.
1 The CPU’s Interrupt Enable Flag 1 is set to 1. Maskable
interrupts are enabled.
[1:0] 00 Reserved.

ZDI Read Register Low, High, and Upper

The ZDI register Read Only address spaciers Lav, High, and Upper functions, which
contain the glue read by a Read operation from the ZDI Read/Write Congisitee
(ZDI_RW_CTL). This data is alid only while inZDI BREAK mode and only if the
instruction is read by a request from the ZDI Read/Write Contyidtex SeeZDI Read
Ragister Lawv, High and Uppe(ZDI_RD_L = 10h, ZDI_RD _H=11h, and ZDI_RD _U =
12h in the ZDI Rgister Read OnhAddress Space)

Table 108. ZDI Read Register Low, High and Upper
(ZDI_RD_L = 10h, ZDI_RD_H = 11h, and ZDI_RD_U = 12h in the ZDI Register Read
Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h— Values read from the memory location as requested by
ZDI_RD_L, FFh  the ZDI Read Control register during a ZDI Read
ZDI_RD_H, or operation. The 24-bit value is supplied by {ZDI_RD_U,
ZDI_RD_U ZDI_RD_H, ZzDI_RD_L}.
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ZDI Bus Status Register

The ZDI Bus Status gister monitors BISACKs duringZDl DEBUG mode. Se&DI Bus
Control Rgistea (ZDI_BUS_SAT = 17h in the ZDI Register Read OnbAddress Space)

Table 109. ZDI Bus Control Register
(ZDI_BUS_STAT = 17h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R R R R

Note: R = Read Only.

Bit
Position Value Description

7 0 Bus requests by external peripherals using the
ZDI_BUSACK_EN BUSREQ pin are ignored. The bus acknowledge
signal, BUSACK, is not asserted.

1 Bus requests by external peripherals using the
BUSREQ pin are accepted. A bus acknowledge occurs
at the end of the current ZDI operation. The bus
acknowledge is indicated by asserting the BUSACK

pin.
6 0 Address and data buses are not relinquished to an

ZDI_BUS_STAT external peripheral. bus acknowledge is deasserted
(BUSACK pin is High).

1 Address and data buses are relinquished to an external
peripheral. bus acknowledge is asserted (BUSACK pin
is Low).

[5:0] 000000 Reserved.

ZDI Read Memory Register

When a Read isxecuted from the ZDI Read Memoryistet theeZ80F92Xevice fetches
the data from the memory address currently pointed to by the program c&@itére
program counter is then incrementedZB0 MEMORY mode, the memory address is
{MB ASE, PC[15:0]}. InADL MEMORY mode, the memory address is PC[23:0]. Refer
to the eZ80 CPU User Manual (UMO0077) for more informatigaming Z80 andDL
MEMORY modes.The program countePC, increments after each data Readvéver,

the ZDI rayister address does not increment automatically when tlisgaeis accessed.
As a result, th&DI master can read gmumber of data bytes out of memory through the
ZDI Read Memory rgister SeeZDIl Read Memory Rgiste (ZDI_RD_MEM = 20h in

the ZDI Reyister Read OnhAddress Space)
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Table 110. ZDI Read Memory Register
(ZDI_RD_MEM = 20h in the ZDI Register Read Only Address Space)

Bit 7 6 5 4 3 2 1 0

Reset 0 0

o
o
o
o
o
o

CPU Access R R R R R R R R

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h—  8-bit data read from the memory address indicated by the
ZDI_RD_MEM FFh CPU’s program counter. In Z80 MEMORY mode, 8-bit

data is transferred out from address {MBASE, PC[15:0]}.
In ADL Memory mode, 8-bit data is transferred out from
address PC[23:0].
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On-Chip Instrumentation

Introduction to On-Chip Instrumentation

On-Chip Instrumentation(OCI™) for theez8(® CPU core enables perful deluigging
featuresThe OCI preides run control, memory andgister visibility, comple break
points, and trace history features.

The OCI emplgs all of the functions of th&iLOG Delug Interface ZDI) as described in
the ZDI section. It also adds the fallmg detug features:

Control via a 4-pin JAG port that conforms tlEEE Standard 1149.T¢stAccess
Port andBoundary ScaArchitecture?

Comple break point trigger functions

Break point enhancements, such as the ability to:

— Define two break point addresses that form a range
— Break on maskd data &lues

— Start or stop trace

— Assert a trigger output signal

Trace history bffer

Software break point instruction

There are four sections to the OCI:

JTAG interface
ZDI dehug control
Trace luffer memory

Comple triggers

OCI Activation

OCl featurelock initialization circuitry so thabtgernal delng hardvare can be detected
during paver-up. The eternal debigger must dvie theOCI clock pin TCK) Low at least
two system clock ycles prior to the end of tiRESET to actiate the OCI block. ITCK

is High at the end of the RESHRe OCI block shuts @m so that it does not deepower

in normal product operatiodvhen the OCI is shut &, ZDI is enabled directly and can

PS015308-0404

1. On-Chip Instrumentation and OCI are trademarks of First Silicon Solutions, Inc.
2. The eZ80F92 does not contain the boundary scan register required for 1149.1 compliance.
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be accessed via the clock (TCK) and datal} pins. See th&iLOG Delug Interficesec
tion on page 163or more information on ZDI.

OCI Interface

There are fie dedicated pins on tleZ80F92device for the OCI intedce. Bur pins—
TCK, TMS, TDI, andTDO—are required foflEEE Standard 1149.1-compliantAlG
ports.The TRIGOUT pin pravides additional testability featureghese fve OCI pins are
described irOCI Pins

Table 111. OCI Pins

Symbol Name

Type

Description

TCK Clock.

Input

Asynchronous to the primary CPU system clock.
The TCK period must be at least twice the system
clock period. During RESET, this pin is sampled to
select either OCI or ZDI DEBUG modes. If Low
during RESET, the OCl is enabled. If High during
RESET, the OCl is powered down and ZDI DEBUG
mode is enabled. When ZDI DEBUG mode is active,
this pin is the ZDI clock. On-chip pull-up ensures a
default value of 1 (High).

T™MS Test Mode Select

Input

This serial test mode input controls JTAG mode
selection. On-chip pull-up ensures a default value of
1 (High). The TMS signal is sampled on the rising
edge of the TCK signal.

TDI Data In

Input
(OClI enabled)

Serial test data input. On-chip pull-up ensures a
default value of 1 (High). This pin is input-only when
the OCl is enabled. The input data is sampled on the
rising edge of the TCK signal.

/0
(OClI disabled)

When the OCI is disabled, this pin functions as the
ZDA (ZDI Data) /O pin.

TDO Data Out

Output

The output data changes on the falling edge of the
TCK signal.

TRIGOUT  Trigger Output

Output

Generates an active High trigger pulse when valid
OCI trigger events occur. Output is tristate when no
data is being driven out.

PS015308-0404

PRELIMINARY On-Chip Instrumentation



eZ80F92/eZ80F93
Product Specification

27 0| 192

ZiLOG

OCI Information Requests

For additional information garding On-Chip Instrumentation, or to order OClwigb
tools, please contact:

First Silicon Solutions, Inc.

5440 SWWestate Drive, Suite 240

Portland, OR 97221

Phone: (503) 292-6730

Fax: (503) 292-5840

www.fs2.can
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Random Access Memory

PS015308-0404

The eZ80F92 featurek (8192 bytes) single-port data Randéwetess Memory

(RAM) for general-purpose useéhe eZ80F93 features 4KB (4096 bytes) general-purpose
RAM. RAM can be enabled or disabled, and it can be relocated to the top &R

page in memoryData is passed to and from RAM via the 8-bit dat& n-chip RAM
operates with zer@/AIT states.

For the eZ80F92, RAM occupies memory addresses in the range {RAM_ADDR_UJ[7:0],
EO00Oh} to {RAM_ADDR_UJ[7:0], FFFFh}. Following aRESET RAM is enabled with
RAM_ADDR_U set toFFh. Figure45illustrates a memory map of on-chip RAM. In this
example, the RANMAddress Upper Byte gister RAM_ADDR_U, is set taAh.

Figure45is not dravn to scale, as RAM occupies only ery small fraction of thewail-

able 16vIB address space.

Memory
Location

FFFFFFh

7AFFFFh

8KB
General Purpose 7RAAPLV|—ADDR—U
RAM

7AEQ000h

000000h

Figure 45.eZ80F92 On-Chip RAM Memory Addressing Example

For the eZ80F93 dece, RAM occupies memory addresses in the range
{RAM_ADDR_U[7:0], Foooh} to {RAM_ADDR_UJ[7:0], FO0Oh}. Following a RESET
RAM is enabled with RAM_ADDR_U set teFh. Figure46 illustrates a memory map of
on-chip RAM. In this gample, the RAMAddress Upper Byte gistet RAM_ADDR_U,

is set to7Ah. Figure45is not dravn to scale, as RAM occupies only ery small fraction
of the aailable 16VIB address space.
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Memory
Location
FFFFFFh
7AFFFFh

4KB

General Purpose 7R£r']\A—ADDR—U

RAM
7AF000h
000000h

Figure 46.eZ80F93 On-Chip RAM Memory Addressing Example

When enabled, on-chip RAM assumes prioritgroon-chipFlash Memory and griviem-

ory Chip Selects that can also be enabled in the same address space. If an address is gener
ated in a range that is\&@red by both the RAM address space and a particular Memory

Chip Select address space, the Memory Chip Select is ngtadti On-chip RAM is not
accessible byxternal deices during Bugcknowledge gcles.
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RAM Control Registers

RAM Control Register

The internal data RAM can be disabled by clearing the RAM_EN lhé.deéult, upon
RESET is for RAM to be enabled.

Table 112. RAM Control Register (RAM_CTL=00B4h)

Bit 7 6 5 4 3 2 1 0
Reset 1 0 0 0 0 0 0 0
CPU Access R/W R R R R R R R
Note: R/W = Read/Write; R = Read Only.

Bit
Position Value Description
7 0 On-chip general-purpose RAM is disabled.
RAM_EN : :

- 1 On-chip general-purpose RAM is enabled.
[6:0] 0000000 Reserved

RAM Address Upper Byte Register

The RAM_ADDR_U rgjister defines the upper byte of the address for the on-chip RAM.
If enabled, RAM addresses assume prionitgrall Chip Selectd he external Chip Select
signals are not asserted if the corresponding RAM address is enabled.

Table 113. RAM Address Upper Byte Register (RAM_ADDR_U=00B5h)

Bit 7 6 5 4 3 2 1 0
Reset 1 1 1 1 1 1 1 1
CPU Access RW | RRW | RW | RW | RW | RI'W | RW | R/W
Note: R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— This byte defines the upper byte of the RAM address. On-chip

RAM_ADDR_U FFh RAM is prioritized over all Memory Chip Selects. If the
enabled RAM and Chip Select addresses overlap, the
external Chip Select is not asserted.
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Flash Memory

Flash Memory Arrangement in the eZ80F92
TheeZ80F92device features 128B (131,072 bytes) of naolative Flash memory with
Read/Write/Erase capabilitfhe main Flash memory array is arranged in 128 pages with

8 rows per page and 128 bytes pawxrtn addition to main Flash memoithere are tow
separately-addressablew®which comprise a 256-bybeformation Rge.

The 12&B of main storage can be protected in eight 16KB blocks. ProtectingB 16
block preventsWrite or Erase operationghe Flash memory arrangement is illustrated in

Figure4?7.
16 8
8 2 KB pages 256-byte rows
32 KB blocks per block per page
[ F [
7 ! I 7
! E ]
| 1
1 D !
6 ,‘ " 6
L '
B 1
5 | ! 5
1 A !
! !
] 9 !
4 ! I 4
| 8 !
! !
) 7 )
3 H ! 3
1 6 1
! I
5
2 l’ ) l' 2
{ | 256
! 3 1 single-byte columns
1 ! ! 1 per row
y 2 I
1 / T
0 5 0 255 | 254 1 0
Figure 47.eZ80F92 Flash Memory Arrangement
Flash Memory
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Flash Memory Arrangement in the eZ80F93

The eZ80F92 features B8 (65,536 bytes) of namlative Flash memory with Read/
Write/Erase capabilitythe main Flash memory array is arranged in 64 pages withis8 ro
per page and 128 bytes pewrdn addition to the main Flash memory there are $epa
rately addressablews which comprise a 256 byteformation Rge.

The 64KB of main storage can be protected in fouKBgblocks. Protecting a 1B

block prerentsWrite or Erase operation3he Flash memory arrangement is illustrated in
Figure48.

16 8
1-KB pages 128-byte rows
per block per page
! F ’
[} ,I 7
I’ E ’
4 / D ,’
16-KB blocks )/ ’ 6
! c ! 128
] .
! B single-byte columns
[} 5 per row
U A \
9 \ 4
\ 4 /7 | 127126 110
8 \ e
\ 7 ‘| /'
1 \ \ 3 e
“ 6 \ 4
\
\\ 5 \
0 \ \ 2
\ 4 \
\ \
\ 3 \
\ \ 1
\ 2 \
\ \
\‘ 1 \‘
0
\
\ 0 1

Figure 48.eZ80F93 Flash Memory Arrangement

Flash Memory Overview

PS015308-0404

Flash can be programmed a single byte at a time argisbof up to 128 bytes (fullwg.
Write operations may be accomplished using either memory or I/O instructions. Reading
Flash memory can be accomplished via internal memory access or through the ZDI and
OCl interfacesThe Flash memory controller contains a freqyethieider, Flash rgister

interface, address generatand the Flash control state machifeimplified block dia
gram of the Flash controller is illustratedrigure49.
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Clock Divider
System Clock > 8-bit downcounter
A A
ADDR 17, —
eZ80 Core D 7 > FADDR 17, FDout 8,
Interface ouT 8, > > v 4
7 FDin 8 Flash
256 KB
Y Y FCNTL 9, +
Flash 7 7
>| state [MAN_NFO© 512 bytes
- Machine >
Flash >
Control >
Registers > <
> CPUDour 8, ‘
FLASH_IRQ 7 _

Figure 49.Flash Memory Block Diagram

Programming Flash Memory

Flash memory is programmed using standard I/O or mekioitg operations which the
Flash memory controller automatically translates to the detailed timing and protocol
required for Flash memaryhe more dicient multibyte (rev) programming mode is only
available via I/OWrites.

A Caution: To ensure data ingeity and deice reliability, two main restrictions»@st when
programming Flash memory:

1. The cumulatie programming time subsequent to the most recent Erase caceet e
16ms for ay given raw.

2. The same byte cannot be programmed more than twice subsequent to the most recent
Erase.

Single-Byte 1/0 Write Operations

A single-byte I/OWrite operation uses I/Ogesters for setting the column, page, and ro
address to be programmddhe FLASH_DATA register stores the data to be written.
While the CPU gecutes an output to I/O instruction to load the data into the
FLASH_DATA register the Flash controller asserts the inteMVAIT signal to stall the
CPU until the FlashVrite operation is completd. single-byteWrite takes between s
and 84us to complete. Programming an entire/1d 28 bytes) using single-by\#rites
therefore taks at most 10:8s.This measure of time does not include the time required
by the CPU to transfer data to thgisters, which is a function of the instructions
employed and the system clock frequgnc
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A typical sequence that performs a single-byteW(te is detailed bel@. Because the
Write is self-timed, the sequence can be repeated back-to-back withomdaassity for
polling or interrupts.

1. Write the FLASH_RGE, FLASH_FOW, and FLASH_COL rgisters with the
address of the byte to be written.

2. Write the data alue to the FLASH_BTA register

Multibyte 1/O Write (Row Programming)

Multibyte I/OWrite operations use the same |/@Qisters as single-byWrites, lut use an
internal address incrementer for subseqWénites. MultibyteWrites allav programming

of a full row and are enabled by setting th®\®_PGM bit of the Flash Program Control
Ragister For multibyteWrites, the CPU sets the addreggisters, enables woprogram
ming, and thenx@cutes a output to I/O instruction with repeat to load the block of data
into the FLASH_[ATA register For each indiidual byte written to the FLASH_ATA
register during the block nve, the Flash controller asserts the inte¥alT signal to

stall the CPU until the current byte has been programmed.

During rav programming, the Flash controller continuously asserts Slagi wltage
until all bytes are programmed (column address < B&73 consequence, thewcan be
programmeddster than if the higholtage is toggled for each byfehe perbyte program
ming time during rev programming is between g% and 51s.As such, programming the
128 bytes of a W in this mode tas at most 6ms, leaing 9.3ms for the werhead of
CPU instructions used to fetch the b3&es.

A typical sequence that performs a multibyte W@te is shavn in the follaving
sequence.

1. Check the FLASH_IRQ gaster to be sure grprevious Rav Program has completed.

2. Write the FLASH_RGE, FLASH_ROW, and FLASH_COL rgisters with the
address of therfit byte to be written.

3. Setthe ®W_PGM bit in the FLASH_PGCTL ggster to enable m programming
mode.

Write the net data \alue to the FLASH_BTA register

If the end of the n@ has not been reached, returiStep 4

During rav programming, softare must monitor the wotime-out error bit either by
enabling this interrupt or through polling. If awrdime-out occurs, the Flash controller
aborts the r@ programming operation and sofire must then assure that no further
writes are performed to thewawithout it first being erased. It is suggested that poo-
gramming only be used one time pawrrand not in combination with single-byérites
to the same r@ without first erasing it. Otherwise, theitolen is on softare to ensure that
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the 16ms maximum cumuled programming time between erasures is Ro¢eded for a
row.

Memory Write

A single-byte memoryVrite operation uses the address land dataus of theeZ80F92
device for programming a single data byte to Fla%hile the CPU gecutes 4 OAD
instruction, the Flash controller asserts the intaIT signal to stall the CPU until the
Write is completeA single-byteWrite talkes between 66us and 85us to complete- Pro
gramming an entire vo using memoryNrites therefore tads at most 10.8m$his time
does not include time required by the CPU to transfer data togiséers which is a func
tion of the instructions empyed and the system clock frequgnc

The memoryWrite function does not support multibytenr@rogramming. Because mem
ory Writes are self-timed, tlyecan be performed back-to-back withouy aiecessity for
polling or interrupts.

Erasing Flash Memory

Erasing bytes in Flash memory returns them talaevof FFh. Both the Mass aRdge

Erase operations are self-timed by the Flash contrédi@ing the CPU free toxecute

other operations in parall@fhe DONE status bit in the Flash Interrupt ControjjiRier

can be polled by softave or used as an interrupt source to signal completion of an Erase
operation. If the CPU attempts to access Flash while an Erase is in progress, the Flash con
troller forces aVAIT state until the Erase operation completes.

Mass Erase
Performing a Mass Erase operation on Flash memory erases all bits in Flash, including the
Information Rge.This self-timed operation tak approximately 20@s to complete.

Page Erase

The smallest erasable unit in Flash memory is a pabeh of the main Flash memory
pages or the single Informatiomade is to be erased is determined by the setting of the
FLASH_FAGE ragistet This self-timed operation tak approximately 1fs to complete.

Flash Control Registers

PS015308-0404

The Flash rgister interbce contains all the gesters used iklash memoryThe defni-
tions belov describe each géster

Flash Key Register

Writing the two-byte sequencesh, 49h in immediate succession to thigister unlocks
the Flash Diider and FlashVrite/Erase Protection gésters. If thesealues are not writ
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ten by consecute CPU 1/O writes (I/O reads and memory Read/Writes produce no
effect), the Flash Dider and FlashVrite/Erase Protection gésters remain load to pre
vent accidentalwerwrites of these critical Flash controyrger settingsWriting a value
to either the Flash FrequenDivider register or the FlasWrite/Erase Protection gester
automatically relocks both of thegisters agin.

Table 114. Flash Key Register (FLASH_KEY = 00F5h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access

Note: W = Write Only.

Bit
Position Value Description
[7:0] B6h, Sequential Write operations of the values {B6h, 49h} to this

FLASH_KEY 49h register unlock the Flash Frequency Divider and Flash Write/
Erase Protection registers.

Flash Data Register

The Flash Data gaster stores the datales to be programmed to Flash memory via I/0
Write operationsThis register is used for all I/@Vrite access to Flash, both indiual
byteWrites and multibyte n@ programming.

For single-byte I/ONrite operations, a single-bywerite to this 1/O rgister programs the
data \alue into the single-byte location pointed to by the page,and column rgisters.

For multibyte I/OWrite operations, the Flash controller autoincrements the column
address for each byte placed into th@gseer A maximum of 128 bytes of data can be-pro
grammed into Flash during a multibyte Mrite operationThe ROW_PGM bit in the
Flash Program Control gester must be set to 1 prior togiening a multibyte I/ONrite
operation.

This ragister does not return data fraffash memonyif read, this rgister returns the most
recent dataalue written to the gaster
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Table 115. Flash Data Register (FLASH_DATA = 00F6h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RW | RW | RW | RW | R'WW | RW | R/W
Note: R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— Data value to be written to Flash during an I/O Write

FLASH_DATA FFh operation.

Flash Address Upper Byte Register

The FLASH_ADDR_U rgister defiies the upper 7 bits of the address for Flash memory
Changing the alue of FLASH_ADDR _U allws the on-chip 128B/64KB Flash mem

ory to be mapped to griocation within the 1B linear address space of thé80F92
device. If the on-chip Flash memory is enabled, Flash address assumes pvinriyyo
external Chip Select§.he external Chip Select signals are not asserted if the correspond
ing Flash address is enabldthe internal Flash memory does not hold prioritgrainter

nal SRAM.

Table 116. Flash Address Upper Byte Register (FLASH_ADDR_U=00F7h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RRW | RW | RRW | RW | RIW | R/W R
Note: R/W = Read/Write; R = Read Only.

Bit
Position Value Description
[7:1] 00h— These bits define the upper byte of the Flash address. When

FLASH_ADDR _U FEh on-chip Flash is enabled, the Flash address space begins at
address {FLASH_ADDR_U, 0b, 0000h}. On-chip Flash is
prioritized over all external Chip Selects.

0 0 Reserved (enforces alignment on a 128 KB boundary).
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Flash Control Register

The Flash Control gister enables or disables memory access to Flash. 1/0 access to the
Flash control rgisters and I/O programming Edash memory are still possible while
Flash memory space access is disabled.

The minimum access time of the internal Flash 13660he Flash control gister must be
configured to preide the appropriate number\WAIT states based on the system clock
frequeny of theeZ80F92device. Detwult onRESET is for ANVAIT states to be inserted
for Flash memory access.

Table 117. Flash Control Register
(FLASH_CTRL=00F8h)

Bit 7 6 5 4 3 2 1 0
Reset 1 0 0 0 1 0 0 0
CPU Access RW | RIW | RW R R/W R R R
Note: R/W = Read/Write, R = Read Only.

E:)tsition Value Description

[7:5] 000 0 Wait states are inserted when Flash is active.

FLASH_WAIT 001 1 Wait state is inserted when Flash is active.
010 2 Wait states are inserted when Flash is active.
011 3 Wait states are inserted when Flash is active.
100 4 Wait states are inserted when Flash is active.
101 5 Wait states are inserted when Flash is active.
110 6 Wait states are inserted when Flash is active.
111 7 Wait states are inserted when Flash is active.

[4] 0 Reserved

[3] 0 Flash Memory Access is disabled.

FLASH_EN 1 Flash Memory Access is enabled.

[2:0] 000 Reserved
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Flash Frequency Divider Register

The 8-bit frequengdivider allovs programming to Flashver a range of system clock fre
guencies. Flash can programmed with system clock frequencies ranging friiz154
through 50MHz. The Flash controller requires an input clock with a period #ikst

within the range of 5-6.5us. The period of the Flash controller clock is set via the Flash
Frequeng Divider ragister Writes to this rgister are allwed only after it is unload via

the FLASH_KEY rgister The FrequengcDivider ragister \alue required vs. system clock
frequeny is detailed irFlash FrequencDividerValues System clock frequencies outside
of the ranges shn in this table are not supported.

Table 118. Flash Frequency Divider Values

System Clock

Frequency Flash Frequency Divider Value
154—-196KHz 1

308—-392KHz 2

462-588KHz 3

616 KHz—50MHz CEILING[System Clock Frequency

(MHz) x 5.1 (us)]*

Note: *The CEILING function rounds fractional values up to the next
whole number, e.g., CEILING(3.01) is 4.

Table 119. Flash Frequency Divider Register
(FLASH_FDIV=00F9h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 1
CPU Access R/W* | RIW* | RIW* | R'W* | R/'W* | RIW* | RIWW* | R/W
Note: R/W = Read/Write, R = Read Only. *Key sequence required to enable Writes

Bit
Position Value Description
[7:0] 01h— Divider value for generating the required 5.1-6.5us Flash

FLASH_FDIV  FFh controller clock period.
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Flash Write/Erase Protection Register

The FlashWrite/Erase Protection géster preents accidentalrite or Erase operations.
The protection is limited to a resolution of eighKBblocks. Setting a bit to 1 protects
that 16<B block of Flash memory from accidental writing or erasure.eb#fonRESET
is for all Flash memory blocks to be protected.

) Note: A protect bit is not\ailable for thdnformation Rage.Mass Erase is pvented if
ary of the bits in this rgister are set to 1.

Writes to this rgister are allwed only after it is unload via the FLASH_KEY mgister
Any attemptedNrites to this rgister while locled sets it t&-Fh, thereby protecting all
blocks.

Table 120. Flash Write/Erase Protection Register (FLASH_PROT=00FAh)

Bit 7 6 5 4 3 2 1 0
Reset 1 1 1 1 1 1 1 1
CPU Access R/W* | RIW* | R'W* | RIW* | RIW* | RIW* | RIW* | R/W*
Note: R/W = Read/Write if unlocked, R = Read Only if locked. *Key sequence required to unlock.

PS015308-0404

Bit
Position Value Description
[71* 0 Disable Write/Erase Protect on block 0x1C000 to Ox1FFFF
BLK7_PROT :

1 Enable Write/Erase Protect on block 0x1C000 to Ox1FFFF
[6]* 0 Disable Write/Erase Protect on block 0x18000 to Ox1BFFF
BLK6_PROT :

1 Enable Write/Erase Protect on block 0x18000 to Ox1BFFF
[5]* 0 Disable Write/Erase Protect on block 0x14000 to 0x17FFF
BLK5 PROT :

1 Enable Write/Erase Protect on block 0x14000 to Ox17FFF
[41* 0 Disable Write/Erase Protect on block 0x10000 to 0x13FFF
BLK4 PROT :

1 Enable Write/Erase Protect on block 0x10000 to Ox13FFF
[3] 0 Disable Write/Erase Protect on block 0x0C000 to OxOFFFF
BLK3 PROT :

1 Enable Write/Erase Protect on block 0x0C000 to OXOFFFF
[2] 0 Disable Write/Erase Protect on block 0x08000 to 0xOBFFF
BLK2_PROT :

1 Enable Write/Erase Protect on block 0x08000 to OxOBFFF
[1] 0 Disable Write/Erase Protect on block 0x04000 to 0xO7FFF
BLK1_PROT

1

Enable Write/Erase Protect on block 0x04000 to OxO7FFF

Note: *Unused in the eZ80F93 device.
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Bit

Position Value Description

[0] 0 Disable Write/Erase Protect on block 0x00000 to OxO3FFF
BLKO_PROT

1 Enable Write/Erase Protect on block 0x00000 to OxO03FFF
Note: *Unused in the eZ80F93 device.

Flash Interrupt Control Register

There are tw sources of interrupts from the Flash controllbiese tw sources are:
® Page Eraseylass Erase, or RoProgram completed successfully

® An error condition occurred

Either or both of the tainterrupt sources can be enabled by setting the appropriate bits in
the Flash Interrupt Control gester

The Flash Interrupt Controlgester contains four status bits to indicate the foilhg error
conditions:

® Row Program Time-out. This bit signals a time-out during Rd°rogramming. If the
current Rav Program operation does not complete within 2,432 Flash controller
clocks (12.4-15.81s depending on the Flash controller clock period), the Flash con
troller terminates the RoProgram operation by clearing Bit 2 of the Flash Program
Control reyister and setting the RP_TMO error bit to 1.

® WriteViolation. This bit indicates an attempt to write to a protected blod¢Kaxth
memory (théNrite is not performed).

® PageEraseViolation. This bit indicates an attempt to erase a protected block of Flash
memory (the requested page is not erased).

® MassEraseViolation. This bit indicates an attempt to Mass Erase when there are one
more protected blocks in Flash memory (the Mass Erase is not performed).

If the Error Condition Interrupt is enabled yaof the four error conditions result in an
interrupt request being sent to #880F92device’s Interrupt ControllelReading the
Flash Interrupt Control gester clears all error conditiorafis and the doneafy.
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Table 121. Flash Interrupt Control Register (FLASH_IRQ=00FBh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW R R R R R R
Note: R/W = Read/Write, R = Read Only. Read resets bits [5] and [3:0].

Bit
Position

Value Description

[7]
DONE_IEN

Flash Erase/Row Program Done Interrupt is disabled

Flash Erase/Row Program Done Interrupt is enabled

(6]
ERR_IEN

Error Condition Interrupt is disabled

Error Condition Interrupt is enabled

[5]
DONE

Erase/Row Program Done Flag is not set

Erase/Row Program Done Flag is set

[4]

Reserved

(3]
WR_VIO

The Write Violation Error Flag is not set.

The Write Violation Error Flag is set.

[2]
RP_TMO

The Row Program Time-out Error Flag is not set.

The Row Program Time-out Error Flag is set.

(1]
PG_VIO

The Page Erase Violation Error Flag is not set.

The Page Erase Violation Error Flag is set.

[0]
MASS_VIO

The Mass Erase Violation Error Flag is not set.

-~ O| O~ O|~rlO|lO|~O|~0O|~|O0O

The Mass Erase Violation Error Flag is set.

Flash Page Select Register

Themsb of this rgister is used to select whether all Flash acces®auel Erases are
directed to the 256-byiaformation Rge or to the maiRlash memory arrayVhen the
main array is selected, thenler 7-bits (6 bits in the eZ80F93uiee) are used to select
one of the 128 pages foa§e Erase or I/@/rite operations.

To perform a Bge Erase, the sofae must set the proper pagdue prior to setting the
Page Erase bit in the Flash contrajister

PS015308-0404
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Table 122. Flash Page Select Register (FLASH_PAGE=00FCh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RW | RW | RW | R'WW | RW | R/W
Note: R/W = Read/Write, R = Read Only.

Bit
Position Value Description
[7] 0 Flash accesses main Flash memory.
INFO_EN ;
1 Flash accesses the Information Page. Page Erase and Mass
Erase operations affect the Information Page only.
[6:01* 00h— Page address of Flash memory to be used during the Page

FLASH_PAGE 7Fh Erase or I/0 Write of the main Flash memory. When
INFO_EN is set to 1, this field is ignored.

Note: *Only 6 bits are available in the eZ80F93 device.

Flash Row Select Register

The Flash Rer Select rgister is a 3-bit &lue used to defe one of the 8 s of Flash
memory on a single pagehis register is used for all I/ rite access to Flash.

Table 123. Flash Row Select Register (FLASH_ROW=00FDh)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X 0 0 0
CPU Access R R R R R RW | RW | RW
Note: R/W = Read/Write, R = Read Only.

Bit

Position Value Description

[7:3] 00h Reserved.

[2:0] 0h—7h Row address of Flash memory to be used during an 1/0O Write
FLASH_ROW to Flash memory. When INFO_EN is 1 in the Flash Page

Select Register, values for this field are restricted to Oh—1h,
which selects between the two rows in the Information Page.
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Flash Column Select Register

The column select gister is a 7-bit alue used to dafe one of the 128 bytes of Flash
memory on a single va This register is used for all I/@Vrite access to Flash.

This register must be set to the proper column location withimetogprogram using a
single-bytéWrite operation. In multibyte m programming, this ggster is used as the
start address for the hardre incrementer

Table 124. Flash Column Select Register (FLASH_COL=00FEh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R RW | RRW | RW | RRW | RW | RIW | R/W
Note: R/W = Read/Write, R = Read Only.

Bit

Position Value Description

[7] 0 Reserved

[6:0] 00h— Column address within a row of Flash memory to be used

FLASH_COL  7Fh during an /O Write of Flash memory.

Flash Program Control Register

The Flash program controlgister is used to perform the functionsMidiss Erasefage
Erase, and Re Program.

Mass Erase andcage Erase are self-clearing functions. Mass Erase requires approximately
200ms to erase the full 1Z8/64KB of main Flash and the 256 byitdformation Rge.

Page Erase requires approximatelyrito erase akIB page. Upon completion of either

a Mass Erase orage Erase, thealue of the corresponding bit is reset to 0.

While Flash is being erased,yaRead oiVrite access of Flash memory force the CPU

into aWAIT state until the Erase operation is complete and Flash can be accessed. Reads
andWrites to areas other than Flash can proceed as usual while an Erase operation is
undervay.

During rav programming, anReads of Flash memory forc&8\#AIT condition until the
row programming operation completes or times out.
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Table 125. Flash Program Control Register (FLASH_PGCTL=00FFh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R R R R R RW | RIW | RW
Note: R/W = Read/Write, R = Read Only.

Bit

Position Value Description

[7:3] 0000 Reserved.

[2] 0 Row Program Disable or Row Program completed.
ROW_PGM I .

1 Row Program Enable. This bit automatically resets to 0 when
the row address reaches 128 or when the Row Program
operation times out.

[1] 0 Page Erase Disable (Page Erase completed)

PG_ERASE Page Erase Enable. This bit automatically resets to 0 when
the Page Erase operation is complete.

[0] 0 Mass Erase Disable (Mass Erase completed)

MASS_ERASE

Mass Erase Enable. This bit automatically resets to 0 when
the Mass Erase operation is complete.
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eZ80® CPU Instruction Set

Tables 126 through35indicate the eZ8D CPU instructions\ailable for use with the
eZ80F92evice. The instructions are grouped by class. More detailed informatieails a
able in the ez80 CPU User Manual (UMO0077).

Table 126. Arithmetic Instructions

Mnemonic Instruction

ADC Add with Carry

ADD Add without Carry

CP Compare with Accumulator
DAA Decimal Adjust Accumulator
DEC Decrement

INC Increment

MLT Multiply

NEG Negate Accumulator

SBC Subtract with Carry

SUB Subtract without Carry

Table 127. Bit Manipulation Instructions

Mnemonic Instruction
BIT Bit Test
RES Reset Bit
SET Set Bit

Table 128. Block Transfer and Compare Instructions

Mnemonic Instruction

CPD (CPDR) Compare and Decrement (with Repeat)
CPI (CPIR) Compare and Increment (with Repeat)
LDD (LDDR) Load and Decrement (with Repeat)

LDI (LDIR) Load and Increment (with Repeat)
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Table 129. Exchange Instructions

Mnemonic Instruction
EX Exchange registers
EXX Exchange CPU Multibyte register banks

Table 130. Input/Output Instructions

Mnemonic Instruction

IN Input from I/O

INO Input from I/O on Page 0

IND (INDR) Input from I/O and Decrement (with Repeat)

INDRX Input from I/O and Decrement Memory
Address with Stationary I/O Address

IND2 (IND2R) Input from I/O and Decrement (with Repeat)

INDM (INDMR) Input from I/O and Decrement (with Repeat)

INI (INIR) Input from I/O and Increment (with Repeat)

INIRX Input from 1/O and Increment Memory Address
with Stationary I/O Address

INI2 (INI2R) Input from I/O and Increment (with Repeat)

INIM (INIMR) Input from I/O and Increment (with Repeat)

OTDM (OTDMR)

Output to I1/0 and Decrement (with Repeat)

OTDRX

Output to I/O and Decrement Memory Address
with Stationary I/0O Address

OTIM (OTIMR) Output to I/0 and Increment (with Repeat)

OTIRX Output to I/0 and Increment Memory Address
with Stationary I/O Address

ouT Output to 110

OuTOo Output to 1/0 on Page 0

OUTD (OTDR)

Output to I/0 and Decrement (with Repeat)

OUTD2 (OTD2R)

Output to I/0 and Decrement (with Repeat)

OUTI (OTIR)

Output to I/0 and Increment (with Repeat)

OUTI2 (OTI2R)

Output to I/0 and Increment (with Repeat)

TSTIO

Test 1/10
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Table 131. Load Instructions

Mnemonic Instruction

LD Load

LEA Load Effective Address
PEA Push Effective Address
POP Pop

PUSH Push

Table 132. Logical Instructions

Mnemonic Instruction

AND Logical AND

CPL Complement Accumulator
OR Logical OR

TST Test Accumulator

XOR Logical Exclusive OR

Table 133. Processor Control Instructions

Mnemonic Instruction

CCF Complement Carry Flag

DI Disable Interrupts

El Enable Interrupts

HALT Halt

IM Interrupt Mode

NOP No Operation

RSMIX Reset Mixed-Memory Mode Flag
SCF Set Carry Flag

SLP Sleep

STMIX Set Mixed-Memory Mode Flag
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Table 134. Program Control Instructions

Mnemonic Instruction

CALL Call Subroutine

CALL cc Conditional Call Subroutine
DJNZ Decrement and Jump if Nonzero
JP Jump

JP cc Conditional Jump

JR Jump Relative

JR cc Conditional Jump Relative

RET Return

RET cc Conditional Return

RETI Return from Interrupt

RETN Return from Nonmaskable interrupt
RST Restart

Table 135. Rotate and Shift Instructions

Mnemonic Instruction

RL Rotate Left

RLA Rotate Left—Accumulator

RLC Rotate Left Circular

RLCA Rotate Left Circular—Accumulator
RLD Rotate Left Decimal

RR Rotate Right

RRA Rotate Right—Accumulator

RRC Rotate Right Circular

RRCA Rotate Right Circular—Accumulator
RRD Rotate Right Decimal

SLA Shift Left Arithmetic

SRA Shift Right Arithmetic

SRL Shift Right Logical

PRELIMINARY

eZ80F92/eZ80F93
Product Specification

ZiLOG

e€Z80® CPU Instruction Set

215



Op-Code Map

Table 136. Op Code Map—First Op Code

eZ80F92/eZ80F93
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Tables 136 through42 indicate the hevalues for each of thez8(® CPUinstructions.

Legend .
Lower Op Code Nibble
Upper *
Op Code 4
Nibble A AND Mnemonic
AH
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
LD
D | INC | INC | DEC | LD EX | ADD | LD | DEC | INC | DEC | LD
0| NOP T BC gc)a| BC B B Bn | RLCA | AFAF | HLBC | A(BC)| BC c c cn |RRCA
Jlomz | SB[ o [ mc | mnc [ pEc| b [, | R [ADD | b [ DEC | NG | DEC | LD | oo
d |y | (DE)A| DE D D D.n d | HLDE |AMDE)| DE E E En
LD LD LD
JR INC | INC | DEC | LD JR | ADD DEC | INC | DEC | LD
2 HL, | (Mmn), DAA HL, cPL
Nzd | o | (MER H H H.n Zd | HLHL | g | HL L L Lin
LD LD LD
s| R | 5o .| ™o [ No ['DEC [ 0 | oo | oR | ADD [ 0 DEC | INC | DEC | D | o0
Ned | o | M SP | (H) | (HD | (HL.n CFd |HLSP | (v | 'SP A A An
LSS0 [ | |[m | WD/ D] D]/ 05| LD 5} ) W) 0 |
suffix | BC | BD | BE | BH | BL |B(HL | BA | CB |sufix | CD | CE | CH | CL |C(HL | CA
s D [0 [ SC| D | D[ ||| || D] L | D D 0 |
DB | DC | sufix | DE | DH | DL |D(HL)| DA | EB | EC | ED | sufix | EH | EL |E(HL | EA
s D [0 [ [ [ ||| || ]|D D D D 0 | O
HB | HC | HD | HE | HH | HL |HMHY| HA | LB | LC | LD | LE | LH | LL |LHY| LA
{0 [ [0 | 0D [ D | D [par| D | D[ D | (D i3} Do i) 0 | O
(HL),B | (HL),C | (HL).D | (HL).E | (HL)H | (HL).L (HOA| AB | AC | AD | AE | AH | AL |AHL | AA
% | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADC | ADC | ADC | ADC | ADC | ADC | ADC | ADC
8 AB | AC | AD | AE | AH | AL |AMHL| AA | AB | AC | AD | AE | AH | AL |AMHD| AA
T | SUB [ SUB | SUB | SUB | SUB | SUB | SUB | SUB | SBC | SBC | SBC | SBC | SBC | SBC | SBC | SBC
5 AB | AC | AD | AE | AH | AL |AHL| AA | AB | AC | AD | AE | AH | AL |AMHD| AA
2 L[ AND [ AND | AND | AND | AND | AND | AND | AND | XOR | XOR | XOR | XOR | XOR | XOR | XOR | XOR
5 AB | AC | AD | AE | AH | AL |AMHL| AA | AB | AC | AD | AE | AH | AL |AMHD| AA
S J[OR [ OR [ OR [ OR [ OR | OR | OR | OR | CP | CP | CP | CP cP cP [ cp | cp
AB | AC | AD | AE | AH | AL |AHL)| AA | AB | AC | AD | AE | AH | AL |AHD| AA
Op Code|
ReT | pop | JP o | CALL I pysH | ADD | RST | RET JP | Map— | CALL | ¢ | apc | RST
€l 'nz | Bc | N2 | Mmn | N | Bc | An | ooh z | RET | Z SecondOb Z | o | A | ogh
Mmn Mmn ! Mmn |Code after Mmn ?
0CBh
Op Code
ReT | pop | JP | out | CAtL | pusH | suB | RsT | RET JP N | CALL | Map— | qpo | RsT
Pl 'ne | DE | NS | mpa | NS | "pE | An | ton | cF | BXX | CR 1) | CF SecondOp GOt gy
Mmn ! Mmn ’ Mmn ’ Mmn |CodéAfter ’
0DDh
Op Code|
E| RET | Pop ng EX CPAOLL PUSH | AND | RST | RET | JP ;E EX CFfELL SeMTL?)nd_o XOR | RST
PO | HL | GO |SPLHL| O | HL | An | 20h | PE | (HU | & | DEHL | FEBeCONMOP AL, | g
OEDh
Op Code
ReT | pop | P CALL | pysH| OR | RsT | RET | D | WP CALL | Map— | op | RgT
FI ™5 AF P, bl P, AF | An | 30h M | sPHL| M El M, iSecondOp ., | 3g,
Mmn Mmn ’ ’ Mmn Mmn |CodéAfter ’
OFDh
otes: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-Dit two's-Complement displacement.
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Table 137. Op Code Map—Second Op Code after 0CBh
Legend .
Lower Nibble of 2nd Op Code
Upper
Nibble 4
of Second RES .
Op Code A A Mnemonic
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
o| RLC | RLC | RLC | RLC | RLC | RLC | RLC | RLC | RRC | RRC | RRC | RRC | RRC | RRC | RRC | RRC
B c D E H L (HL) A B c D E H L (HL) A
1| RL RL RL RL RL RL RL RL RR RR RR RR RR RR RR RR
B c D E H L (HL) A B c D E H L (HL) A
2| SLA | SLA | SLA | SLA | SLA | SLA | SLA | SLA | SRA | SRA | SRA | SRA | SRA | SRA | SRA | SRA
B c D E H L (HL) A B c D E H L (HL) A
3 SRL | SRL | SRL | SRL | SRL | SRL | SRL | SRL
B c D E H L (HL) A
4| BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
0,B 0,C 0,D 0,E OH oL [O0(HL)| OA 1B 1,C 1,D 1,E 1,H 1L [ 1,(HL) | 1A
5| BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
2,B 2,C 2,D 2,E 2,H 2L |[2,(HL) | 2A 3B 3,C 3D 3,E 3,H 3L | 3,(HL) | 3A
6| BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
= 4B 4,C 4D 4,E 4,H 4L | 4,HL) | 4A 5,8 5C 5D 5E 5H 5L |5(HL) | 5A
[0
z 2| BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
2 6,8 6,C 6,D 6,E 6,H 6L |[6,(HL) | 6A 7B 7.C 7.D 7.E 7.H 7L | 7,(HL) | 7.A
£ g| RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES
5 0,B 0,C 0,D 0,E OH oL [O(HL)| OA 1B 1,C 1,D 1,E 1,H 1L [ 1,(HL) | 1A
Q.
5 o| RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES
2,B 2,C 2,D 2,E 2,H 2L [2,(HL) | 2A 3B 3,C 3D 3,E 3,H 3L | 3,(HL) | 3A
A| RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES
4B 4,C 4D 4,E 4,H 4L | 4,HL) | 4A 5,8 5C 5D 5E 5H 5L |5(HL) | 5A
g| RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES | RES
6,8 6,C 6,D 6,E 6,H 6L |[6,(HL) | 6A 7B 7.C 7.D 7.E 7.H 7L | 7,(HL) | 7.A
c| SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET
0,B 0,C 0,D 0,E OH oL [O(HL)| OA 1B 1,C 1,D 1,E 1,H 1L [ 1,(HL) | 1A
o| SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET
2,B 2,C 2,D 2,E 2,H 2L |[2,(HL) | 2A 3B 3,C 3D 3,E 3,H 3L | 3,(HL) | 3A
g| SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET
4B 4,C 4D 4,E 4,H 4L | 4,HL) | 4A 5,8 5C 5D 5E 5H 5L |5(HL) | 5A
p| SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET | SET
6,8 6,C 6,D 6,E 6,H 6L |[6,(HL) | 6A 7B 7.C 7.D 7.E 7.H 7L | 7,(HL) | 7.A
otes: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Table 138. Op Code Map—Second Op Code After 0DDh
Legend .
9 Lower Nibble of 2nd Op Code
Upper
flebblg
of Secon LD ;
F Mnemonic
Op Code SP,IX
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
[D
LD BC ADD
0 ' (IX+d),
(IX+d) IX,BC B
1 LD DE, ADD (leEj)
(IX+d) IX,DE DE
5 I~ (Ml}?n) INC | INC | DEC | LD |LDHL, apD | 2 | DEC | INC | DEC | LD (I)I(_+I-3d)
Mmin X IX IXH IXH | IXH,n | (IX+d) DX oy | X IXL IXL | IXLn | Y
5 LD 1Y, INC | DEC |LD(X|LDIX ADD (D'(-Pd) (I)I(_Rj)
(IX+d) (IX+d) | (IX+d) | +d),n | (IX+d) IX,SP el
4 LD LD | LDB, LD LD | LDC,
B,IXH | B,IXL | (IX+d) CIXH | CIXL | (IX+d)
5 LD LD | LDD, LD LD | LDE,
D,IXH | D,IXL | (IX+d) EIXH | EJIXL | (IX+d)
6| LD LD LD LD LD LD |LDH, | LD LD LD LD LD LD LD | LDL, | LD
IXH,B | IXH,C | IXH,D | IXH,E [IXH,IXH|IXH,IXL| (IX+d) | IXH,A | IXL,B | IXL,C | IXL,D | IXL,E |IXL,IXH|IXL,IXL| (IX+d) | IXL,A
;| b LD LD LD LD LD LD LD | papal LDA
= (IX+d),B|(1X+d),C|(IX+d),D|(IX+d),E| (IX+d),H| (IX+d),L (IX+d),A AIXH "N (IX+d)
[0}
= ADD | ADD |ADDA, ADC | ADC |ADCA,
o AJIXH | AIXL | (IX+d) AJIXH | AIXL | (IX+d)
2 SUB | SUB [SUBA, SBC | SBC |SBCA,
= AJIXH | AIXL | (IX+d) AJIXH | AIXL | (IX+d)
& A AND | AND |ANDA, XOR | XOR |XORA,
= AJIXH | AIXL | (IX+d) AJIXH | AIXL | (IX+d)
5 OR OR | ORA, cP CP | CPA,
AJIXH | AIXL | (IX+d) AJIXH | AIXL | (IX+d)
Op
Code
Map—
Fourth
C Byte
After
0DDh,
0CBh,
and dd
D
£ POP EX PUSH JP
IX (SP),IX IX (IX)
LD
F SPIX
Notes:  n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.

PS015308-0404

PRELIMINARY

Op-Code Map

218



eZ80F92/eZ80F93
Product Specification

ZiLOG
Table 139. Op Code Map—Second Op Code After 0EDh
Legend Lower Nibble of 2nd Op Code
Upper
fSNlbblg
of Secon :
Op Code 4 I-|SLBECS:C Mnemonic
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
o[ INo T OUTO LEABCJLEABC] TST LDBC,| INO | OUTO TST LD (HL),
B,n) | (n),B | IX+d | Iy+d | AB (HL) | C,(n) | (n).C AC BC
4| INo [ OUTO [LEADE,LEADE| TST LDDE,| INO | OUTO TST LD(HL),
D(n) | (N),D | IX+d | IY+d | AD (HL) | E(n) | (n)E AE DE
5| N0 | OUTO [LEAHL|LEAHL[ TST LDHL,| INO | OUTO TST LD (HL),
H(n) | (n),H | ,IX+d | JIy+d | AH (HL) | L(n) | ()L AL HL
3 LDIY, |LEAIX [LEAIY| TST LDIX, | INO | ouTo TST LD [LD (HL),
(HL) | ,IX+d | ,IY+d | A(HL) (HL) | A(n) | (n)A AA (HL),IY | IX
D D
IN OUT | SBC LD IN OUT | ADC MLT LD
4 1B,80) | (BC).B | HLBC | MMM.| NEG | RETN | IMO |0 | c(c) | ©.c |HLBC| 8C | BC | RET! RA
BC (Mmn)
5| IN OUT | SBC (M'fn) LEAIX, [LEATY,| |\ g LD IN OUT | ADC 'E;g MLT M 2 LD
D,(BC) | (BC),D | HL,DE | IY+d | IX+d Al | E(C) | (C).E |HLDE ’ DE AR
DE (Mmn)
D D
- IBN | OUT | SBC TST | PEA | PEA IN OUT | ADC MLT | LD
5 S| H© | BCH|HLHL [M™M 1 A ixad | iy+d | RRP | L) | ©L |HLHL | TS | HL | mBA FPAMB RLD
T HL (Mmn)
® D LD
2 SBC TSTIO IN OUT | ADC MLT
s 7 (Mmn) SLP SP, STMIX | RSMIX
Q ’ )
2 HLSP | Vgp n A(C) | (C)A |HLSP | i | SP
§ 8 INIM | OTIM | INI2 INDM | OTDM | IND2
-]
9 INIMR |OTIMR | INI2R INDMR |OTDMR| IND2R
Al LDI CPI INI | OUTI | OUTI2 LDD | CPD | IND | OUTD |OUTD2
B| LDIR | CPIR | INIR | OTIR | OTI2R LDDR | CPDR | INDR | OTDR |OTD2R
o] INIRX | OTIRX INDRX | OTDRX
D
E
F
Notes:  n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.

PS015308-0404

PRELIMINARY

Op-Code Map

219



eZ80F92/eZ80F93
Product Specification

ZiLOG
Table 140. Op Code Map—Second Op Code After OFDh
Legend |ower Nibble of 2nd Op Code
Upper
¢ SNibblg
of Secon .
Op Code F SIIE’DIY Mnemonic
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
0 LD BC, ADD LD (IY
(IY+d) IY,BC +d),BC
1 LD DE, ADD LD (IY
(IY+d) IY,DE +d),DE
9 LD (er_nDn)I INC INC | DEC LD |LDHL, ADD 'I'\'(D DEC | INC | DEC LD |LD(Y
IY,Mmn Aoy IYH IYH | IYH,n | (IY+d) IY,1IY ' Y IYL IYL | IYL,n | +d),HL
Y (Mmn)
3 LD IX, INC | DEC [LD(Y | LDy, ADD LD (IY | LD (IY
(IY+d) (IY+d) | (IY+d) | +d),n | (IY+d) IY,SP +d),IX | +d),IY
LD LD B, LD LD |LDC,
4 BvH [P BIYL (IY+d) C,IYH | CIYL | (IY+d)
LD LD | LDD, LD LDE,
5 DJIYH | D,IYL | (IY+d) EivH [PEYL (1y4q)
LD LD LD LD LD LD |LDH,| LD LD LD LD LD | LDL,
6 \YHB | IYH.C | IYHD | IYHE [IYH,IYH]|IYH,IYL (IY+d) | IYH,A LD IYLB v c | ivLD WP YEB vl ivH| v ive (IY+d) LDIYLA
2 [LDAY [LD (Y [LD(IY [ LD (IY [ LD (IY [ LD (IY LD (IY LD | pavl LA
g +d),B | +d),C | +d),D | +d),E | +d),H | +d)L +d),A AIYH "TH(IY+d)
£ 8 ADD | ADD |[ADDA, ADC | ADC [ADCA,
2 AIYH | AIYL | (IY+d) AIYH | AIYL | (IY+d)
2 9 SUB | SUB |SUBA, SBC | SBC |SBCA,
5 AIYH | AIYL | (IY+d) AIYH | AIYL | (IY+d)
§ A AND | AND [ANDA, XOR | XOR [XORA,
AIYH | AIYL | (IY+d) AIYH | AIYL | (IY+d)
B OR OR | ORA, CP CP | CPA,
AIYH | AIYL | (IY+d) AIYH | AIYL | (IY+d)
Op Code
Map—
Fourth
c Byte
After
OFDh
0CBh
and dd*
D
E POP EX PUSH JP
Y (SP),IY Y (1Y)
LD
F SPIY
Notes: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Table 141. Op Code Map—Fourth Byte After 0DDh, 0CBh, and dd
Legend | ,ver Nibble of 4th Byte
Upper
 Fourth
of Fou .
Byte 4 0 (I?)l(-l;-d) Mnemonic
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
0 RLC RRC
(IX+d) (IX+d)
; RL RR
(IX+d) (IX+d)
2 SLA SRA
(IX+d) (IX+d)
3 SRL
(IX+d)
4 BIT O, BIT1,
(IX+d) (IX+d)
5 BIT 2, BIT 3,
(IX+d) (IX+d)
6 BIT 4, BIT 5,
g (IX+d) (IX+d)
z 7 BIT 6, BIT 7,
2 (IX+d) (IX+d)
2 8 RES 0, RES 1,
o (IX+d) (IX+d)
Q.
o RES 2, RES 3,
29 (IX+d) (IX+d)
A RES 4, RES 5,
(IX+d) (IX+d)
B RES 6, RES 7,
(IX+d) (IX+d)
o SETO, SET 1,
(IX+d) (IX+d)
b SET 2, SET 3,
(IX+d) (IX+d)
E SET 4, SET 5,
(IX+d) (IX+d)
F SET6, SET 7,
(IX+d) (IX+d)

Notes:  d = 8-bit two’s-complement displacement.
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Table 142. Op Code Map—Fourth Byte After OFDh, 0CBh, and dd*
Legend Lower Nibble of 4th Byte
Upper
M
of Fou .
BIT
Byte 4 0,(Y+d) Mnemonic
First Operand Second Operand
Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
0 RLC RRC
(IY+d) (IY+d)
1 RL RR
(IY+d) (IY+d)
) SLA SRA
(IY+d) (IY+d)
SRL
3 (IY+d)
4 BITO, BIT 1,
(IY+d) (IY+d)
5 BIT 2, BIT3,
(IY+d) (IY+d)
6 BIT 4, BITS5,
g (IY+d) (IY+d)
B 7 BIT 6, BIT 7,
2 (IY+d) (IY+d)
= 8 RES 0, RES 1,
o} (IY+d) (IY+d)
Q.
o RES 2, RES 3,
S 9 (IY+d) (IY+d)
A RES 4, RES 5,
(IY+d) (IY+d)
B RES 6, RES 7,
(IY+d) (IY+d)
c SET 0, SET 1,
(IY+d) (IY+d)
b SET 2, SET 3,
(IY+d) (IY+d)
E SET 4, SET 5,
(IY+d) (IY+d)
F SET 6, SET7,
(IY+d) (IY+d)

Notes:  d = 8-bit two’s-complement displacement.
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On-Chip Oscillators

TheeZ80F92device features tw on-chip oscillators for use with arternal crystalThe
primary oscillator generates the system clock for the internal CPU and the majority of the
on-chip peripheralglternatively, the Xy input pin can also accept a CMOSdeclock

input signal. If aneternal clock generator is used, thgj§ pin should be left uncen
nected.The secondary oscillator canwria 3KHz crystal to generate the time-base for
theReal-Time Clock.

20 MHz Primary Crystal Oscillator Operation

Figure50 illustrates a recommended canitation for connection with axernal

20MHz, fundamental-mode, parallel-resonant crystal. Recommended crystatapecifi
tions are preided inRecommended Crystal Oscillator Spexifions (20MHz Opera

tion). Resistor R limits total paver dissipation by the crystal. Printed circuit board layout
should add no more than 4pF of stray capacitance to eithejyh@ Xoy pins. If oscit
lation does not occureduce thealues of capacitors,Gind G to decrease loading.

On-Chip Oscillator

Xout

20 MHz Crystal R=220Q
(Fundamental Mode)

C,=22pF —— — C,=22pF

Figure 50.Recommended Crystal Oscillator Configuration (20MHz operation)
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Table 143. Recommended Crystal Oscillator Specifications (20MHz Operation)

Parameter Value Units Comments
Frequency 20 MHz

Resonance Parallel

Mode Fundamental

Series Resistance (Rg) 25 Q Maximum
Load Capacitance (C)) 20 pF Maximum
Shunt Capacitance (Cy) 7 pF Maximum
Drive Level 1 mQ Maximum

32 KHz Real-Time Clock Crystal Oscillator Operation

Figure51 illustrates a recommended canifation for connecting thieeal-Time Clock
oscillator with an gternal 3XHz, fundamental-mode, parallel-resonant crys§thk ree
ommended crystal spedifitions are prdded inRecommended Crystal Oscillator Speci
fications (3XHz Operation)A printed circuit board layout should add no more thak 4
of stray capacitance to either thE® Xy or RTC_XgyT pins. If oscillation does not
occur reduce thealues of capacitors;Gind G to decrease loading.

An on-chip MOS resistor sets the crystaldrcurrent limit.This confguration does not
require an xternal bias resistor across the crysdal.on-chip MOS resistor puides the
biasing.

On-Chip Oscillator

RTC_Xn f]

RTC_Xout

32 MHz Crystal Ri=220Q

(Fundamental Mode)

C,=18pF — ——— C,=18pF

Figure 51.Recommended Crystal Oscillator Configuration (32KHz operation)
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Table 144. Recommended Crystal Oscillator Specifications (32KHz Operation)

Parameter Value Units Comments
Frequency 32 KHz 32768 Hz
Resonance Parallel

Mode Fundamental

Series Resistance (Rg) 40 KQ Maximum
Load Capacitance (C)) 12.5 pF Maximum
Shunt Capacitance (Cy) 3 pF Maximum
Drive Level 1 uQ Maximum
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Stresses greater than those listedlisolute Maximum Ratingsay cause permanent
damage to the d&ce. These ratings are stress ratings o@lgeration of the deéce at ay
condition outside those indicated in the operational sections of thesecgpieci§ is not
implied. Exposure to absolute maximum rating conditionsxXtareled periods mayfett
device reliability. For improved reliability unused inputs should be tied to one ofghe

ply voltages Vpp orVgg).
Table 145. Absolute Maximum Ratings

Parameter Min Max Units Notes
Ambient temperature under bias (°C) —40 +105 C 1
Storage temperature (°C) -65 +150 C

Voltage on any pin with respect to Vgg -0.3 +5.5 \Y 2
Voltage on Vpp pin with respect to Vgg -0.3 +3.6 \Y

Total power dissipation 520 mwW
Maximum current out of Vgg 145 mA
Maximum current into Vpp 145 mA
Maximum current on input and/or inactive output pin -25 +25 MA
Maximum output current from active output pin -8 +8 mA

Notes:

1. Operating temperature is specified in DC Characteristics.
2. This voltage applies to all pins except where noted otherwise.

DC Characteristics

DC Characteristicsts the DC characteristics of te80F92device.

) Note: All data is preliminary and subject to change folltg completion of production

characterization.
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Table 146. DC Characteristics

Tpo=0°Cto70°C Tp=0°C to 105°C

Symbol Parameter Min Max Min Max Units Conditions
Vpp Supply Voltage 3.0 3.6 3.0 3.6 V
Vi Low Level -0.3 0.8 -0.3 0.8 \
Input Voltage
ViH High Level 0.7xVpp 5.5 0.7xVpp 5.5 \Y
Input Voltage
VoL Low Level 0.4 0.4 V.  Vpp=3.0V;
Output Voltage loL=1TmA
VoH High Level 24 24 V.  Vpp=3.0V;
Output Voltage lop=—-1mA
e Input Leakage -10 +10 -20 +20 MA  Vpp =3.6V;
Current Vin = Vpp or Vss'
T Tristate Leakage -10 +10 -20 +20 MA  Vpp=3.6V
Current
lpy Internal Pull-Up 100 100 MA  Vpp=3.6V;
Current Typical Typical 25°C
Power Dissipation 33 33 mA F =20MHz;
(normal operation) Typical Typical Vpp = 3.3V;
7 Wait States;
25°C
Power Dissipation 21 21 mA F =20MHz;
(HALT mode) Typical Typical Vpp = 3.3V;
25°C
Power Dissipation 375 600 MA  Vpp =3.3V;
lbp (SLEEP mode) Typical Typical 25°C
RTC Supply 3.0 3.6 3.0 3.6 \
RTC_Vpp Voltage
RTC Supply 2.5 10 2.5 10 MA  Supply currentinto
Current Typical Typical RTC_Vpp;
IrTC SLEEP mode?.
Notes:

1. This condition excludes all pins with on-chip pull-ups when driven Low.
2. RTC current increases when the eZ80F92 device is not in SLEEP mode as the RTC_VDD pin supplies power to
system clock buffers within the Real-Time Clock circuit.
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POR and VBO Electrical Characteristics

DC Characteristichsts thePaver-On Reset antfoltage Bravn-Out characteristics of the
eZ80F92device.

Table 147. POR and VBO Electrical Characteristics

Tp = 0°C to +105°C

Symbol Parameter Min Typ Max Unit Conditions

Vveo VBO Voltage Threshold 240 2.55 2.85 V' Vcee = Vyeo
VpoR POR Voltage Threshold 2.45 2.65 2.90 V. Ve = Veor:
VhysT POR/VBO Hysteresis 50 100 150 mV

TANA POR/VBO analog RESET duration 40 100 us

Tveo min  VBO pulse reject period 10 &

Vecravp Vo ramp rate requirements to 0.1 100 Vims

guarantee proper RESET occurs

Typical Current Consumption Under Various Operating Conditions

In the folloving pagesFigure52 illustrates the typical current consumption of the
eZ80F92device versus the number &VAIT states while operating 25 °C, 3,3nd with
either a MHz, 10MHz, 15MHz or 20MHz system clockFigure53illustrates the typical
current consumption of treZ80F92device versus the system clock frequgnehile oper
ating 25 °C, 3.3Vand using 0, 2, orWAIT statesFigure54 illustrates the typical current
consumption of theZ80F92device versus temperature while operating at 3.3BWAIT
states, and with either aMHz, 10MHz, 15MHz or 20MHz system clockFigure55illus-
trates the typical current consumption of #280F92device versus system clock fre
gueng while operating irHALT mode.Figure56 illustrates the typical current
consumption of theZ80F92device versus temperature while operatingSbEEP mode.
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lcc vs. WAIT States (Typical @ 3.3V, 25C)
60.00
50.00
40.00 +—
-E ——5 MHz
£ 3000 —8—10 MHz
3 : 15 MHz
5 20 MHz
o
20.00 —_—
—
1\
10.00 he
0.00
0 1 2 3 4 5 6 7

WAIT States

Figure 52.1cc Versus WAIT States as a Function of Frequency
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ZiLOG
Icc vs. Frequency (Typical @3.3V, 25C)
60.00
/’

50.00

40.00 e
<
E ——0 WAIT
£ 30.00 o —=—2 WAIT
2 7 WAIT
S

20.00 /

10.00

o

0.00

Frequency (MHz)

Figure 53.Icc Versus Frequency as a Function of WAIT States
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ZiLOG
lcc versus Temp with 7 WAIT States (Typical @ 3.3V)
40.00
35.00
30.00
25.00
E ——5 MHz
= —B—10 MHz
€ 20.00 15 MHz
|
§ ¥ = 20 MHz
o
15.00
10.00 hd
5.00
0.00
0 20 40 60 80 100

Temperature (C)

Figure 54.lcc Versus Temperature as a Function of Frequency
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Icc vs. Frequency in HALT mode (Typical @ 3.3V)

25

20 /
15 -
3
E
t
£
© 10 /
5 //
0
0 5 10 15 20

Frequency (MHz)

Figure 55.Icc Versus Frequency in HALT Mode
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Icc vs. Temperature in SLEEP mode (Typical @ 3.3V, RTC operating at 32KHz)

\

\

\'\

20 40 60 80 100
Temperature (C)

Figure 56.lcc Versus Temperature in SLEEP Mode

AC Characteristics

PS015308-0404

The section pnades information on thAC characteristics and timing of te@80F92

device.All AC timing information assumes a standard load @Fs0n all outputs. Se&C
Characteristics

Note: All data is preliminary and subject to change folltg completion of production
characterization.
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Ta = 0°C to 70°C

Tp = 0°C to 105°C

Symbol Parameter Min Max Min Max Units Conditions

TxIN System Clock 50 50 ns Vpp = 3.0-3.6V
Cycle Time

Txing System Clock 20 20 ns Vpp = 3.0-3.6V;
High Time TcLk = 50ns

Txyine  System Clock 20 20 ns Vpp = 3.0-3.6V;
Low Time TcLk = 50ns

Txyink  System Clock 3 3 ns Vpp = 3.0-3.6V;
Rise Time TcLk = 50ns

Ty System Clock 3 3 ns Vpp = 3.0-3.6V;
Fall Time Tk = 50ns

External Memory Read Timing

Figure57 andExternal Readiming diagram the timing fondernal reads.

Teik

ADDRI[23:0] : X

(input)

|
|
DATA[7:0] |
|
[

:<—T5 —>: —»i Ts :<—
s N\ -/
~ T < Ty >
e 1\ \ A,
!<—T9—>: i<—T10—>:

s 0 \__\ [t/

Figure 57.External Memory Read Timing

PS015308-0404 PRELIMINARY

Electrical Characteristics



eZ80F92/eZ80F93
Product Specification

L/ | 235

ZiLOG

Table 149. External Read Timing

Delay (ns)
Parameter Abbreviation Min Max
Ty Clock Rise to ADDR Valid Delay — 13
To Clock Rise to ADDR Hold Time 20 —
T3 Input DATA Valid to Clock Rise Setup Time 1.0 —
Ty Clock Rise to DATA Hold Time 20 —
Ts Clock Rise to CSx Assertion Delay 20 19.0
Te Clock Rise to CSx Deassertion Delay 20 18.0
T, Clock Rise to MREQ Assertion Delay 20 16.0
Tg Clock Rise to MREQ Deassertion Delay 20 16.0
Tg Clock Rise to RD Assertion Delay 20 16.0
T10 Clock Rise to RD Deassertion Delay 20 16.0

External Memory Write Timing

Figure58 andExternalWrite Timing diagram the timing foneernal writes.

|
] A / .
I
ADDR[23:0] : X X
i
1
e X
|

"

]
|
|
|

l«— T, ——>! —>: Te
|
1
| | |

~—T; _>I r<—Tg
R | |
MREQ | ; * 1
| \ T

~ Ty > —»: Tio le—

N

Figure 58.External Memory Write Timing

PS015308-0404 PRELIMINARY Electrical Characteristics



PS015308-0404

Table 150. External Write Timing

eZ80F92/eZ80F93

Product Specification

ZiLOG

Delay (ns)
Parameter Abbreviation Min Max
Ty Clock Rise to ADDR Valid Delay — 13
To Clock Rise to ADDR Hold Time 20 —
T3 Clock Fall to Output DATA Valid Delay — 11
Ty Clock Rise to DATA Hold Time 20 —
Ts Clock Rise to CSx Assertion Delay 20 19.0
Te Clock Rise to CSx Deassertion Delay 20 18.0
T, Clock Rise to MREQ Assertion Delay 20 16.0
Tg Clock Rise to MREQ Deassertion Delay 20 16.0
To Clock Fall to WR Assertion Delay 1.8 6.5
T1o Clock Rise to WR Deassertion Delay* 1.6 6.5
WR Deassertion to ADDR Hold Time 0.25 —
WR Deassertion to DATA Hold Time 0.25 —
WR Deassertion to CSx Hold Time 0.25 —
WR Deassertion to MREQ Hold Time 0.25 —

Note: *At the conclusion of a Write cycle, deassertion of WR always occurs before any change to

ADDR, DATA, CSx, or MREQ.
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External I/O Read Timing
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Figure59 and External I/0O Readiming diagram the timing fongernal /0 Reads. Clock
rise/fall to signal transition timing is independent of the particularinode empled
(eZ80, Z80, Intel, or Motorola).

< Tek >
w [ \ A \_
! < T, —— —>! T, le—
ADDR[23:0] | X X I I X

|
|
oY X X m X X
:<— Ts —>: —>: Tg :4—
s A asvan
:<—T7—>| :<—T8—>|
w T N\ Y ayas
:<—T9—>: :<—T10—>:
|
|
[

Figure 59.External /0 Read Timing

Table 151. External I/O Read Timing

Delay (ns)
Parameter Abbreviation Min Max
Ty Clock Rise to ADDR Valid Delay — 13
To Clock Rise to ADDR Hold Time 2.0 —
T3 Input DATA Valid to Clock Rise Setup Time 1.0 —
Ty Clock Rise to DATA Hold Time 2.0 —
Ts Clock Rise to CSx Assertion Delay 20 19.0
Te Clock Rise to CSx Deassertion Delay 20 18.0
T, Clock Rise to IORQ Assertion Delay 20 16.0
Tg Clock Rise to IORQ Deassertion Delay 2.0 16.0
Tg Clock Rise to RD Assertion Delay 20 16.0
T1o Clock Rise to RD Deassertion Delay 2.0 16.0
PRELIMINARY Electrical Characteristics
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External I/O Write Timing

Figure60 and External I/OWrite Timing diagram the timing fondernal I/O writes. Clock
rise/fall to signal transition timing is independent of the particularinode empled
(eZ80, Z80, Intel, or Motorola).

ADDR[23:0] : X X
i

w1 X
|

= 1 L\

IORQ

Figure 60.External /0O Write Timing

Table 152. External I/O Write Timing

Delay (ns)
Parameter Abbreviation Min Max
Ty Clock Rise to ADDR Valid Delay — 13
Ty Clock Rise to ADDR Hold Time 20 —
T3 Clock Fall to Output DATA Valid Delay — 11
Ty Clock Rise to DATA Hold Time 2.0 —
Ts Clock Rise to CSx Assertion Delay 2.0 19.0
Te Clock Rise to CSx Deassertion Delay 2.0 18.0
T, Clock Rise to IORQ Assertion Delay 2.0 16.0
Tg Clock Rise to IORQ Deassertion Delay 20 16.0

Note: *At the conclusion of a Write cycle, deassertion of WR always occurs before any change to
ADDR, DATA, CSx, or IORQ.
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Delay (ns)
Parameter Abbreviation Min Max
Tg Clock Fall to WR Assertion Delay 1.8 6.5
Tyo Clock Rise to WR Deassertion Delay* 1.6 6.5
WR Deassertion to ADDR Hold Time 0.25 —
WR Deassertion to DATA Hold Time 0.25 —
WR Deassertion to CSx Hold Time 0.25 —
WR Deassertion to IORQ Hold Time 0.25 —

Note: *At the conclusion of a Write cycle, deassertion of WR always occurs before any change to

ADDR, DATA, CSx, or IORQ.

Wait State Timing for Read Operations

PS015308-0404

Figure61lillustrates the xension of the memory access signals using a SWglF state

for a Read operatioihis WAIT state is generated by setting CSAMVto 001h in the

Chip Select Control Rpster

|

|

|

1

| |

DATA[7:0] | |
(output) | |
|

|

|

|

CSx

INSTRD

-\
A
A

Figure 61.Wait State Timing for Read Operations
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Wait State Timing for Write Operations
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Figure62illustrates the x@ension of the memory access signals using a sigld state
for aWrite operationThis WAIT state is generated by setting CSAMVto 001h in the
Chip Select Control Rpster

I I I
:4— Teik —>:<— Twarr —>:

ADDR[23:0]

DATA[7:0]
(output)

X

MREQ

Figure 62.Wait State Timing for Write Operations
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General Purpose I/0 Port Input Sample Timing

Figure63illustrates timing of the GPIO input samplirithe input alue on a GPIO port
pin is sampled on the rising edge of the system clbio&.port \alue is then\ailable to
the CPU on the second rising clock edge feiltg the change of the poralue.

| |
€ Tek—> | |

System
Clock
| |
Port Value

| |

| |

I Changes to 0 : :

GPIO Pin I |
Input Value \ .
| |

|

GPIO Input 0 Latched | |
Data Latch Into GPIO —— | ]
|

Data Register

GPIO Data Register
<—— Value 0 Read

GPIO Data
READ on Data Bus by eZ80
Figure 63.Port Input Sample Timing
Table 153. GPIO Port Output Timing
Delay (ns)
Parameter Abbreviation Min Max
Ty Clock Rise to Port Output Delay 2.0 15.0
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BusAcknowledgeTiming provides information on theus acknwledge timing. Once the
external lus master detectd BBACK asserted and ares IORQN, MREQNA[23:0] there

is an asynchronous prop delay to the CS[3:0] outputs baiidy v
Table 154. Bus Acknowledge Timing

Delay (ns)
Parameter Abbreviation Min Max
T4 Clock Rise to BUSACK Assertion Delay 2.0 14.0
T, Clock Rise to BUSACK Deassertion Delay 2.0 14.0
T3 IORQN, MREQN, A[23:0] input to CS[3:0] — 10.0

output prop delay

External System Clock Driver (PHI) Timing

PHI System ClocKiming provides timing information for the PHI piithe PHI pin
allows eternal peripherals to synchronize with the internal system cloekrdyn the

eZ80F92device.

Table 155. PHI System Clock Timing

Delay (ns)
Parameter Abbreviation Min Max
Ty Clock (XIN) Rise to PHI Rise — 6.0
To Clock (XIN) Fall to PHI Fall — 6.0
PS015308-0404 PRELIMINARY Electrical Characteristics
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ZiLOG Debug Interface Timing

Figure64andzZDI Timing Specifcationsprovide timing information foif CK, TDI, TDO,
TMS pins.

TCK ! \ Yy

TDI

™S X
TDO : X
|

Figure 64.ZDI Timing

—
N

><
><

Table 156. ZDI Timing Specifications

Delay (ns)
Parameter Abbreviation Min Max
Trck TCK Period 2xTxnN
Ty TDI/TMS setup to TCK Rise 4
Ty TDI/TMS hold after TCK Rise Fall 4
T3 TCK Rise to TDO change 10
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Figure65 illustrates the 100-pin Vo-profile quad fat package (LQFP) for trez80F92

device.
A
HD "
‘ D Af MILLIMETER INCH
75 5 SYMBOL
MIN MAX MIN MAX
IONNONAnNNOnannnanannnant
A 1.35 1.60 053 063
= 50
= Al 0.05 0.20 002 008
=
—
= A2 1.30 1.50 051 1059
—
= b 0.15 0.26 006 010
=
= ¢ 0.10 0.20 004 008
=
—
= b HD 15.85 16.15 624 636
= D 13.90 14,10 547 555
—
= HE 15.85 16.15 624 636
= £ 13.90 14,10 547 555
—
=
= e 050 BSC 0197 BSC
=
=P DETALL A L 0.35 0.65 014 026
N— L
Ny LE 0.90 1.10 035 043

DETAIL A

Figure 65.100-Lead Plastic Low-Profile Quad Flat Package (LQFP)
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Ordering Information

Ordering Informatiorprovides a part name, a product speaition inde code, and a brief
description of each part.

Table 157. Ordering Information

Part Name PSI Description
eZ80F92 eZ80F92AZ020SC 100-pin LQFP, 128KB Flash memory, 8KB SRAM, 20 MHz,
Standard Temperature.
eZ80F92AZ020EC 100-pin LQFP, 128KB Flash memory, 8KB SRAM, 20 MHz,
Extended Temperature.
eZ80F93 eZ80F93AZ020SC 100-pin LQFP, 64KB Flash memory, 4KB SRAM, 20 MHz,

Standard Temperature.

eZ80F93AZ020EC 100-pin LQFP, 64KB Flash memory, 4KB SRAM, 20 MHz,
Extended Temperature.

Navigate your brarser to ZiLOGS website to order theZ80F920r theeZ80F93 Or, con
tact your locaZiLOG Sales Oficeto order these d&es. ZiLOG preoides additional
assistance on itSustomer Servicpage, and is also here to help with technical support
issues.

For ZILOG's valuablesoftware deelopment toolsanddownloadable softare visit the
ZILOG website

Part Number Description

PS015308-0404

ZiLOG part numbers consist of a number of components, as indicated in tarfgllo
examples:

ZiLOG Base Products

eZ80 ZiLOG eZ80® CPU
F92 Product Number
AZ Package

020 Speed

SorE Temperature

C Environmental Flow

PRELIMINARY Ordering Information
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Package AZ = LQFP (also called the VQFP)
Speed 020 = 20MHz

Standard Temperature S =0°C to +70°C

Extended Temperature E = —-40°C to +105°C
Environmental Flow C = Plastic Standard

Example. Part number eZ80F92AZ020SC is eA80Acclaim!” product in an LQFP
package, operating with a RHz external clock frequencover a 0°C to +70°C tempera
ture range anduilt using the Plastic Standardwinonmental fow.

Precharacterization Product

The product represented by this documentveynetroduced and ZiLOG has not cem

pleted the full characterization of the prodddte document states what ZiLOG kve

about this product at this timeytadditional features or nonconformance with some
aspects of the document might be found, either by ZiILOG or its customers in the course of
further application and characterizatioonk. In addition, ZiLOG cautions that dediry

might be uncertain at times, due to start-up yield issues.

ZILOG, Inc.

532 Race Street

San Jose, CA5126
Telephone (408) 558-8500
FAX 408 558-8300

Internet:www.zilog.com
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The Document Control Number that appears in the footer on each page of this document
contains unique identifying attribes, as indicated in the folling table:

PS Product Specification
0153 Unique Document Number
08 Revision Number
0404 Month and Year Published
Change Log
Rev  Date Purpose By
01 06/02 Original issue J. Eversmann/R. Beebe
02 01/03 Technical Updates J. Eversmann
03 01/03 Technical Updates M. Richmond, R. Beebe
04 02/03 Modified hyperlinks/refs. A. Abuhakmeh, A. Koontz
05 08/03 Modified extended temp. R. Xue, A. Shaw
06 08/03 Minor revision R. Beebe
07 02/04 Revised BRG in UART section C. Bender
08 04/04 Added cautions for SLP/HLT  C. Bender
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Numerics

100-pin LQFP packagé 20

16-bit clock divisor valud.12 137

16-bit divisor countLl12 137

20 MHz Primary Crystal Oscillator Operati@g3

32 KHz Real-Time Clock Crystal Oscillator Opera
tion 224

A

AAK —seel°C Acknowledge bit
Absolute Maximum Rating®26
AC Characteristic233
ACK—see Acknowledge
Acknowledgel44, 148-152, 154, 159-160
address bus§-9, 48, 52, 54-59, 62, 65-66, 69-70,
92 170,181, 187
24-bit 25
Addressingl54
ADL Memory model83, 187
alarm condition91, 104, 105
alarm fag 104
Arbitration 146
Architectural Overviewl
asynchronous serial dat8&, 15

Baud Rate Generatdd 1
Functional Descriptiol 36
BCD—see binary-coded-decimal operatio
binary-coded-decimal operati@®, 92-105
bit generatiorl06
Block Diagram2
Boundary-Scan ArchitectuE90
break detectiol06, 115
break point trigger functionk90
BRG Control Register$12
Bus Acknowledgd.l, 22, 54, 170 181, 187, 242
pin 54, 181
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Bus Arbitration Overviewl 42

Bus Enable bil56, 158

Bus Mode Controlleb5

bus mode stat&5-56, 59, 63, 67, 73

bus mode$5, 68,71

Bus Requestl, 22, 54, 170 181, 187
During ZDI Debug Modd .70

BUSACK—see Bus Acknowledge

BUSREQ—seeBus Request

Byte Formatl44

Cc

Change Lo@47
Characteristiclectrical
AbsoluteMaximum Raings 226
Chip Select ®
Chip Select B
Chip Select D
Chip Select ®
Chip Select RegisteB9
Chip Select x Bus Mode Control Registdr
Chip Select x Control Registéd
Chip Select x Lower Bound Regis&9
Chip Select x Upper Bound Regisi#)
Chip Select/Wait State Generator bl&gl6, 7, 8, 9
Chip Selects and Wait Statg8
Chip Selects During Bus Request/Bus Acknowl
edge Cycles4
ClearTo Sendl4, 16122124
Delta Status Change &25
clock divisor value, 16-bit12 137
clock initialization circuitry190
Clock Peripheral Power-Down Regist&&
Clock Phasd 33-135, 139
Clock Polarity134-135, 139
Clock Synchronizatiod45
Clocking Overviewl42
Complex triggerd 90
CONTINUOUS moder8, 80-83, 85, 87-88
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CPHA—see Clock Phase
CPOL—see Clock Polarity
CPU system clock cycle6
CS09, 21, 50-53

CS19, 21,5053

CS29, 21, 50, 52-53

CS39, 21, 50, 52-53
CTS—see Clear To Send
CTS014, 130

CTS116

Customer Feedback For238
cycle termination signd@6

D
data bus9, 54, 55, 57-59, 62,66, 72, 92, 170, 181,
187
Data Carrier Detect4, 17, 121, 124
Delta Status Change @25
Data Set Read¥y4, 16, 122 124
Delta Status Change @25
Data Terminal Read¥4, 16, 122, 124
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DTR—see Data Terminal Ready
DTRO014, 130
DTR116

E

edge-selectable interrupts
edge-triggered interrupt inp@B80
edge-triggered interrupt mod&, 45
Edge-Triggered Interrup#A

El, Op Code Maj216

Electrical Characteristic226
ENAB—see Bus Enable bit
Enabling and Disabling the WD7a5
ermdec—see Infrared Encoder/Decoder
Erase operations96-197

Event CounteB2

External Bus Acknowledge Timirg@2
external bus requeSt, 166, 170
External I/O Chip Selecta5

External I/O Read Timing37
External 1/O Write Timing238

Data Transfer Procedure with SPI configured as aExternal Memory Read Timing34

Slavel37

Data Transfer Procedure with SPI Configured as
the Masterl36

data transfer, SRI40

Data Validity143

DC Characteristic26

DCD—see Data Carrier Detect

DCDO0 14, 130

DCD117

External Memory Write Timin@35
external pull-down resistai2
External System Clock Driver (PHI) Timir#2
eZ80 Busnode55, 68, 72
eZ80 CPUL10, 37, 54, 58, 59, 66, 172, 190
Core33
Instruction Sef11
€Z80 Product ID Low and High Byte RegistéBs}
eZ80 Product ID Revision Registeg5

DCTS—see Clear To Send, Delta Status Change wz8® system clock cyclé5-56, 59, 62

DDCD —see Data Carrier Detect, Delta Status
Change of

eZ80F92 devicd—4, 5,9, 25,37,41,47-48, 50,52,
68,74,78,82 110 111, 154 164-166, 168 172,

DDSR—see Data Set Ready, Delta Status Change 177-178,182-183,185,187,223 226,228 233,

of
divisor count112, 137
Document Informatior247
Document Number Descriptidtd 7
DSR—see Data Set Ready
DSR014, 130
DSR116
DTACK—see cycle termination signal
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F

FAST model42 162

Features, eZ80 CPU Co88

Flash memory, 194, 196
Arrangement in the eZ80F437

Index



Flash Memory Overview97
framing errorl06, 108 115
full-duplex transmissiod 35
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I2C Serial Clock20, 24, 142-144, 161
I2C Serial Data20
I2C Serial 1/0O Interfacel 42

Functional Description, Infrared Encoder/Decoder 1°C Slave Address Registdi54

126

G

General-Purpose Input/Outpat
Control Registerd5
Interrupts44
modes42, 43
Operatiord1
Overview41
Port Input Sample Timing41
Port Output Timing243
port pins34, 41, 46

GND—see Ground

GP10—see General-Purpose Input/Output

Ground2

H

HALT instruction37, 177, 185 214
Op-Code Ma16

HALT model, 11, 37-38, 227, 228 232

HALT_SLP 11

handshakd 06, 147

high-frequency system clodi36

I/0O Chip Select Operatio®5, 52
1/0 spaceé>-10, 50, 52
1°C Acknowledge bitl44, 148-150, 152 153157
1°C bus 142, 146, 154
clock 142
protocol143
I2C Clock Control Registet61
12C Control Registet.56
I2C Data Registet 56
I°C Extended Slave Address Regist&5
I°C General Characteristic}2
1°C Registersl54
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1°C Software Reset Registé62
12C Status Registet59
IEEE Standard 1149190-191
IEF148-49, 186
IEF248-49
IFLG bit 142 147, 150, 152-153, 157, 159-160
IM 0, Op Code Maj219
IM 1, Op Code Maj219
IM 2, Op Code Maj219
Information Pagd.96-197, 200, 205, 207209
Infrared Encoder/Decod8&, 126, 127, 130131,
Register131
Signal Pins130
Input/Output Requedid-11, 22, 53, 55-56, 58-59,
62
Assertion Delay37-238
Deassertion Delag37238
Hold Time239
INSTRD—see Instruction Read
Instruction Readl, 22
Instruction Store 4
0 Registerd 82
Intel Bus Modeb5,57
Multiplexed Address and Data B63
Separate Address and Data BuS8s
internal pull-up42
internal system clock3
Interrupt Controlled7
Interrupt Enable bit1,91, 109,156
Interrupt Enable Flag9, 186
interrupt inputl3-16, 18-19
InterruptRequestd3-45, 4749, 85, 206
Interrupt Service Routiné?, 49
SP148
interrupt vectort 7—48
addressA7-49
interrupt, highest-priorityt 7-43
interrupts, edge-selectabi®
Introduction to On-Chip Instrumentatid®0
Introduction, ZiLOG Debug Interfack63
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IORQ—see Input/Output Request
IR_RxD modulation signdl3, 127131
IR_TxD modulation signdl3, 127, 130-131
IrDA Encoder/Decodet 3, 39,130-131
IrDA specificationsl26
IrDA standardl26

baud rated 26
IrDA transceiverl30
IrDA Transmit Datal3
IrDA—see Infrared Data Associatidi26
IRQ—see Interrupt Request
IRQ_ENMDit 81, 85, 136, 139
ISR—see Interrupt Service Routine
IVECT—see interrupt vector address

J

Jitter, Infrared Encoder/Decod&B0
Joint Test Action Group
and ZDI clock inputl2,22,164,190-191,243
interface190
mode select input2, 22, 191, 243
mode selectiod91
Test Clockl2
Test Data In.2,22,164,191,243
Test Data Oul2, 22, 191, 243
Test Model2
Test Trigger Output2
JTAG—see Joint Test Action Grpu

L

least-significant biB6-87,107, 147148 150, 153,
159 165
least-significant bytd8-49, 87, 161,178
level-sensitive interrupt5
input130
modes43
Level-Triggered Interrupté4
Line break detectioh06
Loopback Testing, Infrared Encoder/Decoildd
low-byte vectod7
Low-Power ModesS7
LSB—see least-significant byte
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Isb—see least-significanttbi

maskable interru@8, 47
sourcesA?
vectors48
Mass Erase operati@®0,205-206, 208-210
Mass Erase Violatio206
Master In, Slave Out9, 133 135
MASTER model34, 142 152-153 157-162
Start bit147-149, 151-152, 154, 157-158, 160
Stop bit148 149 151-152 154, 157-158 160
MASTER mode, SP135
Master Out, Slave 149, 133 135
MASTER RECEIVEmodel42,150
MASTER TRANSMIT model42, 147
MASTER_ENDbit 135
Memory and 1/0O Chip Selec&)
Memory Chip Select Examptl
Memory Chip Select Operatids©
Memory Chip Select Priorit$l
Memory Request0-11, 22, 50, 55-56, 58-59, 62,
235-236
Hold Time236
memory spacé0, 52
Memory Write200
MISO—see Master In, Slave Out
Mode Fault error flag 33 135,140
Modem status signa#, 16
MODF—see Mode Fault error flag
MOSI—see Master Out, Slave In
most-significant bi87-88, 107,108 133 144, 156,
159 165 168 207
most-significant byt&8
Motorola Bus Modes5
Motorola-compatiblé5
MREQ—see Memory Request
msb—see most significant bit
MSB—see most-significant byte
Multibyte 1/0 Write (Row Programming)99
multimaster conflictL35, 140

Index



N

NACK—see Not Acknowledge
NMI—see Nonmaskable Interrupt
NMI_FLAG bit 76
NMI_OUT bit 76
Nonmaskable Interrugdtl, 22, 33, 38, 4749, 74—
76
return from215
Not Acknowledgel44, 148-152 157, 160

(0

OCl—see On-Chip Instrumentation
On-Chip Instrumentatiotn90
Activation 190
clock pin190
Information Requests92
Interfacel91
Introduction t0190
pins191
On-Chip Oscillator223
On-chip pull-up191
Op Code mapg16
open-drain modd?2
Open-drain outpud?2, 142
open-source modd2
open-source outplit3-16, 18-19, 42
Operating Modeg47
Operation of the eZ80F92 Device During ZDI
Breakpointsl69
Ordering Informatior245
overrun errorl06, 108 115 123
Overview, Low-Power Mode37

P

Packagin@244

Page Erase operatid®0,206-207, 209-210
Page Erase ViolatioB06

Part Number Descriptiop45

PB182

PHI—see system clock

Pin Characteristic0

PS015308-0404

eZ80F92/eZ80F93
Product Specification

252

ZiLOG

Pin Descriptiort
POP, Op Code Mapl6, 218 220
POR—see Power-On Reset
Port x Alternate Register 46
Port x Alternate Register46
Port x Data Direction Registed$
Port x Data Registe#s
Power connection®
Power-On Rese&34, 228
and VBO Electrical Characteristi228
voltage threshol®4-35.228
Precharacterization Produs46
Program Counte87-38, 4849
Programmable Reload Timers
Operation79
Registers33
Overview78
Programming Flash Memo98
pull-up resistor, externdl2, 142
PUSH, Op Code Map16, 218 220

R

RAM—see Random Access Memory
Random Access Memor93
Address Upper Byte Regist&85
Control Registefl95
RD—see Read instruction
Read instructiorl0, 11, 22, 50, 53, 55, 58-59, 62
Assertion Delay235, 237
Deassertion Delag35, 237
Reading the Current Count Valg&
Real-Time ClocKL2, 25, 30, 34, 37, 78, 90, 223
224
alarm conditior37,91, 104
Alarm Control Registet04
Alarm Day-of-the-Week Regist&é03
Alarm Hours Registet02
Alarm Minutes Registet01
alarm register81
Alarm Seconds Regist&éf0
Battery Backu®1
Century Registe®9
circuit 227
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clock sourcel05
count9l, 104
count register92
Control Registed 04
Crystal Inputl2
Crystal Outputl2
Day-of-the-Month Registe96
Day-of-the-Week Registé&5
Hours Registe®4
Minutes Registe®3
Month RegisteB®7
Oscillator and Source Selectiéi
Overview90
Power Supplyl2
Recommended Operati@1i
Register92
Seconds Registé32
source74, 76, 78, 82, 89
Supply Curren27
Supply Voltage227
Year Registe®8

Receive, Infrared Encoder/Decod&7

Recommended Usage of the Baud Rate Generator

111

Register Maf25

Requesilo Sendl3, 16, 122, 124, 130

RESET10-11, 22, 34-35, 37-38, 42, 50, 74-76,
91-92,104, 111113, 131, 136-137, 175,177,
190-191, 193 195 203 205 228

Reset controlleB4-35

RESET even#l

RESET mode timeB4

Reset OperatioB4

RESET Or NMI Generatior5

Reset States1

Resetting th¢’C Registersl54

Rl—see Ring Indicator
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RTC_UNLOCK 105
RTC_UNLOCK bit91-92, 104
RTC_Vpp 12, 22

RTC_X 12, 22

RTC_Xout 12 22

RTS—see Request To Send
RTS013

RTS116

RxD0 13

RxD115

S

Schmitt Triggerll
Input20
SCK—see SPI Serial Clock
SCL—seel°C Serial Clock
SCL line145-147
SCLK—see system clock
SDA 20, 23, 142 143 144, 146, 153
serial bus, SP141
Serial Clock133 142
12C 20
SP118, 133
serial datal33 142
1°C 20
Serial Peripheral Interfa®®9, 47, 132-133 135
Baud Rate Generatd86
Baud Rate Generator Regisg&
Baud Rate Generator Registers—Low Byte and
High Byte137
Block 28
Control RegisteR8, 139
Data Ratel 36
Flags135,140-141
Functional Descriptiod35
interrupt service routing7

R10 15, 130 master devic&9, 137
RI117,43 MASTER model35
Ring Indicatorl5, 17, 108 121, 124 model8
Trailing Edge orl25 Receive Buffer Registét8, 141
Row Program Time-o206 Registersl 37
RST_FLAGhit 75 serial busl41
RTC—see Real-Time Clock Signals133
PS015308-0404 PRELIMINARY Index



slave devicd 9
SLAVE model35
Status Registe28, 136,140
Transmit Shift Registe28, 136137, 141
Setting Timer Duratiory9
Shift Left Arithmetic149, 151, 155, 215
Op Code MajR17,221-222
Shift Right Arithmetic215
Op Code Maj17, 221
SINGLE PASS mod&8-79, 80-81, 84
Single-Byte 1/0 Write Operations93
SLA—see Shift Left Arithmetic
SLAVE mode142, 153-155157, 160
SP1135
Slave Receivé42 153
Slave Select§, 133-136 140
SLAVE TRANSMIT model42, 152
SLEEP Modell, 37, 104, 177,185, 227, 228,233
deep-mode recovery04
reset25
Software break point instructidr®0
SPl—see Serial Peripheral Interface
SPI Serial Clockl8, 133
Idle Statel34
pin 135 139
Receive Edgé 34
signall135
Transmit Edge.34
SPIF—see Serial Peripheral Interface Flags
SRA—see Shift Right Arithmetic
SRAM 1, 163 202, 245
SS—see Slave Select
STA—see MASTER Mode Start bit
standard mod&42
START bit 165
START condition143 145-146, 149-151, 153~
154, 157-162
Start Condition, ZDIL65
Starting Program Countd8-49
STOP conditior1i43-144, 146-147, 150, 152-153,
157-158, 160-162
STR—see MASTER Mode Stop bit
supply voltage2, 34, 35, 42, 142, 226-227
Switching Between Bus Mod&S
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system clock20, 24, 34,37-40,43-44, 74, 76, 78,
82,111, 136, 161162, 169
cycle, CPU55-56, 59, 62
cycles11, 53-55, 59, 63, 67, 75, 190
delay 68
frequencyr9, 82, 88, 163-164
Oscillator Inputl?
Oscillator Outputl?
period191
rising edges8, 111, 136
system clock, high-frequen&B6
system clock, internd3
System Reset]l, 34

T

TO_IN18

T1 IN18

T4_OUT19

T5_OUT19

TCK—see JTAG and ZDI clock input

TDIl—seeJTAG Test Data In

TDO—seeJTAG Test Data Out

TERI—see Ring Indicator, Trailing Edge on

Test Access Poft90

Test Model91

Time-Out Period Selectiorb

Timer 0 In18

Timer 11n18

Timer Control Registe83

Timer Data Register—High Byi&6

Timer Data Register—Low Byt@6

Timer Input Source Select Regis&3

Timer Input Source Selecti@®?

Timer Interrupts81

Timer Outputd2

Timer Reload Register—High By&3

TMS—see JTAG mode select input

Trace buffer memorg90

Trace history buffel90

Transferring Datd 44

transmit shift registet07, 115, 119 122 135
SP1136-137, 141

Transmit, Infrared Encoder/DecodEz7

Index



TRIGOUT 12, 22, 191
TxDO0 13
TxD1 15

U

UART—see Universal Asynchronous Receiver/
Transmitter
Universal Asynchronous Receiver/Transmitter
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w

WAIT condition 1, 11, 22, 59, 62, 66,209
WAIT Input Signal53
WAIT pin, externalb5-56
WAIT Requestll
WAIT state56, 63, 239-240
Timing for Read Operatiorz39
Timing for Write Operation240
WAIT states48, 50,53-56, 62, 70, 170, 193 203

Baud Rate Generator Register —Low and High 227230

Bytes112
FIFO Control Registet17
Functional Descriptiod07
Functions107
Interrupt Enable Regist&d5
Interrupt Identification Registdrl6
Interrupts108
Line Control Registet18
Line Status Registdr22
Modem ControlL08
Modem Control Register21
Modem Status Interrugdio9
Modem Status Registép4
Receive Buffer Register14
Receiverl08
Receiver Interrupt409
Recommended Usadd 0
Registersl13
Scratch Pad Registd25
Transmit Holding Register13
Transmitterl07
Transmitter Interrupt09

\"

VBO—see Voltage Brown-Out
V cc—see supply voltag85, 228
Voltage Brown-OuB4, 228
protection circuitry35
Threshold34-35, 228
Brown-Out ReseB5
voltage, suppl\2, 34, 35, 42, 142, 226-227
Vygo—see Voltage Brown-Out threshold
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Watch-Dog Time4, 37, 74-76,169
clock sourcer4, 76
clock source§5
Control RegisteR5, 76
Operation75
Overview74
Registers/6
RESET25,76
Reset Register7
time-out38, 74-77
time-out periodr5, 77
time-out resef5
time-out valuesg5
WCOL—see Write Collision
WDT—see Watch-Dog Timer
WR—see Write instruction
Write Collision135-136,140
SP1140
Write instructionl0-11, 22, 50, 53, 56, 59, 62, 236,
239
Write Violation 206

X
XN 17, 23
Xout 17, 23

Z

Z80 Bus Mode5

Z80 Memory mode.83 187

ZCL—see ZiILOG Debug Interface clock
ZDA—see ZILOG Debug Interface data

Index



ZDl—see ZiLOG Debug Interfack90
ZDI-Supported Protocdl64
ZDl_BUS_STAT170,172 187
ZDl_BUSACK_EN170,187
ZiLOG Debug Interfac&90

clock 164-165, 167, 175

Address Match Registels2

Block Readl69

BLOCK WRITE 168

Break176

BREAK Control Registefl74

BREAK model86

Bus Control Registet81

Bus Status Registdi87

Clock and Data Conventiori$4

Clock Frequencyl 64

datal64-165 175 191

data transfet 66

debug controll90

Debug modd 66, 181, 187

masterl66, 168-169 182-183 187
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Master Control Registel77
Read Memory Registdi87
Read Operationt68

Read Register Low, High, and Upi&6
Read/Write Control Registdi78
Read-Only Registerkr2
Register Addressingj66
Register Definitiond.72
Single-Bit Byte Separatdr66
SINGLE-BYTE READ168
SINGLE-BYTE WRITE167
slavel65 168-169

START command .66

START condition165

START signall65

Status Registel85

Write Data Register$78

Write Memory Registet83
Write Operationd.67
Write-Only Registerd 71
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Customer Feedback Form

The eZ80F92/eZ80F93 Product Specification
If you experience any problems while operating this product, or if you note any inaccuracies while reading
this Product Specification, please copy and complete this form, then mail or fax it to ZiLOG (see Return

Information below). We also welcome your suggestions!

Customer Information

Name Country
Company Phone
Address Fax
City/State/Zip Email

Product Information

Serial # or Board Fab #/Rev. #

Software Version

Document Number

Host Computer Description/Type

Return Information
ZiLOG

System Test/Customer Support
532 Race Street

San Jose, CA 95126

Phone: (408) 558-8500

Fax: (408) 558-8536

ZiLOG Customer Support

Problem Description or Suggestion
Provide a complete description of the problem or your suggestion. If you are reporting a specific problem,
include all steps leading up to the occurrence of the problem. Attach additional pages as necessary.
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http://support.zilog.com/support/custom_login.asp
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