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Architectural Overview

Zilog's eZ80F91 device is a membErZilog's family of eZ80Acclaim® Flash micro-
controllers. The eZ80F91 is a high-speednatontroller with a maximum clock speed
of 50 MHz and single-cycle irtsiction fetch. It operates in Z@Gcompatible address-
ing mode (64 KB) or full 24-bit addressing madé MB). The rich peripheral set of the
eZ80F91 makes it suitable for a variety oplgations, including industrial control,
embedded communication, and point-of-sale terminals.

Features
Key features of eZ80F91 device include:

* Single-cycle instruction fetcimigh-performancepipelined ez88 CPU core
(referred a§'he CPUin this document)

® 10/100 BaseT ethernet media access controller with Media-Independent
Interface (MII)

® 256 KB Flash memory
® 16 KB SRAM (8 KB user and 8 KB Ethernet)

®* Low-power features including SLEEP mod#ALT mode, and selective peripheral
power-down control

®* Two Universal Asynchronous Receiver/Traniger (UART) with independent Baud
Rate Generators (BRG)

® Serial Peripheral Interface (SPI)twvindependent clock rate generator
* 12C with independent otk rate generator
* IrDA-compliant infrared encoder/decoder

® Glueless external peripheral interfacithwt Chip Selects, individual Wait State
generators, an external WAIMput pin—supports Z804ntel-, and Motorola-style
buses

® Fixed-priority vectored interrupts (both imt&l and external) and interrupt controller

* Real-time clock with separate) pin for battery backup and selectable on-chip
32 kHz oscillator or external 50/60 Hz input

® Four 16-bit Counter/Timers with preers and direct input/output drive
®* Watchdog Timer with internaiscillator clocking option

® 32 bits of General-Purpose Input/Output (GPIO)

® On-Chip Instrumentation (OCI™gnd Zilog Debug Interfaces (ZDI)

PS019215-0910 Architectural Overview
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* |EEE 1149.1-compatible JTAG
® 144-pin LQFP and BGA packages
® 3.0Vto 3.6 Vsupply voltage with 5 V tolerant inputs

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

} Note: All signals with an overlinare active Low. For example, the sigiaCD1 is active when
it is a logical O (Low) state.

The power connections conventiaarge provided in the table below.

Connection Circuit Device
Power Vee Vbbb
Ground GND Vsg

Block Diagram

Figure 1lon page 3 displays a block diagram of the eZ80F91 microcontroller.
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Figure 1. eZ80F91 Block Diagram
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Table 1lists the pin configuration of the 88F91 device in the 144-BGA package.

Table 1. eZ80F91 144-BGA Pin Configuration

12 11 10 9 8 7 6 5 4 3 2 1
SDA SCL PAO PA4 PA7 COL TxDO Vpp Rx_DV MDC WPn A0
B Vss PHI PAL PA3  Vpp TxXD3  Tx EN Vgs RxD1 MDIO A2 Al
PB6 PB7 Vpp PA5 Vg TxD2 Tx CLK Rx_ RxD3 A3 Vss Vpp
CLK
D PB1 PB3 PB5 Vgg CRS TxD1 Rx_ER RxD2 A4 A8 A6 A7
E PC7 Vpp PBO PB4 PA2  Tx ER RxDO A5  All Vgs Vpp AlO
F PC3 PC4 PCH5 Vgg PB2 PAG6 A9 Al7 Al5 Al4 Al13 Al2
G Vgs PCO PClL PC2 PC6 PLL_ Vss  A23  A20 Ves Vpp Al6
Vss
H Xour XN PLL_ Vpp  PD7 ™S Vss D5 Vgs A2l Al9 Al8
Vbp
J Vss Vpp LOOP PD4 TRIGOUT RTC_.  NMin  WRn D2 CSOn Vpp A22
FILT Voo
ouT
K PD5 PD6 PD3 TDI Vs Vpp RESETn RDn Vpp D1 CS2n CSln
L PD1 PD2 TRSTn TCK RTC_ BUSACKn WAITn MREQn D6 D4 DO CS3n
XOuT
M PDO Vss TDO HALT RTC_ BUSREQN INSTRDn IORQn D7 D3 Vss Vpp
B XIN
SLPn

Note: Lowercase n suffix indicates an active-low signal in this table only

PS019215-0910
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Figure 2displays the pin layout of the eZ80F91 device in the 144-pin LQFP package.
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Figure 2. 144-Pin LQFP Configuration of the eZ80F91
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Pin Characteristics

Table 2lists the pins and functions of the eZ80F91 MCU'’s 144-pin LQFP package and
144-BGA package.

Table 2. Pin Identification on the eZ80F91 Device

LQFP BGA

Pin No PinNo Symbol Function Signal Direction Description

1 Al ADDRO Address Bus  Bidirectional Configured as an output in normal

2 B1 ADDR1 Address Bus  Bidirectional oper{:\tlon. The address bus selects a
location in memory or I/O space to be

3 B2 ADDR2 Address Bus  Bidirectional read or written. Configured as an input

o during bus acknowledge cycles.

4 C3 ADDR3 Address Bus  Bidirectional Drives the Chip Select/Wait State

5 D4 ADDR4 Address Bus  Bidirectional Generator block to generate Chip
Selects.

6 C1 Vpp Power Supply Power Supply.

7 c2 Vsg Ground Ground.

8 E5 ADDR5 Address Bus  Bidirectional Configured as an output in normal

9 D2 ADDRG6 Address Bus  Bidirectional oper{:\tlon. The address bus selects a
location in memory or I/O space to be

10 D1 ADDR7 Address Bus  Bidirectional read or written. Configured as an input

o during bus acknowledge cycles.

11 D3 ADDRS8 Address Bus  Bidirectional Drives the Chip Select/Wait State

12 F6 ADDR9 Address Bus  Bidirectional Generator block to generate Chip

13 El ADDR10  Address Bus Bidirectional Selects.

14 E2 Vbp Power Supply Power Supply.

15 E3 Vgg Ground Ground.

16 E4 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.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol

Function

Signal Direction Description

17 F1 ADDR12 Address Bus  Bidirectional Configured as an output in normal
18 F2 ADDR13  Address Bus Bidirectional operation. The address bus selects a
location in memory or I/O space to be
19 F3 ADDR14 Address Bus  Bidirectional read or written. Configured as an input
T during bus acknowledge cycles.
20 F4 ADDR15 Address Bus  Bidirectional Drives the Chip Select/Wait State
21 G1 ADDR16 Address Bus  Bidirectional Generator block to generate Chip
Selects.
22 G2 Vpp Power Supply Power Supply.
23 G3 Vgg Ground Ground.
24 F5 ADDR17 Address Bus  Bidirectional Configured as an output in normal
25  H1 ADDR18  AddressBus Bidirectional operation. The address bus selects a
location in memory or I/O space to be
26 H2 ADDR19 Address Bus  Bidirectional read or written. Configured as an input
T during bus acknowledge cycles.
27 G4 ADDR20 Address Bus  Bidirectional Drives the Chip Select/Wait State
28 H3 ADDR21 Address Bus  Bidirectional Generator block to generate Chip
29 J1 ADDR22  Address Bus Bidirectional Selects.
30 G5 ADDR23 Address Bus  Bidirectional
31 J2 Vpop Power Supply Power Supply.
32 H4 Vgs Ground Ground.
33 J3 CS0 Chip Select 0  Output, Active CSO0 Low indicates that an access is
Low occurring in the defined CSO memory
or I/O address space.
34 K1 Cs1 Chip Select1  Output, Active CS1 Low indicates that an access is
Low occurring in the defined CS1 memory
or I/O address space.
35 K2 CS2 Chip Select 2  Output, Active CS2 Low indicates that an access is
Low occurring in the defined CS2 memory
or I/O address space.
36 L1 CS3 Chip Select 3  Output, Active CS3 Low indicates that an access is
Low occurring in the defined CS3 memory
or I/O address space.
37 M1 Vpp Power Supply Power Supply.
38 M2 Vgs Ground Ground.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol Function Signal Direction Description

39 L2 DATAO Data Bus Bidirectional The data bus transfers data to and

T from I/O and memory devices. The

40 K3 DATA1 Data Bus Bidirectional eZBOF91 drives these lines only

41 J4 DATA2 Data Bus Bidirectional during Write cycles when the

42 M3  DATA3  DataBus Bidirectional  200r 91 i the bus master.

43 L3 DATA4 Data Bus Bidirectional

44 H5 DATAS5 Data Bus Bidirectional

45 L4 DATAG6 Data Bus Bidirectional

46 M4 DATA7 Data Bus Bidirectional

a7 K4 Vpp Power Supply Power Supply.

48 G6 Vgs Ground Ground.

49 M5 IORQ Input/Output  Bidirectional, IORQ indicates that the CPUis

Request Active Low accessing a location in 1/0 space. RD

and WR indicate the type of access.
The eZ80F91 device does not drive
this line during RESET. It is an input
during bus acknowledge cycles.

50 L5 WEQ Memory Bidirectional, WEQ Low indicates that the CPU is

Request Active Low accessing a location in memory. The

RD, WR, and INSTRD signals indicate
the type of access. The eZ80F91
device does not drive this line during
RESET. It is an input during bus
acknowledge cycles.

51 K5 RD Read Output, RD Low indicates that the eZ80F91

Active Low device is reading from the current

address location. This pin is in a high-
impedance state during bus
acknowledge cycles.

52 J5 WR Write Output, Active WR indicates that the CPU is writing

Low

to the current address location. This
pin is in a high-impedance state
during bus acknowledge cycles.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
53 M6 INSTRD Instruction Output, Active INSTRD (with MREQ and ﬁ)
Read Indicator Low indicates the eZ80F91 device is
fetching an instruction from memory.
This pin is in a high-impedance state
during bus acknowledge cycles.
54 L6 WAIT WAIT Request Schmitt-trigger Driving the WAIT pin Low forces the
input, Active Low CPU to wait additional clock cycles for
an external peripheral or external
memory to complete its Read or Write
operation.
55 K6 RESET Reset Bidirectional, This signal is used to initialize the
Active Low eZ80F91, and/or allow the ez80F91 to
Schmitt-trigger  signal when it resets. See reset
input or open section for the timing details. This
drain output Schmitt-trigger input allows for RC rise
times.
56 J6 NMI Nonmaskable Schmitt-trigger  The NMI input is a higher priority input
Interrupt input, Active Low, than the maskable interrupts. It is
edge-triggered always recognized at the end of an
interrupt instruction, regardless of the state of
the interrupt enable control bits. This
input includes a Schmitt- trigger to
allow for RC rise times.
57 M7 BUSREQ Bus Request Schmitt-trigger  External devices request the eZ80F91
input, Active Low device to release the memory
interface bus for their use by driving
this pin Low.
58 L7 BUSACK Bus Output, Active The eZ80F91 device responds to a
Acknowledge Low Low on BUSREQ making the address,
data, and control signals high
impedance, and by driving the
BUSACK line Low. During bus
acknowledge cycles ADDR[23:0],
IORQ, and MREQ are inputs.
59 K7 Vpp Power Supply Power Supply.
60 H6 Vgg Ground Ground.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
61 M8 RTC_Xn Real-Time Input This pin is the input to the low-power
Clock Crystal 32 kHz crystal oscillator for the Real-
Input time clock. If the Real-time clock is
disabled or not used, this input must
be left floating or tied to VSS to
minimize any input current leakage.
62 L8 RTC_Xout Real-Time Bidirectional This pin is the output from the low-
Clock Crystal power 32 kHz crystal oscillator for the
Output Real-Time Clock. This pin is an input
when the RTC is configured to
operate from 50/60 Hz input clock
signals and the 32 kHz crystal
oscillator is disabled.
63 J7 RTC_Vpp Real-Time Power supply for the Real-Time Clock
Clock Power and associated 32 kHz oscillator.
Supply Isolated from the power supply to the
remainder of the chip. A battery is
connected to this pin to supply
constant power to the Real-Time
Clock and 32 kHz oscillator. If the
Real-time clock is disabled or not
used this output must be tied to Vdd.
64 K8 Vss Ground Ground.
65 M9 HALT_SLP HALT and Output, Active A Low on this pin indicates that the
SLEEP Low CPU has entered either HALT or
Indicator SLEEP mode because of execution of
either a HALT or SLP instruction.
66 H7 T™MS JTAG Test Input JTAG Mode Select Input.
Mode Select
67 L9 TCK JTAG Test Input JTAG and ZDI clock input.
Clock
68 J8 TRIGOUT  JTAG Test Output Active High trigger event indicator.
Trigger Output
69 K9 TDI JTAG Test Bidirectional JTAG data input pin. Functions as ZDI
Data In data I/0O pin when JTAG is disabled.

This pin has an internal pull-up
resistor in the pad.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol Function Signal Direction Description

70 M10 TDO JTAG Test Output JTAG data output pin.

Data Out

71 L10 TRST JTAG Reset  Schmitt-trigger ~ JTAG reset input pin.

input, Active Low

72 M1l Vgg Ground Ground.

73 M12 PDO GPIO Port D  Bidirectional This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port D pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port D is multiplexed
with one UART.

TxDO UART Output This pin is used by the UART to
Transmit Data transmit asynchronous serial data.
This signal is multiplexed with PDO.
IR_TxD I[rDA Transmit Output This pin is used by the IrDA encoder/
Data decoder to transmit serial data. This
signal is multiplexed with PDO.

74 L12 PD1 GPIO Port D  Bidirectional This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port D pin,
when programmed as output is
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  Input This pin is used by the IrDA encoder/
Data decoder to receive serial data. This

signal is multiplexed with PD1.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol

Function

Signal Direction Description

75 L11 PD2

GPIO Port D

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port D pin,
when programmed as output is
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.

76 K10 PD3

GPIO Port D

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port D pin,
when programmed as output is
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.

77 J9 PD4

GPIO Port D

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port D pin,
when programmed as output is
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.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No

Symbol

Function

Signal Direction Description

78

K12

PD5

GPIO Port D Bidirectional

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

DSRO

Data Set Input, Active Low
Ready

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

79

K11

PD6

GPIO Port D Bidirectional

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

DCDO

Data Carrier  Input, Active Low
Detect

Modem status signal to the UART.
This signal is multiplexed with PD6.

80

H8

PD7

GPIO Port D Bidirectional

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

Ring Indicator Input, Active Low

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

81

J11

Power Supply

Power Supply.

82

J12

Ground

Ground.

83

J10

LOOP_FILT

PLL Loop Filter Analog

Loop Filter pin for the Analog PLL.

84

G7

PLL_Vgg

Ground

Ground for Analog PLL.

85

H12

XouT

System Clock Output
Oscillator
Output

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

Xour.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol

Function Signal Direction Description

86

H11

XN

System Clock
Oscillator Input

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 must be
connected to this pin. When a crystal
is used, it must be connected between
X|N and XOUT'

87

H10

Power Supply

Power Supply for Analog PLL.

88

H9

Power Supply

Power Supply.

89

G12

Ground

Ground.

90

G11

GPIO Port C

Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
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.

91

G10

PC1

GPIO Port C

Bidirectional with
Schmitt-trigger
input

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

RxD1

Receive Data

Schmitt-trigger
input

This pin is used by the UART to
receive asynchronous serial data.
This signal is multiplexed with PC1.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
92 G9 PC2 GPIO Port C  Bidirectional with This pin is used for GPIO. It is
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port C is multiplexed
with one UART.
RTS1 Request to Output, Active Modem control signal from UART.
Send Low This signal is multiplexed with PC2.
93 F12 PC3 GPIO Port C  Bidirectional with This pin is used for GPIO. Itis

Schmitt-trigger
input

individually programmed as input or
output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port C is multiplexed
with one UART.

CTs1

Clear to Send

Schmitt-trigger
input, Active Low

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

94 F11 PC4

GPIO Port C

Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
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 PCA4.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
95 F10 PC5 GPIO Port C  Bidirectional with This pin is used for GPIO. It is
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port C is multiplexed
with one UART.
DSR1 Data Set Schmitt-trigger Modem status signal to the UART.
Ready input, Active Low This signal is multiplexed with PC5.
96 G8 PC6 GPIO Port C  Bidirectional with This pin is used for GPIO. Itis
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port C is multiplexed
with one UART.
DCD1 Data Carrier ~ Schmitt-trigger Modem status signal to the UART.
Detect input, Active Low This signal is multiplexed with PC6.
97 E12 PC7 GPIO Port C  Bidirectional with This pin is used for GPIO. Itis
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port C pin,
when programmed as output is
selected to be an open-drain or open-
source output. Port C is multiplexed
with one UART.
RI1 Ring Indicator Schmitt-trigger ~ Modem status signal to the UART.
input, Active Low This signal is multiplexed with PC7.
98 Ell Vpp Power Supply Power Supply.
99 F9 Vgs Ground Ground.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol

Function

Signal Direction Description

100 E10 PBO

GPIO Port B

Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.

ICO Input Capture  Schmitt-trigger Input Capture A Signal to Timer 1.
input This signal is multiplexed with PBO.
ECO Event Counter Schmitt-trigger Event Counter Signal to Timer 1. This

input

signal is multiplexed with PBO.

101 D12 PB1

GPIO Port B

Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.

IC1 Input Capture  Schmitt-trigger Input Capture B Signal to Timer 1.
input This signal is multiplexed with PB1.
102 F8 PB2 GPIO Port B Bidirectional with This pin is used for GPIO. It is
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.
SS SPI Slave Schmitt-trigger ~ The slave select input line is used to
Select input, Active Low select a slave device in SPI mode.

This signal is multiplexed with PB2.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
103 D11 PB3 GPIO Port B Bidirectional with This pin is used for GPIO. It is
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.
SCK SPI Serial Bidirectional with SPI serial clock. This signal is
Clock Schmitt-trigger multiplexed with PB3.
input
104 E9 PB4 GPIO Port B Bidirectional with This pin is used for GPIO. Itis
Schmitt-trigger individually programmed as input or
input output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.
IC2 Input Capture  Schmitt-trigger Input Capture A Signal to Timer 3.

input

This signal is multiplexed with PB4.

105 D10 PB5

GPIO Port B

Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.

IC3

Input Capture

Schmitt-trigger
input

Input Capture B Signal to Timer 3.
This signal is multiplexed with PB5.

PS019215-0910
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol

Function Signal Direction Description

106

C12

PB6

GPIO Port B Bidirectional with
Schmitt-trigger
input

This pin is be used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.

MISO

SPI Master-In/ Bidirectional with
Slave-Out Schmitt-trigger
input

The MISO line is configured as an
input when the eZ80F91 device is an
SPI master device and as an output
when eZ80F91 is an SPI slave device.
This signal is multiplexed with PB6.

107

Ci1

PB7

GPIO Port B Bidirectional with
Schmitt-trigger
input

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port B pin,
when programmed as output is
selected to be an open-drain or open-
source output.

MOSI

SPIMaster Out Bidirectional with
Slave In Schmitt-trigger
input

The MOSI line is configured as an
output when the eZ80F91 device is an
SPI master device and as an input
when the eZ80F91 device is an SPI
slave device. This signal is
multiplexed with PB7.

108

B12

Ground

Ground.

109

Al12

SDA

I2C Serial Data Bidirectional

This pin carries the 1°C data signal.

110

All

SCL

I2C Serial Bidirectional
Clock

This pin is used to receive and
transmit the 12C clock.

111

B11

PHI

System Clock Output

This pin is an output driven by the
internal system clock. It is used by the
system for synchronization with the
eZ80F91 device.

112

C10

Power Supply

Power Supply.

113

D9

Ground

Ground.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No

Symbol

Function

Signal Direction Description

114 Al10

PAO

GPIO Port A

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWMO

PWM
Output 0

Output

This pin is used by Timer 3 for PWM
0. This signal is multiplexed with PAO.

oCo

Output
Compare 0

Output

This pin is used by Timer 3 for Output
Compare 0. This signal is multiplexed
with PAO.

115 B10

PA1

GPIO Port A

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM1

PWM
Output 1

Output

This pin is used by Timer 3 for PWM
1. This signal is multiplexed with PA1.

ocC1

Output
Compare 1

Output

This pin is used by Timer 3 for Output
Compare 1. This signal is multiplexed
with PAL.

116 E8

PA2

GPIO Port A

Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM2

PWM
Output 2

Output

This pin is used by Timer 3 for PWM
2. This signal is multiplexed with PA2.

0cC2

Output
Compare 2

Output

This pin is used by Timer 3 for Output
Compare 2. This signal is multiplexed
with PA2.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No

Symbol

Function

Signal Direction Description

117 B9

PA3

GPIO Port A Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM3

PWM Output 3 Output

This pin is used by Timer 3 for PWM
3. This signal is multiplexed with PA3.

0oC3

Output
Compare 3

Output

This pin is used by Timer 3 for Output
Compare 3 This signal is multiplexed
with PAS.

118 A9

PA4

GPIO Port A Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWMO

PWM Output 0 Output
Inverted

This pin is used by Timer 3 for
negative PWM 0. This signal is
multiplexed with PA4.

TOUTO

Timer Out Output

This pin is used by Timer O timer-out
signal. This signal is multiplexed with
PA4.

119 C9

PA5

GPIO Port A Bidirectional

This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM1

PWM Output 1 Output
Inverted

This pin is used by Timer 3 for
negative PWM 1. This signal is
multiplexed with PA5.

TOUT2

Timer Out Output

This pin is used by the Timer 2 timer-
out signal. This signal is multiplexed
with PA5.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA

Pin No Pin No Symbol Function Signal Direction Description

120 F7 PA6 GPIO Port A Bidirectional This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM2 PWM Output 2 Output This pin is used by Timer 3 for
Inverted negative PWM 2. This signal is
multiplexed with PAG.
EC1 Event Counter Input Event Counter Signal to Timer 2. This
signal is multiplexed with PA6.

121 A8 PA7 GPIO Port A Bidirectional This pin is used for GPIO. It is
individually programmed as input or
output and is also used individually as
an interrupt input. Each Port A pin,
when programmed as output is
selected to be an open-drain or open-
source output.

PWM3 PWM Output 3 Output This pin is used by Timer 3 for
Inverted negative PWM 3. This signal is
multiplexed with PA7.

122 B8 Vop Power Supply Power Supply.

123 C8 Vss Ground Ground.

124 D8 CRS MII Carrier Input This pin is used by the EMAC for the

Sense MII Interface to the PHY (physical
layer). Carrier Sense is an
asynchronous signal.
125 A7 COoL MII Collision Input This pin is used by the EMAC for the
Detect MII Interface to the PHY. Collision
Detect is an asynchronous signal.

126 B7 TxD3 MIl Transmit ~ Output This pin is used by the EMAC for the
Data MII Interface to the PHY. Transmit

Data is synchronous to the rising-
edge of Tx_CLK.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
127 C7 TxD2 MIl Transmit ~ Output This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Transmit Data is synchronous to the
rising-edge of Tx_CLK.
128 D7 TxD1 MIl Transmit ~ Output This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Transmit Data is synchronous to the
rising-edge of Tx_CLK.
129 A6 TxDO MIl Transmit ~ Output This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Transmit Data is synchronous to the
rising-edge of Tx_CLK.
130 B6 Tx_EN MIl Transmit ~ Output This pin is used by the Ethernet MAC
Enable for the MII Interface to the PHY.
Transmit Enable is synchronous to the
rising-edge of Tx_CLK.
131 C6 Tx_CLK MIl Transmit Input This pin is used by the Ethernet MAC
Clock for the MII Interface to the PHY.
Transmit Clock is the Nibble or
Symbol Clock provided by the MII
PHY interface.
132 E7 Tx_ER MIl Transmit ~ Output This pin is used by the Ethernet MAC
Error for the MII Interface to the PHY.
Transmit Error is synchronous to the
rising-edge of Tx_CLK.
133 A5 Vpp Power Supply Power Supply.
134 B5 Vgs Ground Ground.
135 D6 Rx_ER MIl Receive Input This pin is used by the Ethernet MAC
Error for the MII Interface to the PHY.
Receive Error is provided by the MlI
PHY interface synchronous to the
rising-edge of Rx_CLK.
136 C5 Rx_CLK MIl Receive Input This pin is used by the Ethernet MAC
Clock for the MII Interface to the PHY.

Receive Clock is the Nibble or Symbol
Clock provided by the MIl PHY
interface.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
137 A4 Rx_DV MIl Receive Input This pin is used by the Ethernet MAC
Data Valid for the MII Interface to the PHY.
Receive Data Valid is provided by the
MII PHY interface synchronous to the
rising-edge of Rx_CLK.
138 E6 RxDO MIl Receive Input This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Receive Data is provided by the Ml
PHY interface synchronous to the
rising-edge of Rx_CLK.
139 B4 RxD1 MIl Receive Input This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Receive Data is provided by the MlI
PHY interface synchronous to the
rising-edge of Rx_CLK.
140 D5 RxD2 MIl Receive Input This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Receive Data is provided by the MlI
PHY interface synchronous to the
rising-edge of Rx_CLK.
141 C4 RxD3 MIl Receive Input This pin is used by the Ethernet MAC
Data for the MII Interface to the PHY.
Receive Data is provided by the MlI
PHY interface synchronous to the
rising-edge of Rx_CLK.
142 A3 MDC Mil Output This pin is used by the Ethernet MAC
Management for the MIl Management Interface to
Data Clock the PHY. The Ethernet MAC provides

the MIl Management Data Clock to
the MIl PHY interface.
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Table 2. Pin Identification on the eZ80F91 Device (Continued)

LQFP BGA
Pin No Pin No Symbol Function Signal Direction Description
143 B3 MDIO Mil Bidirectional This pin is used by the Ethernet MAC
Management for the MIl Management Interface to
Data the PHY. The Ethernet MAC sends
and receives the MIl Management
Data to and from the MIl PHY
interface.
144 A2 WP Write Protect  Schmitt-trigger ~ The Write Protect input is used by the

input, Active Low Flash Controller to protect the Boot
Block from Write and ERASE
operations.

System Clock Source Options

PS019215-0910

The following section describesetlsystem clock source options.

System Clock— The eZ80F91 device’s internal clock, SCLK, is responsible for clocking
all internal logic. The SCLK source can beeatternal crystal oscillator, an internal PLL,
or an internal 32 kHz RTC oscillator. TBELK source is selected by PLL Control Regis-
ter 0. RESET default is provided by the ex#gmerystal oscillator. For more details on
CLK_MUX values in the PLL Control Register 0, sesble 154on page 269.

PHI—PHI is a device output driven by SCLKaths used for system synchronization to
the eZ80F91 device. PHI is used as the reference clock for all AC characteristics, see
page 344.

External Crystal Oscillator— An externally-driven oscillatooperates in two modes. In
one mode, the ) pin is driven by a oscillator from DC up to 50 MHz when thg,Xpin
is not connected. In the other mode, thg Znd X5 ;1 pins are driven by a crystal circuit.

Crystals recommended by Zil@gire defined to be a 50 MHz-3 overtone circuit or 1-10
MHz range fundamental f&LL operation. For details, s€&mn-Chip Oscillator®n page
335.

Real Time Clock— An internal 32 kHz real-time cloatrystal oscillator driven by either
the on-chip 32768 Hz crystal oscillator ds@60 Hz power-linérequency iput. While
intended for timekeeping, the RTC 32 kbBiscillator is selected as an SCLK. RTG,pV
and RTC_\4gprovides an isolated power supplyetasure RTC operation in the event of
loss of line power when a battésyprovided. For more details, $8a-Chip Oscillatorn
page 335.
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PLL Clock— The eZ80F91 internal PLL driven byternal crystals or external crystal
oscillators in the range of 1 MHz to 10 MBenerates an SCLK up to 50 MHz. For more-
details, se®hase-Locked Loopn page 265.

SCLK Source Selection Example

For additional SCLK source selection examples, ref@rystal Oscillator/Resonator
Guidelines for eZ8® and eZ80Acclainfl Devices Technical Note (TNOOIB)ailable on

www.zilog.com
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Register Map

All on-chip peripheral registers are accessetthél/O address space. All I/O operations
employ 16-bit addresses. The upper byte efat-bit address bus is undefined during all
I/0 operations (ADDR[23:16] = XX). All I/O ogrations using 16-bit addresses within the
0000h—00FFh range are routed to the on-chip peemlis. External 1/O chip selects are
not generated if the address space prograanior the 1/0 chip selects overlap the
0000h—00FFh address range.

Registers at unused addresses withirddd®h-00FFh range assigned to on-chip periph-
erals are not implementede®& access to such addressesmstunpredictable values and
Write access produces no effefdble 3lists the register map for the eZ80F91 device.

Table 3. Register Map

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No

Product ID

0000 ZDI_ID_L ez80® Product ID Low Byte Register 08 R 252
0001 ZDI_ID_H eZ80 Product ID High Byte Register 00 R 252
0002 ZDI_ID_REV €Z80 Product ID Revision Register XX R 252

Interrupt Priority

0010 INT_PO Interrupt Priority Register—Byte 0 00 R/W 61
0011 INT_P1 Interrupt Priority Register—Byte 1 00 R/W 61
0012 INT_P2 Interrupt Priority Register—Byte 2 00 R/W 61
0013 INT_P3 Interrupt Priority Register—Byte 3 00 R/W 61
0014 INT_P4 Interrupt Priority Register—Byte 4 00 R/W 61
0015 INT_P5 Interrupt Priority Register—Byte 5 00 R/W 61

Ethernet Media Access Controller

0020 EMAC_TEST EMAC Test Register 00 R/W 298
0021 EMAC_CFG1 EMAC Configuration Register 00 R/W 299
0022 EMAC_CFG2 EMAC Configuration Register 37 R/W 301
0023 EMAC_CFG3 EMAC Configuration Register OF R/W 302
0024 EMAC_CFG4 EMAC Configuration Register 00 R/W 303
0025 EMAC_STAD_O EMAC Station Address—Byte 0 00 R/W 304

PS019215-0910 Register Map



Table 3. Register Map (Continued)

eZ80F91 MCU

Product Specification

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
0026 EMAC_STAD_1 EMAC Station Address—Byte 1 00 R/W 304
0027 EMAC_STAD_2 EMAC Station Address—Byte 2 00 R/W 304
0028 EMAC_STAD_3 EMAC Station Address—Byte 3 00 R/W 304
0029 EMAC_STAD 4 EMAC Station Address—Byte 4 00 R/W 304
002A EMAC_STAD_5 EMAC Station Address—Byte 5 00 R/W 304
002B EMAC_TPTV_L EMAC Transmit Pause 00 R/W 305
Timer Value—Low Byte
002C EMAC_TPTV_H EMAC Transmit Pause 00 R/W 305
Timer Value—High Byte
002D EMAC_IPGT EMAC Inter-Packet Gap 15 R/W 306
002E EMAC_IPGR1 EMAC Non-Back-Back IPG 0oC R/W 308
002F EMAC_IPGR2 EMAC Non-Back-Back IPG 12 R/W 308
0030 EMAC_MAXF_L EMAC Maximum Frame 00 R/W 309
Length—Low Byte
0031 EMAC_MAXF_H EMAC Maximum Frame 06 R/W 310
Length—High Byte
0032 EMAC_AFR EMAC Address Filter Register 00 R/W 311
0033 EMAC _HTBL_O EMAC Hash Table—Byte 0 00 R/W 312
0034 EMAC_HTBL_1 EMAC Hash Table—Byte 1 00 R/W 312
0035 EMAC_HTBL_2 EMAC Hash Table—Byte 2 00 R/W 312
0036 EMAC _HTBL_3 EMAC Hash Table—Byte 3 00 R/W 312
0037 EMAC_HTBL 4 EMAC Hash Table—Byte 4 00 R/W 312
0038 EMAC_HTBL_5 EMAC Hash Table—Byte 5 00 R/W 312
0039 EMAC_HTBL_6 EMAC Hash Table—Byte 6 00 R/W 312
003A EMAC_HTBL_7 EMAC Hash Table—Byte 7 00 R/W 312
003B EMAC_MIIMGT EMAC MIlI Management Register 00 R/W 313
003C EMAC_CTLD_L EMAC PHY Configuration 00 R/W 314
Data—Low Byte
003D EMAC_CTLD_H EMAC PHY Configuration 00 R/W 315
Data—High Byte
003E EMAC_RGAD EMAC PHY Register Address Register 00 R/W 315
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Table 3. Register Map (Continued)

eZ80F91 MCU

Product Specification

Address Reset CPU Page

(hex) Mnemonic Name (hex) Access No

003F EMAC_FIAD EMAC PHY Unit Select Address 00 R/W 316
Register

0040 EMAC_PTMR EMAC Transmit Polling Timer Register 00 R/W 316

0041 EMAC_RST EMAC Reset Control Register 20 R/W 317

0042 EMAC TLBP L EMAC Transmit Lower Boundary 00 R/W 318
Pointer—Low Byte

0043 EMAC TLBP_H EMAC Transmit Lower Boundary 00 R/W 318
Pointer—High Byte

0044 EMAC BP_L EMAC Boundary Pointer—Low Byte 00 R/W 319

0045 EMAC_BP_H EMAC Boundary Pointer—High Byte Co R/W 319

0046 EMAC_BP_U EMAC Boundary Pointer—Upper Byte FF R/W 319

0047 EMAC_RHBP_L EMAC Receive High Boundary 00 R/W 320
Pointer—Low Byte

0048 EMAC_RHBP_H EMAC Receive High Boundary 00 R/W 321
Pointer—High Byte

0049 EMAC_RRP_L EMAC Receive Read 00 R/W 321
Pointer—Low Byte

004A EMAC_RRP_H EMAC Receive Read 00 R/W 322
Pointer—High Byte

004B EMAC_BUFSZ EMAC Buffer Size Register 00 R/W 322

004C EMAC_IEN EMAC Interrupt Enable Register 00 R/W 323

004D EMAC_ISTAT EMAC Interrupt Status Register 00 R/W 325

004E EMAC_PRSD_L EMAC PHY Read Status 00 R/W 326
Data—Low Byte

004F EMAC_PRSD_H EMAC PHY Read Status 00 R/W 327
Data—High Byte

0050 EMAC_MIISTAT EMAC MII Status Register 00 R/W 327

0051 EMAC_RWP_L EMAC Receive Write 00 R/W 328
Pointer—Low Byte

0052 EMAC_RWP_H EMAC Receive Write 00 R/W 329
Pointer—High Byte

0053 EMAC_TRP_L EMAC Transmit Read 00 R/W 329

Pointer—Low Byte

PS019215-0910
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Table 3. Register Map (Continued)

eZ8

OF91 MCU

Product Specification

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
0054 EMAC_TRP_H EMAC Transmit Read 00 R/W 330
Pointer—High Byte
0055 EMAC_BLKSLFT_L EMAC Receive Blocks Left 20 R/W 330
Register—Low Byte
0056 EMAC_BLKSLFT_H EMAC Receive Blocks Left 00 R/W 331
Register—High Byte
0057 EMAC_FDATA_L EMAC FIFO Data—Low Byte XX R/W 332
0058 EMAC_FDATA_H EMAC FIFO Data—High Byte 0X R/W 332
0059 EMAC_FFLAGS EMAC FIFO Flags Register 33 R/W 333
PLL
005C PLL_DIV_L PLL Divider Register—Low Byte 00 W 268
005D PLL_DIV_H PLL Divider Register—High Byte 00 W 269
005E PLL_CTLO PLL Control Register 0 00 R/W 269
005F PLL CTL1 PLL Control Register 1 00 R/W 271
Timers and PWM
0060 TMRO_CTL Timer 0 Control Register 00 R/W 132
0061 TMRO_IER Timer O Interrupt Enable Register 00 R/W 133
0062 TMRO_IIR Timer O Interrupt Identification Register 00 R/W 135
0063 TMRO_DR_L Timer 0 Data Register—Low Byte XX R 136
TMRO_RR_L Timer 0 Reload Register—Low Byte XX 138
0064 TMRO_DR_H Timer 0 Data Register—High Byte XX R 137
TMRO_RR_H Timer 0 Reload Register—High Byte XX 139
0065 TMR1 _CTL Timer 1 Control Register 00 R/W 132
0066 TMR1_IER Timer 1 Interrupt Enable Register 00 R/W 133
0067 TMR1_IIR Timer 1 Interrupt Identification Register 00 R/W 135
0068 TMR1 DR L Timer 1 Data Register—Low Byte XX R 136
TMR1 RR L Timer 1 Reload Register—Low Byte XX W 138
0069 TMR1_DR_H Timer 1 Data Register—High Byte XX R 137
TMR1_RR_H Timer 1 Reload Register—High Byte XX W 139
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Table 3. Register Map (Continued)

eZ80F91 MCU

Product Specification

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
006A TMR1_CAP_CTL Timer 1 Input Capture Control Register XX R/W 139
006B TMR1 _CAPA L Timer 1 Capture Value A XX R/W 140
Register—Low Byte
006C TMR1_CAPA H Timer 1 Capture Value A XX R/W 141
Register—High Byte
006D TMR1 _CAPB L Timer 1 Capture Value B XX R/W 141
Register—Low Byte
006E TMR1 _CAPB H Timer 1 Capture Value B XX R/W 142
Register—High Byte
006F TMR2_CTL Timer 2 Control Register 00 R/W 132
0070 TMR2_IER Timer 2 Interrupt Enable Register 00 R/W 133
0071 TMR2_IIR Timer 2 Interrupt Identification Register 00 R/W 135
0072 TMR2_DR_L Timer 2 Data Register—Low Byte XX R 136
TMR2_RR_L Timer 2 Reload Register—Low Byte XX 138
0073 TMR2_DR_H Timer 2 Data Register—High Byte XX R 137
TMR2_RR_H Timer 2 Reload Register—High Byte XX 139
0074 TMR3_CTL Timer 3 Control Register 00 R/W 132
0075 TMR3_IER Timer 3 Interrupt Enable Register 00 R/W 133
0076 TMR3_IIR Timer 3 Interrupt Identification Register 00 R/W 135
0077 TMR3_DR_L Timer 3 Data Register—Low Byte XX R 136
TMR3_RR_L Timer 3 Reload Register—Low Byte XX 138
0078 TMR3_DR_H Timer 3 Data Register—High Byte XX R 137
TMR3_RR_H Timer 3 Reload Register—High Byte XX 139
0079 PWM_CTL1 PWM Control Register 1 00 R/W 153
007A PWM_CTL2 PWM Control Register 2 00 R/W 154
007B PWM_CTLS3 PWM Control Register 3 00 R/W 156
TMR3_CAP_CTL Timer 3 Input Capture Control Register 00 R/W 139
007C PWMOR_L PWM 0 Rising-Edge XX R/W 157
Register—Low Byte
TMR3_CAPA L Timer 3 Capture Value A XX R/W 140

Register—Low Byte
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Table 3. Register Map (Continued)

eZ8

0F91 MCU

Product Specification

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
007D PWMOR_H PWM 0 Rising-Edge XX R/W 157
Register—High Byte
TMR3_CAPA _H Timer 3 Capture Value A XX R/W 141
Register—High Byte
007E PWM1R_L PWM 1 Rising-Edge XX R/W 157
Register—Low Byte
TMR3_CAPB L Timer 3 Capture Value B XX R/W 141
Register—Low Byte
007F PWM1R_H PWM 1 Rising-Edge XX R/W 157
Register—High Byte
TMR3_CAPB _H Timer 3 Capture Value B XX R/W 142
Register—High Byte
0080 PWM2R_L PWM 2 Rising-Edge XX R/W 157
Register—Low Byte
TMR3_OC _CTL1 Timer 3 Output Compare Control 00 R/W 132
Register 1
0081 PWM2R_H PWM 2 Rising-Edge XX R/W 157
Register—High Byte
TMR3_OC_CTL2 Timer 3 Output Compare Control 00 R/W 132
Register 2
0082 PWM3R_L PWM 3 Rising-Edge XX R/W 157
Register—Low Byte
TMR3_OCO_L Timer 3 Output Compare 0 Value XX R/W 144
Register—Low Byte
0083 PWM3R_H PWM 3 Rising-Edge XX R/W 157
Register—High Byte
TMR3_OCO_H Timer 3 Output Compare 0 Value XX R/W 145
Register—High Byte
0084 PWMOF_L PWM 0 Falling-Edge XX R/W 158
Register—Low Byte
TMR3 _OC1 L Timer 3 Output Compare 1 Value XX R/W 144

Register—Low Byte
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Table 3. Register Map (Continued)

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
0085 PWMOF_H PWM 0 Falling-Edge XX R/W 158
Register—High Byte
TMR3_OC1_H Timer 3 Output Compare 1 Value XX R/W 145
Register—High Byte
0086 PWM1F_L PWM 1 Falling-Edge XX R/W 158
Register—Low Byte
TMR3_0OC2 L Timer 3 Output Compare 2 Value XX R/W 144
Register—Low Byte
0087 PWM1F_H PWM 1 Falling-Edge XX R/W 158
Register—High Byte
TMR3_OC2_H Timer 3 Output Compare 2 Value XX R/W 145
Register—High Byte
0088 PWM2F_L PWM 2 Falling-Edge XX R/W 158
Register—Low Byte
TMR3_OC3 L Timer 3 Output Compare 3 Value XX R/W 144
Register—Low Byte
0089 PWM2F_H PWM 2 Falling-Edge XX R/W 158
Register—High Byte
TMR3_OC3 H Timer 3 Output Compare 3 Value XX R/W 145
Register—High Byte
008A PWM3F_L PWM 3 Falling-Edge XX R/W 158
Register—Low Byte
008B PWM3F_H PWM 3 Falling-Edge XX R/W 158

Register—High Byte

Watchdog Timer
0093 WDT_CTL Watchdog Timer Control Register 08/28 R/W 117
0094 WDT_RR Watchdog Timer Reset Register XX W 119

General-Purpose Input/Output Ports

0096 PA DR Port A Data Register XX R/W 55
0097 PA DDR Port A Data Direction Register FF R/W 55
0098 PA_ALT1 Port A Alternate Register 1 00 R/W 56
0099 PA_ALT2 Port A Alternate Register 2 00 R/W 56
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Table 3. Register Map (Continued)

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
009A PB_DR Port B Data Register XX R/W 55
009B PB_DDR Port B Data Direction Register FF R/W 55
009C PB_ALT1 Port B Alternate Register 1 00 R/W 56
009D PB_ALT2 Port B Alternate Register 2 00 R/W 56
009E PC DR Port C Data Register XX R/W 55
009F PC_DDR Port C Data Direction Register FF R/W 55
00AO0 PC_ALT1 Port C Alternate Register 1 00 R/W 56
00A1 PC_ALT2 Port C Alternate Register 2 00 R/W 56
00A2 PD_DR Port D Data Register XX R/W 55
00A3 PD_DDR Port D Data Direction Register FF R/W 55
00A4 PD_ALT1 Port D Alternate Register 1 00 R/W 56
00A5 PD_ALT2 Port D Alternate Register 2 00 R/W 56
00A6 PA_ALTO Port A Alternate Register 0 00 W 56
00A7 PB_ALTO Port B Alternate Register 0 00 W 56

Chip Select/Wait State Generator

00A8 CS0_LBR Chip Select 0 Lower Bound Register 00 R/W 85
00A9 CS0_UBR Chip Select 0 Upper Bound Register FF R/W 86
00AA CS0_CTL Chip Select 0 Control Register E8 R/W 87
00AB CS1 LBR Chip Select 1 Lower Bound Register 00 R/W 85
00AC CS1 UBR Chip Select 1 Upper Bound Register 00 R/W 86
00AD CS1 _CTL Chip Select 1 Control Register 00 R/W 87
00AE CS2_LBR Chip Select 2 Lower Bound Register 00 R/W 85
00AF CS2_UBR Chip Select 2 Upper Bound Register 00 R/W 86
00BO CS2_CTL Chip Select 2 Control Register 00 R/W 87
00B1 CS3_LBR Chip Select 3 Lower Bound Register 00 R/W 85
00B2 CS3_UBR Chip Select 3 Upper Bound Register 00 R/W 86
00B3 CS3_CTL Chip Select 3 Control Register 00 R/W 87

Random Access Me mory Control
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Table 3. Register Map (Continued)

eZ80F91 MCU

Product Specification

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
00B4 RAM_CTL RAM Control Register Co R/W 94
00B5 RAM_ADDR_U RAM Address Upper Byte Register FF R/W 95
00B6 MBIST_GPR General-Purpose RAM MBIST Control 00 R/W 96
00B7 MBIST_EMR Ethernet MAC RAM MBIST Control 00 R/W 96
Serial Peripheral Interface
00B8 SPI_ BRG L SPI| Baud Rate Generator 02 R/W 207
Register—Low Byte
00B9 SPI_ BRG_H SPI| Baud Rate Generator 00 R/W 207
Register—High Byte
00BA SPI_CTL SPI Control Register 04 R/W 208
00BB SPI_SR SPI Status Register 00 R 209
00BC SPI_TSR SPI Transmit Shift Register XX 210
SPI_RBR SPI Receive Buffer Register XX R 210
Infrared Encoder/Decoder
00BF IR_CTL Infrared Encoder/Decoder Control 00 R/W 199
Universal Asynchronous Rece iver/Transmitter 0 (UARTO)
00CO UARTO_RBR UART 0 Receive Buffer Register XX R 184
UARTO_THR UART 0 Transmit Holding Register XX W 184
UARTO BRG L UART 0 Baud Rate Generator 02 R/W 182
Register—Low Byte
00C1 UARTO_IER UART O Interrupt Enable Register 00 R/W 185
UARTO_BRG_H UART 0 Baud Rate Generator 00 R/W 183
Register—High Byte
00C2 UARTO_IIR UART O Interrupt Identification Register 01 R 186
UARTO_FCTL UART 0 FIFO Control Register 00 187
Universal Asynchronous Rece iver/Transmitter 0 (UARTO)
00C3 UARTO_LCTL UART 0 Line Control Register 00 R/W 188
00C4 UARTO_MCTL UART 0 Modem Control Register 00 R/W 190
00C5 UARTO_LSR UART O Line Status Register 60 R 191
00C6 UARTO_MSR UART 0 Modem Status Register XX R 193
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Table 3. Register Map (Continued)

Address Reset CPU Page

(hex) Mnemonic Name (hex) Access No

oocv UARTO_SPR UART 0 Scratch Pad Register 00 R/W 194

1°C

00C8 [2C_SAR 12C Slave Address Register 00 R/W 224

00C9 [2C_XSAR 12C Extended Slave Address Register 00 R/W 224

00CA 12C_DR 12C Data Register 00 RIW 225

0ooCB I2C_CTL 12C Control Register 00 R/W 226

General-Purpose Input/Output Ports

00CE PC_ALTO Port C Alternate Register 0 00 W 56

00CF PD_ALTO Port D Alternate Register 0 00 W 56

00CC 12C_SR 12C Status Register F8 R 227
I2C_CCR I2C Clock Control Register 00 W 229

00CD  I2C_SRR I°C Software Reset Register XX w 230

Universal Asynchronous Rece iver/Transmitter 1 (UART1)

00DO UART1 _RBR UART 1 Receive Buffer Register XX R 184
UART1 THR UART 1 Transmit Holding Register XX W 184
UART1 BRG L UART 1 Baud Rate Generator 02 R/W 182

Register—Low Byte

00D1 UARTL1_IER UART 1 Interrupt Enable Register 00 R/W 185

UART1 BRG_H UART 1 Baud Rate Generator 00 R/W 183
Register—High Byte

00D2 UARTL IIR UART 1 Interrupt Identification Register 01 R 186
UART1_FCTL UART 1 FIFO Control Register 00 w 187

00D3 UART1_LCTL UART 1 Line Control Register 00 R/W 188

Universal Asynchronous Rece iver/Transmitter 0 (UARTO)

00D4 UART1_MCTL UART 1 Modem Control Register 00 R/W 190
00D5 UART1_LSR UART 1 Line Status Register 60 R/W 191
00D6 UART1_MSR UART 1 Modem Status Register XX R/W 193
00D7 UART1_SPR UART 1 Scratch Pad Register 00 R/W 194

Low-Power Control
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Table 3. Register Map (Continued)

eZ80F91 MCU

Product Specification

Ilog|.,

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No
00DB CLK_PPD1 Clock Peripheral Power-Down 00 R/W 47
Register 1
0oDC CLK_PPD2 Clock Peripheral Power-Down 00 R/W 48
Register 2
Real-Time Clock
00EO RTC_SEC RTC Seconds Register XX R/W 161
00E1 RTC_MIN RTC Minutes Register XX R/W 162
00E2 RTC_HRS RTC Hours Register XX R/W 163
00E3 RTC_DOW RTC Day-of-the-Week Register 0X R/W 164
00OE4 RTC_DOM RTC Day-of-the-Month Register XX R/W 165
00E5 RTC_MON RTC Month Register XX R/W 166
OOE6 RTC_YR RTC Year Register XX R/W 167
0OE7 RTC_CEN RTC Century Register XX R/W 168
OOES8 RTC_ASEC RTC Alarm Seconds Register XX R/W 169
00E9 RTC_AMIN RTC Alarm Minutes Register XX R/W 170
OOEA RTC_AHRS RTC Alarm Hours Register XX R/W 171
OOEB RTC_ADOW RTC Alarm Day-of-the-Week Register (0),4 R/W 172
00OEC RTC_ACTRL RTC Alarm Control Register 00 R/W 173
0OED RTC_CTRL RTC Control Register X0xxxx00 R/W 174
x0x>l2>ix10
b4
Chip Select Bus Mode Control
00FO0 CS0_BMC Chip Select 0 Bus Mode Control 02 R/W 88
Register
00F1 CS1 BMC Chip Select 1 Bus Mode Control 02 R/W 88
Register
00F2 CS2 BMC Chip Select 2 Bus Mode Control 02 R/W 88
Register
00F3 CS3 BMC Chip Select 3 Bus Mode Control 02 R/W 88

Register
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Table 3. Register Map (Continued)

Address Reset CPU Page
(hex) Mnemonic Name (hex) Access No

Flash Memory Control

00F5 FLASH_KEY Flash Key Register 00 W 102
00F6 FLASH_DATA Flash Data Register XX R/W 103
00F7 FLASH_ADDR_U Flash Address Upper Byte Register 00 R/W 104
00F8 FLASH_CTL Flash Control Register 88 R/W 105
00F9 FLASH_FDIV Flash Frequency Divider Register 01 R/W 106
O00FA FLASH_PROT Flash Write/Erase Protection Register FF R/W 107
00FB FLASH_IRQ Flash Interrupt Control Register 00 R/W 108
00FC FLASH_PAGE Flash Page Select Register 00 R/W 109
O00OFD FLASH_ROW Flash Row Select Register 00 R/W 111
O0OFE FLASH_COL Flash Column Select Register 00 R/W 112
OOFF FLASH_PGCTL Flash Program Control Register 00 R/W 112

PS019215-0910 Register Map
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eZ80%® CPU Core

The ez8® CPU is the first 8-bit CPU to suppdi® MB linear addressing. Each software
module or task under a real-time exio® or operating system operates in 280
compatible (64 KB) mode or full 24-bit (16 MB) address mode.

The CPU instruction set is aparset of the instruction sets for the Z80 and 2180 CPUSs.
Z80 and Z180 programs ae@ecuted on an eZ80 CPU wiitile or no modification.

Features
The features of e280 CPU include:
® Code-compatible with Z80 and 2180 products
® 24-bit linear address space
® Single-cycle instruction fetch
® Pipelined fetch, decode, and execute
® Dual Stack Pointers for ADL (24ith and Z80 (16-bit) memory modes
® 24-bit CPU registers and Arithmetic Logic Unit (ALU)
®* Debug support

®* Nonmaskable Interrupt (NMIplus support for 128 maskable vectored interrupts

New Instructions
The new instructions are listed below:

® Loads/unloads the | register with a iiévalue. These new instructions are:
- LDIHL (ED C7)
— LD HL,I (ED D7)

For more information on the CPU, its ingttion set, and eZ80 programming, refer to
eZ80CPU User Manual (UM0077available orwww.zilog.com

PS019215-0910 ez80® CPU Core


http://www.zilog.com

eZ80F91 MCU
Product Specification

Ilog|,,

PS019215-0910 ez80® CPU Core



Reset

} Note:

eZ80F91 MCU
Product Specification

41

The Reset controller within the eZ80F91 devEatures a consistergset function for all
types of resets that affects thestem. A system reset, referred in this document as RESET,
returns the eZ80F91 to a defined state. Allnmaéregisters affected by a RESET return to
their default conditions. RESET configures the GPIO port pins as inputs and clears the
CPU’s Program Counter @0000h . Program code execution ceases during RESET.

The events that cause a RESET are:

®* Power-on reset (POR).

®* Low-Voltage Brownout (VBO).

* External RESEpin assertion.

®* Watchdog Timer (WDT) time-out whasonfigured to generate a RESET.
® Real-Time Clock alarm with the CPU in low-power SLEEP mode.

® Execution of a Debug RESET command.

During RESET, an internal RESET modedinnolds the system in RESET for 1025
system clock (SCLK) cycles to allow sufficietimhe for the primary crystal oscillator to
stabilize. For internal RESET sources, tHeSET mode timer begins incrementing on the
next rising edge of SCLK flmwing deactivation of the signal that is initiating the RESET
event. For external RESHJin assertion, the RESET mode tinbegins on the next rising
edge of SCLK followng assertion of the RESHIn for three consecutive SCLK cycles.

The default clock source for SClok RESET is the crystal inpu(X. See the CLK_MUX
values in the PLL Cordl Register 0, (se@able 154on page 269).

External Reset Input and Indicator

PS019215-0910

The eZ80F91 RESEfin functions as both open-drdictive Low) RESET mode indica-
tor and active Low RESEihput. When a RESET event occurs, the internal circuitry
begins driving the RESEpin Low. The RESEPin is held Low by the internal circuitry
until the internal RESET mode timer times outhi external reset signal is released prior
to the end of the 1025 coutime-out, program execution begins following the RESET
mode time-out. If the external reset signakieased after the end of the 1025 count time-
out, then program execution bagifollowing release of the RESHput (the RESEDin

is High for four consecutive SCLK cycles).

Reset
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Power-On Reset

VPOR

VVBO

Vee = 0.0V

System Clock

Internal RESET
Signal

A POR occurs every time the supply voltage to the part rises from below the Voltage
Brownout threshold (o) to above the POR voltage thresholggg). The internal
bandgap-referenced voltageeietor sends a continuou&€RET signal to the Reset con-
troller until the supply voltage @) exceeds the POR voltage threshold. AftggVises
above \bpR an on-chip analog delay element bgeflaintains the RESET signal to the
Reset controller. After this analog delay edrntimes out, the Reset controller holds the
eZ80F91 in RESET until the RESET mode tiragpires. POR operation is displayed in
Figure 3 The signals ifrigure 3are not drawn to scale but for displaying purposes only.

Oscillator
Startup

I
I
RESET mode timer delay 1

Figure 3. Power-On Reset Operation

Voltage Brownout Reset

PS019215-0910

If the supply voltage (¥c) drops below the g after program execution begins, the
eZ80F91 device resets. The VBO protectouuitry detects the low supply voltage and
initiates a RESET via the Reset controllére eZ80F91 remains in RESET until the sup-
ply voltage again returns above the POR voltage threshelg\and the Reset controller
releases the internal RESET signal. The V@®uitry rejects short negative brown-out
pulses to prevent spurious RESET events.

VBO operation is displayed irigure 4on page 43. The signals in the figure are not drawn
to scale but for illustration purposes only.

Reset
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System Clock |||||||||||

Internal RESET
Signal

Figure 4. Voltage Brownout Reset Operation
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Low-Power Modes

The eZ80F91 device provides a range of power-saving features. The highest level of
power reduction is providdoly SLEEP mode with all pgrherals disabled, including
VBO. The next level of power reduction isoprded by the HALT istruction. The most
basic level of power reduction is provideg the clock peripheral power-down registers.

SLEEP Mode

Execution of the CPU'’s SLP instruction puhe eZ80F91 device into SLEEP mode. In
SLEEP mode, the operating characteristics are:

The primary crystal oscillator is disabled.

The system clock is disabled.

The CPU is idle.

The Program Counter (PC) stops incrementing.

The 32 kHz crystal oscillator continuesdperate and drives the real-time clock and
WDT (if WDT is configured to oerate from the 32 kHz oscillator).

The CPU is brought out of SLEEP mdal¢any of the flowing operations:

A RESET via the external RESHIn driven Low.
A RESET via a real-time clock alarm.

A RESET via a WDT time-out (if running out of the 32 kHz oscillator and configured
to generate a RESET on time-out).

A RESET via execution of a Debug RESET command.
A RESET via the Low-Voltage Browno(? BO) detection circuit, if enabled.

After exiting SLEEP mode, the standard RESt€lay occurs to allow the primary crystal
oscillator to stabilize. Framore information, seEigure 4on page 43.

HALT Mode

Execution of the CPU’s HALT instruction fsuthe eZ80F91 device into HALT mode.
In HALT mode, the operating characteristics are:

PS019215-0910

The primary crystal oscillator enabled and continues to operate.
The system clock is enabled and continues to operate.
The CPU is idle.

Low-Power Modes



eZ80F91 MCU
Product Specification

46

®* The PC stops incrementing.

The CPU is brought out of HALT modwy any of the following operations:
®* A nonmaskable interrupt (NMI).

* A maskable interrupt.

* A RESET via the external RESHin driven Low.

®* A Watchdog Timer time-out (if, configurdd generate either an NMI or RESET upon
time-out).

® A RESET via execution of a Debug RESET command.

®* A RESET via the Low-Voltage Brownodetection circuit, if enabled.

To minimize current in HALT mode, the system clock must be gated-off for all unused
on-chip peripherals via the Clock Peripheral Power-Down Registers.

HALT Mode and the EMAC Function

When the CPU is in HALT mode, the eZ80F91 device's EMAC block cannot be disabled
as other peripherals can. On receipt of anfgtepacket, a maskalReceive interrupt is
generated by the EMAC block, just as it would be in a non-halt mode. Accordingly, the
processor wakes up and continuethwviie user-defined application.

Clock Peripheral Power-Down Registers

PS019215-0910

To reduce power, the Clock Peripheral PoDewn Registers allowkhe system clock to

be blocked to unused on-chip peripherals. On RESET, all peripherals are enabled. The
clock to unused peripheralssagated off by setting the apprade bit in the Clock Periph-

eral Power-Down Registers to 1. When powered down, the peripherals are completely dis-
abled. To re-enable, the bittime Clock Peripheral Power-bm Registers must be cleared

to O.

Additionally, the VBO_OFF bit of CLK_PPD?2 issed to disable éhVBO detection cir-
cuit and thereby significantly reduce DC current consumptioniigeale 234on page 341)
when this function is not required.

Many peripherals features segt@ enable/disable control bitsat must be appropriately

set for operation. These peripheral spe@fiable/disable bits duot provide the same

level of power reduction as the Clock Pegpdl Power-Down Registers. When powered
down, the individual peripherabntrol register is not accessible for Read or Write access,
(seeTable 4on page 4AndTable 50n page 48).

Low-Power Modes



eZ80F91 MCU
Product Specification

Table 4. Clock Peripheral Power-Down Register 1  (CLK_PPD1 = 00DBh)

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

Note: R/W = Read/Write.

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 1 System clock to GPIO Port A is powered down.

GPIO_A_OFF Port A alternate functions do not operate correctly.
0 System clock to GPIO Port A is powered up.

3 1 System clock to SPI is powered down.

SPI_OFF 0 System clock to SPI is powered up.

2 1 System clock to 12Cis powered down.

12C_OFF 0 System clock to 12Cis powered up.

1 1 System clock to UART1 is powered down.

UARTL_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.

PS019215-0910
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Table 5. Clock Peripheral Power-Down Register 2 (CLK_PPD2 = 00DCh)

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

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

Bit Position Value Description

7 1 PHI Clock output is disabled (output is high-impedance).

PHI_OFF 0 PHI Clock output is enabled.

6 VBO_OFF 1 Voltage Brownout detection circuit is disabled. This reduces
DC current consumption in situations where VBO detection is
not necessary. Power-On Reset functionality is not affected by
this setting.

0 VBO detection circuit is enabled.

[5:4] 000 Reserved.

3 1 System clock to TIMER3 is powered down.

TIMER3_OFF 0 System clock to TIMERS is powered up.

2 1 System clock to TIMER?2 is powered down.

TIMER2_OFF 0 System clock to TIMER2 is powered up.

1 1 System clock to TIMER1 is powered down.

TIMERL_OFF 0 System clock to TIMERL is powered up.

0 1 System clock to TIMERO is powered down.

TIMERO_OFF 0 System clock to TIMERO is powered up.

PS019215-0910
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General-Purpose Input/Output

The eZ80F91 device features 32 General-Purpose Input/Output (GPIO) pins. The GPIO
pins are assembled as four 8-bit ports—PoRéxt B, Port C, and Port D. All port signals
are configured as either inputs or outputs. lditaeh, all the port pins are used as vectored
interrupt sources for the CPU.

The eZ80F91 microcontroller's GPIO pwdre slightly different from its ez80
predecessors. Specifically, Port A pins so@aeA and sink 10 mA. In addition, the
Port B and C inputs now featuSchmitt-trigger input buffers.

GPIO Operation

GPIO operation is the same for all four GRI@ts (Ports A, B, C, and D). Each port
features eight GPIO port pins. The operating mode for each pin is controlled by four bits
that are divided between four 8-bit regist The GPIO mode control registers are:

®* Portx Data Register (Px_DR)

® Portx Data Direction Register (Px_DDR)
® Portx Alternate Register 1 (Px_ALT1)

® Portx Alternate Register 2 (Px_ALT2)

where x can be A, B, C, or D representing ahthe four GPIO pos. The mode for each
pin is controlled by setting each registergattinent to the pin to be configured. For
example, the operating mode for port B pin 7 (PB7) is set by the values contained in
PB_DR[7], PB_DDR][7], PB_ALT1[7], and PB_ALT2[7].

The combination of the GPIO caoal register bits allows ingidual configuration of each
port pin for nine modes. In all modes, reading of the ®Drta register returns the
sampled state or level of the signal on the correspondingadihe 6on page 50 lists the
function of each port signal based on thesg fegister bits. After a RESET event, all
GPIO port pins are configured as standgigital inputs with the interrupts disabled.

In addition to the four mode control registers, each port has an 8-bit register, which is used
for clearing edge triggeredterrupts. This register iséhPort x Alternate register

O(Px_ALTO) where x can be A, B, C, or D representing the four GPIO ports. When a
GPIO pin is configured as an edge triggkirgerrupt, writing 1 tahe corresponding bit of

the Px_ALTO register clears the interrupt.

PS019215-0910 General-Purpose Input/Output



eZ80F91 MCU
Product Specification

50

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
0 0 0 0  Output 0
! 0 0 0 1 Output 1
0 0 1 0  Input from pin High impedance
2 0 0 1 1 Input from pin High impedance
0 1 0 0  Open-drain output 0
3 0 1 0 1 Open-drain I/O High impedance
A 0 1 1 0  Open-source I/O High impedance
0 1 1 1 Open-source output 1
1 0 0 0 Reserved High impedance
1 0 0 1 Interrupt—dual edge-triggered High impedance
. 1 0 1 0  Alternate function controls port I/O.
1 0 1 1  Alternate function controls port I/O.
1 1 0 0 Interrupt—active Low High impedance
8 1 1 0 1  Interrupt—active High High impedance
1 1 1 0 Interrupt—falling edge-triggered High impedance
? 1 1 1 1 Interrupt—rising edge-triggered  High impedance

Figure 50n page 53 ankigure 6on page 53 display the simplified block diagrams of the
GPIO port pin for the various modes.

GPIO Mode 1—Output

The port pin is configured as a standard digitaput pin. The value written to the Part
Data register (Y DR) is driven on the pin.

GPIO Mode 2—Input

The port pin is configured as a standard digital input pin. The output is high impedance.
The value stored in the PorData register produces no effect. As in all modes, a read
from the Porix Data register returns the pin’s value. GPIO mode 2 is the default operating
mode following a RESET.

GPIO Mode 3—Open Drain

The port pin is configured as open-drain Input/Output. The GPIO pins do not feature an
internal pull-up to the supply voltage. @nploy the GPIO pim OPEN-DRAIN mode,

PS019215-0910 General-Purpose Input/Output
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an external pull-up resistor must conneet pin to the supply voltage. Writing O to the
Portx Data register outputs a Low at the pin. Writing 1 to the ¥Ddta register results in
high-impedance output.

GPIO Mode 4—Open Source

The port pin is configured as open-source T@e GPIO pins do not feature an internal
pull-down to the supply ground. To employ the GPIO pin in OPEN-SOURCE mode, an
external pull-down resistor must connea fhin to the supply ground. Writing 1 to the
Portx Data register outputs a High at the pin. Writing O to the ¥PDsta register results

in a high-impedance output.

GPIO Mode 5—Reserved
This mode produces a high-impedance output.
GPIO Mode 6—Dual Edge Triggered

The port pin is configured for dual edge-triggered interrupt mode. Both a rising and a
falling edge on this pin cause an interrupt request to be sent to the CPU. To select this
mode from the default mode (mode 2), you must:

1. SetPx_DR=1

2. SetPx_ALT2=1
3. SetPx_ALT1=0
4. Set Px_DDR=0

Writing a 1 to the Port x ALTO register lgbsition corresponding to the interrupt request
clears the interrupt.

GPIO Mode 7—Alternate Functions

The port pin is configured to pass conwekr to the alternatgsecondary) functions
assigned to the pin. For example, theraliée mode function for PC5 is the DSRput
signal to UART1 and the alternate modadtion for PB4 is the timer 3 input capture.
When GPIO mode 7 is enabled, the pin output data and pin high-impedance control is
obtained from the alternate function'sadautput and high-impedance control,
respectively. The value in the ParData register produces no effect on operation. Input
signals are sampled by thessgm clock before beingapsed to the alternate input
function.

If the alternate function of a pin is an inputiaiternate function mode for that pin is not
enabled, the input is driven éodefault non-asserted value. For example, in alternate mode
function, PC5 drives the DSRslgnal to UART1. As this signal is Low level true, the
DSR1signal to UARTL1 is driven to 1 whé?C5 is not in alternate mode function.

General-Purpose Input/Output
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GPIO Mode 8—Level Sensitive Interrupt

The port pin is configured fdevel-sensitive interrupt mode. The value in the Port x Data
register determines if a low or high-level caaiae interrupt request. An interrupt request
is generated when the level at the pin is the same as the level stored in the Port x Data
register. The port pin value is sampled byghstem clock. The input pin must be held at
the selected interrupt levidr a minimum of two systermlock periods to initiate an
interrupt. The interrupt request remains activloag as this condition is maintained at the
external source. For example, if a port igiconfigured as a low-level-sensitive interrupt,
the interrupt request will be asserted whengm has been low for two system clocks and
remains active until #npin goes high.

Configuring a pin for mode 8 requires a tigins through mode 9 (edge triggered mode).

To avoid the possibility of an unwanted imteot while transition through mode 9, the
following steps must be taken to select mode 8 when starting from the default mode (mode
2):

1. Disable interrupts

Set Px_DR = 0 (low level interrupt) or 1 (high level interrupt)
Set Px_ALT2=1

Set Px_ALT1 =1 (mode 9)

Set Px_DDR = 0 (mode 8)

Set Px_ALTO = 1 (to clear possible mode 9 interrupt)

N o o bk~ Db

Enable interrupts

GPIO Mode 9—Edge Triggered Interrupt

The port pin is configured for single edge triggered interrupt mode. The value in the Port x
Data register determines whether a positiveegative edge causes an interrupt request.
Writing O to the Pork Data register bit sets the seletfgn to generate an interrupt

request for fallingedges. Writing 1 to the PoxtData register bit sets the selected pin to
generate an interrupt requést rising edges. The interruptéquest remains active until 1

is written to the correspondingt lof the Port x Alternate register 0. To select mode 9 from
the default mode (mode 2), you must:

1. Setthe Port x Data register
2. SetPx ALT2=1

3. SetPx ALT1=1

4. Set Px_DDR=1

PS019215-0910 General-Purpose Input/Output
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Simplified GPIO Port Block Diagram for Modes 2, 6, 7(input), 8, and 9

GPIO Port Pin
Mode 2 GPIO Output Buffer
Mode 6
Mode 8 |
Moc:je : ( ) /’ ENB Px_DR*
Mode 7(Input -
Input to chip
D Q D Q —
Tristated for
modes 2,6,8,9
and 7(Input) SysClock
Alternate
Function
Input
Default Value 4D
Mode 7(Input)
Clear Interrupt Interrupt |Interrupt

—  Logic L

* Reading from the Px_DR returns Modes 6,8,9 |
the value stored in this register

Figure 5. GPIO Port Pi n Block Diagram for Input and Interrupt Modes

Simplified GPIO Port Block Diagram for Modes 1, 3, 4, and 7 (Output)

VDD
Px DR* Mode 4 External .
Data 4' ) Pull-up resistor
D Q L/ GPIO Output Buffer required for
System Clock 1 GPIO Port Mode 3
Q Pin (open drain)
Mode 3
Mode 1

External Pull-down resistor
Mode 7 (Output) required for Mode 4
(Open source)

Alternate Function Output

* Writing to the Px_DR stores
the value in this register

Figure 6. GPIO Port Pi n Block Diagram for Output and Input/Output Mode
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GPIO Interrupts

PS019215-0910

Each port pin is used as andrrupt source. Interrupts are either level- or edge-triggered.

Level-Triggered Interrupts

When the port is configurddr level-triggered interrupts (mode 8), the corresponding port
pin is open-drain. An interrupgquest is generated when thedleat the pin is the same as
the level stored in the PortData register. The port pin value is sampled by the system
clock. The input pin must be held at the selected interrupt level for a minimum of two
clock periods to initiate an interrupt. The imtgt request remains active as long as this
condition is maintained dhe external source.

For example, if PA3 is programmed for low-level interrugd #re pin is forced Low for
two clock cycles, an interrupt request sigsalenerated from that port pin and sent to the
CPU. The interrupt request signal remains active until tteymeed device driving PA3
forces the pin high. The CPU must be enaldeiéspond to interpis for the interrupt
request signal to be acted upon.

Edge Triggered Interrupts

When the port is configured for edge triggkmaterrupts, the corresponding port pin is
open-drain. If the pin receives the correa@dfom an external device, the port pin
generates an interrupt rezgt signal to the CPU.

When configured for dual-edge triggered gt mode (GPIO mode 6), both a rising and
a falling edge on the pin causeiaterrupt request to be sentttee CPU. To select mode 6
from the default mode (mode 2), you must:

1. SetPx DR=1
2. SetPx_ALT2=1
3. SetPx_ALT1=0
4. SetPx DDR=0

When configured for singledge triggered interrupt mod&P10 mode 9), the value in
the Porix Data register determines whether aifpas or negative edgeauses an interrupt
request. 0 in the Port x Data register bis $be selected pin to generate an interrupt
request for falling edges. 1 in the Port x Data registegdis the selected pin to generate
an interrupt request for rising edges.sibect mode 9 from the default mode (mode 2),
you must:

1. SetPx DR=1
2. SetPx ALT2=1
3. SetPx ALT=1
4. SetPx_DDR =1

General-Purpose Input/Output
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Edge triggered interrupts areealed by writing 1 to the cogponding bit of the Px_ALTO
register. For example, if PD4 has been set up to generate an edge triggered interrupt, the
interrupt is cleared by writing a 1 to Px_ALTO[4].

GPIO Control Registers

Each GPIO port has four registers that cdatits operation. The operating mode of each
bit within a port is selected by writing to therresponding bits of these four registers as
listed inTable 6on page 50. These four registers ard Pata register (Px_DR), Port Data
Direction register (Px_DDRRort Alternate register 1 ¥2 ALT1), and Port Alternate
register 2 (Px_ALT2). In addition to thesaifacontrol registers, each port has a Port
Alternate register 0 (Px_ALTO0), which ised for clearing edge triggered interrupts.

Port x Data Registers

When the port pins a@nfigured for one of the outputodes, the data written to the

Port x Data registers (s@able 7 is driven on the corresponding pins. In all modes,
reading from the Port x Data registers alwestsirns the sampled current value of the
corresponding pins. When the port pins are configured for edge triggered interrupts or
level-sensitive interrupts, ¢éhvalue written to the PoxtData register bit selects the

interrupt edge or interrupt level (for meodetails on GPIO mode selection, $able 6on
page 50).

Table 7. Port x Data Registers
(PA_DR = 0096h, 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 | RW | RW | RW | RIW | RIW

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

Port x Data Direction Registers

In conjunction with the other GPIO Control rewirs, the Port x Data Direction registers

(seeTable § control the operating modes of the GRI@1 pins. For more details on GPIO
mode selection, séi@able 6on page 50.

Table 8. Port x Data Direction Registers
(PA_DDR = 0097h, 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 | RW | RIW | RIW

Note: R/W = Read/Write.
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Port x Alternate Register 0

The Port x Alternate register 0 is usectkear edge triggeredterrupts. If an edge
triggered interrupt occurs, witg 1 to the corresponj bit of this register will clear it.

Table 9. Port x Alternate Registers 0
(PA_ALTO = 00A6h, PB_ALTO = 00A7h, PC_ALTO = 00CEh, PD_ALTO = 00CFh)

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

Port x Alternate Register 1

In conjunction with the other GPIO Control registers, the Réiternate Register 1 (see

Table 10 controls the operating modes of the GRI®t pins. For more details on GPIO
mode selection, sé@able 6on page 50.

Table 10. Port x Alternate Registers 1
(PA_ALT1 = 0098h, 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 | RW | RIW | RIW

Note: R/W = Read/Write.

Port x Alternate Register 2

In conjunction with the other GPIO Control registers, the Réiternate Register 2 (see

Table 1) controls the operating moslef the GPIO port ping:or more details on GPIO
mode selection, s€able 6on page 50.

Table 11. Port x Alternate Registers 2
(PA_ALT2 = 0099h, PB_ALT2 = 009Dh, PC_ALT2 = 00Alh, 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 | RW | RIW | RIW

Note: R/W = Read/Write.

PS019215-0910
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Interrupt Controller

The interrupt controller on the eZ80F91 drvroutes the interrupt request signals from
the internal peripherals, external devices timinternal port I/Q)and the nonmaskable
interrupt (NMI) pin to the CPU.

Maskable Interrupts

On the eZ80F91 device, all madite interrupts use the CPU’s vectored interrupt function.
The size of | register is modified to 16 bitsthe eZ80F91 device differing from the previ-
ous versions of eZ&CPU, to allow for a 16 MB range of interrupt vector table place-
ment. Additionally, the size of the IVECT reggsiis increased from 8 bits to 9 bits to
provide an interrupt vector table that is exg@@ad and more easily integrated with other
interrupts.

The vectors are 4 bytes (32 bits) apart, dhengh only 3 bytes (24 bits) are required.
A fourth byte is implemented for bogfrogrammability and expansion purposes.

Starting the interrupt vectors 4@h allows for easy implementation of the interrupt con-
troller vectors with the RST vectorEable 12lists the interrupt veot sources by priority
for each of the maskable interrupt sourddse maskable interrupt sources are listed in
order of their priority, with vecto#0h being the highest-prioritinterrupt. In ADL mode,
the full 24-bit interrupt vector is locatedstarting address {I[15:1], IVECT[8:0]}, where
I[15:0] is the CPU'’s Interrupt Page Address register.

Table 12. Interrupt Vector Sources by Priority

Priority Vector Source Priority Vector Source
0 040h EMAC Rx 24 0AOh Port B O
1 044h EMAC Tx 25 0A4h PortB 1
2 048h EMAC SYS 26 0A8h Port B 2
3 04Ch PLL 27 OACh Port B 3
4 050h Flash 28 0BOh Port B 4
5 054h Timer O 29 0B4h Port B 5
6 058h Timer 1 30 0B8h Port B 6
7 05Ch Timer 2 31 0BCh PortB 7
8 060h Timer 3 32 0COh Port C 0O
9 064h Unused* 33 0C4h PortC 1
10 068h Unused* 34 0C8h Port C 2

PS019215-0910
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Table 12. Interrupt Vector Sources by Priority (Continued)

Priority Vector Source Priority Vector Source
1 06Ch RTC 35 0CCh Port C 3
12 070h UART 0 36 0DOh PortC 4
13 074h UART 1 37 0D4h PortC5
14 078h Ke 38 0D8h PortC 6
15 07Ch SPI 39 0DCh PortC 7
16 080h Port AO 40 OEOh PortD O
17 084h Port A1l 41 OE4h PortD 1
18 088h Port A2 42 OE8h Port D 2
19 08Ch Port A 3 43 OECh PortD 3
20 090h Port A4 44 OFOh PortD 4
21 094h Port A5 45 OF4h PortD 5
22 098h Port A 6 46 OF8h PortD 6
23 09Ch Port A7 47 OFCh PortD 7

Note: *The vector addresses 064h and 068h are left unused to avoid conflict with the nonmaskable
interrupt (NMI) address 066h. The NMlI is prioritized higher than all maskable interrupts.

} Note:

PS019215-0910

The program must store the interrgptvice routine starting address in the

four-byte interrupt vector locations. For example in ADL mode, the three-byte address for
the SPI interrupt service routine is stored at {I[15:1], 07Ch}, {I[[15:1], 07Dh}, and {I[15:1],
07Eh}. In Z8® mode, the two-byte address for the SPI interrupt service routine is stored at
{MBASE[7:0], I[7:1], 07Ch} and{MBASE, I[7:1], 07Dh}. The LS is stored at the lower
address.

When one or more interrupt requests (IRQscome active, an interrupt request is

generated by the interrupt controller asaht to the CPU. The corresponding 9-bit

interrupt vector for the highestiprity interrupt is placed on &9-bit interrupt vector bus,
IVECT[8:0]. The interrupt vector bus is interto the eZ80F91 device and is therefore
externally not visible. The response time af @PU to an interrupt request is a function of

the current instruction being executed as well as the number of wait states being asserted.
The interrupt vector, {I[15:1], IVECT[8:0]} ivisible on the address bus (ADDR[23:0]),

when the interrupt service routine begins. The response of the CPU to a vectored interrupt
on the eZ80F91 device is listedliable 13on page 59. Interrupt sources are required to be
active until the Interrupt Service Routine (ISR) starts.

The lower bit of the | register is replacedhthe MSB of the IVECT from the interrupt con-
troller. As a result, the interiut vector table is required to be placed onto a 512-byte

Interrupt Controller
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boundary. Setting the LSB of the | registasdarces no effect on the interrupt vector

address.

Table 13. Vectored Interrupt Operation

Memory
Mode

ADL

Bit

MADL

Bit

Operation

780® Mode 0

0

Read the LSB of the interrupt vector placed on the internal vectored interrupt
bus, IVECT [8:0], by the interrupting peripheral.

IEF1 <0

IEF2 <0

The Starting Program Counter is effective {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, I[7:1], IVECT[8:0] }.
PC[23:0] « ({ MBASE, I[7:1], IVECTI[8:0] } ).

The interrupt service routine must end with RETI.

ADL Mode

1

Read the LSB of the interrupt vector placed on the internal vectored interrupt
bus, IVECT [8:0], 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.

The ADL mode bit remains set to 1.

The interrupt vector address is located at { [[15:1], IVECTI[8:0] }.

PC[23:0] « ({[15:1], IVECT[8:0]}).

The interrupt service routine must end with RETI.

Z80 Mode

0

PS019215-0910

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

bus, IVECT[8:0], bus by the interrupting peripheral.

* [EF1 <0

* [EF2 <0

e The Starting Progran Counter is effective {MBASE, PC[15:0]}.

e 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.

e The interrupt vector address islocated at { I[15:1], IVECT[8:0] }.

PC[23:0]« ({I[15:1], IVECT[8:0] }) .

e The interrupt service raitine must end with RETI.L

Interrupt Controller
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Table 13. Vectored Interrupt Operation (Continued)

Memory ADL MADL

Mode Bit Bit Operation

ADL Mode 1 1 Read the LSB of the interrupt vector placed on the internal vectored interrupt
bus, IVECT [8:0], by the interrupting peripheral.
* [EF1<«<-0
* [EF2<«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 {I[15:1], IVECT[8:0]}.

+ PC[23:0)« ({I[15:1], IVECT[8:0]}) .

» The interrupt service raitine must end with RETI.L

PS019215-0910

Interrupt Priority Registers

The eZ80F91 provides two interrupt priority lé&/8or the maskable interrupts. The default
priority (or Level 0) is listed iMable 14on page 61. The default priority of any maskable
interrupt increases to Level 1liggher priority than any el O interrupt) by setting the
appropriate bit in the Interruptriority registers as listed ifable 14on page 61.

Interrupt Controller



Table 14. Interrupt Priority Registers

= 0013h, INT_P4 = 0014h, INT_P5 = 0015h)

eZ80F91 MCU

Product Specification

(INT_PO = 0010h, INT_P1 = 0011h, INT_P2 = 0012h, INT_P3

Bit 7 6 5 4 3 2 1 0
INT_PO Reset 0 0 0 0 0 0 0 0
INT_P1 Reset 0 0 0 0 0 o* o* 0
INT_P2 Reset 0 0 0 0 0 0
INT_P3 Reset 0 0 0 0 0 0
INT_P4 Reset 0 0 0 0 0 0
INT_P5 Reset 0 0 0 0 0 0
CPU Access RW | RW | RW | RIW | RIW | RIW | RIW | RIW

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

Egsition Value Description

7 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
6 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
5 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
4 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
3 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
2 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
1 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority
0 0 Default Interrupt Priority
INT_PX 1 Level One Interrupt Priority

PS019215-0910
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The Interrupt Vector Priority Control bits are listedlable 15

Table 15. Interrupt Vector Priority Control Bits

Priority Control Priority Control
Bit Vector Source Bit Vector Source
INT_PO[O0] 040h EMAC Rx INT_P3[0] 0AOh Port B 0
INT_PO[1] 044h EMAC Tx INT_P3[1] 0A4h PortB 1
INT_PO[2] 048h EMAC SYS INT_P3[2] 0A8h PortB 2
INT_PO[3] 04Ch PLL INT_P3[3] 0ACh PortB 3
INT_PO[4] 050h Flash INT_P3[4] 0BOh PortB 4
INT_PO[5] 054h Timer 0 INT_P3[5] 0B4h Port B 5
INT_PO[6] 058h Timer 1 INT_P3[6] 0B8h PortB 6
INT_PO[7] 05Ch Timer 2 INT_P3[7] 0BCh PortB 7
INT_P1[0] 060h Timer 3 INT_P4[0] 0COh PortC 0
INT_P1[1] 064h Unused* INT_P4[1] 0C4h PortC 1
INT_P1[2] 068h Unused* INT_P4[2] 0C8h Port C 2
INT_P1[3] 06Ch RTC INT_P4[3] 0CCh Port C 3
INT_P1[4] 070h UART 0 INT_P4[4] 0DOh PortC 4
INT_P1[5] 074h UART 1 INT_PA4[5] 0D4h PortC5
INT_P1[6] 078h 1°c INT_PA4[6] 0D8h PortC 6
INT_P1[7] 07Ch SPI INT_P4[7] 0DCh PortC 7
INT_P2[0] 080h Port AO INT_P5[0] OEOh PortD O
INT_P2[1] 084h Port A1l INT_P5[1] OE4h PortD 1
INT_P2[2] 088h Port A 2 INT_P5[2] OE8h Port D 2
INT_P2[3] 08Ch Port A 3 INT_P5[3] OECh PortD 3
INT_P2[4] 090h Port A 4 INT_P5[4] OFOh PortD 4
INT_P2[5] 094h Port A5 INT_P5[5] OF4h PortD 5
INT_P2[6] 098h Port A6 INT_P5[6] OF8h PortD 6
INT_P2[7] 09Ch Port A7 INT_P5[7] OFCh PortD 7

Note: *The vector addresses 064h and 068h are left unused to avoid conflict with the NMI vector address 066h .

If more than one maskable inteptus prioritized to a higher level (Level 1), the higher-
priority interrupts follow the pority order as listed ifable 14on page 61. For example,
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Table 16lists the maskable interrupag4h (EMAC Tx), 084h (Port A 1), and6Ch
(RTC) as elevated to priority Level Table 17lists the new interruptriority for the top
ten maskable interrupts.

Table 16. Example: Maskable Interrupt Priority

Priority

Register Setting  Description

INT_PO 02h Increase 044h (EMAC Tx) to Priority Level 1
INT_P1 08h Increase 06Ch (RTC) to Priority Level 1
INT_P2 02h Increase 084h (Port Al) to Priority Level 1
INT_P3 00h Default priority

INT_P4 00h Default priority

INT_P5 00h Default priority

Table 17. Example: Priority Levels for Maskable Interrupts

Priority ~ Vector Source

0 044h EMAC Tx
1 06Ch RTC

2 084h Port A1l
3 040h EMAC Rx
4 048h EMAC SYS
5 04Ch PLL

6 050h Flash

7 054h Timer O

8 058h Timer 1

9 05Ch Timer 2

PS019215-0910
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GPIO Port Interrupts

All interrupts are latched. Infefct, an interrupt is held evéiithe interrupt occurs while
another interrupt is being serviced and inteiswgpe disabled, or if the interrupt is of a
lower priority. However, beforthe latched ISR completes i&sk or re-enables interrupts,
the ISR must clear the interruitor on-chip peripherals, thaterrupt is cleared when the
data register is accessed. For GPIO-levetinfs, the interrupt signal must be removed
before the ISR completes its taslor GP10O-edge interrupts (giie and dual), the interrupt
is cleared by writing a 1 to the corresponduiigposition in the Px_ALTO register. See
Edge Triggered Interrupten page 54.

} Note: For F91 devices with a ZDI or JTAG revision less than 2, care must be taken using a GPIO
data register when it is configured fortémrupts. For edge-inteupt modes (modes 6 and
9) as discussed earlier, writing 1 clears theemupt. However, 1 in the data register also
conveys a particular configuration. For examphden the data register Px_DR is set first
followed by the Px_ALT2, Px_ALT1, and Px_DDR registers, then the configuration is per-
formed correctly. Writing 1 to the register laterclear interrupts des not change the con-
figuration. For F91 devices with a ZDI or AG revision 2 or later, the clearing of
interrupts is accomplished through the new RKTO registers and the above problem does
not exist.

In mode 9 operation, if the GPIO is alreachynfigured for mode &nd if the trigger edge

must be changed (from falling to risingfoom rising to falling), then the configuration

must be changed to another mode, such as Mode 2, and then changed back to mode 9. For
example, enter mode 2 by writithe registers in the sequanPxDR, Px_ALT2, Px_ALT1,

and Px_DDR. Next, change back to mode @iiyng the registers in the sequence PxDR,
Px_ALT2, Px_ALT1, and Px_DDR.

In Mode 8 operation, if the GPIO is configafrfor level-sensitive terrupts, a Write value

to Px_DR after configuration must be teme Write value used when configuring the
GPIO.
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Chip Selects and Wait States

The eZ80F91 generates four chip selects for external devices. Each chip select is pro-
grammed to access either the memory spacesdf@hspace. The memory chip selects are
individually programmed on a 64 KB boundary. Each 1/O chip selects choose a 256-byte
section of 1/0 space. In additipeach chip select is programmed for up to 7 Wait states.

Memory and I/0O Chip Selects

Each of the chip selects are enabled eithethi® memory address space or the 1/O address
space, but not both. To select the memoress space for a particular chip select,
CSX_IO (CX_CTL[4]) must be reset to 0. To seléee 1/0 address space for a particular
chip select, CSX_10 must be set to 1. Aft&FET, the default is for all chip selects to be
configured for the memory adeks space. For either the meynaddress space or the 1/0O
address space, the individual chipestd must be enabled by setting CSX_EN
(CSX_CTL[3]) to 1.

Memory Chip Select Operation
Operation of each of the memory chip selsatontrolled by three control registers. To
enable a particular memory chip selelg following caditions must be satisfied:
®* The chip select is enabled by setting CSx_EN to 1.
® The chip select is configuredrfmemory by clearing CSX_IO to 0.
®* The address is in the associated chip select range:
CSX_LBR([7:0] < ADDR[23:16] < CSX_UBR([7:0].

® On-chip Flash is not configured for the saauklress space, because on-chip Flash is
prioritized higher than all memory chip selects.

®* On-chip RAM is not configured for the saraddress space, because on-chip RAM is
prioritized higher than Flasiind all memory chip selects.

® No higher priority (lower number) ghselect meets ¢habove conditions.
®* A memory access instruction must be executing.

If all the preceding conditions are satisfied togmte a memory chip select, then the fol-
lowing results occur:

®* The appropriate chip select—CSDS1, CS2 or CS3is asserted (driven Low).
* MREQis asserted (driven Low).
* Depending on the 8truction either Rbr WRis asserted (driven Low).

PS019215-0910 Chip Selects and Wait States
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If the upper and lower boundse set to the same value {CHBR = CX_LBR), then a
particular chip select is valid for a single 64 KB page.

Memory Chip Select Priority

A lower-numbered chip seleist granted priority over a gher-numbered chip select. For
example, if the address spacebip select 0 overlaps the cliplect 1 address space, then
chip select 0 is active. If the address range arogned for any chip select signal overlaps
with the address of internalemory, the internal memory @&corded higher priority. If

the particular chip select(s) are configured with an address range that overlaps with an
internal memory address and when the intemmainory is accessed, the chip select signal
is not asserted.

Reset States

On RESET, chip select 0 is active for all addresses, becauseviégs Bound register
resets t@oh and its Upper Bound register reset&fd. All the other chip select Lower
and Upper Bound registers rese0@h .

Memory Chip Select Example

The use of Memory chip selects is displaye#igure 7on page 67. The associated con-
trol register values are listed Tiable 18on page 67. In this example, all four chip selects
are enabled and configured for memory adskes. Also, CS1 overlaps with CS0. Because
CSO0 is prioritized higher than CS1, CShi active for much of its defined address
space.

Chip Selects and Wait States



CS3_UBR = FFh

CS3_LBR = DOh

CS3 Active
3 MB Address Space

CS2_UBR = CFh

CS2_LBR = AOh

CS2 Active
3 MB Address Space

CS1_UBR = 9Fh

CS1 Active
2 MB Address Space

CS0_UBR = 7Fh

CSO0_LBR =CS1_LBR =00h

CSO0 Active
8 MB Address Space

eZ80F91 MCU
Product Specification

Memory
Location

FFFFFFh

D00000h
CFFFFFh

A00000h
9FFFFFh

800000h
7FFFFFh

000000h

Figure 7. Example: Memory Chip Select

Table 18. Example: Register Values for Figure 7 Memory Chip Select

Chip CSx_CTL[3] CSx_CTL[4]

Select CSx_EN CSx_I0O CSx_LBR CSx_UBR Description

CS0 1 0 00h 7Fh CSO0 is enabled as a Memory chip
select. Valid addresses range from
000000h—7FFFFFh.

Cs1 1 0 00h 9Fh CS1 is enabled as a Memory chip
select. Valid addresses range from
800000h—-9FFFFFh.

CS2 1 0 AOh CFh CS2 is enabled as a Memory chip
select. Valid addresses range from
A00000h—CFFFFFh.

CS3 1 0 DOh FFh CS3 is enabled as a Memory chip

select. Valid addresses range from
D00000h—FFFFFFh.

PS019215-0910
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Input/Output Chip Select Operation

I/O chip selects will be active only wheret@PU is performing @ instructions. Because
the 1/0 space is separate from the menspgce in the eZ80F91 device, a conflict
between I/O and memory addresses never occurs.

The eZ80F91 supports a 16-bit I/O addres® T@ chip select logic decodes the High

byte of the I/0O address, ADDR[15:8]. Because the upper byte of the address bus,
ADDR[23:16], is ignored, the 1/O devices are always accessed from memory mode (ADL
or ZSGQ). The MBASE offset valuased for setting the Z80 MEMR®Y mode page is also
always ignored.

Four 1/0 chip selects are alable with the eZ80F91 device. To generate a particular 1/0
chip select, the following eulitions must be satisfied:

®* The chip select is enabled by setting CSx_EN to 1.

® The chip select is configured for 1/0O by setting CSX_IO to 1.

® An /O chip select address match occurs—ADDR[15:8] x CBR[7:0].

® No higher-priority (lower-number) @h select meets thabove conditions.

® The I/O address is not within tloe-chip peripheral address rar@®0h—00FFh .
On-chip peripheral registers assuprrity for all addresses where:

0000h < ADDR[15:0] < 00FFh

®* An |l/O instruction must be executing.

If all of the foregoing conditions are met to geate an 1/O chip select, then the following
results occur:

®* The appropriate chip select—CSDS1, CS2 or CS3is asserted (driven Low).
®* |ORQis asserted (driven Low).

* Depending on the instruction, either RDWR s asserted (driven Low).

Wait States

PS019215-0910

For each of the chip selects, programmaigigt states are asserted to provide external
devices with additional clock cycles to coete their Read or Write operations. The
number of wait states for a particular ckgdect is controlled by the 3-bit field

CSX_WAIT (CSx_CTL[7:5]). The Wait states are independently programmed to provide O
to 7 Wait states for each chip select. The \&fates idle the CPU for the specified number
of system clock cycles.

Chip Selects and Wait States



eZ80F91 MCU
Product Specification

69

WAIT Input Signal

Similar to the programmable wait states,external peripheral drives the WARput pin
to force the CPU to provide additional clankcles to complete its Read or Write opera-
tion. Driving the WAITpin Low stalls the CPU. The CPresumes operation on the first
rising edge of the internal systartock following deassertion of the WAIGin.

A Caution: If the WAITpin is to be driven by an external device, the corresponding chip select for
the device must be programmed to provideast one wait stat®ue to input sampling
of the WAITinput pin (sed-igure §, one programmable wait state is required to allow
the external peripéral sufficient time to assert the WAIIN. It is recommended that the
corresponding chip select for the externaVvide be programmed to provide the maxi-
mum number of wait states (seven).

eZ80
D Q CPU

|—>

System Clock

Wait
Pin

Figure 8. Wait Input Sampling Block Diagram

An example of wait state opaion is illustrated irfrigure 9on page 70. In this example,
the chip select is configured to providsiagle wait state. The external peripheral
accessed drives the WARIn Low to request assertion af additional wait state. If the
WAIT pin is asserted for additional systeraad cycles, wait states are added until the
WAIT pin is deasserted (active High).
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DATA[7:0]
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CSx

MREQ

INSTRD
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| | |
€———To x ——>1<——Tyar———>
| | |

ol

X

1955

*EPP

Figure 9. Example: Wait State Read Operation

Chip Selects During Bus Request/Bus Acknowledge Cycles

When the CPU relinquishes the address bastexternal peripheral in response to an
external bus request (BUSRIE@ drives the bus acknowledge pin (BUSACKow. The
external peripheral then drives the address(and data bus). The CPU continues to gen-
erate chip select signals in response #odtidress on the bus.tEsnal devices cannot
access the internal registers of the eZ80F91.

Bus Mode Controller

PS019215-0910

The bus mode controller allovilse address and data bus timing and signal formats of the
eZ80F91 to be configured to connect with external devices compatible witR ez8t
Intel™ and Motorola microconttlers. Bus modes for each of the chip selects are config-
ured independently using tizhip Select Bus Mode Control Registers. The number of
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CPU system clock cycles per bus mode dtagdso independently programmable. For

Intel bus mode, multipleed address and data are selected in which both the lower byte of

the address and the data byse the data bus, DATA[7:0]. Each of the bus modes are
explained in the following sections.

eZ80® Bus Mode

Chip selects configured for eZ80 bus modendbmodify the bus gnals from the CPU.

The timing diagrams for externslemory and I/O Read and Write operations are shown in
the AC Characteristicen page 344. The default mode for each chip select is eZ80 mode.

Z80® Bus Mode

Chip selects configured for Z80 mode modifg eZ80 bus signals to match the Z80 micro-

processor address and data bus interface digmadt and timing. During Read operations,
the Z80 Bus mode employs threestat-T1, T2, and T3 as listed Table 19

Table 19. Z80 Bus Mode Read States

STATET1

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 on 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 (Tyya 1) 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 eZ80F91 at the rising
edge of the CPU system clock at the end of State T3.

During Write operations, Z80 Bus mode empdlyree states—T1, T2, and T3 as listed in

Table 20

Table 20. Z80 Bus Mode Write States

STATET1

The Write 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 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.
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Z80° bus mode Read and Write timing is displayefigure 10andFigure 11on page

73. The Z80 bus mode states are configured fo 15 CPU system clock cycles. In the
figures, each Z80 bus rde state is two CPU system clock cycles in duration. The figures
also display the assertion of 1 wait statg ;) by the external pgheral during each

Z80 bus mode cycle.

—
w

T1 T2 TcLk

System Clock

ADDR[23:0]

N

DATA[7:0]

—~

U

CSx

¢

MREQ
or IORQ

|
1
|
|
1
|
|
1
|
|
|
|
|
|
|
|
RD |
|
|
1
|
|
|
|
|
|
|
|
|
|
|

L IaNT s

Lt LR EEDPLE EERREE EET SR B

Figure 10. Example: Z80 Bus Mode Read Timing
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ADDR[23:0]

DATA[7:0]

CSx

N TS

X S

Y

I

MREQ
or IORQ

ok

Figure 11. Example: Z80 ® Bus Mode Write Timing

Intel Bus Mode

Chip selects configured for Intel bus madedify the CPU bus signals to duplicate a
four-state memory transfer similar to thatind on Intel-style microcontrollers. The bus
signals and eZ80F91 pins are mapped as display@dune 12on page 74. In Intel bus
mode, you select either muligxed or nonmultiplexed address and data buses. In
nonmultiplexed operation, the address dath buses are separate. In multiplexed
operation, the lower byte of the addreSBDR][7:0], also appears on the data bus,
DATA[7:0], during State T1 ofhe Intel bus mode cycle.
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Bus Mode
Controller
e€Z80 Bus Mode Intel Bus
Signals (Pins) Signal Equvalents
INSTRD — > —————— — — — — —> ALE
RD —>»t+—-———-——————— —> RD
WR —»}-—————————— —> WR
WAT -—F———————— — — ~<€—— READY
MREQ —>f ———-——-————~— —> MREQ
IORQ — > ————————— — —> IORQ
ADDR[23.0] — >} — — — — T~~~ — ADDR[23:0]
+ADDR[7:O]
Multiplexed
DATA[7:0] <—>|- — Bus - — [~<€—> DATA[7:0]
Controller

Figure 12. Intel Bus Mode Signal and Pin Mapping

Intel™ Bus Mode—Separate Address and Data Buses

During Read operations with separate addaesisdata buses, the Intel bus mode employs
four states—T1, T2, T3, and T4 as listedable 21

Table 21. 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. In 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.
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Table 21. Intel Bus Mode Read States—Separate Address and Data Buses (Continued)

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
(Twar) 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.

During Write operations with separate addass data buses, the Intel bus mode employs
four states—T1, T2, T3, and T4 as listedable 22

Table 22. 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
(Twaim) 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 till the end of T4. The bus cycle is completed at the end of T4.

Intel bus mode timings displayed for a Read operationFigure 13on page 76 and for a
Write operation irFigure 14on page 77. If the READY signal (external WADIN) is
driven Low prior to the beginning of State T3, additional wait staigg,{l) are asserted
until the READY signal is driven High. The Ihfeus mode states are configured for 2 to
15 CPU system clock cycles. In thigure 13on page 76 andigure 14on page 77, each
Intel bus mode state is 2 CPUsssm clock cycles in duratioRigure 13on page 76 and
Figure 14on page 77 also display the assertion of one Wait stgig@{¥by the selected
peripheral.
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System Clock

ADDR[23:0]

DATA[7:0]

READY

I — e

MREQ
or IORQ

Figure 13. Example: Intel Bus Mode Read Timing—Separate Address and Data Buses
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System Clock

ADDR[23:0]

DATA[7:0]

READY

MREQ
or IORQ

Figure 14. Example: Intel Bus Mode Write Timing—Separate Address and Data Buses
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Intel™ Bus Mode—Multiplexed Address and Data Bus

During Read operations with multiplexed aglel and data, the Intel™ bus mode employs
four states—T1, T2, T3, and T4 as listedable 23

Table 23. 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. In 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
(Twaim) 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.

During Write operations with multiplexed aéds and data, the Intel™ bus mode employs
four states—T1, T2, T3, and T4 as listedable 24

Table 24. Intel Bus Mode Write States—Multiplexed Address and Data Bus

STATET1 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
(TwarT) 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.

Signal timing for Intel bus modeith multiplexed address andtdas displayed for a Read
operation inFigure 150n page 79 and for a Write operatiorFigure 16on page 80. In
Figure 150n page 79 anéigure 16on page 80, each Intel bus mode state is 2 CPU system
clock cycles in duratiorigure 150n page 79 andigure 16on page 80 also display the
assertion of one wait state\ (k1) by the selected peripheral.
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DATA[7:0]

READY

I

MREQ
or IORQ

Figure 15. Example: Intel Bus Mode Read Timing—Multiplexed Address and Data Bus
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Figure 16. Example: Intel Bus Mode Write Timing—Multiplexed Address and Data Bus

Motorola Bus Mode

Chip selects configured for Motorola bus aeamodify the CPU bus signals to duplicate
an eight-state memory transfer similar to thiathe Motorola-style microcontrollers. The
bus signals (and eZ80F91 I/O pins) are mapped as displajaglire 170on page 81.
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Bus Mode
Controller
€Z80 Bus Mode Motorola Bus
Signals (Pins) Signal Equvalents
INSTRD —>»fF — === —————— —> AS
RD — >} —————=————— —> DS
WR —»}—————————— > R/W
WAIT -—fF—-————=—————— ~—— DTACK
MREQ — > ————-—————~— —> MREQ
IORQ — > ————————— — —> IORQ
ADDR[230] —>}+ - ——-—-—— — — — — —> ADDR[23:0]
DATA[7:0] >} —————— — — — — ~<—> DATA[7:0]

Figure 17. Motorola Bus Mode Signal and Pin Mapping

During Write operations, the Motorola bomde employs eight states—S0, S1, S2, S3,
S4, S5, S6, and S7 as listediable 25

Table 25. Motorola Bus Mode Read States

STATE SO The Read cycle starts in state SO. 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.

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 (Tya ) States until DTACK is
asserted. Each wait state is a full bus mode cycle.

STATE S5 During state S5, no bus signals are altered.
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Table 25. Motorola Bus Mode Read States (Continued)

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 a Write operatiarMotorola bus mode are listed Table 26

Table 26. Motorola Bus Mode Write States

STATE SO The Write cycle starts in SO. The CPU drives R/W 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 (TyaT) 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 Onentering 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.

Signal timing for Motorola bus mode is displayed for a Read operatigigume 18on
page 83 and for a Write operationFigure 19on page 84. In these two figures, each
Motorola bus mode state is 2 CPU system clock cycles in duration.
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S2

S1

SO

System Clock

ADDR[23:0]

DATA[7:0]

I
|
I

I
|
I

RIW

MREQ
or IORQ

DTACK

Figure 18. Example: Motorola Bus Mode Read Timing
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CLTLL
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Figure 19. Example: Motorola Bus Mode Write Timing

Switching Between Bus Modes

When switching bus modes between Intéd"otorola, Motorola to Intel™, ez80to
Motorola, or eZ80 to Intel™here is one extra SCLK cyrhdded to the bus access. An
extra clock cycle is not required for repeas@edess in any of tHeus modes (for example,
Intel™ to Intel™). An extralock cycle is not required fantel™ (or Motorola) to eZ80
bus mode (under normal operation). Theaxglock cycle is not shown in the timing
examples. Due to the asynchronous natutbexe bus protocols, the extra 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 select x Lower Bound registeflédee 27 defines

the lower bound of the address range for Wwitiee corresponding Memory chip select (if
enabled) is active. For I/O chip selects, ¢th# select x Lower Bound register defines the
address to which ADDR[15:8] mompared to generate an 1¢Qip select. All chip select
lower bound registers reset@oh.

Table 27. Chip Select x Lower Bound Register  (CS0_LBR = 00A8h, CS1_LBR = 00ABh,
CS2_LBR = 00AEh, CS3 _LBR = 00B1h)

Bit

CSO_LBR Reset
CS1 _LBR Reset
CS2_LBR Reset
CS3_LBR Reset
CPU Access RW | RRW | RW | RIW | RWW | RIW | RIW | R/IW
Note: R/W = Read/Write.

[elNeolNolNeNEN|
[elNeolNolNoliNe]
o|Oo|Oo|O|u
oO|Oo|OC|O| >
oO|lOo|OC|O| W
o|lo|Oo|ON
oO|Oo|O|O| Pk
o|oOo|O0|O| O

Bit
Position Value Description
[7:0] 00h—  For Memory Chip Selects (CSx_IO = 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 must be
generated.

For I/O Chip Selects (CSx_I10 = 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 must be generated.
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Chip Select x Upper Bound Register

For Memory chip selest the Chip Select Upper Bound registers, listed Tiable 28

defines the upper bound of the address rangetiach the corresponding Chip Select (if
enabled) are active. For 1/O clgplects, this register produces no effect. The reset state for
the Chip Select 0 Upper Bound registeFi when the reset stafer the other Chip

Select Upper Bound registersdigh .

Table 28. 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

(ol NN NoNN S NEN|
[clNolNoNN NiNe)]
O|O| O |u
O| O | O | b
O|Oo| O, W
(ol NN NeNN NN\
O| O | Ok
o|o|Oo|r| O

CPU Access

RW | RRW | RBW | RIW | R\WW | RIW | RIW | R/IW

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—  For Memory Chip Selects (CSx_IO = 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 must be generated.

For 1/0 Chip Selects (CSx_IO = 1)
No effect.

PS019215-0910

Chip Selects and Wait States



eZ80F91 MCU
Product Specification

87

Chip Select x Control Register

The Chip Select x Control register (Seble 29 enables the chip selects, specifies the
type of chip select, and sets the number aof states. The reset state for the Chip Select 0
Control register i€8h when the reset state for three ot@&ip Select Control registers is

00h.

Table 29. Chip Select x Control Register (CSO_CTL = 00AAh, CS1_CTL = 00ADh,
CS2_CTL = 00BOh, CS3_CTL = 00B3h)

Bit

CSO0_CTL Reset

CS1 _CTL Reset

CS2_CTL Reset

CS3 _CTL Reset

(ol NN NoRN S REN|
oO|lOo| OO
o|Oo| OO
o|Oo|OoC|O| b
oO|O| O, W

CPU Access

A OO OO N
A/ OO0 O|O|F
|/ ojo|o|o|oO

RW | RRW | RIW | RIW | R/W

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

Egsition 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 Chip select is configured as an 1/O chip select.

3 0 Chip select is disabled.

CSX_EN Chip select is enabled.

[2:0] 000 Reserved.
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Chip Select x Bus Mode Control Register

The Chip Select Bus Mode register (3able 3Q configures the chip select for eZ30
280®, Intel™, or Motorola bus modes. Changthg bus mode allows the eZ80F91 device
to interface to peripheralsabed on the Z80, Intel™, or Mwola style asynchronous bus
interfaces. When a bus mode other than eZ®bddgrammed for a particular chip select,
the CSx_WAIT setting in that Chip Bet Control Register is ignored.

Table 30. Chip Select x Bus Mode Control Register (CS 0_BMC = 00F0Oh, CS1_BMC =
00F1h, CS2_BMC = 00F2h, CS3_BMC = 00F3h)

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 | RIW | RIW R RW | RIW | RIW | R/W
Note: R/W = Read/Write; R = Read Only.
Bit
Position Value Description
[7:6] 00 €Z80bus mode
BUS_MODE 01 Z80 bus mode

10 Intel™ bus mode

11 Motorola bus mode
5 0 Separate address and data
AD_MUX Multiplexed address and data—appears on data bus

DATA[7:0]

4 0 Reserved
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Egsition Value Description

[3:0] 0000 Not valid.

BUS_CYCLE 0001 Each bus mode state is 1 ez80® clock cycle in duration.t 23
0010 Each bus mode state is 2 eZ80 clock cycles in duration.
0011 Each bus mode state is 3 €280 clock cycles in duration.
0100 Each bus mode state is 4 €280 clock cycles in duration.
0101 Each bus mode state is 5 €280 clock cycles in duration.
0110 Each bus mode state is 6 €280 clock cycles in duration.
0111 Each bus mode state is 7 €280 clock cycles in duration.
1000 Each bus mode state is 8 eZ80 clock cycles in duration.
1001 Each bus mode state is 9 eZ80 clock cycles in duration.
1010 Each bus mode state is 10 eZ80 clock cycles in duration.
1011 Each bus mode state is 11 eZ80 clock cycles in duration.
1100 Each bus mode state is 12 eZ80 clock cycles in duration.
1101 Each bus mode state is 13 eZ80 clock cycles in duration.
1110 Each bus mode state is 14 eZ80 clock cycles in duration.
1111 Each bus mode state is 15 eZ80 clock cycles in duration.

Notes

1. Setting the 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 eZ280 mode.

Bus Arbiter

The Bus Arbiter within the eZ80F91 allowsternal bus masters to gain control of the
CPU memory interface bus. Daog normal operation, the 88F91 device is the bus mas-
ter. External devices request mastse of the bus by asserting the BUSRERQ The Bus
Arbiter forces the CPU to release the busratompleting the curremstruction. When
the CPU releases the bus, the Bus Arbiter asserts the BUPAGH notify the external
device that it can master thas. When an external deviassumes control of the memory
interface bus, the bus ackmiedge cycle is completdable 31on page 90 lists the status
of the pins on the eZ80F91 degiduring bus acknowledge cycles.

During a bus acknowledge cycle, the bus irieefpins of the eZ80F91 device are used by
an external bus master to comtitte memory and I/O chip selects.

PS019215-0910
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Table 31. eZ80F91 Pin Status During Bus Acknowledge Cycles

Pin Symbol Signal Direction Description

ADDR23..ADDRO  Input Allows external bus master to utilize the chip
select logic of the eZ80F91.

CS0 Output Normal operation.

Cs1 Output Normal operation.

CSs2 Output Normal operation.

CS3 Output Normal operation.

DATA7..0 Tristate Allows external bus master to communicate
with external peripherals.

IORQ Input Allows external bus master to utilize the chip
select logic of the eZ80F91.

MREQ Input Allows external bus master to utilize the chip
select logic of the eZ80F91.

RD Tristate Allows external bus master to communicate
with external peripherals.

WR Tristate Allows external bus master to communicate
with external peripherals.

INSTRD Tristate Allows external bus master to communicate

with external peripherals.

Normal bus operation of the eZ80F91 device using ©®3®mmunicatéo an external
peripheral is displayed iRigure 20on page 91Figure 21on page 91 displays an external
bus master communicating wigim external peripheral dog bus acknowledge cycles.

Chip Selects and Wait States
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Figure 20. Memory Interface Bus Operation During CPU Bus Cycles, Normal Operation
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Figure 21. Memory Interface Bus Operation During Bus Acknowledge Cycles

During bus acknowledge cycles, the Memory H@dchip select logic isontrolled by the
external address bus and external 10&1@d MREQsignals.
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The following chip select features are not available during bus acknowledge cycles:

The chip select logic doemt insert wait states duritms acknowledge cycles regard-
less of the WAIT configuratio for the decoded chip select.

The bus mode controller does not function during bus acknowledge cycles.

Internal registers and memory addresses in the eZ80F91 device are not accessible dur-
ing bus acknowledge cycles.
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Random Access Memory

The eZ80F91 device features 8 KB (8192 bytes) of single-port data Random Access
Memory (RAM) for general-purpose useda® KB of RAM for the EMAC. RAM is
enabled or disabled, and it is relocated tottipeof any 64 KB page in memory. Data is
passed to and from RAM via the 8-bit data bus. On-chip RAM operates with zero wait
states. EMAC RAM is accessed via the bustar and executes with zero or one Wait
states.

General-purpose RAM occupies memory addresses in the RAM Address Upper Byte reg-
ister in the rangéRAM_ADDR_U[7:0], EOOOh}  to {RAM_ADDR_U][7:0], FFFFh}.

EMAC RAM occupies memory addresses in the rgrgeM_ADDR_UJ[7:0], CO00h}

to {RAM_ADDR_U[7:0], DFFFh}. Following a RESET, RAM is enabled when
RAM_ADDR_U is set ta=Fh. Figure 22displays a memory map for on-chip RAM. In

this example, RAM_ADDR_U is set ®Ah. Figure 22is not drawn to scale, as RAM
occupies only a very small fraction of the available 16 MB address space.

Memory

Location
FFFFFFh
7AFFFFh 8 KB

General-Purpose

ZAE000h RAM RAM_ADDR_U

7ADFFFh
8 KB 7Ah
EMAC SRAM

7AC000h i

000000h

Figure 22. Example: eZ80F91 On-Chip RAM Memory Addressing

When enabled, on-chip RAM assumes prioaitaer on-chip Flash memory and any mem-
ory chip selects that is also enabled in the same address space. If an address is generated in
a range that is covered by both the RAM address space and a particular memory chip
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select address space, the memory chip selectt activated. On-chip RAM is not accessi-
ble to external devices during bus acknowledge cycles.

RAM Control Registers

RAM Control Register

Internal general-purpose RAM is disableddbgaring the GPRAM_EN bit. The default on
RESET is for general-purge RAM to be enabled. Sé&able 32

Table 32. RAM Control Register (RAM_CTL=00B4h)

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

Egsition Value Description

7 0 On-chip general-purpose RAM is disabled.
GPRAM_EN 1 On-chip general-purpose RAM is enabled.
6 0 On-chip EMAC RAM is disabled.
ERAM_EN 1 On-chip EMAC RAM is enabled.

[5:0] 000000 Reserved.
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RAM Address Upper Byte Register

The RAM_ADDR_U register defines the uppmte of the address for on-chip RAM.
If enabled, RAM addresses assume priority olteClaip Selects. The external Chip Select
signals are not asserted if the corresponding RAM address is enabl@db&e83

Table 33. 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 | RIW | R\W | RIW | RIW | RIW | R/W
Note: R/W = Read/Write.

Bit
Position Value Description
[7:0] 00h— This byte defines the upper byte of the RAM address. When

RAM_ADDR_U FFh enabled, the general-purpose RAM address space ranges from
{RAM_ADDR_U, E000h} to {RAM_ADDR_U, FFFFh}. When
enabled, the EMAC RAM address space ranges from
{RAM_ADDR_U, C000h} to {RAM_ADDR_U, DFFFh}.

Random Access Memory
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MBIST Control

There are two Memory Built-In Self-Test (MBIST) controllers for the RAM blocks on the
eZB80F91. MBIST_GPR is for General{#puse RAM and MBIST_EMR is for EMAC
RAM. Writing a 1 to MBIST_ON starts the MBIST testing. Writing a 0 to MBIST_ON
stops the MBIST testing. On completiohthe MBIST testing, MBIST_ON is
automatically reset to 0. If RAM passes MBIfsting, MBIST_PASS is 1. The value in
MBIST_PASS is only valid when MBIST_DONE is High. SEsble 34

Table 34. MBIST Control Register (MBIST_GPR=00B6h, MBIST_EMR=00B7h)

Bit 7 6 5 4 3 2 1 0
Reset 0 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 MBIST Testing of the RAM is disabled.
MBIST_ON 1 MBIST Testing of the RAM is enabled.
6 0 MBIST Testing has not completed.
MBIST_DONE 1 MBIST Testing has completed.

5 0 MBIST Testing has failed.
MBIST_PASS 1 MBIST Testing has passed.

[4:0] 00000 Reserved.
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Flash Memory

The eZ80F91 device featuresi2BB (262,144 bytes) of mevolatile Flash memory with
Read/Write/Erase capability. The main Flash mgnaworay is arranged in 128 pages with
8 rows per page and 256 bytes per row. In addition to main Flash memory, there are two
separately addressable rows whicinpoise a 512-byte information page.
In eight 32 KB blocks, 256 KB of main storage is protected. Protecting a 32 KB block
prevents Write or Erase operations. The lower 32 KB bloedo0h —-07FFFh) is pro-
tected using the external Wih. This portion of memory is called the Boot block because
the CPU always starts executing code frois libcation at startup. If the application
requires external program memory, thenBloet block must at least contain a jump
instruction to move thBrogram Counter outside of the Flash memory space.

The Flash memory arraament is displayed iRigure 23

16 8
8 2 KB pages 256-byte rows
32 KB blocks per block per page
[ F
7 I ] 7
[ E 1
] ]
1 D 1
6 ! [ 6
] C !
] ]
I B [}
5 " " 5
1 A 1
] ]
4 ! 2 ! 4
] 8 ]
] ]
[ 7
3 ' H 3
1 6 1
] !
] 5 ]
2 ] 7 ! 2
] ]
[ ] 256
! 3 [ single-byte columns
1 ! ! 1 per row
] 2 ]
] - - -
1 v
0 B 0 255 | 254 1 0

Figure 23. eZ80F91 Flash Memory Arrangement

Flash Memory
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Flash Memory Overview

System Clock —>

eZ80 Core
Interface

The eZ80F91 device includes a Flash menoanytroller that automatically converts
standard CPU Read and Write cycles ®4pecific protocol required for the Flash
memory array. As such, standard memoea&and Write instructions access the Flash
memory array as if it is internal RAM. The caolter also supportBO access to the Flash
memory array, in effect presenting it as adiriectly addressable bank of 1/O registers.
These access methods are also suppaia the ZDIl and OCI™ interfaces.

In addition, eZ80Acclain® Flash Microcontrollers support a Flash Read—While—Write
methodology. In other words, the e28GPU continues to read and execute code from an
area of Flash memory when a nonconflictarga of Flash memory is being programmed.

The Flash memory controller contains a frequettigider, a Flash register interface, and a
Flash control state machine. A simplifieatk diagram of the Flash controller is
displayed inFigure 24

Clock Divider
8-bit downcounter

P

A
ADDR 2 > FADDR FD
/7 - 17, ouT 8
Dout 8, . —F— 7
7 FDy 8, | Flash
~| 256 KB
Y Y FCNTL 9, +
Flash 7 7
»| state |MaNINFOT 512 bytes
|| Machine -
Flash >
Control >
Registers > <
> CPUDqout 8, o
, »
FLASH_IRQ .

Figure 24. Flash Memory Block Diagram

Reading Flash Memory

PS019215-0910

The main Flash memory arrayrisad using both memory ati® operations. As an auxil-
iary storage area, the information page iy @ccessible via I/0O operations. In all cases,
Wait states are automatically inserted to allow for read access time.
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Memory Read

A memory Read operation uses the addressabd data bus of the eZ80F91 device to
read a single data byte from Flash memorys Read operation is similar to reads from
RAM. To perform Flash memomgads, the FLASH_CTRL regestmust be configured to
enable memory access to Flash withdppropriate number of wait states. Sable 38
on page 105.

Only the main area of Flash memory isegsible via memory reads. The information
page must be read using I/O access.

I/0 Read

A single-byte 1/0 Read operation uses I/@isters for setting the column, page, and row
address to be read. A Read of the FLASH_DATA register returns the contents of Flash
memory at the designated address. Each access to the FLASH_DATA register causes an
autoincrement of the Flashdress stored in the Flash address registers (FLASH_PAGE,
FLASH_ROW, FLASH_COL). To allow for Flash memory access time, the

FLASH_CTRL register must be configuredhvthe appropriate number of wait states.
SeeTable 38on page 105.

Programming Flash Memory

} Note:

PS019215-0910

Flash memory is programmed using standé&ddor memory Write operations that the
Flash memory controller autotizally translates to the thled timing and protocol
required for Flash memory. The more effidietultibyte (row) programming mode is only
available via 1/0 Writes.

To ensure data integrity and device reliabilityo main restrictions exist on programming
of Flash memory:

1. The cumulative programming t@since the last erase cannot exceed 31 ms for any
given row

2. The same byte cannot be programmmeate than once sae the last erase

Single-Byte 1/O Write

A single-byte 1/O Write operation uses /O r&tgrs for setting theolumn, page, and row
address to be written. The FLASH_DATA regisséores the data tee written. While the
CPU executes an I/O instruction to load thata into the FLASH_DATA register, the
Flash controller asserts the internal WAIgrsl to stall the CPU until the Flash Write
operation is complete. A single-byte Writed¢akbetween 66 ps and 85 us to complete.
Programming an entire row (256 bytes) usiimggle-byte Writes therefore takes no more
than 21.8 ms. Thiduration of time does not includecttime required by the CPU to
transfer data to the registers which fsiaction of the instructions employed and the
system clock frequency. Each accesthtoFLASH_DATA register causes an

Flash Memory



PS019215-0910

eZ80F91 MCU
Product Specification

100

autoincrement of the Flasha@ss stored in the Flash Address registers (FLASH_PAGE,
FLASH_ROW, FLASH_COL).

A typical sequence that performs a single-b§@Write is shown below. Because the
Write is self-timedstep 2of the sequence is repeated back-to-back without requiring poll-
ing or interrupts.

1. Write the FLASH_PAGE, FLASH_ROW, and FLASH_COL registers with the
address of the byte to be written.

2. Write the data value thhe FLASH_DATA register.

Multibyte I/0O Write (Row Programming)

Multibyte 1/O Write operations use the same |/O regsséesr single-byte Writes.

Multibyte 1/0O Writes allow the programming &ill row and are enabled by setting the
ROW_PGM bit of the Flash Program ContRégister. For multibyte 1/O Writes, the CPU
sets the address registers, enables row progiag, and then executes an 1/O instruction
(with repeat) to load the block of data imihe FLASH_DATA register. For each individual
byte written to the FLASH_DATA register during the block move, the Flash controller
asserts the internal WAIT signal to stilé CPU until the current byte is programmed.
Each access to the FLASH_DATA register caumeautoincrement of the Flash address
stored in the Flash Address registers (FLASH_PAGE, FLASH_ROW, FLASH_COL).

During row programming, the Flash controller continuously asserts the Flash memory’s
high voltage signal until all ligs are programmed (columrdaess < 255). As a result, the
row programs more quickly than if the high-voltage signal is toggled for each byte. The
per-byte programming time during rgwogramming is between 41 us anqiS2As such,
programming 256 bytes of a row in this madkes not more than 3ms, leaving 17.6

ms for CPU instruction overhead to fetch the 256 bytes.

A typical sequence that performsmaltibyte 1/O Write is shown below:

1. Check the FLASH_IRQ register to ensthat any previous row program is
completed.

2. Write the FLASH_PAGE, FLASH_ROW, and FLASH_COL registers with the
address of the first byte to be written.

3. Setthe ROW_PGM bit in the FLASH_PGCidgister to enable row programming
mode.

4. Write the next data value the FLASH_DATA register.
5. If the end of the row has not been reached, retustetn4

During row programming, software must niton the row time-out error bit either by

enabling this interrupt or via polling. If awatime-out occurs, the Flash controller aborts

the row programming operation, and softwamest assure that no further Writes are
performed to the row withoutfirst being erased. It is suggted that row programming is

be used one time per row and not in combination with single-byte Writes to the same row
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without first erasing it. Otherwés the burden is on softwa@ ensure that the 31 ms
maximum cumulative programming time bewwn erases is not exceeded for a row.

Memory Write

A single-byte memory Write operation uses #ddress bus and data bus of the eZ80F91
device for programming a single data bigd-lash memory. Whilehe CPU executes a
Load instruction, the Flash controller asserts the internal WAIT signal to stall the CPU
until the Write is complete. A single-byte itértakes between 66 s and 85s to
complete. Programming an entire row usingmogy Writes therefore takes no more than
21.8 ms. This duration of tin@oes not include time requirdy the CPU to transfer data
to the registers, which is a function oétmstructions employed and the system clock
frequency.

The memory Write function does not suppoultibyte row programming. Because mem-
ory Writes are self-timed, they are perfornieatk-to-back without requiring polling or
interrupts.

Erasing Flash Memory

Erasing bytes in Flash memawsturns them to a value Bfh. Both the MASS and PAGE
ERASE operations are self-timed by the Flashtroller, leaving tt CPU free to execute
other operations in parallel. The DONE st&titsn the Flash Interrupt Control Register
are polled by software or used as an intersopirce to signal completion of an Erase oper-
ation. If the CPU attempts to access Flash mgmwile an erase is in progress, the Flash
controller forces a wait state uritile Erase operation is completed.

Mass Erase

Performing a MASS ERASE operation on Flasbmory erases all bits contained in the
main Flash memory array. The infornaat page remains unaffected unless the
FLASH_PAGE register bit 7(INFO_EN) &t. This self-timed operation takes
approximately 200 ms to complete.

Page Erase

The smallest erasable unit in Flash memogypaige. The pages to be erased, whether they
are the 128 main Flash memory pages or the information page, are determined by the set-
ting of the FLASH_PAGE register. This self-timegeration takes approximately 10 ms to
complete.
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Information Page Characteristics

As noted earlier, the inforrtian page is not accessible using memory access instructions
and must be accessed via the FLASH_DATA I/@ster. The Flash Page Select Register
contains a bit which selects thdormation page for I/O access.

There are two ways to erase the informagage. You must set the FLASH_PAGE regis-
ter(OXO0FC) bit7(INFO_EN) and then youeexite either a MASS ERASE (which also
erases the entire main Flash memory aroggration or a PAGE ERASE operation.

Flash Control Registers

The Flash Control Register interface contailhishe registers used in Flash memory. The
definitions in this sectiodescribe each register.

Flash Key Register

Writing the two-byte sequence B649h in immediate successit this register unlocks

the Flash Divider and Flash Write/Erase Protection registers. If these values are not
written by consecutive CPU I/O Writes (If@ads and memory Rd/Writes have no

effect), the Flash Divider and Flash Write/Erase Protection registers remain locked. This
prevents accidental overwrites of these critical Flash control register settings. Writing a
value to either the Flash Frequency DiviBegister or the Flash Write/Erase Protection
Register automatically relocks both of the registers.Tab&e 35

Table 35. 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 W w w w w w w w

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 will unlock the Flash Frequency Divider and Flash
Write/Erase Protection registers.
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Flash Data Register

The Flash Data register stores the data values to be programmed into Flash memory via
I/O Write operations. An I/O read of theaBh Data register returns data from Flash
memory. The Flash memory address used/@iaccess is determined by the contents of
the page, row, and column registers. Eactess to the FLASH_DATA register causes an
autoincrement of the Flashdress stored in the Flash Address registers (FLASH_PAGE,
FLASH_ROW, FLASH_COL). Se@&able 36

Table 36. 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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit Position Value Description
[7:0] 00h-FFh Data value to be written to Flash memory during an 1/0 Write
FLASH_DATA operation, or the data value that is read in Flash memory,

indicated by the Flash Address registers (FLASH_PAGE,
FLASH_ROW, FLASH_COL).

Flash Memory
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Flash Address Upper Byte Register

The FLASH_ADDR_U register defines thepgr 6 bits of the Flash memory address
space. Changing the value of FLASH_ADDRallbws on-chip 256 KB Flash memory

to be mapped to any location within the M8 linear address space of the eZ80F91

device. If on-chip Flash memory is enabled, the Flash address assumes priority over any
external Chip Selects. The external C8glect signals are not asserted if the corre-
sponding Flash address is enabled. Intefftedh memory does not hold priority over
internal SRAM. Sed&able 37

Table 37. 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 | RW | RW | RW | RW | RW | R R

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

Bit Position Value Description
[7:2] 00h—FCh These bits define the upper byte of the Flash address.
FLASH_ADDR_U When on-chip Flash is enabled, the Flash address space

begins at address {FLASH_ADDR_U, 00b, 0000h}. On-chip
Flash has priority over all external Chip Selects.

[1:0] 00 Reserved (enforces alignment on a 256 KB boundary).
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Flash Control Register

The Flash Control register enables or disslmemory access to Flash memory. I/O access
to the Flash control registers and to Flastmory is still possilel while Flash memory
space access is disabled.

The minimum access time of internal Flashmey is 60 ns. The Flash Control Regis-
ter must be configured to provide the appiaje number of wait states based on the sys-
tem clock frequency of the eZ80F91 deviBecause the maximum SCLK frequency is
50 MHz (20 ns), the default on RESET is flour Wait states to be inserted for Flash
memory access (Flash memory access + one®RB88 Cycle = 60 ns + 20 ns = 80 ns;
80 ns + 20 ns = 4 Wait states). Sebéle 38

Table 38. Flash Control Register  (FLASH_CTRL = 00F8h)

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

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

Bit Position Value Description
[7:5] 000 0 wait states are inserted when the Flash is active.
FLASH_WAIT

001 1 wait state is inserted when the Flash is active.

010 2 wait states are inserted when the Flash is active.

011 3 wait states are inserted when the Flash is active.

100 4 wait states are inserted when the Flash is active.

101 5 wait states are inserted when the Flash is active.

110 6 wait states are inserted when the Flash is active.

111 7 wait states are inserted when the 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 frequency divider allows the programming of Flash memory over a range of
system clock frequencies. Flash is prognaed with system clock frequencies ranging
from 154 kHz to 50 MHz. The Flash controltequires an input clock with a period that
falls within the range of 5-56.5 ps. The period of the Flash controller clock is set in the
Flash Frequency Divider Register. Writeghis register is allowed only after it is
unlocked via the FLASH_KEY register. The Flash Frequency Divider Register value
required versus the system clock frequency is listddlie 39 System clock frequencies
outside of the ranges shown are not suppoRedister values for the Flash Frequency
Divider are listed ifrable 40

Table 39. Flash Frequency Divider Values

System Clock Frequency Flash Frequency Divider Value

154-196 kHz 1

308-392 kHz 2

462-588 kHz 3

616kHz-50 MHz CEILING [System Clock Frequency (MHz) x 5.1 (us)]*

Note: *The CEILING function rounds fractional values up to the next whole number. For example,
CEILING(3.01) is 4.

Table 40. 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* | RIW* | RIW* | RIW* | RIW* | R/IW

Note: R/W = Read/Write, R = Read Only. *Key sequence required to enable Writes

Bit Position Value Description
[7:0] 01h—FFh Divider value for generating the required 5.1-6.5 us Flash
FLASH_FDIV controller clock period.
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Flash Write/Erase Protection Register

The Flash Write/Erase Protection register prag accidental Write or Erase operations.
The protection is limited to a resolution ofjei 32 KB blocks. Setting a bit to 1 protects
that 32 KB block of Flash memory from agental Writes or Erases. The default upon
RESET is for all Flash memaory blocks to be protected.

The WPpin works in conjunction with FLASH_PRK]0] to protect the lowest block (also
called the Boot block) of BEh memory. If either the WIB held asserted or
FLASH_PROTI[O0] is set, the Boot block is protected from Write and Erase operations.

A protect bit is not available for the infoation page. The information page is, however,
protected excluded fromMASS ERASEby clearing the FLASH_PAGE register
(OXOO0FC) bit7(INFO_EN).

Writes to this register is allowed only afieis unlocked via the FLASH_KEY register.
Any attempted Writes to this resger while locked will set it t6Fh, thereby protecting all
blocks. Se@able 41

Table 41. 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* | RIW* | RIW* | RIW* | RIW* | RIW* | R/IW*

Note: R/W = Read/Write if unlocked, R = Read Only if locked. *Key sequence required to unlock.

Bit Position Value Description

[7] 0 Disable Write/Erase Protect on block 38000h to 3FFFFh.
BLK7_PROT 1 Enable Write/Erase Protect on block 38000h to 3FFFFh.
[6] 0 Disable Write/Erase Protect on block 30000h to 37FFFh.
BLKE_PROT 1 Enable Write/Erase Protect on block 30000h to 37FFFh.
[5] 0 Disable Write/Erase Protect on block 28000h to 2FFFFh.
BLKS_PROT 1 Enable Write/Erase Protect on block 28000h to 2FFFFh.
[4] 0 Disable Write/Erase Protect on block 20000h to 27FFFh.
BLK4_PROT 1 Enable Write/Erase Protect on block 20000h to 27FFFh.
[3] 0 Disable Write/Erase Protect on block 18000h to 1FFFFh.
BLK3_PROT 1 Enable Write/Erase Protect on block 18000h to 1FFFFh.
[2] 0 Disable Write/Erase Protect on block 10000h to 17FFFh.
BLKZ_PROT 1 Enable Write/Erase Protect on block 10000h to 17FFFh.
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Bit Position Value Description

[1] 0 Disable Write/Erase Protect on block 08000h to OFFFFh.
BLK1_PROT 1 Enable Write/Erase Protect on block 08000h to OFFFFh.
[0] 0 Disable Write/Erase Protect on block 00000h to 07FFFh.
BLKO_PROT 1 Enable Write/Erase Protect on block 00000h to 07FFFh.

Note: The lower 32 KB block (00000h to 07FFFh—BLKO) is called the Boot block and is protected
using the external WP pin.

Flash Interrupt Control Register

There are two sources of interrupts from the Flash controller. These two sources are:
® Page Erase, Mass Erase, or Row Program completed successfully.

® An error condition occurred.

Either or both of these two interrupt sources emabled by setting tlagpropriate bits in
the Flash Interrupt Control register.

The Flash Interrupt Control register contaiogrfstatus bits to indate the following error
conditions:

Row Program Time-Out— This bit signals a time-out dag Row Programming. If the
current row program operation does not complete within 4864 Flash controller clocks,
the Flash controller terminates the row progmperation by clearing bit 2 of the Flash
Program Control Register and s¢tte RP_TMO error bit to 1.

Write Violation— This bit indicates an attempt toiterto a protected block of Flash
memory (the Write was not performed).

Page Erase Violation— This bit indicates an attempt to erase a protected block of Flash
memory (the requested page was not erased).

Mass Erase Violation— This bit indicates an attemimt MASS ERASE when there are
one or more protected blocks in Flasemory (the MASS ERAS was not performed).

If the error condition interrupt is enabledyaof these four error conditions result in an
interrupt request being sentttee eZ80F91device’s interrupbntroller. Reading the Flash
Interrupt Control register clears atrer condition flags aththe DONE flag. Se€able 42
on page 109.

PS019215-0910 Flash Memory



PS019215-0910

Table 42. Flash Interrupt Control Register

eZ80F91 MCU
Product Specification

(FLASH_IRQ = 00FBh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access R/W R/W 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] 0 Flash Erase/Row Program Done Interrupt is disabled.
DONE_IEN 1 Flash Erase/Row Program Done Interrupt is enabled.
[6] 0 Error Condition Interrupt is disabled.

ERR_IEN 1 Error Condition Interrupt is enabled.

[5] 0 Erase/Row Program Done Flag is not set.

DONE 1 Erase/Row Program Done Flag is set.

[4] 0 Reserved.

[3] 0 The Write Violation Error Flag is not set.

WR_VIO 1 The Write Violation Error Flag is set.

[2] 0 The Row Program Time-Out Error Flag is not set.
RP_TMO 1 The Row Program Time-Out Error Flag is set.

[1] 0 The Page Erase Violation Error Flag is not set.
PG_VIO 1 The Page Erase Violation Error Flag is set.

[0] 0 The Mass Erase Violation Error Flag is not set.
MASS_VIO 1 The Mass Erase Violation Error Flag is set.

Note: The lower 32 KB block (00000h to 07FFFh) is called the Boot Block and is protected using
the external WP pin. Attempts to page erase BLKO or mass erase Flash when WP is asserted
result in failure and signal an erase violation.

Flash Page Select Register
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The msb of this register is used to select whether I/O Flash access and PAGE ERASE

operations are directed to the 512-byte finfation page or to the main Flash memory
array, and also whether thidormation page is included MASS ERASE operations. The
lower 7 bits are used to select one of the main 128 pages for PAGE ERASE or 1/0

operations.

To perform a PAGE ERASE, the software msist the proper page value prior to setting
the page erase bit in tidash Control Register. laddition, each access to the
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FLASH_DATA register causes an autoincrementhef Flash address stored in the Flash
Address registers (FLASH_PAGE, FLASH_ROW, FLASH_COL). Talge 43

Table 43. 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 | RW | RIW | RIW

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

Bit

Position Value Description

[7] 0 Flash I/O access to PAGE ERASE operations are directed to

INFO_EN main Flash memory. Info page is NOT affected by a MASS
ERASE operation.

1 Flash I/O access to PAGE ERASE operations are directed to
the information page. PAGE ERASE operations only affect
the information page. Info page is included during a MASS
ERASE operation.

[6:0] 00h—7Fh Page address of Flash memory to be used during the PAGE
FLASH_PAGE ERASE or I/O access of main Flash memory. When

INFO_EN is set to 1, this field is ignored.
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Flash Row Select Register

The Flash Row Select Register is a 3-bit vaised to define one of the 8 rows of Flash

on a single page. This register is usadalbl/O access to Flasmemory. In addition,

each access to the FLASH_DATA register causes an autoincrement of the Flash address
stored in the Flash Address registéfLASH_PAGE, FLASH_ROW, FLASH_COL).
SeeTable 44

Table 44. 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 R/W R/W R/W

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

Bit

Position Value Description

[7:3] 00h Reserved.

[2:0] 0Oh—-7h Row address of Flash memory to be used during an I/O access
FLASH_ROW of 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 Flash Column Select Register is an 8aitie used to define one of the 256 bytes of
Flash memory contained in a single row. Tiggister is used for all I/O access to Flash
memory. In addition, each access to the BHA DATA register causes an autoincrement
of the Flash address storiadhe Flash Address registsgfFLASH_PAGE, FLASH_ROW,
FLASH_COL). Sedlable 45

Table 45. 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 RW | RW | RW | RW | RW | RIW | RIW | R/W

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

Bit

Position Value Description

[7:0] 00h—FFh Column address of Flash memory to be used during an 1/0O
FLASH_COL access of Flash memory.

Flash Program Control Register

The Flash Program Control Register is usederform the funtions of MASS ERASE,
PAGE ERASE, and ROW PROGRAMASS ERASE and PAGE ERASE are
self-clearing functions.

MASS ERASE requires approximately 200 tosompletely erase the full 256 KB of
main Flash and the 512-byte informatjmenge if the FLASH_PAGE register(0x00FC)
bit7(INFO_EN) is set. The 200 ms timerist reduced by excluding the 512 byte
information page from erasing.

PAGE ERASE requires approximately s to erase a 2 KB page.

On completion of either a MASS ERASIE PAGE ERASE, the value of each
corresponding bit is reset to O.

When Flash is being erased, any Read dte/diccess to Flash forces the CPU into a Wait
state until the Erase operatisncomplete and the Flashdscessed. Reads and Writes to
areas other than Flash memory proceeds as usual while an Erase operation is
underway.

During row programming, any reads of Flasbmory force a WAIT condition until the
row programming operation ogpletes or times out. S@able 46on page 113.
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(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/W R/W R/W
Note: R/W = Read/Write, R = Read Only.

Bit

Position Value Description

[7:3] 00h Reserved.

[2] 0 Row Program Disable or Row Program completed.
ROW_PGM - .

- 1 Row Program Enable. This bit automatically resets to 0 when
the row address reaches 256 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 O when the
PAGE ERASE operation is complete.

[0] 0 Mass Erase Disable (Mass Erase completed).

MASS_ERASE

MASS ERASE operation is complete.

Mass Erase Enable. This bit automatically resets to O when the

Flash Memory
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Watchdog Timer

The Watchdog Timer (WDT) helps protect agaicorrupt or unreliable software, power
faults, and other system-level problems vihptaces the CPU into unsuitable operating
states. The eZ80F91 WDT features:

®* Four programmable time-out ranges (depending on the WDT clock source). The four
ranges are:
- 03.2-5.20 ms
- 51.2-83.9ms
- 0.50-0.82 sec
- 2.68-4.00 sec

® Three selectable WDT clock sources:
- Internal RC oscillator
- System clock
- Real-Time Clock source (on-chip 32 kEizstal oscillator or 50/60 Hz signal)

* A selectable time-out response: a time-out is configured to generate either a RESET or
a nonmaskable interrupt (NMI)

* A WDT time-out RESET indicator flag
Figure 25displays a block diagram of the Watchdog Timer.

Data[7:0]

J

Control Register/
Reset Register
WDT_CLK
* N4
RTC Clock —> ]
System Clock —> 28-Bit <:> WDT Control Logic
Upcounter
WDT Time-out Compare Logic .
Oscillator (WDT_PERIOD) o

» RESET

> NMI to eZ80 CPU

Figure 25. Watchdog Timer Block Diagram
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Watchdog Timer Operation

PS019215-0910

Enabling and Disabling the Watchdog Timer

The WDT is disabled on a RESET. To enable the WDT, the application program must set
WDT_EN, which is bit 7 of tt WDT_CTL register. After WDT_EN is set, no Writes are
allowed to the WDT_CTL register. When eteh the WDT cannot be disabled except by

a RESET.

Time-Out Period Selection

There are four choices of time-out peridoisthe WDT. The WDT time-out period is

defined by the WDT_PERIOD WDT_CTL[1:0] field and WDT_CLK WDT_CTL[3:2]

field of the Watchdog Timer control register (WDT_CTL = 0093h). The approximate
time-out period and corresponding clock cycles for three different WDT clock sources are
listed inTable 47

The WDT time-out period divider is setaoe of the four available settings for the
selected frequency of the WDT clock source. Basing the divider settings on the clock
source values provides a time-out range fromdeconds to few msecs, regardless of the
frequency setting.

Table 47. WDT Approximate Time-Out Delays for Possible Clock Sources

WDT_CLK][ 00 01 10 11
3:2]
50 MHz system  32.768 kHz RTC Internal RC Reserved
clock clock oscillator (~10
kHz)

WDT_PERI Divider Timeout Divider Timeout Divider Timeout Divider Timeout
OD[1:0]

00 2?7 2.68s 217 a00s 2° 3285 - -
01 2 067s 2 o5s 213 o82s - -
10 22 g3oms 21 e25ms 22 s512ms - -
11 218 52ms 2" 39ms 2° 32ms - -

RESET or NMI Generation

A WDT time-out causes a RESET or sendé$Ml signal to the CPU. The default opera-
tion is for the WDT to cause a RESET.

If the NMI_OUT bit in the WDT_CTL register iset to 0, then on a WDT time-out, the
RST_FLAG bit in the WDT_CTL register is st 1. The RST_FLAG bit is polled by the
CPU to determine the source of the RESET event.
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If the NMI_OUT bit in the WDT_CTL registds set to 1, then on time-out, the WDT
asserts an NMI for CPU processing. The NMI_FLAG bit is polled by the CPU to deter-
mine the source of the NMI event.

Watchdog Timer Registers
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Watchdog Timer Control Register

The Watchdog Timer Control register (Seble 48 is an 8-bit Read/Write register used to
enable the Watchdog Timer, set the time-ouigpk indicate the souraaf the most recent

RESET or NMI, and select the required operation on WDT time-out.
The default clock source for the WDs the WDT oscillator (WDT_CLK =10b).

To power-down the WDT oscillator, anotre@ock source must be selected. The power-

up sequence of the WDT oscillatakes approximately 20 ms.

Table 48. Watchdog Timer Control Register  (WDT_CTL = 0093h)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0/1 0 1 0 0 0
CPU Access RW | RW | R R | RW | RW | 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 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, only if the NMI_OUT flag is set to 0. The CPU polls
this bit to determine the source of the RESET. This flag is
cleared by a non-WDT generated reset.

4 0 NMI caused by external source.
NMI_FLAG . : : .
- 1 NMI caused by WDT time-out. This flag is set by the WDT time-

out, only if the NMI_OUT flag is set to 1. The CPU polls this bit
to determine the source of the NMI. This flag is cleared by a
non-WDT NMI.
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Egsition Value Description
[3:2] 00 WDT clock source is system clock.
WDT_CLK 01 WDT clock source is Real-Time Clock source (32 kHz on-chip
oscillator or 50/60 Hz input as set by RTC_CTRLI[4]).
10 WDT clock source is internal RC oscillator (10 kHz typical).
11 Reserved.
[1:0] 00 WDT_CLK = 00 WDT time-out period is 227 clock cycles.
WDT_PERIOD WDT_CLK =01 WDT time-out period is 217 clock cycles.
WDT_CLK =10 WDT time-out period is 215 clock cycles.
WDT_CLK = 11 Reserved.
01 WDT_CLK =00 WDT time-out period is 225 clock cycles.
WDT_CLK =01 WDT time-out period is 2% clock cycles.
WDT_CLK =10 WDT time-out period is 213 clock cycles.
WDT_CLK = 11 Reserved.
10 WDT_CLK =00 WDT time-out period is 222 clock cycles.
WDT_CLK =01 WDT time-out period is 2 clock cycles.
WDT_CLK =10 WDT time-out period is 29 clock cycles.
WDT_CLK = 11 Reserved.
11 WDT_CLK =00 WDT time-out period is 218 clock cycles.

WDT_CLK =01 WDT time-out period is 27 clock cycles.

WDT_CLK =10 WDT time-out period is 25 clock cycles.

WDT_CLK = 11 Reserved.

Note: When the WDT is enabled, no Writes are allowed to the WDT_CTL register.

PS019215-0910
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Watchdog Timer Reset Register

The WDT Reset register (séable 49 is an 8-bit Write only register. The WDT is reset
when amA5h value followed by &Ah value is written to this ggster. Any amount of time
occurs between the writing 86h value and théAh value, so long as the WDT time-out
does not occur prior to compilen. Any value other thaBAh written to the WDT Reset
register after thesh value requires thahe sequence of Writea%h,5Ah) be restarted for
the timer to be reset.

Table 49. Watchdog Timer Reset Register (WDT_RR = 0094h)

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

Watchdog Timer
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Programmable Reload Timers

PS019215-0910

The eZ80F91 device features four programmable reload timers. The core of each timer is a
16-bit downcounter. In additioeach timer features a seldataclock source, adjustable
prescaling and operates in eitt#NGLE PASS or CONTINUOUS mode.

In addition to the basic timer functionality, some of the timers support specialty modes
that performs event counting, input captungtput compare, arfélulse-Width Modulation
(PWM) generation functions. PWM mode suppdaur individually-configurable outputs
and a power trip function.

Each of the four timers available on the eE80 device are controlled individually. They
do not share the same counters, reload regjstentrol registers, or interrupt signals. A
simplified block diagram of a progranaile reload timer is displayed figure 26

Each timer features its own interrupt whichriggered either by the timer reaching zero
or after a successful comparison occurs. &k the other eZ80F91 interrupts, the priority
is fully programmable.

Input Capture <:
CONTROL Registers ICx

A
Y
R
E .
L 16-Bit / o :>
o > bown Counter 7 »| Comparator OCx
A 16
D
i 16
SCLK DIv Output Compare
Registers
RTC CLK
ECx
PWM - PWM
EOC IC OC PWR Trip > control PWM
IRQ Control
IRQ

Figure 26. Programmable Reload Timer Block Diagram
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Basic Timer Operation

PS019215-0910

Basic timer operation is controlled by a tingentrol register and programmable reload
value. The CPU uses the control registegetup the prescaling, the input clock source,
the end-of-count behavior, and to starttiheer. The 16-bit reloadalue is used to
determine the duration of the timer’sueth before either halting or reloading.

After choosing a timer period and writing the aggmiate values to theeload registers, the
CPU must set the timer enable bit (TMECTL[TIM_EN]) by allowing the count to

begin. The reload bit (TMR CTL[RLD]) must also be asserted so that the timer counts
down from the reload value rather than fro@®0h . On the system clock cycle, after the
assertion of the reload bit,afimer loads with the 16-bitlead value and begins counting
down. The reload bit is autortially cleared after the lo&thy operation. The timer is
enabled and reloaded time same cycle; however, ttimer does not require disabling to
reload and reloading is performatiany time. It is also possible to halt the timer by deas-
serting the timer enable bit and resuming thentat a later time from the same point by
reasserting the bit.

Reading the Current Count Value

The CPU reads the current count value whertither is running. Bsause the count is a
16-bit value, the hardware l&ies the value of the upper byte into temporary storage when
the lower byte is read his value in temporary storagethe value returned when the

upper byte is read. Therefore, the software mesd the lower byte first. If it attempts to
read the upper byte first, it does not obtai@ current upper byte of the count. Instead, it
obtains the last latched valuThis Read operation doest affect timer operation.

Setting Timer Duration

There are three factors to consider wiliggermining Programmable Reload Timer
duration: clock frequency, clock divider rat@nd initial count viae. Minimum duration

of the timer is achieved by loading01h . Maximum duration is achieved by loading
0000h , because the timer first rolls overABFFh and then continues counting down to
0000h before the end-of-count is signaled. Depending on the X I@RL[CLK _SEL]

bits of the control register, the clock is eithiee system clock, or an on-chip RC oscillator
output or an input from a pin.

The time-out period of the timeristurned by théollowing equation:

] ) Clock Divider Ratio x Reload Value
Time-Out Period =

System Clock Frequency

To calculate the time-out period with theoab equation while using an initial value of
0000h, enter a reload value of 65536-FFh + 1).
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Minimum time-out duration is four times longer than the inglack period and is gener-
ated by setting the clock divider ratm 1:4 and the reload value@01h . Maximum
time-out duration is % (16,777,216) times longer than the input clock period and is gen-
erated by setting the clock divider rata1:256 and the reload valueQ@ooh .

SINGLE PASS Mode

In SINGLE PASS mode wheahe end-of-count valu®@ooh ) is reached; counting halts,
the timer is disabled, and TMRCTL[TIM_EN] bit resets to OTo re-enable the timer, the
CPU must set the TIM_EN bit to 1. Anample of a PRT operating in SINGLE PASS
mode is displayed iRigure 27 Timer register information is listed irable 50

System Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||
Clock Enable |_| I_l |_| |_|

TMR3_CTL Write |_|
(Timer Enable)

TCount 0/ 4 X 3 X 2 X 1 \ o

Interrupt Request

PS019215-0910

Figure 27. Example: PRT SINGLE PASS Mode Operation

Table 50. Example: PRT SINGLE PASS Mode Parameters

Parameter Control Register(s) Value
Timer Enable TMRX_CTL[TIM_EN] 1
Reload TMRX_CTL[RLD] 1
Prescaler Divider = 4 TMRX_CTL[CLK_DIV] 00b
SINGLE PASS Mode TMRX_CTL[TIM_CONT] 0

End of Count Interrupt Enable TMRX_IER[IRQ_EOC_EN] 1
Timer Reload Value {TMRX_RR_H, TMRx_RR_L} 0004h

CONTINUOUS Mode

In CONTINUOUS mode, when the end-of-count valu@oh , is reached, the timer
automatically reloads the 16-bit startuafrom the Timer Reload registers,
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TMRx_RR_H and TMRx_RR_L. Downcounting continues on the next clock edge and
the timer continues to counttil disabled. An example of the timer operating in
CONTINUOUS mode is displayed Figure 28 Timer register information is listed in
Table 51

Clock Enable T [T T I T 1 [1

TMR3_CTL Write
(Timer Enable)

mean o [

Interrupt
Request

PS019215-0910

Figure 28. Example: PRT CONTINUOUS Mode Operation

Table 51. Example: PRT CONTINUOUS Mode Parameters

Parameter Control Register(s) Value
Timer Enable TMRX_CTL[TIM_EN] 1
Reload TMRX_CTL[RLD] 1
Prescaler Divider = 4 TMRX_CTL[CLK_DIV] 00b
CONTINUOUS Mode TMRX_CTL[TIM_CONT] 1

End of Count Interrupt Enable TMRX_IER[IRQ_EOC_EN] 1
Timer Reload Value {TMRX_RR_H, TMRX_ RR_L} 0004h

Timer Interrupts

The terminal count flag (TMR IIR[EOC]) is set to 1 wénever the timer reach@g0oh ,

its end-of-count value in SINGLE PASS modewdren the timer reloads the start value in
CONTINUOUS mode. The terminal count flagonly set when the timer reaclo®®0h

(or reloads) fron®001h . The timer interrupt flag is notts® 1 when the timer is loaded
with the valuedoooh , which selects the manum time-out period.

The CPU is programmed to poll the EOC bittfoe time-out event. Alteatively, an inter-
rupt service request signal is sémthe CPU by setting the TMRIER[EOC] bit to 1.
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And when the enaf-count value 000h) is reached, the EOC bit is set to 1 and an inter-
rupt service request signal is passed to thd.dme interrupt service request signal is
deactivated by a CPU read of the tin@errupt identification register, TMRIIR.

All bits in that registr are reset by the Read.

The response of the CPU to this interrupt®errequest is a function of the CPU’s inter-
rupt enable flag, IEF1. Fanore information abouhis flag, refer to thez8® CPUUser
Manual (UMO0O077)available orwww.zilog.com

Timer Input Source Selection

Timers 0-3 features programmable input sosedection. By default, the input is taken
from the eZ80F91’s system clock. The timalso use the Real-Time Clock source (50,
60, or 32768 Hz) as their clock sources. it source for these timers is set using the
timer control register. (TMR CTL[CLK_SEL])

Timer Output

The timer count is directed to the GPIO auttpins, if required. To enable the Timer
Output feature, the GPIO port pin must befagured as an output and for alternate func-
tions. The GPIO output pin toggles each titme timer reaches itsnd-of-count value.

In CONTINUOUS mode operation, enablings thimer Output feature results in a Timer
Output signal period which is twice the timiene-out period. Examples of Timer Output
operation is displayed iRigure 29on page 126 and listed Table 52on page 126. The
initial value for the timer output is zero.

Logic to support timer outpuxists in all timers; but fahe eZ80F91 device, only Timer
0 and 2 route the actual timer outpaithe pins. Because Timer 3 uses thg pins for
PWMXxN signals, the timer outputs are maotilable when usmcomplementary PWM
outputs. Sedable 52on page 126 for details.

PS019215-0910 Programmable Reload Timers
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Clock Enable |_| |_| |_| |_| |_| |_| |_| |—|_

TMR3_CTL Write
(Timer Enable) | |
e o [« s\ 2 ) ) « ) s Yz 1)

Timer Out
(internal)

Timer Out
(at pad)

Figure 29. Example: PRT Timer Output Operation

Table 52. Example: PRT Timer Out Parameters

Parameter Control Register(s) Value
Timer Enable TMRX_CTL[TIM_EN] 1
Reload TMRX_CTL[RLD] 1
Prescaler Divider = 4 TMRX_CTL[CLK_DIV] 00b
CONTINUOUS Mode TMRX_CTL[TIM_CONT] 1
Timer Reload Value {TMRX_RR_H, TMRx_RR_L} 0003h

When the eZ80F91 device is running in DEB mode, encountering a break point causes
all CPU functions to halt. Hower, the timers keep runninghis instance makes debug-
ging timer-related software much more difficult. Therefore, the control

register contains a BRK_STP bit. Setting thitscauses the count vauo be held during
debug break points.

Specialty Timer Modes

The features described above are commoii toreers in the eZ80F91 device. In addition
to these common features, some @ftimers have additional functionality.

The following is a list of the special features for each timer:
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® TimerO
- No special functions

® Timerl
- One event counter (ECO)
— Two input captures (ICO and IC1)

®* Timer2
— One event counter (EC1)

®* Timer3
- Two input captures (IC2 and IC3)
- Four output compares (OCO, OC1, OC2, and OC3)
- Four PWM outputs (PWMO, PWM1, PWM2, and PWM3)

Timer 3 consists of three specialty modesiEaf these modes are enabled using bits in
their respective control regisgefTMR3_CAP_CTL, TMR3_OC_CTL1,
TMR3_PWM_CTL1). When PWM mode enabled, the OUTPUT COMPARE and
INPUT CAPTURE modes are not available. Timistance is due to address space sharing
requirements. However, INPUT CAPRE and OUTPUT COMPARE modes run
simultaneously.

Timers with specialty modes offer multiple ways to geneaataterrupt. When the inter-
rupt controller services a timer interrupt, théware must read the timers interrupt iden-
tification register (TMR_IIR) to determine the causks an interrupt request. This
register is cleared each time it is read, allovsogsequent eventslie identified without
interference from prior events.

Event Counter

When a timer is configured take its input from a port inpyin (ECx), it functions as an
event counter. For event courgjrihe clock prescaler is tumatically bypassed and edges
(events) cause the timer to decrement. Yostrealect the rising or the falling edge for
counting. Also, the port pinsust be configured as inputs.

Input sampling on the port pins results ie ttounter being updated on the third rising
edge of the system clock aftie edge event occurs at thetgmn. Due to sampling, the
frequency of the eveimiput is limited to ondralf the system clock frequency under ideal
conditions. In practice, the evenéquency must be less than this value wuaduty cycle
variation and system clock jitter.

This EVENT COUNT mode is &htical to basic timer opéian, except for the clock
source. Therefore, interrupts are managed in the same manner.

PS019215-0910 Programmable Reload Timers
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RTC Oscillator Input

When the timer clock source is the Real-Ti@leck (RTC) signal, the timer functions just
as it does in EVENT COUNT mode, except tlhaamples the internal RTC clock rather
than the ECx pin.

Input Capture

INPUT CAPTURE mode allows the CPU to deténe the timing of specified events on a
set of external pins.

A timer intended for use in INPUT CAPTURRode is setup the same way as in BASIC
mode, with one exception. TI@&PU must also write the TMRCAP_CTL register to
select the edge on which to capture: risfaliing, or both. Wherone of these events
occurs on an input capture pin, the curEhbit timer value is latched into the capture
value register pair (TMR CAP_A or TMR<_CAP_B depending on the IC pin exhibiting
the event).

Reading the Low byte of the register paiuses the timer to ignokgher capture events
on the associated external pin until the Hiyte is read. Thighstance prevents a
subsequent capture event from overwriting thigh byte between the two Reads and
generating an invalid captuvalue. The capture value registers are Read Only.

A capture flag (ICA or ICB) in the TMR IR register is set whenever a capture event
occurs. Setting the interrupt identification register bit TMER[IRQ_ICx_EN] enables
the capture event to generate a timer intgrrihe port pins must be configured as
alternate functions, s€eP1O Mode 7—Alternate Functiom® page 51.

Output Compare

The output compare function reverses the imgapture function. Rather than store a timer
value when an external ent occurs, OUTPUT COMPARE mode waits until the timer
reaches a specified value, then generatextmmnal event. Although the same base timer
is used, up to four separate external piresdriven each with its own compare value.

To use OUTPUT COMPARE mode, the CRluist first configure the basic timer
parameters. Then it must load up to fourhliteompare values into the four TMR3_OCx
register pairs. Next, it must load the TMRAC_CTL2 register to specify the event that
occurs on comparison. You caalect the following events: SET, CLEAR, and TOGGLE.
Finally, the CPU must enable OUTPUT COMPARE mode by asserting
TMR3_OC_CTL1[OC_EN].

The initial value for the OCx pins in OUTPUWOMPARE mode is 0 by default. It is
possible to initialize this value to 1 or force a value at a later time. Setting the
TMR3_OC_CTL2[OCx_MODE] value to 0 foes the OCx pin to the selected state
provided by the TMR3_OC_CTL1[OCx_INITHits. Regardless of any compare events,
the pin stays at the forced value until OCXOBIE is changed. Afterelease, it retains the
forced value until modifiethy an OUTPUT COMPARE event.
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Asserting TMR3_OC_CTL1[MAST_MODE] setts MASTER MODE for all OUTPUT
COMPARE events and sets output 0 as theena&s a result, outputs 1, 2, and 3 are
caused to disregard output-specific confagion and comparms values and instead
mimic the current settings for output O.

The OCx bits in the TMR3_IIR registereaset whenever the corresponding timer com-
pares occur. TMR3_IER[IRQ_OCx_EN] allowse compare event to generate a timer
interrupt.

Timer Port Pin Allocation

PS019215-0910

The eZ80F91 device timers interface to dloside world via Ports A and B. These
ports are also used for GPIOwsll as other assorted functiofigble 53on page 129
lists the timer pins antheir respectig functions.

Table 53. GPIO Mode Selection Using Timer Pins

Timer Function

GPIO Port  GPIO Port PWM_CTL1 PWM_CTL1
Port Bits Mode MPWM_EN =0 MPWM_EN =1
A PAO 7 OCo PWMO
PA1 7 OC1 PWM1
PA2 7 0oC2 PWM2
PA3 7 oC3 PWM3
PWM_CTL1 PWM_CTL1
PAIR_EN =0 PAIR_LEN =1
PA4 7 TOUTO PWMO
PA5 7 TOUT2 PWM1
PAG 7 EC1 PWM2
PA7 7 PWM3
B PBO 7 ICO/ECO
PB1 7 IC1
PB4 7 IC2
PB5 7 IC3

Programmable Reload Timers
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Timer Registers

PS019215-0910

The CPU monitors and contrdlge timer using seven 8-bit registers. These registers are
the control register, the interrupt identificaticegister, the interrupt enable register and
the reload register pair (High and Low byte)efidare also a pair of data registers used to
read the current timer count value.

The variablex can be 0, 1, 2, or 3 to represent each of the four available timers.

Basic Timer Register Set

Each timer requires a different set of stgis for configuration and control. However,
all timers contain the following seven regist, each of which is necessary for basic
operation:

®* Timer Control Register (TMR CTL)
* Interrupt Identification Register (TMRIIR)
* Interrupt Enable Register (TMRIER)

®* Timer Data Registers (TMRDR_H and TMR_DR_L)
®* Timer Reload Registers (TMRRR_H and TMR_RR_L)

The Timer Data Register is Read Only, whies Timer Reload Register is Write Only.
The address space for these two registers is shared.
Register Set for Capture in Timer 1

In addition to the basic registeet, Timer 1 uses the follovgrfive registers for its INPUT
CAPTURE mode:

® Capture Control Register (TMR1_CAP_CTL)

® Capture Value Registers (TMR1_CAP_B H, TMR1_CAP_B L, TMR1 CAP_A_H,
TMR1_CAP_A L)

Register Set for Capture/Compare/PWM in Timer 3

In addition to the basic register setmBr 3 uses 19 registers for INPUT CAPTURE,
OUTPUT COMPARE, and PWM modes. PWM and capture/compare functions cannot be
used simultaneously so, their registedr@ds space is shared. INPUT CAPTURE and
OUTPUT COMPARE are used concurrenthydaheir address space is not shared.

The INPUT CAPTURE mode registers are equivalent to those used in Timer 1 above
(substitute TMR3 for TMRL1).

OUTPUT COMPARE mode uses the following nine registers:

® Qutput Compare Control Registers
- TMR3_OC_CTL1
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~ TMR3_OC_CTL2

® Compare Value Registers
- TMR3_OC3_H
- TMR3_OC3 L
- TMR3_0OC2_H
- TMR3_0OC2 L
- TMR3_OC1 H
- TMR3_OC1_L
- TMR3_OCO0_H
- TMR3_OCO_L

Multiple PWM mode uses éhfollowing 19 registers:

®* PWM Control Registers
- TMR3_PWM_CTL1
- TMR3_PWM_CTL2
- TMR3_PWM_CTL3

®* PWM Rising Edge Values
- TMR3_PWM3R_H
- TMR3_PWMS3R_L
- TMR3_PWM2R_H
- TMR3_PWM2R_L
- TMR3_PWM1R_H
- TMRx_PWM1R_L
- TMR3_PWMOR_H
- TMR3_PWMOR_L

* PWM Falling Edge Values
- TMR3_PWMS3F_H
- TMRx_PWM3F_L
- TMR3_PWM2F_H
- TMR3_PWM2F_L
- TMR3_PWM1F_H
- TMR3_PWM1F_L
- TMR3_PWMOF_H
- TMR3_PWMOF_L
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PS019215-0910

eZ80F91 MCU
Product Specification

132

Timer Control Register

The Timer x Control Register (s&able 54 is used to controlier operations including
enabling the timer, selecting the clock smyrselecting the clock divider, selecting
between CONTINUOUS and SINGLEPASS des, and enablintpe auto-reload
feature.

Table 54. Timer Control Register (TMRO_CTL = 0060h, TMR1_CTL = 0065h,
TMR2_CTL = 006Fh, TMR3_CTL = 0074h)

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 | RW | RIW | RIW

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

Bit
Position Value Description
. 0 The timer continues to operate during debug break points.
BRK_STOP 1 The timer stops operation and holds count value during debug
B break points.
00 Timer source is the system clock divided by the prescaler.
01 Timer source is the Real Time Clock Input.
Timer source is the Event Count (ECx) input—falling edge.
[6:5] 10 For Timer 1 this is ECO.
CLK_SEL For Timer 2, this is EC1.
Timer source is the Event Count (ECX) input—rising edge.
11 For Timer 1 this is ECO.
For Timer 2, this is EC1.
00 System clock divider = 4.
[4:3] 01 System clock divider = 16.
CLK_DIV 10 System clock divider = 64.
11 System clock divider = 256.
The timer operates in SINGLE PASS mode. TIM_EN (bit 0) is
0 reset to 0 and counting stops when the end-of-count value is
2 reached.
TIM_CONT The timer operates in CONTINUOUS mode. The timer reload
1 value is written to the counter when the end-of-count value is
reached.

Programmable Reload Timers



PS019215-0910

eZ80F91 MCU
Product Specification

0 Reload function is not forced.
éLD 1 Force relogd. When 1is wriFten to this bit, the values in the
reload registers are loaded into the downcounter.
0 0 The programmable reload timer is disabled.
TIM_EN 1 The programmable reload timer is enabled.

Timer Interrupt Enable Register

The Timer x Interrupt Enable Register (Sedble 53 is used to control timer interrupt
operations. Only bits related to fungi®present in a given timer are active.

Table 55. Timer Interrupt Enable (TMRO_IER = 0061h, TMR1_IER = 0066h,
TMR2_IER = 0070h, TMR3_IER = 0075h)

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 | RW | RIW | RIW

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

Bit
Position Value Description
7 0 Unused.
0 Interrupt requests for OC3 are disabled (valid only in
6 OUTPUT COMPARE mode). OC operations occur in Timer 3.
IRQ_OC3_EN 1 Interrupt requests for OC3 are enabled (valid only in OUTPUT
COMPARE mode). OC operations occur in Timer 3.
0 Interrupt requests for OC2 are disabled (valid only in
5 OUTPUT COMPARE mode). OC operations occur in Timer 3.
IRQ_OC2Z_EN 1 Interrupt requests for OC2 are enabled (valid only in OUTPUT
COMPARE mode). OC operations occur in Timer 3.
0 Interrupt requests for OC1 are disabled (valid only in
4 OUTPUT COMPARE mode). OC operations occur in Timer 3.
IRQ_OC1_EN 1 Interrupt requests for OC1 are enabled (valid only in OUTPUT
COMPARE mode). OC operations occur in Timer 3.
0 Interrupt requests for OCO are disabled (valid only in
3 OUTPUT COMPARE mode). OC operations occur in Timer 3.
IRQ_OCO_EN 1 Interrupt requests for OCO are enabled (valid only in OUTPUT

COMPARE mode). OC operations occur in Timer 3.
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IRQ_ICB_EN

Interrupt requests for ICx are disabled (valid only in INPUT
CAPTURE mode).

Timer 1: the capture pinis IC1.

Timer 3: the capture pin is IC3.

Interrupt requests for ICx are enabled (valid only in INPUT
CAPTURE mode).

For Timer 1: the capture pinis IC1.

For Timer 3: the capture pin is IC3.

1
IRQ_ICA_EN

Interrupt requests for ICA or PWM power trip are disabled
(valid only in INPUT CAPTURE and PWM modes).

For Timer 1: the capture pin is ICO.

For Timer 3: the capture pinis IC2.

Interrupt requests for ICA or PWM power trip are enabled
(valid only in INPUT CAPTURE and PWM modes).

For Timer 1: the capture pin is ICO.

For Timer 3: the capture pin is IC2.

0
IRQ_EOC_EN

Interrupt on end-of-count is disabled.

=

Interrupt on end-of-count is enabled.

Programmable Reload Timers
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Timer Interrupt Identification Register

The TImerx Interrupt Identification Register (s@able 56 is used to flag timer events so
that the CPU determines the cause of a timterriapt. This register is cleared by a CPU
Read.

Table 56. Timer Interrupt Identification Register (TMRO_IIR=0062h, TMR1_IIR =
0067h, TMR2_IIR = 0071h, TMR3_IIR = 0076h)

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 Unused.
6 0 Output compare, OC3, does not occur.
0Cs3 1 Output compare, OC3, occurs.
5 0 Output compare, OC2, does not occur.
0C2 1 Output compare, OC2, occurs.
4 0 Output compare, OC1, does not occur.
OC1 1 Output compare, OC1, occurs.
3 0 Output compare, OCO, does not occur.
0Co 1 Output compare, OCO, occurs.
Input capture, ICB, does not occur.
0 For Timer 1, the capture pin is IC1.
2 For Timer 3, the capture pin is IC3.
ICB Input capture, ICB, occurs.
1 For Timer 1, the capture pin is IC1.
For Timer 3, the capture pin is IC3.
Input capture, ICA, or PWM power trip does not occur.
0 For Timer 1, the capture pin is ICO.
1 For Timer 3, the capture pin is IC2.
ICA Input capture, ICA, or PWM power trip occurs.
1 For Timer 1, the capture pin is ICO.
For Timer 3, the capture pin is IC2.
0 0 End-of-count does not occur.
EOC 1 End-of-count occurs.
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Timer Data Register—Low Byte

The Timer x Data Register—Low Byte retuthe Low byte of the current count value of
the selected timer. The TimBPata Register—Low Byte (sd@ble 57 is read when the
timer is in operation. Reading thereent count value does not affect timer

operation. To read the 16-bit daitbthe current count value, {TMRDR_H[7:0],
TMRx_DR_L[7:0]}, first read the Timer Oa Register—Low Byte, followed by the
Timer Data Register—High Byte. The TimertBdegister—High Byte value is latched
into temporary storage when a Read ef Timer Data Register—Low Byte occurs.

This register shares its address with torresponding timer reload register.

Table 57. Timer Data Register—Low Byte (TMRO_DR_L = 0063h, TMR1 DR L =
0068h, TMR2_DR_L = 0072h, TMR3_DR_L = 0077h)

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

Note: R = Read only.

Bit
Position Value Description

These bits represent the Low byte of the 2-byte timer data
[7:0] value, {TMRX_DR_H[7:0], TMRX_DR_L][7:0]}. Bit 7 is bit 7

TMR_DR_L O0h-FFh ¢ the 16-bit timer data value. Bit 0 is bit O (Isb) of the 16-bit

timer data value.
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Timer Data Register—High Byte

The Timerx Data Register—High Byte returns tHegh byte of the count value of the
selected timer as it existed at the time thatLow byte was read. The Timer Data
Register—High Byte (se&able 5§ is read when the timer is in operation. Reading the
current count value does raffect timer operation. Teead the 16-bit data of the

current count value, {TMR DR_HJ[7:0], TMRx_DR_L[7:0]}, first read the Timer Data
Register—Low Byte followed by the Tim&ata Register—High Byte. The Timer Data
Register—High Byte value is latched intonjgorary storage when a Read of the Timer
Data Register—Low Byte occurs.

This register shares its address with torresponding timer reload register.

Table 58. Timer Data Register—High Byte (TMRO_DR_H =0064h, TMR1_DR_H =
0069h, TMR2_DR_H = 0073h, TMR3_DR_H = 0078h)

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

Note: R = Read only.

Bit
Position Value Description

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

TMR_DR_H (msb) of the 16-bit timer data value. Bit 0 is bit 8 of the 16-bit
timer data value.
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Timer Reload Register—Low Byte

The Timer x Reload Register—Low Byte (Skble 59 stores the least-significant byte
(LSB) of the 2-byte timer reload value. GONTINUOUS mode, the tier reload value is
reloaded into the timer on end-e@ount. When the reload bit (TMRCTL[RLD]) is set to

1 forcing the reload function, éftimer reload value is written to the timer on the next ris-
ing edge of the clock.

This register shares its address with the corresponding timer data register.

Table 59. Timer Reload Register—Low Byte (TMRO_RR_L =0063h, TMR1_RR_L
=0068h, TMR2_RR_L = 0072h, TMR3_RR_L = 0077h)

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

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

TMR_RR_L is bit 7 of the 16-bit timer reload value. Bit 0 is bit O (Isb) of
the 16-bit timer reload value.
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Timer Reload Register—High Byte

The Timer x Reload Regfier—High Byte (se&able 60 stores the most-significant byte
(MSB) of the 2-hbyte timer reload value. In CONTINUOUS mode, the timer reload value is
reloaded into the timer upon enflcount. When the reload bit (TMKRCTL[RLD]) is set

to 1, it forces the reload fution, the timer reload value vwgritten to the timer on the next
rising edge of the clock.

This register shares its address with the corresponding timer data register.

Table 60. Timer Reload Register—High Byte  (TMRO_RR_H = 0064h,
TMR1_RR_H = 0069h, TMR2_RR_H = 0073h, TMR3_RR_H = 0078h)

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

These bits represent the High byte of the 2-byte timer
[7:0] reload value, {TMRX_RR_HJ[7:0], TMRX_RR_L[7:0]}. Bit 7

TMR_RR_H 00h-FFh i< bit 15 (msb) of the 16-bit timer reload value. Bit 0 is bit 8

of the 16-bit timer reload value.

Timer Input Capture Control Register

The Timer x Input Capture Control Register (3able 6) is used to select the edge or
edges to be captured. For Timer 1, CAP_EDGE_B is used for IC1 and CAP_EDGE_A is
for ICO. For Timer 3, CAP_EDGE_B fer IC3, and CAP_EDGE_A is for IC2.

Table 61. Timer Input Capture Control Register
(TMR1_CAP_CTL = 006Ah, TMR3_CAP_CTL = 007Bh)

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

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

Bit
Position Value Description
[7:4] 0000 Reserved
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00 Disable capture on ICB.
[3:2] 01 Enable capture only on the falling edge of ICB.
CAP_EDGE B 10 Enable capture only on the rising edge of ICB.
11 Enable capture on both edges of ICB.
00 Disable capture on ICA.
[1:0] 01 Enable capture only on the falling edge of ICA
CAP_EDGE_A 190 Enable capture only on the rising edge of ICA.
11 Enable capture on both edges of ICA.

Timer Input Capture Value A Register—Low Byte

The Timer x Input Capture Value A Register—Low Byte (Sable 63 stores the Low
byte of the capture value for external inputFr Timer 1, the external input is ICO. For
Timer 3, itis IC2.

Table 62. Timer Input Capture Value Register A—Low Byte (TMR1_CAPA_L =
006Bh, TMR3_CAPA_L = 007Ch)

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

These bits represent the Low byte of the 2-byte capture
[7:0] value, {TMRX_CAPA_H[7:0], TMRX_CAPA_L[7:0]}. Bit 7 is

TMRX_CAPA L CON=FFN 17 of the 16-bit data value. Bit O is bit O (Isb) of the 16-bit

timer data value.
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Timer Input Capture Value A Register—High Byte

The Timer x Input Capture Value A Register—High Byte (Balele 63 stores the High
byte of the capture value for external inputFr Timer 1, the external input is 1CO. For
Timer 3, itis IC2.

Table 63. Timer Input Capture Value Register A—High Byte (TMR1_CAPA_H
= 006Ch, TMR3_CAPA_H = 007Dh)

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

These bits represent the High byte of the 2-byte capture
[7:0] value, {TMRX_CAPA_H[7:0], TMRX_CAPA_L[7:0]}. Bit 7 is

TMRX_CAPA H CON=FFN 1 15 (msb) of the 16-bit data value. Bit O is bit 8 of the 16-

bit timer data value.

Timer Input Capture Value B Register—Low Byte

The Timer x Input Capture Value B Register—Low Byte (Eslgle 64 stores the Low
byte of the capture value for external input#r Timer 1, the exteahinput is IC1. For
Timer 3, itis IC3.

Table 64. Timer Input Capture Value Register B—Low Byte (TMR1_CAPB_L =
006Dh, TMR3_CAPB_L = 007Eh)

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

These bits represent the Low byte of the 2-byte capture
[7:0] value, {TMRX_CAPB_H[7:0], TMRX_CAPB_L[7:0]}. Bit 7 is

TMRx_CAPB L 2ONFFN it 7 of the 16-bit data value. Bit 0 is bit 0 (Isb) of the

16-bit timer data value.
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Timer Input Capture Value B Register—High Byte

The Timer x Input Capture Value B Register—High Byte (Eade 65 stores the High
byte of the capture value for external input#r Timer 1, the exteahinput is ICO. For
Timer 3, itis IC3.

Table 65. Timer Input Capture Value Register B—High Byte (TMR1_CAPB_H
= 006Eh, TMR3_CAPB_H = 007Fh)

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

These bits represent the High byte of the 2-byte capture
[7:0] value, {TMRX_CAPB_HI[7:0], TMRX_CAPB_L[7:0]}. Bit 7 is

TMRX_CAPB_H 20N FFN i 15 (msb) of the 16-bit data value. Bit O is bit 8 of the 16-

bit timer data value.

Timer Output Compare Control Register 1

The Timer3 Output Compare Control Register 1 {&d#e 66 is used to select the Master

Mode and to provide initial values for the OC pins.

Table 66. Timer Output Compare Control Register 1 ~ (TMR3_OC_CTL1 = 0080h)

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

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

Egsition Value Description

[7:6] 00 Unused.

5 0 OC pin cleared when initialized.
OC3_INIT 1 OC pin set when initialized.

4 0 OC pin cleared when initialized.
OC2Z_INIT 1 OC pin set when initialized.
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3
OCI1_INIT

OC pin cleared when initialized.

OC pin set when initialized.

2
OCO_INIT

OC pin cleared when initialized.

OC pin set when initialized.

1
MAST_MODE

OC pins are independent.

OC pins all mimic OCO.

0
OC_EN

OUTPUT COMPARE mode is disabled.

PO/, O|FL,| O|FrL,| O

OUTPUT COMPARE mode is enabled.

Timer Output Compare Control Register 2

The Timer3 Output Compare Control Register 2 {sd#e 67 is used to select the event
that occurs on the output compare pins when a timer compare happens.

PS019215-0910

Table 67. Timer Output Compare Control Register 2

(TMR3_OC_CTL2 = 0081h)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit
Position Value Description
00 Initialize OC pin to value specified in
TMR3_OC_CTL1[OC3_INT].
[7:6] 01 OC pin is cleared upon timer compare.
OC3_MODE — -
10 OC pin is set upon timer compare.
11 OC pin toggles upon timer compare.
00 Initialize OC pin to value specified in
TMR3_OC_CTL1[OC2_INT].
[5:4] 01 OC pin is cleared upon timer compare.
OC2_MODE — -
10 OC pin is set upon timer compare.
11 OC pin toggles upon timer compare.
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Initialize OC pin to value specified in

00 TMR3_OC_CTL1[OC1_INT].
(3:2] 01 OC pin is cleared upon timer compare.
OC1_MODE — -

10 OC pin is set upon timer compare.

11 OC pin toggles upon timer compatre.

00 Initialize OC pin to value specified in

TMR3_OC_CTL1[OCO_INT].

[1:0] 01 OC pin is cleared upon timer compare.
OCO0_MODE — -

10 OC pin is set upon timer compare.

11 OC pin toggles upon timer compare.

Timer Output Compare Value Register—Low Byte

The Timer3 Output Compare x Value Register—Low Byte (&d®e 68 stores the Low
byte of the compare value for OCO-OC3.

Table 68. Compare Value Register—Low Byte  (TMR3_OCO_L = 0082h,
TMR3_OC1_L = 0084h, TMR3_OC2_L = 0086h, TMR3_OC3_L = 0088h)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit
Position Value Description

These bits represent the Low byte of the 2-byte compare
[7:0] value, {TMR3_OCx_H[7:0], TMR3_OCx_L[7:0]}. Bit 7 is bit

TMR3 0Cx L OONFFN 2 ot the 16-bit data value. Bit O is bit O (Isb) of the 16-bit

timer compare value.
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Timer Output Compare Value Register—High Byte

The Timer3 Output Compare x Value Register—High Byte [sdxe 69 stores the High
byte of the compare value for OC0O-OC3.

Table 69. Compare Value Register—High Byte  (TMR3_OCO0_H = 0083h,
TMR3_OC1_H = 0085h, TMR3_OC2_H = 0087h, TMR3_OC3_H = 0089h)

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

These bits represent the High byte of the 2-byte compare
[7:0] value, {TMR3_OCx_H[7:0], TMR3_OCx_L[7:0]}. Bit 7 is bit

TMR3 0Cx H OO FFN 15 msb) of the 16-bit data value. Bit 0 is bit 8

of the 16-bit timer compare value.

Multi-PWM Mode

The special Multi-PWM mode uses the Tin3et6-bit counter as the primary timekeeper

to control up to four PWM generators. The Itrbload value for Timer 3 sets a common
period for each of the PWM signals. Howetbe duty cycle and ftse for each generator
are independent that is, thiegh and Low periods for each PWM generator are set inde-
pendently. In addition, eaaf the four PWM generatoe enabled independently.

The eight PWM signals (four PWM output signals and their inverses) are output via Port
A. A functional block diagram of the Multi-PWM is displayedHigure 30on page 146.
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16
/ PWMO > PAO | PWMO Output
/ ~| Generator
—|—r ) PA4 | PWMO Output
. 16
Timer 3 / PWM1 PA1| PWM1 Output
16-Bit Binary /J | Generator
Downcounter
. 16 ) PA5| PWM1 Output
Timer 3 —> Count Value /
Clock Input /
16
/ PWM2 > PA2 | PWM2 Output
/ ~ | Generator
—|—r ‘ PA6 | PWM2 Output
16
] PWM3 PA3| PWMS3 Output
/ | Generator
—|—r ) PA7 | PWM3 Output

Figure 30. Multi-PWM Simplified Block Diagram

Setting TMR3_PWM_CTL1[MPWM_EN] to 1 enables Multi-PWM mode. The
TMR3_PWM_CTL1 register bits enable the four individual PWM generators by adjusting
settings according to the list providedTiable 70

Table 70. Enabling PWM Generators

Enable PWM generator 0 by setting TMR3_PWM_CTL1[PWMO_EN]to 1.
Enable PWM generator 1 by setting TMR3_PWM_CTL1[PWM1_EN]to 1.
Enable PWM generator 2 by setting TMR3_PWM_CTL1[PWM2_EN]to 1.
Enable PWM generator 3 by setting TMR3_PWM_CTL1[PWM3_EN]to 1.
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The inverted PWM outputs PWMEWM1, PWM2, and PWMa3are globally enabled by
setting TMR3_PWM_CTL1[PAIR_EN] to 1. Thadividual PWM generators must be
enabled for the associated imesltPWM signals to be output.

For each of the 4 PWM generators, there is a 16-bit rising edge value
{TMR3_PWMxR_H[PWMxR_H], TMR3_PWMR_L[PWMxR_L]} and a 16-bit falling
edge value {TMR3_PWMF_H[PWMXxF_H], TMR3_PWMF_L[PWMxF_L]} for a total
of 16 registers. The rising-edge byte pairs define the timer count at which th& PWM
output transitions from Low tbligh. Conversely, the fallingdge byte pairs define the
timer count at which the PW¥butput transitions from High tioow. On reset, all enabled
PWM outputs begin Low and all PWhbutputs begin High. When the PWMx output is
Low, the logic is looking for a match betwettse timer count and the rising edge value,
and vice versa. Therefore, icase in which the rising edgelva is the same as the falling
edge value, the PWM output frequency igdnalf the rate at wbh the counter passes
through its entire count cyc{&rom reload value down t@000h ).

Figure 3andFigure 32display a simple Multi-PWM outpwind an expanded view of the
timing, respectively. Associated control values are listelhble 71on page 148.

T3 Count o [cIslalo]8]7l6]5]4]3]2]1[c]elAlol8]7]6]5]4]3[2]1]c][BlAo]8]7]6]5]4]3]2]1]c[B]A]

o [ ] L
L
[

PWM1 [

L
[

PWM1 |

Figure 31. Multi-PWM Operation

cmwe 1 M M 1O 1
T3 Count Ao [ 9 X 8 X 7 X & X 5 X 4

Figure 32. Multi-PWM Operation—Expanded View of Timing
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Table 71. Example: Multi-PWM Addressing

Parameter

Control Register(s) Value

Timer Reload Value

{TMR3_RR_H, TMR3_RR_L} 000Ch

PWMO rising edge

{TMR3_PWMOR_H,

TMR3_PWMOR_L} 0008h

PWMO falling edge

{TMR3_PWMOF_H, TMR3_PWMOF_L} 0004h

PWML1 rising edge

{TMR3_PWM1R_H,

TMR3_PWM1R_L} 0006h

PWM1 falling edge

{TMR3_PWM1F_H, TMR3_PWM1F _L} 0007h

PWM enable TMR3_PWM_CTL1[PAIR_EN] 1
PWMO enable TMR3_PWM_CTL1[PWMO_EN] 1
PWM1 enable TMR3_PWM_CTL1[PWM1_EN] 1
Multi-PWM enable TMR3_PWM_CTL1[MPWM_EN] 1
Prescaler Divider = 4 TMR3_CTL[CLK_DIV] 00b
PWM nonoverlapping delay = 0 TMR3_PWM_CTL2[PWM_DLY] 0000b

PWM Master Mode

In PWM Master mode, the pair of output signals generated from the PWMO generator

(PWMO and PWMDare directed to all four sets of PWM output pairs. Setting
TMR3_PWM_CTL1[MM_EN] to 1 enables PWMaster mode. Assuming the outputs
are all enabled and no AND/OR gating is used, all four PWM output pairs transition
simultaneously under the direction of PWMO0 and PWMMPWM Master mode,
the outputs still be gated indlilually using the AND/OR gatopfunctions described in the

148

next section. Multi-PWM mode and the individual PWM outputs must be enabled along

with PWM Master mode. It is possible to eleabr disable any combination of the four

PWM outputs while running in PWM Master mode.

Modification of Edge Transition Values

} Note:

PS019215-0910

Special circuitry is includefbr the update of the PWM edgr@ansition values. Normal use

requires that these values be updathile the PWM generator is running.

Under certain circumstances, electric motdrézen by the PWM logic encounters rough
operation. In other words, cycles are skippfithe PWM waveform edge is not carefully

modified.

Without special consideration, if a PWM generdooks for a particular count to make a
state transition and if the edge transition gathanges to a valueathalready occurred in
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the current counter count-down cycle, thia transition is missed. The PWM generator
holds the current output state until twunter reloads and cycles through to the
appropriate edge transition value again. faaf an entire cycle of the PWM waveform is
skipped with the signal held at a DC value. The change in PWM waveform duty cycle
from cycle to cycle must be lited to some fraction of a period to avoid rough running.
To avoid unintentional roughnedse to timing of the load operation for the register val-
ues in question, the PWM edgansition values are dolgbbuffered and exhibit the
following behavior:

®* When the PWM generators are disabled,NP¥tge transition values written by the
CPU are immediately loaded intoe PWM edge transition registers.

®* When the PWM generators are enabledy\éPedge transition value is loaded into a
buffer register and transferred to its destination register only during a specific transition
event. A rising edge transition value is oldgded upon a fallingdge transition event,
and a falling edge transition value is onladi@d upon a rising edge transition event.

AND/OR Gating of the PWM Outputs

When in Multi-PWM mode, it is pssible for you to turn ofPWM propagation to the pins
without disabling the PWM generator. This f&atis global and applies to all enabled
PWM generators. The function is implemeahtsy applying digital logic (AND or OR
functions) to combine thcorresponding bits in the poutput register with the PWM and
PWM outputs.

The AND or OR functions are enabled on all PWM outputs by setting
TMR3_PWM_CTL2[AO_EN] to either 81b (AND) or 10b (OR). Any other value
disables this feature. Likewise, the AMDOR functions are enabled on all PViMtputs
by setting TMR3_PWM_CTL2[AON_EN] to eitherdb (AND) or 10b (OR). Any
other value disables this feature. A funotibblock diagram for the AND/OR gating fea-
ture for PWMO and PWM®s displayed irFigure 33on page 150. The functionality for
the other three PWM pairs are identical.
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NN

00

}\_ o
PWMO Signal PADRO —¢ PAO PWMO Output
10
11
jf/z
TMR3_PWM_CTL2[5:4]
00
01
PWMO Signal —¢ PADR4 ——¢ PA4 PWMO Output

11

0

TMR3_PWM_CTL2[7:6]

Figure 33. PWM AND/OR Gating Functional Diagram

If you enable the OR function on all PWM outp and PADRO is set to 1, then the PWMO
output on PAO is forced High. Similarlif,you select the AND function on all PWM
outputs and PADRO is set to a 0, then the PWMO output on PAO is forced Low.

PWM Nonoverlapping Output Pair Delays

A delay is added between the falling edge of the PWM (B\WiNputs and the rising edge
of the PWM(PWM) outputs. This delay is set tesage that even with load and output
drive variations there will be no ovepldetween the falling edge of a PWM (P\\/blit-

put and the rising edge of its paired outpute Shlected delay is global to all four PWM
pairs. The delay duration is softwaselectable using the 4-bit field
TMR3_PWM_CTL2[PWM_DLY]. The duration is programmable in units of the system
clock (SCLK), from 0 SCLK periods to 15 SCLK periods. The
TMR3_PWM_CTL2[PWM_DLY] bits are mappedrdctly to a counter, such that a
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setting of0000b represents a delay of O systelock periods and a settingbf11b rep-
resents a delay of 15 system clock periods. The PWM delay feature is displayed in
Figure 34with associated addressing listedrable 72

} Note: The PWM nonoverlapping delay time must alsvbe defined to be less than the delay
between the rising and fallingdges (and the delay betwdhn falling and rising edges)
of all Multi-PWM outputs. In other words,resing (falling) edge cannot be delayed
beyond the time at which it is s@logiently scheduled to fall (rise).

cocenae [ 1 [1 M1 T T M1 T T M

LTSRS K i I i 53 I8 (5 3 9 G

PWMO

PWMO

— [«— 3 x SCLK —>| |[«—3 x ScLK

Figure 34. PWM Nonoverlapping Output Delay

Table 72. PWM Nonoverlapping Output Addressing

Parameter Control Register(s) Value
Timer clock is SCLK + 4 TMR3_CTL[CLK_DIV] 00b
Timer reload value {TMR3_RR_H, TMR3_RR_L} 000Ch
PWMO rising edge {TMR3_PWMOR_H, TMR3_PWMOR_L}  0008h
PWMO falling edge {TMR3_PWMOF_H, TMR3_PWMOF_L}  0004h
Prescaler divider = 4 TMR3_CTL[CLK_DIV] 00b
PWM nonoverlapping delay =3  TMR3_PWM_CTL2[PWM_DLY] 0011b
PWM enable TMR3_PWM_CTL1[PAIR_EN] 1
PWMO enable TMR3_PWM_CTL1[PWMO_EN] 1
Multi-PWM enable TMR3_PWM_CTL1[MPWN_EN] 1
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Multi-PWM Power-Trip Mode

When enabled, the Multi-PWM power-tripdture forces the enadl®WM outputs to a
predetermined state when an interrupt is geee from an external source via ICO, IC1,
IC2, or IC3. One or multiplexternal interrupt sources arabled at any given time. If
multiple sources are enabled, any of the selected external sources trigger an interrupt.
Configuring the PWM_CTL3 register enables or disables interrupt sourcetaldeers

on page 156.

The possible interrupt sourckEs a Multi-PWM power-trip are:
* |CO—digital input
* |Cl—digital input
® |C2—digital input
* |C3—digital input

When the power-trip is detected, TMR3VRI_CTL3[PTD] is set to 1 to indicate
detection of the power-trip. A value ofs@nifies that no power-trip is detected.

The PWMs are released only after aveo-trip when TMR3_PWM_CTL3[PTD] is

written back to 0 by softare. As a result, you are allowed to check the conditions of the
motor being controlled befomeleasing the PWMs. The diqit release also prevents
noise glitches after a power-trip from causamgaccidental exit or re-entry of the PWM
power-trip state.

The programmable power-trip states of W&¥Ms are globally grouped for the PWM out-
puts and the inverting PWutputs. Upon detection of a power-trip, the PWM outputs
are forced to either a High state, a Loatst or high-impedanc@&he settings for the
power-trip states are made with povisp-control bits TMR3_PWM_CTL3[PT_LVL],
TMR3_PWM_CTL3[PT_LVL_N], and TMR3_PWM_CTL3[PT_TRI].
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Multi-PWM Control Registers

Pulse-Width Modulation Control Register 1
The PWM Control Register 1 (s@&able 73 controls PWM function enables.

Table 73. PWM Control Register 1

(PWM_CTL1 = 0079h)

eZ80F91 MCU
Product Specification

Ilog

Bit 7 6 5 4 3 2 1 0
SeEa 0 0 0 0 0 0 0 0
CEU fEEes RW | RW | RIW | RW | RIW | RIW | RIW | RW
Note: R/W = Read/Write.
Bit
Position Value Description
; 0 oGr|1(|)yb)a| disable of the PWM outputs (PWM outputs enabled
PAIR_EN S
1 Global enable of the PWM and PWM output pairs.
6 0 Disable power-trip feature.
PT_EN 1 Enable power-trip feature.
5 0 Disable Master mode.
MM_EN 1 Enable Master mode.
4 0 Disable PWM generator 3.
pwm3_en 1 Enable PWM generator 3.
3 0 Disable PWM generator 2.
pwm2_en 1 Enable PWM generator 2.
2 0 Disable PWM generator 1.
pwml_en 1 Enable PWM generator 1.
1 0 Disable PWM generator O.
PWMO_EN 1 Enable PWM generator 0.
0 0 Disable Multi-PWM mode.
mpwm_en 1 Enable Multi-PWM mode.
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Pulse-Width Modulation Control Register 2

The PWM Control Register 2 (séable 74 controls pulse-width modulation AND/OR
and edge delay functions.

Table 74. PWM Control Register 2 (PWM_CTL2 = 007Ah)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Egsition Value Description

00 Disable AND/OR features on PWM
[7:6] 01 Enable AND logic on PWM
AON_EN 10 Enable OR logic on PWM

11 Disable AND/OR features on PWM

00 Disable AND/OR features on PWM
[5:4] 01 Enable AND logic on PWM
AO_EN 10 Enable OR logic on PWM

11 Disable AND/OR features on PWM
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[3:0]
PWM_DLY

No delay between falling edge of PWM (PWM) and rising

0000 edge of PWM (PWM)

0001 Delay of 1 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0010 Delay of 2 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0011 Delay of 3 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0100 Delay of 4 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0101 Delay of 5 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0110 Delay of 6 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

0111 Delay of 7 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1000 Delay of 8 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1001 Delay of 9 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1010 Delay of 10 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1011 Delay of 11 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1100 Delay of 12 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1101 Delay of 13 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1110 Delay of 14 SCLK periods between falling edge of PWM
(PWM) and rising edge of PWM (PWM)

1111 Delay of 15 SCLK periods between falling edge of PWM

(PWM) and rising edge of PWM (PWM)
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Pulse-Width Modulation Control Register 3
The PWM Control Register 3 (sé&able 79 is used to configure the PWM power trip

functionality.

Table 75. PWM Control Register 3

(PWM_CTL3 = 007Bh)

eZ80F91 MCU

Product Specification

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

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

Egsition Value Description

7 0 Power trip disabled on IC3.

PT_IC3_EN 1 Power trip enabled on IC3.

6 0 Power trip disabled on IC2.

PT_IC2_EN 1 Power trip enabled on IC2.

5 0 Power trip disabled on IC1.

PT_ICL1EN 1 Power trip enabled on IC1.

4 0 Power trip disabled on ICO.

PT_ICO_EN 1 Power trip enabled on ICO.

3 0 All PWM trip levels are open-drain.

PT_TRI 1 All PWM trip levels are defined by PT_LVL and PT_LVL_N.
2 0 After power trip, PWMXx outputs are set to one.
PT_LVL 1 After power trip, PWMXx outputs are set to zero.
1 0 After power trip, PWMx outputs are set to one.
PT_LVLN 1 After power trip, PWMX outputs are set to zero.
0 0 Power trip has been cleared.

PTD 1 This bit is set after power trip event.
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Pulse-Width Modulation Rising Edge—Low Byte

A parallel 16-bit Write of {TMR3_PWMxR_H[7-0], TMR3_PWMXxR_L[7-0]} occurs
when software initiates a Write to TMRBWMXR_L. The register is listed in
Table 76

Table 76. PWMx Rising-Edge Register—Low Byte  (TMR3_PWMOR_L = 007Ch,
TMR3_PWM1R_L = 007Eh, TMR3_PWM2R_L = 0080h, TMR3_PWM3R_L = 0082h)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit
Position Value Description
These bits represent the Low byte of the 16-bit value to set the
[7:0] rising edge COMPARE value for PWMX,
PWMXR L 00h—-FFh {TMR3_PWMXR_H[7:0], TMR3_PWMXR_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.

Pulse-Width Modulation Rising Edge—High Byte

Writing to TMR3_PWMXxR_H stores the valueartemporary holding register. A parallel
16-bit Write of {TMR3_PWMxR_H[7-0], TMR3_PWMXxR_L[7-0]} occurs when soft-
ware initiates a Write to TMR3_PWRR_L. The register is listed ifable 77

Table 77. PWMx Rising-Edge Register—High Byte  (TMR3_PWMOR_H =007Dh,
TMR3_PWM1R_H = 007Fh, TMR3_PWM2R_H = 0081h, TMR3_PWM3R_H = 0083h)

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

Note: R/W = Read/Write.

Bit
Position Value Description
These bits represent the High byte of the 16-bit value to set the
[7:0] rising edge COMPARE value for PWMX,
PWMxR 1 CON—FFh {TMR3_PWMXR_H[7:0], TMR3_PWMXR_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.
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Pulse-Width Modulation Falling Edge—Low Byte

A parallel 16-bit Write of {TMR3_PWMxF_H[7-0], TMR3_PWMxF_L[7-0]} occurs
when software initiates a Write to TMRBWMXF_L. The register is listed fable 78

Table 78. PWMx Falling-Edge Register—Low Byte  (TMR3_PWMOF_L = 0084h,
TMR3_PWM1F_L = 0086h, TMR3_PWM2F_L = 0088h, TMR3_PWM3F_L = 008Ah)

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
These bits represent the Low byte of the 16-bit value to set the
[7:0] falling edge COMPARE value for PWMXx,
PWMXF L 00h—-FFh {TMR3_PWMXF_H[7:0], TMR3_PWMXF_L[7:0]}. Bit 7 is bit 7

of the 16-bit timer data value. Bit 0 is bit O (Isb) of the
16-bit timer data value.

Pulse-Width Modulation Falling Edge—High Byte

Writing to TMR3_PWMNxF_H stores the value in a temporary holding register. A parallel
16-bit Write of {TMR3_PWMxF_H[7-0], TMR3_PWMxF_L[7-0]} occurs when
software initiates a Write to TMR3VWWAMXF_L. The register is listed ifiable 79

Table 79. PWMx Falling-Edge Register—High Byte  (TMR3_PWMOF_H = 0085h,
TMR3_PWM1F_H =0087h, TMR3_PWM2F_H = 0089h, TMR3_PWM3F_H = 008Bh)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit
Position Value Description
These bits represent the High byte of the 16-bit value to set the
[7:0] falling edge COMPARE value for PWMXx,
PWMXF H 00h—-FFh {TMR3_PWMXF_H[7:0], TMR3_PWMXF_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.

Programmable Reload Timers



eZ80F91 MCU
Product Specification

159

Real-Time Clock

Real-Time Clock Overview

The Real-Time Clock (RTC) maintains time kseping count of seconds, minutes, hours,
day-of-the-week, day-of-the-month, year, and century. The current time is kept in 24-hour
format. The format for all count and alaregisters is selectable between binary and
binary-coded-decimal (BCO)perations. The calendar opon maintains the correct
day-of-the-month and autoiizally compensates for leap year. A simplified block

diagram of the RTC and the associated on-chip, low-power, 32 kHz oscillator is displayed
in Figure 35 Connections to an external battery dygmd 32 kHz crystal network is also
displayed inFigure 35

} Note: For users NOT using the RTC the following Rsighal pins must be connected as follows
to avoid a 10 uA leakage within the RTC citdlock. RTC_Xin (pin 61) must be left float-
ing or connected to ground.

| S
Vob — _ Battery
~<€— IRQ
z Real-Time Clock
3 —
p ::> ADDRI[15:0] -
N
(0]
[e]
e <:::> DATA[7:0]
R1
RTC Clock <o & RTC_Xour [—WW |
| —_C
System Clock Low-Power
32 KHz Oscillator —

32 KHz
Crystal =

z Enable
CLK_SEL

(RTC_CTRL[4])

RTC_Xin |

Figure 35. Real-Time Clock and 32 kHz Oscillator Block Diagram
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Real-Time Clock Alarm

The clock is programmed to generate an alarm condition when the current count matches
the alarm set-point registers. Alarm registesavailable for seconds, minutes, hours, and
day-of-the-week. Each alarm is independeatigbled. To generate an alarm condition,

the current time must match all enabled alaatues. For example, if the day-of-the-week

and hour alarms are both enabled, the alarm @cdyrs at a specifichour on a specified

day. The alarm triggers an interrupt if théemmupt enable bit, INT_EN, is set to 1. The

alarm flag, ALARM, and corresponding inteptuto the CPU are ebred by reading the
RTC_CTRL register.

Alarm value registers and alarm control registare written at any time. Alarm conditions
are generated when the count value matchealtirm value. The comparison of alarm and
count values occurs whenever the RTC count increments (one time every second). The
RTC is also forced to perform a comigan at any time by writing a O to the
RTC_UNLOCK bit (the RTC_UNLOCK bit is naequired to be changed to a 1 first).

Real-Time Clock Oscillator and Source Selection

The RTC count is driven by either the dmg32 kHz RTC oscillator or an external

50/60 Hz CMOS-level clock signal (typigaderived from the AGower line frequency).
The on-chip oscillator requires an exi@r82 kHz crystal connected to RTGypand
RTC_XoyT as displayed ifrigure 350n page 159. If an external 50/60 Hz clock signal is
used, connect it to RTC o1

The clock source and power-line frequencies are selected in the RTC_CTRL register.
Writing to the RTC_CTRL register resets the clock divider.

Real-Time Clock Battery Backup

The power supply pin (RTC_pp) for the RTC and associated low-power 32 kHz
oscillator is isolated from the other powepply pins on the eZ80H9device. To ensure
that the RTC continues to ketme in the event of loss dihe power to the application, a
battery is used to supply power t@tRTC and the oscillator via the RTCyy pin. All
Vgs(ground) pins must be connected together on the printed circuit assembly.

Real-Time Clock Recommended Operation

Following a initial system resérom a power-down condition of 35 and \pp_RTC, the
counter values of the RTC are undefined alhdlarms are disabled. The following proce-
dure is recommended to initialize the Real-Time Clock:

®* Write to RTC_CTRL to set RTC_UNLOCKnd disable the RTC counter; this action
also clears the clock divider
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®* Write values to the RTC countgisters to set the current time
® Write values to the RTC alarm registérsset the appropriate alarm conditions

®* Write to RTC_CTRL to clear RTC_UNLOCKIlearing the RTC_UNLOCK bit resets
and enables the clock divider

Real-Time Clock Registers

The RTC registers are accessed via the addresdata buses using I/O instructions. The
RTC_UNLOCK control bit controls accessttee RTC count registers. When unlocked
(RTC_UNLOCK = 1), the RTC count is disabled and the count registers are Read/Write.
When locked (RTC_UNLOCK = 0), the RTC count is enabled and the count registers are
Read Only. The default at RESESTfor the RTC to be locked.

Real-Time Clock Seconds Register

This register contains the current secotmisnt. The value in the RTC_SEC register is
unchanged by a RESET. The current setithBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1).
Access to this register is Read Only if REC is locked, and Read/Write if the RTC is
unlocked. Sed&able 80

Table 80. 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* | RIW* | RIW* | R/IW*

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—-3Bh The current seconds count.
SEC
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Real-Time Clock Minutes Register

This register contains the current minutesrdoThe value in thBRTC_MIN register is
unchanged by a RESET. The current sethBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1).
Access to this register is Read Only if REC is locked, and Read/Write if the RTC is
unlocked. Sed&able 81

Table 81. 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* | RIW* | R/IW*

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

Binary-Coded Decimal Op eration (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—-3Bh The current minutes count.
MIN
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Real-Time Clock Hours Register

This register contains the current hourarto The value in the RTC_HRS register is
unchanged by a RESET. The current sethBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1).
Access to this register is Read Only if REC is locked, and Read/Write if the RTC is
unlocked. Sed&able 82

Table 82. 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* | RIW* | R/IW*

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

Binary-Coded Decimal Op eration (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—17h The current hours count.
HRS
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Real-Time Clock Day-of-the-Week Register

This register contains the current daydoé-twveek count. The RTC_DOW register begins
counting ab1h. The value in the RTC_DOW regastis unchangeldy a RESET. The
current setting of BCD_EN determines whettier value in this register is binary
(BCD_EN = 0) or binary-coded decimal (BCDNE 1). Access to this register is Read
Only if the RTC is locked and Read/Write if the RTC is unlocked. Tae& 83

Table 83. 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* R/W* R/W* 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 Op eration (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-07h The current day-of-the-week count.
DOW
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Real-Time Clock Day-of-the-Month Register

This register contains the current day-of-the-month count. The RTC_DOM register begins
counting ab1h. The value in the RTC_DOM reggstis unchanged by a RESET. The
current setting of BCD_EN determines whetherhlues in this register are binary
(BCD_EN = 0) or binary-coded decimal (BCDNE 1). Access to this register is Read

Only if the RTC is locked, and Re@drite if the RTC is unlocked. Sé@ble 84

Table 84. 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* | RIW* | R/IW*

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

Binary-Coded Decimal Op eration (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—-1Fh The current day-of-the-month count.
DOM
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Real-Time Clock Month Register

This register contains the current month count. The RTC_MON register begins counting at
01h. The value in the RTC_MON register isamanged by a RESET. The current setting

of BCD_EN determines whether the values in this register are binary (BCD_EN = 0) or
binary-coded decimal (BCD_EN = 1). Access tis tlegister is Read Only if the RTC is
locked, and Read/Write the RTC is unlocked. Sé@able 85

Table 85. 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* | RIW* | R/IW*

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

Binary-Coded Decimal Op eration (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—0Ch The current month count.
MON
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Real-Time Clock Year Register

This register contains the current yeanmio The value in the RTC_YR register is
unchanged by a RESET. The current setihBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1).
Access to this register is Read Only if REC is locked, and Read/Write if the RTC is
unlocked. Sed&able 86

Table 86. 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* | RIW* | R/IW*

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

Binary-Coded Decimal Op eration (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—63h The current year count.
YR
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Real-Time Clock Century Register

This register contains the current centuryrto The value in the RTC_CEN register is
unchanged by a RESET. The current sethBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1).
Access to this register is Read Only if REC is locked, and Read/Write if the RTC is
unlocked. Sed&able 87

Table 87. 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* | RIW* | R/IW*

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—63h The current century count.
CEN
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This register contains the alarm secondse:dline value in the RTC_ASEC register is
unchanged by a RESET. The current sethBCD_EN determines whether the values
in this register are binary (BCD_EN = @) binary-coded decimal (BCD_EN = 1). See

Table 88

Table 88. Real-Time Clock Alarm Seconds Register

(RTC_ASEC = 00ES8h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X X X X X
CPU Access RW | RRW | RW | RIW | RWW | RIW | RIW | R/IW
Note: X =Unchanged by RESET; R/W = Read/Write.

Binary-Coded Decimal Op eration (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—-3Bh The alarm seconds value.
ASEC
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Real-Time Clock Alarm Minutes Register

This register contains the alarm minutes gallihe value in the RTC_AMIN register is
unchanged by a RESET. The curreritisg of BCD_EN determines whether the

values in this register are binary (BCD_EN = 0) or binary-coded decimal (BCD_EN = 1).
SeeTable 89

Table 89. Real-Time Clock Alarm Minutes Register  (RTC_AMIN = 00E9h)

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

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

Binary-Coded Decimal Op eration (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—-3Bh The alarm minutes value.
AMIN
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This register contains the alarm hours eallihe value in the RTC_AHRS register is
unchanged by a RESET. The curreritisg of BCD_EN determines whether the
values in this register are binary (BCD_EN = 0) or binary-coded decimal (BCD_EN =

1). SeeTable 90

Table 90. Real-Time Clock Alarm Hours Register (RTC_AHRS = 00EAh)

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

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

Binary-Coded Decimal Op eration (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-17h The alarm hours value.
AHRS

PS019215-0910
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Table 91. Real-Time Clock Alarm Day-of-the-Week Register

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

eZ80F91 MCU
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Ilog|,,

This register contains the alarm day-o&tweek value. The value in the RTC_ADOW
register is unchanged by a RESET. Theent setting of BCD_EN determines whether
the value in this register is binary (BCD_EN = 0) or binary-coded decimal (BCD_EN = 1).

SeeTable 91

(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* | RIW*

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

RTC unlocked.

Binary-Coded Decimal Op eration (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-07h The alarm day-of-the-week value.
ADOW

PS019215-0910
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Real-Time Clock Alarm Control Register

This register contains controits for the Real-Time Clock. The RTC_ACTRL register is
cleared by a RESET. Séable 92

Table 92. 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 | RIW | RIW | R/W

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

Bit Position 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.

PS019215-0910

Real-Time Clock Control Register

This register contains control and status futshe Real-Time Cldc Some bits in the
RTC_CTRL register are cleared by a RESHIe ALARM bit flag ard associated inter-
rupt (if INT_EN is enabled) are cleared t®ading this register. The ALARM bit flag is
updated by clearing (locking) the RTC_UNLOCK bit or by an increment of the RTC
count. Writing to the RTC_CTRL register alssets the RTC count prescaler allowing the
RTC to be synchronized to another time source.

SLP_WAKE indicates if an RTC alarm catidn initiated the CPU recovery from SLEEP
mode. This bit is checked after RESET to deiae if a sleep-mode recovery is caused by
the RTC. SLP_WAKE is cleared by a Read of the RTC_CTRL register.

Setting the BCD_EN bit causes the@®1o use binary-coded decim{8CD) counting in
all registers including the alarm set points.

The CLK_SEL and FREQ_SEL bits select the RTC ckmlirce. If the 32KHz crystal
option is selected, the oscillator is enabled @re internal prescaler is set to divide by

Real-Time Clock



Table 93. Real-Time Clock Control Register
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32768. If the power-line frequency optiorsmlected, the prescale value is set by the
FREQ_SEL bit, and the 32 kHz oscillator is disabled.Tedxe 93

(RTC_CTRL = 00EDh)

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

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 .
- 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 BCD.
4 0 RTC clock source is crystal oscillator output (32768 Hz).
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 60 Hz.
FREQ_SEL 1 Power-line frequency is 50 Hz.
2 0 Suggested value for Daylight Savings Time not selected.
DAY_SAV . . .

- 1 Suggested value for Daylight Savings Time selected.
This register bit has been allocated as a storage location only
for software applications that use DST. No action is performed
in the eZ80F91 when setting or clearing this bit.

1 0 RTC did not generate a sleep-mode recovery reset.
SLP_WAKE 1 RTC Alarm generated a sleep-mode recovery reset.
0 0 RTC count registers are locked to prevent write access.
RTC_UNLOCK RTC counter is enabled.

1 RTC count registers are unlocked to allow write access.

RTC counter is disabled.

PS019215-0910
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Universal Asynchronous

Receiver/Transmitter
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The UART module implements all of the logiequired to suppbthe asynchronous com-
munications protocol. The module also iemplents two separate -byte-deep FIFOs for

eZ80F91 MCU
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both transmission and reception. A block diagram of the UART is display&dure 36
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Figure 36. UART Block Diagram

RxDO0/RxD1

TxDO/TxD1

CTSO/CTS1

RTSO/RTS1

DSRO/DSR1
DTRO/DTR1
DCDO/DCD1
RIO/RIL

The UART module provides the followiragynchronous communications protocol-
related features and functions:

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

Line break detection and generation.

Receiver overrun and finéing errors detection.

Universal Asynchronous Receiver/Transmitter

Logic and associated I/O toguide modem harghake capability.

Even/odd, space/mark, address/data, or no parity bit generation and detection.

Start and stop bit generation and datec(supports up to two stop bits).
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UART Functiona | Description

The UART Baud Rate Generator (BRG) cesathe clock for the serial transmit and
receive functions. The UART module suppottoathe various options in the asynchro-
nous transmission and reception protocol including:

® 5-to 9-bit transmit/receive

® Start bit generation and detection
® Parity generation and detection

® Stop bit generation and detection
® Break generation and detection

The UART contains 16-byte-deep FIFOs inledaection. The FIFOs are enabled or dis-
abled by the application. The receive Flfe@tures trigger-level detection logic, which
enables the CPU to block-transtiata bytes from the receive FIFO.

UART Functions
The UART functiom implements:
®* The transmitter and assated control logic
®* The receiver and associated control logic

®* The modem interface and associated logic

UART Transmitter

The transmitter block controls the data transmitted on thedIxput. It implements the
FIFO, access via the UARTx_THR register, tasmit shift register, the parity generator,
and control logic for the transmitter to contparameters for thasynchronous communi-
cations protocol.

The UARTx_THR is a Write Only register. TRE°U writes the data byte to be transmitted
into this register. In FIFO mode, up to d&ta bytes are written via the UARTx_THR reg-
ister. The data byte from the FIFO is tramsfd to the transmit shifegister at the appro-
priate time and transmitted via TxDtput. After SYNC_RESET, the UARTx_THR
register is empty. Therefore, the Transhhitiding Register Empty (THRE) bit (bit 5 of
the UARTX_LSRregister) is 1. An interrupt is setat the CPU if interrupts are enabled.
The CPU resets this interrupt by loading data the UARTX_THR register, which clears
the transmitter interrupt.

The transmit shift register places the byte to be transmitted on thsigix& serially. The
LSb of the byte to be trandtted is shifted out first and the MSb is shifted out last. The
control logic within the block adds the asyrmmous communications protocol bits to the
data byte being transmitted. &kransmitter block obtains tiparameters for the protocol

PS019215-0910 Universal Asynchronous Receiver/Transmitter
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from the bits programmeda the UARTx_LCTL register. W8n enabled, an interrupt is
generated after the final protocol bit iarismitted which the CPUsets by loading data
into the UARTX_THR register. The TxD outputsist to 1 if the transmitter is idle (that is,
the transmitter does not containy data to be transmitted).

The transmitter operates with the BRG clotke data bits are placed on the TxD output
one time every 16 BRG clock cycles. The traitnblock also implements a parity gen-
erator that attaches the parity bit to the byte, if programmed. For 9-bit data, the host CPU
programs the parity bit genéoa so that it marks the byte as either address (mark parity)

or data (space parity).

UART Receiver

The receiver block controls the data ramapfrom the RxD signal. The receiver block
implements a receiver shift register, receiuge error condition mitoring logic and
receiver data ready logic. Itsal implements the parity checker.

The UARTx_RBR is a Read Only registertbé module. The CPteads received data
from this register. The condition of the UARTx_RBR register is monitored by the DR bit
(bit O of the UARTX_LSR register). The DR I8t1 when a data byte is received and trans-
ferred to the UARTX_RBR register from the re@gishift register. The DR bit is reset

only when the CPU reads all thfe received data bytes. If thamber of bitgeceived is

less than eight, the unused M&f the data byte Read are 0.

For 9-bit data, the receiver checks incomttes for space parity. A line status interrupt
is generated when an address byte is redelwecause address bytes maintain high parity
bits. The CPU clears the inteptuby determining if the addresnatches its own, then con-
figures the receiver to eithaccept the subsequent data bytélse address matches, or
ignore the data if the address does not match.

The receiver uses the clock from the BRG faraiving the data. This clock must operate

at 16 times the appropriate baud rate. The receiver synchronizes the shift clock on the fall-
ing edge of the RxD input start bit. It theeteives a complete byte according to the set
parameters. The receiver also implementsltgidetect framing errors, parity errors,

overrun errors, and break signals.

UART Modem Control

The modem control logic provéd two outputs and four inputs for handshaking with the
modem. Any change in the mem status inputs, except,d detected and an interrupt is
generated. For Rhn interrupt is generated onnen the trailing edge of the R
detected. The module also proxsdeOOP mode foself-diagnostics.

Universal Asynchronous Receiver/Transmitter
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UART Interrupts

There are six different sources of interrujptsn the UART. The six sources of interrupts
are:

®* Transmitter (two different interrupts)
® Receiver (three different interrupts)

®* Modem status

UART Transmitter Interrupt

A Transmitter Hold Register Empty interruptgenerated if there is no data available in

the hold register. By the same token, a trdssion complete interrupt is generated after
the data in the shift register is sent. Botteirupts are disabled using individual interrupt
enable bits, or cleared by writingta into the UARTX_THR register.

UART Receiver Interrupts

A receiver interrupt is generated by three gassevents. The first event, a receiver data
ready interrupt event, indicates that onenore data bytes are received and are ready to
be read. Next, this interrupt generated if the number oftesg in the receiver FIFO is
greater than or equal the trigger level. If the FIFO isot enabled, the interrupt is gener-
ated if the receive buffer contains a datgebyhis interrupt is cleared by reading the
UARTX_RBR.

The second interrupt source is the receivaetbut. A receiver time-out interrupt is gen-
erated when there are fewer data bytes imgbeiver FIFO than the trigger level and there
are no Reads and Writes to or from the nezreFIFO for four consecutive byte times.
When the receiver time-out inteptuis generated, it is cleared only after emptying the
entire receive FIFO.

The first two interrupt sources from the receifaata ready and time-out) share an inter-
rupt enable bit. The third source of a receiver interrupt is a line status error, indicating an
error in byte reception. This error results from:

® Incorrect received parity.
} Note: For 9-bit data, incorrecparity indicates detectimof an address byte.

® Incorrect framing (that jghe stop bit) is not detected tBceiver at the end of the byte.
® Receiver overrun condition.

®* A BREAK condition being detected on the receive data input.
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An interrupt due to one of the above conditias cleared when the UARTX_LSR register
is read. In case of FIFO mode, a line stattesrrupt is generated only after the received
byte with an error reaches the topté FIFO and is ready to be read.

A line status interrupt is activated (providedstimterrupt is enabled)s long as the Read
pointer of the receiver FIFO points to the locatd the FIFO that contains a byte with the
error. The interrupt is immediately cleared when the UARTX_LSR register is read. The
ERR bit of the UARTX_LSR register is activelasg as an erroneous byte is present in the
receiver FIFO.

UART Modem Status Interrupt

The modem status interrupt isnggated if there is any change in state of the modem status
inputs to the UART. This interrupt is ckea when the CPU reads the UARTX_MSR regis-
ter.

UART Recommended Usage

The following standard sequence of events occurs in the UART block of the eZ80F91
device. A description of each follows.

®* Module Reset
® Control Transfers to Configure UART Operation

® Data Transfers

Module Reset

Upon reset, all internal registers are sahtar default values. All command status regis-
ters are programmed with their defatalues, and the FIFOs are flushed.

Control Transfers to Configure UART Operation

Based on the requirements of thpplication, the data transfeaud rate is determined and

the BRG is configured to generate a 16X clock frequency. Interrupts are disabled and the
communication control parameters areggammed in the UARTX_LCTL register. The

FIFO configuration is determined andktreceive trigger levels are set in the

UARTX_FCTL register. The status registdd®ARTx_LSR and UARTx_MSR, are read to
ensure that none of the interrupt sources are active. The interrupts are enabled (except for
the transmit interrupt) and the applicatiomgady to use the module for transmission/
reception.

Data Transfers

Transmit— To transmit data, the appéitton enables the transmiténrupt. An interrupt is
immediately expected in response. Theliappon reads the UARTx_IIR register and
determines whether the interruquicurs due to either an ety UARTX_THR register or a
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completed transmission. Whére application makes this determination, it writes the
transmit data bytes to the UARTx_THR registédre number of bytehat the application
writes depends on whether or not the FIF@nabled. If the FIFO is enabled, the applica-
tion writes 16 bytes at a time. If not, the apgifion writes one byte at a time. As a result
of the first Write, the interrupt is deactivatfthe CPU then waits for the next interrupt.
When the interrupt is raised by the UART aote, the CPU repeats the same process until
it exhausts all of thdata for transmission.

To control and check the modem status, th@iegtion sets up the modem by writing to
the UARTXx_MCTL register and reading tb&RTx_MCTL register before starting the
process described above.

In RS485 multidrop mode, the first byte oétimessage is the station address and the rest
of the message contains the datathat station. You must sttte Even Parity Select (EPS
bit 4) and Parity Enable (PEN bit 3)tile UARTXx_LCTL before sending the station
address. We recommend that in your UART initialization routine set up the
UARTx_LCTL register for your data transferrfoat and set the Parity Enable (PEN bit 3)
bit. Each time you want to send a neg@ssage you must perform these three steps:

1. Since the UART automatically clears the EXRanity Select (EPS bit 4) bit in the
UARTx_LCTL after a byte is sent, before starting a new message you have to wait for
the transmitter to go idle. The Transmit @ (TEMT bit 6) of the UARTx_LSR will
be set. If you set the EPS bit of the UARTX_LCTL before the last byte of the previous
message is transmitted, the EPS bit will be cleared and the new station address will be
sent as data instead of being used as an address.

2. Set the Even Parity Select (EPS bib#)n the UARTx_LCTL register being careful
not to alter the other bits in the registets the address mark. Write station address to
the UARTX_THR. The UART will automatidglclear the EPS bit after the station
address byte is transmitted.

3. Send the rest of the message. Write ttathe UART Transmit Holding Register
UARTxX_THR whenever the Transmit HoldjrRegister Empty (THRE bit 5) in the
UARTX_LSR is set.

In multidrop mode, during receiving start address marks, you will see a receive line inter-
rupt (INSTS bits[3:1]) in the IIR registereld the LSR and check for receive errors only
and ignore any parity errors. The parity isyomsed for address migs in this multidrop

mode.

Receive— The receiver is always enabled, and mitooually checks for the start bit on the
RxD input signal. When an interrupt is raidegithe UART module, the application reads
the UARTX_IIR register and determines ttause for the interrupt. If the cause is a line
status interrupt, the application reads the DAR_SR register, reads the data byte and
then discards the byte or take other appad@ action. If the interrupt is caused by a
receive-data-ready condition, the appiica alternately reads the UARTXx_LSR and
UARTX_RBR registers and removes all o tlreceived data bytes. It reads the
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UARTX_LSR register before reading the UARTX_RBR register to determine that there is
no error in the received data.

To control and check modem status, the i@ppibn sets up the modem by writing to the
UARTx_MCTL register and reading the UARTx 3R register before starting the process
described above.

Poll Mode Transfers— When interrupts are disabled, altald@ransfers are referred to as
poll mode transfers. In poll mode transfethe application must continually poll the
UARTX_LSR register to transmit or receigdata without enabling the interrupts. The
same holds true for the UARTX_MSR registeth interrupts are not enabled, the data in
the UARTX_IIR register cannot be ustddetermine the cause of interrupt.

Baud Rate Generator

PS019215-0910

The Baud Rate Generator consists of a 1@ditncounter, two registers, and associated
decoding logic. The initial value of the BaRaéte Generator is defined by the two BRG
Divisor Latch registers, {UARTx_BRG_H, UARTBRG_L}. At the rising edge of each
system clock, the BRG decrentgmintil it reaches the val@®01h . On the next system
clock rising edge, the BRG reloatie initial value from {UARTx_BRG_H,
UARTx_BRG_L) and outputs a pulse to indicate the end-of-count.

Calculate the UART data rate with the following equation:

System Clock Frequency

UART Data Rate (bits/s) = —
16 X UART Baud Rate Generator Divisor

Upon RESET, the 16-bit BRG divisor valuesets to the smallest allowable value of
0002h . Therefore, the minimum BRG clock divis@tio is 2. A software Write to either
the Low- or High-byte registers for the BRIdvisor Latch causes both the Low and High
bytes to load into the BRG countand causes the count to restart.

The divisor registers are accessed only if bit 7 of the UART Line Control register
(UARTx_LCTL) is set to 1. After reset, this bit is reset to 0.

Recommended Use of the Baud Rate Generator

The following is the normal sequence of opierss that must occur after the eZ80F91 is
powered on to configure the BRG:

1. Assert and deassert RESET.

2. Set UARTx_LCTLJ[7] to 1 to enablaccess of the BRG divisor registers.

3. Program the UARTx_BRG_L and UARTx_BRG_H registers.

4. Clear UARTx_LCTL][7] to O to disablaccess of the BRG divisor registers.
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BRG Control Registers

} Note:

UART Baud Rate Generator Register—Low and High Bytes

The registers hold the Low and High byteghad 16-bit divisor courloaded by the CPU

for UART baud rate generation. The 16-bit clock divisor value is returned by

{UART x_BRG_H, UARTX_BRG_L}, wherexis either 0 or 1 to identify the two available
UART devices. Upon RESET, the 18-BRG divisor value resets ti02h . The initial

16-bit divisor value must be betwe@dn2h andFFFFh, because the valuesooh and

0001h are invalid and proper operation is not guaranteed at these two values. As a result,
the minimum BRG clock divisor ratio is 2.

A Write to either the Low- or High-byte gesters for the BRG Divisor Latch causes both
bytes to be loaded into the BRGuerter. The count is then restarted.

Bit 7 of the associated UARIine Control register (UARX _LCTL) must be setto 1to
access this register. Séable 94andTable 950n page 183. For more information, see
UART Line Control Registeon page 188.

The UARTx_BRG_L registers share thmeaddress space with the UARTx_RBR and
UARTX_THR registers. The UARTx_BRG_H registers share the same address space with
the UARTX_IER registers. Bit 7 of the associated UART Line Control register
(UARTx_LCTL) must be set to 1 to enable access to the BRG registers.

Table 94. UART Baud Rate Generator Register—Low Bytes (UARTO_BRG_L = 00COh,
UART1_BRG_L = 00DOh)

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 | RW | RW | RW

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

Bit

Position Value Description

[7:0] These bits represent the Low byte of the 16-bit BRG divider value. The
UART BRG L 00h—FFh complete BRG divisor value is returned by {UART_BRG_H,

UART_BRG_L}.

PS019215-0910
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Table 95. UART Baud Rate Gener ator Register—High Bytes (UARTO0_BRG_H = 00Cl1h,
UART1_BRG_H = 00D1h)

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

Bit
Position Value Description
[7:0] These bits represent the High byte of the 16-bit BRG divider value. The
UART BRG H 00h—FFh complete BRG divisor value is returned by {UART_BRG_H,
- - UART_BRG_L}.

UART Registers

After a system reset, all UART registers ardaéteir default values. Any Writes to unused
registers or register bits are ignored and seaturn a value of 0. For compatibility with
future revisions, unused bitgthin a register must alwayse written with a value of 0.
Read/Write attributes, reset conditions, and bit descriptioal$@ffthe UART registers are
provided in this section.

UART Transmit Holding Register

If less than eight bits are programmed for transmission, the lower bits of the byte written
to this register are selected for transmission. The Transmit FIFO is mapped at this address.
You can write up to 16 bytesrftransmission at one time to this address if the FIFO is
enabled by the application. If the FIFO isalbled, this buffer is only one byte deep.

These registers share theme address space ast#RTx_RBR and UARTx_BRG_L
registers. Se€¢able 96on page 184.
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Table 96. UART Transmit Holding Registers (UARTO_THR = 00COh, UART1_THR = 00DO0h)

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

Note: W = Write Only.

Bit

Position Value Description

[7:0] B .

<D 00h—FFh Transmit data byte.

UART Receive Buffer Register

The bits in this register reflect the da¢ézeived. If less than eight bits are programmed
for reception, the lower bits of the bytdleet the bits received, whereas upper unused
bits are 0. The Receive FIFO is mappethat address. If the FIFO is disabled, this
buffer is only one byte deep.

These registers share the same addieasse as the UARTX_THR and UARTXx_BRG_L
registers. Se€able 97

Table 97. UART Receive Buffer Registers  (UARTO_RBR = 00COh, UART1_RBR = 00DO0h)

Bit 7 6 5 4 3 2 1 0
Reset X X X X

CPU Access R R R R R R R R
Note: R = Read only.

Bit

Position Value Description

[7:0] B .

RxD 00h—FFh Receive data byte.

PS019215-0910

UART Interrupt Enable Register

The UARTX_IER register is used to ef@abnd disable the UART interrupts. The
UARTX_IER registers share the same l/@radses as the UARTX_BRG_H registers. See
Table 98on page 185.
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Table 98. 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 RW | RW | RW | RW | RW | RW | RW | RW

Note: R/W = Read/Write.

Bit
Position Value Description
[7:5] 000 Reserved.
0 Transmission complete interrupt is disabled.
4
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.
5 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.
. 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 Receive interrupt is disabled.
0 Receive interrupt and receiver time-out interrupt are enabled. Interrupt is
RIE 1 generated if the FIFO/buffer contains data ready to be read or if the

receiver times out.
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UART Interrupt Identification Register

The Read Only UARTX_IIR register allowswyto check whether tH&lFO is enabled and
the status of interrupts. These registeegslhe same 1/0 addresses as the UARTx_FCTL
registers. Se@able 99andTable 100

Table 99. UART Interrupt Identification Registers (UARTO_IIR = 00C2h, UART1_IIR = 00D2h)

Bit 7 6 5 4 3 2 1

Reset 0 0 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 FIFO is disabled.

FSTS 1 FIFO is enabled.

[6:4] 000 Reserved.

Interrupt Status Code.
The code indicated in these three bits is valid only if INTBIT is
. 1. If two internal interrupt sources are active and their

[3:1] 000— : : . . .

INSTS 110 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. Table 100ists the interrupt status codes.

0 0 There is an active interrupt source within the UART.

INTBIT 1 There is not an active interrupt source within the UART.

Table 100. UART Interrupt Status Codes

INSTS

Value Priority Interrupt Type

011 Highest Receiver Line Status

010 Second Receive Data Ready or Trigger Level
110 Third Character Time-out

101 Fourth Transmission Complete

001 Fifth Transmit Buffer Empty

000 Lowest Modem Status

PS019215-0910 Universal Asynchronous Receiver/Transmitter
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This register is used to mibor trigger levels, clear FIFO pders, and enable or disable
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the FIFO. The UARTx_FCTL registers share the same 1/0O addresses as the UARTx_IIR
registers. Se@able 101

Table 101. 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 W w w w w w w w

Note: W = Write Only.

Bit
Position Value

Description

00

Receive FIFO trigger level set to 1. Receive data interrupt is
generated when there is 1 byte in the FIFO. Valid only if FIFO

is enabled.

01
[7:6]

Receive FIFO trigger level set to 4. Receive data interrupt is
generated when there are 4bytes in the FIFO. Valid only if

FIFO is enabled.

TRIG
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] 000b

Reserved—must be 000b.

2 0
CLRTxF

Transmit Disable. This register bit works differently than the
standard 16550 UART. This bit must be set to transmit data.
When it is reset the transmit FIFO logic is reset along with the
associated transmit logic to keep them in sync. This bit is now
persistent—it does not self clear and it must remain at 1 to

transmit data.

Transmit Enable.

1 0
CLRRxF

Receive Disable. This register bit works differently than the
standard 16550 UART. This bit must be set to receive data.
When it is reset the receive FIFO logic is reset along with the
associated receive logic to keep them in sync and avoid the
previous version’s lookup problem. This bit is now persistent—it
does not self clear and it must remain at 1 to receive data.

PS019215-0910

Receive Enable.
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Bit
Position Value  Description
0 FIFOs are not used.
0 Receive and transmit FIFOs are used-You must clear the
FIFOEN 1 FIFO logic using bits 1 and 2. First enable the FIFOs by setting

bit 0 to 1 then enable the receiver and transmitter by setting
bits 1 and 2.

UART Line Control Register

This register is used to control the communication control parametersalSeel 02and
Table 103on page 189.

Table 102. 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 | RW | RW | RW

Note: R/W = Read/Write.

Bit

Position Value

Description

0

Access to the UART registers at I/0 addresses COh, C1h, DOh and D1h is enabled.

DLAB 1

Access to the Baud Rate Generator registers at I/0O addresses COh, C1h, DOh and
D1h is enabled.

Do not send a BREAK signal.

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 must 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.

Do not force a parity error.

FPE 1

PS019215-0910

Force a parity error. When this bit and the parity enable bit (pen) are both 1, an
incorrect parity bit is transmitted with the data byte.
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Bit

Position Value

Description

Even Parity Select.
Use odd parity for transmit and receive. The total number of 1 bits in the transmit

0 data plus parity bit is odd. Used as SPACE bit in Multidrop Mode. See Table 104on
4 page 189 for parity select definitions. Note: Receive Parity is set to SPACE in
EPS multidrop mode.
Use even parity for transmit and receive. The total number of 1 bits in the transmit
1 data plus parity bit is even. Used as MARK bit in Multidrop Mode. See Table 104on
page 189 for parity select definitions.
0 Parity bit transmit and receive is disabled.
3 Parity bit transmit and receive is enabled. For transmit, a parity bit is generated and
PEN 1 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] 000-111 UART Character Parameter Selection.
CHAR See Table 103n page 189 for a description of the values.

Table 103. UART Character Parameter Definition

CHARJ[2:0] Character Length (Tx/Rx Data Bits) Stop Bits (Tx Stop Bits)

000 5 1
001 6 1
010 7 1
011 8 1
100 5 2
101 6 2
110 7 2
111 8 2

PS019215-0910
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Table 104. Parity Select Definition for Multidrop Communications

Multidrop Mode Even Parity Select 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.

UART Modem Control Register

This register is used to conkrnd check the modem status. Sable 105

Table 105. UART Modem Control Registers  (UARTO_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 | RW | RW | RW | RW | RW | RIW | R/W

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

Bit
Position Value  Description
7 0 Reserved.
6 0 TxD and RxD signals—Normal Polarity.
POLARITY 1 Invert Polarity of TxD and RxD signals.
. 0 Multidrop Mode disabled.
NMDM 1 Multidrop Mode enabled. See Table 104on page 189 for parity select
definitions.
0 LOOP BACK mode is not enabled.
LOOP BACK mode is enabled.
The UART operates in internal LOOP BACK mode. The transmit data output
4 port is disconnected from the internal transmit data output and set to 1. The
LOOP 1 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.

PS019215-0910
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Bit

Position Value  Description

3 No function in normal operation.

OUT?2 0-1 In LOOP BACK mode, this bit is connected to the DCD bit in the UART Status
Register.

> No function in normal operation.

OUT1 0-1 In LOOP BACK mode, this bit is connected to the RI bit in the UART Status
Register.

1 Request to Send.

RTS 0-1 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 Data Terminal Ready.

DTR 0-1 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 show the gstabf UART interrupts and registers. Sedle 106

Table 106. UART Line Status Registers  (UARTO_LSR = 00C5h, UART1_LSR = 00D5h)

Bit 7 6 5 4 3 2 1 0
Reset 1 0 0 0 0 0
CPU Access R R R R R R R R
Note: R = Read only.
Bit
Position Value  Description
Always 0 when operating in with the FIFO disabled. With the
0 FIFO enabled, this bit is reset when the UARTx_LSR register is
;RR 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.
0 Transmit holding register/FIFO is not empty or transmit shift
register is not empty or transmitter is not idle.
6 Transmit holding register/FIFO and transmit shift register are
TEMT 1 empty; and the transmitter is idle. This bit cannot be setto 1
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during the BREAK condition. This bit only becomes 1 after the
BREAK command is removed.
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Bit
Position

Value

Description

THRE

0

Transmit holding register/FIFO is not empty.

Transmit holding register/FIFO. This bit cannot be set to 1
during the BREAK condition. This bit only becomes 1 after the
BREAK command is removed.

Receiver does not detect a BREAK condition. This bit is reset
to 0 when the UARTX_LSR register is read.

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 ez80® whenever that particular data is read from the
receiver FIFO.

FE

No framing error detected for character at the top of the FIFO.
This bit is reset to 0 when the UARTX_LSR register is read.

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 O.

The received character at the top of the FIFO does not 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.

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.

PS019215-0910

The received character at the top of the FIFO does not contain
an overrun error. This bit is reset to 0 when the UARTx_LSR
register is read.

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.

Universal Asynchronous Receiver/Transmitter
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Bit
Position Value  Description
0 This bit is reset to 0 when the UARTx_RBR register is read or
all bytes are read from the receiver FIFO.
0 Data ready. If the FIFO is not enabled, this bit is set to 1 when
DR a complete incoming character is transferred into the receiver
1 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 showethtatus of the UART signals. S&eble 107

Table 107. UART Modem Status Registers

(UARTO_MSR = 00C6h, UART1_MSR = 00D6h)

Bit 7 6 5 4 3 2 1 0
Reset
CPU Access
Note: R = Read only.
Bit
Position Value  Description
Data Carrier Detect
7 0-1 In NORMAL mode, this bit reflects the inverted state of the
DCD DCDx input pin. In LOOP BACK mode, this bit reflects the
value of the UARTx_MCTL][3] = out2.
Ring Indicator L
6 0-1 In NORMAL mode, this bit reflects the inverted state of the RIx
RI input pin. In LOOP BACK mode, this bit reflects the value of the
UARTx_MCTL[2] = outl.
Data Set Ready
5 0-1 In NORMAL mode, this bit reflects the inverted state of the
DSR DSRx input pin. In LOOP BACK mode, this bit reflects the
value of the UARTx_MCTL[0] = DTR.
Clear to Send
4 0-1 In NORMAL mode, this bit reflects the inverted state of the
CTS CTSx input pin. In LOOP BACK mode, this bit reflects the value

PS019215-0910

of the UARTX_MCTL[1] = RTS.
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Bit

Position Value  Description

3 Delta Status Change of DCD.

DDCD 0-1 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.
Trailing Edge Change on RI.

2 0-1 This bit is set to 1 whenever a falling edge is detected on the

TERI RIx pin. This bit is reset to 0 when the UARTX_MSR register is
read.

1 Delta Status Change of DSR.

DDSR 0-1 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 Delta Status Change of CTS.

DCTS 0-1 This bit is set to 1 whenever the CTSx pin changes state.

This bit is reset to 0 when the UARTx_MSRSs register is read.

UART Scratch Pad Register

The UARTX_SPR register is used by the sysésna general-purpose Read/Write register.
SeeTable 108

Table 108. 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 | RWW | R'W | RIW | RIW | RIW | R/W
Note: R/W = Read/Write.

Bit
Position Value Description

UART scratch pad register is available for use as a general-
00h—FFh purpose Read/Write register. In multi-drop 9 bit mode, this
register is used to store the address value.

[7:0]
SPR

PS019215-0910 Universal Asynchronous Receiver/Transmitter



eZ80F91 MCU
Product Specification

195

Infrared Encoder/Decoder

The eZ80F91 device contains a UART taiinared encoder/decoder (endec). The endec
is integrated with the on-chip UARTO to allow easy communioatetween the CPU and
IrDA Physical Layer Specification Versiondtcompatible infrared transceivers, as dis-
played inFigure 37Infrared communication provides secure, reliable, high-speed, low-
cost, point-to-point communication betweensPEDAs, mobile tefghones, printers, and
other infrared-enabled devices.

W

! eZ80F91 !
| 1
I System ! Infrared
1 Clock l l : Transceiver
|
' RxD IR_RxD :
| < € | RxD
' TxD IR_TXD 1
I UARTO > Infrared —1X ' »>| TxD
: Baud Rate Encoder/Decoder I
| Clock 1
I > !
| 1
| 1
| 1
| 1
| Interrupt /0 Data 110 Data 1
| Signal Address Address 1
| 1
| 1
1
! .
1
: 1

To eZ80 CPU

Figure 37. Infrared System Block Diagram

Functional Description
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When the endec is enablede tihansmit data from the on-phlJART is encoded as digital
signals in accordance with the IrDA standardl output to the infrared transceiver. Like-
wise, data received from thefiiared transceiver is decodedtine endec and passed to the
UART. Communication is half-duplex, meanitigat simultaneous data transmission and
reception is not allowed.

The baud rate is set byethUART Baud Rate GeneratorR&), which supports IrDA stan-
dard baud rates from 9600 bps to 115.2 kbps. Higher baud rates are possible, but do not meet
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IrDA specifications. The UART must be enabtedise the endec. Forore information on
the UART and its BRG, sdéniversal AsynchronouReceiver/Transmitteon page 175.

Transmit

The data to be transmitted via the IR trangeeis the data sent to UARTO. The UART
transmit signal, TxD, and Baud Rate Clark used by the endec to generate the
modulation signal, IR_TxD, that drives thdrared transceiver. Each UART bit is 16
clocks wide. If the data to be transmittedigical 1 (High), the IR_TxD signal remains
Low (O) for the full 16-clock period. If the data to be transmitted is a logical 0, a 3-clock
High (1) pulse is output following a 7-clock Low (0) period. Following the 3-clock High
pulse, a 6-clock Low pulse completes the fullcléck data period. Data transmission is
displayed irFigure 38 During data transmission, the IR receive function must be disabled
by clearing the IR_RXEN bit in the IR_CTLgo 0 to prevent transmitter-to-receiver
crosstalk.

I i | | I I |
:<— 18;;88" —>: | I I I

Baud Rate
Clock

| | | | | |

UART_TxD Start Bit= 0 DataBit0=1 | DataBit1=0 | DataBit2=1 : DataBit3=1
3-clock I -

| pulse | | | | |

| | | | | | | |

[ | I I I |

IR TxD I I I I I I

- | | | | | |

7-clock —> - : i i i
elay

Figure 38. Infrared Data Transmission
Receive
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Data received from the IR transceiver via lRe RxD signal is decoded by the endec and
passed to the UART. The IR_RXEN bit in the IR_CTL register must be set to enable the
receiver decoder. The IrDA serial infrared (pthata format uses half duplex communica-
tion. Therefore, the UART must not be allav® transmit while the receiver decoder is
enabled. The UART Baud Rate Clock is ubgdhe endec to generate the demodulated
signal, RxD, that drives the UART. Each UARI is 16 clocks wide. If the data to be
received is a logical 1 (High), the IR_Rx@sal remains High (1) for the full 16-clock
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period. If the data to be received is a logitah delayed Low (0) pulse is output on RxD.
Data transmission is displayedkigure 39

| | | | | |
:<— 1&%‘88" —»: | | I |

Baud Rate
Clock
| | | |
I StartBit=0 | DataBit0="1 | Data Bit1=0 | Data Bit2 =1 | DataBit3=1 |
T T T ]
IR_RxD | |_| | | |
| | | |
| | | | | |
| | | | | |
|
—_—
UART_RxD |
|
|
I 16-clock 16-clock 16-clock 16-clock
8'2";3" > <= period > period > I period 1™ period >

PS019215-0910

Figure 39. Infrared Data Reception

The IrDA endec is designed to ignore pulsedR_RxD which do not comply with IrDA

pulse width specifications. Input pulses wider than five baud clocks (that is, 5/16 of a bit
period) are always ignored, as this would be a violation of the maximum pulse width spec-
ified for any standard baud rate up to 115.2 kbps. The check for minimum pulse widths is
optional, since using a slosystem clock frequency limithe ability to accurately mea-

sure narrow pulse widths near the IrDA specification minimum of 1.41 us for the
2.4-115.2 kbps rate range.

To enable checks of minimum input pulsaltkion IR_RxD, a non-zero value must be
programmed into the MIN_PULSE field of IRTL (bits [7:4]). This field forms the
most-significant four bits ahe 6-bit down-counter used determine if an input pulse

will be ignored because it is too narrow. Thedo two counter bits are hard-coded to load
with 0x3, resulting in a total down-count etjta((MIN_PULSE* 4) + 3). To be accepted,
input pulses must have a width greater tbaaqual to the down-count value times the
system clock period.

The following equation is &gl to determine an appmgte setting for MIN_PULSE:
MIN_PULSE = INT( ((Fys'W min) - 3) / 4)

Where,

Fsysis the frequency of the system clock, and,

Wpin is the minimum width ofecognized input pulses.

Infrared Encoder/Decoder
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If this equation results in\aalue less than one, MIN_PULSE must be set to 0x0Oh which
enables edge detection and enstimasvalid pulses wider than W, are accepted. The
field's maximum setting of OxFh supports g,Wof 1.25 us when §sis 50 MHz.

Due to the inherent sampling of the receivedRRD signal by the Bit Rate Clock, some
jitter is expected on the first bit in any segoe of data. However, all subsequent bits in
the received data stream are a fixed 16 clock periods wide.

Infrared Encoder/Decoder Signal Pins

The endec signal pins, IR_TxD and IRKOR are multiplexed with General-Purpose

Input/Output (GPIO) pins. These GPIO pins must be configured for alternate function
operation for the endec to operate.

The remaining six UARTO pins, CTSDCDO, DSRQ DTRO, RTS and RIQ are not

required for use with the endec. The UARTOd®m status interrupt must be disabled to
prevent unwanted interrupts from these pins. The GPIO pins corresponding to these six
unused UARTO pins are used for inputs, outputs, or interrupt sources. Recommended
GPIO Port D control register settings are listedable 109 SeeGeneral-Purpose Input/
Outputon page 49 for additional inforrti@n on setting the GPIO Port modes.

Table 109. GPIO Mode Selection when using the IrDA Encoder/Decoder

GPIO Port D Allowable GPIO
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

PS019215-0910

Both internal and externaldpback testing is accomplishedth the endec on the eZ80F91
device. Internal loopback testing is enably setting the LOOP_BACK bit to 1. During
internal loopback, the IR_TxD output signal is inverted and connected on-chip to the
IR_RxD input External loopback testing of thef-ahip IrDA transceiver is accomplished
by transmitting data from the UART whilegeceiver is enabled (IR_RXEN set to 1).
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Infrared Encoder/Decoder Register

After a RESET, the Infrared Encoder/DecodegiRer is set to its default value. Any
Writes to unused register bits are ignored i@adils return a value of 0. The IR_CTL regis-
ter is listed inTable 110

Table 110. 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 | RIW | RIW | R/W R RW | RIW | RIW
Note: R = Read only; R/W = Read/Write.

Bit

Position Value  Description

[7:4] 0000 Minimum receive pulse width control. When this field is equal to

MIN_PULSE 0x0, the IrDA decoder uses edge detection to accept arbitrarily
narrow (that is, short) input pulses.

1h-Fh  When not equal to 0x0, this field forms the most-significant four

bits of the 6-bit down-counter used to determine if an input
pulse will be ignored because it is too narrow. The lower two
counter bits are hard-coded to load with 0x3, resulting in a total
down-count equal to ((IR_CTL[4:0]MIN_PULSE * 4) + 3). To be
accepted, input pulses must have a width greater than or equal
to the down-count value times the system clock period.

3 0 Reserved.

2 0 Internal LOOP BACK mode is disabled.

LOOP_BACK 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 Endec is disabled.

IR_EN 1 Endec is enabled.

PS019215-0910 Infrared Encoder/Decoder
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The Serial Peripheral Interface (SPI) is agdyonous interface allowing several SPI-type
devices to be interconnected. The SPIfiglladuplex, synchronous, character-oriented
communication charel that employs a four-wire interface. The SPI block consists of a
transmitter, receiver, baud rate generator, and control unit. During an SPI transfer, data is
sent and received simultaneously by bibih master and the slave SPI devices.

In a serial peripheral interface, separate sgyaet required for data and clock. The SPI is
configured either as a master or as a sl@kie.connection of two SPI devices (one master
and one slave) and the direction of data transfer is displaygdure 40andFigure 41

DATAIN —>| MISO

MASTER

Bit 0

Bit 7

> 8-Bit Shift Register

MOSI

SCK

—> DATAOUT

—> CLKOUT

Baud Rate
Generator

Figure 40. SPI Master Device

ENABLE —>| SS

DATAIN —>| MOSI

CLKIN —>| sCK

SLAVE

Bit 0

Bit 7

> 8-Bit Shift Register

MISO

—>> DATAOUT
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Figure 41. SPI Slave Device

Serial Peripheral Interface



eZ80F91 MCU
Product Specification

202

SPI Signals

PS019215-0910

The four basic SPI signals are:
®* MISO (Master In, Slave Out)
®* MOSI (Master Out, Slave In)
® SCK (SPI Serial Clock)

® SS(Slave Select)

These SPI signals are discussed in the followerggraphs. Each signal is described in
both MASTER and SLAVE modes.

Master In, Slave Out

The Master In, Slave Out (MISO) pin is configured as an input in a master device and as
an output in a slave device. It is one of the times that transfer serial data, with the most-
significant bit (msb) sent first. The MISO pafia slave device is placed in a high-imped-
ance state if the slave is not selected. Whei®Rias not enabled, this signal is in a high-
impedance state.

Master Out, Slave In

The Master Out, Slave In (MOSI) pin is configdras an output in a master device and as
an input in a slave device. It is one of the tmes that transfer serial data, with the msb
sent first. When the SPI is not enabled, this signal is in a high-impedance state.

Slave Select

The active Low Slave Select (BiBput signal is used to seit the SPI as a slave device. It
must be Low prior to all data communicatiand must stay Low fdhe duration of the
data transfer.

The SSnput signal must be High for the BB operate as a master device. If thesBal
goes Low in Master mode, a Mode Fault error flag (MODF) is sbeirSPI_SR register.
For more information, se®PI Status Regist@n page 209.

When the clock phase (CPHA) is set tdt@ shift clock is the logical OR of S@th

SCK. In this clock phase mode, 8fist go High between successive characters in an
SPI message. When CPHA is set to 1y&8Bains Low for sever&PI characters. In
cases where there is only one SPI slave, itir@Sould be tied Low as long as CPHA
is set to 1. For moraformation on CPHA, se8PI Control Registeon page 208.

Serial Clock

The Serial Clock (SCK) is used to synchmendata movement both in and out of the
device via its MOSI and MISO pins. The masiad slave are each capable of exchanging
a byte of data during a sequence of eigbtkicycles. Because SCK is generated by the
master, the SCK pin becomes an input oragestievice. The SPI contains an internal

Serial Peripheral Interface
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divide-by-two clock divider. In MASTER modéhe SPI serial clock is one-half the fre-
qguency of the clock signal created by the SPI's Baud Rate Generator.

As displayed irFigure 42andTable 111 four possible timing dations are chosen by
using the clock polarity (CPOL) and clopkase CPHA control bits in the SPI Control
register. Se&PI Control Registenn page 208. Both the master and slave must operate
with the identical timing, CPOL, and CPHA. Thester device always places data on the
MOSI line a half-cycle before the clock ed@CK signal), for the slave device to latch
the data.

Number of Cycles on the SCK Signal

g Iy 5 e ! 7
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Figure 42. SPI Timing

Table 111. 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 a slave deviegve MOSI signal, thelave device responds
by sending data to the master via the masMISO signal. The result is a full-duplex
transmission, with bottlata outanddata insynchronized with the same clock signal. The
byte transmitted is replaced by the byte s eliminating the red for separate trans-
mit-empty and receive-full status bits. A singlatgs bit, SPIF, is used to signify that the
I/0O operation is complete. S&®| Status Registen page 209.

The SPI is double-buffered during reads, ot during Writes. If a Write is performed
during data transfer, the transfer occurs tarmipted, and the Write is unsuccessful. This
condition causes the write collision (WCOL) sgbit in the SPI_SR register to be set.
After a data byte is shifted, the SPI flag of the SPI_SR register is set to 1.

In SPI MASTER mode, the SCK pin functions as an output. It idles High or Low depend-
ing on the CPOL bit in the SPI_CTL register until data is written to the shift register. Data
transfer is initiated by writing to the transsitift register, SPI_TSHEight clocks are then
generated to shift the eight bits of transdata out via the MOSI pin while shifting in

eight bits of data via the MISO pin. #&f transfer, the SCK signal becomes idle.

In SPI SLAVE mode, the start logic receives a logic Low from th@i8&nd a clock

input at the SCK pin; as a result, the slavgynchronized to thmaster. Data from the
master is received serially from the slave M@ighal and is loaded into the 8-bit shift
register. After the 8-bit shift register is loadéd data is parallekransferred to the Read
buffer. During a Write cycle, data is writtertarthe shift register. Next, the slave waits for
the SPI master to initiate a data transfer, suppllock signal, and shift the data out on the
slave's MISO signal.

If the CPHA bit in the SPI_CTL register is 0, a transfer begins when tpi3®nal goes
Low. The transfer ends when §8es High after eight clock cycles on SCK. When the
CPHA bitis setto 1, a transfer begths first time SCK becomes active while 8% ow.
The transfer ends when the SPI flag is set to 1.

SPI Flags

PS019215-0910

Mode Fault

The Mode Fault flag (MODF) indicates thaetk is a multimaster odlict in the system
control. The MODF bit is norally cleared to 0 and is only set to 1 when the master
device’s SSin is pulled Low. When a mode fais detected, the following sequence
occurs:

1. The MODF flag (SPI_SR[4]) is set to 1.
2. The SPI device is disabled by ciegrthe SPI_EN bit (SP1_CTL[5]) to O.

3. The MASTER_EN bit (SPI_CTL[4]) is clear¢a O, forcing thedevice into SLAVE
mode.
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4. If the SPI interrupt is enabled by seftiiRQ_EN (SPI_CTL][7]) High, an SPI inter-
rupt is generated.

Clearing the Mode Fault flag is performedreading the SPI Status register. The other
SPI control bits (SPI_EN and MBVER_EN) must be restoredttweir original states by
user software after the Modrault Flag is cleared to O.

Write Collision

The write collision flag, WCOL (SPI_SR]5]), &t to 1 when an attempt is made to write
to the SPI Transmit Shift register (SP1_TSR)ile data transfer occurs. Clearing the
WCOL bit is performed by readifgPl_SR with the WCOL bit set to 1.

SPI Baud Rate Generator

The SPI's Baud Rate Generator (BRG) creatdower frequency clock from the high-fre-
quency system clock. The BRG output is used as the clock source by the SPI.

Baud Rate Generator Functional Description

The SPI's BRG consists of a 16-bit downcounter, two 8-bit registers, and associated
decoding logic. The BRG’s initial value isfdeed by the two BRG Divisor Latch registers
{SPI_BRG_H, SPI_BRG_L}. At the rising edgd each system clock, the BRG decre-
ments until it reaches the vald@01h . On the next system clock rising edge, the BRG
reloads the initial value frog8PI_BRG_H, SPI_BRG_L) and tputs a pulse to indicate
the end of the count.

The SPI Data Rate is calculated using the following equation:

System Clock Frequency
2 X SPI Baud Rate Generator Divisor

SPI Data Rate (bits/s) =

Upon RESET, the 16-bit BRG divisor value reset0@2h . When the SPI isperating as
a Master, the BRG divisor value must be set to a valoeash or greater. When the SPI
is operating as a Slave, the BRG dovi value must be set to a valu@ob4h or greater.
A software Write to either the Low- or gti-byte registers for the BRG Divisor Latch
causes both the Low and High bytes to load the BRG counter, @ncauses the count to
restart.

Data Transfer Procedure with  SPI Configured as a Master

The following list describes the procedure fanisferring data from a master SPI device
to a slave SPI device.
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1. Load the SPI BRG Registers, SPI_BRG_H and SPI_BRG_L. The external device
must deassert the S if currently asserted.

Load the SPI Control Register, SPI_CTL.

Assert the ENABLBpin of the slave device using a GPIO pin.

Load the SPI Transm8hift Register, SPI_TSR.

When the SPI data transfer is complete, deassert the ENABLAEE the slave device.

a > wn

Data Transfer Procedure with  SPI Configured as a Slave

The following list describes the procedure fansferring data from a slave SPI device to
a master SPI device.

1. Load the SPI BRG Registers, SPI_BRG_H and SPI_BRG_L.

2. Load the SPI Transmit Shift Register, SE3RI This load cannot occur while the SPI
slave is currently receiving data.

3. Wait for the external SPI Master devicariiiate the data transfer by asserting SS

SPI Registers

There are six registers in the Serial Periph@tarface that provide control, status, and
data storage functions. The SPI registeesdmscribed in the lowing paragraphs.

SPI Baud Rate Generator Registers—Low Byte and High Byte

These registers hold the Low and High bytethef16-bit divisor courioaded by the CPU
for baud rate generation. The 16-bit clatikisor value is returned by {SPI_BRG_H,
SPI_BRG_L}. Upon RESET, the 6t BRG divisor value resets t@02h . When config-
ured as a Master, the 16-bividior value must be betwe@€n03h andFFFFh, inclusive.
When configured as a Slave, theldiédivisor value must be betweé004h andFFFFh,
inclusive.

A Write to either the Low- or High-byte gesters for the BRG Divisor Latch causes both
bytes to be loaded into the BRG counter and a restart of the coufial8ed 12on page
207 andTable 113on page 207.
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Table 112. 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 | RW | RW | RW | RW | RW | RIW | RIW

Note: R/W = Read/Write.

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

value. The complete BRG divisor value is returned by

SPLBRG_L  FFh  '5p| BRG_H, SPI_BRG_L}.

Table 113. SPI Baud Rate Generator Register—High Byte  (SPI_BRG_H = 00B9h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] These bits represent the High byte of the 16-bit BRG divider
SI£>| BRG H 00h—FFh  value. The complete BRG divisor value is returned by

{SPI_BRG_H, SPI_BRG_L}.

PS019215-0910 Serial Peripheral Interface
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Product

SPI Control Register

This register is used to control and setupghrial peripheral interface. The SPI must be

disabled prior to making any changes to CPHA or CPOLT8bke 114

(SPI_CTL = 00BAh)

eZ80F91 MCU
Specification

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

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

Egsition Value Description

7 0 SPI system interrupt is disabled.

IRQ_EN 1 SPI system interrupt is enabled.

6 0 Reserved.

5 0 SPl is disabled.

SPI_EN 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.

2 0 SS must go High after transfer of every byte of data.
CPHA 1 SS remains Low to transfer any number of data bytes.
[1:0] 00 Reserved.

PS019215-0910
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SPI Status Register

The SPI Status Read Only register returmsstiatus of data transmitted using the serial
peripheral interface. Reading the SPI_SR regislears Bits 7, 6, and 4 to a logical 0.
SeeTable 115

Table 115. SPI Status Register (SPI_SR = 00BBh)

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

Note: R = Read Only.

Bit
Position Value Description
0 SPI data transfer is not finished.

7 SPI data transfer is finished. If enabled, an interrupt is

SPIF 1 generated. This bit flag is cleared to 0 by a Read of the
SPI_SR register.

5 0 An SPI write collision is not detected.

WCOL 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 A mode fault (multimaster conflict) is not detected.

MODE 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.

PS019215-0910

SPI Transmit Shift Register

The SPI Transmit Shift register (SPI_TSR) isdiby the SPI master to transmit data over
SPI serial bus to the slave device. A Writéh SPI_TSR register places data directly into
the shift register for transmissi. A Write to this register within an SPI device configured
as a master initiates transmission of the bytine data loaded intie register. At the
completion of transmitting a byte of data, thd BRg (SPI_SR[7]) is set to 1 in both the
master and slave devices.

The SPI Transmit Shift Write Only registelnares the same address space as the SPI
Receive Buffer Read Only register. Sexble 116on page 210.
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Table 116. 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] B )

TX_DATA 00h—FFh SPI transmit data.

SPI Receive Buffer Register

The SPI Receive Buffer regist€3P1_RBR) is used by the SPI slave to receive data from
the serial bus. The SPIF bit must be clearéaf po a second transfer of data from the shift
register; otherwise, an overrun condition exists. In the event of an overrun, the byte that
causes the overrun is lost.

The SPI Receive Buffer Read Only regisbares the same address space as the SPI
Transmit Shift Write Only register. S@able 117

Table 117. SPI Receive Buffer Register (SPI_RBR = 00BCh)

Bit 7 6 5 4 3 2 1 0
Reset 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] B _
RX_DATA 00h—FFh SPI received data.
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1C Serial 1/O Interface

I2C General Characteristics

PS019215-0910

The Inter-Integrated Circuit2(C) serial I/O bus is a twadre communication interface
that operates in four modes:

* MASTER TRANSMIT
* MASTER RECEIVE
® SLAVE TRANSMIT

® SLAVE RECEIVE

The PC interface consists of a Serial Clockc(g and Serial Data (SDA). Both SCL and
SDA are bidirectional lines connected to aifies supply voltage vian external pull-up
resistor. When the bus is free, both lines ldigh. The output stages of devices connected
to the bus must be configuredaen-drain outputs. Data on tH€lbus are transferred at

a rate of up to 100 kbps in STANDARD mode, or up to 400 kbps in FAST mode. One
clock pulse is generated for each data bit transferred.

Clocking Overview

If another device on théC bus drives the clock line when tHf€lis in MASTER mode,

the PC synchronizes its clock to theéd bus clock. The High period of the clock is
determined by the device that generates the shortest High clock period. The Low period of
the clock is determined by the devicattigenerates the longest Low clock period.

The Low period of the clock is stretched by a slave to slow down the bus master. The Low
period is also stretched for handshaking psgso This result is accomplished after each

bit transfer or each byte transfer. TRE ktretches the clock after each byte transfer until
the IFLG bit in the 12C_CTL register is cleared to 0.

Bus Arbitration Overview

In MASTER mode, the’C checks that each transmittiogic 1 appears on th&d bus as

a logic 1. If another device on the bus oveswdad pulls the SDA signal Low, arbitration
is lost. If arbitration is lost during the tremission of a data byte a Not Acknowledge
(NACK) bit, the PC returns to an idle state. If arbitratits lost during the transmission of
an address, théC switches to SLAVE mode so thatétcognizes its own slave address or
the general call address.

12C Serial I/O Interface
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Data Validity

The data on the SDA line must be stable during the High period of the clock. The High or
Low state of the data line changes only whendlock signal on the SCL line is Low, as
displayed inFigure 43

|
SDA Signal / :
T
|

——

\
SCL Signal 4/_\ \_

I

1

I Data Line | Change of I
Stable |  Data Allowed |

I Data Vvalid ! I

Figure 43. | 2C Clock and Data Relationship

START and STOP Conditions

Within the PC bus protocol, unique situations arise which are defined as START and
STOP conditiondrigure 44displays a High-to-Low transition on the SDA line while SCL
is High, indicating a START condition. A bato-High transition on the SDA line while
SCL is High defines a STOP condition.

START and STOP conditions are always generated by the master. The bus is considered to
be busy after a START condition. The bus is tbered to be free for a defined time after
a STOP condition.

-7 -0

|
- |
|
SDA Signal | \ :
| I ;
' |
SCL Signal _:_:\—/_ \ [ | :
'S I P

I_ _ 1 I__ 4

START Condition STOP Condition
Figure 44. START and STOP Conditions In | 2C Protocol
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Transferring Data

SDA Signal i \

Byte Format

Every character transferred on the SDA line ntnesa single 8-bit byte. The number of
bytes that is transmitted per transfer is unrestricted. Each bytebmtollowed by an
Acknowledge (ACK). Data is transferredtivthe most-significant bit (msb) first.

Figure 45displays a receiver that holds thelStie Low to force the transmitter into a
Wait state. Data transfer then continues wiherreceiver is ready for another byte of data
and releases SCL.

/TXX\/XX___M

Acknowledge from Acknowledge from

S VA AN AV AN AN WY AR

1

1

i i

1 1
1

Receiver Receiver : i

1 1

1 1

1 1

1

1

y S A ACK , P

________________

START Condition STOP Condition
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Clock Line Held Low By Receiver

Figure 45. | 2C Frame Structure

Acknowledge

Data transfer with an ACK function is obéitpry. The ACK-related clock pulse is gen-
erated by the master. The transmitterasés the SDA line (High) during the ACK
clock pulse. The receiver must pull dottye SDA line during ta ACK clock pulse so
that it remains stable (Low) during the High period of this clock pulsel-igeee 46

on page 214.

A receiver that is addressed is obligediémerate an ACK afterach byte is received.

When a slave receiver does not acknowledge the slave address (for example, unable to
receive because it is perforrgisome real-time function), the data line must be left High
by the slave. The master then geresa STOP condition to abort the transfer.

If a slave receiver acknowledg the slave address, but cainreceive any more data
bytes, the master must abort tihansfer. The abort is indtea by the slave generating the
Not Acknowledge (NACK) on the first byte follow. The slave leaves the data line High
and the master generates the STOP condition.

If a master receiver is involved in a transfemiist signal the end of the data stream to the
slave transmitter by not generating an ACK amfihal byte that is clocked out of the
slave. The slave transmitter stuelease the data line to allow the master to generate a
STOP or a repeated START condition.
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Data Output :' \
by Transmitter }

Data Output
by Receiver

SCL Signal ™ /\ /\ _/_\_/_\
from Master ______ 1 2 --- 8 9
START Condition ‘
Clock Pulse for Acknowledge

Figure 46. | °C Acknowledge

Clock Synchronization

All masters generate their own clocks on the SCL line to anséssages on th# bus.
Data is only valid during the High period of each clock.

Clock synchronization is performed using the wired AND connection of@interfaces
to the SCL line, meaning that a High-to-Low transition on the Bl causes the relevant
devices to start counting from their Low periddhen a device clock goes Low, it holds
the SCL line in that state untildttlock High state is reached. $égure 47on page 215.
The Low-to-High transition of this clock, ii@ver, cannot change the state of the SCL
line if another clock is still within its Low p®d. The SCL line is held Low by the device
with the longest Low period. Devices wihorter Low periods enter a High wait state
during this time.

When all devices count off the Low period, tieck line is released and goes High. There
is no difference between the device clockd tre state of the SCL line; all of the devices
start counting the High periods. The first device to complete its High period again pulls
the SCL line Low. In this way, a synchroniz8@L clock is generated with its Low period
determined by the device with the longest clock Low period, and its High period
determined by the device with the shortest clock High period.
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Figure 47. Clock Synchronization In | 2C Protocol
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Arbitration

Any master initiates a transfer if the bugree. As a result, multiple masters each gener-
ates a START condition if the bus is freghin a minimum period. If multiple masters
generate a START condition, a START is defirier the bus. Howevearbitration defines
which MASTER controls the bus. Arbitratidakes place on the SDA line. As mentioned,
START conditions are initiated only while the [Stine is held High. If during this period,

a master (M1) initiates a High-to-Low trgition—that is, a START condition—while a
second master (M2) transmits a Low signattmmline, then the first master, M1, cannot
take control of the bus. As a resulte thata output stage for M1 is disabled.

Arbitration continues for many bits. Its firsage is comparison of the address bits. If the
masters are each trying to address the sawniegjarbitration continues with a compatri-
son of the data. Because address and data information dCtbad is used for arbitra-
tion, no information is losduring this process. A master that loses the arbitration
generates clock pulses until the end oftiiee in which it Ises the arbitration.

If a master also incorporates a slave funcéind it loses arbitration during the addressing
stage, it is possible that the winning masténjigg to address it. The losing master must
switch over immediately to its slave receiver mdelgure 47displays the arbitration pro-
cedure for two masters. Of course, more grastan be involved, depending on how many
masters are connected to the bus. The motherg is a difference between the internal
data level of the master generating DATA H &me actual level othe SDA line, its data
output is switched off, which means that a Haghiput level is thesonnected to the bus.
As a result, the data transfer initiated by tinning master is not affected. Because con-
trol of the EC bus is decided solely on the addraisd data sent by competing masters,
there is no central master, nor any order of priority on the bus.

Special attention must lpaid if, during a serial transfehe arbitration procedure is still
in progress at the moment when a repe&E8RT condition or a STOP condition is trans-
mitted to the 4C bus. If it is possible for such a stion to occur, the masters involved
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must send this repeated START conditiofs®OP condition at the same position in the
format frame. In other words, tration is not allowed between:

®* Arepeated START condition and a data bit.
® A STOP condition and a data bit.
®* Arepeated START condition and a STOP condition.

Clock Synchronization for Handshake

The clock-synchronizing mechiam functions as a handshake, enabling receivers to cope
with fast data transfers, oitleer a byte or a bit level. Ehbyte level allows a device to
receive a byte of data at a fast rate, but allows the device more time to store the received
byte or to prepare another byte for transiois. Slaves hold the SCL line Low after recep-
tion and acknowledge the byterdng the master into a Wait state until the slave is ready
for the next byte transfer in a handshake procedure.

Operating Modes

Master Transmit
In MASTER TRANSMIT mode, the?C transmits a number of bytes to a slave receiver.

Enter MASTER TRANSMIT mode by setting the STA bit in the 12C_CTL register to 1.
The PC then tests theC bus and transmits a STARTnmbtion when the bus is free.

When a START condition is tramitted, the IFLG bit is 1 @hthe status code in the
I2C_SR register i88h. Before this interrupt is servicethe 12C_DR register must be
loaded with either a 7-bit slave address erfitst part of a 10-bit slave address, with the
Isb cleared to O to specify TRANSMIT mode. The IFLG bit must now be cleared to O to
prompt the transfer to continue.

After the 7-bit slave address (or the first gefra 10-bit address) plus the Write bit are
transmitted, the IFLG is set again. A numbéstatus codes are possible in the 12C_SR
register. Sedable 118on page 217.
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Code 12C State Microcontroller Response Next| 2C Action
18h Addr+W transmitted For a 7-bit address: write byte to DATA, Transmit data byte,
ACK received?! clear IFLG receive ACK
Or set STA, clear IFLG Transmit repeated
START
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, clear IFLG Transmit STOP then
START
For a 10-bit address: write extended Transmit extended
address byte to data, clear IFLG address byte
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 = 02 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 address
received, ACK
transmitted
BOh Arbitration lost, Write byte to DATA, clear IFLG, clear AAK Transmit last byte,
SLA+R received, =0 receive ACK
e 13
ACK transmitted Or write byte to DATA, clear IFLG, set AAK Transmit data byte,
=1 receive ACK
Notes

1. W is defined as the Write bit; that is, the Isb is cleared to 0.
2. AAK is an I°C control bit that identifies which ACK signal to transmit.
3. Ris defined as the Read bit; that is, the Isb is set to 1.

If 10-bit addressing is used, the status cod@lisor 20h after the first part of a 10-bit

address, plus the Write bit, are successfully transmitted.

After this interrupt is serviced and the secpadt of the 10-bit address is transmitted, the

I2C_SR register contains one of the codes listéiihbie 119

PS019215-0910
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Code 12C State Microcontroller Response ~ Next| 2C 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, transmit NACK
SLA+W received, _ . .
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
Notes

1. W is defined as the Write bit; that is, the Isb is cleared to 0.

2. AAK is an I°C control bit that identifies which ACK signal to transmit.

3. Ris defined as the Read bit; that is, the Isb is set to 1.

If a repeated START condition isatismitted, the atus code i20h instead ob8h. After
each data byte is transmitted, the IFLG istgelt and one of the status codes listed in

Table 120is loaded into the 12C_Sigister.
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Table 120. 1°C Master Transmit Status Codes For Data Bytes

Code 12C State Microcontroller Response Next| 2C Action
28h Data byte transmitted, Write byte to data, Transmit data byte,
ACK received clear IFLG receive ACK
Or set STA, clear IFLG Transmit repeated START
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, Transmit START then STOP
clear IFLG
30h Data byte transmitted, Same as code 28h Same as code 28h
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 microcoliér must write a 1 to the STP bit in the
I2C_CTL register. The’C then transmits a STOP conditiatears the STP bit and returns
to an idle state.

Master Receive

In MASTER RECEIVE mode, théC receives a number of bytes from a slave
transmitter.

After the START condition is transmittetthe IFLG bit is 1 and the status coah is

loaded into the I2C_SR register. The 12C_ERister must be loaded with the slave
address (or the first part of a 10-bit slave address), with the Isb set to 1 to signify a Read.
The IFLG bit must be cleared to 0 agrampt for the transfer to continue.

When the 7-bit slave address (or the first phi 10-bit address) and the Read bit are
transmitted, the IFLG bit is set ande of the status codes listedTable 121on page 220
is loaded into the 12C_SR register.
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Code 12C State Microcontroller Response Next| 2C Action
40h Addr + R transmitted, For a 7-bit address, Receive data byte,
ACK received clear IFLG, AAK = 0! transmit NACK
Or clear IFLG, AAK =1 Receive data byte,
transmit ACK
For a 10-bit address Transmit extended address byte
Write extended address
byte to data, clear IFLG
48h  Addr + R transmitted, For a 7-bit address: Transmit repeated START
ACK not received? Set STA, clear IFLG
Or set STP, clear IFLG Transmit STOP
Or set STA & STP, Transmit STOP then START
clear IFLG
For a 10-bit address: Transmit extended address byte
Write extended address 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
3
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, clear IFLG, clear AAK =0 receive ACK
ACK transmitted Or write byte to DATA, Transmit data byte,
clear IFLG, set AAK = 1 receive ACK
Notes

1. AAKis an I2C control bit that identifies which ACK signal to transmit.
2. Ris defined as the Read bit; that is, the Isb is set to 1.
3. W is defined as the Write bit; that is, the Isb is cleared to 0.

220

If 10-bit addressing is being used, the slavigss addressed using the full 10-bit address,

plus the Write bit. The master then issuessdart followed by the first part of the 10-bit
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address again, this time with the Read bit. The status code then bd@bnuegsh. It is
the responsibility of the slave temember that it had beerlesged prior to the restart.

If a repeated START condition is received, the status catishisnstead ob8h.

After each data byte i®ceived, the IFLG is set to 1 and one of the status codes listed in
Table 122is loaded into the’C_SR register.

Table 122. 1°C Master Receive Status Codes For Data Bytes

Code 12C State Microcontroller Response  Next| 2C 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
NACK transmitted clear IFLG START
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
NACK bit transmit

Note: AAK is an I2C control bit that identifies which ACK signal to transmit.

When all bytes are received, a NACK mustbkat, then the microcontroller must write 1
to the STP bit in th€?C_CTL register. The?C then transmits a STOP condition, clears
the STP bit and returns to an idle state.

Slave Transmit
In SLAVE TRANSMIT mode, a number of g are transmitted to a master receiver.

The FC enters SLAVE TRANSMIT mode when it receives its own slave address and a
Read bit after a SYRT condition. The4C then transmits an ACK bit (if the AAK bit is

set to 1); it then sets the IFLG bit in tH€] CTL register. As a result, th#1_SR register
contains the status codéh.

When fC contains a 10-bit slave address (signified by the address ROig&7h in the
1°C_SAR register), it transmits an ACK whea finst address byte is received after a
restart. An interrupt is generated and IFli&sset to 1; however, the status does not
change. No second address byte is sent byntster. It is up to the slave to remember it
had been selected prior to the restart.

} Note:
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12C goes from MASTER mode to SLAVE TRANSMIT mode when arbitration is lost dur-
ing the transmission of an address, and the slave address and Read bit are received. This
action is represented by the status dgolein theIZC_SR register.

The data byte to be trangted is loaded into th#C_DR register and the IFLG bit is
cleared to 0. After the’C transmits the byte and receives an ACK, the IFLG bit is setto 1
and the :fC_SRregister containB8h. When the final byte to bigansmitted is loaded into
the PC_DR register, the AAK bit is cleared whete IFLG is cleared to 0. After the final
byte is transmitted, the IFLG is set and t?(é_ISRregister contain€sh and the 4C

returns to an idle state. & AAK bit must be set to 1 before reentering SLAVE mode.

If no ACK is received after transmittyna byte, the IFLG is set and tHEl SR register
containsCoh. The EC then returns to an idle statealSTOP condition is detected after an
ACK bit, the PC returns to an idle state.

Slave Receive

In SLAVE RECEIVE mode, a number of ddigtes are received from a master transmit-
ter. The fC enters SLAVE RECEIVE mode when it receives its own slave address and a
Write bit (Isb = 0) after a START condition. THeCI transmits an ACK bit and sets the

IFLG bit in thel2C_CTL register and théC_SR register contains the status cédke.

The BC also enters SLAVE RECEIVE mode whéreceives the geeral call addreg30h

(if the GCE bit in thedC_SAR register is set). The status code is #én

When the4C contains a 10-bit siee address (signified B50h—F7h in thel?C_SARegis-
ter), it transmits an acknowledge after the fadress byte is received but no interrupt is
generated. IFLG is not set atie status does not change. The tenerates an interrupt
only after the second address byte is received. Xbedts the IFLG bit and loads the sta-
tus code as described above.

I°C goes from MASTER mode to SLAVE RECEIVE dewhen arbitration is lost during
the transmission of an address, and theeshddress and Write bit (or the general call
address if the CGE bit in théC_SAR register is set to 1) are received. The status code in
thel?C_SR register i88h if the slave address is receivedrsh if the general call

address is received. The IFLG bit must be @ddo O to allow data transfer to continue.

If the AAK bit in the I2C_CTL register is set to 1 then an ACK bit (Low level on SDA) is
transmitted and the IFL®Git is set after each by is received. ThéC_SRregister con-
tains the two status cod@gh or 90h if SLAVE RECEIVE mode is entered with the gen-
eral call address. The received data byte are read frofGhBR register and the IFLG
bit must be cleared to allow the transfectmtinue. If a STOP condition or a repeated
START condition is detected after the ackihedge bit, the IFLG bit is set and tHE€l SR
register contains status codeh.

If the AAK bit is cleared to 0 during a transfer, th€ kransmits a NACK bit (High level
on SDA) after the next byte is reeed, and sets the IFLG bit to 1. TI‘?@_SR register
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contains the two status cod&h or98h if SLAVE RECEIVE mode is entered with the
general call address. TheCl returns to an idle state wheire IFLG bit is cleared to O.

I°C Registers

PS019215-0910

The section that follows dedises each of the eZ80F91 MCU’s Inter-Integrated Circuit
(1%C) registers.

Addressing

The CPU interface provides access to seven @gisters: four Read/Write registers, one
Read Only register and two Wri@nly registers, as listed ifable 123

Table 123. |°C Register Descriptions

Register Description

[2C_SAR Slave address register

[2C_XSAR Extended slave address register
I2C_DR Data byte register

I2C_CTL Control register

I2C_SR Status register (Read Only)
[2C_CCR Clock Control register (Write Only)
I2C_SRR Software reset register (Write Only)

Resetting the | 2C Registers

Hardware Reset— When the 4C is reset by a hardware reset of the eZ80F91 device, the
I2C_SAR, PC_XSAR, 12C_DRandI?C_CTL registers are clearedoh; while the
I°C_SR register is set &8h .

Software Reset— Perform a software reset lyriting any value to the?C Software Reset
Register fC_SRR). A software reset clears the STP, STA, and IFLG bits ¢4Gh€TL
register to 0 and sets th&Cl back to an idle state.

1°C Slave Address Register

The I2C_SAR register provides the 7-bit address of fewhen in SLAVE mode and
allows 10-bit addressinig conjunctionwith the PFC_XSAR register.4C_SAR[7:1] =
SLA[6:0] is the 7-bit address of th&d when in 7-bit SLAVE mode. When thél
receives this address after a STAgdndition, it enters SLAVE mode’C_SAR[7] corre-
sponds to the first bit received from tH€Ibus.

When the register receives an address startingrwitho FOh (I2C_SAR[7:3] =11110b),
the PC recognizes that a 10-bit slave addirggsnode is being selected. THE€Isends an
ACK after receiving the’C_SAR byte (the device does not generate an interrupt at this
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point). After the next byte of the addres¥)I XSAR) is received, théC generates an
interrupt and enters SLAVE mode.Th@ﬁ)I_SAR[Z:l] are used as the upper 2 bits for the
10-bit extended address. The full-bit address is supplied byZG_SAR[Z:l],
I°C_XSAR[7:0]}. SeeTable 124

Table 124. |°C Slave Address Register (12C_SAR = 00C8h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:1] 00h—7Fh 7-bit slave address or upper 2 bits, I2C_SAR[2:1], of
SLA address when operating in 10-bit mode.

0 0 1°C not enabled to recognize the General Call Address.
GCE

1 1°C enabled to recognize the General Call Address.

I°C Extended Slave Address Register

The PC_XSAR register is used in conjunction with tR€ I SAR register to provide 10-
bit addressing of thé€ when in SLAVE mode. ThéC_SAR value forms the lower 8
bits of the 10-bit slave address. Th# 10-bit address is supplied byz{]:_SAR[Z:l],
12C_XSAR[7:0]}.

When the register receives an address startingrwithto FOh (I2C_SAR[7:3] =11110b),
the PC recognizes that a 10-bit slave addirggsnode is being selected. THE€Isends an
ACK after receiving the’C_XSAR byte (the device does rg#nerate an interrupt at this
point). After the next byte of the addres¥JI XSAR) is received, théC generates an
interrupt and enters SLAVE mode.Th@ﬁ:I_SAR[Z:l] are used as the upper 2 bits for the
10-bit extended address. The fill-bit address is supplied by’¢_SAR[2:1],
1°C_XSAR[7:0]}. SeeTable 125

Table 125. I°C Extended Slave Address Register  (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 | RW | RIW | RIW

Note: R/W = Read/Write.
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Bit

Position Value Description

[7:0] 00h—FFh Least-significant 8 bits of the 10-bit extended slave address
SLAX

I°C Data Register

This register contains the data byte/slavdresss to be transmitted thre data byte just
received. In TRANSMIT mode, the MSb oktlhyte is transmitted first. In RECEIVE
mode, the first bit received Baced in the MSb of the register. After each byte is transmit-
ted, the fC_DR register contains the byte thapissent on the bus in case a lost arbitra-
tion event occurs. Sé@ble 126

Table 126. 1°C Data Register (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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit

Position Value Description
[7:0] 00h-FFh  12C data byte
DATA

1°C Control Register

The I2C_CTL register is a control register tligused to control the interrupts and the
master slave relationships on tR€ bus.

When the Interrupt Enable bit (IEN) is setlighe interrupt line goes High when the IFLG
is set to 1. When IEN is cleared@pthe interrupt line always remains Low.

When the Bus Enable bit REAB) is set to 0, the?C bus inputs SCLx and SDAXx are
ignored and the’C module does not respond to any address on the bus. When ENAB is
set to 1, thedC responds to calls to its slave addrard to the generahll address if the
GCE bit (PFC_SARJ[0]) is set to 1.

When the Master Mode Start (5 TA) is set to 1, the’C enters MASTER mode and
sends a START condition on thes when the bus is free. IS TA bit is set to 1 when
the BC module is already in MASTER mode and onenore bytes are transmitted, then a
repeated START condition is sent. IBtSTA bit is set to 1 when théad block is being
accessed in SLAVE mode, theel completes the data transfer in SLAVE mode and then
enters MASTER mode when the bus is relea$bd STA bit is automatically cleared after
a START condition is set. Writing O to the STA bit produces no effect.
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If the Master Mode Stop bit (STP) is setl in MASTER modea STOP condition is
transmitted on the’C bus. If the STP bit is set to 1 in SLAVE mode, #@ inodule oper-
ates as if a STOP condition is received, i STOP condition is transmitted. If both STA
and STP bits are set, theCl block first transmits the STOP condition (if in MASTER
mode), then transmits the START conditidhe STP bit is cleared to 0 automatically.
Writing a O to this bit produces no effect.

The FC Interrupt Flag (IFLG) is set to 1 autonuatily when any of 30 of the possible 31
I2C states is entered. The only statt thoes not set the IFLG bit is st&&h. If IFLG is
set to 1 and the IEN bit is also set, an intgtria generated. When IFLG is set by the,|
the Low period of the’C bus clock line is stretched ane:ttiata transfer is suspended.
When a 0 is written to IFLG, tHaterrupt is cleared and th&d clock line is released.

When the fC Acknowledge bit (AAK) is set to Bn acknowledge is sent during the
acknowledge clock pulse on tH€lbus if:

® Either the whole of a 7-bit slave address erfilst or second byte of a 10-bit slave ad-
dress is received.

®* The general call address is receiaed the General Call Enable bit fiCl SAR is set
to 1.

* A data byte is received whila MASTER or SLAVE modes.

When AAK is cleared to 0, a NACK is sent when a data byte is received in MASTER or
SLAVE mode. If AAK is cleared to 0 iIBLAVE TRANSMIT mode, the byte in the

1°C_DR register is assumed to be the fingtke. After this bytés transmitted, the’C

block enters th€8h state, then returns to an idle state. rhodule does not respond

to its slave address unless AAK is set to 1. Bd#e 1270n page 226.

Table 127. 12C Control Register (12C_CTL = 00CBh)

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 | RW | R R

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

Bit
Position Value Description
7 0 1°C interrupt is disabled.
IEN 2 .
1 I“C interrupt is enabled.
6 0 The I1°C bus (SCL/SDA) is disabled and all inputs are ignored.
ENAB 1
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The I12C bus (SCL/SDA) is enabled.
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Egsition Value Description

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 1 1°c interrupt flag is set.

2 0 Not Acknowledge.

AAK 1 Acknowledge.

[1:0] 00 Reserved.

I°C Status Register

The PC_SR register is a Read Only register tw@itains a 5-bit status code in the five
MSbs; the three LSbs are always 0. The Realy I2C_SR registers share the same I/
O addresses as the Write Only I12C_CCR registersT&ge 128

Table 128. 1°C Status Registers (12C_SR = 00CCh)

Bit 0
Reset 0
CPU Access R R R R

Note: R = Read only.

Bit

Position Value Description

[7:3] 00000—  5-bit I°C status code.
STAT 11111

[2:0] 000 Reserved.

There are 29 possible status codes, as listédlife 129 When the 4C_SR register
contains the status co@éh, no relevant status information is available, no interrupt is
generated, and tHELG bit in the FC_CTL register is not set. All other status codes

correspond to a defined state of the.|
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When each of these states is entered, the comdsp status code appears in this register
and the IFLG bit in thezc_CTL register is set to 1. Whéime IFLG bit is cleared, the sta-
tus code returns tesh.

Table 129. 12C 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.

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.
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Table 129. 12C Status Codes (Continued)

Code Status

D8h Second Address byte and Write bit transmitted, ACK not received.

F8h No relevant status information, IFLG = 0.

If an illegal conditioroccurs on the?C bus, the bus error state is entered (status code
00h). To recover from this state, the STP bit in tf@ ICTL register must be set and the
IFLG bit cleared. The?C then returns to an idle staio STOP conditio is transmitted
on the ¥C bus.

} Note: The STP and STA bits are set to 1 at testime to recover from the bus error. THE |
then sends a START condition.
I2C Clock Control Register

The PC_CCR register is a Write Only regist€he seven LSBs control the frequency at
which the £C bus is sampled and the frequency of fi@dlock line (SCL) when théC

is in MASTER modeThe Write Only fC_CCR registers share the same 1/O addresses as
the Read Only I2C_SR registers. Sedble 130

Table 130. I°C Clock Control Registers  (12C_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 w w w

Note: W = Read only.

Egsition Value Description

7 0 Reserved.

[6:3] 0000-1111 I2C clock divider scalar value.
M

[2:0] 000-111 12C clock divider exponent.

N

The FC clocks are derived from the system &loé the eZ80F91 device. The frequency
of this system clock ifck. The £C bus is sampled by théa block at the frequency
fsavp supplied by théollowing equation:

fscik
2N

fsamp
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In MASTER mode, the?C clock output frequency on SCigg)) is supplied by the fol-
lowing equation:

fscLk
10+ (M + 1))

fscL =

The use of two separately-programmable dividers allows the MASTER mode output
frequency to be set independerdfjthe frequency at which théQ bus is sampled. This
feature is particularly useful in multimastwrstems because thedteency at which the
12C bus is sampled must be aadé 10 times the frequencytbie fastest master on the bus
to ensure that START and STOP condii@re always detected. By using two
programmable clock divider stages, a higmghng frequency is ensured while allowing
the MASTER mode output to be set to a lower frequency.

Bus Clock Speed

The FC bus is defined for bus clock speeds up to 100 kbps (400 kbps in FAST mode).

To ensure correct detection of START and STOP conditiartse bus, the’C must sam-
ple the C bus at least ten times faster than thedlack speed of the fastest master on the
bus. The sampling frequency mtiseérefore be at least 1 MHz (4 MHz in FAST mode) to
guarantee correct operation with other bus masters.

The PC sampling frequency is determined by the frequenth@®eZ80F91 system clock
and the value in théC_CCR bits 2 to 0. The busock speed geneted by the 4C in
MASTER mode is determined ltlge frequency of the input clock and the values in
I2C_CCRJ[2:0] andi4C_CCR][6:3].

1°C Software Reset Register

The PC_SRR register is a Write Only registéfriting any value to this register performs
a software reset of thé@ module. Se@able 131

Table 131. 1°C Software Reset Register (12C_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—FFh Writing any value to this register performs a software reset
SRR of the 1°C module.
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Zilog Debug Interface

Introduction

PS019215-0910

The Zilog Debug Interface (ZDI) provides ailbin debugging interface to the CPU. ZDI
provides basic in-circuit emulation features including:

®* Examining and modifying internal registers.

®* Examining and modifying memory.

® Starting and stopping the user program.

® Setting program and data break points.

® Single-stepping the user program.

® Executing user-supplied instructions.

* Debugging the final product with the inclusion of one small connector.
®* Downloading code into SRAM.

® C source-level debugging usingdf Developer Studio Il (ZDS 1I).

The above features are built irttee silicon. Control is provitl via a two-wire interface

that is connected to the USB Smart Cable emuliigure 48displays a typical setup

using a a target board, USB Smart Cable, and the host PC running Zilog Developer Studio
II. For more information on USBmart Cable and ZDS I, refer vovw.zilog.com

Target Board
C
(@)
Zi N
ilog N
Developer |<«—> USg, %Imart < > E < SZ%O®t
Studio able C roduc
Emulator T
(@)
R

Figure 48. Typical ZDI Debug Setup
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ZDI allows reading and writing afost internal registers without disturbing the state of
the machine. Reads and Writes to menuwmgurs as fast asdtzDI downloads and

uploads data, with a maximum supported ZDI clock frequency of 0.4 times the eZ80F91
system clock frequency. Also, regardlesshef ZDI clock frequencythe duration of the
low-phase of the ZDI clock (that is, ZCL = 0) stile at least 1.25 times the system clock
period.

For the description on how to enable the ZDI interfactherexit of RESET, see ti&Cl
Activation on page 258.

Table 132. Recommend ZDI Clock versus System Clock Frequency

System Clock Frequency ZDI Clock Frequency

3-10 MHz 1 MHz
8-16 MHz 2 MHz
12-24 MHz 4 MHz
20-50 MHz 8 MHz

ZDI-Supported Protocol

ZDI supports a bidirectional serial protocol. The protocol defines any device that sends
data as th&ransmitterand any receiving device as tieeeiver The device controlling the
transfer is thenasterand the device being controlled is #lave The master always ini-
tiates the data transfers and provides thekcfor both receive ahtransmit operations.

The ZDI block on the eZ80F91 device is ddesed a slave in all data transfers.

Figure 49on page 233 displays the schematichfigitding a connector on a target board.
This connector allowgou to connect directly to the USB Smart Cable emulator using a
six-pin header.
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TVbp
(Target Vpp)

10 Kohm 10 Kohm
—2 1

: 4 3

/

6-Pin Target Connector =

eZ80F91 TCK (ZCL)
TDI (ZDA)

Figure 49. Schematic For Building a Target Board USB Smart Cable
Connector

ZDI Clock and Da ta Conventions

The two pins used for communication witte thDI block are the ZDI clock pin (ZCL) and
the ZDI data pin (ZDA). On eZ80F91, the Z@In is shared with the TCK pin while the
ZDA pin is shared with the TDI pin. The Z&Gnd ZDA pin functions are only available
when the On-Chip Instrumentation is disabéedl the ZDI is therefore enabled. For gen-
eral data communication, the data valugtZDA pin changes only when ZCL is Low
(0). The only exception is the ZDI START hithich is indicated by a High-to-Low transi-
tion (falling edge) on the ZDA pin while ZCL is High.

Data is shifted into and out of ZDI, withgtMSb (bit 7) of each byte being first in time,
and the LSb (bit 0) last in tien All information is passed tveeen the master and the slave
in 8-bit (single-byte) units. Eadbyte is transferred with nindock cycles; eight to shift
the data, and the ninth for internal operations.

ZDI START Condition

All ZDI commands are preceded by the ZDI START signal, which is a High-to-Low tran-
sition of ZDA when ZCL is High. The ZDI al/e on the eZ80F91 device continually mon-
itors the ZDA and ZCL lines for the START sigjrand does not respd to any command
until this condition is met. The master plIBA Low, with ZCL High, to indicate the
beginning of a data transfer with the ZDI bloEkgure 500n page 234 anfigure 51on

page 234 displays a valid ZDI START sigmaior to writing and reading data, respec-
tively. A Low-to-High transition of ZDA while the ZCL is High produces no effect.
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Data is shifted in during a Write to the ZBlbck on the rising edge of ZCL, as displayed
in Figure 50 Data is shifted out during a Readrfréhe ZDI block on the falling edge of
ZCL as displayed ifrigure 51 When an operation is comfae, the master stops during
the ninth cycle and holds the ZCL signal High.

ZDI Data In ZDI Data In
(Write) (Write)

! !

| | | | | |
| | | | |
ZCL

ZDA_\ i /
T |

Start Signal

Figure 50. ZDI Write Timing

ZDI Data Out ZDI Data Out
(Read) (Read)

SO R A — S—
TII r

Start Signal

Figure 51. ZDI Read Timing

ZDI Single-Bit Byte Separator

Following each 8-bit ZDI data transfer, a d&dit byte separator is used. To initiate a
new ZDI command, the single-bit byte separatoist be High (logical 1) to allow for a

new ZDI START command to be sent. For all other cases, the single-bit byte separator is

either Low (logical 0) or High (logical 1YWhen ZDI is configured to allow the CPU to
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accept external bus request® #ingle-bit byte separator must be Low (logical 0) during

all ZDI commands. Thikow value indicates that ZDI is still operating and is not ready to
relinquish the bus. The CPU does not accept the external bus requests until the single-bit
byte separator is a High (logical 1). For more information on accepting bus requests in
ZDI DEBUG mode, seBus Requests During ZDI Debug Mode page 238.

ZDI Register Addressing

Following a START signal the ZDI master muasitput the ZDI register address. All data
transfers with the ZDI block use special Zyisters. The ZDI control registers that
reside in the ZDI register address space masbe confused with the eZ80F91 device
peripheral registers that reside in the I/O address space.

Many locations in the ZDI control registetdress space are shared by two registers—one
for Read Only access and one for Write Candgess. For example, a Read from ZDI regis-
ter address0h returns the eZ8)Product ID Low Byte, whil@ Write to this same loca-
tion, 00h, stores the Low byte of one of the address match values used for generating
break points.

The format for a ZDI address $&ven bits of address, followed by one bit for Read or
Write control, and completed laysingle-bit byte separator. The ZDI executes a Read or
Write operation depending on the state of the RIVWO0 = Write, 1 = Read). If no new
START command is issued at completion af Read or Write operation, the operation is
repeated. This allows repeated Read or Vditerations without having to resend the ZDI
command. A START signal must folloto initiate a new ZDI commanéigure 52dis-

plays the timing for address Writes to ZDI registers.

Single-Bit
Byte Separator
or new ZDI
START Signal

| |
< ZDI Address Byte > l
I I

|

ZCL S M1 2 3 4 5 6 7 8 9

ZDA \/:A6XA5XA4XA3XA2XA1XAOXR/\NM

P il

START 0 =WRITE
Signal 1=READ

Figure 52. ZDI Address Write Timing
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ZDI Write Operations

ZDI Single-Byte Write

For single-byte Write operations, the addrasd write control bit are first written to the
ZDI block. Following the singkbit byte separator, the datashifted into the ZDI block
on the next 8 rising edges of ZCL. Thestw terminates activity after 8 clock cycles.
Figure 53displays the timing for ZDs$ingle-byte Write operations.

| |
< ZDI Data Byte >
| |
ZCL | |
| |
ZDA x AO\Write/O/lXD?XDGXDSXD4XD3XD2XD1XDO/1\
' msb Isb !
T T of DATA of DATA T
Isb of Single-Bit End of Data
ZDIl Address  Byte Separator or New ZDI
START Signal

Figure 53. ZDI Single-Byte Data Write Timing

ZDI Block Write

The block Write operation isitmted in the same mannerthg single-byte Write opera-
tion, but instead of terminating the Write ofdera after the first data byte is transferred,
the ZDI master continues to transmit addiibbytes of data to the ZDI slave on the
eZ80F91 device. After the receipt of each ftdata the ZDI register address increments
by 1. If the ZDI register address reaches the end of the Write Only ZDI register address
space g0h), the address stops incrementiRggure 54displays the timing for ZDI block
Write operations.
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| |
< ZDI Data Bytes >
| |
ZCL 7 8 9\ I /1 2 - 7 8 9 1 2\ -—--
| |
ZDA x AO \Write/O/lXD?XDs --- o1 X po Xor X b7 X b6 [ ——-
' 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 54. ZDI Block Data Write Timing

ZDI Read Operations

ZDI Single-Byte Read

Single-byte Read operations are initiatethia same manner as single-byte Write opera-
tions, with the exqation that the R/Wbit of the ZDI register address is set to 1. Upon
receipt of a slave address with the RbWset to 1, the eZ80F91 device’s ZDI block loads
the selected data into the shifter at the bagmof the first cycle following the single-bit
data separator. The most signifitait (msb) is shifted out firsEigure 55displays the
timing for ZDI single-byte Read operations.

| |
< ZDI Data Byte >
| |
ZCL | |
| |
ZDA x AO /Read\O/lXD?XDGXDSXDLLXD3XD2XD1XDOll\
' 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 55. ZDI Single-Byte Data Read Timing

} Note: In ZDI single-byte read operations, after eaelad operation, the Program Counter (PC)
address is incremented by two bytes. For exanifthe current PC address is 0x00, then
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a read operation at 0x00 increments the PC to 0x02. To read the next byte, the PC must be
decremented by one.

ZDI Block Read

A block Read operation is initiated in tekeme manner as a sindlgte Read; however,

the ZDI master continues to clock in thexhieyte from the ZDI slave as the ZDI slave
continues to output data. The ZDI registedr@ds counter increments with each Read. If
the ZDI register address reaches the end of the Read Only ZDI register address space
(20h), the address stops incrementiR@gyure 56displays the ZDI's block Read timing.

Y

|
| - ZDI Data Bytes
|

|
ZDA on /Read\O/lXD?XDG -—- DlXDOXO/lXD?XDG /———

' 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 56. ZDI Block Data Read Timing

Operation of the eZ80F91 Devi ce during ZDI Break Points

If the ZDI forces the CPU to bak, only the CPU suspends operation. The system clock
continues to operate and drive other periptserThose peripherals that operate autono-
mously from the CPU continues to operatesafenabled. For example, the Watchdog
Timer and Programmable Reload Timerstouore to count during a ZDI break point.

When using the ZDI interface, any Write or Regerations of peripheral registers in the

I/0 address space produces the same effect as Read or Write operations using the CPU. As
many register Read/Write operations exhsigitondary effects, such as clearing flags or
causing operations to commence, the effetthe Read/Write operations during a ZDI

break must be taken into consideration.

Bus Requests During ZDI Debug Mode

The ZDI block on the eZ80F91 device allowsextternal device ttake control of the
address and data bus while the eZ80F%4cdds in DEBUG mode. ZDI_ BUSACK_EN
causes ZDI to allow or prevent acknowledgenadriius requests by external peripherals.
The bus acknowledge occurs only at the efnithe current ZDI operation (indicated by a
High during the single-bit byte separatdrhe default reset conditias for bus acknowl-
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edgement to be disabled. To allow bus acknowledgement, the ZDI_ BUSACK_EN must be
written.

When an external bus request (BUSRE@asserted) is detected, ZDI waits until comple-
tion of the current operation before responding. ZDI acknowledges the bus request by
asserting the bus acknowledge (BUSAGkgnal. If the ZDI block is not currently shift-
ing data, it acknowledges the bus request imatelji. ZDI uses the single-bit byte separa-
tor of each data word to determine if itaisthe end of a ZDI operation. If the bitis a
logical 0, ZDI does not assert BUSAG&allow additional datRead or Write operations.

If the bit is a logical 1, indicatingompletion of the ZDcommands, BUSACKs asserted.

Potential Hazards of Enabling Bus Requests During DEBUG Mode

There are some potential hazards that yostrha aware of when enabling external bus
requests during ZDI DEBUG mode. First, whte address and data bus are being used
by an external source, ZDI must only accgbs registers and internal CPU registers to
prevent possible bus contention. The busawledge status is reported in the
ZDI_BUS_STAT register. The BUSACHutput pin also indicates the bus acknowledge
state.

A second hazard is that whebas acknowledge is grantedetBiDI is subject to any wait
states that are assigned to the device ctlyrbring accessed by the external peripheral.
To prevent data errors, ZDI must avoidadransmission while another device is
controlling the bus.

Finally, exiting ZDI DEBUG mode while an #¢nal peripheral controls the address and
data buses, as indicated by BUSA@$&sertion produces unpredictable results.

ZDI Write Only Registers

PS019215-0910

Table 133ists the ZDI Write Only registers. Many of the ZDI Write Only addresses are
shared with ZDI Read Only registers.

Table 133. ZDI Write Only Registers

ZDl Address  ZDI Register Name  ZDI Register Function \R/’;Sueet
00h ZDl_ADDRO_L Address Match 0 Low Byte XXh
01lh ZDI_ADDRO_H Address Match 0 High Byte XXh
02h ZDI_ADDRO_U Address Match 0 Upper Byte XXh
04h ZDI_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
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ZDIl Address  ZDI Register Name  ZDI Register Function \Ijzliit
08h ZDl_ADDR2_ L Address Match 2 Low Byte XXh
09h ZDlI_ADDR2_H Address Match 2 High Byte XXh
0Ah ZDI_ADDR2_U Address Match 2 Upper Byte XXh
0Ch ZDl_ADDR3 L Address Match 3 Low Byte XXh
0Dh ZDI_ADDR3 H Address Match 3 High Byte XXh
OEh ZDI_ADDR3 U Address Match 4 Upper Byte XXh
10h ZDl BRK_CTL Break Control Register 00h
11h ZDI_MASTER_CTL Master Control Register 00h
13h ZDlI_ WR_DATA L Write Data Low Byte XXh
14h ZDI_WR_DATA_H  Write Data High Byte XXh
15h ZDI_WR_DATA U Write Data Upper Byte XXh
16h ZDI_RW_CTL Read/Write Control Register 00h
17h ZDI_BUS _CTL Bus Control Register 00h
21h ZDI1 1S4 Instruction Store 4 XXh
22h ZDI1_1S3 Instruction Store 3 XXh
23h ZDI1_1S2 Instruction Store 2 XXh
24h ZDl_1S1 Instruction Store 1 XXh
25h ZDI1_1S0 Instruction Store 0 XXh
30h ZDI_WR_MEM Write Memory Register XXh

ZDI Read Only Registers

Table 134lists the ZDI Read Only registers. Maof the ZDI Read Only addresses are
shared with ZDI Write Only registers.

Table 134. ZDI Read Only Registers

ZDI Address ZDI Register Name ZDI Register Function \F;;iit
00h ZDI_ID_L ez80® Product ID Low Byte Register 08h
01lh ZDI_ID_H eZ80 Product ID High Byte Register 00h
02h ZDl ID_REV eZ80 Product ID Revision Register XXh

PS019215-0910
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Table 134. ZDI Read Only Registers (Continued)

ZDI Address ZDI Register Name ZDI Register Function \F;;iit
03h ZDI_STAT Status Register 00h
10h ZDI_RD_L Read Memory Address Low Byte Register XXh
11h ZDI_RD_H Read Memory Address High Byte Register XXh
12h ZDI_RD_U Read Memory Address Upper Byte Register XXh
17h ZDl_BUS STAT Bus Status Register 00h
20h ZDl_RD_MEM Read Memory Data Value XXh

ZDI Register Definitions

ZDI Address Match Registers

The four sets of address match registeesuaed for setting theeddresses for generating
break points. When the accompanying BRK_ADDRX bit is set in the ZDI Break Control
register to enable the particular addresgcimahe current eZ80F91 address is compared
with the 3-byte address set, {ZDADDRx_U, ZDI_ADDRx_H, and ZDI_ADDR_x_L}.

If the CPU is operating in ADL mode, thedadss is supplied by ADDR[23:0]. If the CPU
is operating in 88 mode, the address is supplied by {MBASE[7:0], ADDR[15:0]}. If a
match is found, ZDI issues a break to #280F91 device placing the CPU in ZDI mode
pending further instructions fno the ZDI interface block. If theddress is not the first op-
code fetch, the ZDI break is executed at thet @rthe instruction in which it is executed.
There are four sets of address match registérey are used in conjunction with each
other to break on branching instructions. $akle 135n page 241.

Table 135. ZDI Address Match Registers

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

Note: W = Write Only.

Bit

Position Value Description

[7:0] 00h—FFh The four sets of ZDI address match registers are used for
zdi_addrx_|, setting the addresses for generating break points. The 24
zdi_addrx_h, 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
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Address Information for ZDI Address Match Registers

ZDI_ADDRO_L = 00h, ZDI_ADDRO_H = 01h, ZDI_ADDRO_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, ZzDI_ADDR3_H = 0Dh, and
ZDIl_ADDRS3_U = OEh in the ZDI Register Write Only Address Space.

ZDI Break Control Register

The ZDI Break Control register is used table break points. ZDI asserts a break when
the CPU instruction address, ADDR[23:0], ntads the value in the ZDI Address Match 3
registers, {ZDI_ADDR3_U, ZDI_ADDR3_H, ZDI_ADDRS3_L}. BREAKSs occurs only
on an instruction boundary. If the instructiordegss is not the beginning of an instruction
(that is, for multibyte instructions), then the break occutseaend of the current instruc-
tion. Thebrk_next bit is set to 1. Therk_next bit must be reset to 0 to release the break.
SeeTable 136on page 243.
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Table 136. 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 uses 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 is also 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_addrl disabled.

1 The ZDI break, upon matching break address 1, is
enabled.

3 0 The ZDI break, upon matching break address 0, is
brk_addr0 disabled.

1 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_addrl is set to 1, ZDI initiates
a break when the entire 24-bit address, ADDR[23:0],
matches the 3-byte value {ZDI_ADDR1_U,
ZDI_ADDR1_H, ZDI_ADDR1_L}.

The Ignore the Low Byte function of the ZDI Address Match
1 registers is enabled. If brk_addrl is set to 1, ZDl initiates
a break when only the upper 2 bytes of the 24-bit address,
ADDRJ[23:8], match the 2-byte value {ZDI_ADDR1_U,
ZDI_ADDR1_H}. As a result, a break occurs 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_addr0 is set to 1, ZDlI initiates
a break when the entire 24-bit address, ADDR[23:0],
matches the 3-byte value {ZDI_ADDRO_U,
ZDI_ADDRO_H, zDI_ADDRO_L}.

The Ignore the Low Byte function of the ZDI Address Match
1 registers is enabled. If the brk_addrl is set to 0, ZDI
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
occurs 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.
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ZDI Master Control Register

The ZDI Master Control register provides cohtvtbthe eZ80F91 device. It is capable of
forcing a RESET and waking up the eZ80F91 from the LOW-POWER modes (HALT or
SLEEP). Sedable 137

Table 137. 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 W w w w w w w w

Note: W = Write Only.

Egsition Value Description

7 0 No action.

ZDI_RESET 1 Initiate a RESET of the eZ80F91. 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 registers are used in the ZDI Write Only register address space to store the
data that is written when a Write instructiorsent to the ZDI Read/Write Control register
(ZDI_RW_CTL). The ZDI Read/Write Controegister is located at ZDI addrekgh
immediately following the ZDI Write Data gésters. As a result, the ZDI Master is

allowed to write the data to {ZDI_WRJ, ZDI_WR_H, ZDI_WR_L} and the Write
command in one data transfer operation. Bdse 138

Table 138. 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

Note: X = Undefined; W = Write.

Bit

Position Value Description

[7:0] 00h—FFh  These registers contain the data that is written during
zdi_wr_|, execution of a Write operation defined by the
zdi_wr_h, ZDI_RW_CTL register. The 24-bit data value is stored
or as {ZDl_WR_U, ZDI_WR_H, ZDI_WR_L}. If less than
zdi_wr_| 24 bits of data are required to complete the required

operation, the data is taken from the LSBs.
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The ZDI Read/Write Control register is usadhe ZDI Write Only Register address to
read data from, write data to, and manipailie CPU’s registers or memory locations.
When this register is written, the eZ80F@evice immediatelperforms the operation
corresponding to the data value written as listethinle 139 When a Read operation is
executed via this register, the requested dalizes are placed in the ZDI Read Data
registers {ZDI_RD_U, ZDI_RD_H, ZDI_RD_L}When a Write operation is executed via
this register, the Write data is takenrfrehe ZDI Write Data registers {ZDI_WR_U,

ZDl_ WR_H, ZDI_WR_L}. See€Table 139 For information on the CPU registers, refer to
ez8® CPU User Manual (UMO0OQ7 7gvailableon www.zilog.com

} Note:

The CPUss alternate register set (A, F', B2, D', E’, HL’) cannot be read directly. The

ZDI programmer must execute the exchanggriction (EXX) to gain access to the alter-

nate CPU register set.

Table 139. ZDI Read/Write Control Register Functions (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
ZDI_RD_U « MBASE MBASE « ZDI_WR_U
ZDI_RD H« F F <« zZDI_ WR_H
ZDI_ RD L« A A<« ZDI_ WR_L

01 Read BC 81 Write BC
ZDI_RD_U « BCU BCU « ZDI_ WR_U
ZDI_RD H« B B <« ZDI_WR_H
ZDI_ RD L« C C« ZDI_WR_L

02 Read DE 82 Write DE
ZDI_RD_U « DEU DEU « ZDI WR_U
ZDI_ RD H« D D <« ZDI WR_H
ZDI_ RD L« E E <« ZDI_WR_L

03 Read HL 83 Write HL
ZDI_RD_U « HLU HLU « ZDI_WR_U
ZDI_RD H<«H H <« ZDI WR_H
ZDI_ RD L« L L« ZDI_WR_L

04 Read IX 84 Write IX
ZDI_RD_U « IXU IXU « ZDI_ WR_U
ZDI_RD_H <« IXH IXH « ZDI_WR_H

ZDI_RD_L « IXL

IXL < ZDI_WR_L
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Table 139. 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
05 Read IY 85 Write IY
ZDI_RD_U « IYU IYU < ZDI_WR_U
ZDI_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
ZDl_RD_H « PCJ[15:8] PC[15:8] «- ZDI_WR_H
ZDI_RD_L « PCJ[7:0] PC[7:0] < ZDI_WR_L
08 Set ADL 88 Reserved
ADL <1
09 Reset ADL 89 Reserved
ADL <« 0
0A Exchange CPU register sets ~ 8A Reserved
AF < AF’
BC <« BC’
DE <« DE’
HL « HL’
0B Read memory from current PC 8B Write memory from current PC

value, increment PC

value, increment PC
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ZDI Bus Control Register

The ZDI Bus Control register controls buguests during DEBUG mode. It enables or
disables bus acknowledge in ZDI DEBUG mauhel allows ZDI to force assertion of the
BUSACK signal. This register must only beitten during ZDI DEBUG mode (that is,
following a break). Se@able 140

Table 140. 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 0
CPU Access w w w w w w w w

Note: W = Write Only.

Bit

Position Value Description

7 0 Bus requests by external peripherals using the BUSREQ

ZDI_BUSAK_EN pin are ignored. The bus acknowledge signal, BUSACK, is
not asserted in response to any bus requests.

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 in response to a
bus request.

6 0 Deassert the bus acknowledge pin (BUSACK) to return
ZDI_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.

Instruction Store 4.0 Registers

The ZDI Instruction Store registers are located in the ZDI Register Write Only address
space. They are written withstruction data for direct exetion by the CPU. When the
ZDI_ISO0 register is written, the eZ80F91 dsviexits the ZDI break state and executes a
single instruction. The opcodes and opergndshe instruction come from these Instruc-

tion Store registers. The Instruction Store Regiétis the first byte fetched, followed by
Instruction Store registers 1, 2, 3, and 4, as necessary. Only the bytes the CPU requires to
execute the instruction must be stored gsthregisters. Some CPU instructions, when
combined with the MEMORY modsauffixes (.SIS, .SIL, .LISpr .LIL), require 6 bytes to
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operate. These 6-byte instructions cannatxeruted directly using the ZDI Instruction
Store registers. S@able 141

The Instruction Store 0 register is located at a higher ZDI address than thed mglreic-
tion Store registers. This feature allows tlse of the ZDI auto-address increment function
to load and execute a multibytesfruction with a single data stream from the ZDI master.
Execution of the instrgion commences with writingeHfinal byte to ZDI_1S0.

Table 141. Instruction Store 4:0 Registers  (zZDI_IS4 = 21h, ZDI_IS3 = 22h, ZDI_1S2 = 23h,
ZDI1_1S1 = 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

Note: X = Undefined; W = Write.

Bit

Position Value Description

[7:0] 00h—FFh These registers contain the Op Codes and operands for
zdi_is4, immediate execution by the CPU following a Write to
zdi_is3, ZDI_1S0. The ZDI_ISO0 register contains the first Op Code
zdi_is2, of the instruction. The remaining ZDI_ISx registers
zdi_is1, contain any additional Op Codes or operand dates

or required for execution of the required instruction.

zdi_isO

PS019215-0910

ZDI Write Memory Register

A Write to the ZDI Write Memory register cags the eZ80F91 device to write the 8-bit
data to the memory locationesgfied by the current address in the Program Counter. In
Z80° MEMORY mode, this adess is {MBASE, PC[15:0]}ln ADL MEMORY mode,

this address is PC[23:0]. The Program Coym€, increments after each data Write.
However, the ZDI register address does not increment automatically when this register
is accessed. As a result, the ZDI masteHisvad to write any number of data bytes by
writing to this address oriame followed by any number of data bytes. $able 142

on page 251.
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Table 142. 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—FFh The 8-bit data that is transferred to the ZDI slave
zdi_wr_mem following 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.

eZ80® Product ID Low and High Byte Registers

The eZ80 Product ID Low ardigh Byte registers combine to provide a means for an
external device to determine the particular eZ80 product being addresseédbeb43
andTable 144on page 252.

Table 143. eZ80 Product ID Low Byte Register (ZDI_ID_L = 00h in the ZDI Register Read Only
Address Space, ZDI_ID_L = 0000h in the I/O Register Address Space)

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

Note: R = Read Only.

Bit

Position Value Description

[7:0] 08h {ZDI_ID_H, zZDI_ID_L} = {00h, 08h} indicates the eZ80F91
zdi_id_| product.

PS019215-0910 Zilog Debug Interface
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Table 144. ez80® Product ID High Byte Register (zZDI_ID_H = 01h in the ZDI Register Read Only
Address Space, ZDI_ID_H = 0001h in the I/O Register Address Space)

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

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h {ZDI_ID_H, zZDI_ID_L} ={00h, 08h} indicates the eZ80F91
zdi_id H device.

€Z80 Product ID Revision Register

The eZ80 Product ID Revision register itiBes the current revision of the eZ80F91
product. Sedable 145

Table 145. eZ80 Product ID Revision Register (zZDI_ID_REV = 02h in the ZDI Register Read
Only Address Space, ZDI_ID_REV = 0002h in the I/0 Register Address Space)

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

Note: X = Undetermined; R = Read Only.

Bit

Position Value Description

[7:0] 00h—FFh Identifies the current revision of the eZ80F91 product.
zdi_id_rev

PS019215-0910
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ZDI Status Register

The ZDI Status register prowad current information on the eZ80F91 device and the CPU.
SeeTable 146

(ZDI_STAT = 03h in the ZDI Register Read Only Address Space)

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

Note: R = Read Only.

Bit
Position 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.
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.
Reserved

PS019215-0910
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ZDI Read Register Low, High, and Upper

The ZDI register Read Only address spadersfLow, High, and Upper functions, which
contain the value read by a Read operafiom the ZDI Read/Write Control register
(ZDI_RW_CTL). This data is valid only vile in ZDI BREAK mode and only if the
instruction is read by a request from the ZDI Read/Write Control registefabee147

Table 147. 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 3
Reset 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 Values read from the memory location as requested by the
zdi_rd_|, ZDI Read Control register during a ZDI Read operation.
zdi_rd_h, The 24-bit value is supplied by {ZDI_RD_U, ZDI_RD_H,
or ZDI_RD_L}.

zdi_rd_u

PS019215-0910
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ZDI Bus Status Register
The ZDI Bus Status register monitors BUSACKs during DEBUG modeT&de 148

Table 148. 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

ZDl_BUSACcK_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 is executed from the Z[2ald Memory register, the eZ80F91 device
fetches the data from the memory addreurrently pointed to by the Program
Counter, PC; the Program Counitethen incremented. In Z8OVEMORY mode, the
memory address is {MBASE, PC[15:0Jh ADL MEMORY mode, the memory
address is PC[23:0]. For more infornaettion Z80 and ADL MEMORY modes, refer

to theez8® CPU User Manual (UM00773vailable orwww.zilog.com The Pro-

gram Counter, PC, increments after eadla (Read. However, the ZDI register address
does not increment automatically when tieigister is accessed. As a result, the ZDI
master reads any number of data bytesobutemory via the ZDI Read Memory reg-
ister. Sedlable 14%n page 256.
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Note that the delay between issuing a memeagd request and the return of the corre-
sponding data amount to multiple ZDI clockcles. This delay is a function of the wait

state configuration of the memory space feincessed as well as the relative frequencies
of the ZDI clock and the system clock. If the ZDI master begins clocking the read data out
of the eZ80F91 soon after issuing the memoag neequest, invalid data will be returned.
Since no data-valid handshake mechanism eixistee ZDI protocol, the ZDI master must
account for expected memamyad delay in some way.

A technique exists to mask thiglay in almost all situation# always reads at least two
consecutive bytes, starting one address lower than the addmetesexdt. In this situation,
the eZ80F91 internally prefetches the dadan the second address while the ZDI master
is sending the second read request. aldsvs enough time for the second ZDI memory
read to return valid data. Thiest data byte returned togtzDI master must be discarded
since it is invalid. Memory readof more than two consecuwibytes will also return cor-
rect data for all but the first address.

Table 149. ZDI Read Memory Register (zZDI_RD_MEM = 20h in the ZDI Register Read Only

Address Space)

Bit 7 6 5 4 3 2 1 0
Reset 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 8-bit data Read from the memory address indicated by
zdi_rd_mem the 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].

PS019215-0910
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On-Chip Instrumentation

Introduction to On-C hip Instrumentation

On-Chip Instrumentatidn(OCI™) for the eZ88 CPU core enables powerful debugging
features. The OCI provides run control, meynand register visibility, complex break
points, and trace history features.

The OCI employs all of the futions of the Zilog Debug Interface (ZDI) as described in
the ZDI section. It also addke following debug features:

® Control via a 4-pin Joint Test Action Gro(prAG) port that conforms to IEEE Stan-
dard 1149.1 (Test Access PortldBoundary Scan Architecture)

®* Complex break point trigger functions

® Break point enhancementsjch as the ability to:
- Define two break point addresses that form a range
- Break on masked data values
- Start or stop trace
- Assert a trigger output signal

®* Trace history buffer

® Software break point instruction
There are four sections to the OCI:
®* JTAG interface

® ZDI debug control

®* Trace buffer memory

®* Complex triggers

This document contains infoation to activate the OCI for JTAG boundary scan register
operations. For additional information regarding OCI features, or to order OCI debug
tools, contact:

First Silicon Solutions, Inc.
www.fs2.com

1. On-Chip Instrumentation and OCI are &athrks of First Silicon Solutions, Inc.

PS019215-0910 On-Chip Instrumentation
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OCI Activation

OCl features clock initialization iuitry so that external dely hardware is detected dur-

ing power-up. The external debugger mirs¢e the OCI clock pin (TCK) Low at least

two system clock cycles prior to the end of the RESET to activate the OCI block. If TCK
is High at the end of the RESET, the OCI block shuts down so that it does not draw power
in normal product operation. When the OCslmit down, ZDI is enabled directly and is
accessed via the clock (TCK) and data (Tjdhs. For more information on ZDI, sgéog

Debug Interfac®n page 231.

OCI Interface

There are six dedicated pins on the eZ80F91 for the OCI interface. Four pins—TCK,
TMS, TDI, and TDO—are required for IEEEandard 1149.1-compliant JTAG ports. A
fifth pin, TRSTn, is optional for IEEE 114Band utilized by th eZ80F91 device. The
TRIGOUT pin provides additional testabilitgdtures. These six OCI pins are listed in
Table 150

Table 150. OCI Pins

Symbol Name Type Description

TCK Clock Input Asynchronous to the primary eZ80F91 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 OCI is enabled. If High during
RESET, the OCI 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).

TRSTn TAP Reset Input Active Low asynchronous reset for the Test Access

Port state register. On-chip pull-up ensures a default
value of 1 (High).

TMS 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 Serial test data input. This pin is input-only when the

PS019215-0910

(OCl enabled) OCI is enabled. The input data is sampled on the
rising edge of the TCK signal.

I/O When the OCI is disabled, this pin functions as the
(OCl disabled) ZDA (zZDI Data) I/0 pin. NORMAL mode, following
RESET, configures TDI as an input.

On-Chip Instrumentation
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Symbol Name Type Description

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 open-drain when
no data is being driven out.

JTAG Boundary Scan

Introduction

This section describes coverage, implemioriaand usage of the eZ80F91 boundary

259

scan register based on théA@& standard. A working knowledge of the IEEE 1149.1 spec-
ification, particularly Clause 11, is required.

Pin Coverage

All pins are included in the boungascan chain, except the following:

* TCK

* TMS

e TDI

e TDO

®* TRSTN

°* Vb

* Vss

e PLL Vpp
* PLL Ves

e RTC Vpp
* XN

* Xour

e RTC_Xpn

* RTC Xourt
* LOOP_FILT

PS019215-0910
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The boundary scan cells implemented are amalsdo cell BC 1, defined in the Standard
VHDL Package STD_1149 1 2001.

All boundary scan cells are of the typentrol-and-observiethey provide both controlla-
bility and observability for the pins to which they are connedted open-drain outputs

and bidirectional pins, this type includesntrollability and observability of output

enables.

Chain Sequence and Length

When enabled to shift datagtbhoundary scan shift register is connected to TDI at the

input line for TRIGOUT and to TDO at PDO. The shift register is arranged so that data is
shifted via the pins starting to the lefttbé OCI interface pins and proceeding clockwise

around the chip. If a pin features multiple meable bits (example: bidirectional pins or

open-drain output pins), the dasashifted first into the input signal, then the output, then
the output enable (OEN).

The boundary scan register is 213 bits wille 151lists the ordering dbits in the shift

register, numbering them in clockwise order.

Pin Direction  Scan Cell No Pin Direction  Scan Cell No
TRIGOUT Input 0 MII_TxD2 Output 107
TRIGOUT Output 1 MII_TxD3 Output 108
TRIGOUT OEN 2 MII_COL Input 109
HALT_SLP Output 3 MIl_CRS Input 110
BUSACK Output 4 PA7 Input 111
BUSREQ Input 5 PA7 Output 112
NMI Input 6 PA7 OEN 113
RESET Input 7 PAG Input 114
RESET_OUT Output 8 PA6 Output 115
WAIT Input 9 PAG OEN 116
INSTRD Output 10 PAS5 Input 117
WR Output 11 PA5 Output 118
WR OEN 12 PA5 OEN 119
RD Output 13 PA4 Input 120
MREQ Input 14 PA4 Output 121

PS019215-0910
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Table 151. Pin to Boundary Scan Cell Mapping (Continued)

Pin Direction  Scan Cell No Pin Direction  Scan Cell No
MREQ Output 15 PA4 OEN 122
IORQ Input 16 PA3 Input 123
IORQ Output 17 PA3 Output 124
D7 Input 18 PA3 OEN 125
D7 Output 19 PA2 Input 126
D6 Input 20 PA2 Output 127
D6 Output 21 PA2 OEN 128
D5 Input 22 PA1 Input 129
D5 Output 23 PAl Output 130
D4 Input 24 PA1 OEN 131
D4 Output 25 PAO Input 132
D3 Input 26 PAO Output 133
D3 Output 27 PAO OEN 134
D2 Input 28 PHI Output 135
D2 Output 29 PHI OEN 136
D1 Input 30 SCL Input 137
D1 Output 31 SCL Output 138
DO Input 32 SDA Input 139
DO Output 33 SDA Output 140
DO OEN 34 PB7 Input 141
CS3 Output 35 PB7 Output 142
CS2 Output 36 PB7 OEN 143
Cs1 Output 37 PB6 Input 144
CSO Output 38 PB6 Output 145
A23 Input 39 PB6 OEN 146
A23 Output 40 PB5 Input 147
A22 Input 41 PB5 Output 148
A22 Output 42 PB5 OEN 149
A21 Input 43 PB4 Input 150
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Table 151. Pin to Boundary Scan Cell Mapping (Continued)

Pin Direction  Scan Cell No Pin Direction  Scan Cell No
A21 Output 44 PB4 Output 151
A20 Input 45 PB4 OEN 152
A20 Output 46 PB3 Input 153
Al9 Input 47 PB3 Output 154
Al9 Output 48 PB3 OEN 155
Al8 Input 49 PB2 Input 156
Al8 Output 50 PB2 Output 157
Al7 Input 51 PB2 OEN 158
Al7 Output 52 PB1 Input 159
Al6 Input 53 PB1 Output 160
Al6 Output 54 PB1 OEN 161
Al6 OEN 55 PBO Input 162
Al5 Input 56 PBO Output 163
Al5 Output 57 PBO OEN 164
Al4 Input 58 PC7 Input 165
Al4 Output 59 PC7 Output 166
Al3 Input 60 PC7 OEN 167
Al3 Output 61 PC6 Input 168
Al2 Input 62 PC6 Output 169
Al2 Output 63 PC6 OEN 170
All Input 64 PC5 Input 171
All Output 65 PC5 Output 172
Al10 Input 66 PC5 OEN 173
Al10 Output 67 PC4 Input 174
A9 Input 68 PC4 Output 175
A9 Output 69 PC4 OEN 176
A8 Input 70 PC3 Input 177
A8 Output 71 PC3 Output 178
A8 OEN 72 PC3 OEN 179
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Table 151. Pin to Boundary Scan Cell Mapping (Continued)

Pin Direction  Scan Cell No Pin Direction  Scan Cell No
A7 Input 73 PC2 Input 180
A7 Output 74 PC2 Output 181
A6 Input 75 PC2 OEN 182
A6 Output 76 PC1 Input 183
A5 Input 77 PC1 Output 184
A5 Output 78 PC1 OEN 185
A4 Input 79 PCO Input 186
A4 Output 80 PCO Output 187
A3 Input 81 PCO OEN 188
A3 Output 82 PD7 Input 189
A2 Input 83 PD7 Output 190
A2 Output 84 PD7 OEN 191
Al Input 85 PD6 Input 192
Al Output 86 PD6 Output 193
A0 Input 87 PD6 OEN 194
A0 Output 88 PD5 Input 195
A0 OEN 89 PD5 Output 196
WP Input 90 PD5 OEN 197
MIl_MDIO Input 91 PD4 Input 198
MIl_MDIO Output 92 PD4 Output 199
MIl_MDIO OEN 93 PD4 OEN 200
MIl_MDC Output 94 PD3 Input 201
MII_RxD3 Input 95 PD3 Output 202
MIl_RxD2 Input 96 PD3 OEN 203
MIl_RxD1 Input 97 PD2 Input 204
MIl_RxDO Input 98 PD2 Output 205
MIl_Rx_DV Input 99 PD2 OEN 206
MIl_Rx_CLK Input 100 PD1 Input 207
MIl_Rx_ER Input 101 PD1 Output 208
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Table 151. Pin to Boundary Scan Cell Mapping (Continued)

Pin Direction  Scan Cell No Pin Direction  Scan Cell No
MII_Tx_ER Output 102 PD1 OEN 209
MII_Tx_CLK Input 103 PDO Input 210
MIl_Tx_EN Output 104 PDO Output 211
MIl_TxDO Output 105 PDO OEN 212
MIl_TxD1 Output 106

Notes

1. The address bits 0-7, 8-15, and 16—23 each share a single output enable. In this table, the output enables are
associated with the LSb that they control.
2. Direction on the data bus is controlled by a single output enable. It is associated in this table with D[Q].

3. MREQ, IORQ, INSTRDN, RD, and WR share an output enable; it is associated in this table with WR.

PS019215-0910

Usage

Boundary scan functimlity is utilized by issuing thappropriate Test Access Port (TAP)
instruction and shifting dataeordingly. Both of these ste@re accomplished using the
JTAG interface. To activate the TAP (S8€I Activationon page 258), the TCK pin must
be driven Low at least two @Psystem clock cycles prior the deassertion of the RESET
pin. Otherwise the OCI-JTAG features are disabled.

As per the IEEE 1149.1 spectiion, the boundary scan cetlapture system 1/O on the
rising edge of TCK during the CAPTURE_DR&. This captured data is shifted on the
rising edge of TCK while ithe SHIFT_DR state. Pins and logic receive shifted data only
when enabled, and only on the falling edge of TCK during the UPDATE_DR state, after
shifting is completed.

For more information about eZ80F®oundary scan support, refetdsing BSDL Files
with ez8® and ez80Acclainfl Devices (AN0114)

Boundary Scan Instructions

The eZ80F91 device’s boundary scan architecsupports the following instructions:
®* BYPASS (required)

® SAMPLE (required)

® EXTEST (required)

® PRELOAD (required)

* |DCODE (optional)

On-Chip Instrumentation
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Phase-Locked Loop

Overview

The Phase-Locked-Loop (PLIg a programmable frequenayultiplier that satisfies the
equation SCLK (Hz) = N * 5sq(Hz). Figure 57displays the PLL block diagram.

System Clock
(Fosc< SCLK < Fosc* N)

[ PLL_cTL1[0] = PLL Enable

SCLK-MUX
RTC_CLK
(IMHz < Fogc < 10MHz)
ot x2 -
| 8., |Oscillator PFD Charge VvCO Off-Chip

: H — Pump Loop Filter
5 ! TN
PLL_CTLO[7:6] :CPLuI % Pt

LeiTooa Lock :
PLL_INT Detect : PLL2
DivN —mm8m8m8m8— 77T

PLL_CTLO[3:2] T

{PLL_DIV_H, PLL_DIV_L}

Figure 57. Phase-Locked Loop Block Diagram

PLL includes seven mainlocks as listed below:
®* Phase Frequency Detector

® Charge Pump

* Voltage Controlled Oscillator

* Loop Filter

* Divider

®* MUX/CLK Sync

® | ock Detect

PS019215-0910 Phase-Locked Loop
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Phase Frequency Detector

The Phase Frequency Detector (PFD) is #aliglock. The two inputs are the reference
clock (XTAL oscillator; se®©n-Chip Oscillator®n page 335) and the PLL divider output.
The two outputs drive the internal chargenpuand represent the error (or difference)
between the falling edges of the PFD inputs.

Charge Pump

The Charge Pump is an analog block thatiigedrby two digital inpts from the PFD that
control its programmable current sources. The internal current source contains four
programmable values: 1.5 mA, 1 mA, 500 pA, and 100 pA. These values are selected by
PLL_CTRL1[7:6]. The selected current drivesisked/sourced onto the loop-filter node
according to the error (or difference) betwéem falling edges of the PFD inputs. Ideally,
when the PLL is locked, there are no er@rsor = 0) and no current is sourced/sinked

onto the loop-filter node.

Voltage Controlled Oscillator

The Voltage Controlled Oscillator (VCO) is analog block thagxhibits an output
frequency proportional to iiaput voltage. The VCO inpus driven from the charge
pump and filtered via the off-chip loop filter.

Loop Filter

The Loop Filter comprises off-chip passs@mponents (usually 1 resistor and 2
capacitors) that filter/integrate charge frtme internal charge pump. The filtered node
also drives the VCO input, which creates agartional frequency output. When PLL is
not used, the Loop Filterpimust not be connected.

Divider

The Divider is a digital, programmable downcounter. The divider input is driven by the
VCO. The divider output drives the PFD. Thaaction of the Divider is to divide the
frequency of its input signal by a programmable fabtand supply the result in its
output.

MUX/CLK Sync

The MUX/CLK Sync is a digital, softwaresotrollable multiplexethat selects between
PLL or the XTAL oscillator as the systenock (SCLK). A PLL source is selected only
after the PLL idocked(via the lock detect block) tallow glitch-free clock switching.

Lock Detect

The Lock Detect digital bldcanalyzes the PFD outputrfa locked condition. The PLL
block of the eZ80F91 device is considereckied when the error (or difference) between
the reference clock and divided-down VCQeiss than the minimum timing lock criteria

Phase-Locked Loop
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for the number of consecutive reference cloalley. The lock criteria is selected in the

PLL Normal Operation

By default (after system reset) the PLL is tisal and SCLK = XTAL oscillator. Ensuring
proper loop filter, supply vadiges and external oscillatoearorrectly configured, the PLL

is enabled. The SCLK/Tim&annot choose the PLL as itsausce until the PLL is locked,

as determined by the lock detect block. By forcing the PLL to be locked prior to enabling
the PLL as a SCLK/Timer source, it is ased to be stable and accurate.

PS019215-0910

POR/System
Reset

{

Execute instructions with
SCLK = XTAL Oscillator

{

Program:

{PLL Divider}
PLL_DIV_L then PLL_DIV_H
{Charge Pump & Lock criteria}
PLL_CTLO

{

Enable:
{Interrupts & PLL}
PLL_CTL1

{

Upon Lock Interrupt:
Set SCLK MUX to PLL (PLL_CTLO)
Disable Lock Interrupt Mask
(PLL_CTL1)

{

Execute Application Code

PLL Control Register, PLL_CTLO[LDS_CTL]. Wm the locked corition is met, this
block outputs a logic High signal (lock) that interrupts the CPU.

Figure 58displays the programmirfgpw for normal PLL operation.

Figure 58. Normal PLL Programming Flow
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Power Requirement to the Phase-Locked Loop Function

Regardless of whether or not you choosassethe PLL module block as a clock source
for the eZ80F91 device, the PLLp} (pin 87) must be connected to g/supply and

the PLL_Vss(pin 84) must be connected to gdsupply for proper operation of the
€Z80F91 using any system clock source.

PLL Registers

} Note:

PLL Divider Control Register—Low and High Bytes

This register is designed such that the ittivider value is loaded into the divider mod-
ule whenever the PLL_DIV_H register is writteTherefore, the procedure must be to
load the PLL_DIV_L register, followed bye¢hPLL_DIV_H register, for the divider to
receive the appropriate value.

The divider is designed such that any dividdugdess than two is ignored; a value of two
is used in its place.

The LSB of PLL divider N is set via the casponding bits in the PLL_DIV_L register.
SeeTable 152andTable 153on page 269.

The PLL divider register are written only whtre PLL is disabled. A read-back of the
PLL Divider registers returns O.

Table 152. PLL Divider Register—Low Bytes  (PLL_DIV_L = 005Ch)

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

Note: W = Write only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 11 bit PLL divider
PLL_DIV_L value. The complete PLL divider value is returned by

{PLL_DIV_H, PLL_DIV_L}.

PS019215-0910
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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: R = Read only; R/W = Read/Write.

Bit

Position Value  Description

[7:3] 00h Reserved

[2:0] Oh—7h  These bits represent the High byte of the 11 bit PLL divider
PLL_DIV_H value. The complete PLL divider value is returned by

{PLL_DIV_H, PLL_DIV_L}.

PLL Control Register 0

269

The charge pump program, lock detect sensitivity, and system clock source selections are
set using this register. A brief descriptioiheach of these PLL Control Register O

attributes is listed below, and further listedrable 154

Charge Pump Program (CHRP_CTL)— Selects one of four values of charge pump

current.

Lock Detect Sensitivity (LDS_CTL)—

System Clock Source (CLK_MUX)— Selects the system clock source from a choice of

Determines the lock criteria for the PLL.

the external crystal oscillator (XTAL), PLIby Real-Time Clock crystal oscillator.

Table 154. PLL Control Register 0 (PLL_CTLO = 005Eh)

Bit 7 6 5 4 3 2 1 0
[E— 0 0 0 0 0 0 0 0
CPU Access RW | RW | R R | RW | RW | RW | RIW

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

Bit

Position Value Description

[7:6] 00 Charge pump current = 100 pA
CHRP_CTL1

PS019215-0910

01 Charge pump current = 500 A

10 Charge pump current = 1.0 mA

11 Charge pump current = 1.5 mA
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Egsition Value Description
[5:4] 00 Reserved
[3:2] 00 Lock criteria—8 consecutive cycles of 20 ns
LDS_CTL1 01 Lock criteria—16 consecutive cycles of 20 ns
10 Lock criteria—8 consecutive cycles of 400 ns
11 Lock criteria—16 consecutive cycles of 400 ns
[1:0] 00 System clock source is the external crystal oscillator
CLK_MUX 01 System clock source is the PLL?
10 System clock source is the Real-Time Clock crystal oscillator
11 Reserved (previous select is preserved)
Notes

1. Bits are programmed only when the PLL is disabled. The PLL is disabled when PLL_CTL1 bit
0 is equal to O.
2. PLL cannot be selected when disabled or out of lock.

PS019215-0910

PLL Control Register 1

The PLL is enabled using this register. PLtKaletect status, the PLL interrupt signals

and the PLL interrupt enables are accessed via this register. A brief description of each of
these PLL Control Register 1 attribuisdisted below, and further listed Trable 1550n

page 271.

Lock Status (LCK_STATUS)— The current lock bit out dhe PLL is synchronized and
read via this bit.

Interrupt Lock (INT_LOCK)— This signal feeds the intenpt line out of the CLKGEN
module and indicates that a rising edgdranlock signal out of the PLL has been
observed.

Interrupt Unlock (INT_UNLOCK)— This signal feeds the inteptiline out of the clkgen
module and indicates that a falling edgetlos lock signal out of the PLL has been
observed.

Interrupt Lock Enable (INT_LOCK_EN)— This signal enables ¢hinterrupt lock bit.

Interrupt Unlock Enab le (INT_UNLOCK_EN)— This signal enables the interrupt unlock
bit.

PLL Enable (PLL_ENABLE)— Enables/disables the PLL.

Phase-Locked Loop
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Table 155. PLL Control Register 1  (PLL_CTL1 = 005Fh)

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 | RW | RIW

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

Bit
Position Value Description
[7:6] 00 Reserved.
5 0 PLL is currently out of lock.
LCK_STATUS PLL is currently locked.
4 0 Lock signal from PLL has not risen since last time register was
INT_LOCK read.
1 Interrupt generated when PLL enters LOCK mode. Held until
register is read.
3 0 Lock signal from PLL has not fallen since last time register was
INT_UNLOCK read.
1 Interrupt generated when PLL goes out of lock. Held until
register is read.
2 0 Interrupt generation for PLL locked condition (Bit 4) is disabled.
INT_LOCK_EN 1 Interrupt generation for PLL locked condition is enabled.
1 0 Interrupt generation for PLL unlocked condition (Bit 3) is
INT_UNLOCK _ disabled.
EN 1 Interrupt generation for PLL unlocked condition is enabled.
0 0 PLL is disabled.!
PLL_ENABLE PLL is enabled.
Note

1. PLL cannot be disabled if the CLK_MUX bit of PLL_CTLO[1:0] is set to 01, because the PLL is
selected as the clock source.
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PLL Characteristics
The operating and testing charaistécs for the PLL are listed ifiable 156

} Note:

Not all conditions are tested production test. The valuesTable 156are for design and

characterization only.

Table 156. PLL Characteristics

eZ80F91 MCU

Product Specification

Symbol Parameter Test Condition Min  Typ Max Units

loHcP_ouT High level output current for 3.0 < Vpp < 3.6 -0.86 -1.50 -2.13 mA
CP_OUT pin (programmed 0.6 <PD_OUT <Vpp—0.6
value * 42%) PLL_CTLO[7:6] =11

loLcp_ouT Low level output current for 3.0 < Vpp <3.6 0.86 150 213 mA
CP_OUT pin (programmed 0.6 <PD_OUT <Vpp—-0.6
value * 42%) PLL_CTLO[7:6] =11

loHCP_ouT High level output current for 3.0 < Vpp <3.6 042 -1.0 -142 mA
CP_OUT pin (programmed 0.6 <PD_OUT <Vpp—0.6
value + 42%) PLL_CTLO[7:6] =10

loLcp_ouT Low level output current for 3.0 < Vpp <3.6 042 1.0 142 mA
CP_OUT pin (programmed 0.6 < PD_OUT <Vpp — 0.6
value + 42%) PLL_CTLO[7:6] =10

loHCP_ouT High level output current for 3.0 < Vpp <3.6 -210 -500 -710 pA
CP_OUT pin (programmed 0.6 < PD_OUT <Vpp — 0.6
value * 42%) PLL_CTLO[7:6] = 01

loLcp ouT Low level output current for 3.0 < Vpp <3.6 210 500 710 pA
CP_OUT pin (programmed 0.6 < PD_OUT <Vpp - 0.6
value * 42%) PLL_CTLO[7:6] = 01

loHCP_ouT High level output current for 3.0 < Vpp <3.6 —42 -100 -142 pA
CP_OUT pin (programmed 0.6 < PD_OUT <Vpp — 0.6
value + 42%) PLL_CTLO[7:6] = 00

loLcp ouT Low level output current for 3.0 < Vpp <3.6 42 100 142 pA
CP_OUT pin (programmed 0.6 < PD_OUT <Vpp - 0.6
value + 42%) PLL_CTLO[7:6] = 00

Match IOHCP_OUT—IOLCP_OUT 3.0< VDD <3.6 =15 +15 %
current match 0.6 < CP_OUT <Vpp - 0.6

PLL_CTLO[7:6] = XX

lLcp_ouT Tristate leakage on CP_OUT CP_OUT tristated -1 1 A
output pin

Fosc Crystal oscillator frequency ~ PLL_CTLO[5:4] = 01 1M 10M Hz

PS019215-0910
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Table 156. PLL Characteristics (Continued)

Symbol Parameter Test Condition Min  Typ Max Units
Fyco VCO frequency Recommended operating 50 MHz
conditions
Gyveo VCO Gain Recommended operating 36 120 MHz/
conditions V
D1 SCLK Duty Cycle from PLL or Recommended operating 45 50 55 %
XTALOSC source conditions
T1A PLL Clock Jitter Fvco = 50 MHz. XTALOSC 350 500 ps
=10 MHz
Lock?2 PLL Lock-Time Fvco = 50 MHz. XTALOSC s
=3.579 MHz
Cp”l =220 pF, Rp” =499 ?/4,
Cpiiz = 0.056 pF
loH1 High-level Output Current for Vo4 =Vpp—0.4 V -0.3 mA
(XTL) XTAL2 pin PLL_CTLO[5:4] = 01
loL1 Low-level Output Current for V, =0.4V 0.6 mA
(XTL) XTAL2 pin PLL_CTLO[5:4] = 01
loH2 High-level Output Current for Vo4 =Vpp—0.4 V mA
(XTL) XTAL2 pin PLL_CTLO[5:4] = 11
loLo Low-level Output Current for V, =04V mA
(XTL) XTAL2 pin PLL_CTLO[5:4] = 11
Vppam Peak-to-peak voltage under  Fggc = 3.579 MHz \
(XTL) oscillator conditions for Cx1 =10 pF
XTAL2 pin Cx2 =10 pF
Vpepiom Peak-to-peak voltage under  Fggc = 10 MHz \
(XTL) oscillator conditions for Cx1 =10 pF
XTAL2 pin Cx2 =10 pF
Cytall Capacitance measured from T =25°C pF
(package XTAL1 pin to GND
type)
Cytal2 Capacitance measured from T =25°C pF
(package XTAL2 pin to GND
type)
Cioop Capacitance measured from T =25°C pF
(package loop filter pin to GND
type)
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eZ80® CPU Instruction Set

Table 157hroughTable 166on page 278 lists the CPU insttions available for use with
the eZ80F91 device. The instructions are groupedass. For mormformation, refer to

PS019215-0910

ez8® CPU User Manual (UMO0O077)

Table 157. Arithmetic Instructions

eZ80F91 MCU
Product Specification
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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 158. Bit Manipulation Instructions

Mnemonic Instruction
BIT Bit Test
RES Reset Bit
SET Set Bit

Table 159. 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)

e780® CPU Instruction Set
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Table 160. Exchange Instructions

Mnemonic Instruction
EX Exchange registers
EXX Exchange CPU Multibyte register banks

Table 161. 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 I/O and Increment Memory Address with Stationary
I/O Address

INIZ (INI2R) Input from I/O and Increment (with Repeat)

INIM (INIMR) Input from I/O and Increment (with Repeat)

OTDM (OTDMR)

Output to I/0O and Decrement (with Repeat)

OTDRX

Output to /0O and Decrement Memory Address with Stationary

I/O Address

OTIM (OTIMR) Output to I/0 and Increment (with Repeat)

OTIRX Output to I/0O and Increment Memory Address with Stationary
I/O Address

ouT Output to I/0

OuUTO Output to 1/0 on Page 0

OUTD (OTDR)

Output to I/0O and Decrement (with Repeat)

OUTD2 (OTD2R)

Output to 1/0 and Decrement (with Repeat)

OUTI (OTIR)

Output to 1/0 and Increment (with Repeat)

e780® CPU Instruction Set
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Table 161. Input/Output Instructions (Continued)

Mnemonic Instruction
OUTI2 (OTI2R) Output to I/0 and Increment (with Repeat)
TSTIO Test 1/O

Table 162. Load Instructions

Mnemonic Instruction

LD Load

LEA Load Effective Address
PEA Push Effective Address
POP Pop

PUSH Push

Table 163. Logical Instructions

Mnemonic Instruction

AND Logical AND

CPL Complement Accumulator
OR Logical OR

TST Test Accumulator

XOR Logical Exclusive OR

Table 164. Processor Control Instructions

Mnemonic Instruction

CCF Complement Carry Flag
DI Disable Interrupts

El Enable Interrupts

HALT Halt

IM Interrupt Mode

NOP No Operation
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Mnemonic Instruction

RSMIX Reset Mixed-Memory Mode Flag
SCF Set Carry Flag

SLP Sleep

STMIX Set Mixed-Memory Mode Flag

Table 165. Program Control Instructions

Mnemonic Instruction

CALL Call Subroutine

CALL cc Conditional Call Subroutine
DJINZ 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 166. 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

e780® CPU Instruction Set
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Table 166. Rotate and Shift Instructions (Continued)

Mnemonic Instruction

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
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Opcode Map

Table 167throughTable 173on page 286 list the hemlues for each of the eZBonstruc-
tions.

Table 167. Opcode Map—First Opcode

Legend
Lower Opcode Nibble
Upper +
Opcode 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
0| NOP LD LD INC INC DEC LD RLCA EX ADD LD DEC INC DEC LD |RRCA
BC, |[(BC)A| BC B B B,n AFAF |HL,BC |A,(BC)| BC C C C,n
Mmn
1| DINZ LD LD INC INC DEC LD RLA JR ADD LD DEC INC DEC LD RRA
d DE, |(DE),A| DE D D D,n d |HLDE|A(DE)| DE E E E.n
Mmn
2 JR LD LD INC INC DEC LD DAA JR ADD LD DEC INC DEC LD CPL
NZ,d HL, [(Mmn),| HL H H H,n Zd |HLHL| HL, HL L L L,n
Mmn HL (Mmn)
3 JR LD LD INC INC DEC LD SCF JR ADD LD DEC INC DEC LD CCF
NC,d | SP, [(Mmn),| SP | (HL) | (HL) |(HL),n CFd |HLSP| A, SP A A AN
Mmn A (Mmn)

4 SIS D [ D | D | D | LD | D | D | LD | LS| LD | | LD | LD | D |LD
sufix | B.C | BD | BE | BH | BL |B(HL)| BA | CB |suffix | CD | CE | CH | CL |C(HL)| CA
5D | D | SL | D | D | D | LD | D | LD | LD | LD | LL| LD | LD | LD | LD
DB | DC | sufix | DE | DH | DL |DHL)| DA | EB | EC | ED | suffix | EH | EL |E(HL)| EA
6 D [ LD | LD | D | LD | D | D | LD | LD | D || LD || | LD |LD
HB | HC | HD | HE | HH | HL |HMHL| HA | LB | LC | LD | LE | LH | LL |LMHL| LA
70 [ D | D | D | D | D |HACT| D | D | D | D | D | D | DO | D |LD
(HL),B | (HL),C | (HL),D | (HL),E | (HL),H | (HL),L (HUA| AB | AC | AD | AE | AH | AL [AHL) | AA
8 [ ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADD | ADC | ADC | ADC | ADC | ADC | ADC | ADC | ADC
AB | AC | AD | AE | AH | AL |AMHL| AA | AB | AC | AD | AE | AH | AL |AHL)| AA
9 SUB | SUB | SUB | SUB | SUB | SUB | SUB | SUB | SBC | SBC | SBC | SBC | SBC | SBC | SBC | SBC
AB | AC | AD | AE | AH | AL |AMHL| AA | AB | AC | AD | AE | AH | AL |AHL)| AA
A[AND | AND | AND | AND | AND | AND | AND | AND | XOR | XOR | XOR | XOR | XOR | XOR | XOR | XOR
AB | AC | AD | AE | AH | AL |AMHL| AA | AB | AC | AD | AE | AH | AL |AHL| AA

Upper Nibble (Hex)

AB AC AD AE AH AL |AMHL)| AA A,B AC AD AE AH AL [AMHL)| AA
C| RET | POP JP JP CALL [PUSH | ADD | RST | RET | RET JP See | CALL | CALL | ADC | RST

Nz BC NZ, Mmn NZ, BC A,n 00h z Z, Table Z, Mmn A,n 08h
Mmn Mmn Mmn Mmn
168
D| RET | POP JP OUT | CALL | PUSH | SUB RST RET | EXX JP IN CALL | See | SBC | RST
NC DE NC, (n),A NC, DE A,n 10h CF CF, A,(n) CF, Table A.n 18h
Mmn Mmn Mmn Mmn
169

E| RET | POP JP EX CALL [PUSH | AND | RST | RET JP JP EX CALL | See | XOR | RST
PO HL PO, |(SP),HL| PO, HL An 20h PE (HL) PE, |DEHL| PE, |Tablg An 28h

Mmn Mmn Mmn Mmn 170
F| RET | POP JP DI CALL |PUSH| OR RST | RET LD JP El CALL | See CP | RST
P AF P, P, AF An 30h M SPHL | M, M, |Table An 38h
Mmn Mmn Mmn Mmn 171
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Note:

n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.

Table 168. Opcode Map—Second Opcode after 0OCBh

Legend .
Lower Nibble of 2nd Opcode
Upper
of Second 4
Opcode A FZES 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 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 |O(HL) | OA 1,B 1,C 1,D 1,E 1,H 1L [1L,HL) | 1A
5 BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
2B | 2C | 2D | 2E | 2H 2L |2HY)| 2A | 3B | 3C | 3D | 3E | 3H 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 5B 5,C 5D 5E 5H 5L |[5(HL)| 5A
L 7 BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT BIT
2 6,B 6,C 6,D 6,E 6,H 6L |6,(HL)| 6A 7B 7.C 7.D 7,E 7H 7L |7,HY) | 7.A
-'% 8 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 1,B 1,C 1,D 1E 1,H 1L [1,HL) | 1A
:E)-i 9 RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES
2B | 2C | 2D | 2E | 2H 2L |2HY)| 2A | 3B | 3C | 3D | 3E | 3H 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 5B 5,C 5D 5E 5H 5L [5(HL)| 5A
B| RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES RES
6,B 6,C 6,D 6,E 6,H 6L |6,(HL)| 6A 7B 7.C 7.D 7,E 7H 7L |7,(HY) | 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 1,B 1,C 1,D 1E 1,H 1L [1,HL) | 1A
D| SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
2B | 2C | 2D | 2E | 2H 2L |2HY)| 2A | 3B | 3C | 3D | 3E | 3H 3L [3,(HL) | 3A
E| 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 5B 5,C 5D 5E 5H 5L [5(HL)| 5A
F| SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET SET
6,B 6,C 6,D 6,E 6,H 6L |6,(HL)| 6A 7B 7.C 7.D 7,E 7H 7L |7,(HY) | 7.A
Note: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Table 169. Opcode Map—Second Opcode After ODDh

Legend Lower Nibble of 2nd Opcode
fsh’i% ?g' 9
() Ogggge E SII_DBX 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
(IX+d) IX,BC (IX+d),
BC
1 LD DE, ADD LD
(IX+d) IX,DE (IX+d),
DE
2 LD LD INC INC | DEC LD [LDHL, ADD LD DEC | INC | DEC LD LD
IX, |[(Mmn),| IX IXH IXH | IXH,n | (IX+d) IX,IX | IX, IX IXL IXL | IXL,n | (IX+d),
Mmn IX (Mmn) HL
3 LD 1Y, INC DEC | LD (IX | LD IX, ADD LD LD
(IX+d) (X+d) | (IX+d) | +d),n | (IX+d) IX,SP (IX+d), | (1X+d),
1Y IX
4 LD LD LD B, LD LD LD C,
B,IXH | B,IXL | (IX+d) C,IXH | C,IXL | (IX+d)
5 LD LD LD D, LD LD LD E,
— D,IXH | D,IXL | (IX+d) E,IXH | E,JIXL | (IX+d)
% 6 LD LD LD LD LD LD LD H, LD LD LD LD LD LD LD LD L, LD
g 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
g 7 LD LD LD LD LD LD LD LD LD LD A,
= (IX+d), B|(IX+d),C|(1X+d),D|(IX+d),E|(IX+d),H|(IX+d),L (IX+d),A| AIXH | AJIXL | (IX+d)
s 8 ADD | ADD |ADD A, ADC | ADC |ADCA,
5& AJIXH | AJIXL | (IX+d) AJIXH | AJIXL | (IX+d)
9 SuB SUB [SUBA, SBC SBC [SBCA,
AJIXH | AJIXL | (IX+d) AJIXH | AJIXL | (IX+d)
A AND | AND |AND A, XOR | XOR [XORA,
AJIXH | AJIXL | (IX+d) AJIXH | AJIXL | (IX+d)
B OR OR | ORA, CP CP CP A,
AJIXH | AJIXL | (IX+d) AIXH | AJIXL | (IX+d)
C lable
172
D
E POP EX PUSH JP
IX (SP),IX IX (1X)
F LD
SP,IX

Note: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Legend Lower Nibble of 2nd Opcode
Upper +
fSNibblg 2
of Secon ;
Opcode 4 HSLBIgC 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 [OUTO| LEA | LEA [ TST LDBC,] INO | OUTO TST LD
B,(n) | N),B | BC, | BC, | AB (HL) | C(n) | (n).C AC (HL),
IX+d | IY+d BC
1] INO |OUTO | LEA LEA TST LD DE,| INO | OUTO TST LD(HL),
D,n) | (nN,D | DE, | DE, | AD (HL) | E(n) | (n).E AE DE
IX+d | IY+d
2| INO | OUTO |[LEAHL[LEAHL| TST LD HL,| INO | OUTO TST LD
H,() | (n),H | IX+d | ,IY+d | AH (HL) | L) | (n.L AL (HL),
HL
3 LD 1Y, [LEAIX|LEAITY| TST LD IX, | INO | OUTO TST LD LD
(HL) | ,IX+d | ,IY+d | A,(HL) (HL) | An) | (n),A AA (HL),IY | (HL),
IX
4N OUT | SBC LD | NEG |RETN| IMO LD IN OUT | ADC | LD MLT | RETI LD
B,(BC) | (BC),B | HL,BC | (Mmn), LA | C(C) | (C),C |HLBC| BC, | BC RA
BC (Mmn)
5 IN OUT | SBC LD |LEAIX,[LEATLY,| IM1 LD IN OUT | ADC LD MLT IM 2 LD
_ D,(BC) | (BC),D | HL,DE [(Mmn),| 1Y+d | IX+d Al | E(C) | (C),E |HLDE| DE, DE AR
> DE (Mmn)
L 6| IBN OUT | SBC LD TST PEA PEA | RRD IN OuUT | ADC LD MLT LD LD RLD
2 H,(C) |(BC),H|HLHL [(Mmn),| An | IX+d | IY+d L(C) | (C),L |HLHL| HL, HL | MBA | AMB
§ HL (Mmn)
5 7 SBC LD |TSTIO SLP IN OuUT | ADC LD MLT | STMIX |RSMIX
= HL,SP |(Mmn),| n A(C) | (C),A |HLSP| SP, SP
=) Sp (Mmn)
8 INIM | OTIM | INI2 INDM |[OTDM | IND2
9 INIMR [OTIMR| INI2R INDMROTDMR| IND2R
A | LDI CPI INI [ OUTI | OUTI2 LDD | CPD | IND |OUTD |OUTD2
B | LDIR | CPIR | INIR | OTIR |OTI2R LDDR | CPDR | INDR | OTDR |OTD2R
C INIRX [OTIRX LD INDRX|OTDRX
I,HL
D LD
HL,I
E
F
Note: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Table 171. Opcode Map—Second Opcode After OFDh

Legend Lower Nibble of 2nd Opcode

Upper

Nibble 9
of Sggggg E SII5DIY 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
2 LD LD INC INC DEC LD LD HL, ADD LD DEC INC DEC LD LD (IY
IY,Mmn|{(Mmn),l} 1Y IYH IYH IYH,n | (IY+d) 1Y, 1Y 1Y, Y 1YL IYL IYL,n |+d),HL
Y (Mmn)
3 LD IX, INC DEC |[LD(IY | LD, ADD LD (IY [ LD (IY
(IY+d) (y+d) | (IY+d) | +d),n | (1Y+d) Iv,SP +d),IX | +d),lY
4 LD LD LD B, LD LD LD C,
B,IYH | B,IYL | (IY+d) C,IYH | CIYL | (IY+d)
5 LD LD LD D, LD LD LD E,
D,IYH | D,IYL | (IY+d) EJIYH | EJIYL | (Y+d)
= 6 LD LD LD LD LD LD LD H, LD LD LD LD LD LD LD LD L, LD
% IYH,B | IYH,C | IYH,D | IYH,E |IYH,IYH|IYH,IYL| (IY+d) | IYH,A [ IYL,B | IYL,C | IYL,D | IYL,E [IYL,IYH|IYL,IYL| (IY+d) | IYL,A
< 7[ILDQY[LD(Y[LD(Y [LD(Y [LD (Y |LD (IY D (Y D | (D [LDA,
£ +d),B | +d),C | +d),D | +d),E | +d),H | +d).L +d),A AIYH | AIYL | (IY+d)
Z 8 ADD | ADD |ADD A, ADC | ADC |ADCA,
] AIYH | AJIYL | (1Y+d) AIYH | AIYL | (IY+d)
% 9 SuUB SUB [SUB A, SBC SBC [SBCA,
AIYH | AJIYL | (1Y+d) AIYH | AIYL | (IY+d)
A AND | AND |AND A, XOR | XOR [XORA,
AIYH | AJIYL | (1Y+d) AIYH | AIYL | (IY+d)
B OR OR | ORA, CP CP CP A,
AIYH | AJIYL | (1Y+d) AIYH | AIYL | (IY+d)
c Table
173
D
E POP EX PUSH JP
1Y (SP).IY 1Y ay)
F LD
SPIY

Note: n = 8-bit data; Mmn = 16- or 24-bit addr or data; d = 8-bit two’s-complement displacement.
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Table 172. Opcode Map—Fourth Byte After ODDh, OCBh, and dd

Legend Lower Nibble of 4th Byte
Upper
e
of Fou .
BIT
Byte 4 0,(IX+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)
1 RL RR
(IX+d) (IX+d)
2 SLA SRA
(IX+d) (IX+d)
3 SRL
(IX+d)
4 BITO, BIT 1,
(IX+d) (IX+d)
5 BIT 2, BIT 3,
(IX+d) (IX+d)
6 BIT 4, BIT5,
) (IX+d) (IX+d)
T 7 BIT 6, BIT 7,
2 (IX+d) (IX+d)
Z 8 RESO, RES 1,
5 (IX+d) (IX+d)
g 9 RES 2, RES 3,
=) (IX+d) (IX+d)
A RES 4, RES 5,
(IX+d) (IX+d)
B RES 6, RES 7,
(IX+d) (IX+d)
C SETO, SET 1,
(IX+d) (IX+d)
D SET 2, SET 3,
(IX+d) (IX+d)
E SET 4, SET 5,
(IX+d) (IX+d)
F SET 6, SET 7,
(IX+d) (IX+d)

Note: d = 8-bit two's-complement displacement
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Table 173. Opcode Map—Fourth Byte After OFDh, 0CBh, and dd

Legend Lower Nibble of 4th Byte
N 6
of Foéjrth 4 BIT Mnemonic
yte 0,(IY+d)
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) (I'Y+d)

5 S[A SRA
(IY+d) (I'Y+d)

3 SRL
(IY~+d)
4 BIT O, BIT 1,
(IY+d) (I'Y+d)
5 BIT 2, BIT 3,
(IY+d) (I'Y+d)
6 BIT 4, BITS,
= v+ (IY~+d)
< 7 BIT 6, BIT 7,
2 (IY+d) (IY+d)
g & RESO. REST,
2 (IY+d) (IY+d)
g o RESZ, RES3,
s (1v+d) (IY+d)
A RES 4, RESS,
(IY+d) (I'Y+d)
. RESG RES7,
(IY+d) (I'Y+d)
C SET O, SET 1,
(IY+d) (I'Y+d)
D SET 2, SET 3,
(IY+d) (I'Y+d)
. SET4 SETS,
(IY+d) (I'Y+d)
F SET 6, SET 7,
(IY+d) (I'Y+d)

Note: d = 8-bit two’s-complement displacement
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Ethernet Media Access Controller

MDIO ~€>— €
MDC ~— e TxDMA
TxD ~€— ~—
TYOLK — TxFIFO
TXER —> O
TXEN —>— )
coL —> 3> o >
CRS —> ..E 9 o
— =
MII Interface 8 2 - §
< =
RxD —>= »
RXCLK —> @ ] RxD
§XE¥ _>_’ 9 > | RxD/CTRL
X
< RxFIFO
.© Accept
3 | ] CTRL RxDMA
= Reject

} Note:

PS019215-0910

The Ethernet Media Access Controller (EMA€) full-function 10/100 Mbps media
access control module withMedia-Independent Interfa¢elll). When communicating
with an external PHY device, the eZ80RACU uses the MII to gain access to the
Ethernet network.

Figure 59displays the EMAC block diagram.

Figure 59. EMAC Block Diagram

For additional information abaduthe Ethernet protocol and using it with the eZ80F91
MCU, refer to the IEEE 802.3 specificatidif98 edition, Sectio®2. The eZ80F91 MCU
supports the IEEE 802.3 protoowith the follaving exception:

The eZ80F91 MCU doemt support the Giga Mediamdependent Interface (GMII)
referred to in the following sections ofthEEE 802.3 1998 versiosection 22.1.5, sec-
tion 22.2.4, section 22.2.4.1.2, sectk2.4.1.5, andextion 22.2.4.1.6.

The EMAC is used for many different apgations, including netwérinterface, ethernet
switching, and test equipment desighise EMAC includes the following blocks:
® Central clock and reset module (not shown in the block diagram).

®* Host memory interface and transmit/receiver arbiter.

Ethernet Media Access Controller
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® FIFO buffer and DMA control loicks for transmit and receive.
® 802.3x media access control block.
* MIl interface management.

The media access control block implements 8080w control functions for both trans-
mit and receive.

The MIl management module provides a two-wire control/status path to the MIl PHY.
Read and Write commigation to and from registers withthe PHY is accomplished via
the host interface.

MIl PHY is a Physical Layer transceiver de®j PHY does not refer to the eZ80F91 sys-
tem clock output pin, PHI.

The MIl management module provides a two-vgoatrol/status path to the MIl. Read
and Write communication to and from registithin the PHY is accomplished via the
host interface.

EMAC Functional Description

PS019215-0910

The EMAC block implements memory, arbitand transmit and receive direct memory
access functions, and offers founmmunication modes: HALF-DUPLEX, FULL-
DUPLEX, NIBBLE, and ENDEC. In HALF-DUPLEX and FULL-DUPLEX modes,
throughput occurs at both 10 Mbps and 100 Mbps speeds. Throughput in ENDEC and
NIBBLE modes occurs at 10 Mbps. A briefsdeption of these four modes are as follows:

10/100 Mbps HALF-DUPLEX Mode— In this mode, data ateansferred only in one
direction at a time; that is, one can eittransmit or receive, but both cannot occur
simultaneously.

10/100 Mbps FULL-DUPLEX Mode— In this mode, data are transmitted and received at
the same time.

10 Mbps ENDEC Mode— This mode affects the MIl interface between the PHY and the
MAC. In ENDEC mode, the RxCLK and TxCLK clocks are bit clocks instead of the nor-
mal nibble clock. In NIBBLE mode, 4 bitge transferred on each clock. In ENDEC
mode, 1 bit is transferred per clock.

For more information on throughput, $ERIAC and the System Cloakn page 296.

Memory

EMAC memory is the shared Ethernet memory location of thesiimaand Receive buff-
ers. This memory is broken into two pattge Tx buffer and the Rx buffer. The Transmit
Lower Boundary Pointer Reg&st EmacTLBP, is the register that holds the starting
address of the Tx buffer. The Boundary PaiRegister, EmacBP, points to the start of the
Rx buffer (end of Tx buffer + 1). The Receive High Boundary Pointer Register,
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EmacRHBP, points to the end of the RxXfeu+ 1. The Tx and Receive buffers are
divided into packet buffers of either 256,8154, or 32 bytes. These buffer sizes are
selected by EmacBufSize register bits 7 and 6.

The EmacBlksLeft register contains the numiieReceive packet buffers remaining in

the Rx buffer. This buffer is used for softwdlow control. If the Block_Level is nonzero
(bits 5:0 of the EmacBufSizegister), hardware flow otrol is enabled. If in FULL-
DUPLEX mode, the EMAC transmits a pause control frame when the EmacBlksLeft reg-
ister is less than the BlkcLevel. In HALF-DUPLEX modethe EMAC continually trans-
mits a nibble pattern of hexadecimal 5’s to jam the channel.

Four pointers are defined for reading anding the Tx and Rx bifers. The Transmit

Write Pointer, TWP, is a software pointer tpaints to the next available packet buffer.
The TWP is reset to the valgeored in EmacTLBP. The Transmit Read Pointer, TRP, is a
hardware pointer in the Transmit Direct Meméccess Register, TXDMA, that contains
the address of the next packebe transmitted. It is automatically reset to the EmacTLBP.
The Receive Write Pointer, RWP, is a hardagointer in the Receive Direct Memory
Access Register, RxDMA, which contains theragje address of the incoming packet. The
RWP pointer is automatically initialized toetfBoundary Pointer gesters. The Receive
Read Pointer, RRP, is a softwan@inter to where the nexapket must be read from. The
RRP pointer must be initialized to the BoundBujinter registers. For the hardware flow
control to function properfythe software must upddtee hardware RRP (EmacRrp)
pointer whenever the software version islaied. The RxDMA uses RWP and the RRP to
determine how many packet bexf§ remain in the Rx buffer.

Arbiter

The arbiter controls access to EMAC memdiryrioritizes the requests for memory
access between the CPU, the TxDMA, andRRBMA. The TxDMA offers two levels of
priority: a high priority wherthe TXFIFO is less than half full and a Low priority when the
TXFIFO is more than half full. Similarly, hRXxDMA offers two levels of priority: a high
priority when the RXFIFO is more than hailfl and a Low priority when the RxFIFO is
less than half full.

The arbiter determines resolution betwéss CPU, the RXDMA, and the TXDMA
requests to access EMAC memory. Post wgifor CPU Writes results in Zero-Wait-state
write access timing when the CPU assumesiithieest priority. CPU Reads require a min-
imum of 1 Wait state and takes more when@PU does not hold theghest priority. The
CPU Read Wait state is not a user-controlla@peration, becauseig controlled by the
arbiter. The RxDMA and TxDMA requests aret allowed to occur back-to-back. There-
fore, the maximum throughput rate for theot@irect Memory Access (DMA) ports is 25
Mbps each (one byte every 2 clocks) whendiistem clock is running at 50MHz. The
rate is reduced to 20 MBps for a 40 MHz systclock. The arbiter uses the internal WAIT
signal to add Wait states to CPU access when requiredaBie174on page 290.

PS019215-0910 Ethernet Media Access Controller



eZ80F91 MCU
Product Specification

290

Table 174. Arbiter Priority

Priority =~ Device

Level Serviced Flags

0 RxDMA High  RxFIFO > half full (FAF)
1 TXxDMA High  TxFIFO < half full (FAE)
2 ez80® CPU

3 RxDMA Low  RxFIFO < half full (FAE)
4 TXDMA Low  TxFIFO > half full (FAF)

TxDMA

The TXxDMA module moves the next packete transmitted from EMAC memory into
the TXFIFO. Whenever the polling timer exgiré¢he TXDMA reads the High status byte
from the Tx descriptor table pointed to by tFransmit Read PointéFRP. Polling contin-
ues until the High status Read reaches hithien the Emac_Owns ownership semaphore,
bit 15 of the descriptor table (s€éable 178on page 295) is set fio The TXDMA then ini-
tializes the packet length caen with the size of the paekfrom descriptor table bytes 3
and 4. The TXDMA moves the data into thed=TxO until the packet length counter down-
counts to zero. The TXDMA then waits for Transsion Complete signal to be asserted to
indicate that the packet is sent and thatThansmit status from ¢hEMAC is valid. The
TxDMA updates the descriptor table statud agsets the ownership semaphore, bit 15.
Finally, the Tx_DONE_STAT bit of the EMAC Inteipt Status Register is set to 1, the
address field, DMA_Address, is updated frima descriptor table next pointer, NP (see
Figure 62on page 294). The High byte of the statusead to determ@if the next packet

is ready to be transmitted.

While the TXDMA is filling the TxFIFO, it morors two signals from the Transmit FIFO
State Machine (TxFifoSM) to detect error cdgimhs and to determiniéthe packet is to

be retransmitted (TXDMA_Retrgsserted) or the packstaborted (TXDMA_Abort
asserted). If the packet is aborted, the TxDipAlates the descriptor status and moves to
the next packet. If the packettsbe retried, the DMA_Address reset to the start of the
packet, the packet length counter is reloddeih the descriptor table, bytes 3 and 4, and
the packet is movedtothe TxFIFO again. When an abort or retry event occurs, the
TxDMA asserts the appropriate signal to rébetTxFIFO Read and Write pointers which
clears out any data that is in the FIFKhe TxFifoSM negatethe TxDMA_Abort or
TXDMA_Retry signal(s) or both when the FE WP signal is High. This handshaking
maintains synchronization betwethe TXDMA and the TxFifoSM.

RxDMA

The RxDMA reads the data frothe RxFIFO and stores it in the EMAC memory Receive
buffer. When the end of the packet isatged, the RxDMA reads the next two bytes from
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the RXFIFO and writes them into the Rxsdeptor status LSB and MSB. The packet-
length counter is stored into the descripttdas Packet Length field, and the descriptor
table’s next pointer is written into the Rx descriptor table. Additionally, the
Rx_DONE_STAT bit in the EMAC Interpt Status Register is set to 1.

Signal Termination

When the EMAC interface is not used, thd Blgnals must be terminated as listed in
Table 175 Terminated pins are either left unconnected (float) or tied to ground.

MDIO is controlled by the MDC output sigh When the EMAC is not being used, these
two pins are not driven. The RX_DV, RX_ER, and RXDI[3:0] inputs are controlled by the
rising edge of the RX_CLK input signal. Wh&XX_CLK is tied to Gound, these pins do
not affect the EMAC. The TX_EN, TX_ER, and TXD[3:0] outputs are controlled by the
rising edge of the TX_CLK input signal. When TX_CLK is tied to Ground, these pins do
not affect the EMAC. The CRS and COL inputphave no relationship to the clock, and
therefore must be placed into rmmtive states and tied to Ground.

Table 175. Ml Signal Termination When EMAC is Not Used

Termination

Signal Pin Type Direction
MDIO Bidirectional Float
MDC Output pin Float
RX_DV Input pin Float
CRS Input pin Ground
RX_CLK Input pin Ground
RX_ER Input pin Float
RXD[3:0] Input pins Float
CoL Input pin Ground
TX _CLK Input pin Ground
TX_EN Output pin Float
TXDI[3:0] Output pins Float
TX_ER Output pin Float
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EMAC Interrupts
Eight different sources of intempts from the EMAC are listed ifiable 176

Table 176. EMAC Interrupts

Interrupt Description

EMAC System Interrupts

Transmit State Machine Error Bit 7 (TXFSMERR_STAT) of the EMAC Interrupt Status Register
(EMAC_ISTAT). A Transmit State Machine Error must not occur.
However, if this bit is set, the entire transmitter module must be
reset.

MIIMGT Done Bit 6 (MGTDONE_STAT) of the Interrupt Status Register
(EMAC_ISTAT). This bit is set when communicating to the PHY
over the MIl during a Read or Write operation.

Receive Overrun Bit 2 (Rx_OVR_STAT) of the Interrupt Status Register
(EMAC_ISTAT). If this bit is set, all incoming packets are ignored
until this bit is cleared by software.

EMAC Transmitter Interrupts

Transmit Control Frame Transmit Control Frame = Bit 1 (Tx_CF_STAT) of the Interrupt
Status Register (EMAC_ISTAT). Denotes when control frame
transmission is complete.

Transmit Done Bit 0 (Tx_DONE_STAT) of the Interrupt Status Register
(EMAC_ISTAT). Denotes when packet transmission is complete.

EMAC Receiver Interrupts

Receive Packet Bit 5 (Rx_CF_STAT) of the Interrupt Status Register
(EMAC_ISTAT). Denotes when packet reception is complete.

Receive Pause Packet Bit 4 (Rx_PCF_STAT) of the Interrupt Status Register
(EMAC_ISTAT). Denotes when pause packet reception is
complete.

Receive Done Bit 3 (Rx_DONE_STAT) of the Interrupt Status Register

(EMAC_ISTAT). Denotes when packet reception is complete.

EMAC Shared Memory Organization

Internal Ethernet SRAM shares memory ville CPU. This memory is divided into the
Transmit buffer and the Receive buffer by defining three registers, as listed below.

®* Transmit Lower Boundary Pointer (TLBP)—shregister points to the start of the
Transmit buffer in the intern&8thernet shared memory space.

®* Boundary Pointer (BP)—this register ptsrto the start of the Receive buffer.
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®* Receive High Boundary Pointer (RHBP)—thigister points to the end of the Receive
buffer + 1.

Figure 60displays the internal Ethernet shared memory.

Upper Memory Address

RHBP ———— | — — — — — — -

BP — |- ——— - — -

TLBP ——— | — - - - — —

Lower Memory Address

Figure 60. Internal Ethernet Shared Memory

The Transmit and Receive buffen®e subdivided into packetfers of 32, 64, 128, or 256
bytes in size. The packet buffer size is sdiiia 7 and 6 of the EmacBufSize register. An
Ethernet packet accommodateltiple packet buffers. Firshowever, a brief listing of the
contents of a typical Ethernpacket is in order. Séable 177

Table 177. Ethernet Packet Contents

Byte Range Contents

Bytes 0-5 MAC destination address.
Bytes 6-11 MAC source address.
Bytes 12-13 Length/Type field.

Bytes 14-n MAC Client Data.

Bytes (n+1)—-(n+4)  Frame Check Sequence.

At the start of each packet is a descriptor table that describes the packet. Each actual
Ethernet packet follows the degator table as displayed Figure 61on page 294.
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Offset
Ethernet
Packet
———————— 0007h
Descriptor
Table
0000h

TWP

Figure 61. Descriptor Table

Note: For an official description of an Ethernetgeet, refer to IEEE 802.3 specification, Figure

3-1.

The descriptor table contains three entribe:next pointer (NP), the packet size
(Pkt_Size), and the packet status (Stat), as display€idumne 62

TWP

Offset

0005h

0003h

0000h

Figure 62. Descriptor Table Entries

NP is a 24-bit pointer to the start of the ngatket. Pkt_Size contains the number of bytes
of data in the Ethernet packet, includihg four CRC bytes, huloes not contain the
seven descriptor table bytes. Stat containstéieis of the packet. Stat differs for Transmit
and Receive packets. S&&ble 178on page 295 antible 17%n page 295.

PS019215-0910
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Table 178. Transmit Descriptor Status

Bit Name Description

15 TxOwner 0 = Host (e280®) owns, 1 = EMAC owns.

14 TxAbort 1 = Packet aborted (not transmitted).

13 TxBPA 1 = Back pressure applied.

12 TxHuge 1 = Packet size is very large (Pkt_Size > EmacMaxf).

11 TXLOOR 1 = Type/Length field is out of range (larger than 1518 bytes).

10 TXLCError

1 = Type/Length field is not a Type field and it does not match the
actual data byte length of the Ethernet packet. The data byte length is
the number of bytes of data in the Ethernet packet between the Type/
Length field and the FCS.

9 TXCrcError

1 = The packet contains an invalid FCS (CRC). This flag is set when
CRCEN = 0 and the last 4 bytes of the packet are not the valid FCS.

8 TxPktDeferred

1 = Packet is deferred.

7 TxXsDfr

1 = Packet is excessively deferred. (> 6071 nibble times in 100BaseT
or 24,287 bit times in 10BaseT).

6 TxFifoUnderRun

1 = TxXFIFO experiences underrun. Check the TxAbort bit to see if the
packet is aborted or retried.

5 TxLateCol

1 = A late collision occurs. Collision is detected at a byte count >
EmacCfg2[5:0]. Collisions detected before the byte count reaches
EmacCfg2[5:0] are early collisions and retried.

4 TxMaxCol

1 = The maximum number of collisions occurs. #Collisions >
EmacCfg3[3:0]. These packets are aborted.

[3:0] TxNumberOfCollisions

This field contains the number of collisions that occur while transmitting
the packet.

Table 179. Receive Descriptor Status
Bit Name Description
15 RxOK 1 = Packet received intact.

14 RxAlignError

1 = An odd number of nibbles is received.

13 RxCrcError

PS019215-0910

1 =The CRC (FCS) is in error.
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Table 179. Receive Descriptor Status (Continued)

Bit Name Description

12 RxLongEvent 1= A Long or Dropped Event occurs. A Long Event is when a packet
over 50,000 bit times occurs. A Dropped Packet occurs if the minimum
interpacket gap is not met, the preamble is not pure, and the
EmacCfg3[PUREP] bit is set, or if a preamble over 11 bytes in length is
detected and the EmacCfg3[LONGP] bit is set to 1.

11 RxPCF 1 = The packet is a pause control frame.

10 RxCF 1 = The packet is a control frame.

9 RxMcPkt 1 = The packet contains a multicast address.

8 RxBcPkt 1 = The packet contains a broadcast address.

7 RxVLAN 1 = The packet is a VLAN packet.

6 RxUOpCode 1 = An unsupported opcode is indicated in the opcode field of the
Ethernet packet.

5 RxLOOR 1 = The Type/Length field is out of range (larger than 1518 bytes).

4 RxLCError 1 = Type/Length field is not a Type field and it does not match the
actual data byte length of the Ethernet packet. The data byte length is
the number of bytes of data in the Ethernet packet between the Type/
Length field and the FCS.

3 RxCodeV 1 = A code violation is detected. The PHY asserts Rx error (RxER).

2 RxCEvent 1 = A carrier event is previously seen. This event is defined as Rx error
RxER =1, receive data valid (RxDV) = 0 and receive data (RxD) = Eh.

1 RxDvEvent 1 = Areceive data (RxDV) event is previously seen. Indicates that the
last Receive event is not long enough to be a valid packet.

0 RxOVR 1 = A Receive overrun occurs in this packet. An overrun occurs when

all of the EMAC Receive buffers are in use and the Receive FIFO is full.
The hardware ignores all incoming packets until the EmaclStat
Register [Rx_Owvr] bit is cleared by the software. There is no indication
as to how many packets are ignored.

EMAC and the System Clock

Effective Ethernet throughput in any givers®m is dependent upon factors such as sys-

tem clock speed, network protocol overheslication complexity, and network traffic

296

conditions at any given moment. The following information provides a general guideline
about the effects of system clock speed on Ethernet operation.

The eZ80F91 MCU's EMAC block performs a synchronous function that is designed to
operate over a wide range of system clfseuencies. To understand its maximum data

PS019215-0910
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transfer capabilities at certain system opegafirquencies, yomust first understand the
internal data bus bandwidth thatequired under ideal conditions.

For 10BaseT Ethernet connectivity, the data im10 Mbps, which equates to 1.25 Mbps.
If the e2Z80F91 MCU is operating in FULL-DUPLEXode over 10BaseT, the data rate for
RX data and TX data is 1.25Mbps. Becausedata transfers at this rate consume a cer-
tain amount of CPU bandwidth, the CPU mawgpport traffic from both directions as well
as operate at a minimum clock frequency 02%1+ 1.25) * 2 = 5MHz while transferring
Ethernet packets to afieom the physical layer.

Similarly, for 100 BaseT Etherndhe data rate is 100 Mbpghich equates to 12.5 Mbps.

If the eZ80F91 MCU is operating in FULL-DUEX mode over 100BaseT, the data rate
for RX data and TX data is 12.5Mbps. Besavaw data transfers at this rate consume a
certain amount of CPU bandwidth, the CPU must support traffic from both directions as
well as operate at a minimum clock frequencyl&.5 + 12.5) x 2 = 50 MHz while trans-
ferring Ethernet packets to @ifrom the physical layer. Consequently, 50 MHz is the min-
imum system clock speed that the e2qPU requires to sustain EMAC data transfers
while not including any software evhead or additional eZ80 tasks.

The FIFO functionality of the EMAC operatasany frequency as long as the user appli-
cation avoids overrun and underrun errorshiggner-level flow control. Actual applica-
tion requirements will dictate Ethermabdes of operation (FULL-DUPLEX, HALF-
DUPLEX, etc.). Because each user and apitinas different, it becomes your responsi-
bility to control the data flowvith these parameters. Unddeal conditionsthe system
clock will operate somewhere between 5 Vil 50 MHz to handle the EMAC data
rates.

EMAC Operation in HALT Modes

When the CPU is in HALT mode, the eZ80F91 device's EMAC block cannot be disabled
as other peripherals. Upon receipt of an EtBepacket, a maskable Receive interrupt is
generated by the EMAC block, just as it would be in a non-halt mode. Accordingly, the
processor wakes up and continuethwie user-defined application.

EMAC Registers

PS019215-0910

After a system reset, all EMAC registers are set to their default values. Any Writes to
unused registers or register bits are ign@med reads return a value of 0. For compatibil-
ity with future revisios, unused bits within a registaust always be written with a value
of 0. Read/Write attributes, reset conditicgusd bit descriptions of all of the EMAC reg-
isters are provided in this section.
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EMAC Test Register
The EMAC Test Register allows test funci@dity of the EMAC block. Available test

modes are defined for bits [6:0]. Skeble 180

Table 180. EMAC Test Register (EMAC_TEST = 0020h)
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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/| RW | RW

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

Bit

Position Value  Description

7 0 Reserved.

6 0 FIFO test mode disabled—Normal operation.

TEST_FIFO 1 FIFO test mode enabled.

5 0 Select the Receive FIFO when FIFO test mode is enabled.

TXRx_SEL 1 Select the Transmit FIFO when FIFO test mode is enabled.

4 0 Normal operation.

SSTC ) : :
1 Short Cut Slot Timer Counter. Slot time is shortened to

speed up simulation.

3 0 Normal operation.

SIMR 1 Simulation Reset.

2 0 Normal operation.

FRC_OVR_ERR 1 Force Overrun error in Receive FIFO.

1 0 Normal operation.

FRC_UND_ERR 1 Force Underrun error in Transmit FIFO.

0 0 Normal operation.

LPBK . ; : )
1 EMAC Transmit interface is looped back into EMAC Receive

interface.

PS019215-0910
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EMAC Configuration Register 1

The EMAC Configuration Register 1 allows canitof the padding, autodetection, cyclic
redundancy checking (CRC) control, full-duplex, field length checking, maximum packet
ignores, and proprietary header options. Bese 181

Table 181. EMAC Conf iguration Register 1 (EMAC_CFG1 = 0021h)

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

Note: R/W = Read/Write.

Bit

Position Value  Description

7 0 No padding. Assume all frames presented to EMAC have

PADEN proper length.

1 EMAC pads all short frames by adding zeroes to the end of the

data field. This bit is used in conjunction with ADPADN and
VLPAD.

6 0 Disable autodetection.

ADPADN Enable frame detection by comparing the two bytes following
the source address with 0x8100 (VLAN Protocol ID) and pad
accordingly. This bit is ignored if PADEN is cleared to 0.

5 0 Do not pad all short frames.

VLPAD .
EMAC pads all short frames to 64 bytes and append a valid
CRC. This bit is ignored if PADEN is cleared to 0.

4 0 Do not append CRC.

CRCEN . .

1 Append CRC to every frame regardless of padding options.

3 0 HALF-DUPLEX mode. CSMA/CD is enabled.

FULLD 1 Enable FULL-DUPLEX mode. CSMA/CD is disabled.

2 0 Ignore the length field within Transmit/Receive frames.

FLCHK 1 Both Transmit and Receive frame lengths are compared to the
length/type field. If the length/type field represents a length
then the frame length check is performed.

1 0 Limit the Receive frame-size to the number of bytes specified

HUGEN in the MAXF[15:0] field.

1 Allow unlimited sized frames to be received. Ignore the
MAXF[15:0] field.
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Bit
Position Value  Description
0 0 No proprietary header. Normal operation.
DCRCC : : .
1 Four bytes of proprietary header, ignored by CRC, exists on

the front of IEEE 802.3 frames.

Table 182ists the results of different settings fuits [7:4] of EMAC Configuration Reg-
ister 1.

Table 182. CRC/PAD Features of EMAC Configuration Register

ADPADN VLPADN PADEN CRCEN Result

0

0 0 No pad or CRC appended.

CRC appended.

Pad to 60 bytes if necessary; append CRC (min. size = 64).

Pad to 60 bytes if necessary; append CRC (min. size = 64).

No pad or CRC appended.

CRC appended.

Pad to 64 bytes if necessary, append CRC (min. size = 68).

Pad to 64 bytes if necessary, append CRC (min. size = 68).

No pad or CRC appended.

CRC appended.

PP PO Ol O O O|O| O

o|lo|o|r|r|lr|r|lo|o|o
r|lo|lo|r|r|lo|lo|lr|r|lo|o
o|lr|o|lr|o|lr|o|lr|olr

If VLAN not detected, pad to 60, add CRC.
If VLAN detected, pad to 64, add CRC.

0 1 1 If VLAN not detected, pad to 60, add CRC.
If VLAN detected, pad to 64, add CRC.

1 0 0 No pad or CRC appended.

1 0 1 CRC appended.

1 1 0 If VLAN not detected, pad to 60, add CRC.
If VLAN detected, pad to 64, add CRC.

1 1 1 If VLAN not detected, pad to 60, add CRC.
If VLAN detected, pad to 64, add CRC.

PS019215-0910
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EMAC Configuration Register 2

The EMAC Configuration Register 2 controlethehavior of the back pressure and late
collision data from the Descriptor table. Sexddle 183

Table 183. EMAC Configuration Register 2 (EMAC_CFG2 = 0022h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

7 0 Use normal back-off algorithm prior to transmitting packet. No
BPNB back pressure applied.

1 After incidentally causing a collision during back pressure, the
EMAC immediately (that is, no back-off) retransmits the packet
without back-off, which reduces the chance of further collisions
and ensures that the Transmit packets are sent.

6 0 Enable exponential back-off.
NOBO : : : . .

1 The EMAC immediately retransmits following a collision rather
than use the binary exponential backfill algorithm, as specified
in the IEEE 802.3 specification.

[5:0] 00h—3Fh Sets the number of bytes after Start Frame Delimiter (SFD) for
LCOL which a late collision occurs. By default, all late collisions are

aborted.
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The EMAC Configuration Register 3 contrgeeamble length and value, excessive defer-
ment, and the number of retransmission tries.Tab&e 184

Table 184. EMAC Configuration Register 3 (EMAC_CFG3 = 0023h)

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

Note: R/W = Read/Write.

Bit

Position Value  Description

7 0 The EMAC allows any preamble length as per the IEEE 802.3

LONGP specification.*

1 The EMAC only allows Receive packets that contain preamble
fields less than 12 bytes in length.*

6 0 No preamble error checking is performed.

PUREP 1 The EMAC verifies the content of the preamble to ensure that it
contains a value of 55h and that it is error-free. Packets
containing an errored preamble are discarded.

5 0 The EMAC aborts when the excessive deferral limit is reached.

XSDFR 1 The EMAC defers to the carrier indefinitely as per the IEEE
802.3 specification.

4 0 Disable 10 Mbps ENDEC mode.

BITMD 1 Enable 10 Mbps ENDEC mode.

[3:0] Oh—-Fh A programmable field specifying the number of retransmission

RETRY attempts following a collision before aborting the packet due to

excessive collisions.

Note: IEEE 802.3 specifies a minimum of 56 bits of preamble. A maximum number of bits is not de-
fined. For details, see the IEEE 802.3 Specification, Section 7.2.3.2.

PS019215-0910
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EMAC Configuration Register 4

The EMAC Configuration Register 4 controls pause control frame behavior, back
pressure, and receive frame acceptanceT&gle 185

Table 185. EMAC Configuration Register 4 (EMAC_CFG4 = 0024h)

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/| RW/|RW

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

Bit

Position Value  Description

7 0 Reserved.

6 0 Do not transmit a pause control frame.

TPCF 1 Transmit pause control frame (FULL-DUPLEX mode). TPCF
continually sends pause control frames until negated.

5 0 Disable back pressure.

THDF .

1 EMAC asserts back pressure on the link. Back pressure

causes preamble to be transmitted, raising carrier sense
(HALF-DUPLEX mode).

4 0 Only accept frames that meet preset criteria (that is, address,

PARF CRC, length, etc.).

1 All frames are received regardless of address, CRC, length,

etc.

3 0 EMAC ignores received pause control frames.

RXFC 1 EMAC acts upon pause control frames received.

2 0 PAUSE control frames are not allowed to be transmitted.

TXFC 1 PAUSE control frames are allowed to be transmitted.

1 0 Do not force a pause condition.

TPAUSE 1 Force a pause condition while this bit is asserted.

0 0 EMAC receiver disabled.

RXEN 1 EMAC receiver enabled.

PS019215-0910
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EMAC Station Address Register

The EMAC Station Address register is used for two functions. In the address recogni-
tion logic for Receie frames, EMAC_STAD 0-EMAC_STAD_5 are matched against
the sixth byte Destination Address (DAgIfi of the Receive frame. EMAC_STAD 0 is
matched against the first byte of the Receive frame, and EMAC_STAD_5 is matched
against the sixth byte of the Receivenim Bit 0 of EMAC_STAD_O0 (STAD[40]) is
matched against the first bit (Unicast/Multich#) of the first byte of the Receive

frame. This bit ordering is used to loglly map the PE-MACMII station address as
illustrated below.

EMAC_STADO[7:0] contains STAD[47:40]

EMAC_STAD5[7:0] contains STAD[7:0]

The second function of the EMAC Stationdkdss registers is to provide the Source
Address (SA) field of Transmit Pauserfras when these frames are transmitted by the
EMAC. EMAC_STAD_O0 provides the first byte of the 6 byte SA field and
EMAC_STAD_5 provides the final byte of the $iald in order of transmission. The LSB
is the first byte sent out. The EMAC Station Address register is lisfEabie 186

Table 186. EMAC Station Address Register (EMAC_STAD_0 = 0025h, EMAC_STAD_1 =
0026h, EMAC_STAD_2 = 0027h, EMAC_STAD_3 = 0028h, EMAC_STAD_4 = 0029h,
EMAC_STAD_5 = 002Ah)

Bit

EMAC_STAD_0O Reset

EMAC_STAD_1 Reset

EMAC_STAD_2 Reset

EMAC_STAD_3 Reset

EMAC_STAD_4 Reset

EMAC_STAD_5 Reset

oO| O] Ol ©o| o] O~
oO| O] Ol ©O| O] Ol
o] O] Ol O] O] O|WLl
O O] Ol ©| O] Of &
O O] Ol ©O| O] O|WwW
O O] Ol O]l O] ON
o] O] Ol ©O| O] Of
oO| O] Ol ©| O] ©O|O

CPU Access

RW | RW | RIW | RIW | RIW | RIW | RIW | RIW

Note: R/W = Read/Write.
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Bit

Position Value Description

[7:0] 00h—FFh This 48-bit station address comprises {EMAC_STAD _5,
EMAC_STAD_x EMAC_STAD_4, EMAC_STAD_3, EMAC_STAD_2,

EMAC_STAD_1, EMAC_STAD_O}.

EMAC Transmit Pause Timer Value Register—Low and High Bytes

The Low and High bytes of the EMAC Transmit Pause Timer Value Register are inserted
into outgoing pause control frames. Sedle 187andTable 188

Table 187. EMAC Transmit Pause Timer Value Register—Low Byte (EMAC_TPTV_L = 002Bh)

Bit 7 6 5 4 3 2 1 0
. 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—FFh The 16-bit value, {EMAC_TPTV_H, EMAC_TPTV_L}, is
EMAC_TPTV_L inserted into outgoing pause control frames as the pause

timer value upon asserting TPCF.

Table 188. EMAC Transmit Pause Timer Value Register —High Byte (EMAC_TPTV_H = 002Ch)

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 | RW | RIW | R/W

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—FFh The 16-bit value, {EMAC_TPTV_H, EMAC_TPTV_L}, is
EMAC_TPTV_H inserted into outgoing pause control frames as the pause

timer value upon asserting TPCF.
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EMAC Interpacket Gap

EMAC Interpacket Gap Overview

Interpacket Gap (IPG$ measured between the last nibble of the frame check sequence
(FCS) and the first nibble of the preambldhe next packet. Three registers are available
to fine tune the IPG, the EMAC_IPGEMAC_IPGR1, and the EMAC_IPGR2. The first
register EMAC_IPGT determines the back-tek Transmit IPG. The other two registers
determine the non-back-to-back IPG in two paréhle 189ists the values for the
EMAC_IPGT and the corresponding IPGs for both FULL-DUPLEX and HALF-DUPLEX
modes.

Table 189. EMAC_IPGT Back-to-Back Settings for Full- and Half-Duplex Modes

MIl, RMII/SMII, PMD MIl, RMII/SMII ENDEC Mode
(100 Mbps) (10 Mbps) (10 Mbps)
Clock Period = 40 ns Clock Period = 400 ns Clock Period = 100 ns
IPGT[6:0] IPGT[6:0] IPGT[6:0]
Half Full Interpacket Half Full Interpacket Half Full Interpacket
Duplex  Duplex Gap Duplex  Duplex Gap Duplex  Duplex Gap
0Dh 0.12us 00h 1.2 us 10h 1.9 us
0Bh 0.44 ps 08h 4.4 ps 18h 2.7 us
0Ch 0.60 ps 0Ch 6.0 us 20h 3.5 us
10h 0.76 ps 10h 7.5 us 40h 6.7 us
*12h 15h 0.96 ps 12h 15h 9.6 ps 5Ah 5Dh 9.6 ps
20h 1.40 ps 20h 14.0 ps 20h 13.0 pys

Note: *The IEEE 802.3, 802.3(u) minimum values are shaded.

The equations for back-to-back Transi®G are determined by the following:

FULL-DUPLEX Mode (3 clocks + IPGT clocks) * clock period = IPG
HALF-DUPLEX Mode (6 clocks + IPGT clocks) * clock period = IPG

Table 190on page 307 lists the IPGR2 settings for the non-back-to-back packets.
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Table 190. EMAC_IPGT Non-Back-to-Back Settings for Full- /Half-Duplex Modes

MIl, RMII/SMII, PMD MIl, RMII/SMII ENDEC Mode
(100 Mbps) (10 Mbps) (10 Mbps)
Clock Period = 40 ns Clock Period = 400 ns Clock Period = 100 ns
IPGR2[6:0] Interpacket IPGR2[6:0] Interpacket IPGR2[6:0] Interpacket
Gap Gap Gap

00h 0.24 ps 00h 2.4 us 00h 0.6 ps
10h 0.88 us 10h 8.8 ps 10h 2.2 ys
*12h 0.96 ps 12h 9.6 us 20h 3.8 ps
20h 1.52 us 20h 15.2 us 40h 7.0 ys
40h 2.80 ps 40h 28.0 us 5Ah 9.6 us
7Fh 5.32 us 7Fh 53.2 us 7Fh 13.3 us

Note: *The IEEE 802.3, 802.3(u) minimum values are shaded.

A non-back-to-back Transmit IPG is determined by the following formula:
(6 clocks + IPGR2 clocks) * clock period = IPG

The difference in values betwe&able 18%n page 306 antiable 190s due to the

asynchronous nature of the Carrier Sense (CRS). The CRS must undergo a 2-clock

synchronization before the internal Tx statachine detects it. This synchronization

eguates to a 6-clock intrinsic delay betweeckpts instead of the 3-clock intrinsic delay
in the back-to-back packet mode. More information covering this topic is found in the

IEEE 802.3/4.2.3.2.1 Carrier Deference section.

EMAC Interpacket Gap Register

307

The EMAC Interpacket Gap (IPG) is a pragwraable field representing the IPG between

back-to-back packets. It is the IR@rameter used in FULL-DUPLEX and HALF-
DUPLEX modes between back-todkapackets. Set this field the appropriate number
of IPG bytes. The default setting I8h represents the minimum IPG of 0.96 us

(at 100 Mbps) or 9.6s (at 10 Mbps). Segable 191

Table 191. EMAC Interpacket Gap Register (EMAC_IPGT = 002Dh)

Bit 7 6 5 4 3
Reset 0 0 0 1 0 1 0 1

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

Position Value Description

7 0 Reserved.

[6:0] 00h—7Fh The number of bytes of IPG.
IPGT

EMAC Non-Back-To-Back IPG Register—Part 1

Part 1 of the EMAC non-back-to-back IPG Register is a programmable field representing
the optional carrier sense window reference@ EE 802.3/4.2.3.2.1 Carrier Deference. If

a carrier is detected during the timing of IPGR1, the EMAC defers to the carrier. If, how-
ever, the carrier becomes active after IPGR&,EMAC continues timing for IPGR2 and
transmits, knowingly causingallision. This collision acts tensure fair access to the
medium. Its range of values(sh to IPGR2. Sed@able 192 The default setting of 0Ch
represents the Carrier Sense Window Referencing depicted tin IEEE 802.3, Section
423.2.1.

Table 192. EMAC Non-Back-To-Back IPG Register—Part 1  (EMAC_IPGR1 = 002Eh)

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

Note: R/W = Read/Write

Bit

Position Value  Description

7 0 Reserved.

[6:0] 00h- This is a programmable field representing the optional carrier

IPGR 1 7Fh sense window referenced in IEEE 802.3/4.2.3.2.1 Carrier
Deference.

PS019215-0910

EMAC Non-Back-To-Back IPG Register—Part 2

Part 2 of the EMAC non-back-to-back IPG Register is a programmable field representing
the non-back-to-back IPG. Its defaultLizh, which represents the minimum IPG of
0.96 ps at 100 Mbps or 9.6 ps at 10 Mbps.Taeé 193on page 309.
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Table 193. EMAC Non-Back-To-Back IPG Register—Part 2 (EMAC_IPGR2 = 002Fh)

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

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

Bit

Position Value Description

7 0 Reserved.

[6:0] 00h—7Fh This bit range is a programmable field representing the non-

IPGR2 back-to-back interpacket gap.
EMAC Maximum Frame Length Register—Low and High Bytes
The 16-bit field resets 1@600h , which represents a maximum Receive frame of 1536
bytes. An untagged maximum size Ethernenegpacket) is 1518 bytes. A tagged frame
adds four bytes for a total of 1522 bytes. #harter maximum length restriction is more
appropriate, program this field. Séable 194andTable 19%on page 310.

} Note: The default value of 1536 bytes is large eriotagcover the largest Ethernet packet, which

PS019215-0910

contains 14 bytes of Ethernet header, 1500 bytes of MAC client data, plus 4 bytes of CRC
for a total of 1518 maximum bytes. Thisueais also large enough to cover VLAN frames
with prepended headers up to 18 bytes.

VLAN frames have a proprietary header pregeahto the Ethernet packet. Setting the
DCRCC bit in EMAC_CFGL1 will exclude thesiid bytes—the projetary header—from

the CRC calculation. For VLAN packets, theximaum frame length i$522, 4 more than

for normal Ethernet packets due to the 4 byte prepended header. Normal packets feature a
12 byte header before the MAC client datar fore information about this topic, refer to
Figure 3-1 of the IEEE 802.3 specification.

If a proprietary header is allowed, this field must be adjusted accordingly. For example, if
12 byte headers are prepended to frames, MAXIBt be set to 1524 bytes to allow the
maximum VLAN tagged frame plus the 12 byte header. The default value of 1536 is large
enough to cover the largest Ethernet packdtbytes of Ethernet header, 1500 bytes of
MAC client data, plus 4 bytes of CRC for a total of 1518 bytes maximum. It is also large
enough to cover VLAN packetgiwprepended headers up 18 bytes. The following for-
mulas illustrate:

Ethernet Packet— Maximum frame size = normal Ethernet packet — 14 (Ethernet header)
+ 1500 (MAC client data) + 4 (CRC) = 1518 bytes
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VLAN Packet— Maximum frame size = VLAN with 4 byte header — 4 (VLAN header) +
14 (Ethernet header) + 1500 MAC client data) + 4 (CRC) = 1522 bytes.

Table 194. EMAC Maximum Frame Length Register—Low Byte = (EMAC_MAXF_L = 0030h

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 2 byte MAXF
EMAC_MAXF L value, {EMAC_MAXF_H, EMAC_MAXF_L}. Bit 7 is bit 7 of

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

Table 195. EMAC Maximum Frame Length Register—High Byte = (EMAC_MAXF_H = 0031h)

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

Note: R/W = Read/Write.

Bit
Position Value  Description
[7:0] 00h— These bits represent the High byte of the 2 byte MAXF

EMAC_MAXF_H FFh value, {EMAC_MAXF_H, EMAC_MAXF_L}. Bit 7 is bit 15
(msb) of the 16-bit value. Bit 0 is bit 8 of the 16-bit value.
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EMAC Address Filter Register

The EMAC Address Filter Register functionsaafiiter to controPromiscuous mode, and
multicast and broadcast messaging. Bade 196

Table 196. EMAC Address Filter Register (EMAC_AFR = 0032h)

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/W R/W R/W R/W

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

Bit
Position Value  Description
[7:4] Oh Reserved.
3 1 Enable Promiscuous Mode. Receive all incoming packets
PROM regardless of station address. Disables station address
filtering.
0 Disable Promiscuous Mode.
2 1 Accept any multicast message. A multicast packet is
MC determined by the first bit in the destination address. If the first
LSBis a1, itis a group address and is globally or locally
administered depending on the 2nd bit. For more information,
see |IEEE 802.3/3.2.3.
0 Do not accept multicast messages of any type.
1 1 Accept only qualified multicast (QMC) messages as
QMC determined by the hash table.
0 Do not accept QMC messages.
0 1 Accept broadcast messages. Broadcast messages have the
BC destination address set to FFFFFFFFFFFFh.
0 Do not accept broadcast messages.
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EMAC Hash Table Register

The EMAC Hash Table Register represents the 8x8 hash table matrix. This table is used as
an option to select between differentltimast addresses. If a multicast address is

received, the first 6 bits of the CRC are decaaiedladded to a table that points to a single

bit within the hash table matrix. If the selected bit = 1, the multmastet is accepted. If

the bit = 0, the multicagtacket is rejected. Sdable 197

Table 197. EMAC Hash Table Register (EMAC_HTBL_0 = 0033h, EMAC_HTBL_1 = 0034h,
EMAC_ HTBL_2 =0035h, EMAC_HTBL_3 =0036h, EMAC_HTBL_4 =0037h, EMAC_HTBL_5
=0038h, EMAC_HTBL_6 = 0039h, EMAC_HTBL_7 = 003Ah)

Bit 7 6 5 4 3 2 1 0
EMAC_HTBL_O Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_1 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_2 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_3 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_4 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_5 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_6 Reset 0 0 0 0 0 0 0 0
EMAC_HTBL_7 Reset 0 0 0 0 0 0 0 0
CPU Access RW | RW | RIW | RIW | RIW | RIW | RIW | R/W
Note: R/W = Read/Write

Bit

Position Value  Description

[7:0] 00h— This field is the hash table. The 64 bit hash table is

EMAC HTBL_x FFh  {EMAC_HTBL_7, EMAC_HTBL_6, EMAC_HTBL_5,
EMAC_HTBL_4, EMAC_HTBL_3, EMAC_HTBL_2,
EMAC_HTBL_1, EMAC_HTBL_O}.
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The EMAC MIl Management Register is usecttmtrol the external PHY attached to the

MII. SeeTable 198

Table 198. EMAC MIl Management Register (EMAC_MIIMGT = 003Bh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RRW | RIW | RIW | R'WW | RIW | RIW | R/W
Note: R/W = Read/Write.
Bit
Position Value  Description
7 1 Rising edge causes the CTLD control data to be transmitted to
LCTLD external PHY if MIl is not busy. This bit is self clearing.
0 No operation.
6 1 Rising edge causes status to be read from external PHY via
RSTAT PRSDJ[15:0] bus if MIl is not busy. This bit is self clearing.
0 No operation.
5 1 Scan PHY address increments upon SCAN cycle. The SCAN
SCINC bit must also be set for the PHY address to increment after
each scan. The scanning starts at the EMAC_FIAD and
increments up to 1Fh. It then returns to the EMAC_FIAD
address.
0 Normal operation.
4 1 Perform continuous Read cycles via MIl management. While in
SCAN SCAN mode, the EMAC_ISTAT[MGTDONE] bit is set when the
current PHY Read has completed. At this time, the
EMAC_PRSD register holds the Read data and the
EMAC_MIISTATI[4:0] holds the address of the PHY for which
the EMAC_PRSD data pertains.
0 Normal operation.
3 1 Suppress the MDO preamble. MDO is management data
SPRE output, an internal signal driven from the MDIO pin.
0 Normal preamble.
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Bit

Position Value  Description

[2:0] Programmable divisor that produces MDC from SCLK. MDC is the
CLKS management data clock pin, which clocks MDIO data to and from the

PHY. Its frequency is SCLK divided by the MDC clock divider.
000 MDC = SCLK + 4.

001 MDC = SCLK + 4.

010 MDC = SCLK + 6.

011 MDC = SCLK + 8.

100 MDC = SCLK +10.

101 MDC = SCLK + 14.

110 MDC = SCLK =+ 20.

111 MDC = SCLK + 28.

EMAC PHY Configuration Data Register—Low and High Byte

The Low and High bytes of the EMAC PHY Configuration Data Register represents the
configuration data written to thetexnal PHY. The EMAC_CTLD_H and

EMAC_CTLD_L registers form a 16-bit regist@ihese registers are loaded with data to
be sent via the MDIO pin to the PHY. TReélY is selected by setting the EMAC_FIAD.
The register inside the PHY is selected by setting EMAC_RGADTS&gle 19%nd

Table 200on page 315.

Table 199. EMAC PHY Configuration Data Register—Low Byte (EMAC_CTLD_L =003Ch)

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

Note: R/W = Read/Write.

Bit
Position Value  Description
[7:0] 00h— These bits represent the Low byte of the 2 byte PHY

EMAC_CTLD_L FFh configuration data value, {EMAC_CTLD_H,
EMAC_CTLD_L}. Bit 7 is bit 7 of the 16 bit value. Bit 0 is bit
0 (Isb) of the 16 bit value.
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Table 200. EMAC PHY Configuration Data Register—High Byte ~ (EMAC_CTLD_H = 003Dh)

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 | RW | RIW | RIW

Note: R/W = Read/Write.

Bit
Position Value  Description
[7:0] 00h— These bits represent the High byte of the 2 byte PHY

EMAC _CTLD_H FFh configuration data value, {EMAC_CTLD_H,
EMAC_CTLD_L}. Bit 7 is bit 15 (msb) of the 16 bit value. Bit
0 is bit 8 of the 16 bit value.

EMAC PHY Address Register

The EMAC PHY Address Register allowscass to the external PHY registers. See
Table 201

Table 201. EMAC PHY Address Register (EMAC_RGAD = 003Eh)

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

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

Bit

Position Value  Description

[7:5] 000 Reserved.

[4:0] 00h— Programmable 5 bit value which selects address within the
RGAD 1Fh selected external PHY.
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EMAC PHY Unit Select Address Register

The EMAC PHY Unit Select Address Registdiows the selection ahultiple connected
external PHY devices. S@able 202

Table 202. EMAC PHY Unit Select Address Register (EMAC_FIAD = 003Fh)

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 | RW | RIW

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

Bit

Position Value Description

[7:5] 000 Reserved.

[4:0] 00h—1Fh Programmable 5-bit value that selects an external PHY.
FIAD

EMAC Transmit Polling Timer Register

This register sets the Transmit Polling Bdnn increments of PTMR = SYSCLK + 256.
Whenever this register is written, the statfithe Transmit Buffer Descriptor is checked
to determine if the EMAC owns the Transmiffea It then rechecks this status every
TPTMR (calculated by TPTMR x EMAC_PTR{7:0]). The Transmit Polling Timer is
disabled if this register is set@oh (which also disables the transmitting of packets). If a
transmission is in progresgen EMAC_PTMR is set td0h, the transmission will com-
plete. Sedable 203

Table 203. EMAC Transmit Polling Timer Register (EMAC_PTMR = 0040h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—FFh The Transmit polling period.
EMAC_PTMR
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EMAC Reset Control Register

The bit values in the EMAC Reset Controlgraer are not self-clearing bits. You are
responsible for controlling their state. Sexble 204

Table 204. EMAC Reset Control Register (EMAC_RST = 0041h)

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

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

Egsition Value  Description

[7:6] 00 Reserved

5 1 Software Reset Active—resets Receive, Transmit, EMAC

SRST Control and EMAC MIl_MGT functions
0 Normal operation

4 1 Reset Transmit function

HRTFN 0 Normal operation

3 1 Reset Receive function

HRRFN 0 Normal operation

2 1 Reset EMAC Transmit Control function

HRTMC 0 Normal operation

1 1 Reset EMAC Receive Control function

HRRMC 0 Normal operation

0 1 Reset EMAC Management function

HRMGT 0 Normal operation
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EMAC Transmit Lower Boundary Pointer Register—Low and High Bytes

The EMAC Transmit LoweBoundary Pointer is set to tlséart of the Transmit buffer in
EMAC shared memory. S@able 205andTable 206

Table 205. EMAC Transmit Lower Boundary Pointer Register—Low Byte (EMAC_TLBP_L = 0042h)

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

Note: R/W = Read/Write.

Bit
Position Value  Description
[7:0] 00h— These bits represent the Low byte of the 2 byte Transmit

EMAC TLBP L FFh Lower Boundary Pointer value, {EMAC_TLBP_H,
EMAC_TLBP_L}. Bit 7 is bit 7 of the 16 bit value. Bit O is bit 0
(Isb) of the 16 bit value.

Table 206. EMAC Transmit Lower Boundary Po inter Register—High Byte (EMAC_TLBP_H
= 0043h)*

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

Note: R/W = Read/Write.

Bit
Position Value  Description
[7:0] 00h— These bits represent the High byte of the 2 byte Transmit

EMAC _TLBP_H FFh Lower Boundary Pointer value, {fEMAC_TLBP_H,
EMAC_TLBP_L}. Bit 7 is bit 15 (msb) of the 16 bit value. Bits
7:5 default to 000 on reset; bit O is bit 8 of the 16-bit value.

Note: *Bits 7:5 are not used by the EMAC; these bits return 000.
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EMAC Boundary Pointer Register—Low and High Bytes

The Boundary Pointer is set to the starthaf Receive buffer (end of Transmit buffer +1)
in EMAC shared memory. This pointerd4 bits and determad by {RAM_ADDR_U,
EMAC_BP_H, EMAC_BP_L}. The upper 3 bitsf the EMAC_BP_H register are hard-
wired inside the eZ80F91 device to locate tfase of EMAC shared memory. The last 5
bits of the EMAC_BP_L register value are haviled to keep the addressing aligned to
a 32 byte boundary. S@able 207andTable 208

Table 207. EMAC Boundary Pointer Register—Low Byte  (EMAC_BP_L = 0044h)

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

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

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 3 byte EMAC
EMAC BP_L Boundary Pointer value, {EMAC_BP_U, EMAC_BP_H,

EMAC_BP_L}. Bit 7 is bit 7 of the 24 bit value. Bit O is bit O of
the 24 bit value.

Table 208. EMAC Boundary Pointer Register—High Byte ~ (EMAC_BP_H = 0045h)

Bit 15:13 12:8
Reset 1 1 0 0 0 0 0 0
CPU Access R R R RW | RRW | RRW | RIW | RIW

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

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 3 byte EMAC
EMAC_BP_H Boundary Pointer value, {EMAC_BP_U, EMAC_BP_H,

EMAC_BP_L}. Bit 7 is bit 15 of the 24 bit value. Bit O is bit 8 of
the 24 bit value.

EMAC Boundary Pointer Register—Upper Byte

The EMAC Boundary Pointer Register majigectly to the RAM_ADDR_U register
within the eZ80F91 device. Thisgister value is Read Only. Séable 209%n page 320.
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Table 209. EMAC Boundary Pointer Register—Upper Byte  (EMAC_BP_U = 0046h)

Bit
Reset 1 1 1 1 1 1 1 1
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 upper byte of the 3 byte EMAC
EMAC BP_U Boundary Pointer value, {EMAC_BP_U, EMAC_BP_H,

EMAC_BP_L}. Bit 7 is bit 23 of the 24 bit value. Bit O is bit 16 of
the 24 bit value.

EMAC Receive High Boundary Pointer Register—Low and High Bytes

The Receive High Boundary Pointer Registeshie set to the end of the Receive buffer
+1 in EMAC shared memory. This B uses the same RAM_ADDR_U as the
EMAC_BP_U pointer above. Sdable 210andTable 211on page 321.

Table 210. EMAC Receive High Boundary Pointer Register—Low Byte (EMAC_RHBP_L = 0047h)

Bit 7 6 5 4 3 2 1 0
- 0 0 0 0 0 0 0 0
CPU Access R/W R/W R/W R R R R R

Note: R = Read Only, R/W = Read/Write

Bit

Position Value Description

[7:0] 00h—EOh These bits represent the Low byte of the 2 byte EMAC
EMAC_RHBP_L Receive High Boundary Pointer value, {EMAC_RHBP_H,

EMAC_RHBP_L}. Bit 7 is bit 7 of the 16 bit value. Bit O is bit
0 (Isb) of the 16 bit value.
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Table 211. EMAC Receive High Boundary Poin ter Register—High Byte (EMAC_RHBP_H = 0048h)

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

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

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 2 byte EMAC
EMAC_RHBP_H Receive High Boundary Pointer value, {EMAC_RHBP_H,

EMAC_RHBP_L}. Bit 7 is bit 15 (msb) of the 16 bit value. Bit
0 is bit 8 of the 16 bit value.

Note: *Bits 7:5 are not used by the EMAC; these bits return 000 upon reset.

EMAC Receive Read Pointer Register—Low and High Bytes

The Receive Read der Register must be initialized tioe EMAC_BP value (start of the
Receive buffer). This register points to wéaéie next Receive packet is read from. The
EMAC_BP[12:5] is loaded into this registwhenever the EMAC_RST [(HRRFN) is set
to 1. The RxDMA block uses the Emac_RB] to compare to EmacRwp[12:5] for
determining how many buffers remain. Theuk equates to the EmacBlksLeft register.
SeeTable 212andTable 213on page 322.

Table 212. EMAC Receive Read Pointer Register—Low Byte  (EMAC_RRP_L = 0049h)

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

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

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 2 byte EMAC
EMAC_RRP_L Receive Read Pointer value, {EMAC_RRP_H,

EMAC_RRP_L}. Bit 7 is bit 7 of the 16 bit value. Bit 0 is bit 0
(Isb) of the 16 bit value.
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Table 213. EMAC Receive Read Pointer Register—High Byte  (EMAC_RRP_H = 004Ah)

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

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

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 2-byte EMAC
EMAC RRP_H Receive Read Pointer value, {EMAC_RRP_H,

EMAC_RRP_L}. Bit 7 is bit 15 (msb) of the 16-bit value. Bits
7:5 default to 000 on reset; bit O is bit 8 of the 16-bit value.
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EMAC Buffer Size Register

The lower six bits of this register set thedeat which the EMAC either transmits a pause
control frame or jams the Ethernet bus, depending on the mode selected. When each of
these bits contain a zerthjs feature is disabled.

In FULL-DUPLEX mode, a Pause @wol Frame is transmittegs a One-shot operation.
The software must free up a number of Rx bsf® that the number of buffers remaining,
EmacBlksLeft, is greater than TCPF_LEV.

In HALF-DUPLEX mode, the EMAGams the Ethernet by sending a continuous stream
of hexadecimal 5%¢th ). When the software frees tige Rx buffers and the number of
buffers remaining, EmacBlksLeft, is greatean TCPF_LEV, the EMAC stops jamming.
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Table 214. EMAC Buffer Size Register (EMAC_BUFSZ = 004Bh)

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

Note: R/W = Read/Write.

Egsition Value Description
[7:6] 00 Set EMAC Rx/Tx buffer size to 256 bytes.
BUFSZ 01 Set EMAC Rx/Tx buffer size to 128 bytes.
10 Set EMAC Rx/Tx buffer size to 64 bytes.
11 Set EMAC Rx/Tx buffer size to 32 bytes.
[5:0] 00h—3Fh Transmit Pause Control Frame level. 00h disables the
TPCF_LEV hardware generated transmit pause control frame.

EMAC Interrupt Enable Register

Enabling the Receive Overrun interrupt allows software to detect an overrun condition
as soon as it occurs. If this intept is not set, then an errun cannot be detected until

the software processes the Receive packbtthe overrun and checks the Receive sta-
tus in the Rx descriptor table. Because the receiver is disabled by an overrun error until
the Rx_OVR bit is cleared in the EMAC_ISTA&gister, this packet is the final packet

in the Receive buffer. To re-enable the receiver before all of the Receive packets are
processed and the Receive buffer is empfipvsoe enables this interrupt to detect the
overrun condition early. As it processes the Receive packets, it re-enables the receiver
when the number of free buffers is gredbem the number of minimum buffers. See

Table 215on page 324.
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Table 215. EMAC Interrupt Enable Register (EMAC_IEN = 004Ch)

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

Note: R/W = Read/Write.

Bit
Position Value  Description
7 1 Enable Transmit State Machine Error Interrupt (system
TXFSMERR interrupt).
0 Disable Transmit State Machine Error Interrupt (system

interrupt).
6 1 Enable MIl Management. Done Interrupt (system Interrupt).
MGTDONE 0 Disable MIl Management. Done Interrupt (system Interrupt).
5 1 Enable Receive Control Frame Interrupt (Receive interrupt).
Rx_CF 0 Disable Receive Control Frame Interrupt (Receive interrupt).
4 1 Enable Receive Pause Control Frame interrupt (Receive
Rx_PCF interrupt).

0 Disable Receive Pause Control Frame interrupt (Receive

interrupt).
3 1 Enable Receive Done interrupt (Receive interrupt).
Rx_DONE ; : . .

- 0 Disable Receive Done interrupt (Receive interrupt).
2 1 Enable Receive Overrun interrupt (System interrupt).
RX_OVR 0 Disable Receive Overrun interrupt (System interrupt).
1 1 Enable Transmit Control Frame Interrupt (Transmit interrupt).
Tx_CF 0 Disable Transmit Control Frame Interrupt (Transmit interrupt).
0 1 Enable Transmit Done interrupt (Transmit interrupt).
Tx_DONE ; : -
- 0 Disable Transmit Done Interrupt (Transmit interrupt).

PS019215-0910

Ethernet Media Access Controller

324



eZ80F91 MCU
Product Specification

325

EMAC Interrupt Status Register

When a Receive overrunagas, all incoming packets are ignored until the
Rx_OVR_STAT status bit is cleared by software. Consequentlyya@tcontrols when
the receiver is re-enabled after an overiemable the Rx_OVR interpi to detect overrun
conditions when they occur. €ir this condition when the Rwuffers are freed to avoid
additional overrun errors. S@able 216

} Note: Status bits are not self-clearing. Each stédtiigs cleared by writing a 1 into the selected

bit.

Table 216. EMAC Interrupt Status Register (EMAC_ISTAT = 004Dh)

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
CPU Access RW | RRW | RW | RIW | RWW | RIW | RIW | R/IW
Note: R/W = Read/Write.
Bit
Position Value  Description
7 1 An internal error occurs in the EMAC Transmit path. The
TXFSMERR_STAT Transmit path must be reset to reset this error condition.
0 Normal operation—no Transmit state machine errors.
6 1 The MII Management interrupt has completed a Read
MGTDONE_STAT (RSTAT or SCAN) or a Write (LDCTLD) access to the
PHY.
0 The MII Management interrupt does not occur.
5 1 Receive Control Frame interrupt (Receive Interrupt)
Rx_CF_STAT occurs.
0 Receive Control Frame interrupt does not occur.
4 1 Receive Pause Control Frame interrupt (Receive
Rx_PCF_STAT Interrupt) occurs.
0 Disable Receive Pause Control Frame interrupt (Receive
Interrupt) does not occur.
3 1 Receive Done interrupt (Receive Interrupt) occurs.
RX_DONE_STAT 0 Disable Receive Done interrupt (Receive Interrupt) does
not occur.
2 1 Receive Overrun interrupt (System Interrupt) occurs.
RX_OVR_STAT 0 Receive Overrun interrupt (System Interrupt) does not
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Bit
Position Value  Description
1 1 Transmit Control Frame Interrupt (Transmit Interrupt)
Tx_CF_STAT occurs.
0 Transmit Control Frame Interrupt (Transmit Interrupt)
does not occur.
0 1 Transmit Done interrupt (Transmit Interrupt) occurs.
Tx_DONE_STAT 0 Transmit Done interrupt (Transmit Interrupt) does not
occur.

EMAC PHY Read Status Data Register—Low and High Bytes

The PHY MIl Management Data Register isamh the data Read from the PHY is stored.
SeeTable 217andTable 218on page 327.

Table 217. EMAC PHY Read Status Data Register—Low Byte  (EMAC_PRSD_L = 004Eh)

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 EMAC PHY
EMAC_PRSD L Read Status Data value, {EMAC_PRSD_H,

EMAC_PRSD_L}. Bit 7 is bit 7 of the 16 bit value. Bit O is bit
0 (Isb) of the 16 bit value.
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Table 218. EMAC PHY Read Status Data Register—High Byte  (EMAC_PRSD_H = 004Fh)

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

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the High byte of the 2-byte EMAC
EMAC PRSD H PHY Read Status Data value, {EMAC_PRSD_H,

EMAC_PRSD_L}. Bit 7 is bit 15 (msb) of the 16-bit value.
Bit O is bit 8 of the 16-bit value.

EMAC MII Status Register

The EMAC MII Status Register is used tdetenine the current state of the external PHY
device. Sedable 219

Table 219. EMAC MII Status Register (EMAC_MIISTAT = 0050h)

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 1 MII management operation in progress—Busy. This status bit

BUSY goes busy whenever the LCTLD (PHY Write) or the RSTAT
(PHY Read) is set in the EMAC_MIIMGT register. It is
negated when the Write or Read operation to the PHY has
completed. In SCAN mode, the BUSY will be asserted until
the SCAN is disabled. Use the EmacIStatfMGTDONE]
interrupt status bit to determine when the data is valid.

0 Not Busy.
6 1 Local copy of PHY Link falil bit.
MIILF 0 PHY Link OK.
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5 1 MII Scan result is not valid Emac_PRSD is invalid
NVALID 0 Emac_PRSD is valid.

[4:0] 00h-1Fh Denotes PHY addressed in current scan cycle.
RDADR

EMAC Receive Write Pointer Register—Low Byte

The Read Only Receive-Write-Pointer register reports the current RxDMA Receive Write
pointer. This pointer geisitialized to EmacTLB whenever Emac_RST bits SRST or
HRRTN are set. Because the size of the packet is limited to a minimum of 32 bytes, the
last five bits are always zero. Stable 220andTable 221on page 329.

Table 220. EMAC Receive Write Pointer Register—Low Byte  (EMAC_RWP_L = 0051h)

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- These bits represent the Low byte of the 2 byte EMAC

EMAC_ RWP_L EOh RxDMA Receive Write Pointer value, {EMAC_RWP_H,
EMAC_RWP_L}. Bit 7 is bit 7 of the 16 bit value. Bit 0 is bit 0
(Isb) of the 16 bit value.
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EMAC Receive Write Pointer Register—High Byte

Because of the size of the EMAC's 8 IFRAM, the upper three bits of the EMAC
Receive Write Pointer Register are always zero.

Table 221. EMAC Receive Write Pointer Register—High Byte ~ (EMAC_RWP_H = 0052h)

Bit 7 6 5 4 3 2 1 0
Reset 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—1Fh These bits represent the High byte of the 2 byte EMAC
EMAC RWP_H RxDMA Receive Write Pointer value, {EMAC_RWP_H,

EMAC_RWP_L}. Bit 7 is bit 15 (msb) of the 16 bit value. Bit
0 is bit 8 of the 16 bit value.

EMAC Transmit Read Pointer Register—Low Byte

The Low byte of the Transmit Read Pointegister reports the current TXDMA Transmit
Read pointer.This pointer is initialized EsnacTLBP whenever Emac_RST bits SRST or
HRRTN are set. Because the size of the packet is limited to a minimum of 32 bytes, the
last five bits are always zero. Skable 222

Table 222. EMAC Transmit Read Pointer Register—Low Byte ~ (EMAC_TRP_L = 0053h)

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—EOh These bits represent the Low byte of the 2 byte EMAC
EMAC TRP_L TxDMA Transmit Read Pointer value, {EMAC_TRP_H,

EMAC_TRP_L}. Bit 7 is bit 7 of the 16 bit value. Bit 0 is bit O
(Isb) of the 16 bit value.
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EMAC Transmit Read Pointer Register—High Byte

Because of the size of the EMAC’s 8 KB /AR, the upper three bits of the EMAC Trans-
mit Read Pointer Register are always zero. Tdxe 223

Table 223. EMAC Transmit Read Pointer Register—High Byte (EMAC_TRP_H = 0054h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—1Fh These bits represent the High byte of the 2 byte EMAC
EMAC TRP_H TxDMA Transmit Read Pointer value, {EMAC_TRP_H,

EMAC_TRP_L}. Bit 7 is bit 15 (msb) of the 16 bit value. Bit
0 is bit 8 of the 16 bit value.
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EMAC Receive Blocks Left Register—Low and High Bytes

This register reports the number of bufflefs in the Receive EMAC shared memory. The
hardware uses this information along vittle block-level set in the EMAC_BUFSZ regis-
ter to determine when to transmit a pause control frame. Seftgas this information to
determine when it must request that a pause control foenransmitted (by setting bit 6
of the EMAC_CFG4 register). For the Blkgt.igic to operate properly, the Receive
buffer must contain at least one more patkdter than the number of packet buffers
required for the largest packet. That is, paeket cannot fill thentire Receive buffer.
Otherwise, the BlksLeft will be in error. S&able 224andTable 2250n page 331.

Ethernet Media Access Controller



eZ80F91 MCU
Product Specification

331

Table 224. EMAC Receive Blocks Left Register—Low Byte  (EMAC_BLKSLFT_L = 0055h)

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

Note: R = Read Only.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 2 byte EMAC
EMAC BLKSLFT L Receive Blocks Left value, {EMAC_BLKSLFT_H,

EMAC_BLKSLFT_L}. Bit 7 is bit 7 of the 16 bit value. Bit
0 is bit O (Isb) of the 16 bit value.

Table 225. EMAC Receive Blocks Left Register—High Byte ~ (EMAC_BLKSLFT_H = 0056h)

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 EMAC
EMAC_BLKSLFT_H Receive Blocks Left value, {EMAC_BLKSLFT_H,

EMAC_BLKSLFT_L}. Bit 7 is bit 15 (msb) of the 16 bit
value. Bit 0 is bit 8 of the 16 bit value.
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EMAC FIFO Data Register—Low and High Bytes

The FIFO Read/Write Test Access Data Raggiallows writing and reading the FIFO
selected by the EMAC_TEST TxRx_SElt Wwhen the EMAC_TEST register
TEST_FIFO bit is set. Sé@ble 226andTable 227

Table 226. EMAC FIFO Data Register—Low Byte (EMAC_FDATA_L = 0057h)

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

Note: R/W = Read/Write.

Bit

Position Value Description

[7:0] 00h—FFh These bits represent the Low byte of the 10 bit EMAC
EMAC_FDATA_L FIFO data value, {EMAC_FDATA_H[1:0],

EMAC_FDATA_L}. Bit 7 is bit 7 of the 16 bit value. Bit 0 is
bit 0 (Isb) of the 10 bit value.

Table 227. EMAC FIFO Data Register—High Byte (EMAC_FDATA_H = 0058h)

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

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

Bit

Position Value  Description

[7:2] 00h Reserved.

[1:0] 0h-3h  These bits represent the upper two bits of the 10 bit EMAC
EMAC_FDATA_H FIFO data value, {EMAC_FDATA_H[1:0],

EMAC_FDATA_L}. Bit 1 is bit 9 (msb) of the 16 bit value.
Bit 0 is bit 8 of the 10 bit value.

PS019215-0910 Ethernet Media Access Controller



Table 228. EMAC FIFO Flags Register

EMAC FIFO Flags Register

The FIFO Flags value is setthe EMAC hardware thalf full, or 16 bytes. Segable 228

(EMAC_FFLAGS = 0059h)

eZ80F91 MCU
Product Specification

Bit 7 6 3 2
Reset
CPU Access R R R R R R R R
Note: R = Read Only.
Bit
Position Value  Description
7 1 Transmit FIFO full
TFF 0 Transmit FIFO not full
6 0 Reserved
5 1 Transmit FIFO almost empty
TFAE .
0 Transmit FIFO not almost empty
4 1 Transmit FIFO empty
TFE .
0 Transmit FIFO not empty
3 1 Receive FIFO full
RFF 0 Receive FIFO not full
2 1 Receive FIFO almost full
RFAF 0 Receive FIFO not almost full
1 1 Receive FIFO almost empty
RFAE .
0 Receive FIFO not almost empty
0 1 Receive FIFO empty
RFE .
0 Receive FIFO not empty

PS019215-0910
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On-Chip Oscillators

The eZ80F91 features two on-chip oscillators for use with an external crystal. The primary
oscillator generates the system clock for the internal CPU and the majority of the on-chip
peripherals. Alternatively, the g input pin also accepts a CMOS-level clock input signal.

If an external clock generator is used, thg X pin must be left unconnected. The second-
ary oscillator drives a 32 kHz crystal tongeate the time-base for the Real-Time Clock.

Primary Crystal Oscillator Operation

PS019215-0910

Figure 63on page 336 displays a recommended configuration for connection with an
external 50 MHz, 8-overtone, parallel-resonant cryist@ecommended crystal specifica-
tions are provided iffable 22%n page 336 antiable 230on page 337. Printed circuit
board layout must add not more than 4 pF of stray capacitance to eithgy theX§ Tt
pins. If oscillation does not occur, try removi@g for testing and decreasing the value of
C, by the estimated stray capacitance to decrease loading.

On-Chip Oscillators
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[ oo

Cy=5pF

A —

R =100 KQ

(this value is not critical)

Cp=10-15pF

L=3.3 uH (+ 10%)

T
==

C3=.01-0.1 pF

Figure 63. Recommended Crystal Oscillator Configuration—50 MHz Operation

Table 229. Recommended Crystal Oscillator Specifications—1 MHz Operation

Frequency
Parameter Dependent Value Units Comments
Frequency 1 MHz
Resonance Parallel
Mode Fundamental
Series Resistance (Rg) 750 Ohms Maximum
Load Capacitance (C,) 13 pF Maximum

PS019215-0910
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Table 229. Recommended Crystal Oscillator Specifications—1 MHz Operation

(Continued)
Frequency
Parameter Dependent Value Units Comments
Shunt Capacitance (Cy) 7 pF Maximum
Drive Level 1 mw Maximum

Table 230. Recommended Crystal Oscillator Specifications—10 MHz Operation

Frequency
Parameter Dependent Value Units Comments
Frequency 10 MHz
Resonance Parallel
Mode Fundamental
Series Resistance (Rg) 35 Ohms Maximum
Load Capacitance (C,) 30 pF Maximum
Shunt Capacitance (Cg) 7 pF Maximum
Drive Level 1 mw Maximum

32 kHz Real-Time Clock Crys tal Oscillator Operation

Figure 64on page 338 displays a recommended configuration for connecting the Real-
Time Clock oscillator with an external 32 kHundamental mode, parallel-resonant crys-
tal. The recommended crystal specifications are providédhie 23bn page 338. A
printed circuit board layout must not add moratld pF of stray capacitance to either the
RTC_Xn or RTC_XgyT pins. If oscillation does not occugduce the values of capaci-
tors G and G to decrease loading.

An on-chip MOS resistor sets the crystal/drcurrent limit. This configuration does not
require an external bias resistor acrossctigstal. An on-chip MOS resistor provides the
biasing.

PS019215-0910 On-Chip Oscillators
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RTC Xy RTC_Xour
0—| |—0
C,=10pF —— 32 kHz Crystal —— C,=10pF
(Fundamental Mode)

Figure 64. Recommended Crystal Oscillator Configuration—32 kHz Operation

Table 231. Recommended Crystal Oscillator Specifications—32 kHz Operation

Parameter Value Units Comments
Frequency 32 kHz 32768 Hz
Resonance Parallel

Mode Fundamental

Series Resistance (Rg) 50 kQ Maximum
Load Capacitance (C,) 12.5 pF Maximum
Shunt Capacitance (Cy) 3 pF Maximum
Drive Level 1 pwW Maximum

PS019215-0910 On-Chip Oscillators
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Stresses greater than those liste@lahle 232causes permanent damage to the device.
These ratings are stress ratings only. Operatidime device at any condition outside those
indicated in the operationatstions of these specificatioissnot implied. Exposure to
absolute maximum rating conditie for extended periodsfatts device reliability. For
improved reliability, unused inputs muse tied to one of the supply voltages,f/or

ng.

Table 232. Absolute Maximum Ratings

Parameter Minimum Maximum  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 830 mw
Maximum current out of Vgg 230 mA
Maximum current into Vpp 230 mA
Maximum current on input and/or inactive output pin -15 +15 A
Maximum output current from active output pin -8 +8 mA

Flash memory Writes to Same Single Address — 2 — 3
Flash Memory Data Retention 100 — Years

Flash Memory Write/Erase Endurance 10,000 — Cycles 4

Notes

1. Operating temperature is specified in DC Characteristics.
2. This voltage applies to all pins except X5 and XgyT-

3. Before next erase operation.
4,

Write cycles.

DC Characteristics

Table 233on page 340 lists the DC characteristics of the eZ80F91 device.

PS019215-0910
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Table 233. DC Characteristics

TA = TA =
0°Cto70°C —40°Cto 105°C
Symbol Parameter Minimum  Typ 2 Maximum Minimum Typ 2 Maximum Units Conditions
Vbp Supply Voltage 3.0 3.3 3.6 3.0 3.3 3.6 \Y
Vi Low Level -0.3 0.3xVpp -0.3 03xVpp V
Input Voltage
Viy High Level 0.7xVpp 55 0.7xVpp 55 \
Input Voltage
VoL Low Level 0.4 0.4 V. Vpp=3.0V,
Output Voltage loL=1 mA
VoH High Level 2.4 2.4 V.  Vpp=3.0V,
Output Voltage lon=-1 mA
VRrTC RTC Supply 2.0 3.6 2.0 3.6 \Y
Voltage
e Input Leakage -10 +10 -10 +10 HA  Vpp=3.6V;
Current Vin = Vpp or
Vss'
L Open-drain -10 +10 -10 +10 MA  Vpp=36V
Leakage Current
lcca Active Current 26 40 mA @ 10 MHz
52 80 mA @ 20 MHz
137 190 mA @ 50 MHz
lcch HALT Mode 15 20 mA @ 10 MHz
Current 27 40 mA @ 20 MHz
75 100 mA @ 50 MHz
lccs SLEEP Mode 25 20 25 95 pA  VBO_OFF=1
Current (VBO
disabled)
IrTC RTC Supply 25 10 25 10 pA  Supply current
Current into Vrrc

IThis condition excludes all pins with on-chip pull-ups when driven Low.
2Values in Typical column are for Vdd = 3.3V and T, = 25 °C.

POR and VBO Electrical Characteristics

Table 234on page 341 lists the Power-On Res®l \oltage Brownout characteristics of
the eZ80F91 device.

PS019215-0910 Electrical Characteristics



eZ80F91 MCU
Product Specification

341

Table 234. POR and VBO Electrical Characteristics

T = —40 °C to 105 °C

Symbol Parameter Minimum Typ Maximum  Unit Conditions

Vyeo VBO Voltage Threshold 2.45 2.65 2.90 V' Vee =Vyro

VpoR POR Voltage Threshold 2.55 2.75 2.95 V' Vee = Vpor

VhysT POR/VBO Hysteresis 30 100 120 mvV

TaANA POR/VBO analog RESET duration 40 100 us

Tveo min  VBO pulse reject period 10 us

lpor vBo POR/VBO DC current consumption 40 50 pA

ISpor_vBo POR/VBO DC SLEEP mode current 120 150 pA  VBO_OFF=0
consumption (VBO enabled)

VCCramp Ve ramp rate requirements to 0.1 100 Vims

guarantee proper RESET occurs

Flash Memory Characteristics

Table 2353ists the Flash memory characteristaf the eZ80F91 device. For Flash
programming and erase timing information, B&sh Memoryon page 97.

Table 235. Flash Memory Electrical Characteristics and Timing

Vpp =3.0V103.6 V;
T, = —40 °C to 105 °C

Symbol Minimum Typical Maximum Units Notes

Flash Byte Read Cycle Time 78 — — ns

Current Consumption Under  Various Operating Conditions

Figure 650n page 342 displays the typical current consumption of the eZ80F91 device
versus Vdd while operating at 25 °C, with zero Wait states, and with either a 10 MHz,
20 MHz, or 50 MHz system clock.
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eZ80F91 Active Idd vs CLK Freq @ Vdd (25C)

180.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00

Actve Idd (Icca) (mA)

20.00

0.00

10Mhz 20Mhz 50Mhz

Frequency (MHz)

——V\dd=2.9V — @ =Vdd=3.3V = -A- =Vdd=3.7V

Figure 65. | o vs. System Clock Frequency During ACTIVE Mode
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Figure 66displays the typical current consumption of the eZ80F91 device versus system
clock frequency while operating in HALT mode.

HALT Mode Idd (Icch) (mA)

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

eZ80F91 HALT Mode Idd vs CLK Freq @ Vdd (25C)

10Mhz 20Mhz 50Mhz

Frequency (MHz)

‘—o—Vdd=2.9V —m -Vdd=3.3V - -a- -Vdd=3.7V ‘

Figure 66. | cc vs. System Clock Frequency During HALT Mode
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Figure 67displays the typical current consumption of the eZ80F91 device versus Vdd
while operating in SLEEP modanits in microamps, I@A); all peripherals off, and VBO

disabled.
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€Z80F91 SLEEP Mode Idd vs Vdd (25C)

2.60 -
2.55 -
2.50 -
2.45 -
2.40 -
2.35 -
2.30 ~
2.25 A

SLEEP Mode Idd (I ccs) (uA)

2.20 -

2.15

2.9 3.3 3.7
vdd (V)

‘—- —lccs (VBO disabled) ‘

Figure 67. | ¢ vs. Vdd During SLEEP Mode

AC Characteristics

This section provides inforation about the AC characigtics and timing of the
eZ80F91 device. All AC timing information asses a standard load of 50 pF on all
outputs. Sedable 236

Table 236. AC Characteristics

Symbol Parameter

TA = TA =
0°Cto70°C —40°C to 105 °C

Minimum Maximum Minimum Maximum Units

Conditions

TxiN System Clock 20 1000 20 1000 ns Vpp=3.0-3.6V
Cycle Time

Tyne System Clock 8 8 ns Vpp=3.0-3.6V;
High Time Telk =20 ns

TyNL System Clock 8 8 ns Vpp=3.0-3.6V;
Low Time Tcolk =20 ns

PS019215-0910
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Table 236. AC Characteristics (Continued)

TA = TA =
0°Cto70°C —40 °C to 105 °C

Symbol Parameter Minimum Maximum Minimum Maximum Units Conditions
Tyinr ~ System Clock 3 3 ns Vpp=3.0-3.6V;

Rise Time Telk =20 ns
Tyne  System Clock 3 3 ns Vpp=3.0-3.6V;

Fall Time Telk =20 ns
Cin Input capacitance 10 typical 10 typical pF

} Note:

PS019215-0910

Table 237lists simulated inductance, capacitararg] resistance results for the 144-pin
LQFP package at 100 MHz operating frequency.

Table 237. Typical 144-LQFP Package Electrical Characteristics

Lead Inductance (nH) Capacitance (pF) Resistance (mohm)
Longest 6.430 1.100 62.9
Shortest 4.230 1.070 52.6

Package vendor-supplied; 100 MHz operating frequency

Electrical Characteristics
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Figure 68andTable 238&display the timing for external memory reads.

TCLK

\

PHI

_/:

e~ T, —> > T, le—
ADDR[23:0] : X X : ):( X
: — :<—>: T,
s X A X X
:<—T5 —>: —>: Ts :<—
s N\ L/
Il<—T7—>: | :<—T8—I>:
= T N\ Y
!<—T9_>: :<—T10—>:
- TR "y

Figure 68. External Memory Read Timing

Table 238. External Memory Read Timing

Delay (ns)
Parameter Abbreviation Minimum  Maximum
T, PHI Clock Rise to ADDR Valid Delay — 8.5
T, PHI Clock Rise to ADDR Hold Time 1.0 —
T3 DATA Valid to PHI Clock Rise Setup Time 0.5 —
Ty PHI Clock Rise to DATA Hold Time 0.5 —
Ts PHI Clock Rise to CSx Assertion Delay 2.6 8.0
Te PHI Clock Rise to CSx Deassertion Delay 0.0 6.0
T, PHI Clock Rise to MREQ Assertion Delay 2.6 7.0
Tg PHI Clock Rise to MREQ Deassertion Delay 1.0 6.3

PS019215-0910
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Table 238. External Memory Read Timing (Continued)

Delay (ns)
Parameter Abbreviation Minimum  Maximum
Tg PHI Clock Rise to RD Assertion Delay 2.7 7.0
T10 PHI Clock Rise to RD Deassertion Delay 1.0 6.3

External Memory Write Timing
Figure 69andTable 23%n page 348 display the tingrior external memory Writes.

[ [
|~ Tewk > |
[ [
pri \ // \_
| |
| ' |
f—— T, —>: ! — T, :4—
ADDR([23:0] : X X : : X X
} I ; I
[
: —> T3 :4— —>: Ty :4—
DATA[7:0] | X L | X X
(output) | ' | | .
[ T [
l—— T; —>: : —»: Ts :<—
s N\ \l L/
I 1 I I 1
e——T, —>: : < Tg —>:
- | |
wRE 1 N\___\ ! L/
| \ T
! :<— Ty —>1| —>: T le—
| -\ L\ /)
| | | ] |
1 ' [l

Figure 69. External Memory Write Timing

PS019215-0910 Electrical Characteristics



Table 239. External Memory Write Timing

eZ80F91 MCU

Product Specification

Ilog|,,

Delay (ns)
Parameter Abbreviation Minimum  Maximum
T, PHI Clock Rise to ADDR Valid Delay — 8.5
Ty PHI Clock Rise to ADDR Hold Time 1 —
T3 PHI Clock Fall to DATA Valid — 25
Ty PHI Clock Rise to DATA Hold Time 1.0 —
Tg PHI Clock Rise to CSx Assertion Delay 23 10.8
Te PHI Clock Rise to CSx Deassertion Delay 0.0 6.0
T, PHI Clock Rise to MREQ Assertion Delay 2.3 7.0
Tg PHI Clock Rise to MREQ Deassertion Delay 2.3 6.5
To PHI Clock Fall to WR Assertion Delay — 1.0
T10 PHI Clock Rise to WR Deassertion Delay* 0.0 5.0
WR Deassertion to ADDR Hold Time 0.4 —
WR Deassertion to DATA Hold Time 0.5 —
WR Deassertion to CSx Hold Time 1.2 —
WR Deassertion to MREQ Hold Time 0.5 —

*At the conclusion of a Write cycle, deassertion of WR always occurs before any change to
ADDR, DATA, CSx, or MREQ.

PS019215-0910
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Figure 70andTable 240display the timing for extern#lO reads. PHI dck rise/fall to
signal transition timing is independenttbé particular bus mode employed (e§80

Z80%, Intel, or Motorola).

< Tewk >
PHI _/'/ \ /'( \_
;: T > —»; T, |l<e—
ADDR[23:0] ! X X | IX X
: —»: T3 :<—>E T,
e A A X X
:: Ts :: —>: Ts :4—
A ¢ N
:<_T7_>: :<—T8—>:
o 1 \__\ | /
1 1
:<—T9—>: :<—T10—>:
® o \___\ A/
T f

Figure 70. External I/O Read Timing

Table 240. External 1/0O Read Timing

Delay (ns)
Parameter Abbreviation Minimum  Maximum
T, PHI Clock Rise to ADDR Valid Delay — 7.3
T, PHI Clock Rise to ADDR Hold Time 1.0 —
T3 DATA Valid to PHI Clock Rise Setup Time 0.5 —
Ty PHI Clock Rise to DATA Hold Time 0.0 —
Tg PHI Clock Rise to CSx Assertion Delay 2.0 8.5
Te PHI Clock Rise to CSx Deassertion Delay 0.0 6.0
T PHI Clock Rise to IORQ Assertion Delay 2.6 7.0

PS019215-0910
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Table 240. External /0 Read Timing (Continued)

Delay (ns)
Parameter Abbreviation Minimum  Maximum
Tg PHI Clock Rise to IORQ Deassertion Delay 1.0 6.3
Tg PHI Clock Rise to RD Assertion Delay 2.7 7.0
T10 PHI Clock Rise to RD Deassertion Delay 0.5 6.3

External 1/0O Write Timing

Figure 7landTable 241on page 351 display the timing for external I/O Writes. PHI clock
rise/fall to signal transition timing is independent of the particular bus mode employed
(ez8%, 80P, Intel, or Motorola).

|
|~ Terk >
|

" \ /f A

|
|
|
|
—— T, —— | | —>: T, l<—
soorgzo | X ):( ] | ):( X
| e
X X X X
I|<— Ts —»: | —»: Te :4—
=T L\ A

IORQ

| |
I { ;
. :
| :
< Ty > | Tip e—

N Y/

Figure 71. External I/O Write Timing
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Delay (ns)
Parameter Abbreviation Min Max
T, PHI Clock Rise to ADDR Valid Delay — 7.3
Ty PHI Clock Rise to ADDR Hold Time 1.0 —
T3 PHI Clock Fall to DATA Valid — 25
Ty PHI Clock Rise to DATA Hold Time 1.0 —
Tg PHI Clock Rise to CSx Assertion Delay 23 10.8
Te PHI Clock Rise to CSx Deassertion Delay 1.0 6.0
T, PHI Clock Rise to IORQ Assertion Delay 24 7.0
Ts PHI Clock Rise to IORQ Deassertion Delay 1.0 6.3
To PHI Clock Fall to WR Assertion Delay — 1.0
T10 PHI Clock Rise to WR Deassertion Delay* 0.0 5.0
WR Deassertion to ADDR Hold Time 0.4 —
WR Deassertion to DATA Hold Time 0.5 —
WR Deassertion to CSx Hold Time 1.2 —
WR Deassertion to IORQ Hold Time 0.5 —

*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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Wait State Timing for Read Operations

Figure 72displays the extension of the memancess signals using a single Wait state for
a Read operation. This Wait state is getegtdy setting CS_WAIT to 001 in the Chip
Select Control Register.

|
> _/—\_/—\_/—\
|

I
ADDR[23:0] : >< >< >< ><
|
DATA[7:0] : >< >< ><
(output) |
I

CSx

INSTRD

195

-\

Figure 72. Wait State Timing for Read Operations
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Wait State Timing for Write Operations

Figure 73displays the extension of the memancess signals using a single Wait state for
a Write operation. This Wait state is geniedaby setting CS_WAIT to 001 in the Chip
Select Control Register.

[ [ [
:4— Tek —>:<— Twarr —>:

PHI
| |
| |
I I

ADDR23O] | X X | X ><
l |
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|
|
|

AW

MREQ :

« T 1

Figure 73. Wait State Timing for Write Operations
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General-Purpose Input/Output  Port Input Sample Timing

Figure 74displays timing of the GPIO input samg@inT he input value on a GPIO port pin
is sampled on the rising edge of the systemslcl The port value ithen available to the
CPU on the second rising clock edgldaing the change of the port value.

| |
l«—— T k —>1 1 |
| |

PHI r _I

| |

| |

Port Value I !

Changes to 0 | |

GPIO Pin | !
Input Value ! :
| |

| |

4 |

GPIO Input 0 Latched | :
Data Latch Into GPIO ——> I
|

|

Data Register

|

|

I GPIO Data Register
GPIO Data | <—— Value 0 Read

|

|

|

READ on Data Bus by eZ80

Figure 74. Port Input Sample Timing

General-Purpose 1/0 Port Output Timing
Figure 75andTable 242on page 355 display timing information for GPIO port pins.

|
|
Teik >

»
I I
I I
I I
PHI /I \ /
I I
i . L
' l T\
Portouput | >< >< : >< ><
! I ! I
! I ! I
_>: T '«— —yl T, '<«—

Figure 75. GPIO Port Output Timing
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Table 242. GPIO Port Output Timing

Delay (ns)
Parameter Abbreviation Minimum  Maximum
T PHI Clock Rise to Port Output Valid Delay — 5
Ty PHI Clock Rise to Port Output Hold Time 1.0 —

External Bus Acknowledge Timing

Table 243ists information on ta bus acknowledge timing.

Table 243. Bus Acknowledge Timing

Delay (ns)
Parameter Abbreviation Minimum Maximum
T, PHI Clock Rise to BUSACK Assertion Delay 2.8 7.1
T, PHI Clock Rise to BUSACK Deassertion Delay 1.5 6.5
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Packaging

Figure 76displays the 144-pin low-profile quad flat package (LQFP) for the eZ80F91
device.

A
A2
Al
SYMBOL MILLIMETER INCH
MIN MAX MIN MAX
A 1.40 1.60 0.055 0.063
Al 0.05 0.15 0.002 0.006
A2 1.35 145 0.053 0.057
b 017 0.27 0.007 0.011
¢ 0.09 0.20 0.004 0.008
HD 21.75 22.25 0.856 0.876
D 19.90 20.10 0.783 0.791
HE 21.75 22.25 0.856 0.876
E 19.90 20.10 0.783 0.791
0.50 BSC 0.020BSC
F 175 0.689
L 035 0.65 0.014 0.026
LE 1.00 REF .039 REF
DETAIL A
CONTROLLING DIMENSIONS : MM

MAX COPLANARITY : .10mm
004

010° ~

DETAILA
101

Figure 76. 144-Lead Plastic Low-Profile Quad Flat Package (LQFP)
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Figure 77displays the 144-pin chip array balidyarray (BGA) package for the eZ80F91
device.

Figure 77. 144-Lead Chip Array Ball Grid Array (BGA)
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Ordering Information

Table 244lists part name, a product specificatindex code, and a brief description of
each part. Order the eZ80F91 microcontroller from ﬁlagsing the following part num-
bers. For more information on ordering, please consult your local Zilog sales office. The
Zilog website www.zilog.con) lists all regional offices and provides additional eZ80F91
microcontroller poduct information.

Table 244. Ordering Information

Part PSI

Description

eZ80F91 eZ80F91AZ050SG*

144-pin LQFP, 256 KB Flash memory, 8 KB SRAM, 50 MHz,
Standard Temperature

eZ80F91AZ050EG* 144-pin LQFP, 256 KB Flash memory, 8 KB SRAM, 50 MHz,
Extended Temperature

eZ80F91NAO50SG* 144-pin BGA, 256 KB Flash memory, 8 KB SRAM, 50 MHz,
Standard Temperature

eZ80F91NAO50EG* 144-pin BGA, 256 KB Flash memory, 8 KB SRAM, 50 MHz,
Extended Temperature

€Z80F910200ZC0G €Z80F91 Acclaim! Development Kit

eZ80F910100KITG eZ80F91 Acclaim! Modular Development Kit

€Z80F9105050MODG Ethernet Module

€Z80F9105005MODG  Mini Ethernet Module

ZUSBSCO00100ZACG USB Smart Cable

ZENETSCO0100ZACG Ethernet Smart Cable

*Denotes parts not recommended for new designs.

PS019215-0910
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Part Number Description

Zilog® part numbers consists of number of components as described below:

eZ80 F91 AZ 050 S C

L Environmental Flow
C = Plastic Standard
G = Lead-Free

Temperature Range
S = Standard, 0 Tto 70 C
E = Extended, —40 € to +105 C

Speed
0 = eZ80Acclaim!
50 = Speed

Package
AZ = LQFP (also called VQFP)
NA = BGA

Product Number

Zilog €280 ® cPU

Example: Part number eZ80F91AZ050SC is an eZ80F91 Acclaim! product in a LQFP
package, operating with a 50 MHz externalokl frequency over a 0 °C to +70 °C temper-
ature range and built using the RiaStandard environmental flow.

PS019215-0910 Ordering Information
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Address Bus, 7
Index address bus8, 68, 70, 71, 74, 75, 78, 81, 82,

85, 86, 161, 238, 239, 249, 255
address bus, 24-B%7

Numerics Addressing, 12223

100-pin LQFP packagé, 5 ALARM 160, 174

16-bit clock divisor valud 82, 206 ALARM bit flag 173

16-bit divisor countl82, 206 alarm conditioril60, 161, 173, 174

32 KHz Real-Time Clock Crystal Oscillator Opera-AND/OR Gating of the PWM Outputs48, 149
tion 337 Arbiter, EMAC 289

Arbitration, 12C215
asynchronous communications protot@b, 176

A asynchronous communications protocol Qifé
AAK 217,218, 220, 221, 222, 226, 227 asynchronous serial datd, 14

Absolute Maximum Rating339

Absolute maximum rating339

AC Characteristic844 B

ACK 213, 217, 218, 219, 220, 221, 223, 228 Basic Timer Operatiot.22

Acknowledge213 Basic Timer Register S&80

Acknowledge, 12213 Baud Rate Generatd81

ADDRO 6 Baud Rate GeneratouRctional Descriptior205
ADDR16 BCD 159, 173, 174

ADDR106 Binary Operatiorl6l, 162, 163, 166, 167, 168,
ADDR116 169, 170, 171, 172

ADDR127 binary operatior159

ADDR137 binary-coded-decimdl59

ADDR147 Binary-Coded-Decimal Operatid61, 164, 165,
ADDR157 166, 167, 168, 169, 170, 171, 172
ADDR167 bit generatiorll75, 176

ADDR177 Block Diagram?2

ADDR187 Boot Block25, 97, 107, 109

ADDR197 Boundary Scan Cell FunctionaliB60

ADDR2 6 Boundary Scan Instructior64

ADDR207 Boundary-Scan Architectu2s7

ADDR217 break detectiol75, 185

ADDR227 Break Point Haltindl26

ADDR237 break point trigger functiong57

ADDR3 6 BRG Control Registers82

ADDRA4 6 Bus Acknowledge Cycl&0

ADDRS5 6 bus acknowledge cyck 8, 9, 89, 90, 91, 94
ADDRG6 6 bus acknowledge pif0, 249

ADDRY7 6 Bus Arbiter89

ADDRS8 6 Bus Arbitration Overview211

ADDR9 6 Bus Clock Speed, 12230

PS019215-0910 Index



Bus Mode Controlle70

bus mode statél, 72, 75

Bus modeg0

bus modeg1, 84, 88

Bus Modes, Switching Betwed#
Bus Requests During ZDI Debug Mo@a8
bus timing70

BUSACK 9, 70, 239, 249, 255, 355
BUSACK pin 89, 249, 255
BUSREQ9, 70, 255

BUSREQ pin89, 239, 249, 255
Byte Format, 12213

C

C source-level debuggir231

capture flagl28

Carrier Sens807

carrier sens&03

carrier sense window08

Carrier Sense Window ReferenciBg8
Carrier Sense, MI22
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clock polarity bit204

Clock Synchronization for Handshak&6
Clock Synchronization, 12@14
Clocking Overview211

COL 22

Complex trigger257
CONTINUOUS model25
Continuous Modd 23, 126
continuous modé?21, 132, 138, 139
Control Transfers, UART79
CPHA—see clock phasz02, 203, 208
CPOL—see clock polarit203, 208
CRC 294, 295, 299, 300, 312
CRS22, 307

CS07, 65, 66, 67, 68

CS17, 65, 66, 67, 68

CS27, 65, 67, 68

CS37, 65, 67, 68

CTS191, 193

CTS012, 198

CTS115

Customer Feedback Forar5

Chain Sequence and Length, JTAG Boundary Scan

260
Characteristics, electrical

Absolute maximum rating339
Charge Pump65
charge pum269
Charge Pump, PLR66
Chip Select Registe&b
Chip Select x Bus Mode Control Regis8s
Chip Select x Control Regist&i7
Chip Select x Lower Bound Regisi@&®
Chip Select x Upper Bound Regis&8
Chip Select/Wait State Generator bldtk

Chip Selects During Bus Request/Bus Acknowl-

edge Cycles0

Clear to Send 2, 15, 193

CLK_MUX 269

clock divisor value, 16-bit82, 206

clock initialization circuitry258

Clock Peripheral Power-Down Registdis
clock phase€02

clock phase bi204

PS019215-0910

D

DATA bus 78

Data Bus8

data bus70, 71, 73, 74, 75, 82, 88, 161, 238,

239, 249, 255

Data Carrier Detect3, 16, 193

Data Set Read¥3, 16, 193

Data Terminal Read$2, 15, 191

Data Transfer Procedure with SPI configured as a
Slave206

Data Transfer Procedure with SPI Configured as the
Master205

data transfer, SFA09

Data Transfers, UART79

Data Validity, 12C212

DATAO 8

DATAL1 8

DATA2 8

DATA3 8

DATA4 8

Index



DATAS 8

DATAG 8

DATA7 8

DC Characteristic839
DCD 190, 193
DCDO013, 198
DCD116

DCTS193

DDCD 193

DDSR 193

Divider, PLL 266
divisor count206
divisor count, 16-bifl82
DSR191, 193
DSRO013, 198
DSR116

DTACK 81, 82

DTR 191, 193

DTR0O 12, 198
DTR115

E

EC017, 127, 129, 132

EC122, 127,129, 132

edge-selectable interrupd®

Edge-Triggered Interrupt&4

El, Op Code Ma280

EMAC 287

EMAC Address Filter Registed11

EMAC Boundary Pointer Register—Low and High
Bytes319

EMAC Boundary Pointer Register—Upper Byte
319

EMAC Buffer Size RegisteB22

EMAC Configuration Register 299

EMAC Configuration Register 3201

EMAC Configuration Register 302

EMAC Configuration Register 303

EMAC FIFO Data Register—Low and High Bytes
332

EMAC FIFO Flags Registe333

EMAC Functional Descriptio288

EMAC Hash Table Regist&12
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EMAC Interpacket GaB06

EMAC Interpacket Gap Overvie®06

EMAC Interpacket Gap Regist807

EMAC Interrupt Enable Regist&23

EMAC Interrupt Status Regist825

EMAC Interrupts292

EMAC Maximum Frame Length Register—Low
and High Bytes309

EMAC memory288, 289

EMAC MIl Management Regist&d13

EMAC MII Status RegisteB27

EMAC Non-Back-To-Back IPG Register—Part 1
308

EMAC Non-Back-To-Back IPG Register—Part 2
308

EMAC PHY Address Regist&315

EMAC PHY Configuration Data Register—Low
Byte 314

EMAC PHY Read Status Data Register—Low and
High Bytes326

EMAC PHY Unit Select Address Regist&t6
EMAC RAM 93, 94, 95, 96

EMAC Receive Blocks Left Register—Low and
High Bytes330

EMAC Receive High Boundary Pointer Register—
Low and High Bytes320

EMAC Receive Read Pointer Register—Low and
High Bytes321

EMAC Receive Write Pointer Register—High Byte
329

EMAC Receive Write Pointer Register—Low Byte
328

EMAC Receiver Interruptg92

EMAC Register297

EMAC Reset Control Regist&17

EMAC Shared Memory Organizati@92

EMAC Station Address Regist8f4

EMAC System Interrupt292

EMAC Test RegisteR98

EMAC Transmit LoweBoundary Pointer Regis-
ter—Low and High Byte818

EMAC Transmit Pause Timer Value Register—
Low and High Bytes805

EMAC Transmit Polling Timer Regist&16

Index



EMAC Transmit Read Pointer Register—High
Byte 330
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FAST mode211, 230
FCS295, 296, 306

EMAC Transmit Read Pointer Register—Low Byte Featuresl

329

EMAC Transmitter Interrupt292
EMACMII module 287

Enabling and Disabling the WDT16
Endec199

endecl95, 196, 198

ENDEC Mode306

ENDEC mode302

endec signal pin¥98

endec, IrDA47

Erasing Flash Memor01

Ethernet Media Access Controll287
event count input32

Event count modé27

event count modé&28

Event Counted 25, 127

event countefl27

External Bus Acknowledge Timing55
external bus mast&9, 90

external bus requeg0, 235, 239
External I/O Read Timing§49

External 1/O Write Timing350

External Memory Read Timing46
External Memory Write Timing47
external pull-down resistdyl

External Reset Input and Indicatt
eZ80 Bus Modé&'1

eZ80 bus modeés

eZ80 CPUB, 69, 70, 74, 81, 195, 241, 257
eZ80 Product ID Low and High Byte Regist2el
eZ80 Product ID Revision Regist252
eZ80 Webserver2, 6, 8, 9, 19, 57, 58, 68, 115
eZ80 Webserver-i Block Diagrafh
eZ80Acclaim! Flash Microcontrollerk, 98
eZ80F91 devicd, 5, 27, 340
eZ80F92252

F

f71, 74, 346
falling edgel47, 148, 150, 155

PS019215-0910

Features, eZ80 CPU Co88

FIFO model76, 179

Flash Address registei®0, 103, 110
Flash address registe99

Flash Address Upper Byte Regisié€4
Flash Column Select Registet2

Flash Control Register05

Flash Control Registers02

Flash controlle®8, 99, 100, 106, 108
Flash controller clock06

Flash Data Register03

Flash Frequency Divider Registe06
Flash Interrupt Control Registép8
Flash Key Registet02

Flash Memony97

Flash memory arra98, 109

Flash Memory Overvie\@8

Flash Page Select Regisid)9

Flash Program Control Registkt?2
Flash Row Select Registéil

Flash Write/Erase Protection Registé7
frame check sequen886

framing errorl75, 177, 185, 192
frequency divide®8, 106

full-duplex transmissior204

Functional Description, fnared Encoder/Decoder
195

Functional Description, Seti Peripheral Interface
204

G

General-Purpose I/O Pdriput Sample Timing
354

General-Purpose 1/0O Port Output TimiB§4
General-Purpose Input/Outpd®

GND 2

GPIO Control Registerss

GPIO InterruptH4

GPIO mode$0, 52

GPIO Operatiot9

Index



GPIO Overview49
GPIO port pinstl, 49, 55, 354

H

HALT 10, 253, 277

HALT instruction45

HALT Mode 45

HALT model, 46, 245, 253
HALT, Op-Code MaR80
HALT_SLP 10, 253, 260
Handshake&16
handshakd75, 177

hash table811

I/O Chip Select Operatio68

I/O Chip Selects, External7

I/O Read99

I/O spaces, 8, 65, 68

12C Acknowledge biR26

I2C bus211, 214, 215

I12C bus clock11

I12C bus protocoR12

I12C Clock Control Registe229

I2C control bit217, 218, 220

I12C Control Registe225

I2C Data Registe?25

I2C Extended Slave Address Regis2én

I2C Register223

I2C Software Reset Regist2B80

I2C Status Registe227

IC017,127,129, 134,135, 139, 140, 141, 142,
152, 156

IC117,127, 129, 134, 135, 139, 141, 152, 156
1IC218, 127,129, 134, 135, 139, 140, 141, 152,
156

IC318,127,129, 134,135, 139, 141, 142,152,
156

IEEE 1149.1 specificatioB59, 264

IEEE 802.3311

IEEE 802.3 frame800

IEEE 802.3 specificatioB01, 302
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IEEE 802.3, 802.3(u) minimum valu866
IEEE 802.3/4.2.3.2.1 Carrier Defererié@7, 308
IEEE Standard 1149257, 258
IEF159, 125, 253
IEF259
IFLG bit 211, 216, 219, 221, 222, 223, 226, 229
IM 0, Op Code Maj283
IM 1, Op Code Maj283
IM 2, Op Code Maj283
Information Page Characteristit62
Infrared Encoder/Decodén5
Infrared Encoder/Decoder RegisiI9
Infrared Encoder/Bcoder Signal Pins98
Input Capturel28
INPUT capture modé&30
Input capture modé28
input capture mod&27, 134
INSTRD 9
Instruction Store 4
0 Register49
Intel- 70
Intel Bus Moder73
Intel Bus Mode (Separate Address and Data Buses)
74
internal pull-up50
Internal RC oscillatofL15
internal RC oscillatod 18
internal system clocB9
Interpacket GaB06, 307
Interpacket gaj306
interpacket gaR96, 308
Interrupt Controllel’57
interrupt enabl®
Interrupt Enable bi225
interrupt enable bit60, 178
Interrupt Enable Flag53
interrupt enable flag25
Interrupt Inputl98
interrupt inputll, 12, 13, 14, 15, 16
Interrupt Priority61, 63
interrupt priority63
interrupt priority level$60
Interrupt Priority Register§0
Interrupt request33, 134

Index



interrupt requesh4, 58, 108, 127
interrupt request signatr’
interrupt service routing8, 59, 60
interrupt service routine, SBB
interrupt source§52

interrupt vectos7, 58

interrupt vector addre<s9, 60
interrupt vector bus8

interrupt vector locations8
interrupt vector tabl&8

interrupt, higher-priority62, 186
interrupt, highest-priorityp7, 58
interrupts, edge-selectal®®
interrupts, level-sensitive5

Introduction to On-Chip Instrumentati@b7

Introduction, Zilog Debug Interfac231
IORQ8, 9,68, 71, 74, 75, 78

IORQ Assertion Delag49, 351

IORQ Deassertion Dela350, 351
IORQ Hold Time351

IR_RXD 196, 198, 199

IR_TxD modulation signall, 196, 198
IrDA Encoder/Decodet 98

IrDA encoder/decodet1

IrDA endec47

IrDA Receive Datdl 1l

IrDA specifications196

IrDA standard195

IrDA standard baud rate95

IrDA transceiverl 98

IrDA Transmit Datall

IrDA—see Infrared Data Associatid®5
IRQ 58

irq_en205, 208

ISR58

IVECT 57, 58, 59, 60

J

Jitter, Infrared Encoder/Decod&®8
JTAG Boundary Scaf59

JTAG interface257, 264

JTAG mode selectiof58

JTAG Test Model0
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L

least-significant byt®8

level-sensitive interrupt modég
level-sensitive interruptss, 198
Level-Triggered Interrupts4

Line break detectiot75

line status errot78

Line status interrupt85

line status interrupt77, 179, 180

Lock Detect265

lock detect267

lock detect sensitivit69

Lock Detect, PLL266

Loop Filter265

loop filter 267, 273

Loop Filter, PLL13, 266

loop model77

LOOP_FILT 259

Loopback Testing, Infred Encoder/DecoddrO8
low-byte vector57

LSB 59, 60, 138, 229, 304, 311

Lsb291

Isb 136, 138, 140, 141, 144, 157, 158, 216,
217, 218, 219, 220, 222, 310, 314, 318, 320,
321, 326, 328, 329

M

maskable interrupt6, 57, 60, 62
Maskable Interrupts§7

Mass Erasd01

mass eras&07, 108, 112

MASS ERASE operatio02
Mass Erase operatidiil3

mass erase operatid91, 110
MASTER mode203, 211, 226, 228, 229, 230
Master mode22, 227

master mode22

Master Mode Start b225
Master Mode Stop bR226
MASTER mode, SP204

Master Receiv@1l, 219

Master Transmi216

MASTER TRANSMIT mode211

Index



master_en bi204

Master-In, Slave-Ou202

Master-Out, Slave-1202

MAXF 299

MAXF—see Maximum Frame Leng®09
Maximum Frame LengtB09

MBIST 96

MBIST Control96

MDC 24, 314

MDIO 25

Memory and 1/O Chip Selec&b

Memory Built-In Self-Test controllerd6
Memory Chip Select Exampks

Memory Chip Select Operatid@b
Memory Chip Select Prioritg6

Memory Rea®9

Memory Requess

memory spacé5b, 68

Memory Write101

Memory, EMAC288

MIl 287, 292, 306, 313, 324, 325, 326, 327
MISO—see SPI Master In Slave Qi, 202, 204
mode fault209

Mode Fault error flag02

Mode Fault flagz04

Mode Fault, SPI Flag04

Modem Statud.86, 193

Modem statud 78

modem statu4 79, 180, 190

modem status interruf98

Modem status signdl2, 13, 15, 16
MODF 202, 204, 209

Module Reset, UARTL79

MOSI—see SPI Master Out Slavel8, 202, 203,
204

Motorola Bus Mode30
Motorola-compatiblé’O

mpwm_enl46, 153

MREQ8, 9, 65, 71, 74, 75, 78, 346, 348
MREQ Hold Time348

MSB 58, 139

Msb 291

msb109, 137, 139, 141, 142, 145, 157, 158,
213, 237, 310, 318, 327, 329, 330, 331

PS019215-0910
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Multibyte 1/0O Write (Row Programming)00
multicast addres296, 312

multicast packeB11, 312

multimaster conflic04, 209

Multi-PWM Control Registerd 53
Multi-PWM Mode 145

Multi-PWM Power-Trip Model52
Mux/CLK Sync265

MUX/CLK Sync, PLL 266

N

NACK 213, 217, 218, 220, 221, 226, 228
New Instructions, eZ80 CPU Co88

NMI 9, 39, 46, 57, 115, 116, 117
NMI_flag bit 117

nmi_out bit116

Nonmaskable Interru@, 39
Nonmaskable interrug78

nonmaskable interrugt6, 57, 115, 116
nonoverlapping delay, PW48, 151

Not Acknowledge213

O

0C020, 127, 129, 133, 135, 143, 144, 145
0C120, 127, 129, 133, 135

0C220, 127, 129, 133, 135

0C321, 127, 129, 133, 135, 144, 145
OCI Activation258

OCI clock pin258

OCI Interface258

On-Chip Instrumentation, Introduction 257
on-chip pull-up340, 359

On-chip RAM®65, 93, 94

Op Code map280

Op-Code Ma®80

Open source I/BG0O

Open-drain 1/C60

open-drain 1/C60

open-drain mod&0

Open-drain outpus0

open-drain outpu211

open-source model

Index



Open-source outpdO

open-source outputl, 12,13, 14, 15, 16,17, 18,
19

Operating Modes, 12Q16
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PD212, 198
PD312
PD412
PD513

Operation of the eZ80F91 Device during ZDI BreakPD6 13

Points238

Ordering Informatior858

Output Compard 28

Output compare modi43

output compare modE27, 128, 130, 133
overrun condition, receivelr78

Overrun errorl92

overrun errorl75, 177, 185

Overview, Phase-Locked Lo&B5

P

PA7 150

Packaging357

Page Eras&01

page erasé12

Page Erase operatidi 3
page erase operatid®1, 109
PAIR_EN153, 154
parity errorl77, 188, 192
Part Number DescriptioB60
PB0O17

PB117

PB217

PB318

PB418

PB518

PB619

PB719

PC014, 20

PC114, 20

PC215, 20

PC315, 21

PC415, 21

PC516, 21

PC616, 22

PC716, 22

PDO011, 198

PD111, 198

PS019215-0910

PD713, 198

Phase Frequency Detec85

Phase Frequency Detector, PR&6

PHI 19, 261

PHI Clock outpu#8

PHY 22, 24, 28, 29, 292, 296, 314, 315, 325,
326, 327

PHY, Ml 288, 313

Pin Characteristic6

Pin Coverage, JTAG Boundary Sc259

Pin Descriptiord

PLL Characteristic72

PLL Control Register @69

PLL Control Register 270

PLL Divider Control Register—Low and High
Bytes268

PLL Loop Filter13

PLL Normal Operatior267

PLL Register268

PLL_VDD 268

PLL_VSS268

Poll Mode Transferd81

POP, Op Code Map80, 282, 284

POR Voltage Thresholg41

POR voltage thresholf2

POR/VBO analog RESET durati@41
POR/VBO DC current consumpticd#1
POR/VBO Hysteresi841

Port A20, 21, 47, 49, 58, 62, 63, 145

Port x Alternate Register36

Port x Alternate Register 26

Port x Data Direction Registes®

Port x Data Registelsb

Potential Hazards of Enling Bus Requests During
Debug Mode239

Power connection2

Power Requirement toehPhase-Locked Loop
Function268

Power-On Resetl, 42, 340

Index



power-trip153

Power-Trip Mode, Multi-PWML52

power-trip, multi-PWM152

Primary Crystal Oscillator Operati@85
Program Countetl1, 45, 46, 59, 97, 250, 251,
255

Program Counter, Startir@p

Programmable Reload Timet21

Programming Flash MemoB89

Promiscuous Mod&11

PT_EN153

pull-up resistor, extern&l, 211

Pulse-Width Modulation Control Registerl 53
Pulse-Width Modulation Control Registerl34
Pulse-Width Modulation Control Registerl36
Pulse-Width Modulatiofralling Edge—High Byte
158

Pulse-Width Modulatiofralling Edge—Low Byte
158
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PWM1 20, 21, 127, 129, 147, 149
PWML1 falling edge end-of-coui#48, 151
PWML1 rising edge end-of-cout8, 151
pwml_enl53

PWM1FH 148

PWM1RH 157, 158

PWM1RL 157, 158

PWM2 20, 22, 127, 129, 147

PWMZ2 falling edge end-of-coui48
PWM2 rising edge end-of-coutid8
pwm2_enl53

PWM2RH 148

PWM3 21, 22, 127, 147

pwm3_enl53

PWMCNTRL1146

PWMCNTRL2148

PWMCNTRL3152

Pulse-Width Modulation Rising Edge—High Byte Q

157

QMC 311

Pulse-Width Modulation Rising Edge—Low Byte qualified multicast messag&41

157

PUSH, Op Code Mag80, 282, 284
PWM delay featurd 51

PWM edge transition valuesi8, 149
PWM generatofi45, 146, 147, 148, 153
PWM generatord46

PWM Master Model48

PWM model21, 127, 130, 131, 134
PWM mode, Multi-145, 146, 148, 149, 153
PWM nonoverlapping dela$48

PWM nonoverlapping delay timEs1
PWM Nonoverlapping Output Pair Dela$50
PWM output pairsl48

PWM outputsl49, 150, 152

PWM Outputs, AND/OR Gating48, 149
PWM outputs, inverted47

PWM pairs149

PWM power-trip statd 52

PWM signalsl45

PWM trip levels156

PWM waveform149

PWMO 150

PS019215-0910
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RAM 93

RAM Address Upper Byte Registeb

RAM Control Registe®4

Random Access Memo®S3

RD 8, 65, 68, 71, 74, 75, 78

RD Assertion Delay47, 350

RD Deassertion Delag47, 350

Reading Flash Memor§8

Reading the Current Count Valag2
Real-Time Clock41, 45, 159, 160, 161, 173
Real-Time Clock Alarnl160

Real-Time Clock alarmd5

Real-Time Clock Alarm Control Registéir3
Real-Time Clock Alarm Day-of-the-Week Register
172

Real-Time Clock Alarm Hours Regist&71
Real-Time Clock Alarm Minutes Regist&r0
Real-Time Clock Alarm Seconds Regisi&9
Real-Time Clock Battery Backujt0
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Real-Time Clock Century Regist&68 RTC_XOUT10
Real-Time Clock Control Registé&i73 RTS191, 193, 198
Real-Time Clock Day-Bthe-Month Registef65 RTS012
Real-Time Clock Day-of-the-Week Regist4 RTS115

Real-Time Clock Hours Regist&63 RX_CLK 24
Real-Time Clock Minutes Registé62 Rx_CLK 23
Real-Time Clock Month Registd166 Rx_DV 24
Real-Time Clock Oscillator and Source Selection Rx_ER23
160 RxD0 11, 24
Real-Time Clock Overvievt59 RxD1 14, 24
Real-Time Clock Recommended Operatidi) RxD2 24
Real-Time Clock Registers61 RxD324
Real-Time Clock Seconds Regisidgl RxDMA 290

Real-Time Clock signal28
Real-Time Clock sourc&lb, 118, 125

Real-Time Clock Year Registé67 S

Receive, Infrared Encoder/Decod&6 Schmitt Trigger

Recommended Usage of the Baud Rate Generatogchmitt trigger9

181 Schmitt Trigger Inpu®, 11, 14, 15, 17, 18, 25
Register Set for Capture in Timerl30 Schmitt-trigger input bufferd9

Register Set for Capture/Compare/PWM in Timer 3SCK 18, 202

130 SCK Idle State203

Request to Sentl2, 15, 191 SCK pin204, 208

RESET9, 41, 42, 45, 46, 50, 65, 93, 94, 105, SCK Receive Edga03
107, 115, 116, 161, 164, 165, 166, 167, 168, SCK signal204
169, 170, 171, 172, 173, 174, 181, 182, 199, SCK Transmit Edg@03

205, 206, 243, 245, 258, 260, 341 SCL19, 211, 212, 213, 229
Reset controlledl, 42 SCL line214, 216

RESET eventl, 49 SCLK 41, 150, 265, 314
RESET mode timed1, 42 SCIk 266

RESET Or NMI Generatio16 Sclk 267

Reset State§6 SCLK periodsl55
RESET_OUT260 SDA 19, 211, 212, 213, 222
Resetting the 12C Registe223 SDA line 215

RI177,191, 193 see system res8t

RI10 13, 198 serial bus, SP209, 210
RI116, 51 Serial Clock211

Ring Indicatorl3, 16, 193 Serial Clock, 12C19

rising edgel47, 148, 150, 155 Serial Clock, SP18, 202
rst_flag bit116 Serial Data211

RTC Oscillator Inputl28 serial dat&202

RTC Supply Voltage340 Serial Data, 12C19
RTC_VvDD 10 Serial Peripheral Interfack 47, 58, 62, 201,
RTC_XIN 10 202, 204
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SPIF status bit—see SerReripheral Interface flag

Serial Peripheral Interface Functional Description 209

204

Setting Timer Duratiori22
Single Pass Mod&23

single pass modg&21, 124, 132
Single-Byte 1/0O Write99

SLA 218, 220, 224, 279

SLA, Op Code May285, 286
SLA, Op Code mag81
SLAVE mode211, 225, 228
slave mode22, 223, 224
SLAVE mode, SPR04

Slave Receiv@l1l, 222

Slave Selec202

Slave Transmif11, 221

Slave Transmit moda26

slave transmit mode21, 222
SLEEP Mode45

SLEEP model73, 245, 253
sleep-mode recoveryj73
sleep-mode recovery reskt4
Software break point instructic?b7
Specialty Timer Mode$26

SPI Baud Rate Generat®@5
SPI Baud Rate GeneraRegisters—Low Byte and
High Byte 206

SPI Control Registe208

SPI Data Rat205

SPI Flag204

SPI interrupt service routirte8
SPI Master devic206

SPI master devic&9

SPI MASTER mode04

SPI model7

SPI Receive Buffer Registed.0
SPI Register206

SPI serial bug09

SPI Serial ClockL8

SPI Signal202

SPI slave devic&9

SPI SLAVE mode04

SPI Status Regist@05, 209
SPI Transmit Shift Regist&05, 206, 209
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SPIF—see Serial Peripheral Interface P&,
209

SRA 279

SRA, Op Code Map81, 285

SRAM 1, 104, 231, 329, 359

SRAM, internal Etherne292

SS—see Slave Selet?, 202, 203, 204, 206,
208

STA 225

standard modg11

Standard VHDL Package STD_1149 1 2@@0D
START and STOP Conditiorsl 2

START condition212, 215, 216, 218, 219, 221,
222, 223, 225, 227, 228, 229, 230

start conditior213

Start Condition, ZDR33

Starting Program Count&9, 60

STOP conditior212, 213, 215, 219, 221, 222,
226, 227, 229, 230

Supply Voltage340

supply voltage?, 42, 50, 211, 267, 339
Switching Between Bus Modéz!

System clockd7, 48, 115

system clockl, 45, 51, 54, 118, 125, 127, 132,
150, 181, 205, 229, 230, 238, 258, 266, 289,
354

system clock cycl@5, 78, 122

System Clock Cycle Timg&44

system clock cycle8, 68, 71, 72, 75, 78, 82,
116, 258

System clock dividet32

System Clock Fall Tim&45

System Clock Frequency?22, 181, 205
system clock frequenc§9, 101, 105, 106, 232
System Clock High Tim&44

system clock jitted 27

System Clock Low Tim&44

System Clock Oscillator Input4

System Clock Oscillator Outpd

system clock perio@58

system clock period$s51

System Clock Rise Timg45

Index



system clock rising edge81, 205
System Clock Sourc269
System clock sourc270

system clock sourc269

system clock, high-frequen@05
system clock, intern&9

system RESE®RI1, 162, 163
system reset60, 183, 267, 297

T

T2 clock151

T2 end-of-counil51

T23CLKCN 151

TAP 264

TAP Rese58

TCK 233, 258, 259, 264

TDI 258, 259, 260

TDO 258, 259, 260

TERI 193

Test Access Po257

Test Access Port instructicd64

Test Access Port state regish&i8

Test Mode258

Time-Out Period Selectiohl6

Timer Control Registet32

Timer Data Register—High BytE37

Timer Data Register—Low Byt&36

Timer Input Capture Control Regist&B9

Timer Input Capture Value A Register—High Byte
141

Timer Input Capture Value A Register—Low Byte
140

Timer Input Capture Value B Register—High Byte
142

Timer Input Capture Value B Register—Low Byte
141

Timer Input Source Selectidi25

Timer Interrupt Enable Regist&B3

Timer Interrupt Identification Registé35

Timer Interruptsl24

Timer Outputl25

Timer Output Compare Control Registet42
Timer Output Compare Control Registet£3
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Timer Output Compare Value Register—High Byte
145

Timer Output Compare \liae Register—Low Byte
144

Timer Port Pin Allocatior129

Timer Registerd 30

Timer Reload Register—High Byt39

Timer Reload Register—Low BytE38

TMS 258, 259

TOUTO021, 129

TOUT121, 129

Trace buffer memorg57

Trace history buffe57

Transferring Dat213

transmit shift registet 76, 185, 188, 191
Transmit Shift Register, SR04, 205, 206, 209,
210

Transmit, Infrared Encoder/DecodE®6
trigger-level detection logit 76

TRIGOUT 258, 260

tristate152

TRSTN258, 259

Tx_CLK 23

Tx_EN23

Tx_ER23

TxDO 11, 23

TxD1 14, 23

TxD2 23

TxD3 22

TxDMA 290

UART Baud Rate Gend@ar Register—Low and
High Bytes182

UART FIFO Control Registet87

UART Functional Descriptiod76

UART Functionsl76

UART Interrupt Enable Registdi84
UART Interrupt Identification Registelrl86
UART Interruptsl?78

UART Line Control Registet88

UART Line Status Register91

UART Modem Controll77

Index



UART Modem Control Registek90
UART Modem Status Interrugdt79
UART Modem Status Regist@é®3
UART Receive Buffer Registeirl84
UART Receiverl77

UART Receiver Interrupt&78

UART Recommended Usad&d9
UART Registersl83

UART Scratch Pad Regist&éB4
UART Transmit Holding Registet83
UART Transmitterl76

UART Transmitter Interrupt78
Universal AsynchronouReceiver/Transmittek75
Usage, JTAG Boundary Scae4

Vv

VBO 41, 42, 340

VBO pulse reject perio841

VBO Voltage Threshol@41

VCC 2, 42, 341

VCC ramp rate841

VCO 266, 273

vco 273

VLAN tagged frame309

Voltage Brown-OuB40

Voltage Brown-Out Reset2

Voltage Controlled Oscillata265
Voltage Controlled Oscillator, PLR66
voltage signal, higih00

voltage, inpu266

voltage, peak-to-peak73

voltage, supphy2, 50, 211, 267, 339, 340

W

WAIT 1, 9, 75, 78, 81, 82

WAIT condition112

WAIT Input Signal69

WAIT pin, external71

WAIT state72, 78, 352, 353

Wait State Timing for Read Operatio852
Wait State Timing for Write Operatior33
WAIT states58, 75, 78, 87, 239
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Wait State$8

Watchdog Timed, 45, 115, 116, 238
Watchdog Timer Control Registéd.7
Watchdog Timer Operatiohl6
Watchdog Timer Registedsl 7
Watchdog Timer Reset RegistEL9
Watchdog Timer time-outl, 45, 46
wcOl 209

WCOL—see Write Collisior204, 205
WDT 41, 45, 115, 116, 117

WDT clock sourcel15, 116, 118
WDT oscillator117

WDT time-outl115, 116, 117, 119
WDT time-out periodl16, 118

WP 25

WP pin97, 107, 108, 109

WR 8, 65, 68, 71, 75, 78, 348, 351
Write Collision205

write collision204

write collision, SP209

X
XIN input pin 335
XOUT output pin335

Z

Z80-70

Z80 Bus Moderl

ZCL 233, 236, 243

ZDA 233, 243, 258

ZDI 231, 232, 257

ZDI Address Match Registeg=st1
ZDI Block Read238

ZDI Block Write 236

ZDI Break Control Registe242
ZDI Bus Control Registe?249
ZDI Bus Status Regist&¥55

ZDI Clock and Data Conventior33
ZDI clock pin233

ZDI data pin233

ZDI debug controR57

ZDI Master Control Registe245

Index



ZDI Read Memory Regist&155
ZDI Read Operation837

ZDI Read Register Low, High, and Up@s4
ZDI Read/Write Control Regist&47
ZDI Read-Only Register240

ZDI Register Addressing35

ZDI Register Definition241

ZDI Single-Bit Byte Separatd34
ZDI Single-Byte Rea@37

ZDI Single-Byte Write236

ZDI Start Conditior233

ZDI Status Registe253

ZDI Write Data Register246

ZDI Write Memory RegisteR50
ZDI Write Only Register239
ZDI Write Operation®236
ZDIl_BUS_STAT?239, 241, 255
ZDI_BUSACK_EN238
ZDI_BUSAcK_En255
ZDI-Supported Protocd32

ZDS 11 231

Zilog Debug Interfac@31, 257
Zilog Developer Studio 1231
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Customer Support

PS019215-0910

For answers to technical questions abouptiogluct, documentation, or any other issues
with Zilog’s offerings, vi# Zilog's Knowledge Base dtitp://www.zilog.com/kb

For any comments, detail technical questions, or reporting problems, visit Zilog’s Techni-
cal Support ahttp://support.zilog.com

Customer Support


http://support.zilog.com
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