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68K FAX-IT

Documentation Comments

FAX 512-891-8593—Documentation Comments Only

The Motorola High-Performance Embedded Systems Technical Communications Depart-
ment provides a fax number for you to submit any questions or comments about this docu-
ment or how to order other documents. We welcome your suggestions for improving our
documentation. Please do not fax technical questions.

Please provide the part number and revision number (located in upper right-hand corner of
the cover) and the title of the document. When referring to items in the manual, please ref-
erence by the page number, paragraph number, figure number, table number, and line num-
ber if needed.

When sending a fax, please provide your name, company, fax number, and phone number
including area code.

Applications and Technical Information

For questions or comments pertaining to technical information, questions, and applications,
please contact one of the following sales offices nearest you.
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PREFACE

The MC68307 User’s Manual describes the programming, capabilities, and operation of the
MC68307 and the MC68000 Family Programmer’s Reference Manual provides instruction
details for the MC68307.

The organization of this manual is as follows:
Section 1 Introduction
Section 2 Signal Description
Section 3 Bus Operation
Section 4 ECO000 Core Processor
Section 5 System Integration Module
Section 6 Dual Timer Module
Section 7 M-Bus Interface Module
Section 8 Serial Module
Section 9 IEEE 1149.1 Test Access Port
Section 10  Applications Information
Section 11  Electrical Characteristics
Section 12 Ordering Information and Mechanical Data
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SECTION 1
INTRODUCTION

The MC68307 is an integrated processor combining a static ECO00 processor with multiple
interchip bus interfaces. The MC68307 is designed to provide optimal integration and
performance for applications such as digital cordless telephones, portable measuring
equipment, and point-of-sale terminals. By providing 3.3 V, static operation in a small
package, the MC68307 delivers cost-effective performance to handheld, battery-powered
applications.

The MC68307 (see Figure 1-1) contains a static ECO00 core processor, multiple bus
interfaces, a serial channel, two timers, and common system glue logic. The multiple bus
interfacles include: dynamic 68000 bus, 8051-compatible bus, and Motorola bus (M-bus) or
I2C bus-.

SYSTEM INTEGRATION MODULE
(SIM07)

STATIC EC000 CORE PROCESSOR
8/16-BIT M68000

BUS INTERFACE

8051 BUS INTERFACE DYNAMIC BUS SIZING EXTENSION

CHIP SELECT AND DTACK N

INTERRUPT /I
CONTROLLER 68000 INTERNAL BUS )
PROCESSOR CONTROL AND \]
CLOCK

SYSTEM PROTECTION 7

PARALLEL I/O PORTS

M-BUS UART DUAL

TIMER
MODULE SERIAL I/0 MODULE

POWER MANAGEMENT

JTAG PORT

Figure 1-1. MC68307 Block Diagram

The dynamically-sized 68000 bus allows 16-bit performance using static random access
memory (SRAM) while providing a low-cost interface to an 8-bit read-only memory (ROM).
The 8051-compatible bus interfaces gluelessly to 8051-type devices and allows the reuse

L12C busis a proprietary Philips interface bus.
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of application-specific integrated circuits (ASICs) designed for this industry standard bus.
The M-bus is an industry-standard 2-wire interface that provides efficient communications
with peripherals such as EEPROM, analog/digital (A/D) converters, and liquid crystal display
(LCD) drivers. Thus, the MC68307 interfaces gluelessly to boot ROM, SRAM, 8051 devices,
M-bus devices, and memory-mapped peripherals. The MC68307 also incorporates a slave
mode which allows the EC000 core to be disabled, providing a 3.3-V or 5-V static, low-power
multifunction peripheral for higher performance M68000 family processors.

The main features of the MC68307 include:

1-2

Static ECO00 Core Processor

— Full Compatibility with M68000 and EC000

— 24-Bit Address Bus, for 16-Mbyte Off-Chip Address Space

— 16-Bit On-Chip Data Bus for M68000 Bus Operations

— 2.7 MIPS Performance at 16.67 MHz Processor Clock

— Processor Disable Mmode for Use as a Peripheral to an External Processor
— Emulation Mode for Use with In-Circuit Emulator

External M68000 Bus Interface with Dynamic Bus Sizing for 8-Bit and 16-Bit Data Ports
External 8051-Compatible 8-Bit Data Bus Interface

Power Management

— Fully Static Operation with Processor Shutdown and Wake-Up Modes for Substatial
Power Savings

— Very Rapid Response to Interrupts from the Power-Down State

— Operates from DC to 16.67 MHz System Clock

— Clock Enable/Disable for Each Peripheral

M-Bus Module

— Provides Interchip Bus Interface for EEPROMSs, LCD Controllers, A/D Converters,
etc.

— Compatible with Industry-Standard 1°C Bus

— Master or Slave Operation Modes, Supports Multiple Masters

— Automatic interrupt Generation with Programmable Level

— Software-Programmable Clock Frequency

— Data Rates from 4-100 Kbit/s above 3.0 MHz System Clock

Universal Asynchronous Receiver/Transmitter (UART) Module

— Flexible Baud Rate Generator

— Based on MC68681 Dual Universal Asynchronous Receiver/Transmitter (DUART)
Programming Model

— 5 Mbits/s Maximum Transfer Rate at 16.67 MHz System Clock

— Automatic Interrupt Generation with Programmable Level

— Modem Control Signals Available (CTS, RTS)

Timer Module

— Dual Channel 16-Bit General-Purpose Counter/Timer

— Multimode Operation, Independent Capture/Compare Registers

— Automatic Interrupt Generation with Programmable Level

— 60-ns Resolution at 16.67 MHz System Clock

— Separate Input and Output Pins for Each Timer
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» System Integration Module (SIMO7), Incorporating Many Functions Typically Relegated
to External Programmable Array Logic (PALs), Transistor-Transistor Logic (TTL), and
ASICs, Such as:

—System Configuration, Programmable Address Mapping

—System Protection by Hardware Watchdog Logic and Software Watchdog Timer
—Power-Down Mode Control, Programmable Processor Clock Driver

—Four Programmable Chip Selects with Wait State Generation Logic

—Three Simple Peripheral Chip Selects

—Parallel Input/Output Ports, Some with Interrupt Capability

—Programmed Interrupt Vector Response for On-Chip Peripheral Modules
—IEEE 1149.1 Boundary Scan Test Access Port (JTAG)

» Operating Voltages of 3.3V £ 0.3Vand 5V £ 0.5V
» 0to 70°C (Standard part); —40 to +85°C (Extended Temperature Part)

e Compact 100-Lead Quad Flat Pack (QFP) and 100-Lead Thin Quad Flat Pack (TQFP)
Packages

1.1 M68300 FAMILY

The MC68307 is one of a series of components in Motorola's M68300 family. Other mem-
bers of the family include the MC68302, MC68306, MC68322, MC68330, MC68331,
MC68332, MC68F333, MC68334, MC68340, MC68341, MC68349, MC68356, and
MC68360.

1.1.1 Organization

The M68300 family of integrated processors and controllers is built on an M68000 core pro-
cessor and a selection of intelligent peripherals appropriate for a set of applications. Com-
mon system glue logic such as address decoding, wait state insertion, interrupt prioritization,
and watchdog timing is also included.

Each member of the M68300 family is distinguished by its selection of on-chip peripherals.
Peripherals are chosen to address specific applications, but are often useful in a wide variety
of applications. The peripherals may be highly sophisticated timing or protocol engines that
have their own processors, or they may be more traditional peripheral functions, such as
UARTSs and timers.

1.1.2 Advantages

By incorporating so many major features into a single M68300 family chip, a system
designer can realize significant savings in design time, power consumption, cost, board
space, pin count, and programming. The equivalent functionality can easily require 20 sep-
arate components. Each component might have 16—64 pins, totalling over 350 connections.
Most of these connections require interconnects or are duplications. Each connection is a
candidate for a bad solder joint or misrouted trace. Each component is another part to qual-
ify, purchase, inventory, and maintain. Each component requires a share of the printed cir-
cuit board. Each component draws power, which is often used to drive large buffers to get
the signal to another chip. The cumulative power consumption of all the components must
be available from the power supply. The signals between the central processing unit (CPU)
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and a peripheral might not be compatible nor run from the same clock, requiring time delays
or other special design considerations.

In an M68300 family component, the major functions and glue logic are all properly con-
nected internally, timed with the same clock, fully tested, and uniformly documented. Only
essential signals are brought out to pins. The primary package is the surface-mount plastic
QFP for the smallest possible footprint.

1.2 MC68307 ARCHITECTURE

To improve total system throughput and reduce part count, board size and cost of system
implementation, the MC68307 integrates a powerful processor, intelligent peripheral mod-
ules, and typical system interface logic. These functions include the SIMO7, timers, UART,
M-bus interface, and 8051-compatible bus interface.

The ECO000 core processor communicates with these modules via an internal bus, providing
the opportunity for fully synchronized communication between all modules and allowing
interrupts to be handled in parallel with data transfers, greatly improving system perfor-
mance.

1.2.1 EC000 Core Processor

The ECO000 is a core implementation of the M68000 32-bit microprocessor architecture. The
programmer can use any of the eight 32-bit data registers for fast manipulation of data and
any of the eight 32-bit address registers for indexing data in memory. Flexible instructions
support data movement, arithmetic functions, logical operations, shifts and rotates, bit set
and clear, conditional and unconditional program branches, and overall system control.

The ECO000 core can operate on data types of single bits, binary-coded decimal (BCD) digits,
and 8, 16, and 32 bits. The integrated chip selects allow peripherals and data in memory to
reside anywhere in the 16-Mbyte linear address space. A supervisor operating mode pro-
tects system-level resources from the more restricted user mode, allowing a true virtual envi-
ronment to be developed. Many addressing modes complement these instructions,
including predecrement and postincrement, which allow simple stack and queue mainte-
nance and scaled indexing for efficient table accesses. Data types and addressing modes
are supported orthogonally by all data operations and with all appropriate addressing
modes. Position-independent code is easily written.

Like all M68000 family processors, the EC00O0 core recognizes interrupts of seven different
priority levels and, in conjunction with the integrated interrupt controller, allows a pro-
grammed vector to direct the processor to the desired service routine. Internal trap excep-
tions ensure proper instruction execution with good addresses and data, allow operating
system intervention in special situations, and permit instruction tracing. The hardware time-
out can terminate bad memory accesses before instructions process data incorrectly. The
ECO0O00 core provides 2.7 millions of bits per second (MIPS) at 16.67 MHz.

1.2.2 System Integration Module (SIMQ7)

The SIMO7 provides the external bus interface for the EC00O0 core. It also eliminates much
of the glue logic that typically supports a microprocessor and its interface with the peripheral
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and memory system. The SIMO7 provides programmable circuits to perform address-decod-
ing and chip selects, wait-state insertion, interrupt handling, clock generation, discrete 1/0,
and power management features.

1.2.2.1 EXTERNAL BUS INTERFACE. The external bus interface (EBI) handles the trans-
fer of information between the internal ECO00 core and memory, peripherals, or other pro-
cessing elements in the external address space. It consists of an M68000 bus interface and
an 8051-compatible bus interface. The external M68000 bus provides up to 24 address lines
and 16 data lines. Each bus access can appear externally either as an M68000 bus cycle
(either 16-bit or 8-bit dynamic data bus width) or an 8-bit wide 8051-compatible bus cycle
(multiplexing address and 8-bit data) with the respective sets of control signals. The default
bus cycle is an M68000 16-bit-wide one, the 8051-compatible address space being pro-
grammable.

1.2.2.2 CHIP SELECT AND WAIT STATE GENERATION. Four programmable chip select
outputs provide signals to enable external memory and peripheral circuits, providing all
handshaking and timing signals for automatic wait-state insertion and data bus sizing.

Base memory address and block size are both programmable, with some restrictions, (e.g.
a starting address must be on a boundary which is a multiple of the block size). Each chip-
select is general-purpose. However one of the chip-selects can be programmed to select an
addressing range which is decoded as an 8051-compatible bus access, and another can be
used to enable one of four simple external peripherals. Data bus width (8-bit or 16-bit) is pro-
grammable on all four chip-selects and further decoding is available for protection from user
mode access or read-only access.

1.2.2.3 SYSTEM CONFIGURATION AND PROTECTION. The SIMO7 provides configura-
tion registers that allow general system functions to be controlled and monitored. For exam-
ple, all on-chip registers can be relocated as a block by programming a module base
address, power-down modes can be selected, and the source of the most recent RESET or
BERR can be checked. The hardware watchdog features can be enabled or disabled and
the bus timeout times can be programmed.

The power-down mode allows software to disable the EC000 core during periods of inactiv-
ity. This feature works in conjunction with the interrupt control logic to allow any interrupt
condition to cause a wake-up, which causes the EC00O0 core to resume processing without
requiring any RESET or re-initialization. All register contents are preserved, and the inter-
rupt which caused wake-up is serviced in the normal manner as soon as the clock restarts.
To reduce power consumption further, the internal clocks to the on-chip peripheral modules
can be disabled by software.

1.2.2.4 PARALLEL INPUT/OUTPUT PORTS. Two general-purpose ports (A and B) are
provided for input/output, although the pins for these ports are shared with other functions.
Some bits in port A are multiplexed with the peripheral chip-select lines and timer output sig-
nals, and port B is multiplexed with various peripheral 1/O lines from the UART, M-Bus and
Timer modules. Maximum flexibility is therefore available for differing hardware configura-
tions. Eight of the 16 Port B lines are also latched inputs to the interrupt controller, with pro-
grammable interrupt priority level.
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1.2.2.5 INTERRUPT CONTROLLER. The SIMO7 coordinates all interrupt sources, both
from on-chip peripherals (timerl, timer2, M-bus, and UART) and off-chip inputs (IRQ7, and
INT1-INTS). It provides interrupt requests to the EC000 core with programmable priority
level, and responds to acknowledge cycles by providing programmed vectors unique to
each source.

1.2.3 Timer Module

The timer module comprises two independent, identical general-purpose timers, and a soft-
ware watchdog timer. Each general-purpose timer block contains a free-running 16-bit timer
that can be used in various modes, to capture the timer value with an external event, to trig-
ger an external event or interrupt when the timer reaches a set value, or to count external
events. Each has an 8-bit prescaler to allow a programmable clock input frequency derived
from the system clock or external count input. The output pins (one per timer) have a pro-
grammable mode.

A software watchdog timer is also provided for system protection. If required, this resets the
ECO00O core if it is not refreshed periodically by software.

1.2.4 UART Module

The MC68307 contains a full-duplex UART module, with an on-chip baud-generator provid-
ing both standard and nonstandard baud rates up to 5 Mb/s. The module is functionally
equivalent to the MC68681 DUART, although only one serial channel is implemented. Data
formats can be 5, 6, 7, or 8 bits with even, odd, or no parity and up to two stop bits in 1/16
increments. Four-byte receive buffers and two-byte transmit buffers minimize CPU service
calls. A wide variety of error detection and maskable interrupt capability is provided on each
channel. Full-duplex autoecho loopback, local loopback, and remote loopback modes can
be selected. Multidrop applications are supported.

Clocking is provided by the MC68307 system clock, via a programmable prescaler allowing
various baud rates to be chosen. Modem support is provided with request-to-send (RTS)
and clear-to-send (CTS) lines available. The serial port can sustain data rates of 5 Mbps.

1.2.5 M-Bus Module

The M-bus interface module provides a two-wire, bidirectional serial bus which provides a
simple, efficient way for data exchange between devices. It is compatible with the 1°C-bus
standard. M-bus minimizes the interconnection between devices in the end-system. It is
best suited for applications which need occasional bursts of fast communication over a short
distance, among a number of devices. The maximum data rate is limited to 595 kbps at
16.67 MHz (100 kbps to be compatible with I1>C), the maximum communication length and
number of devices which can be connected are limited physically by the maximum bus
capacitance and logically by the number of unique addresses.

The M-bus system is a true multimaster bus including collision detection and arbitration to
prevent data corruption if two or more masters intend to control the bus simultaneously. This
feature provides the capability for complex applications with multiprocessor control. It may
also be used for rapid testing and alignment of end products via external diagnostic connec-
tions.

1-6 MC68307 USER'S MANUAL MOTOROLA



Introduction

1.2.6 Test Access Port

To aid in system diagnostics, the MC68307 includes dedicated user-accessible test logic
that is compliant with the IEEE 1149.1 standard for boundary scan testability, often referred
to as JTAG (Joint Test Action Group). This is described briefly in Section 9 IEEE 1149.1
Test Access Port. For further information refer to the IEEE 1149.1 standard.
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SECTION 2
SIGNAL DESCRIPTION

This section contains a brief description of the input and output signals, with reference (if
applicable) to other sections which give greater detail on its use. Figure 2-1 provides a
detailed diagram showing the integrated peripherals and signals, and Table 2-2 to Table 2-
9 provide a quick reference for determining a signal's name, mnemonic, its use as an input
or output, active state, and type identification.

NOTE

The terms assertion and negation will be used extensively.
This is done to avoid confusion when dealing with a mixture of
“active-low” and “active-high” signals. The term assert or asser-
tion is used to indicate that a signal is active or true, independent
of whether that level is represented by a high or low voltage. The
term negate or negation is used to indicate that a signal is inac-
tive or false.
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Figure 2-1. MC68307 Detailed Block Diagram
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Table 2-1. 68000 Bus Signal Summary

Signal Name Mnemonic Input/ Three-Stat_e Dl_Jring Pullup R_esistor
Output Bus Arbitration Required
Address Signals A23-A0 Output Yes 4)
Address Strobe AS Output Yes (3)
Bus Grant BG/PA6 Output (2) No —
Bus Grant Acknowledge BGACK/PA7 Input (2) — (2)
Bus Request BR/PA5 Input (2) — (1)
Data Bus D15-D0 I/0 Yes —
Data Transfer Acknowledge DTACK 1/0 Yes 2.2 KQ
Halt HALT 110 — 2.2KQ
Lower Data Strobe LDS Output Yes 3)
Upper Data Strobe ubs Output Yes 3)
Read/Write R/W Output Yes 3)
Reset RESET I/0 — 2.2KQ

Table 2-2. 8051 Bus

Signal Summary

Signal Name Mnemonic Input/ Three-Stat_e Dl_Jring Pullup R_esistor
Output Bus Arbitration Required
Address/Data Bus AD7-ADO I/O Yes —
Address Latch Enable ALE Output No —
8051 Read Strobe RD Output No —
8051 Write Strobe WR Output No —

NOTES:

1. Pullup may be required (value depends on individual application). This pin must not be left floating.
2. These signals have dual functions as port A I/O lines. Their function is programmed in the port A control register.
3. Apull-up is required if the output is decoded, otherwise leave unconnected. (Value of pull-up resistor depends on

individual application.

4. A pull-up is required on A23 if it is decoded. Pull-ups on whole bus minimize sleep mode power consumption.

Table 2-3. Chip Select Signal Summary

Signal Name Mnemonic Input/ Three-State During Pullup Resistor
9 Output Bus Arbitration Required
Chip Select CS3-CS0 Output No —
. . CS2D/PA0, CS2C/
Peripheral Chip Select PAL, CS2B/PA2 Output (1) No —

NOTE:

1. These signals have dual functions as port A I/O lines. Their function is programmed in the port A control register.
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Table 2-4. Interrupt Port Signal Summary

Signal Name Mnemonic Input/ Three-Stat'e Dl_Jring Pullup R_esistor
Output Bus Arbitration Required
Interrupt Request Level 7 TRQ7 Input — (1)
Latched Interrupt 1 INT1/PBS8 Input (2) — (1)
Latched Interrupt 2 INT2/PB9 Input (2) — (1)
Latched Interrupt 3 INT3/PB10 Input (2) — (1)
Latched Interrupt 4 INT4/PB11 Input (2) — 1)
Latched Interrupt 5 INT5/PB12 Input (2) — 1)
Latched Interrupt 6 INT6/PB13 Input (2) — (1)
Latched Interrupt 7 INT7/PB14 Input (2) — (1)
Latched Interrupt 8 INT8/PB15 Input (2) — (1)

NOTES:

1. Pullup or pulldown may be required (value depends on individual application).
2. These signals have dual functions as port B 1/O lines. Their function is programmed in the port B control register.

Table 2-5. Clock and Mode Control Signal Summary

Signal Name Mnemonic Input/ Three-Stat_e DL_Jring Pullup R_esistor
Output Bus Arbitration Required
Crystal Oscillator or External Clock EXTAL Input — —
Crystal Oscillator XTAL Output — —
System Clock CLKOUT Output No —
Initial Bus Width for CSO BUSWO Input — —
Power-On Reset RSTIN Input — @)

NOTE:

1. Pullup may be required (value depends on individual application). This pin must not be left floating.

Table 2-6. Serial Module Signhal Summary

Signal Name Mnemonic Input/ Three-Stat_e DL_Jring Pullup R_esistor
Output Bus Arbitration Required
UART Transmitter Serial Data TxD/PB2 Output (1) No —
UART Receiver Serial Data RxD/PB3 Input (1) — —
UART Request-to-Send RTSA/PB4 Output (1) No —
UART Clear-to-Send CTSA/PB5 Input (1) — 2)

NOTES:

1. These signals have dual functions as port B 1/O lines. Their function is programmed in the port B control register.
2. Pullup may be required (value depends on individual application). If used as CTSA this pin must not be left floating.

Table 2-7. JTAG Signhal Summary

Signal Name Mnemonic Input/ Three-Stat.e Dgring Pullup Resistor
Output Bus Arbitration Required
Test Clock TCK Input — —
Test Data Input TDI Input — —
Test Data Output TDO Output — —
Test Mode Select T™MS Input — —
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Table 2-8. Timer Module Signal Summary

Signal Name Mnemonic Input/ Three-Stat'e Dl_Jring Pullup R_esistor
Output Bus Arbitration Required
Timer Input 1 TIN1/PB6 Input (1) — (2)
Timer Input 2 TIN2/PB7 Input (1) — (2)
Timer Output 1 TOUT1/PA3 Output (1) — —
Timer Output 2 TOUT2/PA4 Output (1) — —

NOTES:

1. These signals have dual functions as port A and port B I/O lines. Their function is programmed in the port A or port B
control register.

2. Pullup may be required (value depends on individual application). If used as timer inputs, these pins must not be left
floating.

Table 2-9. M-Bus Module Signal Summary

Signal Name Mnemonic Input/ Three-Sta’Fe Dgring Pullup Rgsistor
Output Bus Arbitration Required
M-Bus clock SCL/PBO 1/0 (1) — 2.2KQ
M-Bus data SDA/PB1 I/0 (1) — 2.2KQ
NOTE:

1. These signals have dual functions as port B I/O lines. Their function is programmed in the port B control register.

2.1 BUS SIGNALS
The following signals are used for the MC68307 bus.

2.1.1 Address Bus (A23-A0)

The address bus signals are outputs that define the address of a byte (or the most significant
byte) to be transferred during a bus cycle. The MC68307 places the address on the bus at
the beginning of a bus cycle, it is valid while the address strobe output (AS) is asserted. The
complete address bus (A23—-A0) is capable of addressing 16 Mbytes of data.

The address bus signals are three-stated when the MC68307 is arbitrated off the bus by an
external bus master. They are also three-stated during reset of the EC000 core.

The address bus consists of the following groups of signals. Refer to Section 3 Bus Oper-
ation for information on the address bus and its relationship to bus operation.

2.1.1.1 ADDRESS BUS (A23-A8). These signals are always used as address output lines.
They are valid when address strobe (AS) is asserted. Chip-selected memory and peripher-
als, including 8051-compatible bus devices, need not decode the upper address bits,
depending on the programmed block size for that chip select.

2.1.1.2 ADDRESS BUS (AD7-ADO). In addition to carrying eight address signals A7-AQ0,
these low-order address lines also carry the 8-bit data bus during 8051-compatible bus
cycles, as indicated by the relevant strobe signals (RD and WR). At the start of each type of
bus cycle (both M68000 and 8051-compatible), they carry the eight low-order address bits
A7-A0. In M68000 bus cycles, they are valid addresses when address strobe (AS) is
asserted. Chip select 3 (CS3) should be used to distinguish 8051 bus cycles if necessary.
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Address line A0 is included for 8-bit data-bus interfaces only, i.e., the 8051-compatible bus,
as described above, and also the dynamically-sized 68000 bus when programmed to use
an 8-bit data-bus width. During 16-bit data-bus width cycles, the A0 output is meaningless,
and should be ignored, as it may well hold a misleading value. The UDS and LDS signals
should be used to further decode the even/odd byte access in this case.

2.1.2 Data Bus (D15-D0)

This 16-bit bidirectional parallel bus contains the data being transferred to or from the
MC68307 during M68000 bus cycles. Its value should be ignored during 8051-compatible
bus read and write cycles, it is not three-stated in either case. A read or write operation may
transfer 8 or 16 bits of data (one or two bytes) in one bus cycle.

During an internal peripheral access, the data bus reflects the value read or written, for emu-
lation and debug purposes. Care is required, therefore, if external buffers are needed.

The data bus has a programmable 8-bit bus size option for M68000 bus cycles, which is
used in conjunction with the programmable chip-select dynamic bus sizing. If a chip select
is configured for 8-bit port size, any 16-bit transfers appears externally as two 8-bit transfers.
In this case, the 8-bit data uses the D15-D8 lines only.

2.2 CHIP SELECTS

The programmable chip select outputs allow system designers to interface the MC68307
directly to memory and peripheral devices without having to perform address decode requir-
ing additional external logic. Although they can be programmed for many different configu-
rations, each one has a particular usage to which it is tailored, giving added functionality.
They are asserted coincident with the address strobe (AS) output, and are all active-low.
Refer to Section 5 System Integration Module for details of how the chip selects can be
programmed.

2.2.1 Chip Select 0 (CS0)

This signal is the chip select for a boot ROM containing the reset vectors and initialization
program. From a cold reset, this chip select is asserted on every bus cycle in the first 8K
bytes of address space until is is programmed otherwise. The BUSWO pin specifies how this
chip select behaves from cold reset, whether it is an 8-bit wide data bus access (BUSWO0=0)
or a 16-bit wide data bus access (BUSWO0=1).

2.2.2 Chip Select 1 (CS1)

This signal is primarily intended to be an enable for a RAM memory device. From a cold
reset, this signal does not assert until it is programmed with a valid base address and
address mask. The data bus width for memory devices selected by this chip select is also
programmable, between 8- and 16-bit data, in the system control register.

2.2.3 Chip Select 2 (CS2, CS2B, CS2C, CS2D)

Although the CS2/CS2A pin can be used as a general-purpose M68000 chip-select (CS2),
it can, together with the CS2B, CS2C, CS2D signals, be used to enable one of four miscel-
laneous peripherals. The CS2 output address range can be relocated like any of the other
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chip selects by programming, but it has the three extra enable outputs which are used to
further divide this address space. If they are used, each of the four peripheral enable outputs
decode fixed 16-Kbyte address ranges within the confines of the programmed range of CS2
(which should therefore be a block 64K bytes in size). Refer to Section 5.1.2.2 Peripheral
Chip Selects and Section 5.2.2 Chip Select Registers for details. The data bus width for
memory devices selected by this chip select is programmable, between 8- and 16-bit data,
in the system control register.

The CS2/CS2A chip select signal has its own pin on the MC68307, but the three extra
enable outputs CS2B, CS2C, CS2D are multiplexed with the port A input/output functions,
and require to be programmed to use these pins at cold reset. This is done by setting bits in
the port A control register (PACNT) as well as a bit in the system control register to enable
the peripheral address decoder. As port A defaults to an input port on cold reset, these three
additional peripheral chip select lines, if they are used, should have pullup resistors to
ensure peripherals are not accidentally enabled during system initialization.

When programmed as general-purpose input/output port lines, CS2B—CS2D function as
PAO-PA2.

2.2.4 Chip Select 3 (CS3)

This chip select output can be programmed to perform an 8051-compatible bus cycle rather
than a M68000 bus cycle. If 8051-compatible bus access is not required in a design, then
this signal can be programmed to be a general purpose chip-select output. The data bus
width for M68000-bus memory devices selected by this chip select is programmable,
between 8- and 16-bit data, in the system control register. If the 8051-compatible bus inter-
face is enabled, then the data-bus width for this chip select should be programmed to be 8
bits. The 8051-compatible bus has an address space (typically 64 Kbytes long, but not
restricted) which can be located anywhere in memory, as long as it does not overlap with
other programmed chip select ranges.

2.3 BUS CONTROL SIGNALS

These are signals that may be decoded or provided by external logic, to control the various
types of bus access which can occur.

The bus control signals are three-stated whenever the MC68307 is arbitrated off the bus by
an external bus master.

2.3.1 Data Transfer Acknowledge (DTACK)

This bidirectional, open-drain, active-low signal indicates that the data transfer has been
completed. DTACK is an output when it is generated internally by the programmable wait-
state generators in the chip-select logic (including CS3 for 8051-compatible bus accesses),
or during an access to internal peripheral registers. It is an input for all other M68000 bus
cycles, i.e., when the MC68307 accesses an external device not within the range of the chip-
select logic or when programmed to be generated externally for any particular chip-select.
In this case, external logic must assert it in order to complete the bus cycle.
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2.3.2 Address Strobe (AS)

This three-state active-low output signal indicates that there is a valid address on the
address bus during M68000 bus cycles. It should be ignored during 8051-compatible bus
cycles as the eight low-order address lines also carry the data bus during such a cycle. Dur-
ing all types of bus cycle, it should be taken into account when other bus masters are arbi-
trating for the bus, as it indicates that the MC68307 is still using the bus.

When the bus is arbitrated to an external master, or during reset, AS is three-stated.

2.3.3 Read/Write (R/W)

This three-state output signal defines the data-bus transfer as a read or a write cycle. The
R/W signal relates to the data strobe signals described in the following paragraphs. When
the R/W line is high, the processor reads from the data bus. When the R/W line is low, the
processor drives the data bus. The processor also drives the data bus during a read from
an internal location, to aid emulation and debug.

When the bus is arbitrated to an external master, or during reset, R/W is three-stated.

2.3.4 Data Strobes, Upper and Lower (UDS, LDS)

These three-state active-low output signals control the flow of data on the M68000 data bus.
Table 2-10 lists the combinations of these signals and the corresponding data on the bus in
16-bit wide mode.

Table 2-10. Data Strobe Control of Data Bus

LDS RIW D15-D8 D7-DO

C
O
(]

High High — No Valid Data No Valid Data

Low Low High Valid Data Bits 15-8 Valid Data Bits 7-0

High Low High No Valid Data Valid Data Bits 7-0

Low High High Valid Data Bus 15-8 No Valid Data

Low Low Low Valid Data Bits 15-8 Valid Data Bits 7-0

High Low Low Valid Data Bits 7-0 Valid Data Bits 7-0

Low High Low Valid Data Bits 15-8 | Valid Data Bits 15-8

In 8-bit wide bus mode (programmed in conjunction with chip selects), all bus cycles appear
as 8-bit reads or writes to the upper half of the data bus (D15-D8), and so UDS only is
asserted. AO should be used to determine even or odd byte being addressed in this case; it
is valid whenever the external AS signal is asserted during such a cycle. There is no external
indication of data-bus width other than the chip-select asserted. The user has the knowledge
of what bus width that chip-select is programmed to provide, for any given configuration of
the MC68307 in a system.
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When the bus is arbitrated to an external master, or during reset, UDS and LDS are three-
stated. D7-DO0 should be regarded as invalid in 8-bit-wide bus mode.

2.3.5 8051 Address Latch Enable (ALE)

This output signal is used to latch the low byte of address (AD7—ADO signals) during access
to external 8051-compatible peripheral circuits. Its function is tied to CS3 logic which can be
programmed to locate the 8051-compatible bus address space anywhere in the memory
map. For a discussion of the timing of the 8051-compatible bus signals, refer to Section 3
Bus Operation. ALE is not three-stated during external bus mastership or system reset.

2.3.6 8051-Compatible Bus Read (RD)

This active-low output indicates that the bus cycle in progress is an 8051 read cycle, and
that an addressed 8051 peripheral should provide data on the AD7-ADO lines within the
specified access time. RD is not three-stated during external bus mastership or system
reset.

2.3.7 8051-Compatible Bus Write (WR)

This active-low output indicates that the bus cycle in progress is an 8051 write cycle, and
that an addressed 8051 peripheral should accept the valid data which is now on the
AD7-ADO lines. WR is not three-stated during external bus mastership or system reset.

2.3.8 Bus Width Select for CSO (BUSWO)

The state on this input pin is read at reset, and is used to choose the data bus width for mem-
ory accesses for CSO (Refer to Section 5.2.1.2 System Control Register (SCR)). Hold
BUSWO low for an 8-bit data bus, or high for a 16-bit data bus during bus cycles which trigger
CS0. BUSWO does not choose the bus width for CS1, CS2 or CS3; that is done by user ini-
tialization code. Internally, the MC68307 always has a 16-bit bus.

2.4 EXCEPTION CONTROL SIGNALS

The following paragraphs describe the exception control signals.

2.4.1 Reset (RESET)

The external assertion of this bidirectional active-low signal simultaneously with the asser-
tion of HALT starts a system initialization sequence by resetting the whole MC68307 (pro-
cessor, SIM, and internal peripherals). This is called a cold reset or system reset. The
processor assertion of RESET (from executing a RESET instruction) resets all external
devices of a system and internal peripherals of the MC68307 without affecting the initial
state of the processor, chip select logic, port configuration, or Interrupt configuration. This is
called a software reset or peripheral reset. Refer to Section 3 Bus Operation for further
information on reset operation.

During a cold reset, the address bus, data bus, and bus control pins (AS, UDS, LDS, R/W)
are all three-stated. Chip select outputs, CS3—-CSO0, remain high. None of these signals are
three-stated during a peripheral reset.
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2.4.2 Power-On Reset (RSTIN)

This active-low input signal causes the MC68307 (processor, SIM, and peripherals) to enter
the reset state (cold reset). The assertion of RSTIN causes RESET to be asserted out to
reset external circuitry; however, note that HALT is not asserted as a result of RSTIN asser-
tion. Internal power-on reset circuitry provides a reset pulse of at least 32768 clocks width
at power-on or when RSTIN is subsequently asserted. This reset pulse length can be
extended by adding an external RC network, to ensure that RSTIN is held low for long
enough to apply the reset pulse for 128 CPU clocks after V¢ and clock are stable. Refer to
Section 10.1 MC68307 Minimum Stand-Alone System Hardware for an example circuit.

2.4.3 Halt (HALT)

This active-low bidirectional signal can be asserted with RESET to cause a cold reset as
above. If asserted alone, it causes the processor to stop after completion of the current bus
cycle. As long as HALT is held asserted, all bus control signals go to their inactive state,
except BGACK, and all three-state bus signals (A23—A0, D15-D0 only) are placed in the
high-impedance state. When the processor has stopped executing instructions (e.g., after a
double bus fault), the MC68307 asserts this signal.

2.4.4 Bus Request (BR/PAS)

This input signal indicates to the MC68307 that an external device desires to become the
bus master on the MC68307 external bus. Refer to Section 3 Bus Operationfor details of
the bus arbitration features. When programmed as general-purpose input/output, this signal
functions as bit 5 of port A.

2.4.5 Bus Grant (BG/PAB)

This output signal indicates to all external bus master devices (if any) that the MC68307
releases bus control at the end of the current bus cycle to an external requesting bus master.
During cold reset, BG reflects the value of BR. When programmed as general-purpose input/
output, this signal functions as bit 6 of port A.

2.4.6 Bus Grant Acknowledge (BGACK /PA7)

This input signal indicates that some other device besides the MC68307 has become the
bus master. When programmed as general-purpose input/output, this signal functions as bit
7 of port A.

2.5 CLOCK SIGNALS

The following paragraphs describe the clock signals.

2.5.1 Crystal Oscillator (EXTAL, XTAL)

This input provides two clock generation options (crystal and external clock). EXTAL may
be used with XTAL to connect an external crystal to the on-chip oscillator and clock gener-
ator. If an external clock is used, the clock source should be connected to EXTAL, and XTAL
must be left unconnected. The oscillator uses an internal frequency equal to the external
crystal frequency. The frequency of EXTAL may range from DC to 16.67 MHz, although if a
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crystal is used it should be in the range 1 MHz to 16.67 MHz. When an external clock is
used, it must provide a CMOS level at the required system clock frequency.

2.5.2 Clock Output (CLKOUT)

This output clock signal is derived from the on-chip clock oscillator. This clock is used by the
processor and the internal peripherals. All MC68307 bus timings are referenced to the CLK-
OUT signal rather than the EXTAL input signal, as there is a skew between the two. The
clock output is active from reset, but can be turned off by the software writing to the system
control register, in order to save power or control external devices.

2.6 TEST SIGNALS

The following signals are used with the on-board test logic defined by the IEEE 1149.1 stan-
dard. Refer to Section 9 IEEE 1149.1 Test Access Port for more information on the use of
these signals.

2.6.1 Test Clock (TCK)
This input provides a clock for on-board test logic defined by the IEEE1149.1 standard.

2.6.2 Test Mode Select (TMS)

This input controls test mode operations for on-board test logic defined by the IEEE 1149.1
standard. Connecting TMS to V¢ disables the test controller, making all JTAG circuits
transparent to the system.

2.6.3 Test Data In (TDI)

This input is used for serial test instructions and test data for on-board test logic defined by
the IEEE 1149.1 standard.

2.6.4 Test Data Out (TDO)

This output is used for serial test instructions and test data for on-chip test logic defined by
the IEEE 1149.1 standard.

2.7 M-BUS 1/O SIGNALS

The M-bus is an 12C-bus-compatible serial interface on two wires. All devices connected to
the bus must have open-drain or open-collector outputs. The logical AND function is exer-
cised on both lines with pullup resistors being required. The pins are multiplexed with port
B, individual pin function being programmable. Port B bits 0 and 1 are therefore always
open-drain input/outputs. Refer to Section 7 M-Bus Interface Module for more information
on these signals.

2.7.1 Serial Clock (SCL/PBO0)

This bidirectional open-drain signal is the clock signal for the M-bus interface. Either it is
driven by the M-bus module when the bus is in the master mode or it becomes the clock
input when the M-bus is in the slave mode. When programmed as general-purpose input/
output, this signal functions as bit O of port B.
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2.7.2 Serial Data (SDA/PB1)

This bidirectional open-drain signal is the data input/output for the M-bus interface. When
programmed as general-purpose input/output, this signal functions as bit 1 of port B.

2.8 UART I/O SIGNALS

The following signals are used by the UART serial /0O module for data and clock signals.
Refer to Section 8 Serial Module for more information on these signals.

2.8.1 Transmit Data (TxD/PB2)

This bidirectional signal can be programmed as the transmitter serial data output for the
UART module. The output is held high ('mark’' condition) when the transmitter is disabled,
idle, or operating in the local loopback mode. Data is shifted out on this signal at the falling
edge of the serial clock source, with the least significant bit transmitted first. When pro-
grammed as a general-purpose input/output, this signal functions as bit 2 of the 16-bit sec-
ondary port, port B.

2.8.2 Receive Data (RxD/PB3)

This bidirectional signal can be programmed as the receiver serial data input for the UART
module. Data received on this signal is sampled on the rising edge of the serial clock source,
with the least significant bit received first. When the UART clock has been stopped for
power-down mode, any transition on this pin can optionally restart it. When programmed as
a general-purpose input/output, this signal functions as bit 3 of port B.

2.8.3 Request-To-Send (RTS/PB4)

This bidirectional signal can be programmed as an active-low request-to-send output from
the UART module. When programmed as a general-purpose input/output, this signal func-
tions as bit 4 of port B.

2.8.4 Clear-To-Send (CTS/PB5)

This bidirectional input signal can be programmed as the active-low clear-to-send input for
the UART module. When programmed as general-purpose input/output, this signal func-
tions as bit 5 of port B.

2.9 TIMER I/O SIGNALS

The following external signals are used by the timer module. Refer to Section 6 Dual Timer
Module for additional information on these signals.

2.9.1 Timer 1 Input (TIN1/PB6)

This bidirectional signal can be programmed as a clock input that causes events to occur in
timer/counter channel 1, either causing a clock to the event counter or providing a trigger to
the timer value capture logic. When programmed as a general-purpose input/output, this
signal functions as bit 6 of port B.
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2.9.2 Timer 2 Input (TIN2/PB7)

This bidirectional signal can be programmed as a clock input that causes events to occur in
timer/counter channel 2, either causing a clock to the event counter or providing a trigger to
the timer value capture logic. When programmed as general-purpose input/output, this sig-
nal functions as bit 7 of port B.

2.9.3 Timer 1 Output (TOUT1/PA3)

This bidirectional signal can be programmed to toggle or pulse low for one system clock
duration when timer/counter channel 1 reaches a reference value. When programmed as
general-purpose I/0O, this signal functions as bit 3 of port A.

2.9.4 Timer 2 Output (TOUT2/PA4)

This bidirectional signal can be programmed to toggle or pulse low for one system clock
duration when timer/counter channel 2 reaches a reference value. When programmed as
general-purpose /O, this signal functions as bit 4 of port A.

2.10 INTERRUPT REQUEST INPUTS

These pins can be programmed to be either prioritized interrupt request lines or port B gen-
eral-purpose input/output lines.

2.10.1 Interrupt Inputs (INT1-INT8/PB8—-PB15)

These eight bidirectional signals may be configured as general-purpose parallel 1/0 ports
with interrupt capability. Each of the pins can be configured either as an input or an output.
When configured as an input, each pin can generate a separate, maskable interrupt on a
high-to-low transition, which is latched internally. The interrupt request level (IPL) can be
programmed individually for each pin, and each causes a unique vector to be fetched during
the subsequent interrupt processing.

2.10.2 Non-Maskable Interrupt Input (IRQ7)

IRQ7 is the highest priority interrupt available to the EC00O core, it is a nonmaskable inter-
rupt (IPL=7) and cannot be superseded by any other interrupt request. This is an active-low
input.

2.11 USE OF PULLUP RESISTORS

In general, pins that are input-only or output-only do not require external pullup resistors.
However, see the notes on low power consumption in the following paragraphs.

The open-drain bidirectional signals (HALT, RESET, DTACK, SCL/PBO0, SDA/PB1) always
require pullup resistors.

The bus control outputs (AS, UDS, LDS, R/W) three-state at reset during bus arbitration and
low-power sleep mode. They need pullups only if they are decoded for use in the user’'s
design or if minimum power consumption is required, otherwise they can be left as
unconnected outputs.
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The address and data bus also three-state at reset and during bus arbitration and power-
down mode. In this case the designer must decide whether a short period of floating values
on the bus is a concern. The internal pullups on the bidirectional data bus pins are not
sufficient to drive external levels. Again, adding pullups will help minimize power
consumption in low-power sleep mode.

Bidirectional 1/0 pins default to inputs on reset. If they are to be used as outputs later, or
their function changed to an alternate output function for the pin then a pullup or pulldown
may be required. One example is the CS2B, CS2C, and CS2D signals, multiplexed with port
A lines. If these chip-selects are used they should have pullups otherwise they will float from
reset until they are setup.

The RSTIN input can either be left floating or pulled up if the default power-on reset time is
required, or can have an external RC network to stretch reset time. Refer to Section 3.5
Reset Operation and Section 10.1 MC68307 Minimum Stand-Alone System Hardware
for details of use of this pin.

For maximum reliability, unused inputs should not be left floating. If they are input-only, they
may be pulled to V¢ or ground. Unused outputs may be left unconnected. Unused 1/O pins
may be configured as outputs after reset, and left unconnected.

If the MC68307 is to be held in reset for extended periods of time in an application (other
than what occurs in normal power-on reset or board test sequences) due to a special appli-
cation requirement (such as V¢ dropping below required specifications, etc.) then three-
stated signals and inputs should be pulled up or down. This decreases stress on the device
transistors and saves power.

Refer to Section 2.4.1 Reset (RESET) and Section 3.5 Reset Operation for the condition
of all pins during reset.

Refer to Section 12 Ordering Information and Mechanical Data for details of pin assign-
ments.

2.12 SIGNAL INDEX
Table 2-11 lists the signal index.
Table 2-11. Signal Index

Pin Name Description of Pin Function(s) Direction

TDO Test Data Out Output
TDI Test Data In Input
TMS Test Mode Select Input
TCK Test Clock In Input

D15-DO0 Data Bus Bidirectional
A23-A8 Address Bus Out Output

A7-A0/AD7-ADO Address Bus Out/Multiplexed 8051 Address/Data Bidirectional
AS Address Strobe Output
ubs Upper Data Strobe Output
DS Lower Data Strobe Output
RIW Read/Write Output
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Table 2-11. Signal Index (Continued)

Pin Name Description of Pin Function(s) Direction
DTACK Data Acknowledge Bidirectional
HALT System Halt Bidirectional
RESET System Reset Bidirectional
RSTIN Power-On Reset Input
CS0 Chip Select 0 (ROM) Output
Cs1 Chip Select 1 (RAM) Output
CS2/CS2A Chip Select 2 (Peripherals) Output
CS3 Chip Select 3 (8051) Output
ALE 8051-Address Latch Enable Output
RD 8051-Bus Read Output
WR 8051-Bus Write Output
EXTAL External Clock/Crystal In Input
XTAL External Crystal Output
CLKOUT Clock to System Output
BUSWO Initial Data Bus Width for CS0 Input
CS2B/PAO Chip Select 2B/I/O Port A Bit 0 Bidirectional
CS2C/PAl Chip Select 2C/I/O Port A Bit 1 Bidirectional
CS2D/PA2 Chip Select 2D/I/O Port A Bit 2 Bidirectional
TOUTI/PA3 Timer 1 Output/I/O Port A Bit 3 Bidirectional
TOUT2/PA4 Timer 2 Output/I/O Port A Bit 4 Bidirectional
BR/PA5 Bus Request Input/l/O Port A Bit 5 Bidirectional
BG/PA6 Bus Grant Output/l/O Port A Bit 6 Bidirectional
BGACK/PA7 Bus Grant Acknowledge Output/I/O Port A Bit 7 Bidirectional
IRQ7 Interrupt Level 7 Input
SCL/PBO Serial M-Bus Clock/Port B Bit 0 Bidirectional
SDA/PB1 Serial M-Bus Data/Port B Bit 1 Bidirectional
TxD/PB2 UART Transmit Data/Port B Bit 2 Bidirectional
RxD/PB3 UART Receive Data/Port B Bit 3 Bidirectional
RTS/PB4 Request-to-Send/Port B Bit 4 Bidirectional
CTS/PB5 Clear-To-Send/Port B Bit 5 Bidirectional
TIN1/PB6 Timer 1 Input/Port B Bit 6 Bidirectional
TIN2/PB7 Timer 2 Input/Port B Bit 7 Bidirectional
INT1/PBS8 Interrupt In 1/Port B Bit 8 Bidirectional
INT2/PB9 Interrupt In 2/Port B Bit 9 Bidirectional
INT3/PB10 Interrupt In 3/Port B Bit 10 Bidirectional
INT4/PB11 Interrupt In 4/Port B Bit 11 Bidirectional
INT5/PB12 Interrupt In 5/Port B Bit 12 Bidirectional
INT6/PB13 Interrupt In 6/Port B Bit 13 Bidirectional
INT7/PB14 Interrupt In 7/Port B Bit 14 Bidirectional
INT8/PB15 Interrupt In 8/Port B Bit 15 Bidirectional
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SECTION 3
BUS OPERATION

This section describes control signal and bus operation during data transfer operations, bus
arbitration, bus error and halt conditions, and reset operation.

NOTE

The terms assertion and negation are used extensively in this
manual to avoid confusion when describing a mixture of “active-
low” and “active-high” signals. The term assert or assertion is
used to indicate that a signal is active or true, independently of
whether that level is represented by a high or low voltage. The
term negate or negation is used to indicate that a signal is inac-
tive or false.

3.1 DATA TRANSFER OPERATIONS
Transfer of data between devices involves the following signals:
1. A23-A0
2. D7-DO0 and/or D15-DO0O
3. Control signals
The address and data buses are separate parallel buses used to transfer data using an
asynchronous bus structure. In all cases, the bus master must deskew all signals it issues

at both the start and end of a bus cycle. In addition, the bus master must deskew the
acknowledge and data signals from the slave device.

The 8051-compatible bus uses A23—-A0 for both address and data.

3.1.1 16-Bit M68000 Bus Operation

The M68000 16-bit bus mode of operation is the default mode of the MC68307. The internal
data bus width is 16-bits, and the EC000 core always operates in a 16-bit mode.

This mode is appropriate for:

» External 16-bit memory and peripheral devices, which read and write from the whole
data bus, or

« 8-bit peripherals which do not require a contiguous address space, that is, they occupy
either even byte locations only (if connected to the upper half of the data bus) or odd
byte locations only (if connecetd to the lower half of the data bus).
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In this mode address bus A23-Al is used, with data bus D15-D0 and control signals AS,

UDS, LDS, R/W, and DTACK.

3.1.2 16-Bit M68000 Bus Read Cycle

During a read cycle, the processor receives either one or two bytes of data from the memory
or from a peripheral device. If the instruction specifies a word or long-word operation, the
processor reads both upper and lower bytes simultaneously by asserting both upper and
lower data strobes. A long-word read is accomplished by two consecutive word reads. When
the instruction specifies byte operation, the processor uses the internal AO bit to determine
which byte to read and issues the appropriate data strobe. When AQ is zero, the upper data
strobe is issued; when AOQ is one, the lower data strobe is issued. When the data is received,
the processor internally positions the byte appropriately.

The word read cycle flowchart is shown in Figure 3-1. The byte read cycle flowchart is shown
in Figure 3-2. The read and write cycle timing is shown in Figure 3-3. Figure 3-4 shows the
word and byte read cycle timing diagram.

BUS MASTER

ADDRESS THE DEVICE

) SET R/W TO READ

) PLACE ADDRESS ON A23-Al

) ASSERT ADDRESS STROBE (AS)

) ASSERT UPPER DATA STROBE (UDS)

AND LOWER DATA STROBE (LDS)

ACQUIRE THE DATA

1) LATCH DATA
2) NEGATE UDS AND LDS
3) NEGATE AS

SLAVE

INPUT THE DATA

DECODE ADDRESS
PLACE DATA ON D15-D0

ASSERT DATA TRANSFER
ACKNOWLEDGE (DTACK)

TERMINATE THE CYCLE

START NEXT CYCLE

-

REMOVE DATA FROM D15-D0
NEGATE DTACK

Figure 3-1. Word Read Cycle Flowchart (16-Bit Bus)
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SLAVE

ADDRESS THE DEVICE

[,

SET R/IW TO READ
PLACE ADDRESS ON A23-Al

ASSERT ADDRESS STROBE (AS)

B W N
= = =

OR LOWER DATA STROBE (LDS)
(BASED ON A0)

ASSERT UPPER DATA STROBE (UDS)

F— INPUT THE DATA
1) DECODE ADDRESS

2) PLACE DATA ON D7-D0 or D15-D8
(BASED ON UDS OR [DS)

ACQUIRE THE DATA

3) ASSERT DATA TRANSFER
<« ACKNOWLEDGE (DTACK)

1) LATCH DATA
2) NEGATE UDS AND DS
3) NEGATE AS

I TERMINATE THE CYCLE

1) REMOVE DATA FROM D7-D0 OR
D15-D8

2) NEGATE DTACK

START NEXT CYCLE

-

Figure 3-2. Byte Read Cycle Flowchart (16-Bit Bus)
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Figure 3-3. Read and Write Cycle Timing Diagram (16-Bit Bus)
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CLK

SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 . S7 SO S1 S2 S3 S4 S5 S6_S7

na-m —~ — —

A0

AS

ubs

LDS

RIW

DTACK

D15-D8

D7-DO

|l -l » |l |
WORD ODD BYTE READ EVEN BYTE READ

Figure 3-4. Word and Byte Read Cycle Timing Diagram (16-Bit Bus)

A bus cycle consists of eight states. The various signals are asserted during specific states
of a read cycle as follows:

STATE O

STATE 1
STATE 2
STATE 3

STATE 4

STATE 5

STATE 6

3-4

The read cycle starts in state 0 (S0). The processor places a valid address on
the bus, and drives R/W high to identify a read cycle.

During state 1 (S1), no bus signals are altered.
On the rising edge of state 2 (S2), the processor asserts AS and UDS/LDS.
During state 3 (S3), no bus signals are altered.

During state 4 (S4), the processor waits for a cycle termination signal (DTACK
or BERR). If neither termination signal is asserted before the falling edge at
the end of S4, the processor inserts wait states (full clock cycles) until either

DTACK or BERR is asserted. Note that the BERR signal does not appear on
an external pin on the MC68307; the internal hardware watchdog generates it.

Case 1. DTACK received, with or without BERR.
During state 5 (S5), no bus signals are altered.

Sometime between state 2 (S2) and state 6 (S6), data from the device is
driven onto the data bus.
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STATE 7 On the falling edge of the clock entering state 7 (S7), the processor latches
data from the addressed device and negates AS and UDS, LDS. The device
negates DTACK at this time.

Case 2: BERR received without DTACK.
STATE 5 During state 5 (S5), no bus signals are altered.
STATE 6 During state 6 (S6), no bus signals are altered.
STATE 7 During state 7 (S7), no bus signals are altered.
STATE 8 During state 8 (S8), no bus signals are altered.

STATE 9 AS and UDS/LDS negated. Slave negates BERR.

3.1.3 16-Bit M68000 Bus Write Cycle

During a write cycle, the processor sends bytes of data to the memory or peripheral device.
If the instruction specifies a word or long-word operation, the processor issues both UDS
and LDS and writes both bytes. A long-word write is accomplished by two consecutive word
writes. When the instruction specifies a byte operation, the processor uses the internal A0
bit to determine which byte to write and issues the appropriate data strobe. When the AO bit
equals zero, UDS is asserted; when the A0 bit equals one, LDS is asserted. The word write
cycle flowchart is shown in Figure 3-5. The byte write cycle flowchart is shown in Figure 3-
1. The word and byte write cycle timing is shown in Figure 3-7.

BUS MASTER SLAVE

ADDRESS THE DEVICE

PLACE ADDRESS ON A23-Al

1)

2) ASSERT ADDRESS STROBE (AS)
3) SETRMW TO WRITE
4)
5)

PLACR DATA ON D15-D0 F———— INPUT THE DATA

ASSERT UPPER DATA STROBE (UDS)

AND LOWER DATA STROBE (LDS) 1) DECODE ADDRESS

2) LATCH DATA ON D15-D0

3) ASSERT DATA TRANSFER
ACKNOWLEDGE (DTACK)

TERMINATE OUTPUT TRANSFER .

1) NEGATE UDS AND DS

3) NEGATE AS

3) REMOVE DATA FROM D15-D0
4)

SET R/W TO READ e TERMINATE THE CYCLE

1) NEGATE DTACK

START NEXT CYCLE -

Figure 3-5. Word Write Cycle Flowchart (16-Bit Bus)
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BUS MASTER SLAVE

ADDRESS THE DEVICE

[y

PLACE ADDRESS ON A23-Al1

ASSERT ADDRESS STROBE (AS)
SET RW TO WRITE

PLACE DATA ON D7-D0 OR D15-D8
(ACCORDING TO INTERNAL AQ)

5) ASSERT UPPER DATA STROBE (UDS)

OR LOWER DATA STROBE (LDS) I INPUT THE DATA
(BASED ON INTERNAL A0)

N

B W
===

1) DECODE ADDRESS

2) LATCHDATAOND7-DOIFLDSIS
ASSERTED. LATCH DATA ON
D15-D8 IF UDS IS ASSERTED

TERMINATE OUTPUT TRANSFER - 3) ASSERT DATA TRANSFER

— ACKNOWLEDGE (DTACK)
1) NEGATE UDS AND LDS
2) NEGATE AS
3) REMOVE DATA FROM D7-D0 OR
D15-D8
e TERMINATE THE CYCLE

4) SETRMW TO READ

1) NEGATE DTACK

START NEXT CYCLE -

Figure 3-6. Byte Write Cycle Flowchart (16-Bit Bus)

SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7
CLK

n23-Al — — —( )

A0 | |

UDS \ _/ _______ /
LDS \ / \ /
RW  / \ / \ / \ /

D15-D8

—
D7-D0 >_<

l«———woRD WRITE ———>>}<€—— 0DD BYTE WRITE ——>{€——— EVEN BYTE WRITE —>>|
Figure 3-7. Word and Byte Write Cycle Timing Diagram
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The descriptions of the eight states of a write cycle are as follows:

STATE O

STATE 1
STATE 2

STATE 3

STATE 4

STATE 5
STATE 6

STATE 7

STATE 5
STATE 6
STATE 7
STATE 8

STATE 9

MOTOROLA

The write cycle starts in SO. The processor places a valid address on the
address bus, and drives R/W high (if a preceding write cycle has left R/W low).

During S1, no bus signals are altered.
On the rising edge of S2, the processor asserts AS and drives R/W low.

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

At the rising edge of S4, the processor asserts UDS and/or LDS;. The
processor waits for a cycle termination signal (DTACK or BERR). If neither
termination signal is asserted before the falling edge at the end of S4, the
processor inserts wait states (full clock cycles) until either DTACK or BERR is
asserted. Note that the BERR signal does not appear on an external pin on
the MC68307; the internal hardware watchdog generates it.

Case 1. DTACK received, with or without BERR.
During S5, no bus signals are altered.
During S6, no bus signals are altered.

On the falling edge of the clock entering S7, the processor negates AS, UDS,
and/or LDS. As the clock rises at the end of S7, the processor places the data
bus in the high-impedance state, and drives R/W high. The device negates
DTACK or BERR at this time.

Case 2: BERR received without DTACK.

During state 5 (S5), no bus signals are altered.
During state 6 (S6), no bus signals are altered.
During state 7 (S7), no bus signals are altered.
During state 8 (S8), no bus signals are altered.

AS and UDS/LDS negated. Slave negates BERR. At the end of S9, three-
state data and drive R/W high.

MC68307 USER'S MANUAL 3-7



Bus Operation

3.1.4 Read-Modify-Write Cycle

The read-modify-write cycle performs a read operation, modifies the data in the arithmetic
logic unit, and writes the data back to the same address. The address strobe (AS) remains
asserted throughout the entire cycle, making the cycle indivisible. The test and set (TAS)
instruction uses this cycle to provide a signaling capability without deadlock between pro-
cessors in a multiprocessing environment. The TAS instruction (the only instruction that
uses the read-modify-write cycle) only operates on bytes. Thus, all read-modify-write cycles
are byte operations. The read-modify-write flowchart is shown in Figure 3-8 and the timing
diagram is shown in Figure 3-9.

BUS MASTER SLAVE

ADDRESS THE DEVICE

) SET RAW TO READ

) PLACE ADDRESS ON A23-Al

) ASSERT ADDRESS STROBE (AS)
)

4) ASSERTUPPERDATASTROBE(UDS) g INPUT THE DATA
OR LOWER DATA STROBE (LDS)

1) DECODE ADDRESS
2) PLACE DATA ON D7-D0 OR D15-D8
3) ASSERT DATA TRANSFER

ACQUIRE THE DATA ACKNOWLEDGE (DTACK)
1) LATCH DATA
2) NEGATE UDS AND DS
3) START DATA MODIFICATION A TERMINATE THE CYCLE
1) REMOVE DATA FROM D7-D0 OR
D15-D§
START OUTPUT TRANSFER | 2) NEGATEDTACK

1) SETR/W TO WRITE
2) PLACE DATA ON D7-D0 OR D15-D8

3) ASSERT UPPER DATA STROBE (UDS)
ORLOWERDATASTROBE ((IDS) | ™ INPUT THE DATA

1) STORE DATA ON D7-D0 OR D15-D8

2) ASSERT DATA TRANSFER

TERMINATE OUTPUT TRANSFER | ~—————  ACKNOWLEDGE (DTACK)

1) NEGATE UDS AND DS
2) NEGATE AS

3) REMOVE DATA FROM D7-D0 OR
D15-D8

4) SET RAW TO READ

3 TERMINATE THE CYCLE
1) NEGATE DTACK

START NEXT CYCLE -

Figure 3-8. Read-Modify-Write Cycle Flowchart

The descriptions of the read-modify-write cycle states are as follows:

STATEO The read cycle starts in SO. The processor places a valid address on the
address bus, and drives R/W high to identify a read cycle.
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SO S1 S2 S3 S4 S5 S6 S7 S8 S9 SI10 S11 S12 S13 S14 S15 S16 S17 S18 S19

CLK

A3-p0 )— —__
AS \ /
UDS OR DS \ / ~___ /
RIW \ /
ptack N~/ /S
DisDBOR —————_ ) >
D7-DO
Fc2-Fco X X
< INDIVISIBLE CYCLE >|

STATE 1

STATE 2

STATE 3

STATE 4

STATE 5
STATE 6

STATE 7

STATE 8-11

STATE 12

STATE 13

STATE 14

MOTOROLA

Figure 3-9. Read-Modify-Write Cycle Timing Diagram

During S1, no bus signals are altered.

On the rising edge of S2, the processor asserts AS and UDS/LDS.
During S3, no bus signals are altered.

During S4, the processor waits for a cycle termination signal (DTACK or
BERR). If neither termination signal is asserted before the falling edge at the
end of S4, the processor inserts wait states (full clock cycles) until either
DTACK or BERR is asserted.

Case R1: DTACK only.
During S5, no bus signals are altered.
During S6, data from the device are driven onto the data bus.

On the falling edge of the clock entering S7, the processor accepts data from the
device and negates UDS/LDS. The device negates DTACK or BERR at this time.

The bus signals are unaltered during S8-S11, during which the arithmetic
logic unit makes appropriate modifications to the data.

The write portion of the cycle starts in S12. The address bus lines, AS and R/
W remain unaltered.

During S13, no bus signals are altered.

On the rising edge of S14, the processor drives R/W low.
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STATE 15

STATE 16

STATE 17
STATE 18

STATE 19

STATE 5

STATE 6

STATE 7

STATE 5
STATE 6
STATE 7
STATE 8

STATE 9

STATE 17
STATE 18
STATE 19
STATE 20

STATE 21

3-10

During S15, the data bus is driven out of the high-impedance state as the data
to be written are placed on the bus.

At the rising edge of S16, the processor asserts UDS/LDS. The processor
waits for DTACK or BERR. If neither termination signal is asserted before the
falling edge at the close of S16, the processor inserts wait states (full clock
cycles) until either DTACK or BERR is asserted.

Case W1: DTACK with or without BERR.
During S17, no bus signals are altered.
During S18, no bus signals are altered.

On the falling edge of the clock entering S19, the processor negates AS and
UDS/LDS. As the clock rises at the end of S19, the processor places the data
bus in the high-impedance state, and drives R/W high. The device negates
DTACK or BERR at this time.

Case R2: DTACK and BERR on read.

During S5, no bus signals are altered.

During S6, no bus signals are altered, and data from the device is ignored.
AS and UDS/LDS are negated. The cycle terminates without the write portion.
Case R3: BERR only on read.

During S5, no bus signals are altered.

During S6, no bus signals are altered.

During S7, no bus signals are altered.

During S8, no bus signals are altered.

AS and UDS/LDS are negated. The cycle terminates without the write portion.
Case W2: BERR only on write.

During S17, no bus signals are altered.

During S18, no bus signals are altered.

During S19, no bus signals are altered.

During S20, no bus signals are altered.

The processor negates AS and UDS/LDS.
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3.1.5 CPU Space Cycle

A CPU space cycle, indicated when the internal function codes are all high, is a special pro-
cessor cycle. In the EC000 core, CPU space is used only for interrupt acknowledge cycles.
Figure 3-10 shows the encoding of an interrupt acknowledge cycle. No response is expected
or allowed from external devices. On the MC68307 this cycle is an indication of the internal
interrupt controller’s vector response.

23 3 10
INTERRUPT
ACKNOWLEDGE | 111111111111 1111111 1| LEVEL| l|

Figure 3-10. Interrupt Acknowledge Cycle — Address Bus

As the MC68307 implementation does not provide function code pins to differentiate CPU
space cycles (the internal function code signals are all high in this type of cycle), care is
required when decoding addresses which may match the above address. No problems will
be encountered as long as the chip selects are used as a term in the decoding logic. This
will ensure that CPU space cycles are not decoded. The interrupt acknowledge cycle places
the level of the interrupt being acknowledged on address bits A3—A1 and drives all other
address lines high. The interrupt acknowledge cycle reads a vector number when the
MC68307 interrupt controller places a vector number on the data bus.

The timing diagram for an interrupt acknowledge cycle is shown in Figure 3-11.

3.1.6 8-Bit M68000 Dynamically-Sized Bus

M68000 8-bit bus cycles appear when the MC68307 dynamic bus sizing is enabled. This
bus sizing adds cycle-by-cycle control of data bus width to the EC000 core bus, as for the
MC68020, but with the difference that the bus width is controlled via the chip selects, rather
than external DSACK1 and DSACKO inputs.

This provides the flexibility of differing bus widths for RAM, ROM and peripherals, without
the pin overhead of the MC68020 solution (DSACK1, DSACKO, SIZ1 and SIZ0).

Each of the four programmable chip selects has a default bus width of 8- or 16-bits associ-
ated with it. The initial bus width of CSO is set upon reset by the state of the BUSW external
pin (0 for an 8-bit data bus, 1 for a 16-bit data bus).

The bus widths for CS2, CS3 and CS4 should be programmed during system initialization
using the BUSWX bits in the system configuration register (SCR), according to the system
design. The default after reset is 16-bits wide.

All bus accesses not matched by any of the chip selects or the internal peripheral address
ranges require an external DTACK input to terminate the cycle. The data bus width of such
cycles is 16-bits by default; the EBUSW bit in the system configuration register (SCR) can
be cleared to specify external DTACK cycles as 8-bit data bus.
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IPL2-IPLO VALID INTERNALLY
IPL2-IPLO SAMPLED

IPL2-IPLO TRANSITION
SO S1 S2 S3),S4{S5|S6 S7

S0 S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6

DTACK \ /

IPL2-IPLO X
(INTERNAL)
LAST BUS CYCLE OF INSTRUCTION STACK IACK CYCLE STACK AND
< (READ OR WRITE) >l<—pcl—>|< (VECTORNUMBER ——>|<— VECTOR —>]
(SSP) ACQUISITION) FETCH

*Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing.
The processor does not recognize anything on data lines D15-D8 at this time.

Figure 3-11. Interrupt Acknowledge Cycle Timing Diagram

When using the M68000 8-bit bus, transfer of the data between the MC68307 and other de-
vices on the bus involves the following signals:

* Address Bus A23-A0
e Data Bus D15-DO
« Control Signals (AS, UDS, R/W, DTACK). LDS is not used.

All M68000 8-bit bus cycles use the upper half of the data bus (D15-D8) for reads and
writes. Note that this differs from the static 8-bit bus provided by the MC68HC001, MC68008
and MC68302, which use the lower half (D7-DO0).

Therefore, only UDS is asserted during such cycles, never LDS. The chip select logic can

control the data strobes in this way only because it determines the bus width that is pro-
grammed for a particular chip-select before DTACK is asserted.
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3.1.7 8051-Bus Operation

The 8051-compatible bus is a multiplexed address/data bus scheme which provides an 8-
bit-wide data interface to memories and peripherals. It is typically used for ASIC devices
where pin count minimization is important.

Individual read and write strobes are provided, along with a latch enable signal which indi-
cates that the multiplexed portion of the bus is carrying a valid address which is latched by
the memory or peripheral device at the beginning of the cycle.

When using the 8051-compatible 8-bit bus, transfer of data between the MC68307 and other
devices on the bus involves the following signals:

* Address/data multiplexed bus AD7-ADO
» Optionally higher-order address bus A23—A8 or part thereof
« Control signals (CS3, ALE, RD, WR)

If the 8051-compatible interface is enabled, one of the MC68307 programmable chip selects
(CS3) is used to indicate the address range to be decoded as 8051 accesses. The base
address and address mask should be programmed as described in Section 5.1.2.3 8051-
Compatible Bus Chip Select.

The device being addressed can decode address lines A8 and higher if an addressing range
larger than 256-bytes is required, up to the maximum address range of the MC68307.

During 8051-compatible bus cycles, the M68000 strobe outputs are still asserted, indicating
the “underlying” M68000 bus-cycle, and the D15-D0 outputs reflect the internal data-bus
value being presented to the EC0O00 processor core.

Figure 3-12 and Figure 3-13 show examples of 8051-compatible read and write cycle timing
diagrams, respecitively.
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AD7 - ADO ADDRESS DATA OUT ADDRESS

AS

XDS

DATA

D15-D0

A23-A8 ADDRESS

Figure 3-12. 8051-Compatible Read Cycle Signals

CLK

Cs3

ALE

WR

AD7 - ADO ADDRESS DATA OUT ADDRESS

D15-D0 DATA

A23-A8 >< ADDRESS

Figure 3-13. 8051-Compatible Write Cycle Signals
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3.2 BUS ARBITRATION

Bus arbitration is a technique used by bus master devices to request, to be granted, and to
acknowledge bus mastership. Bus arbitration consists of the following:

1. Asserting a bus mastership request
2. Receiving a grant indicating that the bus is available at the end of the current cycle
3. Acknowledging that mastership has been assumed

Figure 3-14 is a flowchart showing the bus arbitration cycle of the EC000 core. Figure 3-16

is a timing diagram of the bus arbitration cycle charted in Figure 3-14. This technique allows
processing of bus requests during data transfer cycles.

PROCESSOR REQUESTING DEVICE
REQUEST THE BUS
ASSERT BUS REQUEST (BR)
GRANT BUS ARBITRATION -
ASSERT BUS GRANT (BG)
-  ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION
DETERMINES NEXT BUS MASTER
2) NEXT BUS MASTER WAITS FOR

CURRENT CYCLE TO COMPLETE
3) NEXT BUS MASTER ASSERTS BUS

GRANT ACKNOWLEDGE (BGACK) TO
BECOME NEW MASTER

4) BUS MASTER NEGATES BR

TERMINATE ARBITRATION d

1) NEGATE BG (AND WAIT FOR BGACK
TO BE NEGATED)

2) IF BR REMAINS ASSERTED AFTER
BGACK ASSERTED, RE-ASSERT BG

» OPERATE AS BUS MASTER

PERFORM DATA TRANSFERS (READ
AND WRITE CYCLES) ACCORDING TO
THE SAME RULES AS THE PROCESSOR
USES

RELEASE BUS MASTERSHIP

REARBITRATE OR RESUME -
PROCESSOR OPERATION

NEGATE BGACK

Figure 3-14. Three-Wire Bus Arbitration Cycle Flowchart

There are two ways to arbitrate the bus; three-wire and two-wire bus arbitration. The EC000
core can do either two-wire or three-wire bus arbitration. Figure 3-14 and Figure 3-16 show
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three-wire bus arbitration and Figure 3-15 and Figure 3-17 show two-wire bus arbitration.
BGACK must be pulled high for two-wire bus arbitration.

PROCESSOR REQUESTING DEVICE
REQUEST THE BUS
ASSERT BUS REQUEST (BR)
GRANT BUS ARBITRATION g

ASSERT BUS GRANT (BG)

» OPERATE AS BUS MASTER

1) EXTERNAL ARBITRATION
DETERMINES NEXT BUS MASTER

2) NEXT BUS MASTER WAITS FOR
CURRENT CYCLE TO COMPLETE

ACKNOWLEDGE RELEASE OF i
BUS MASTERSHIP RELEASE BUS MASTERSHIP
NEGATE BUS GRANT (BG) | % NEGATE BUS REQUEST (BR)
REARBITRATE OR RESUME
PROCESSOR OPERATION

Figure 3-15. Two-Wire Bus Arbitration Cycle Flowchart

The timing diagram in Figure 3-16 shows that the bus request is negated at the time that an
acknowledge is asserted. This type of operation applies to a system consisting of a proces-
sor and one other device capable of becoming bus master. In systems having several
devices that can be bus masters, bus request lines from these devices can be wire-ORed
at the processor, and more than one bus request signal could occur.

The bus grant signal is negated a few clock cycles after the assertion of the bus grant
acknowledge signal. However, if bus requests are pending, the processor reasserts bus
grant for another request a few clock cycles after bus grant (for the previous request) is
negated. In response to this additional assertion of bus grant, external arbitration circuitry
selects the next bus master before the current bus master has completed the bus activity.

The timing diagram in Figure 3-17 also applies to a system consisting of a processor and
one other device capable of becoming bus master. Since the two-wire bus arbitration
scheme does not use a bus grant acknowledge signal, the external master must continue to
assert BR until it has completed its bus activity. The processor negates BG when BR is
negated.
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ok Uy yvvuuwuuy
a0 X X — Jat — X

AS _\_/_\_/—\_/—\_/_\ / N\ /N _/—\_/_\_

osos . /" \__/—"\_/ \_ /" —"\__/ \__

R \_/ N /
DTACK __/ __/ _/ /0
D15-D0 ) ) { — ) ) ——

m —_/ \ /

B ____/ n___/
sk N/ \

PROCESSOR—>}<—— DMA DEVICE —>}<————  PROCESSOR | DMA DEVICE

Figure 3-16. Three-Wire Bus Arbitration Timing Diagram

S0 S2 sS4 s6 SO0 S2 S4 S6 S0 S2 S4 S6 SO0 S2 sS4 S
CLK

o ) — — ot — at
BT\ /" — N\ — /L
s/ — /" — S T — S

RIW /) — / — /
DTACK / _/ —/ A
proo——___ ——~__ —— — —
B\ /N
B\ / \
PROCESSOR——>]<— DMA DEVICE —>}<————  PROCESSOR | DMA DEVICE

Figure 3-17. Two-Wire Bus Arbitration Timing Diagram

3.2.1 Requesting the Bus

External devices capable of becoming bus masters assert BR to request the bus. This signal
can be wire-ORed (not necessarily constructed from open-collector devices) from any of the
devices in the system that can become bus master. The processor, which is at a lower bus
priority level than the external devices, relinquishes the bus after it completes the current
bus cycle.
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3.2.2 Receiving the Bus Grant

The processor asserts BG as soon as possible. Normally, this process immediately follows
internal synchronization, except when the processor has made an internal decision to exe-
cute the next bus cycle but has not yet asserted AS for that cycle. In this case, BG is delayed
until AS is asserted to indicate to external devices that a bus cycle is in progress. One such
case is during a dynamically sized cycle; BG will not assert until the second half of the cycle.

BG can be routed through a daisy-chained network or through a specific priority-encoded
network. Any method of external arbitration that observes the protocol can be used.

3.2.3 Acknowledgment of Mastership (Three-Wire Bus Arbitration Only)

Upon receiving BG, the requesting device waits until AS, DTACK, and BGACK are negated
before asserting BGACK. The negation of AS indicates that the previous bus master has
completed its cycle. (No device is allowed to assume bus mastership while AS is asserted.)
The negation of BGACK indicates that the previous master has released the bus. The nega-
tion of DTACK indicates that the previous slave has terminated the connection to the previ-
ous master. (In some applications, DTACK might not be included in this function; general-
purpose devices would be connected using AS only.) When BGACK is asserted, the assert-
ing device is bus master until it negates BGACK. BGACK should not be negated until after
the bus cycle(s) is complete. A device relinquishes control of the bus by negating BGACK.

The BR from the granted device should be negated after BGACK is asserted. If another bus
request is pending, BG is reasserted within a few clocks, as described in Section 3.3 Bus
Arbitration Control. The processor does not perform any external bus cycles before reas-
serting BG.
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3.3 BUS ARBITRATION CONTROL

All asynchronous bus arbitration signals to the processor are synchronized before being
used internally. As shown in Figure 3-18, synchronization requires a maximum of one and
a half cycles of the system clock. The input asynchronous signal is sampled on the falling
edge of the clock and is valid internally after the next rising edge.

INTERNAL SIGNAL VALID

EXTERNAL SIGNAL SAMPLED

CLK

BR (EXTERNAL) —\
@)

BR (INTERNAL) \

Figure 3-18. External Asynchronous Signal Synchronization

Bus arbitration control is implemented with a finite state machine (see Figure 3-19). In Figure
3-19, input signals R and A are the internally synchronized versions of BR and BGACK. The
BG output is shown as G, and the internal three-state control signal is shown as T. If T is
true, the address, data, and control buses are placed in the high-impedance state when AS
is negated. All signals are shown in positive logic (active high), regardless of their true active
voltage level. State changes (valid outputs) occur on the next rising edge of the clock after
the internal signal is valid.

A timing diagram of the bus arbitration sequence during a processor bus cycle is shown in
Figure 3-20. The bus arbitration timing while the bus is inactive (e.g., the processor is per-
forming internal operations for a multiply instruction) is shown in Figure 3-21.

When a bus request is made after the MPU has begun a bus cycle and before AS has been
asserted (S0), the special sequence shown in Figure 3-22 applies. Instead of being asserted
on the next rising edge of clock, BG is delayed until the second rising edge following its inter-
nal assertion.

Figure 3-20, Figure 3-21, and Figure 3-22 apply to processors using three-wire bus arbitra-

tion. Figure 3-23, Figure 3-24, and Figure 3-25 apply to processors using two-wire bus
arbitration.

MOTOROLA MC68307 USER'S MANUAL 3-19



Bus Operation

3-20

- (b) Two-Wire Bus Arbitration

R = Bus Request Internal
A = Bus Grant Acknowledge Internal

G = Bus Grant
T = Three-State Control to Bus Control Logic

X = Don't Care
1. State machine will not change if the bus is S0 or S1.

2. The address bus will be placed in the high-impedance state if T is asserted and AS is
negated.

Figure 3-19. Bus Arbitration Unit State Diagrams
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BUS THREE-STATED

BUS RELEASED FROM THREE STATE AND

BG ASSERTED PROCESSOR STARTS NEXT BUS CYCLE;
BR VALID INTERNAL BGACK NEGATED INTERNAL—

BR SAMPLED—————— BGACK SAMPLED

BR ASSERTED BGACK NEGATED

SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO Si1

BR -\ /
BG \ /
BGACK ____ /

>
N
iy
>
o
N~
N

—_

s\ /D A VA
ws /) N/

RIW \ /
DTACK \ / \I
VA /
D15-D0 ! ) —_
<—— PROCESSOR I ALTERNATE BUS MASTER —>{<— PROCESSOR

Figure 3-20. Three-Wire Bus Arbitration Timing Diagram—Processor Active
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DTACK

D15-D0

3-22

BUS RELEASED FROM THREE STATE AND PROCESSOR STARTS NEXT BUS CYCLE
BGACK NEGATED
BG ASSERTED AND BUS THREE STATED
BR VALID INTERNAL
BR SAMPLED
BR ASSERTED

SO S1 S2 S3 S4 S5 S6 S7

[

SO S1 S2 S3 S4

n_/

7/

A

\_/

O )

)
<—— PROCESSOR —>(<— N fgﬁVE —>}<7 ALTERNATE BUS MASTER —>}<— PROCESSOR —>

Figure 3-21. Three-Wire Bus Arbitration Timing Diagram—Bus Inactive
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BUS THREE-STATED

BUS RELEASED FROM THREE STATE AND

BG ASSERTED

BG PROCESSOR STARTS NEXT BUS CYCLE
BRVALID INTERNAL- BGACK NEGATED INTERNAL

BR SAMPLED

BGACK SAMPLED

BR ASSERTED BGACK NEGATED

CLK
O Ss2  s4 s6 0 S2  s4 s6 S0
R\ /
BG \ /
BGACK ~____/
A23-A0 — ) { —_

RW — \ /
pTack —/ / -/
D15-D0 { ) {

< PROCESSOR I ALTERNATE BUS MASTER —)‘<— PROCESSOR —————>

Figure 3-22. Three-Wire Bus Arbitration Timing Diagram—Special Case
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BUS THREE-STATED BUS RELEASED FROM THREE STATE AND
BG ASSERTED PROCESSOR STARTS NEXT BUS CYCLE;
BR VALID INTERNAL BR NEGATED INTERNAL

BR SAMPLED————— BR SAMPLED

BR ASSERTED BR NEGATED

- SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 SB S7 SO Sl
R\ /
BG \ /

BGACK

A23-A0 — ) { —_

RIW \ /
DTACK \_/ \____ /S
I ———
D15-D0 { ) ‘
< PROCESSOR I ALTERNATE BUS MASTER —>{<— PROCESSOR ———>

Figure 3-23. Two-Wire Bus Arbitration Timing Diagram—Processor Active
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BUS RELEASED FROM THREE STATE AND PROCESSOR STARTS NEXT BUS CYCLE

BR NEGATED
BG ASSERTED AND BUS THREE STATED
BR VALID INTERNAL
BR SAMPLED
BR ASSERTED

SO S1 S2 S3 S4 S5 S6 S7

L L

SO S1 S2 S3 S4

BR \

BG \ /S
BGACK
n2s-n0 — ) (

RIW \
DTACK \ /
D15-D0 { )

)
<——— PROCESSOR —)k— N e —>}<— ALTERNATE BUS MASTER 4>}<— PROCESSOR —

Figure 3-24. Two-Wire Bus Arbitration Timing Diagram—Bus Inactive
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3-26

BUS THREE-STATED

BUS RELEASED FROM THREE STATE AND

BG ASSERTED
BR PROCESSOR STARTS NEXT BUS CYCLE
Ei) ek BR NEGATED INTERNAL
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Figure 3-25. Two-Wire Bus Arbitration Timing Diagram—Special Case
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3.4 BUS ERROR AND HALT OPERATION

In a bus architecture that requires a handshake from an external device, such as the asyn-
chronous bus used in the M68000 family, the handshake may not always occur. A bus mon-
itor is provided to terminate a bus cycle in error when the expected signal is not asserted.
Different systems and different devices within the same system require different maximum-
response times. This internal circuitry asserts the internal ECO00 core bus error signal after
the appropriate delay following the assertion of address strobe.

3.4.1 Bus Error Operation

When the bus error condition is recognized, the current bus cycle is terminated in S7 for a
read cycle, a write cycle, or the read portion of a read-modify-write cycle. For the write por-
tion of a read-modify-write cycle, the current bus cycle is terminated in S19.

After the aborted bus cycle is terminated, the processor enters exception processing for the
bus error exception. During the exception processing sequence, the following information is
placed on the supervisor stack:

1. Status register

2. Program counter (two words, which may be up to five words past the instruction being
executed)

3. Error information

The first two items are identical to the information stacked by any other exception. The
ECO000 core stacks bus error information to help determine and to correct the error.

After the processor has placed the required information on the stack, the bus error exception
vector is read from vector table entry 2 (offset $08) and placed in the program counter. The
processor resumes execution at the address in the vector, which is the first instruction in the
bus error handler routine. Refer to Figure 3-26 for an example bus error timing diagram.
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Figure 3-26. Bus Error Timing Diagram
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3.4.2 Retrying the Bus Cycle

If the internal bus error signal is asserted during a bus cycle in which HALT is asserted by
an external device, the EC000 core will initiate a retry operation. Figure 3-27 is a timing dia-
gram of the retry operation.

The ECO000 core terminates the bus cycle, then puts the data bus in the high-impedance
state. The processor remains in this state until HALT is negated. Then the processor retries
the preceding cycle using the same function codes, address, and data (for a write opera-
tion). BERR should be negated at least one clock cycle before HALT is negated.

NOTES

There is no external connection to BERR; hence, users can not
normally initiate a retry operation. The internal bus error is as-
serted whenever a write protect violation, address decode con-
flict, or hardware watchdog timeout occurs (assuming the
offending condition is enabled in the SCR).

To guarantee that the entire read-modify-write cycle runs cor-
rectly and that the write portion of the operation is performed
without negating the address strobe, the processor does not re-
try a read-modify-write cycle. When BERR is asserted during a
read-modify-write operation, a bus error operation is performed
whether or not HALT is asserted.

osws . o/ ./

RIW
DTACK \—/_
p15-D0 — ) — —
BERR
(INTERNAL) <— > 1 CLOCK PERIOD —>
HALT \

} READ } HALT ‘ RETRY ‘

Figure 3-27. Retry Bus Cycle Timing Diagram
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3.4.3 Halt Operation

HALT performs a halt/run/single-step operation. When HALT is asserted by an external
device, the processor halts and remains halted as long as the signal remains asserted, as
shown in Figure 3-28.

While the processor is halted, bus arbitration is performed as usual.

NOTE

If HALT is asserted while a RESET instruction is being executed,
the CPU is reset.

The single-step mode is derived from correctly timed transitions of HALT. HALT is negated
to allow the processor to begin a bus cycle, then asserted to enter the halt mode when the
cycle completes. The single-step mode proceeds through a program one bus cycle at a time
for debugging purposes. The halt operation and the hardware trace capability allow tracing
of either bus cycles or instructions one at a time. These capabilities and a software debug-
ging package provide total debugging flexibility.

SO S2 sS4 S6 SO S2 sS4 S6
S I O I
A23-p0_)— ) { —_
AS \ / \/
osws N/ /S
RIW
oack ./ _____/
015-00—: (:_
HALT /

‘(— READ } HALT } READ }

Figure 3-28. Halt Operation Timing Diagram
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3.4.4 Double Bus Fault

When a bus error exception occurs, the processor begins exception processing by stacking
information on the supervisor stack. If another bus error occurs during exception processing
(i.e., before execution of another instruction begins) the processor halts and asserts HALT.
This is called a double bus fault. Only an external reset operation or a software watchdog
timeout can restart a processor halted due to a double bus fault.

A double bus fault occurs during a reset operation when a bus error occurs while the pro-
cessor is reading the vector table (before the first instruction is executed). The reset opera-
tion is described in the following paragraphs.

3.5 RESET OPERATION

RESET can be asserted externally for the initial processor reset. Subsequently, the signal
can be asserted either externally or internally (executing a RESET instruction). For proper
external reset operation, HALT must also be asserted.

The RESET and HALT bidirectional pins represent the standard M68000 method of reset.
The MC68307 adds a master reset input (RSTIN) which resets the MC68307. RSTIN gen-
erates a RESET, causing external devices in the system to be reset; note that HALT is not
asserted.

At initial power-on, the MC68307’s power-on reset asserts RESET and HALT internally until
Vpp reaches a minimum level. They are then held asserted for 32768 EXTAL clocks, to
ensure that the clock source has time to stabilize.

Subsequent assertions of RSTIN also incur a 32768 clock hold after the negating edge,
which equates to 2ms for a 16.667 MHz system clock. Because of this debouncing effect,
this input is often used in preference to RESET and HALT when a reset switch is required.

After the processor is reset, it reads the reset vector table entry (address $00000) and loads
the contents into the supervisor stack pointer (SSP). Next, the processor loads the contents
of address $00004 (vector table entry 1) into the program counter. Then the processor ini-
tializes the interrupt level in the status register to a value of seven. No other register is
affected by the reset sequence. Figure 3-29 shows the timing of the reset operation.
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The active-low RESET signal is asserted by the EC0O00 core when a RESET instruction is
executed. This signal should reset all external devices and internal peripherals (the EC000
core itself is not affected). The processor drives RESET for 124 clock periods. To guarantee
a reset of the core during this time, internal logic will stretch any RESET or HALT assertion
to 132 clocks.

CLK

+3VOLTS ———————

v -
oD < 1> 32768 CLOCKS

RESET

HALT

«—>| T<4cLOCKS — 1 —>]
wssoms XXXOOOO0000000 X XXX
2 3 4 5 6
NOTES: _
1. Internal start-up time 4. PC High read in here Bus State Unknown: ><><><><
2. SSP high read in here 5. PC Low read in here
3. SSP low read in here 6. First instruction fetched here All Control Signals Inactive. >_<
Data Bus in Read Mode:

Figure 3-29. Power-On Reset Operation Timing Diagram

3.6 ASYNCHRONOUS OPERATION

To achieve clock frequency independence at a system level, the bus can be operated in an
asynchronous manner. Asynchronous bus operation uses the bus handshake signals to
control the transfer of data. The handshake signals are AS, UDS, LDS, DTACK, the internal
BERR, and HALT. AS indicates the start of the bus cycle, and UDS and LDS signal valid
data for a write cycle. After placing the requested data on the data bus (read cycle) or latch-
ing the data (write cycle), the slave device (memory or peripheral) or the internal wait-state
generator asserts DTACK to terminate the bus cycle. If no device responds or if the access
is invalid, internal control logic asserts the internal BERR, to abort the cycle. Figure 3-31
shows the use of the bus handshake signals in a fully asynchronous read cycle. Figure 3-
30 shows a fully asynchronous write cycle.

In the asynchronous mode, the accessed device operates independently of the frequency
and phase of the system clock. For example, the MC68681 dual universal asynchronous
receiver/transmitter (DUART) does not require any clock-related information from the bus
master during a bus transfer. Asynchronous devices are designed to operate correctly with
processors at any clock frequency when relevant timing requirements are observed.

A device can use a clock at the same frequency as the system clock, but without a defined
phase relationship to the system clock. This mode of operation is pseudo-asynchronous; it
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DTACK \ /
Figure 3-30. Fully Asynchronous Write Cycle

ADDR —  ——
A/ \ /
RAW /
wsms /
DATA ) ( —
DTACK \ ya

Figure 3-31. Fully Asynchronous Read Cycle

increases performance by observing timing parameters related to the system clock fre-
guency without being completely synchronous with that clock. A memory array designed to
operate with a particular frequency processor but not driven by the processor clock is a com-
mon example of a pseudo-asynchronous device.

The designer of a fully asynchronous system can make no assumptions about address
setup time, which could be used to improve performance. With the system clock frequency
known, the slave device can be designed to decode the address bus before recognizing an
address strobe. Parameter #11 (refer to Section 11.7 AC Electrical Specifications—Read
and Write Cycles (VCC =5.0V £ 0.5V or 3.3Vdc = 0.3V; GND = 0Vdc; TA =TL to TH)
(see Figure 11-3 and Figure 11-4)) specifies the minimum time before address strobe dur-
ing which the address is valid.

In a pseudo-asynchronous system, timing specifications allow DTACK to be asserted for a
read cycle before the data from a slave device is valid. The length of time that DTACK may
precede data is specified as parameter #31. This parameter must be met to ensure the valid-
ity of the data latched into the processor. No maximum time is specified from the assertion
of AS to the assertion of DTACK. During this unlimited time, the processor inserts wait
cycles in one-clock-period increments until DTACK is recognized. Figure 3-33 shows the
important timing parameters for a pseudo-asynchronous read cycle.

During a write cycle, after the processor asserts AS but before driving the data bus, the pro-
cessor drives R/W low. Parameter #55 specifies the minimum time between the transition
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ADDR — )*
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DSBS \ /
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Figure 3-32. Pseudo-Asynchronous Read Cycle

DTACK

of R/W and the driving of the data bus, which is effectively the maximum turnoff time for any
device driving the data bus.

After the processor places valid data on the bus, it asserts the data strobe signal(s). A data
setup time, similar to the address setup time previously discussed, can be used to improve
performance. Parameter #26 is the minimum time a slave device can accept valid data
before recognizing a data strobe. The slave device asserts DTACK after it accepts the data.
Parameter #25 is the minimum time after negation of the strobes during which the valid data
remains on the address bus. Parameter #28 is the maximum time between the negation of
the strobes by the processor and the negation of DTACK by the slave device. If DTACK
remains asserted past the time specified by parameter #28, the processor may recognize it
as being asserted early in the next bus cycle and may terminate that cycle prematurely. Fig-
ure 3-33 shows the important timing specifications for a pseudo-asynchronous write cycle.
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Figure 3-33. Pseudo-Asynchronous Write Cycle
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3.7 SYNCHRONOUS OPERATION

In some systems, external devices use the system clock to generate DTACK and other
asynchronous input signals. This synchronous operation provides a closely coupled design
with maximum performance, appropriate for frequently accessed parts of the system. For
example, memory can operate in the synchronous mode, but peripheral devices operate
asynchronously. For a synchronous device, the designer uses explicit timing information
shown in Section 11.7 AC Electrical Specifications—Read and Write Cycles (VCC =
5.0V 0.5Vor3.3Vvdc £0.3V; GND =0Vdc; TA=TL to TH) (see Figure 11-3 and Figure
11-4). These specifications define the state of all bus signals relative to a specific state of
the processor clock.

The standard M68000 bus cycle consists of four clock periods (eight bus cycle states) and,
optionally, an integral number of clock cycles inserted as wait states. Wait states are
inserted as required to allow sufficient response time for the external device. The following
state-by-state description of the bus cycle differs from those descriptions in Section 3.1.2
16-Bit M68000 Bus Read Cycle and Section 3.1.3 16-Bit M68000 Bus Write Cycle by
including information about the important timing parameters that apply in the bus cycle
states.

STATE O The bus cycle starts in SO, during which the clock is high. At the rising edge
of SO, the function code for the access is driven externally. Parameter #6A
defines the delay from this rising edge until the function codes are valid.
Also, the R/W signal is driven high; parameter #18 defines the delay from
the same rising edge to the transition of R/W. The minimum value for
parameter #18 applies to a read cycle preceded by a write cycle; this value
is the maximum hold time for a low on R/W beyond the initiation of the read
cycle.

STATE 1 Entering S1, a low period of the clock, the address of the accessed device is
driven externally with an assertion delay defined by parameter #6.

STATE 2 On the rising edge of S2, a high period of the clock, AS is asserted. During a
read cycle, UDS and/or LDS is also asserted at this time. Parameter #9
defines the assertion delay for these signals. For a write cycle, the R/W signal
is driven low with a delay defined by parameter #20.

STATE 3 On the falling edge of the clock entering S3, the data bus is driven out of the
high-impedance state with the data being written to the accessed device (in a
write cycle). Parameter #23 specifies the data assertion delay. In aread cycle,
no signal is altered in S3.

STATE 4 Entering the high clock period of S4, UDS/LDS is asserted (during a write
cycle) on the rising edge of the clock. As in S2 for a read cycle, parameter #9
defines the assertion delay from the rising edge of S4 for UDS/LDS. In a read
cycle, no signal is altered by the processor during S4.

Until the falling edge of the clock at the end of S4 (beginning of S5), no
response from any external device except RESET is acknowledged by the
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processor. If DTACK is asserted before the falling edge of S4 and satisfies the
input setup time defined by parameter #47, the processor enters S5 and the
bus cycle continues. If DTACK is asserted but without meeting the setup time
defined by parameter #47, the processor may recognize the signal and
continue the bus cycle; the result is unpredictable. If DTACK is not asserted
before the next rise of clock, the bus cycle remains in S4, and wait states
(complete clock cycles) are inserted until one of the bus cycle terminations is
met. DTACK is normally generated by the internal wait-state generator.

STATE S S5 is a low period of the clock, during which the processor does not alter any
signal.

STATE 6 S6 is a high period of the clock, during which data for a read operation is set
up relative to the falling edge (entering S7). Parameter #27 defines the
minimum period by which the data must precede the falling edge. For a write
operation, the processor changes no signal during S6.

STATE 7 On the falling edge of the clock entering S7, the processor latches data and
negates AS and UDS/LDS during a read cycle. The hold time for these
strobes from this falling edge is specified by parameter #12. The hold time for
data relative to the negation of AS and UDS/LDS is specified by parameter
#29. For a write cycle, only AS and UDS/LDS, are negated; timing parameter
#12 also applies.

On the rising edge of the clock, at the end of S7 (which may be the start of SO
for the next bus cycle), the processor places the address bus in the high-
impedance state. During a write cycle, the processor also places the data bus
in the high-impedance state and drives R/W high. External logic circuitry
should respond to the negation of the AS and UDS/LDS by negating DTACK,
if it was asserted externally. Parameter #28 is the hold time for DTACK.

Figure 3-34 shows a synchronous read cycle and the important timing parameters that
apply. The timing for a synchronous read cycle, including relevant timing parameters, is
shown in Figure 3-35.

A key consideration when designing in a synchronous environment is the timing for the
assertion of DTACK by an external device. To properly use external inputs, the processor
must synchronize these signals to the internal clock. The processor must sample the exter-
nal signal, which has no defined phase relationship to the CPU clock, which may be chang-
ing at sampling time, and must determine whether to consider the signal high or low during
the succeeding clock period. Successful synchronization requires that the internal machine
receives a valid logic level, whether the input is high, low, or in transition.

Parameter #47 of Section 11.7 AC Electrical Specifications—Read and Write Cycles
(VCC=5.0V+£0.5Vor3.3vdc £0.3V; GND =0Vdc; TA=TL to TH) (see Figure 11-3 and
Figure 11-4) is the asynchronous input setup time. Signals that meet parameter #47 are
guaranteed to be recognized at the next falling edge of the system clock. However, signals
that do not meet parameter #47 are not guaranteed to be recognized. In addition, if DTACK
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is recognized on a falling edge, valid data is latched into the processor (during a read cycle)
on the next falling edge, provided the data meets the setup time required (parameter #27).
When parameter #27 has been met, parameter #31 may be ignored. If DTACK is asserted
with the required setup time before the falling edge of S4, no wait states are incurred, and
the bus cycle runs at its maximum speed of four clock periods.

SO S1 S2 S3 S4 S5 S6 S7 SO

R |y

N

<—@—>

DTACK

@> =
DATA ff__>—

Figure 3-34. Synchronous Read Cycle

SO S1 S2 S3 S4 S5 S6 S7 SO

>7

_>‘ *
RW j \

DTACK

~®> &>

DATA { |

Figure 3-35. Synchronous Write Cycle
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SECTION 4
EC000 CORE PROCESSOR

The ECO000 core has a 16-bit data bus and 32-bit address bus while the full architecture pro-
vides for 32-bit address and data register operations.

4.1 FEATURES

The following resources are available to the EC000 core:
» Eight 32-Bit Address Registers
» Eight 32-Bit Data Registers
» 56 Powerful Instructions
» Operations on Five Main Data Types
* Memory-Mapped Input/Output (I/O)
e 14 Addressing Modes

4.2 PROCESSING STATES

The processor is always in one of three states: normal processing, exception processing, or
halted. It is in the normal processing state when executing instructions, fetching instructions
and operands, and storing instruction results.

Exception processing is the transition from program processing to system, interrupt, and
exception handling. Exception processing includes fetching the exception vector, stacking
operations, and refilling the instruction pipe after an exception. The processor enters excep-
tion processing when an exceptional internal condition arises such as tracing an instruction,
an instruction results in a trap, or executing specific instructions. External conditions, such
as interrupts and access errors, also cause exceptions. Exception processing ends when
the first instruction of the exception handler begins to execute.

The processor halts when it receives an access error or generates an address error while in
the exception processing state. For example, if during exception processing of one access
error another access error occurs, the processor is unable to complete the transition to nor-
mal processing and cannot save the internal state of the machine. The processor assumes
that the system is not operational and halts. Only an external reset can restart a halted pro-
cessor. Note that when the processor executes a STOP instruction, it is in a special type of
normal processing state, one without bus cycles. The processor stops, but it does not halt.
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4.3 PROGRAMMING MODEL

The ECO000 core executes instructions in one of two modes—user mode or supervisor
mode. The user mode provides the execution environment for the majority of application
programs. The supervisor mode, which allows some additional instructions and privileges,
is used by the operating system and other system software.

To provide upward compatibility of code written for a specific implementation of the EC000
core, the user programmer's model, illustrated in Figure 4-1, is common to all implementa-
tions. In the user programmer's model, the EC000 core offers 16, 32-bit, general-purpose
registers (D7-D0, A7—A0), a 32-bit program counter, and an 8-bit condition code register.
The first eight registers (D7-D0) are used as data registers for byte (8-bit), word (16-bit), and
long-word (32-bit) operations. The second set of seven registers (A6—AQ0) and the user stack
pointer (USP) can be used as software stack pointers and base address registers. In addi-
tion, the address registers can be used for word and long-word operations. All of the 16 reg-
isters can be used as index registers. The supervisor programmer's model consists of
supplementary registers used in the supervisor mode.

31 0
D0
D1
D2
D3
D4 | DATAREGISTERS
D5
D6
D7
A0
Al
A2
A3 | ADDRESS REGISTERS
Ad
A5
A6
A7IUSP USER STACK POINTER
PC PROGRAM COUNTER
C ] CCR CONDITION CODE REGISTER
USER PROGRAMMING MODEL

31 0

| SSP SUPERVISOR STACK POINTER
' (CCR) | SR STATUS REGISTER (CCR IS ALSO SHOWN IN
THE USER PROGRAMMING MODEL)

SUPERVISOR PROGRAMMING MODEL

Figure 4-1. Programming Model

The status register, illustrated in Figure 4-2, contains the interrupt mask (eight levels avail-
able) and the following condition codes: overflow (V), zero (Z), negative (N), carry (C), and
extend (X). Additional status bits indicate that the processor is in the trace (T) mode and/or
in the supervisor (S) state.
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USER BYTE
SYSTEM BYTE (CONDITION CODE REGISTER)

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|T|0|S|0|0||2|I1||0|0|O|0|X|N|Z|V|C|
|

TRACE MODE
SUPERVISOR/USER STATE

INTERRUPT
PRIORITY MASK

EXTEND
NEGATIVE
ZERO
OVERFLOW

CARRY

Figure 4-2. Status Register

4.3.1 Data Format Summary

The processor supports the basic data formats of the M68000 family. The instruction set
supports operations on other data formats such as memory addresses.

The operand data formats supported by the integer unit (IU) are the standard twos-
complement data formats defined in the M68000 family architecture. Registers, memory, or
instructions themselves can contain IU operands. The operand size for each instruction is
either explicitly encoded in the instruction or implicitly defined by the instruction operation.
Table 4-1 lists the data formats for the processor. Refer to M68000PM/AD, M68000 Family
Programmer’s Reference Manual, for details on data format organization in registers and
memory.

Table 4-1. Processor Data Formats

Operand Data Format Size Notes
Bit 1 Bit —
Binary-Coded Decimal (BCD) 8 Bits  |Packed: 2 Digits/Byte; Unpacked: 1 Digit/Byte
Byte Integer 8 Bits —
Word Integer 16 Bits —
Long-Word Integer 32 Bits —

4.3.2 Addressing Capabilities Summary

The ECO000 core supports the basic addressing modes of the M68000 family. The register
indirect addressing modes support postincrement, predecrement, offset, and indexing,
which are particularly useful for handling data structures common to sophisticated applica-
tions and high-level languages. The program counter indirect mode also has indexing and
offset capabilities. This addressing mode is typically required to support position-indepen-
dent software. Besides these addressing modes, the processor provides index sizing and
scaling features.
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An instruction’s addressing mode can specify the value of an operand, a register containing
the operand, or how to derive the effective address of an operand in memory. Each address-
ing mode has an assembler syntax. Some instructions imply the addressing mode for an
operand. These instructions include the appropriate fields for operands that use only one
addressing mode. Table 4-2 lists a summary of the effective addressing modes for the pro-
cessor. Refer to M68000PM/AD, M68000 Family Programmer’s Reference Manual, for
details on instruction format and addressing modes.

Table 4-2. Effective Addressing Modes

Register Indirect with Offset
Indexed Register Indirect with Offset

Addressing Modes Syntax
Register Direct Addressing
Data Register Direct EA =Dn
Address Register Direct EA =An
Absolute Data Addressing
Absolute Short EA = (Next Word)
Absolute Long EA = (Next Two Words)
Program Counter Relative Addressing
Relative with Offset EA = (PC)+dys
Relative with Index and Offset EA = (PC)+dg
Register Indirect Addressin
9 Register Indirect g. . EA=(Am)
Postincrement Register Indirect EA = (An), An ~ An+N
Predecrement Register Indirect An "~ An-N, EA = (An)

EA = (An)+d, .
EA = (An)+(Xn)+dg

Immediate Data Addressing

Immediate
Quick Immediate

DATA = Next Word(s)
Inherent Data

Implied Addressing

Implied Register

EA = SR, USP, SSP, PC

4.3.3 Notation Conventions

Table 4-3 lists the notation conventions used in this manual unless otherwise specified.

Table 4-3. Notation Conventions

Single and Double Operand Operations

Arithmetic addition or postincrement indicator.

Arithmetic subtraction or predecrement indicator.

Arithmetic multiplication.

Arithmetic division or conjunction symbol.

Invert; operand is logically complemented.

Logical AND

Logical OR

Logical exclusive OR

Source operand is moved to destination operand.

j

Two operands are exchanged.

<op>

Any double-operand operation.

<operand>tested

Operand is compared to zero and the condition codes are set appropriately.

sign-extended

All bits of the upper portion are made equal to the high-order bit of the lower portion.

Other Operations

Equivalent to Format + Offset Word 0 (SSP); SSP -2 0 SSP; PC O (SSP); SSP -4 [0 SSP;

TRAP SR O (SSP); SSP—2 [0 SSP; (Vector) O P
STOP Enter the stopped state, waiting for interrupts.
<operand>10 The operand is BCD; operations are performed in decimal.
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Table 4-3. Notation Conventions (Continued)

If <condition>
then <operations>
else <operations>

Test the condition. If true, the operations after “then” are performed. If the condition is false and
the optional “else” clause is present, the operations after “else” are performed. If the condition is
false and else is omitted, the instruction performs no operation. Refter to the Bcc instruction de-
scription as an example.

Register Specification

An Any Address Register n (example: A3 is address register 3)
Ax, Ay Source and destination address registers, respectively.
BR Base Register—An, PC, or suppressed.
Dc Data register D7-D0, used during compare.
Dh, DI Data registers high- or low-order 32 bits of product.
Dn Any Data Register n (example: D5 is data register 5)
Dr, Dq Data register’s remainder or quotient of divide.
Du Data register D7-D0, used during update.
Dx, Dy Source and destination data registers, respectively.
Rn Any Address or Data Register
Rx, Ry Any source and destination registers, respectively.
Xn Index Register—An, Dn, or suppressed.
Data Format And Type
<fmt> Operand Data Format: Byte (B), Word (W), Long (L), or Packed (P).
B, W, L Specifies a signed integer data type (twos complement) of byte, word, or long word.
K A twos complement signed integer (—64 to +17) specifying a number’s format to be stored in the

packed decimal format.

Subfields and Qualifiers

#<xxx> or #<data>

Immediate data following the instruction word(s).

0

Identifies an indirect address in a register.

[l

Identifies an indirect address in memory.

bd Base Displacement

dn Displacement Value, n Bits Wide (example: d1g is a 16-bit displacement).
LSB Least Significant Bit
LSW Least Significant Word
MSB Most Significant Bit
MSW Most Significant Word

od Outer Displacement

SCALE A scale factor (1, 2, 4, or 8, for no-word, word, long-word, or quad-word scaling, respectively).
SIZE The index register’s size (W for word, L for long word).
{offset:width} Bit field selection.
Register Names

CCR Condition Code Register (lower byte of status register)

PC Program Counter

SR Status Register

Register Codes

* General Case.

C Carry Bitin CCR

cc Condition Codes from CCR

FC Function Code

N Negative Bit in CCR

U Undefined, Reserved for Motorola Use.

\Y Overflow Bit in CCR

X Extend Bit in CCR

z Zero Bitin CCR

— Not Affected or Applicable.
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Table 4-3. Notation Conventions (Continued)

Stack Pointers
SP Active Stack Pointer
SSP Supervisor Stack Pointer
USP User Stack Pointer
Miscellaneous
<ea> Effective Address
<label> Assemble Program Label
<list> List of registers, for example D3-DO.
LB Lower Bound
m Bit m of an Operand
m-n Bits m through n of Operand
uB Upper Bound

4.4 ECO00 CORE INSTRUCTION SET OVERVIEW

Design of the instruction set gives special emphasis to support of structured, high-level lan-
guages and to ease of assembly language programming. Each instruction, with a few excep-
tions, operates on bytes, words, and long words, and most instructions can use any of the
14 addressing modes. Over 1000 useful instructions are provided by combining instruction
types, data types, and addressing modes. These instructions include signed and unsigned
multiply and divide, “quick” arithmetic operations, BCD arithmetic, and expanded operations
(through traps). Additionally, the highly symmetric, proprietary microcoded structure of the
instruction set provides a sound, flexible base for the future.

The ECO000 core instruction set is listed in Table 4-4. For detailed information on the EC000
core instruction set, refer to M68000PM/AD, M68000 Family Programmer's Reference Man-

ual.
Table 4-4. EC000 Core Instruction Set Summary
Opcode Operation Syntax
ABCD BCD Source + BCD Destination + X 0 Destination QEEB —DAy?)),(—(Ax)
L S ADD <ea>,Dn

ADD Source + Destination I Destination ADD Dn.<ea>

ADDA Source + Destination O Destination ADDA <ea>,An

ADDI Immediate Data + Destination 0 Destination ADDI #<data>,<ea>
ADDQ Immediate Data + Destination [0 Destination ADDQ #<data>,<ea>
ADDX Source + Destination + X 0 Destination ﬁBB% _DC/A'?)),(_( AX)

I P AND <ea>,Dn

AND Source A Destination 0 Destination AND Dn <ea>

ANDI Immediate Data A Destination [0 Destination ANDI #<data>,<ea>
ANDI to CCR Source ACCR O CCR ANDI #<data>,CCR

If supervisor state
ANDI to SR then Source A SR O SR ANDI #<data>,SR
else TRAP
ASd Dx,Dyl
ASL, ASR Destination Shifted by count O Destination ASd ;t)&<data>,Dyl
ASd <ea>!

Bcc I condltlcmet:]ugc +dy 0 PC Bcc <label>
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Table 4-4. EC000 Core Instruction Set Summary (Continued)

~§bit number of Destinationg 0 z;

BCHG Dn,<ea>

BCHG Eﬂt{;ittig#mber of Destination) O (bit number) of Des- BCHG #<data>, <ea>
BCLR ~(bit number of Destination) O Z; BCLR Dn,<ea>
0 O bit number of Destination BCLR #<data>,<ea>
BRA PC+dnO PC BRA <label>
BSET ~(bit number of Destination) O Z; BSET Dn,<ea>
1 0 bit number of Destination BSET #<data>,<ea>
BSR SP-40 SP;PCO (SP); PC+dnO PC BSR <label>
. . . <ea>
BTST —(bit number of Destination) O Z; E¥§¥ Egda?:z <ea>
If Dn < 0 or Dn > Source
CHK then TRAP CHK <ea>,Dn
CLR 0 O Destination CLR <ea>
CMP Destination — Source [0 cc CMP <ea>,Dn
CMPA Destination — Source CMPA <ea>,An
CMPI Destination — Immediate Data CMPI #<data>,<ea>
CMPM Destination — Source O cc CMPM (Ay)+,(Ax)+
If condition false
DBcc then (DanlDDn Eﬂl DBcc Dn,<label>
then PC + dn O PC)
o o DIVS.W <ea>,Dn 32+160 16r:16q
DIVS Destination + Source [0 Destination DIVS.L <ea>,Dq 32+320 32q
DIVS.L <ea>,Dr:Dq 64 +32 0 32r:32q
o o DIVU.W <ea>,Dn 32+16 0 16r:16q
DIVU Destination + Source [0 Destination DIVU.L <ea>,Dq 32+320 32q
DIVU.L <ea>,Dr:Dq 64 +32 0 32r:32q
EOR Source [ Destination 0 Destination EOR Dn,<ea>
EORI Immediate Data O Destination [0 Destination EORI #<data>,<ea>
EORI to CCR Source 0 CCR O CCR EORI #<data>,CCR
If supervisor state
EORI to SR then Source 0 SR O SR EORI #<data>,SR
else TRAP
X,
EXG Rx = Ry EXG DX AY
EXG Ay,Dx
M : A EXT.W Dn extend byte to word
EXT Destination Sign — Extended O Destination EXT.L Dn extend word to long word
JMP Destination Address 0 PC JMP <ea>
SP-40 SP; PC O (SP)
JSR Destination Address IS PC JSR <ea>
LEA <ea> [ An LEA <ea>,An
SP-40 SP; An0O (SP
LINK 85 1%n, Spvdl sB) LINK An,dn
LSd Dx,Dy*
LSL, LSR Destination Shifted by count [0 Destination LSd #<data>,Dy1
LSd <ea>!
MOVE Source O Destination MOVE <ea>,<ea>

MOVE from SR

If supervisor state o
then SR O Destination
else TRAP

MOVE SR,<ea>

else TRAP

MOVE to CCR Source 0 CCR MOVE <ea>,CCR
If supervisor state

MOVE to SR then Source 0 SR MOVE <ea>,SR
else TRAP
If supervisor state MOVE USP.An

MOVE USP then USP O Anor An O USP MOVE An,U’SP

MOTOROLA
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Table 4-4. EC000 Core Instruction Set Summary (Continued)

MOVEA Source O Destination MOVEA <ea>,An
Registers 0 Destination MOVEM <list>,<ea>?
MOVEM Source [J Registers MOVEM <ea>,<list>2
MOVEP Source 0 Destination mg\\;gﬁ (%):1(29)'632
MOVEQ Immediate Data 0 Destination MOVEQ #<data>,Dn
o o MULS.W <ea>,Dn 16x16 0 32
MULS Source x Destination [0 Destination MULS.L <ea>,DI 32x320 32
MULS.L <ea>,Dh-DI 32x320 64
o o MULU.W <ea>,Dn 16 x16 0 32
MULU Source x Destination [0 Destination MULU.L <ea>,DlI 32x320 32
MULU.L <ea>,Dh-DI 32x320 64
NBCD 0 — (Destination1p) — X O Destination NBCD <ea>
NEG 0 — (Destination) O Destination NEG <ea>
NEGX 0 — (Destination) — X 0 Destination NEGX <ea>
NOP None NOP
NOT ~ Destination [0 Destination NOT <ea>
L — OR <ea>,Dn
OR Source V Destination [0 Destination OR Dn <ea>
ORI Immediate Data V Destination [0 Destination ORI #<data>,<ea>
ORIto CCR Source VCCR O CCR ORI #<data>,CCR
If supervisor state
ORI to SR then Source V SR O SR ORI #<data>,SR
else TRAP
PEA SP-40 SP; <ea>0 (SP) PEA <ea>
If supervisor state )
RESET then Assert RSTO Line RESET
else TRAP
L L ROd Rx,Dy?*
ROL, ROR Destination Rotated by count 0 Destination !
y ROd #<data> Dy’
ROXd Dx,Dy*
ROXL, ROXR Destination Rotated with X by count O Destination |ROXd #<data>,Dyl
ROXd <ea>!
If supervisor state
then (SIEP 0 SR;SP+20 SP; (SP) U PC;
RTE SP + 4 O SP; restore state and deallocate |RTE
stack according to (SP)
else TRAP
SP) 0 CCR; SP +2 [ SP;
RTR (BF)C BE& 45 sP RTR
RTS (SP)T PC;SP+40 SP RTS
i ati _ _ inati SBCD Dx,Dy
SBCD Destination]g — Source1g — X O Destination SBCD —(Ax) —(Ay)
If condition true
Scc then 1s O Destination Scc <ea>
else Os O Destination
If supervisor state
STOP then Immediate Data 0 SR; STOP STOP #<data>
else TRAP
. L SUB <ea>,Dn
SUB Destination — Source [ Destination SUB Dn.<ea>
SUBA Destination — Source 0 Destination SUBA <ea>,An
SUBI Destination — Immediate Data [0 Destination SUBI #<data>,<ea>
SUBQ Destination — Immediate Data [0 Destination SUBQ #<data>,<ea>
SUBX Destination — Source — X 0 Destination EHE§ _D()f&)%)"_( Ay)
SWAP Register 31-16 = Register 15-0 SWAP Dn
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Table 4-4. EC000 Core Instruction Set Summary (Continued)

Destination Tested 0 Condition Codes;
TAS 10 bit 7 of Destination TAS <ea>
SSP -2 0 SSP; Format + Offset 0 (SSP);
TRAP SSP -4 0 SSP; PC O (SSP); SSP -2 I SSP; TRAP #<vector>
SR O (SSP); Vector Address 0 PC
Ifv
TRAPV then TRAP TRAPV
TST Destination Tested 0 Condition Codes TST <ea>
UNLK An 0 SP; (SP) O An;SP+40 SP UNLK An
NOTES:

1. d is direction, left or right.
2. List refers to register.

4.5 EXCEPTION PROCESSING

This section describes the processing for each type of exception, exception priorities, the
return from an exception, and bus fault recovery. This section also describes the formats of
the exception stack frames.

Exception processing is the activity performed by the processor in preparing to execute a
special routine for any condition that causes an exception. In particular, exception
processing does not include the execution of the routine itself. Exception processing is the
transition from the normal processing of a program to the processing required for any special
internal or external condition that preempts normal processing. External conditions that
cause exceptions are interrupts from external devices, bus errors, and resets. Internal
conditions that cause exceptions are instructions, address errors, and tracing. For example,
the TRAP, TRAPV, CHK, RTE, and DIV instructions can generate exceptions as part of their
normal execution. In addition, illegal instructions and privilege violations cause exceptions.
Exception processing uses an exception vector table and an exception stack frame.

Exception processing occurs in four functional steps. However, all individual bus cycles
associated with exception processing (vector acquisition, stacking, etc.) are not guaranteed
to occur in the order in which they are described in this section. Figure 4-4 illustrates a gen-
eral flowchart for the steps taken by the processor during exception processing.

During the first step, the processor makes an internal copy of the status register, S-bit, T-
bits, I-bits (SR). Then the processor changes to the supervisor mode by setting the S-bit and
inhibits tracing of the exception handler by clearing the trace enable (T) bit in the SR. For
the reset and interrupt exceptions, the processor also updates the interrupt priority mask in
the SR

During the second step, the processor determines the vector number for the exception. For
interrupts, the processor performs an interrupt acknowledge bus cycle to obtain the vector
number. For all other exceptions, internal logic provides the vector number. This vector num-
ber is used in the last step to calculate the address of the exception vector. Throughout this
section, vector numbers are given in decimal notation.

The third step is to save the current processor contents for all exceptions other than reset
exception, which does not stack information. The processor creates an exception stack
frame on the active supervisor stack and fills it with information appropriate for the type of
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exception. Other information can also be stacked, depending on which exception is being
processed and the state of the processor prior to the exception. Figure 4-3 illustrates the
general form of the exception stack frame.

EVEN BYTE ODD BYTE
15 8 7

15 0 HIGHER
ADDRESS

SSP > STATUS REGISTER

PROGRAM COUNTER HIGH

PROGRAM COUNTER LOW

Y
Figure 4-3. General Form of Exception Stack Frame

The last step initiates execution of the exception handler. The new program counter value
is fetched from the exception vector. The processor then resumes instruction execution. The
instruction at the address in the exception vector is fetched, and normal instruction decoding
and execution is started.

Figure 4-4 shows a general exception processiong flowchart.
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SAVE INTERNAL
COPY OF SR
s
T
(SEE NOTE)
FETCH VECTOR
NUMBER
OTHERWISE
BUS ERROR
SAVE CONTENTS (DOUBLE BUS FAULT)
TO STACK FRAME
(SEE NOTE)
OTHElRWISE BUS ERROR
EXECUTE EXCEPTION \
HANDLER
(DOUBLE BUS FAULT)
C)\
BUS ERROR OR
ADDRESS ERROR
OTHERWISE
BEGIN INSTRUCTION
EXECUTION (DOUBLE BUS FAULT)

{ EXIT }

{ EXIT }

NOTE: These blocks vary for reset and interrupt exceptions.
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4.5.1 Exception Vectors

An exception vector is a memory location from which the processor fetches the address of
a routine to handle an exception. Each exception type requires a handler routine and a
unique vector. All exception vectors are two words in length (see Figure 4-5), except for the
reset vector, which is four words long. All exception vectors reside in the supervisor data
space, except for the reset vector, which is in the supervisor program space. A vector num-
ber is an 8-bit number that is multiplied by four to obtain the offset of an exception vector.
Vector numbers are generated internally or externally, depending on the cause of the excep-
tion. For interrupts, during the interrupt acknowledge bus cycle, a peripheral provides an 8-
bit vector number (see Figure 4-6) to the processor on data bus lines D7-DO.

The processor forms the vector offset by left-shifting the vector number two bit positions and
zero-filling the upper-order bits to obtain a 32-bit long-word vector offset. In the EC000 core
this offset is used as the absolute address to obtain the exception vector itself, which is illus-
trated in Figure 4-6.

EVEN BYTE (A0=0) EVEN BYTE (A0=1)
WORD 0 NEW PROGRAM COUNTER (HIGH) A1=0
WORD 1 NEW PROGRAM COUNTER (LOW) Al=1

Figure 4-5. Exception Vector Format

A23 A10 A0

ALL ZEROES V7 | V6 | V6 |V4A |V3]|V2 |Vl|VO|O0O]O

Figure 4-6. Address Translated from 8-Bit Vector Number

The actual address on the address bus is truncated to the number of address bits available
on the bus of the particular implementation of the M68000 architecture. In the EC00O core,
this is 24 address bits. The memory map for exception vectors is shown in Table 4-5.

The vector table is 512 words long (1024 bytes), starting at address 0 (decimal) and pro-
ceeding through address 1023 (decimal). The vector table provides 255 unique vectors,
some of which are reserved for trap and other system function vectors. Of the 255, 192 are
reserved for user interrupt vectors. However, the first 64 entries are not protected, so user
interrupt vectors may overlap at the discretion of the systems designer.

4.6 PROCESSING OF SPECIFIC EXCEPTIONS

The exceptions are classified according to their sources, and each type is processed differ-
ently. The following paragraphs describe in detail the types of exceptions and the processing
of each type. The exception vector assignments are listed in Table 4-5.
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Table 4-5. Exception Vector Assignments

vece: | e | Aooaese [ "garess

0 0 000 SP Reset: Initial SSP3

1 4 004 SP Reset: Initial PC3

2 8 008 SD Bus Error

3 12 oocC SD Address Error

4 16 010 SD lllegal Instruction

5 20 014 SD Zero Divide

6 24 018 SD CHK Instruction

7 28 oicC SD TRAPV Instruction

8 32 020 SD Privilege Violation

9 36 024 SD Trace

10 40 028 SD Line 1010 Emulator

11 44 02C SD Line 1111 Emulator

121 48 030 SD (Unassigned, Reserved)

131 52 034 SD (Unassigned, Reserved)

141 56 038 SD (Unassigned, Reserved)

15 60 03C SD Uninitialized Interrupt Vector®
16-231 64-92 040-05C SD (Unassigned, Reserved)

24 96 060 SD Spurious Interrupt by BERR*

25 100 064 SD (Unassigned, Reserved)

26 104 068 SD (Unassigned, Reserved)

27 108 06C SD (Unassigned, Reserved)

28 112 070 SD (Unassigned, Reserved)

29 116 074 SD (Unassigned, Reserved)

30 120 078 SD (Unassigned, Reserved)

31 124 07C SD (Unassigned, Reserved)
32-47 128-188 080-0BC SD TRAP Instruction Vectors®
48-591 192-236 0CO-0OEE SD (Unassigned, Reserved)
60—631 240-252 0OF0-OFC SD Module Base Addr & System Configuration Regs
64-255 256-1020 100-3FC SD User Interrupt Vectors

NOTES:

1. In this table, SP = Supervisor Program Space, SD = Supervisor Data Space.

2. Vector numbers 12-14, 16-23, and 48-63 are reserved for future enhancements by Motorola (with
vectors 60-63 being used by the MC68307 SIM). No user peripheral devices should be assigned these
numbers.

3. Unlike the other vectors which only require two words, reset vector (0) requires four words and is located
in the supervisor program space.

4. The ECO000 core spurious interrupt vector is taken when there is no bus error indication during interrupt
processing. This feature is not used by the MC68307. The MC68307 handles this condition separately; it
outputs the spurious interrupt vector from the interrupt controller when it cannot provide an interrupt
source.

. TRAP #n uses vector number 32+n.

6. Vector number 15 is never used in the MC68307. The interrupt controller ensures that there is never an

uninitialized interrupt.

[
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4.6.1 Reset Exception

The reset exception corresponds to the highest exception level. The processing of the reset
exception is performed for system initiation and recovery from catastrophic failure. Any pro-
cessing in progress at the time of the reset is aborted and cannot be recovered. The proces-
sor is forced into the supervisor state, and the trace state is forced off. The interrupt priority
mask is set at level 7. The vector number is internally generated to reference the reset
exception vector at location O in the supervisor program space. Because no assumptions
can be made about the validity of register contents, in particular the SSP, neither the pro-
gram counter nor the status register are saved. The address in the first two words of the
reset exception vector is fetched as the initial SSP, and the address in the last two words of
the reset exception vector is fetched as the initial program counter. Finally, instruction exe-
cution is started at the address in the program counter. The initial program counter should
point to the power-up/restart code.

The RESET instruction does not cause a reset exception; it asserts the RESET signal to
reset external devices, which allows the software to reset the system to a known state and
continue processing with the next instruction.

4.6.2 Interrupt Exceptions
NOTE

In the MC68307, all external and internal interrupt requests are
controlled by the interrupt controller. The interrupt controller is
always the interrupting device to the EC000 core, supplying the
appropriate interrupt request level to the EC000 core via the
internal IPL2—IPLO lines. When the EC000 core performs an
interrupt acknowledge, the interrupt controller provides the
corresponding vector on the data bus and terminates the access
with a DTACK. This section considers the interrupt processing
from the perspective of the EC000 core. It is worth noting that,
from the MC68307’s perspective, the EC000 IPL2-IPLO lines
are internal, and also the EC0O00 autovectoring is not supported,
but is instead handled separately by the interrupt controller.
Refer to Section 5.1.4 Interrupt Processing for further
information on the interrupt operation.

Seven levels of interrupt priorities are provided, numbered from 1-7. Level 7 has the highest
priority. Devices can be chained externally within interrupt priority levels, allowing an unlim-
ited number of peripheral devices to interrupt the processor. The status register contains a
3-bit mask indicating the current interrupt priority, and interrupts are inhibited for all priority
levels less than or equal to the current priority. Priority level 7 is a special case. Level 7 inter-
rupts cannot be inhibited by the interrupt priority mask, thus providing a non-maskable inter-
rupt capability. An interrupt is generated each time the interrupt request level changes from
some lower level to level 7. A level 7 interrupt may still be caused by the level comparison
if the request level is a 7 and the processor priority is set to a lower level by an instruction.
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An interrupt request is made to the processor by encoding the interrupt request level on the
IPL2-IPLO; a zero indicates no interrupt request. Interrupt requests arriving at the processor
do not force immediate exception processing, but the requests are made pending. Pending
interrupts are detected between instruction executions. If the priority of the pending interrupt
is lower than or equal to the current processor priority, execution continues with the next
instruction, and the interrupt exception processing is postponed until the priority of the pend-
ing interrupt becomes greater than the current processor priority.

If the priority of the pending interrupt is greater than the current processor priority, the excep-
tion processing sequence is started. A copy of the status register is saved; the privilege
mode is set to supervisor mode; tracing is suppressed; and the processor priority level is set
to the level of the interrupt being acknowledged. The processor fetches the vector number
from the interrupting device by executing an interrupt acknowledge cycle, which displays the
level number of the interrupt being acknowledged on the address bus. If external logic
requests an automatic vector, the processor internally generates a vector number corre-
sponding to the interrupt level number. If external logic indicates a bus error, the interrupt is
considered spurious, and the generated vector number references the spurious interrupt
vector. The processor then proceeds with the usual exception processing. The saved value
of the program counter is the address of the instruction that would have been executed had
the interrupt not been taken. The appropriate interrupt vector is fetched and loaded into the
program counter, and normal instruction execution commences in the interrupt handling rou-
tine.

4.6.3 Uninitialized Interrupt Exception
NOTE

The uninitialized interrupt vector of the EC000 core is never
used in the MC68307, but is described here for completeness;
the MC68307 handles all interrupt conditions separately in the
interrupt controller (see Section 5.1.4 Interrupt Processing).

An interrupting device provides a EC000 core interrupt vector number and asserts data
transfer acknowledge (DTACK) or bus error (BERR) during an interrupt acknowledge cycle
by the ECO0O core. If the vector register has not been initialized, the responding M68000
family peripheral provides vector number 15, the uninitialized interrupt vector. This response
conforms to a uniform way to recover from a programming error.

4.6.4 Spurious Interrupt Exception

NOTE

The spurious interrupt vector of the EC000 core is never used in
the MC68307, but is described here for completeness; the
MC68307 handles all interrupt conditions separately in the inter-
rupt controller (see Section 5.1.4 Interrupt Processing).

During the interrupt acknowledge cycle, if no device responds by asserting DTACK, BERR
should be asserted to terminate the vector acquisition. The processor separates the pro-
cessing of this error from bus error by forming a short format exception stack and fetching
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the spurious interrupt vector instead of the bus error vector. The processor then proceeds
with the usual exception processing.

4.6.5 Instruction Traps

Traps are exceptions caused by instructions; they occur when a processor recognizes an
abnormal condition during instruction execution or when an instruction is executed that nor-
mally traps during execution.

Exception processing for traps is straightforward. The status register is copied; the supervi-
sor mode is entered; and tracing is turned off. The vector number is internally generated; for
the TRAP instruction, part of the vector number comes from the instruction itself. The pro-
gram counter, and the copy of the status register are saved on the supervisor stack. The
saved value of the program counter is the address of the instruction following the instruction
that generated the trap. Finally, instruction execution commences at the address in the
exception vector.

Some instructions are used specifically to generate traps. The TRAP instruction always
forces an exception and is useful for implementing system calls for user programs. The
TRAPV and CHK instructions force an exception if the user program detects a run-time
error, which may be an arithmetic overflow or a subscript out of bounds. A signed divide
(DIVS) or unsigned divide (DIVU) instruction forces an exception if a division operation is
attempted with a divisor of zero.

4.6.6 lllegal and Unimplemented Instructions

lllegal instruction is the term used to refer to any of the word bit patterns that do not match
the bit pattern of the first word of a legal processor instruction. If such an instruction is
fetched, an illegal instruction exception occurs. Motorola reserves the right to define instruc-
tions using the opcodes of any of the illegal instructions. Three bit patterns always force an
illegal instruction trap on all M68000 family-compatible microprocessors. The patterns are:
$4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA and $4AFB, are reserved for
Motorola system products. The third pattern, $4AFC, is reserved for customer use (as the
take illegal instruction trap (ILLEGAL) instruction).

Word patterns with bits 15-12 equaling 1010 or 1111 are distinguished as unimplemented
instructions, and separate exception vectors are assigned to these patterns to permit effi-
cient emulation. These separate vectors allow the operating system to emulate unimple-
mented instructions in software.

Exception processing for illegal instructions is similar to that for traps. After the instruction is
fetched and decoding is attempted, the processor determines that execution of an illegal
instruction is being attempted and starts exception processing. The exception stack frame
is then pushed on the supervisor stack, and the illegal instruction vector is fetched.
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4.6.7 Privilege Violations

To provide system security, various instructions are privileged. An attempt to execute one
of the privileged instructions while in the user mode causes an exception. The privileged in-
structions are as follows:

AND Immediate to SR MOVE USP

EOR Immediate to SR OR Immediate to SR
MOVE to SR RESET

MOVE from SR RTE

MOVEC STOP

MOVES

Exception processing for privilege violations is nearly identical to that for illegal instructions.
After the instruction is fetched and decoded and the processor determines that a privilege
violation is being attempted, the processor starts exception processing. The status register
is copied; the supervisor mode is entered; and tracing is turned off. The vector number is
generated to reference the privilege violation vector, and the current program counter and
the copy of the status register are saved on the supervisor stack. The saved value of the
program counter is the address of the first word of the instruction causing the privilege vio-
lation. Finally, instruction execution commences at the address in the privilege violation
exception vector.

4.6.8 Tracing

To aid in program development, the EC000 core includes a facility to allow tracing following
each instruction. When tracing is enabled, an exception is forced after each instruction is
executed. Thus, a debugging program can monitor the execution of the program under test.

The trace facility is controlled by the T-bit in the supervisor portion of the status register. If
the T-bit is cleared (off), tracing is disabled and instruction execution proceeds from instruc-
tion to instruction as normal. If the T-bit is set (on) at the beginning of the execution of an
instruction, a trace exception is generated after the instruction is completed. If the instruction
Is not executed because an interrupt is taken or because the instruction is illegal or privi-
leged, the trace exception does not occur. The trace exception also does not occur if the
instruction is aborted by a reset, bus error, or address error exception. If the instruction is
executed and an interrupt is pending on completion, the trace exception is processed before
the interrupt exception. During the execution of the instruction, if an exception is forced by
that instruction, the exception processing for the instruction exception occurs before that of
the trace exception.

As an extreme illustration of these rules, consider the arrival of an interrupt during the exe-
cution of a TRAP instruction while tracing is enabled. First, the trap exception is processed,
then the trace exception, and finally the interrupt exception. Instruction execution resumes
in the interrupt handler routine.

After the execution of the instruction is complete and before the start of the next instruction,
exception processing for a trace begins. A copy is made of the status register. The transition
to supervisor mode is made, and the T-bit of the status register is turned off, disabling further
tracing. The vector number is generated to reference the trace exception vector, and the cur-
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rent program counter and the copy of the status register are saved on the supervisor stack.
The saved value of the program counter is the address of the next instruction. Instruction
execution commences at the address contained in the trace exception vector.

4.6.9 Bus Error

When a bus error exception occurs, the current bus cycle is aborted. The current processor
activity, whether instruction or exception processing, is terminated, and the processor imme-
diately begins exception processing.

Exception processing for a bus error follows the usual sequence of steps. The status register
is copied, the supervisor mode is entered, and tracing is turned off. The vector number is
generated to refer to the bus error vector. Since the processor is fetching the instruction or
an operand when the error occurs, the context of the processor is more detailed. To save
more of this context, additional information is saved on the supervisor stack. The program
counter and the copy of the status register are saved. The value saved for the program
counter is advanced 2—-10 bytes beyond the address of the first word of the instruction that
made the reference causing the bus error. If the bus error occurred during the fetch of the
next instruction, the saved program counter has a value in the vicinity of the current instruc-
tion, even if the current instruction is a branch, a jump, or a return instruction. In addition to
the usual information, the processor saves its internal copy of the first word of the instruction
being processed and the address being accessed by the aborted bus cycle. Specific infor-
mation about the access is also saved: type of access (read or write), processor activity (pro-
cessing an instruction), and function code outputs when the bus error occurred. The
processor is processing an instruction if it is in the normal state or processing a group 2
exception; the processor is not processing an instruction if it is processing a group 0 or a
group 1 exception. Figure 4-7 illustrates how this information is organized on the supervisor
stack. If a bus error occurs during the last step of exception processing, while either reading
the exception vector or fetching the instruction, the value of the program counter is the
address of the exception vector. Although this information is not generally sufficient to effect
full recovery from the bus error, it does allow software diagnosis. Finally, the processor com-
mences instruction processing at the address in the vector. It is the responsibility of the error
handler routine to clean up the stack and determine where to continue execution.

If a bus error occurs during the exception processing for a bus error, an address error, or a
reset, the processor halts and all processing ceases. This halt simplifies the detection of a
catastrophic system failure, since the processor removes itself from the system to protect
memory contents from erroneous accesses. Only an external reset operation can restart a
halted processor.

4.6.10 Address Error

An address error exception occurs when the processor attempts to access a word or long-
word operand or an instruction at an odd address. An address error is similar to an internally
generated bus error. The bus cycle is aborted, and the processor ceases current processing
and begins exception processing. The exception processing sequence is the same as that
for a bus error, including the information to be stacked, except that the vector number refers
to the address error vector. Likewise, if an address error occurs during the exception pro-
cessing for a bus error, address error, or reset, the processor is halted.
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4.6.11 Multiple Exceptions

When multiple exceptions occur simultaneously, they are processed according to a fixed pri-
ority. Table 4-6 lists the exceptions, grouped by characteristics, with group 0 as the highest
priority. Within group O, reset has highest priority, followed by address error and then bus
error. Within group 1, trace has priority over external interrupts, which in turn takes priority
over illegal instruction and privilege violation. Since only one instruction can be executed at
a time, no priority relationship applies within group 2.

Table 4-6. Exception Grouping and Priority

Group Exception Processing
0 Reset, Address Error, and Bus Error | Exception processing begins within two clock cycles.
1 Trace, Interrupt, lllegal, and Privilege | Exception processing begins before the next instruction.
2 TRAP, TRAPV, CHK, and DIV Exception processing is started by normal instruction execution.

The priority relationship between two exceptions determines which is taken, or taken first, if
the conditions for both arise simultaneously. Therefore, if a bus error occurs during a TRAP
instruction, the bus error takes precedence, and the TRAP instruction processing is aborted.
In another example, if an interrupt request occurs during the execution of an instruction while
the T-bit in the status register (SR) is asserted, the trace exception has priority and is pro-
cessed first. Before instruction execution resumes, however, the interrupt exception is also
processed, and instruction processing finally commences in the interrupt handler routine. As
a general rule, the lower the priority of an exception, the sooner the handler routine for that
exception executes. This rule does not apply to the reset exception; its handler is executed
first even though it has the highest priority, because the reset operation clears all other
exceptions.
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SECTION 5
SYSTEM INTEGRATION MODULE

The MC68307 system integration module (SIM) consists of several functions that control the
system start-up, initialization, configuration, and the external bus with a minimum number of
external devices. The SIM contains the following functions:

System Configuration

Oscillator and Clock Dividers

Reset Control, Power-Down Mode Control

Chip Selects and Wait States

External Bus Interfaces, M68000 and 8051-Compatible
Parallel Input/Output Lines with Interrupt Capability
Interrupt Configuration/Response

The MC68307 SIM is similar to the system integration logic found in other Motorola
integrated processors, the M68000 family, although each is tailored to the specific needs of
the part and its intended application.
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5.1 MODULE OPERATION

The various internal functional blocks of the SIM are described here, with a description of
operation of each, along with methods and recommendations for programming the register
locations that configure the MC68307 to suit the user's target system.

5.1.1 MC68307 System Configuration

The MC68307 system configuration logic consists of a module base address register
(MBAR), and a system control register (SCR) which together allow the user to configure op-
eration of the following functions:

» Base Address and Address Space of Internal Peripheral Registers

Low-Power (Standby) Modes

Hardware Watchdog Modes for System Protection
8051-Compatible Bus Enable or Disable
Peripheral Chip Selects Enable or Disable

» Data Bus Size Control for Chip Selected Address Ranges

5.1.1.1 MODULE BASE ADDRESS REGISTER OPERATION. The MBAR, must be
programmed upon cold reset in order to specify the base address of the various registers
which comprise the SIM and the other on-chip peripherals. The format of this register is
described later in this section, along with a description of the complete memory map of the
ECO0O0O internal registers and peripherals.

The on-chip peripherals require a reserved 4096-byte block of address space for their
registers. This block location is determined by writing the intended base address to the
MBAR in supervisor data space. The MBAR is an on-chip read/write register which is
located at an unused vector entry in the MC68307 vector table. The address of the MBAR
entry within the vector table is $0000F2; it is a 16-bit value. For further details, refer to
Section 5.2.1 System Configuration and Protection Registers.

The module base address and on-chip peripherals address decode logic block diagram is
shown here in Figure 5-1.

After a cold reset, the on-chip peripheral base address is undefined and it is not possible to
access the on-chip peripherals at any address until the MBAR is written. The MBAR and the
SCR can always be accessed at their fixed addresses.

Do not assign other devices on the system bus an address that falls within the address
range of the on-chip peripherals defined by the MBAR. Bus contention could result if this is
done inadvertently. If this happens, the address decode conflict (ADC) status bit in the SCR
Is set. This can cause a BERR to be generated, if the address decode conflict enable
(ADCE) bit in the SCR is set.
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Figure 5-1. Module Base Address, Decode Logic

ignored.

NOTE

The MBAR and SCR registers are internally reset only when a
cold reset occurs by the simultaneous assertion of RESET and
HALT, assertion of RSTIN, power-on reset or software watch-
dog timeout. They are unaffected by a wake-up from power-
down mode. The chip select (CSx) lines are not asserted on ac-
cesses to the MBAR and SCR locations. Thus, it is very conve-
nient to use CSx lines to select external ROM/RAM that overlaps
or encloses the MBAR and SCR register locations ($0000F0-
$0000FF), since no potential bus contention can occur. If exter-
nally-decoded chip selects are used, then contention cannot be
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5.1.1.2 SYSTEM CONTROL REGISTER FUNCTIONS. The SCR allows various settings to
be made which influence the operation of the system, for example, power-down and
oscillator control logic, the bus interface, and the hardware watchdog protection. It also
includes status bits which allow exception handler code to monitor the cause of exceptions

and resets.

Most of the functions controlled by these register bits are described in detail elsewhere; they

include:
CD
LPEN
CKD
LPCD2-0
UACD
MBCD
TMCD
UACW
BUSWO
BUSW1
BUSW2
BUSWS3
EPCS
E8051
ADCE
WPVE
HWDE
HW2-0

Enable divided frequency to EC00O0 core

Low-power enable (to select low-power sleep mode)
Clock-output disable (to inhibit CLKOUT pin and therefore save power)
Processor clock speed during low-power modes
Clock disable for UART peripheral module

Clock disable for M-bus peripheral module

Clock disable for timer peripheral module

Auto wakeup of UART clock if data received

Chip select 0 bus width 8-bit or 16-bit

Chip select 1 bus width 8-bit or 16-bit

Chip select 2 bus width 8-bit or 16-bit

Chip select 3 bus width 8-bit or 16-bit

Chip select 2A-2D peripheral chip select mode enable
Chip select 3 8051-compatible bus interface enable
Address decode conflict enable to cause BERR

Write protect violation enable to cause BERR
Hardware watchdog enable

Hardware watchdog timeout value setting

Status bits included in the SCR are:

RS1-0
ADC
WPV
HWT

5-4

Reset source register

Address decode conflict status bit
Write protect violation status bit
Hardware timeout status bit
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5.1.1.3 SYSTEM PROTECTION FUNCTIONS. The facilities provided for system protection
are the hardware watchdog (bus monitor) and the software watchdog timer.

The hardware watchdog provides a bus monitor which causes an internal bus error (BERR
assertion) when a bus cycle is not terminated by DTACK after a programmable number of
clock cycles has elapsed. The hardware watchdog timeout (HWT) status bit in the SCR is
also set, so that a bus error exception handler can determine the cause of the bus error.

The hardware watchdog logic consists of a 10-bit down-counter and a 4-bit fixed prescaler.
When enabled, the watchdog timer commences counting clock cycles as AS is asserted (for
internal or external bus masters). The count is terminated normally by the negation of AS;
however, if the count reaches zero before AS is negated, BERR is asserted until AS is
negated. The hardware watchdog logic uses four control bits and one status bit in the SCR.

The effective range of the bus timeout is from 128 clock cycles to 16384 clock cycles (at
16MHz, from 8ps to 1ms).

For operation of the software watchdog timer, refer to Section 6 Dual Timer Module.

5.1.2 Chip Select and Wait-State Logic

The MC68307 provides a set of four programmable chip-select signals. Each has a common
set of features and some have particular special features associated with them. These
features were described in terms of the MC68307 input/output pins in Section 2 Signal
Description, but will be described again here in detail. For each memory area the user may
also define an internally generated cycle termination signal (DTACK) with programmable
number of wait-states. This feature eliminates board space that would otherwise be
necessary for cycle termination logic.

The four chip selects allow up to four different classes of memory to be used in a system
without external decode or wait-state generation logic. For example, a typical configuration
could be a 8-bit EPROM, a fast 16-bit SRAM, up to four simple 1/O peripherals, and a non-
volatile RAM with an 8051-compatible interface.

The chip select block diagram is shown in Figure 5-2.

The basic chip select model allows the chip select output signal to assert in response to an
address match. The signals are asserted externally shortly after AS goes low. The address
match is described in terms of a base address and an address mask. Thus the size in bytes
of the matching block must be a power of 2, and the base address must be an integer
multiple of this size. Thus an 8-Kbyte block size must begin on an 8-Kbyte boundary, and a
64-Kbyte block size can only begin on a 64-Kbyte boundary, etc.

The minimum resolution of block size, and hence base address, is any multiple of 8192,
because only address lines A23 down to A13 are compared or masked. Each chip select
can be enabled or disabled independently of the others, and the registers are read-write so
that the values programmed can be read back.
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For a given chip select block, the user may also choose whether the chip select allows read-
only, write-only, or read/write accesses, whether the chip select should match only one
function code value or all values, whether a DTACK is automatically generated for this chip
select and after how many wait states (from zero to six).

Y

BASE REGISTER 0 (BRO)

Y

RIW -~ COMPARE LOGIC S0
» CSI
A
» CS2
» OPTION REGISTERO (OR0)
—» 53

CS0

CS1

CS2

CS3

YYVYY
DTACK GENERATION

ADDRESS AND FUNCTION CODES

DATA BUS

Figure 5-2. Chip-Select Block Diagram

5.1.2.1 PROGRAMMABLE DATA-BUS SIZE. Each of the chip selects include the facility of
a data-bus port sizing extension to the basic M68000 bus which allows the system designer
to mix 16-bit and 8-bit contiguous address memory devices (RAM, ROM) on a 16-bit data
bus system. If the EC00O0 core executes a 16-bit data transfer instruction, then two 8-bit bus
cycles appear, using the external M68000 data bus upper half (D15-D8) only, the least
significant bit of address (AO) incrementing automatically from one to the next. AO should be
ignored in 16-bit data-bus cycles, even if only the upper or lower byte is being read/written.

Note that a 16-bit data bus is always used internally for access to peripheral registers,
regardless of any mode settings for the external bus. Where peripheral registers are 16-bits
wide, they can be read or written in one bus cycle only, eliminating possible conflicts and
reading of inaccurate values where 16-bit-wide register contents are volatile (timer counter
registers, for example) or where the whole 16-bit value affects some aspect of system
operation (chip select base address, for example).

Where internal peripherals are 8-bits wide, e.g., the MC68681-compatible UART, they are
accessed at every alternate (odd) address. It is recommended that any external peripheral
that needs only an 8-bit data-bus interface but does not require contiguous address
locations, uses a chip select configured as 16-bit data-bus width, and connects to D7-DO.
This balances more evenly the load on the two halves of the data bus in an 8-bit system.
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The default for each chip select is a 16-bit data-bus width. The BUSWXx bits in the SCR
enable 8-bit data-bus width for each of the four chip select ranges. The initial bus width for
chip select 0 is selected by placing a logic 0 or 1 on the BUSW pin at reset, to specify 8-bit
or 16-bit wide data bus respectively. This allows a boot EPROM of either data bus width to
be used in any given system.

All external accesses which do not match one of the chip select address ranges use the
value of the EBUSW bit in the SCR to determine their data bus width.

NOTE

If byte operations are performed where 8-bit bus mode is used,
there is no difference in throughput compared to 16-bit bus
mode. However, if 32-bit long word or 16-bit word operations are
used over the 8-bit data bus (including all instruction fetches),
the performance is exactly half that of the equivalent speed 16-
bit-wide data bus.

5.1.2.2 PERIPHERAL CHIP SELECTS. Chip select 2 (CS2 signal) features a peripheral
chip select (PCS) mode, selected by setting the enable peripheral chip select (EPCS) bit in
the SCR. If this chip select is programmed with a block size of 64 Kbytes, and the EPCS bit
in the SCR set, then the CS2/CS2A pin, along with CS2B, CS2C, and CS2D (which are
multiplexed with port A input/output lines) function as four peripheral chip selects, each
gated to select a particular 16-Kbyte block within the programmed 64-Kbyte range.

For example, if the base address is programmed as $100000 with size $10000 (64K), and
the PCS mode is enabled, then the blocks are selected according to Table 5-1:

Table 5-1. Address Block Selection in Peripheral Chip Select Mode

. . Address Block
Chip Select Pin A15 Al4
Start Address End Address
CS2A $100000 $103FFF 0 0
CS2B $104000 $107FFF 0 1
Cs2C $108000 $10BFFF 1 0
CS2D $10C000 $10FFFF 1 1

This feature is ideal for miscellaneous peripheral devices in the address space, even if they
only require one or two bytes per peripheral. If this feature is not enabled (refer to Section
5.2.1.2 System Control Register (SCR)), then the CS2/CS2A pin functions as CS2, a
general-purpose programmable M68000-bus chip select, and the CS2B, CS2C and CS2D
signals are never asserted.

NOTE

Port A general-purpose I/O lines have programmable control
over their function on a bit by bit basis, via the port A control reg-
ister (PACNT). For example it is possible to use only CS2A and
CS2B, leaving the port A lines which would have been used by
CS2C and CS2D, to function as general-purpose I/O.
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5.1.2.3 8051-COMPATIBLE BUS CHIP SELECT. Chip select 3 (CS3 signal) can be used
to define the addressing range of the 8051-compatible bus mode, when this mode is
enabled in the SCR E8051 bit. Otherwise (if the 8051-compatible bus mode is not used) chip
select 3 is available for any general purpose memory or peripheral. In this case, the 8051-
compatible bus read and write strobes (RD and WR), and the address latch enable (ALE)
signal are always negated. This bus always uses an 8-bit data-bus width, and so the
BUSW3 bit in the SCR should be set along with the E8051 bit.

5.1.2.4 GLOBAL CHIP SELECT OPERATION (RESET DEFAULTS). Chip select 0 is
initialized from cold reset to assert in response to any address in the first 8K bytes of memory
space, in order to ensure a chip select to the boot ROM or EPROM, to fetch the reset vector
and execute the initialization code, which should set up the module base address and the
four chip select ranges early on in that initialization sequence.

The data bus port size for CSO on reset, and hence the data width of the boot ROM device,
are programmed by placing logic 0 or 1 on the BUSW pin during reset, for 8-bit and 16-bit
wide data bus respectively.

The other 3 chip selects are initialized to be invalid, and so do not assert until they are
programmed.

5.1.2.5 OVERLAP IN CHIP SELECT RANGES. The user should not normally program
more than one chip select line to the same area. If this accidentally occurs, only one chip
select line is driven because of internal line priorities. CS0 has the highest priority, and CS3
the lowest. The address compare logic sets the address decode conflict (ADC) status bit in
the SCR, and also generates a bus error (or BERR is asserted) if the address decode
conflict enable (ADCE) bit was set by the user in the SCR.

BERR is never asserted on write accesses to the chip select registers.

If one chip select is programmed to be read-only, and another is programmed to be write-
only, then there is no overlap conflict between these two chip selects, and the address
decode conflict (ADC) status bit in the SCR is not set.

When the CPU attempts to write to a read-only location, as programmed by the user when
setting up the chip selects, the chip select logic sets the write protect violation (WPV) bit in
the SCR, and will also generate BERR if the write protect violation enable (WPVE) bit is set
in the SCR. The CSx line is not asserted.

NOTE

The chip select logic is reset only on cold reset (assertion of
RESET and HALT, or RSTIN). The chip select (CSx) lines are
never asserted on accesses to the MBAR and SCR locations.
Thus, it is very convenient to use CSx lines to select external
ROM/RAM that overlaps or encloses the MBAR and SCR
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register locations ($0000F0—$0000FF), since no potential bus
contention can occur.

The chip select logic does not allow an address match during in-
terrupt acknowledge (function code 7) cycles.

The programming of the chip select module is discussed in the next chapter. For further
information, refer to Section 5.2.2 Chip Select Registers.

5.1.3 External Bus Interface Logic

This logic controls the interaction of the EC0O00 core processor, the on-chip M68000
peripheral bus, the external M68000 and 8051-compatible buses, in conjunction with the
programmable chip select logic and the various user settings in the system configuration
and protection logic. A block diagram of this logic is shown in Figure 5-3.

EC000 CORE
A23-A0 | - o A23-A8
D15-D0 |t
A
CTRL | / » » CS0
CHIP-SELECTS Yy » CSI
CONTROL - » D15-D0
=5 EXTERNAL
DATA BUS
Cs1 SIZE
o 3 AD7-ADO
CS2 CONTROL 8051-BUS
o LOGIC T3 —» WR
- CS3_ | TIMING AND > RO
LA E8051 MUX LOGIC —» CS3
. - ALE
SCR
BUSWX 5
o051 »  PERIPH
CHIP-SELECT _
- CS2/CS2A
EPCS
EPCS »| DECODE
Y
PORTALO;'\EAT - PORTADATA _
PORT A DDR PORTA g w PAOCSZE
PADDR |- > MUX L PALICS2C
LOGIC lt— PA2/CS2D
PACNT | PORT ACONTROL DAY

Figure 5-3. External Bus Interface Logic

5.1.3.1 M68000 BUS INTERFACE. The M68000 bus interface adds bus-sizing functionality
(8-bit or 16-bit data bus) to the basic M68000 bus of the EC000 core processor. The external
bus interface logic links the data bus multiplexers with the programmable chip selects and
SCR bits, and co-ordinates an 8-bit or 16-bit bus transfer. The BUSWXx bits in the SCR define
the current data-bus width (port size) for each of the four chip selects. On cold reset, the
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default state of BUSWO reflects the value of the BUSW external pin (O = 8-bit data bus, 1 =
16-bit data bus), and the default state of the other BUSWXx bits is for a 16-bit port size.

When the data-bus sizing logic is used to configure a chip select as an 8-bit port select, any
16-bit bus cycles from the processor appears on the external pins as two 8-bit read or write
cycles with normal M68000 timings on all signals and the addition of a valid AO signal. D15—
D8 is always used for bus cycles of this kind.

NOTE

If byte operations are performed where 8-bit bus mode is used,
there is no difference in throughput compared to 16-bit bus
mode. However, if 32-bit long word or 16-bit word operations are
used over the 8-bit data bus (including all instruction fetches),
the performance is exactly half that of the equivalent speed 16-
bit-wide data bus.

5.1.3.2 8051-COMPATIBLE BUS INTERFACE. The 8051-compatible bus interface
contains logic to multiplex the low eight address lines (A7—A0) and the low eight data lines
(D7-DO0) onto the same pins. CS3 is used to select the memory area assigned to the 8051-
compatible bus, it controls the external bus interface logic, triggering the address latch
enable signal, and gating the RD and WR signals. Refer to Section 5.1.2 Chip Select and
Wait-State Logic and Section 5.2.2 Chip Select Registers for details of how to configure
the chip select logic for this interface. Also refer to Section 5.2.1 System Configuration
and Protection Registers for details of how to configure the MC68307 pins for the 8051-
compatible bus.

The 8051-compatible interface uses the same 8-bit data bus sizing scheme as offered with
the M68000 chip selects. As such, there is no restriction on the data operations which can
be used—both byte, word and long transfers can be initiated by the processor to an 8051-
compatible device which can have contiguous byte locations.

5.1.3.3 PORT A, PORT B GENERAL-PURPOSE I/0 PORTS. The MC68307 supports two
general purpose 1/O ports, port A and port B, whose pins can be configured as general-
purpose input/output pins or dedicated peripheral interface pins for the on-chip modules
(UART, M-bus, timer, interrupts, peripheral chip selects). Port A is an 8-bit I/O port. Port B
Is a 16-bit 1/0 port.

Each of the 8 port A and 16 port B pins are independently configured as a general-purpose
I/O pin if the corresponding bit in the port A or B control register (PACNT, PBCNT) is cleared.
Port pins are configured as dedicated on-chip peripheral pins if the corresponding PACNT
or PBCNT bit is set. Refer to Section 5.2.3 External Bus Interface Control Registers for
details of programming the general-purpose ports.

For each port pin, when acting as a general-purpose I/O pin, the signal direction for that pin
is determined by the corresponding control bit in the port A or B data direction register
(PADDR, PBDDR). The port I/O pin is configured as an input if the corresponding PADDR
or PBDDR bit is cleared; it is configured as an output if the corresponding PADDR or
PBDDR bit is set. All PADDR, PBDDR, PACNT, and PBCNT bits are cleared on cold reset,
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configuring all port A and B pins as general-purpose inputs. (Note that the port pins do not
have internal pullup resistors).

When a port pin is used as general-purpose I/O, it may be accessed through the port A or
B data register (PADAT, PBDAT). Data written to the PADAT or PBDAT is stored in an out-
put latch.

« If a port pin is configured as an output, the output latch data is gated onto the port pin.
In this case, when the PADAT or PBDAT is read, the contents of the output latch data
associated with the output port pin are read.

 If a port pin is configured as an input, data written to PADAT or PBDAT is still stored in
the output latch, but is prevented from reaching the port pin. In this case, when PADAT
or PBDAT is read, the current state of the port pin is read.

If port pins are selected as dedicated on-chip peripheral pins, the corresponding bit in the
PADDR or PBDDR is ignored, and the actual direction of the pin is determined by the
operating mode of the on-chip peripheral. In this case, the PADAT or PBDAT register
contains, for those bit positions, the current state of the peripheral's input pin or output driver.

The dedicated functions for port A input/output lines are the extra peripheral chip select
outputs (CS2B, CS2C, and CS2D) for simple external peripherals (PA2—-PAOQ), the timer
output signals TOUT1 and TOUT2 (PA4 and PA3), and the bus arbitration signals BR, BG,
and BGACK (PA7-PADb).

Certain port pins may be selected as general-purpose 1/O pins, even when other pins related
to the same on-chip peripheral are used as dedicated pins. For example, a system which
requires a UART interface using TxD and RxD signals only, and not requiring RTS or CTS,
is free to program RTS/PB4 and CTS/PBS5 as general-purpose 1/0. What the peripheral now
receives as input, given that some of its pins have been reassigned, is shown in Table 5-2.
If an input pin to an 1/O peripheral is used as a general-purpose I/O pin, then the actual input
to the peripheral is automatically connected internally to Vpp or GND, based on the pin's
function. This does not affect the operation of the port I/O pins in their general-purpose 1/0
function. Note also that even if all the pins for a particular peripheral are configured as
general-purpose input/output, the peripheral still operates as normal, although this is only
useful in the case of the timer module.
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The MC68307 port A pins which have alternate functions are shown in Table 5-2.

Table 5-2. Port A Pin Functions

PA_CNT- PALCNT. Default Input to
Bit=0 Pin Bit=1Pin On-Chip Peripheral
Function Function
PAO CS2B (Output)
PAl Cs2C (Output)
PA2 Cs2D (Output)
PA3 TOUT1 (Output)
PA4 TOUT2 (Output)
PA5 BR 1
PA6 BG (Output)
PA7 BGACK 1

The MC68307 port B pins that have alternate functions are shown in Table 5-3.

Table 5-3. Port B Pin Functions

PBCNT PBCNT Default Input to

Bit = 0 Pin Bit =1 Pin On-Chip

Function Function Peripheral
PBO SCL 1
PB1 SDA 1
PB2 TxD (Output)
PB3 RxD 1
PB4 RTS (Output)
PB5 CTS 1
PB6 TIN1 1
PB7 TIN2 1
PB8 INT1 1
PB9 INT2 1
PB10 INT3 1
PB11 INT4 1
PB12 INT5 1
PB13 INT6 1
PB14 INT7 1
PB15 INT8 1

The high eight lines of port B (PB15-PB8) have as their dedicated function a latched
interrupt capability. Each of these pins, when configured as a dedicated interrupt input in the
port B control register (PBCNT), functions as an active-low input to a latch in the interrupt
controller logic (refer to Section 5.1.4.1 Interrupt Controller Logic). As before, even if
these pins are configured for their dedicated function, their current state may still be read by
software as if they were general-purpose input signals.
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5.1.4 Interrupt Processing

Interrupt processing on the MC68307 involves four steps. A typical sequence is as follows:

1. The interrupt controller on the MC68307 collects interrupt events from on and off-chip
peripherals, prioritizes them, and presents the highest priority request to the EC000
core processor.

2. The ECO00O core processor responds to the interrupt request by executing an interrupt
acknowledge bus cycle after the completion of the current instruction.

3. The interrupt controller recognizes the interrupt acknowledge cycle and places the in-
terrupt vector for that interrupt request onto the EC000 core processor bus.

4. The ECO000 core processor reads the vector, reads the address of the interrupt handler
in the exception vector table, and then begins execution at that address.

Steps 2 and 4 are the responsibility of the EC000 core processor on the MC68307, whereas
steps 1 and 3 are the responsibility of the interrupt controller on the MC68307.

External devices are forbidden from responding to IACK cycles with a vector, this is always
done by the interrupt controller. No FC2—FCO signals are available for decode.

The ECO0O00 core processor is not modified for use on the MC68307, thus steps 2 and 4
operate exactly as they would on the M68000 devices. In step 2, the EC000 processor
status register (SR) is available to mask interrupts globally or to determine which priority
levels can currently generate interrupts. Also in step 2, the interrupt acknowledge cycle is
executed.

The interrupt acknowledge cycle carries out a M68000 bus read cycle except that FC2—FCO
are encoded as 111, A3—-A1l are encoded with the interrupt priority level (1-7, with 7 (i.e.,
111) being the highest), and A19-A16 are driven high. This cycle is visible externally, but no
chip selects are asserted.

In step 4, the EC000 core processor reads the vector number, multiplies it by 4 to get the
vector address, fetches a 4-byte program address from that vector address, and then jumps
to that 4-byte address. That 4-byte address is the location of the first instruction in the
interrupt handler.

Steps 1 and 3 are the responsibility of the interrupt controller on the MC68307. Here a
number of configuration options are available. For instance, for step 1 (interrupt generation),
all interrupt sources have programmable interrupt priority levels (IPL). In step 3 (vector
response), a block of vectors can be allocated to the interrupt sources under program
control. These and other interrupt controller options are introduced in the following
paragraphs.
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5.1.4.1 INTERRUPT CONTROLLER LOGIC. This block of logic coordinates all the
interrupt sources on the MC68307, gathering interrupt request signals from both the on-chip
peripheral modules and external inputs, prioritizing them and performing programmed IPL
requests to the ECO00 core processor. When the EC000 core processor responds to a
request with an interrupt acknowledge cycle, as is standard in M68000 implementations, the
interrupt controller logic forwards the correct vector depending on the original source of the
interrupt. Software can clear pending interrupts from any source via the registers in the
interrupt controller logic, and can program the location of the block of vectors used for
interrupt sources via the programmable interrupt vector register (PIVR).

For an external interrupt interface, the interrupt controller logic provides two distinct facilities.
First is the nonmaskable interrupt input on the IRQ7 pin, which always causes an interrupt
priority level 7 request to the ECO00 core processor. Assuming no other source is
programmed as a level 7 source, this input always obtains the immediate attention of the
core. For an interrupt to be successfully processed, RAM must be available for the stack,
and often this RAM is selected by one of the programmable chip selects. So upon system
startup there is a brief period where RAM is not available for the stack. To ensure no
problems resulting from interrupts (particularly IRQ7) during this period, there is an interlock
which prevents any interrupt from reaching the EC000 core processor until the first write
cycle to the PIVR. The user should ensure that both RAM chip selects and the system stack
are set up prior to this write operation.

The second of the external input methods is an 8-channel latched interrupt port, multiplexed
with the port B input/output pins. Each of the 8 inputs can be programmed with an IPL, and
each can have any pending interrupts cleared independently of the others.

The interrupt controller includes daisy-chaining functions in order to avoid contention when
the ECO0O0O core processor issues an interrupt acknowledge cycle. So if more than one inter-
rupt source has the same IPL, they are daisy-chained in the following priority scheme:

IRQ7 Input Highest Priority
INT1-INTS Inputs .
Timer linterrupt .
Timer 2 Interrupt .
UART Interrupt .
M-Bus Interrupt Lowest Priority

The priority within the eight latched interrupt inputs is that INT1 is the highest, and INT8 is
the lowest.

The block diagram of the interrupt controller is shown in Figure 5-4.
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5.1.4.2 INTERRUPT VECTOR GENERATION. Pending interrupts are presented to the
ECO000 core processor in order of priority. The core responds to an interrupt request by
initiating an interrupt acknowledge cycle to receive a vector number, which allows the core
to locate the interrupt's service routine. The interrupt controller always provides the vector
corresponding to the highest priority, unmasked, pending interrupt with the IPL priority equal
to that echoed on A3-A1 during the IACK cycle.

The following procedure is used. The four most significant bits of the interrupt vector are
programmed by the user in the PIVR. These four bits are concatenated with four bits
generated by the interrupt controller to provide an 8-bit vector number to the core. The
interrupt controller's encoding of the four low-order bits of the interrupt vector is shown in
Table 5-4. An example vector calculation is shown following Table 5-4.

When the core initiates an interrupt acknowledge cycle for an interrupt and there is no
interrupt pending, the interrupt controller encodes the error code binary 0000 onto the four
low-order bits of the interrupt vector to indicate a spurious interrupt. As the interrupt
controller responds to all interrupt acknowledge cycles, there will never be a bus error during
such cycles, and the EC000 core vector number 24 (spurious interrupt by bus error) will
never be used.

Figure 5-4 shows the interrupt controller logic block diagram.

EC000 CORE
A23-A0 >
D15-DO [ >
A A
FC2-0 >
CTRL/IPL [ >
A A A
YVYY YVYY YVYY
IPL IACK PRIORITY PROGRAMMABLE
PRIORITY CYCLE CONTROL VECTOR
ENCODE DECODE REGISTERS OUTPUT
A AAA
\i Y
IACK
DAISY-CHAIN
A A AAAA
Y
RQ7 LATCHED ON-CHIP
INPUT INTERRUPT PERIPHERAL
INPUT INPUT
LOGIC LOGIC LOGIC
IRQ7 INTI-INT8 ON-CHIP IRQ'S IACK TO
INPUT PIN INPUT PINS (T1,T2,MB,UA) UART

Figure 5-4. Interrupt Controller Logic Block Diagram
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Table 5-4. Interrupt Vector Response

Vector Interrupt Source P”?Drr'(t)élr];ﬁqanr:]ezlpl‘

xxxx0000 Spurious Interrupt

xxxx0001 IRQ7 Input (Highest)
xxxx0010 INT1 Input .
xxxx0011 INT2 Input .
xxxx0100 INT3 Input .
xxxx0101 INT4 Input .
xxxx0110 INT5 Input .
xxxx0111 INT6 Input .
xxxx1000 INT7 Input .
xxxx1001 INT8 Input .
xxxx1010 Timer 1 .
xxxx1011 Timer 2 .
Xxxx1100 (Reserved for UART)" *
xxxx1101 M-Bus Module (Lowest)

1. Formulate 8-bit vector (source is TIMER 2):*

V7-V4 4-Bit Vector

|101o|101

1

V7-V5 programmed by software in the
programmable interrupt vector register

4-hit vector from Table 5-4.

2. Multiply by 4 to get address:

1010101100 = $2AC

Note that $2AC is in the user interrupt vector area of the exception vector table. V7-
V4 was purposely chosen to cause this.

3. Read 32-bit value at $2ac and jump:

$2AC | 0007

$2AE | 0302

Interrupt handler begins at $070302
(24-bit addresses are used on the

MC68307)

" The UART module handles its own interrupt vector separately, it can be programmed to provide any
vector by placing a value into the UART interrupt vector register (UIVR). For consistency with the
other interrupt sources, this value can be programmed as xxxx1100.
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5.1.4.3 IRQ7 NON-MASKABLE INTERRUPT. The IRQ7 input functions as a nonmaskable
interrupt (NMI) which always generates a level 7 interrupt to the ECO00 core processor.
Priority level 7 cannot be disabled by the interrupt priority mask in the SR of the EC000 core
processor.

The interrupt controller logic passes an interrupt from the IRQ7 signal to the processor.
When the processor responds with an interrupt acknowledge cycle for level 7, the interrupt
controller issues the appropriate vector.

The IRQ7 input is edge sensitive and subject to two clock falling edges of synchronization
before being considered valid. If it is still asserted when a level 7 interrupt handler routine
exits (thus bringing the processor priority level below 7) then it is ignored until it negates for
one clock period before the next valid assertion. If the software needs to read the state of
the IRQ7 signal then the signal can be connected to an unused general-purpose input/
output pin, configured as an input.

An interlock is provided which prevents any interrupt including IRQ7 from reaching the
ECO0O00 core processor until the PIVR is first written with a vector range. This allows the user
to ensure safety upon system startup before essential resources (e.g., chip selects for RAM
which contain stack) have been set up.

5.1.4.4 GENERAL-PURPOSE INTERRUPT INPUTS. The eight general-purpose latched
interrupt lines, INT1-INT8 share device pins with the high byte of port B /0. To enable any
or all of these lines as dedicated interrupt inputs, the corresponding bit or bits in the PBCNT
must be set to one. As discussed already, the current state of the interrupt pin is always
available to software by reading the PBDAT, so that an interrupt handler can quickly
determine the source of the interrupt (it can also determine this by the vector number).

Before interrupts are enabled in system initialization software, the required IPL should be
programmed into the latched interrupt control registers (LICR1 and LICR2). Each of these
16-bit registers contains the priority setting bits (IPL) for four of the general-purpose interrupt
lines, along with pending interrupt reset (PIR) bits for each of them, allowing the interrupt
response software to clear any pending latched interrupt conditions. Note that the PIR bits
do not clear the source of interrupt; this must either happen automatically (by the interrupting
device hardware) after the interrupt condition is presented to the MC68307, or software must
explicitly address the device in question, and clear the condition manually. Note also that
when the IPL is changed for these latched interrupts, the PIR bit must also be set. This
avoids the possibility of any spurious interrupts occurring. Refer to Section 5.2.4 Interrupt
Control Registers for further details and programming information.

If the IPL for any one general-purpose interrupt line is programmed as 000, then that line is
effectively disabled. Another way to mask a particular interrupt line from causing interrupts,
without having to reprogram its priority level in the LICRYX, is to clear the relevant bit in the
PBCNT.

When the EC000 runs an interrupt acknowledge cycle in response to the external interrupt

condition at a certain IPL, the interrupt controller module provides the appropriate vector as
discussed in Section 5.1.4.2 Interrupt Vector Generation. User software at the address
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pointed to by the respective vector location should respond to the interrupt as appropriate,
including setting the PIR bit for that general-purpose interrupt input in the relevant LICRX
register, to indicate end-of-service.

Refer to Section 5.1.4 Interrupt Processing for a short discussion of daisy-chaining with
reference to the external interrupt inputs.

NOTE

The latched interrupts need to be asserted for 2 clock falling
edges before they are considered valid, and are latched.

5.1.4.5 PERIPHERAL INTERRUPT HANDLING. The MC68307 on-chip I/O peripherals,
consisting of the two timer channels, the UART and the M-bus modules, are all capable of
being a source of interrupts. The interrupt controller logic coordinates the reception of
Interrupt Request signals from these three peripherals, the return of acknowledge
information with associated daisy-chaining (refer to Section 5.1.4 Interrupt Processing),
and the ultimate providing of vector information to the EC0O00 core processor.

The peripheral interrupt control register (PICR) allows the user to define which IPL each of
these four peripheral sources will use. The PIVR and UIVR allow the user to define a
particular vector number to be presented when the respective module receives an interrupt
acknowledge from the processor via the interrupt controller logic. These interrupt vector
registers are initialized upon cold reset with the uninitialized interrupt vector (hex $0F), and
must be programmed with the required vector number for normal operation. It is important
not to use reserved interrupt vector locations for this purpose, especially the ones used by
the MBAR and SCR register group.

In the case of the UART, there are multiple sources within the UART module which can
cause an interrupt, e.g., transmit ready, received character/buffer, break change of state. In
order to determine which of these should be serviced, the software interrupt handler must
read the relevant status register within the UART module. Note that the UART module has
its own vector register, allowing it to issue any programmed vector in response to an
interrupt acknowledge cycle.

In the case of the M-bus interface, there are multiple sources within the M-bus module which
can cause an interrupt, e.g., byte transferred, slave Rx address match, arbitration lost.
Again, the relevant status register within the M-bus interface module must be read to
elaborate on the condition being reported.

Finally, in the case of the timer module, there are multiple sources which can cause an
interrupt, e.g., compare or capture for each of the two functional timer channels. The timer
event registers can be read to determine the cause of the condition.
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5.1.5 Low-Power Sleep Logic

Various options for power-saving are available—turning off unused peripherals, reducing
processor clock speed, disabling the processor altogether, or a combination of these. The
SCR includes a clock divider enable bit (CDEN) which substitutes a divided-down version
of the system clock as the clock input to the EC000 core. The division is by a power-of-2, as
programmed in the CD2-0 bits, allowing a 16MHz system clock to be divided down to
approximately 64kHz. There is also a low-power sleep mode enable (LPEN) bit which stops
the clock to the EC00O0 processor altogether after using bus arbitration to turn off the external
bus. Prior to this happening, the peripherals which are not required can be disabled or their
clocks stopped by programming the appropriate registers, thus further reducing power
consumption. The MC68307 crystal oscillator is not stopped by these internal modes. For
lowest power operation, the external clock source can be slowed or removed altogether by
the user.

NOTE

Because bus arbitration is used, the external address, data bus-
es and control signals (AS, UDS, LDS, R/W) are tristated and so
should have weak pullups to minimize system power consump-
tion.

So, various options for power-saving are available—turning off unused peripherals,
reducing processor clock speed, disabling the processor altogether, or a combination of
these.

A wakeup from low-power sleep mode can be achieved by causing an interrupt at the
interrupt controller Logic which continues to run throughout the period of processor sleep.
Any interrupt source causes a wakeup of the EC000 core processor followed by processing
of that interrupt when unmasked in the SR.

The wakeup operation involves the internal sleep/wake-up logic restarting the clock to the
ECO000 core processor and releasing the bus. Normal processing resumes with all register
contents intact, i.e., the processor continues execution from the address following the low-
power enable instruction sequence. Interrupt exception processing is initiated for the
interrupt which caused the wakeup.

After a wakeup, the reset source bits in the SCR are set to a value which indicates a wakeup
has happened. Normally, these bits show the source of the most recent reset of the core
processor. A sleep/wakeup sequence does not cause ANY reset of the static core processor
or the on-chip peripherals. User software can issue a RESET instruction if any external
peripherals require reset after a period of being in sleep mode.

The on-chip peripherals can initiate a wake-up, for example, the timer can be set to wake-
up after a certain elapsed time, or number of external events, or the UART can cause a
wake-up on receiving serial data.

The clocks provided to the various internal modules can all be gated off, to further reduce
power consumption (refer to Section 5.2.1.2 System Control Register (SCR) for details).
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In the case of the UART, its clock is restarted automatically by a transition on the RxD pin,
so that incoming data is clocked in. When the data has been completely received, then an
interrupt from the UART can wake-up the core processor as described above. If the other
on-chip modules are required to cause a wake-up (the timer and M-bus), then their clocks
should not be gated off in this manner.

5.2 PROGRAMMING MODEL

The various modules in the MC68307, including the SIM, contain registers which are used
to control the modules and provide status information from the modules. Most of these
registers reside in one 4096-byte range of addresses in the memory map of the EC00O0 core
processor. The only exceptions to this rule are the MBAR and the SCR. These reside in the
initial memory map of the MC68307 overlaying Motorola-reserved locations of the exception
vector table. Table 5-5 shows all MC68307 on-chip locations.

Table 5-5. MC68307 Configuration Memory Map

Address System Configuration Registers
$0000FO0 Reserved—No External Bus Access
$0000F2 Module Base Address Register (MBAR)
$0000F4 System Control Register (SCR)
$0000F6 System Control Register (SCR), continued
$0000F8 Reserved—No External Bus Access
$O00FA Reserved—No External Bus Access
$0000FC Reserved—No External Bus Access
$0000FE Reserved—No External Bus Access
Address SIM Module—-External Bus Interface Registers
MBASE+$011 Do Not Access Byte $010 Port A Control Register (PACNT)
MBASE+$013 Do Not Access Byte $012 Port A Data Direction Register (PADDR)
MBASE+$015 Do Not Access Byte $014 Port A Data Register (PADAT)
MBASE+$016 Port B Control Register (PBCNT)
MBASE+$018 Port B Data Direction Register (PBDDR)
MBASE+$01A Port B Data Register (PBDAT)
Address SIM Module—-Interrupt Controller Registers
MBASE+$020 Latched Interrupt Control Register 1 (LICR1)
MBASE+$022 Latched Interrupt Control Register 2 (LICR2)
MBASE+$024 Peripheral Interrupt Control Register (PICR)
MBASE+$027 Do Not Access Byte $026 | Programmable Interrupt Vector Reg (PIVR)
Address SIM Module-Chip Select Registers
MBASE+$040 Base Register 0 (BRO)
MBASE+$042 Option Register 0 (OR0)
MBASE+$044 Base Register 1 (BR1)
MBASE+$046 Option Register 1 (OR1)
MBASE+$048 Base Register 2 (BR2)
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Address SIM Module—Chip Select Registers
MBASE+$04A Option Register 2 (OR2)
MBASE+$04C Base Register 3 (BR3)
MBASE+$04E Option Register 3 (OR3)
Address SIM Module—UART Module Registers
MBASE+$101 Do Not Access Byte $100 UART Mode Register (UMR1, UMR2)
MBASE+$103 Do Not Access Byte $102 UART Status/Clock Select Reg(USR, UCSR)
MBASE+$105 Do Not Access Byte $104 UART Command Register (UCR)
MBASE+$107 Do Not Access Byte $106 (Read) UART Receive Buffer (UTB, URB)
MBASE+$107 Do Not Access Byte $106 (Write) UART Transmit Buffer (UTB, URB)
MBASE+$109 Do Not Access Byte $108 (Read) UART Input Port Change Register (UIPCR)
MBASE+$109 Do Not Access Byte $108 (Write) UART Control Reg (UACR)
MBASE+$10B Do Not Access Byte $10A (Read) UART Interrupt Status Reg (UISR)
MBASE+$10B Do Not Access Byte $10A (Write) UART Interrupt Mask Reg (UIMR)
MBASE+$10D Do Not Access Byte $10C Baud Rate Gen Prescaler msb (UBG1)
MBASE+$10F Do Not Access Byte $10E Baud Rate Gen Prescaler Isb (UBG2)
MBASE+$119 Do Not Access Byte $118 UART Interrupt Vector Register (UIVR)
MBASE+$11B Do Not Access Byte $11A UART Register Input Port (UIP)
MBASE+$11D Do Not Access Byte $11C UART Output Port Bit Set Cmd (UOP1)
MBASE+$11F Do Not Access Byte $11E UART Output Port Bit Reset Cmd (UOPQ)
Address SIM Module-Timer Module Registers
MBASE+$120 Timer Mode Register 1 (TMR1)
MBASE+$122 Timer Reference Register 1 (TRR1)
MBASE+$124 Timer Capture Register 1 (TCR1)
MBASE+$126 Timer Counter 1 (TCN1)
MBASE+$129 Do Not Access Byte $128 | Timer Event Register 1 (TER1)
MBASE+$12A Watchdog Reference Register (WRR)
MBASE+$12C Watchdog Counter Register (WCR)
MBASE+$130 Timer Mode Register 2 (TMR2)
MBASE+$132 Timer Reference Register 2 (TRR1)
MBASE+$134 Timer Capture Register 2 (TCR2)
MBASE+$136 Timer Counter 2 (TCN2)
MBASE+$139 Do Not Access Byte $138 | Timer Event Register 2 (TER2)
Address SIM Module-M-Bus Module Registers
MBASE+$141 Do Not Access Byte $140 M-Bus Address register (MADR)
MBASE+$143 Do Not Access Byte $142 M-Bus Frequency Divider Register (MFDR)
MBASE+$145 Do Not Access Byte $144 M-Bus Control Register (MBCR)
MBASE+$147 Do Not Access Byte $146 M-Bus Status Register (MBSR)
MBASE+$149 Do Not Access Byte $148 M-Bus Data I/O Register (MBDR)

A software RESET instruction resets only the UART, timer, and M-bus registers. None of
the system configuration registers are reset except by a cold reset.
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5.2.1 System Configuration and Protection Registers

Four reserved long-word entries in the M68000 exception vector table (refer to Table 4-5)
are used as addresses for internal system configuration registers. These entries are at
locations $0F0, $0F4, $0F8, and $OFC. The first entry is the on-chip MBAR entry; the
second is the on-chip SCR entry; the third and fourth entries are reserved for future use by
Motorola. Note that some other manufacturers use these reserved locations for other
purposes, for example, a dedicated set of autovector locations for on-chip peripherals. In the
MC68307, this concept is replaced by programmable interrupt vectors, which can use any
spare block of 16 vector locations, except for the reserved ones.

5.2.1.1 MODULE BASE ADDRESS REGISTER (MBAR). The MBAR can be read or
written at any time. Itis a 16-bit read-write location, and resides in the exception vector table,
at address hex $0000F2, in supervisor data space. The MBAR cannot be accessed in user
data space. The register consists of the high address bits, the compare function code bit,
and the function code bits, as shown below. The register should only be accessed with Word
size instructions. Upon a total system reset, the MBAR value may be read as $BFFF, but
this value holds no meaning, and therefore the on-chip peripheral locations cannot be
accessed at any address, until the MBAR is written by the user.

MBAR $0000F2
15 13 12 11 0
| FC2-FCO | crc | BA23-BA12 |
RESET:
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write Supervisor only

FC2—-FCO—Function Codes

This field should be initialized to provide the required function code which is used when
the on-chip registers are accessed. The primary function of this field is to allow the user
to select whether or not the block of registers should be accessible in supervisor data
space only (101B) or user data space only (001B). If both are required, then the CFC bit
should be cleared to 0.

NOTE

Do not assign this field to the M68000 core interrupt acknowl-
edge space (FC2-FCO = 111).

CFC—Compare Function Codes

This bit allows the system configuration logic to determine whether or not the user wishes
to restrict the on-chip peripheral registers to access by one function code alone, as spec-
ified by the FC2—FCO bits.

0 = The FCx bits in the MBAR are ignored. Accesses to the MC68307 peripheral reg-
isters block occur without comparing the FCx bits.

1 = The FCx bits in the MBAR are compared. The address space compare logic uses
the FCx bits to detect address matches.
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BA23-BAl12—Base Addresses

This field should be initialized to provide the base address for the block of on-chip periph-
eral registers. As only address bits from A12 upwards can be specified, the block of on-
chip locations thus resides at an address which is a multiple of 4096. This block can be
anywhere in the address space, although should not overlap with the other chip selected
areas required in the user's application.

5.2.1.2 SYSTEM CONTROL REGISTER (SCR). The SCR can be read or written at any
time by 8-bit, 16-bit or 32-bit transfers. It is a 32-bit read/write location, and resides in the
exception vector table, at address hex $0000F4—-$0000F7, in supervisor data space. The
SCR cannot be accessed in user data space. The register consists of eight status bits (bits
31-24, also called the system status register), and 24 system control bits. The eight system
status bits are normally 0 and are set to 1 by some event in the system. Writing a O to these
locations has no effect; writing a 1 clears the status bit.

SCR $0000F4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ac [ wev [ wwr | — | Rst-0 | — | — [ ADCE | wpvE | EPCS | Esost | BUSWO|BUSWI | BUSW2 | BUSWS |
RESET:

0 0 0 X 0 0 X X 0 0 0 0  BUSW 1 1 1
Read/Write Supervisor only
SCR continued $0000F6

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| HWDE | HW2-0 | uacw | uacp | TMcD | mBCD | LPEN | CDEN | ckp [EBUsW| — | CD2-0 |
RESET:

1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0
Read/Write Supervisor only

The meanings of the various bits within this register are described in Section 5.2.1.3
System Status Register Bits Description and Section 5.2.1.4 System Control Register
Bits Description.

5.2.1.3 SYSTEM STATUS REGISTER BITS DESCRIPTION. The following paragraphs
describe the system status register bits.

ADC—Address Decode Conflict

This bit is set when a conflict has occurred in the chip select logic because two or more
chip select lines attempt assertion in the same bus cycle. This conflict may be caused by
a programming error in which the user-allocated memory areas for each chip select over-
lap each other. Provided the ADCE bit is set, if ADC is set this causes BERR to be assert-
ed. If this bit is already set when another address decode conflict occurs, BERR is still
generated. The chip select logic protects the MC68307 from issuing two simultaneous
chip selects by employing a priority system. Write a one to this location to clear the status
bit. Writing a zero has no effect.
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NOTE

Regardless of the state of the chip select programming, this bit
is not set and BERR is not asserted for an address decode con-
flict occurring during access to a SCR. This is provided to guar-
antee access to the system configuration registers (MBAR and
SCR) during initialization.

WPV—Write-Protect Violation
This bit is set when the EC000 core processor attempts to write to a location that has the
RW bit set to zero (read only) in its associated chip select base register. Provided the
WPVE bit is set, BERR is asserted on the bus cycle that sets this bit. If WPV and WPVE
are both set when a second write protect violation occurs, BERR is still generated. The
chip select is not asserted.

Write a one to this location to clear the status bit. Writing a zero has no effect.

HWT—Hardware Watchdog Timeout
This status bit is set during a bus error (BERR asserted) caused by the hardware watch-
dog timeout reaching its timeout period without a DTACK being received or generated in-
ternally. Note that the bus error occurs even if this status bit is already set.

Write a one to this location to clear the status bit. Writing a zero has no effect.

RS1-RS0 — Reset Source Indication

These bits record the source of the most recent reset condition or wakeup from sleep
mode (not including a peripheral reset initiated by the processor running a RESET instruc-
tion). Writing to these bits has no effect on their set value. The valid combinations are as
follows (RS1 first, then RSO):

00 = Cold reset (power-on)

01 = Cold reset (reset/halt input signals)

10 = Warm reset (software watchdog timeout)

11 = Wakeup from low-power sleep mode (no reset involved)

Bits 28, 25 and 24—Reserved by Motorola

These status bits are as yet undefined, and may be used for Motorola internal test or for
future options. As such they may at times have a 1 or a 0 value. Do not rely on them being
always zero when performing comparisons.
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5.2.1.4 SYSTEM CONTROL REGISTER BITS DESCRIPTION. The following paragraphs
describe the system control register bits.

ADCE—Address Decode Conflict Enable

This bit is used to enable or disable the automatic bus error condition (BERR) which can
be raised when the chip select logic reports an address conflict.

0 = BERR is not asserted by a conflict in the chip select logic when two or more chip
select lines are programmed to overlap the same area.

1 = BERR s asserted by a conflict in the chip select logic when two or more chip select
lines are programmed to overlap the same area.

After cold reset, this bit defaults to zero, so the automatic bus error is disabled.

NOTE

When the chip select logic reports an address conflict, the ADC
bit is set, regardless of the value of ADCE bit.

WPVE—Write-Protect Violation Enable

This bit is used to enable or disable the automatic bus error condition (BERR asserted)
which can be raised when the chip select logic reports a write-protect violation.

0 = BERR is not asserted when a write protect violation occurs.
1 = BERR is asserted when a write protect violation occurs.

After cold reset, this bit defaults to zero, so the automatic bus error is disabled.

NOTE

When the chip select logic reports a write-protect violation, the
WPV bit is set, regardless of the value of the WPVE bit.

EPCS—Enable Peripheral Chip Selects

This bit enables or disables the expansion of chip select 2 and its output pin into 4 individ-
ual peripheral chip selects. For description of usage, refer to Section 5.1.2.2 Peripheral
Chip Selects.

0 = The CS2/CS2A output pin functions as a generic chip select, CS2. The CS2B/PAO,
CS2C/PA1, and CS2D/PAZ2 pins function as general-purpose input/output PAO,
PA1 and PA2, subject to correct programming of the PACNT.

1 = The CS2/CS2A output pin functions as a the first of four peripheral chip select out-
puts, CS2A. The CS2B/PAO, CS2C/PA1, and CS2D/PAZ2 pins function as the other
three peripheral chip select outputs, CS2B, CS2C, CS2D, subject to correct pro-
gramming of the PACNT. The block size for this chip select should be 64-Kbytes;
each output signal selects a 16-Kbyte range within the block. If less than four pe-
ripheral chip selects are required, they can be individually enabled/disabled in
PACNT.
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E8051—Enable 8051-Compatible Bus

This bit enables or disables the expansion of chip select 3 into an 8051-compatible bus
interface, with ALE, RD and WR pins indicating the timing of an 8-bit multiplexed lower
address/data bus. For description of usage, refer to Section 5.1.2.3 8051-Compatible
Bus Chip Select.

0 = The CS3 output pin functions as a generic M68000-bus chip select.

1 = The CS3 output pin functions as a chip select for the 8051-compatible bus. The ad-
dress latch enable output and RD/WR output strobes are active for this bus cycle.
Each bus cycle has timing which is compatible with 8051 memory and peripherals,
rather than M68000 ones. The lower 8 address lines function as a multiplexed ad-
dress/data bus. The BUSW3 bit should be programmed for 8-bit bus width (value
zero), as the 8051-compatible bus necessitates an 8-bit data-bus width.

BUSWO0—Bus Width for Chip-Select 0

This bit defines the data bus width (port size) for the memory device selected by CSO,
which is usually the boot ROM device. BUSWO controls the bus sizing logic whenever
CSO0 asserts on an address match.

0 = The bus width for CS0-controlled memory accesses is 8-bits.
1 = The bus width for CS0-controlled memory accesses is 16-bits.

After cold reset, this bit takes on the logic value which was present on the BUSW external
pin during the reset, thus allowing the boot ROM data width to be selected.

BUSW1—Bus Width for Chip-Select 1
This bit defines the data bus width (port size) for the memory device selected by CS1.
BUSW1 controls the bus sizing logic whenever CS1 asserts on an address match.
0 = The bus width for CS1-controlled memory accesses is 8-bits.
1 = The bus width for CS1-controlled memory accesses is 16-bits.

After cold reset, this bit defaults to one, so the default width for CS1-controlled memory
accesses is 16-bits.

BUSW2—Bus Width for Chip-Select 2

This bit defines the data bus width (port size) for the memory device selected by CS2 and
also the four peripheral chip select outputs (CS2A, CS2B, CS2C, CS2D) if they are en-
abled by the EPCS bit. BUSW?2 controls the bus sizing logic whenever CS2 asserts on an
address match.

0 = The bus width for CS2-controlled memory/peripheral accesses is 8-bits.
1 = The bus width for CS2-controlled memory/peripheral accesses is 16-bits.

After cold reset, this bit defaults to one, so the default width for CS2-controlled memory
accesses is 16-bits.

BUSW3—Bus Width for Chip-Select 3

This bit defines the data bus width (port size) for the M68000 memory device selected by
CS3. BUSW3 controls the bus sizing logic whenever CS3 asserts on an address match.
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Note that if the 8051-compatible bus is enabled by the E8051 bit, then CS3 accesses are
required to be an 8-bit data-bus size, and so this bit should be cleared.

0 = The bus width for CS3-controlled memory accesses is 8-bits.
1 = The bus width for CS3-controlled memory accesses is 16-bits.

After cold reset, this bit defaults to one, so the default width for CS3-controlled M68000
memory accesses is 16-bits.

HWDE—Hardware Watchdog Enable

0 = The hardware watchdog is disabled.
1 = The hardware watchdog is enabled.

After cold reset, this bit defaults to one to enable the hardware watchdog.

HW2-HWO0—Hardware Watchdog Count 2-0

000 = BERR is asserted after 128 clock cycles (8 ps, 16MHz clock)

001 = BERR is asserted after 256 clock cycles (16 us, 16MHz clock)
010 = BERR is asserted after 512 clock cycles (32 us, 16MHz clock)
011 = BERR is asserted after 1K clock cycles (64 us, 16MHz clock)

100 = BERR is asserted after 2K clock cycles (128 ps, 16MHz clock)
101 = BERR is asserted after 4K clock cycles (256 ps, 16MHz clock)
110 = BERR is asserted after 8K clock cycles (512 ps, 16MHz clock)
111 = BERR is asserted after 16K clock cycles (1 ms, 16MHz clock)

After cold reset, these bits default to all ones; thus, BERR is asserted after 1 ms for a 16-
MHz system clock.

NOTE

Successive timeouts of the hardware watchdog may vary
slightly in length. The counter resolution is 16 clock cycles.
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UACW—UART Clock Wakeup

Setting this bit allows a transition on the RxD pin of the UART to cause an automatic re-
start of the UART clock, allowing it to receive a character, even when the UART had its
clock stopped by the setting of the UACD bit. If the UART is configured to cause an inter-
rupt on Rx character or framing error, and the UART interrupt is enabled in the peripheral
interrupt control register, then the reception of a character causes an interrupt and a
wakeup of the EC000 core processor if it was in low-power mode (as enabled by the
LPEN bit).

0 = A transition on RxD does not restart the UART clock if disabled by UACD.

1 = Atransition on RxD restarts the UART clock if disabled by UACD.

After a cold reset, this bit is cleared.

Note that software should also handle framing errors if this feature is used, in order to
avoid spurious transitions on RxD causing unnecessary power consumption. If interrupt
on framing error is not enabled in this situation, then the UART module remains active
even if the EC00O core is in low-power mode. The interrupt handler would normally set
the UART and ECO000 core back into low-power mode.

UACD—UART Clock Disable

Setting this bit disables the clock to the UART module immediately. As such it should only
be done when no essential data is being transmitted or received by the UART channel.

0 = The clock to the UART module is active.
1 = The clock to the UART module is disabled.

After a cold reset, this bit is cleared, and so the UART clock is active.
Refer also to the description of the UART clock wakeup (UACW bit above).

TMCD—Timer Clock Disable

Setting this bit disables the clock to the timer module immediately. As such it should only
be done when no software task depends on a timer channel timeout for completion, de-
pending on the user's application.

0 = The clock to the timer module is active.
1 = The clock to the timer module is disabled.

After a cold reset, this bit is cleared, and so the timer clock is active.

MBCD—M-Bus Clock Disable

Setting this bit disables the clock to the M-bus module immediately. As such it should only
be done when no essential data is being transmitted or received by the M-bus channel.

0 = The clock to the M-bus module is active.
1 = The clock to the M-bus module is disabled.

After a cold reset, this bit is cleared, and so the M-bus clock is active.

LPEN—Low-Power Sleep Mode Enable

Setting this bit allows the EC000 core processor to be placed into the low-power sleep
mode, stopping its clock input and holding the processor in a known state ready for wake-
up as described previously. The sequence for user software to stop the EC00O0 core clock
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is first to set the LPEN bit and then to issue a STOP instruction immediately to place the
processor in a known state.

0 =The CPU clock is to be maintained at the programmed frequency.

1 =The CPU should be shut down as the following STOP instruction is executed. The
sleep/wake-up logic coordinates the re-awakening operation when it receives an
interrupt from any source. The STOP instruction should unmask all interrupts so
that the processor will exit from the STOP on wakeup.

After either cold reset or wakeup, this bit is cleared in hardware, and so the processor
clock runs. Note that for minimum power consumption, any unused peripherals can have
their clocks stopped as well, using the UACD, MBCD, CKD and TMCD bits. All these bits
should be programmed in one write cycle. Refer to Section 5.1.5 Low-Power Sleep Log-
ic for further details.

CDEN—cClock Divider Enable

Setting this bit allows the internal clock signal for the EC00O0 core processor to be reduced
in frequency as programmed in the CD2—-CDO bits.
0 =The CPU clock is to be maintained at the full operating frequency of the system clock
input.
1 =The CPU clock should be maintained with a reduced frequency as programmed in
the clock divider bits (CD2—-CDO0).
After a cold reset, this bit is cleared, so the EC000 core runs at full speed. This bit is un-
affected by a wake-up, hence if the EC000 core enters sleep mode with a reduced clock
frequency it will wake-up with the same reduced clock frequency. Note that the LPEN bit
always overrides the CDEN/CD2-CDO setting.

CKD—Clock-Output Disable

This bit allows the MC68307 CLKOUT pin to be disabled after reset, if it is not required
externally. Turning this driver off effectively saves power and reduces potential RFI prob-
lems.

0 = The CLKOUT pin is enabled. The system clock frequency is available.
1 = The CLKOUT pin is disabled, and is driven permanently high.

After cold reset, this bit defaults to zero, thus the CLKOUT pin is active.

EBUSW—Bus Width for Non-Chip-Select Cycles with External DTACK

This bit defines the data bus width (port size) for bus cycles which do not match any of the
programmable chip selects or internal locations, and therefore require an external DTACK
to terminate the cycle.

0 = The bus width for non-chip-selected memory accesses is 8-bits.
1 = The bus width for non-chip-selected memory accesses is 16-bits.

After cold reset, this bit defaults to one, so the default width for non-chip-selected memory
accesses is 16-bits.

Bit 3—Reserved by Motorola

This control bit is as yet undefined, and may be used for Motorola internal test or for future
derivative products. Leave its value as zero always.
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CD2-CDO—Low-Power Clock Divider Ratio

Program these bits to specify the frequency of clock signal for the EC00O0 core processor
when CPU clock division is enabled by the CDEN bit.

Value Division Ratio F{g&ﬁ:g&fr
000 +2 ~8MHz
001 +4 ~4MHz
010 +8 ~2MHz
011 +16 ~1MHz
100 +32 ~512kHz
101 +64 ~256kHz
110 +128 ~128kHz
111 +256 ~64kHz

After a cold reset , these bits are cleared, so the EC000 core would run at half the system
clock frequency, if the CDEN bit was set. These bits are unaffected by wake-up. For main
low-power sleep (LPEN) operation, the CD2—CDO0 and CDEN bit values are ignored.

NOTE

The clock divider ratio should only be changed from one divider
value to another when the CDEN bit is zero, i.e. when the CPU
is operating at full speed. Changing from one reduced speed to
another is not recommended.

5.2.2 Chip Select Registers

Each of the four chip select units has two registers that define its specific operation. These
registers are a 16-bit base register (BR) and a 16-bit option register (OR) (e.g., BRO and
ORO). These registers may be modified by the EC000 core. The BR should normally be
programmed after the OR since the BR contains the chip select enable bit. Programming
both registers at once using a long word write is also recommended.

5.2.2.1 BASE REGISTERS (BR3-BRO0). These 16-bit registers consist of a base address
field, a read-write bit, a function code field and an enable bit.

BRO, BR1, BR2, BR3 MBASE+$040, $044, $048, $04C
15 13 12 2 1 0
| Fco Pl FCO | A3 A2 AL AN AI9 A8 A7 A6 A5 A4 A3 | RW | EN |
RESET:
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Read/Write Supervisor or User

FC2—-FCO—Function Code Field

These bits are used to set the address space function code. The address compare logic
uses these bits to determine whether an address match exists within its address space
and, therefore, whether to assert the chip select line. Although the FC2—FCO signals are
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not available externally on the MC68307, they are still available internally for comparison
purposes.

111 = Not supported; reserved. Chip select does not activate if this value is used

110 = Value may be used

000 = Value may be used

After system reset, the FCx field in BR3-BRO defaults to supervisor program space
(FC=110) to select a ROM device containing the reset vector. Because of the priority
mechanism and the enable (EN) bit, only the CSO line is active after a system reset.

NOTE

The FCx bits can be masked and ignored by the chip select logic
using the compare function code bit (CFC) in the option register
(ORX).

BA23-BA13—Base Address
These bits are used to set the starting address of a particular address space. The address
compare logic uses only A23—-A13 to cause an address match within its block size.

After system reset, the base address defaults to zero to select a ROM device on which
the reset vector resides. All base address values default to zero on system reset, but, be-
cause of the priority mechanism, only CSO is active.

NOTE

All address bits can be masked and ignored by the chip select
logic through the base address mask in the option register
(ORX).

RW—Read/Write
This bit, in conjunction with the mask read/write bit (MRW) in the option register (ORXx),
allows a chip select to assert for only read cycles, only write cycles, or both types of cycle.
0 = The chip select line is asserted for read operations only.
1 = The chip select line is asserted for write operations only.

After system reset, this bit defaults to zero (read-only operation).

NOTE

This bit can be masked and ignored by the read-write compare
logic, as determined by the mask read/write bit (MRW) in the op-
tion register (ORX). The line is then asserted for both read and
write cycles.

On write protect violation cycles (RW=0 and MRW=1), a bus error exception (BERR) is
generated if the write protect violation enable bit (WPVE) in the SCR is set, and the WPV
status bit in the SCR is set so that the exception handler can determine the reason for Bus
Error.
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EN—Enable

This bit enables or disables one of the chip select outputs and its associated DTACK gen-
erator. This bit can be set in the same write cycle as the setting of other fields.

0 = The chip select line is disabled.
1 = The chip select line is enabled.

After system reset, all chip selects are enabled, however only chip select 0 asserts due to
the priority mechanism. The chip select does not require disabling before changing its pa-
rameters, although care should be taken if altering the configuration of the chip select that
is currently asserting on the instruction stream, e.g., to relocate ROM to a higher address.
It is best to ensure that both base register and option register are written in one long word
cycle.

5.2.2.2 OPTION REGISTERS (OR3-0OR0). These four 16-bit registers consist of a base
address mask field, a read/write mask bit, a compare function code bit, and a DTACK
generation field.

ORO, OR1, OR2, ORS3 MBASE+$042, $046, $04A, $04E
15 13 12 2 1 0

DTACK | Base Address Mask (M23-M13) | MRw | cFc |
RESET:
1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1
Read/Write Supervisor or User
DTACK Field

These bits are used to determine whether DTACK is generated internally with a program-
mable number of wait states or externally by the peripheral. With internal DTACK gener-
ation, zero to six wait states can be automatically inserted before the DTACK pin is
asserted as an output (Refer to Table 5-6).

Chip select 3 when used in the 8051-compatible bus mode, has a minimum of 6 and a
maximum of 12 wait-states. The meaning of the DTACK bits changes accordingly as
shown in the table.

Table 5-6. DTACK Field Encoding

5-32

Bits M68000-Bus Cycles 8051-Compatible Bus Cycles

15 14 13 Description Description

0 0 0 No Wait State 6 Wait States

0 0 1 1 Wait State 7 Wait States

0 1 0 2 Wait States 8 Wait States

0 1 1 3 Wait States 9 Wait States

1 0 0 4 Wait States 10 Wait States

1 0 1 5 Wait States 11 Wait States

1 1 0 6 Wait States 12 Wait States

1 1 1 External DTACK External DTACK
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When all the bits in this field are set to one, DTACK must be generated externally, and the
MC68307 waits for DTACK (input) to terminate its bus cycle.

After system reset, the bits of the DTACK field default to six wait states (M68000 cycles)
or 12 wait states (8051-cycles).

The DTACK generator uses the MC68307 internal processor clock to generate the pro-
grammable number of wait states. The number of wait states remains constant as pro-
grammed even if the processor clock speed is reduced using sleep modes.

NOTE

Do not assert DTACK externally when it is programmed to be
generated internally. The signal is bidirectional, and outputs as
an indication of the internally generated signal.

M23-M13—Base Address Mask

These bits are used to set the block size of a particular chip select line. The address com-
pare logic uses only the address bits that are not masked (i.e., mask bit set to one) to de-
tect an address match within its block size.

0 = The address bit in the corresponding base register (BR) is masked; the address
compare logic does not use this address bit. The corresponding external address
line value is a don't care in the comparison.

1 = The address bitin the corresponding BR is not masked; the address compare logic
uses this address bit.

For example, for a 64-Kbyte block, this field should be M13-M15 = 0 with the rest of the
base address mask bits (M23—-M16) equal to one.

After system reset, the bits of the base address mask field default to ones, (selecting the
smallest block size of 8 Kbytes) to allow CSO to select the ROM device containing the re-
set vector.

MRW—Mask Read/Write

This bit is used to disable or enable the comparison of read or write cycle during the chip
select matching process.

0 = The read/write bit (RW) in the base register (BR) is masked. The chip select is as-
serted for both read and write operations.
1= The RW bit in the BR is not masked. The chip select is asserted for read-only or
write-only operations as programmed by the corresponding RW bit in BR3-BRO.
After system reset, this bit defaults to zero.
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CFC—Compare Function Code

0 = The function code 2-0 bits (FC2—FCO) in the base register (BR) are ignored. The
chip select is asserted without comparing the FCx bits.

1 = The FCx bits on the BR are compared. The address space compare logic uses the
FCx bits to assert the CSx line.

After system reset, this bit defaults to one.

NOTE

Even when CFC=0, if the function code lines are internally gen-
erated as “111” (CPU space cycle), the chip select is not assert-
ed.

5.2.3 External Bus Interface Control Registers

These consist only of the control and data registers associated with the external general-
purpose/dedicated I/O signals. All other configuration of the external bus interface is
contained within either the system configuration or the chip select logic blocks.

5.2.3.1 PORT A CONTROL REGISTER (PACNT). This 8-bit read/write register is used by
the user to specify the function of the I/O lines in port A, the 8-bit I/O port, as general-purpose
I/0O, or dedicated I/O for the on-chip peripherals.

From a cold reset, these register bits are all cleared, thus configuring all port A 1/O lines as
general-purpose inputs. Bootstrap software must write an appropriate value into PACNT to
reflect the system hardware setup, before any of the peripherals which need port A pins can
be used properly. Pullup resistors may be required if the dedicated peripheral outputs (which
share port A pins) are used, as these signals would otherwise momentarily float at cold reset
until configured in the PACNT register.

PACNT MBASE+%$011
7 0
| CA7 | CA6 | CA5 | CA4 | CA3 | CA2 | CAL | CAO |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

CA7—-CAO0—Port A Pin Assignment Control

These bits are used to determine whether the corresponding port A input/output line are
configured as general-purpose functions or dedicated functions.

0 = The corresponding port A 1/O bit is to be a general-purpose 1/0O bit.
1 = The corresponding port A I/O bit is to be a dedicated /O bit.
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5.2.3.2 PORT A DATA DIRECTION REGISTER (PADDR). This 8-bit read/write register is
used by the user to program the general-purpose I/O lines in port A, the 8-bit I1/0 port, as
inputs or outputs.

From a cold reset, these register bits are all cleared, configuring all port A 1/0O lines as
general-purpose inputs. Bootstrap software must write an appropriate value into PADDR if
any of the port A lines are required as outputs. Pullup resistors may be required to solve the
problem of port A I/O lines perhaps floating at cold reset, until PADDR is written. They may
also be required if the peripheral chip select feature (which shares port A pins) is used, as
these signals would otherwise momentarily float at cold reset until configured.

PADDR MBASE+%$013
7 0
| DA7 | DA6 | DA5 | DA4 | DA3 | DA2 | DAL | DAO |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

DA7-DAO—Data Direction Field A

These bits are used to determine whether the corresponding port A input/output line are
inputs or latched outputs. As such, the DDR bit for any one port A line is ignored unless
that port A line is configured as general-purpose I/O in the PACNT. If a particular general-
purpose /O line has its direction changed from an input to an output, the initial data which
appears on that pin is the last data written to the latch by the PADAT register.

0 = The corresponding port A 1/O bit is to be an input.
1 = The corresponding port A I/O bit is to be an output.

5.2.3.3 PORT A DATA REGISTER (PADAT). This 8-bit read/write register is used by the
user to read or write the logic states of the general-purpose 1/O lines in port A, the 8-bit 1/O
port.

From a cold reset, these register bits are all cleared, so when any port A lines are configured
as outputs, a logic zero appears on those pins, unless PADAT is written with an initial data
value to be written.

PADAT MBASE+%$015
7 0
| PA7 | PAG | PAS | PA4 | PA3 | PA2 | PAL | PAO |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

PA7-PAO—Port A Data Field

If the corresponding port A bit is configured as a general-purpose output in the PADDR
and PACNT, then writing a certain logic value to that bit in the PADAT register enables
that logic level to appear on the output pin. Data written is latched internally, even for pins
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which are not currently configured as outputs. If a port line is reconfigured from being an
input to being an output, then the most recently latched value appears on that pin.

If the corresponding port A bit is configured as a general-purpose input in the PADDR and
PACNT, then the current status of that pin can be read by reading PADAT and examining
the value in that bit position. Reading PADAT bits for pins configured as general-purpose
outputs simply returns the output value as stored in the latch. Reading PADAT bits for pins
configured as dedicated inputs/outputs for on-chip peripherals returns the current state of
the pin, whether it is an input or an output.

1 = The corresponding port A bit (input or output) currently holds a logic 1 (high) value
(read cycle) OR a logic 1 is to be stored to that bit (write cycle).

0 = The corresponding port A bit (input or output) currently holds a logic 0 (low) value
(read cycle) OR a logic 0 is to be stored to that bit (write cycle).

5.2.3.4 PORT B CONTROL REGISTER (PBCNT). This 16-bit read/write register is used by
the user to specify the function of the 1/O lines in port B, the 16-bit 1/0O port, as general-
purpose I/O, or dedicated I/O for the on-chip peripherals.

From a cold reset, these register bits are all cleared, thus configuring all port B 1/O lines as
general-purpose inputs. Bootstrap software must write an appropriate value into PBCNT to
reflect the system hardware setup, before any of the peripherals which need port B pins can
be used properly. Pullup resistors may be required if the dedicated peripheral outputs (which
share port B pins) are used, as these signals would otherwise momentarily float at cold reset
until configured in the PBCNT register.

PBCNT MBASE+$016
15 0
| cei1s | cBi4 | cBi3 | cei2 | cBit | cBio | cBo | css | ce7 | cse | css | ces | cB3 | ce2 | cBt | cBo |
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write Supervisor or User

CB15-CB0—Port B Pin Assignment Control

These bits are used to determine whether the corresponding port B input/output line are
configured as general-purpose functions or dedicated functions.

0 = The corresponding port B 1/O bit is to be a general-purpose 1/0O bit.
1 = The corresponding port B I/O bit is to be a dedicated /O bit.

5.2.3.5 PORT B DATA DIRECTION REGISTER (PBDDR). This 16-bit read/write register
is used by the user to program the general-purpose 1/O lines in port B, the 16-bit /O port,
as inputs or outputs.

From a cold reset, these register bits are all cleared, configuring all port B 1/O lines as
general-purpose inputs. Bootstrap software must write an appropriate value into PBDDR if
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any of the port B lines are required as outputs. Pullup resistors may be required to solve the
problem of port B I/O lines perhaps floating at cold reset, until PBDDR is written.

PBDDR MBASE+$018
15 0
| pB15 | DB14 | DB13 | DB12 | DB11 | DBI0 | DBY | DBS | DB7 | DBS | DBS | DB4 | DB3 | DB2 | DB1 | DBO |
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write Supervisor or User

Bits 15—-0—Data Direction Field B (DB15-DB0)

These bits are used to determine whether the corresponding port B input/output line are
inputs or latched outputs. As such, the DDR bit for any one port B line is ignored unless
that port B line is configured as a general-purpose output in the PBCNT. If a particular
general-purpose /O line has its direction changed from an input to an output, the initial
data which appears on that pin is the last data written to the latch by the PBDAT register.

0 = The corresponding port B 1/0 bit is to be an input.
1 = The corresponding port B I/O bit is to be an ouput.

5.2.3.6 PORT B DATA REGISTER (PBDAT). This 16-bit read/write register is used by the
user to read or write the logic states of the general-purpose 1/O lines in port B, the 8-bit I/O
port.

From a cold reset, these register bits are all cleared, so when any port B lines are configured
as outputs, a logic zero appears on those pins, unless PBDAT is written with an initial data
value to be written.

PBDAT MBASE+$01A
15 0
| P15 | Pe14 | PB13 | PB12 | PB11 | PB10 | PB9 | PBS | PB7 | PB6 | PBS | PB4 | PB3 | PB2 | PB1 | PBO |
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write Supervisor or User

PB7-PB0O—Port B Data Field

If the corresponding port B bit is configured as a general-purpose output in the PBDDR,
then writing a certain logic value to that bit in the PBDAT register enables that logic level
to appear on the output pin. Data written is latched internally, even for pins which are not
currently configured as outputs. As already mentioned, if a port line is reconfigured from
being an input to being an output, then the most recently latched value appears on that
pin.

If the corresponding port B bit is configured as a general-purpose input in the PBDDR,
then the current status of that pin can be read by reading PBDAT and examining the value
in that bit position. Reading PBDAT bits for pins configured as general-purpose outputs
simply returns the output value as stored in the latch. Reading PBDAT bits for pins con-
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figured as dedicated inputs/outputs for on-chip peripherals returns the current state of the
pin, whether it is an input or an output.

1 = The corresponding Port B bit (input or output) currently holds a logic 1 (high) value
(read cycle) OR a logic 1 is to be stored to that bit (write cycle).

0 = The corresponding Port B bit (input or output) currently holds a logic O (low) value
(read cycle) OR a logic 0 is to be stored to that bit (write cycle).

5.2.4 Interrupt Control Registers
The following paragraphs describe the interrupt control registers.

5.2.4.1 LATCHED INTERRUPT CONTROL REGISTERS 1,2 (LICR1,LICR2). These reg-
isters control the interrupt priorities for the external general-purpose latched interrupt input
signals, and also allow software to reset any pending interrupts from these lines. There are
eight general-purpose latched interrupt inputs altogether, each has four bits assigned to it in
these registers. The registers can be read or written at any time. When read, the data re-
turned is the last value that was written to the register, with the exception of the reset bits,
which are transitory functions. The registers can be accessed by either word (16-bit) or byte
(8-bit) data transfer instructions. An 8-bit write to one half of a register leaves the other half
intact.

LICR1 MBASE+$020

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| PRI | INTIPL(2-0) | PR2 | INT2IPL(2-0) | PR3 | INT3IPL(2-0) | PRa | INT4IPL(2-0) |
RESET:

1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
Read/Write Supervisor or User
LICR2 MBASE+$022

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| PR | INTSIPL(2-0) | PR | INT6IPL(2-0) | PR7 | INT7IPL(2-0) | PR8 | INT8IPL(2-0) |
RESET:

1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0
Read/Write Supervisor or User

PIR1-PIR8—Pending Interrupt Reset 1-8

These bits allow the user to clear any pending interrupt on the interrupt input latch for the
specified input (INT1-INT8). The action of writing a logic 1 to one of these bit positions
clears the latch, so that the interrupt input must be toggled before another interrupt is
latched. It is not necessary to subsequently write a logic O to ‘release’ the reset condition,
this is done internally.

When read, these bits indicate the current value of the latched interrupt, a 1 indicating ac-
tive, a zero inactive.

These bits also enable a new value of the IPL field to be set. Each interrupt channel ig-
nores the value written to its INTxIPL(2-0) field UNLESS the corresponding PIRX bit is
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set. To avoid altering the IPL field values when only a pending interrupt reset is required,
use an AND.B, AND.W or AND.L operation with an immediate value containing ones for
the PIRX bit positions required to be set, with the corresponding IPL fields set to 111.

1 = The corresponding INT1-INT8 interrupt latch is cleared, so that a pending interrupt
on that line is discarded. The new IPL value for that interrupt source is stored (write
cycle).

0 = The corresponding INT1-INT8 interrupt latch is unaffected. Any pending interrupt
on that line remains pending. The IPL value for that source remains unchanged
(write cycle).

INT1IPL(2—0)—-INT8IPL(2—0)—Interrupt Priority Level 1-8

These bits allow the user to specify the IPL for the corresponding general-purpose latched
interrupt input line. When an interrupt occurs, the interrupt controller logic asserts the cor-
rect priority code on the EC00O interrupt level inputs, and respond to the subsequent ac-
knowledge cycle by outputting the correct vector. The IPL for any of the 8 external
interrupt sources INTI-INT8 can only be changed if the corresponding PIRx bit is also
written as 1.

000 = The corresponding INT1-INT8 interrupt line is inhibited and cannot generate
interrupts. Its state can still be read via the port B registers.

001-111= The corresponding INT1-INT8 interrupt line is enabled, and can generate an
interrupt to the EC00O0 core processor with the indicated priority level.

NOTE

Do not write a 1 to a PIR bit without also supplying the correct
IPL2—-IPLO value for that interrupt channel. The IPL2—-IPLO value
is written, and if ‘000’ is supplied, then that channel is effectively
disabled. Use the AND method as described above.

5.2.4.2 PERIPHERAL INTERRUPT CONTROL REGISTER (PICR). This register controls
the interrupt priorities for the interrupt signals from the MC68307 internal /O modules, in the
same way as the latched interrupt control registers do so for the external latched interrupt
input lines The modules which can provide interrupts to the EC000 core processor are: the
M-bus interface module, the timer module (both channels), and the UART interface module.
Each of these sources has four bits assigned to it in the peripheral interrupt control register.
The PICR can be read or written at any time. When read, the data returned is the last value
that was written to the register. This register can be accessed by either word (16-bit) or byte
(8-bit) data transfer instructions. An 8-bit write to one half of the register leaves the other half
intact.

PICR MBASE+$024
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - ] T1IPL(2-0) | - | T2IPL(2-0) | - | UAIPL(2-0) | — | MBIPL(2-0) |
RESET:
X 0 0 0 X 0 0 0 X 0 0 0 X 0 0 0
Read/Write Supervisor or User
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Interrupt Priority Level Timer 1, Timer 2, UART, MBUS, T1IPL2-0, T2IPL2-0, MBIPL2-0,
UAIPL2-0

These bits allow the user to specify the IPL for the corresponding on-chip peripheral mod-
ule interrupt input line (Timer 1, Timer 2, UART and M-bus respectively). When an inter-
rupt occurs, the interrupt controller logic asserts the correct priority code on the EC000
interrupt level inputs, and respond to the subsequent acknowledge cycle by coordinating
the return of the appropriate vector, as programmed into the programmable interrupt vec-
tor register or UART interrupt vector register.

000 = The corresponding interrupt source is inhibited and cannot generate inter-
rupts.

001 - 111 =The corresponding interrupt source is enabled, and can generate an inter-
rupt to the EC00O0 core processor with the indicated priority level.

The remaining four bits (Bits 14, 11, 7, 3) are reserved for future implementation, and
should always be written as one. When read, their value should be ignored.

5.2.4.3 PROGRAMMABLE INTERRUPT VECTOR REGISTER (PIVR). This register spec-
ifies the vector numbers which is returned by the interrupt controller in response to Interrupt
Acknowledge cycles for the various peripherals and discrete interrupt sources. The high four
bits of the vector number are programmed in the PIVR, and the low four bits are provided
by the interrupt controller depending on the highest priority source which is currently active
for the specific IPL being responded to in the current acknowledge cycle.

PIVR MBASE+$027
7 6 5 4 3 2 1 0
[ v | we [ vs | va | — |
RESET:
0 0 0 0 1 1 1 1

Read/Write Supervisor or User

IV7—IV4—Interrupt Vector Numbers 7—-4

These bits provide the high four bits of the interrupt vector for interrupt acknowledge cy-
cles from all sources except the UART, which provides its own, unique vector number.
The UART has a separate vector register for historical reasons, due to its compatibility
with the MC68681 DUART.

Bits 3—-0—Unused

These bits are ignored on a write cycle, and return 1 on a read cycle. The interrupt con-
troller provides the appropriate encoding on these four bits of the vector (Refer to Section
5.1.4.2 Interrupt Vector Generation).
After cold reset, this register contains the value $0F, although no interrupts are ever
propagated to the CPU until the PIVR is first programmed (not even level 7 interrupts). Only
write to the PIVR after the CPU stack pointer has been set up to point to valid addressable
RAM, i.e., after the chip selects for RAM have been set up.
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5.3 MC68307 INITIALIZATION PROCEDURE

The following paragraphs describe the initialization procedure.

5.3.1 Startup—Cold Reset

Upon cold reset (power-on reset, RSTIN asserted, RESET and HALT pins asserted or
software watchdog timeout), all external accesses in the first 8K bytes of the memory
address space asserts chip select 0, which should be used to enable a boot ROM device.
Before the chip selects can be set up any other way, the MC68307 on-chip register block
must be located in its desired memory map slot by programming the module base address
register in supervisor data space at address $0000F2. Note that accessing this on-chip
register does not in any way access the ROM on chip select 0, whose address range
includes the MBAR address.

5.3.2 SIM Configuration

The cold reset routine should configure all of the following SIM functions: chip selects, 1/0
pin function definition and initial value, interrupt controller IPL levels and vector numbers.
These are the “system integration” features which would not normally be changed
subsequently, although there is nothing to prevent this if required.
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SECTION 6
DUAL TIMER MODULE

6.1 OVERVIEW

The MC68307 includes three timer units: two identical general-purpose timers and a soft-
ware watchdog timer.

Each general-purpose timer consists of a timer mode register (TMR), a timer capture regis-
ter (TCR), a 16-bit timer counter (TCN), a timer reference register (TRR), and a timer event
register (TER). The TMR contains the prescaler value programmed by the user. The soft-
ware watchdog timer, which has a watchdog reference register (WRR) and a watchdog
counter (WCN), uses a fixed prescaler value. The timer block diagram is shown in Figure 6-
1.

The two identical general-purpose 16-bit timer units have the following features:
* Maximum Period of 16 Seconds (at 16.67 MHz)
* 60-ns Resolution (at 16.67 MHz)
» Programmable Sources for the Clock Input, Including External Clock
 Input Capture Capability with Programmable Trigger Edge on Input Pins
e Output Compare with Programmable Mode for the Output Pins
* Two Timers Externally Cascadable to Form a 32-Bit Timer
* Free Run and Restart Modes

The watchdog timer has the following features:
» 16-bit Counter and Reference Register
« Maximum Period of 16.78 Seconds (at 16 MHz)
* 0.5 ms Resolution (at 16 MHz)
» Timeout Causes Reset of the MC68307 (CPU and Peripherals).

6.2 MODULE OPERATION
The following paragraphs describe the operation of the dual timer module.

6.2.1 General-Purpose Timer Units

The clock input to the prescaler may be selected from the system clock (divided by 1 or by
16) or from the corresponding timer input (TIN1 or TIN2) pin. TIN is internally synchronized
to the internal clock. The clock input source is selected by the ICLK bits of the corresponding
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GENERAL-PURPOSE A
TIMERS
TIMER 2
TIMER 1 <
7 0
SYSTEM CLOCK
INTERRUPT EVENTREG [— - OR SYSTEM
CONTROLLER TIMER CLOCK/16
15 0 CLOCK -—— TIN2
MODE REGISTER GENERATOR [ N
PRESCALER ~ MODEBITS [ > -
DIVIDER  [«&— CLOCK
15 0
TIMER COUNTER -« CAPTURE | _
7y DETECTION
15  J 0 —p TOUT2
REFERENCE REGISTER - . TOUTL
A
15  J 0
CAPTURE REGISTER : _
@
S
n
=)
o
<t
WATCHDOG TIMER <
15 0
TIMER COUNTER < — DIVIDE _ o SYSTEM
I BY 256 o~ " CLOCK/16
15  J 0
REFERENCE REGISTER : o - INTERNAL
- ~ RESET

\

Figure 6-1. Timer Block Diagram

TMR. The prescaler is programmed to divide the clock input by values from 1 to 256. The
output of the prescaler is used as an input to the 16-bit counter.

The maximum resolution of the timer is one system clock cycle (60ns at 16.67 MHz). The
maximum period (when the reference value is all ones) is 268,435,456 cycles (16.78 sec-
onds at 16.00 MHz).

Each timer may be configured to count until a reference is reached and then either start a
new time count immediately or continue to run. The free run/restart (FRR) bit of the corre-
sponding TMR selects each mode. Upon reaching the reference value, the corresponding
TER bit is set, and an interrupt is issued if the output reference interrupt enable (ORI) bit in
TMR is set.

6-2 MC68307 USER'S MANUAL MOTOROLA



Dual Timer Module

Each timer may output a signal on the timer output (TOUT1 or TOUTZ2) pin when the refer-
ence value is reached, as selected by the output mode (OM) bit of the corresponding TMR.
This signal can be an active-low pulse or a toggle of the current output, under program con-
trol. The output can also be used as an input to the other timer, resulting in a 32-bit timer.

Each timer has a 16-bit TCR, which is used to latch the value of the counter when a defined
transition (of TIN1 or TIN2) is sensed by the corresponding input capture edge detector. The
type of transition triggering the capture is selected by the capture edge (CE) bits in the cor-
responding TMR. Upon a capture or reference event, the corresponding TER bit is set, and
a maskable interrupt is issued.

6.2.2 Software Watchdog Timer

A software watchdog timer is used to protect against system failures by providing a means
to escape from unexpected input conditions, external events, or programming errors. The
third 16-bit timer block is used for this purpose. Once started, the software watchdog timer
must be cleared by software on a regular basis so that it never reaches its timeout value.
Upon reaching the timeout value, the assumption is made that a system failure has
occurred, and the software watchdog logic initiates a reset of the MC68307.

The software watchdog timer counts from zero to a maximum of 32768 (16.67 seconds at
16.00 MHz) with a resolution or step size of 8192 clock periods (0.5 ms at 16.00 MHz). This
timer uses a 16-bit counter with an 8-bit prescaler value.

The software watchdog timer uses the system clock divided by 16 as the input to the pres-
caler. The prescaler circuitry divides the clock input by a fixed value of 256. The output of
this prescaler circuitry is connected to the input of the 16-bit counter. Since the least signif-
icant bit of the WCN is not used in the comparison with the WRR reference value, the effec-
tive value of the prescaler is 512.

The timer counts until the reference value is reached and then starts a new time count imme-
diately. Upon reaching the reference value, the counter asserts an internal output to the
MC68307 reset logic. The reset source bits (RS1-RS0) in the system control register (SCR)
are updated with the cause of reset being indicated as software watchdog. Refer to Section
5.2.1.2 System Control Register (SCR) for further details of the RSx bits.

The value of the timer can be read any time.
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6.3 PROGRAMMING MODEL

The following paragraphs describe the programming model of the dual timer module.

6.3.1 General Purpose Timer Units

The Timer registers may be modified at any time by the user.

6.3.1.1 TIMER MODE REGISTER (TMR1, TMR2). TMR1 and TMR2 are identical 16-bit
memory-mapped registers. They are cleared by reset.

TMR1 MBASE+$120
TMR2 MBASE+$130
15 8 7 6 5 4 3 2 1 0
| PRESCALER VALUE (PS7-0) CEl-CE0 | oM | orl | FRR | lclKi-iClKo | RsT |

RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write Supervisor or User

PS—Prescaler Value

The prescaler is programmed to divide the clock input by values from 1 to 256. The value
00000000 divides the clock by 1; the value 11111111 divides the clock by 256.

CE1-CEO—Capture Edge and Enable Interrupt

00 = Disable interrupt on capture event

01 = Capture on rising edge only and enable interrupt on capture event
10 = Capture on falling edge only and enable interrupt on capture event
11 = Capture on any edge and enable interrupt on capture event

OM—Output Mode

0 = Active-low pulse for one CLKO clock cycle (60ns at 16.67 MHz)
1 = Toggle output

ORI—Output Reference Interrupt Enable
0 = Disable interrupt for reference reached (does not affect interrupt on capture func-
tion)
1 = Enable interrupt upon reaching the reference value

FRR—Free Run/Restart

0 = Free run: timer count continues to increment after the reference value is reached.
1 = Restart: timer count is reset immediately after the reference value is reached.

ICLK1-ICLKO—Input Clock Source for the Timer

00 = Stop count

01 = Master system clock

10 = Master system clock divided by 16. Note that this clock source is not synchronized
to the timer; thus, successive timeouts may vary slightly in length.

11 = Corresponding TIN pin, TIN1 or TIN2 (falling edge)
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RST—Reset Timer

This bit performs a software reset of the timer similar to that of an external reset, although
while this bit is zero, the other register values can still be written. Effectively, a transition
of this bit from one to zero is what resets the register values. The counter/timer/prescaler
Is not clocked unless the timer is enabled.

0 = Reset timer (software reset)
1 = Enable timer

NOTE

After reset, the TOUT signal begins in a high state, but is not
available externally until the port A control register (PACNT) is
configured for this function.

6.3.1.2 TIMER REFERENCE REGISTERS (TRR1, TRR2). Each TRRx is a 16-bit register
containing the reference value that is compared with the free-running TCN as part of the out-
put compare function. TRR1 and TRR2 are memory-mapped read-write registers.

TRR1 and TRR2 are set to all ones by reset. The reference value is not matched until TCN
increments to equal TRR.

TRR1 MBASE+$122
TRR2 MBASE+$132
15 0
| 16-Bit Reference Compare Value REF(15-0) |

RESET:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write Supervisor or User

6.3.1.3 TIMER CAPTURE REGISTERS (TCR1, TCR2). Each TCRx is a 16-bit register
used to latch the value of the TCN during a capture operation when an edge occurs on the
respective TIN1 or TIN2 pin, as programmed in the TMR. TCR1 and TCR2 appear as mem-
ory-mapped read-only registers to the user and are cleared at reset.

TCR1 MBASE+$124
TCR2 MBASE+$134
15 0
| 16-Bit Captured Counter Value CAP(15-0) |

RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read-only Supervisor or User

6.3.1.4 TIMER COUNTER (TCN1, TCN2). TCN1 and TCN2 are 16-bit up-counters. Each is
memory-mapped and can be read by the user at any time. A read cycle to TCN1 and TCN2
yields the current value of the timer and does not affect the counting operation.
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A write cycle to TCN1 and TCN2 causes it and the corresponding prescaler to be reset.

TCN1 MBASE+$126
TCN2 MBASE+$136
15 0
| 16-Bit Timer Counter Value COUNT(15-0) |

RESET;
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write Supervisor or User

6.3.1.5 TIMER EVENT REGISTERS (TER1, TER2). Each TERX is an 8-bit register used to
report events recognized by any of the timers. On recognition of an event, the timer sets the
appropriate bit in the TER, regardless of the corresponding interrupt enable bits (ORI and
CE) in the TMR.

TER1 and TERZ2, which appear to the user as memory-mapped registers, may be read at
any time.

A bit is cleared by writing a one to that bit (writing a zero does not affect a bit's value). More
than one bit may be cleared at a time. Both bits must be cleared before the timer negates
the IRQ to the interrupt controller. This register is cleared at reset.

TER1 MBASE+$129
TER2 MBASE+$139
7 2 1 0
| RESERVED, READ AS 0 | ReF | cap |

RESET:
0 0 0 0 0 0 0 0
Read/Write Supervisor or User

Bits 7-2—Reserved by Motorola.
These bits are currently zero when read.

REF—Output Reference Event

The counter has reached the TRR value. The ORI bit in the TMR is used to enable the
interrupt request caused by this event. Write a one to this bit to clear the event condition.

CAP—Capture Event

The counter value has been latched into the TCR. The CE bits in the TMR are used to
enable the interrupt request caused by this event. Write a one to this bit to clear the event
condition.

6-6 MC68307 USER'S MANUAL MOTOROLA



Dual Timer Module

6.3.2 Software Watchdog Timer

The software watchdog timer module has an 8-bit prescaler that is not accessible to the
user, a read-only 16-bit watchdog counter register WCR, and a WRR.

6.3.2.1 WATCHDOG REFERENCE REGISTER (WRR). The WRR is a 16-bit register con-
taining the reference value for the watchdog timeout. The WRR appears as a memory-
mapped read-write register to the user.

WRR MBASE+$12A
15 0
| 15-Bit Reference Value REF(15-1) | En |
RESET
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write Supervisor or User

Reset initializes the register to $FFFF, enabling the watchdog timer and setting it to the max-
imum timeout period. This causes a timeout to occur if there is an error in the boot program.

Reference Value

This 15-bit field should be written with the limit value for the corresponding WCR count
bits. It is 15-bits wide because the least-significant bit of the WCR is not compared.

EN — Enable Watchdog

1 = The watchdog timer is enabled, software should periodically write to the WCR lo-
cation, so that the counter never reaches the above reference value.
0 = The watchdog timer is disabled, and does not count.

6.3.2.2 WATCHDOG COUNTER REGISTER (WCR). The WCR is a 16-bit up-counter,
appears as a memory-mapped register and may be read at any time. Clearing EN in the
WRR causes the counter to be reset and disables the count operation.

WCR MBASE+$12C
15 0
| 16-Bit Counter Value COUNT(15-0) |
RESET
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write Supervisor or User

A read cycle to WCR causes the current value of the watchdog timer to be read. Reading
the watchdog timer does not affect the counting operation.

A write cycle to WCR causes the counter and prescaler to be reset. A write cycle should be
executed on a regular basis so that the watchdog timer is never allowed to reach the refer-
ence value during normal program operation.
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6.4 TIMER PROGRAMMING EXAMPLES

The programming examples below are written in M68000 assembly language. They refer to
symbolic names of MC68307 registers and bit fields within those registers. For access to on-
chip locations, the addressing mode Offset_ From(A5) is used. Below is a list of the bit defi-
nitions used in the examples.

* TMRX bit definitions (non-zero cases only)

RST EQU $0001 TMRx RST ; enable tiner

| CLKO1 EQU $0002 TMRx I CLK ; use system cl ock

| CLK10 EQU $0004 TMRx I CLK ; use systemclock divide by 16

| CLK11 EQU $0006 TMRx I CLK ; use TINx as clock

FRR EQU $0008 TMRX FRR ; restart tinmer on ref. conpare

ORI EQU $0010 TMRX ORl ; enable interrupt on ref. conpare

oM EQU $0020 TMRX OM ; toggle TOUTx

CEO1 EQU $0040 TMRx CE ; capture on +ve edge clk + interrupt
CE10 EQU $0080 TMRx CE ; capture on -ve edge clk + interrupt
CEll EQU $00C0 TMRx CE ; capture on both clk edges + interrupt

* TERX bit masks

REF EQU $02 ; isolate TERx REF bit
CAP EQU $01 ; isolate TERx CAP bit

The examples assume that the timer is in a reset state prior to execution of the code
sequence, that is, either this is the first timer access after a system reset or the timer mode
register RST bit has had a programmed transition from 1 to O.

6.4.1 Initialization and Reference Compare Function

This code sequence starts both timers in an output reference compare mode, outputting a
repeating pulse on each channel’'s TOUT pin after a preset period. The reference value and
prescale value have been made different in each case to demonstrate programming of dif-
ferent periods.

Interrupts are disabled in this example. If the ORI bit were also set, interrupts would be
enabled, one for each corresponding TOUTX pulse.

TOUTX is also set to output to a single clock pulse on each match. The alternate mode is
toggle mode, accomplished by also setting the OM bit of TMRX.

Note that the timer mode registers can be programmed in one operation. There is no need
to have separate writes to take the timer out of reset, to program the various modes and then
to finally start the clock.

* Enable tinmer output pins in port A control register
OR B  #%$18, PACNT( A5) ; TOUT1, 2 pins67 dedicated
* Setup timer 1 and timer 2 to run independently of each other

* Both counters reset (and repeat forever) after reference reached
* Both disabled interrupts for reference
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* Active-low pul ses on TOQUT1 and TOUT2
* Both disabled interrupts on capture

* TOQUT1 pul se generated every (2 x 9) CPU clocks with no interrupts
* Timer 1 prescaler: divide by 2, reference: divide by 9

MOVE. W #8, TRRL( A5) ; reference value 8
MOVE. W #RST+| CLKO1+FRR+$0100, TMRL( A5); val ue=$010B

* TOQUT2 pul se generated every (3 x 7) CPU clocks with no interrupts
* Timer 2 prescalar: divide by 3, reference: divide by 7

MOVE. W #6, TRR2( A5) ; reference value 6
MOVE. W #RST+| CLKO1+FRR+$0200, TMR2( A5) ; val ue=$020B

6.4.2 Event Counting Function and Interrupts

A variation on the reference compare function demonstrated above is the following example
of event counting with an interrupt to the CPU after N events have been counted.

Note that the reference register is programmed with the compare value before the timer is
started, otherwise a spurious compare may occur. Although the timer channel is in reset
(RST bit = 0), other registers can be accessed.

* Enable tinmer 1 input pin in port B control register
OR W  #3$0040, PBCNT( A5) ; TIN1 pin dedicated

Set up TINl as cl ock source;

Interrupt generated every 4 TINL clocks, so reference value = 3
Counter reset after reference reached

Enabl e interrupt for reference

Active-1ow pul se on TOQUT1

Di sabl e interrupt on capture

Prescaler: divide by 1

E I I G

MOVE. W #3, TRR1( A5) ; reference value 3
MOVE. W #RST+| CLK11+FRR+CORI , TMR1( A5) ; val ue=$001F
STOP  $2000 ; wait for IRQ

| NT_T1; ANDI . B #REF, TER1( A5) ; clear REF event bit
; Process the interrupt
RTE

6.4.3 Input Capture Function

This example provides an interrupt routine that reads the captured timer value each time the
TIN2 pin has a transition from 0 to 1. The timer is programmed to be free-running (FRR bit
not set) and so the reference value is ignored.
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Note that the interrupt service routine does not check which event bit is set as the cause of
the interrupt. A more robust system would do this, and indeed a timer channel could have
both interrupt sources enabled.

* Enable tiner 2 input pin in port B control register

OR W  #3$0080, PBCNT( A5) ; TIN2 pin dedicated
* Capture on TIN2 +ve edge using systemclock as clock source
* Get captured timer word in register D5
* Counter free-running
* Disable interrupt for reference
* Enabl e interrupt on capture on +ve TIN2 edge
* Prescaler: divide by 1
MOVE. W #RST+| CLKO1+CEO1, TMR2( A5) ; val ue=$0043
I NT_T2: ANDI . B #CAP, TER2( A5) ; clear CAP event bit
MOVE. W TCR2( A5) , D5 ; Process the interrupt
RTE

6.4.4 Watchdog Usage Example

The first example shows how to disable the watchdog after system reset if it is not required.
Note that if a RESET instruction is executed, the timer module is reset, and so the watchdog
is enabled again.

* Di sabl e watchdog tiner forever
MOVE. W #$0000, WRR( A5) ; clear WRR EN bit

The second example shows setting the watchdog timer to timeout every 10mS unless it is
periodically reset by software. The watchdog is clocked by the system clock divided by 16,
and there is a fixed 8-bit prescaler, so the resulting clock count value increments every
0.24576mS for a 16.67 MHz system clock.

The watchdog reference register is programmed to match on a compare value of 40, to give
an approximate 10mS timeout. Note that the least significant bit of the counter is not com-
pared and the corresponding reference register bit must be 1 to enable the watchdog.

* Program wat chdog for 10nS ti neout
MOVE. W #$0029, WRR( A5) ; enable = 1, tinmeout = 40
MOVE. W DO, WCR ; tickle watchdog counter

Note that it does not matter what data value is written to the WCR to keep it from timing out.
The example uses DO as the source, since it results in the fastest executing instruction. (The
CLR instruction on a 68000 reads the location before clearing it.)
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SECTION 7
M-BUS INTERFACE MODULE

Motorola bus (in short: M-bus) is a two-wire, bidirectional serial bus which provides a simple,
efficient method of data exchange between devices. It is compatible with the widely-used
I2C bus standard. This two wire bus minimizes the interconnection between devices and
eliminates the need for an address decoder.

This bus is suitable for applications which need occasional communications in a short dis-
tance among a number of devices. It also provides flexibility that allows additional devices
to be connected to the bus for further expansion and system developing.

The interface is designed to operate up to 100 Kb/s with maximum bus loading and timing.
The device is capable of operating at higher baud rates, with reduced bus loading. The max-
imum communication length and number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

M-bus system is a true multi-master bus including collision detection and arbitration to pre-
vent data corruption if two or more masters attempt to control the bus simultaneously. This
feature provides the capability for complex applications with multi-processor control. It may
also be used for rapid testing and alignment of end products via external connections to an
assembly-line computer.

The M-bus module has the following key features:
« Compatible with 12C Bus Standard
* Multi-Master Operation
» Software Programmable for One of 32 Different Serial Clock Frequencies
» Software Selectable Acknowledge Bit
« Interrupt Driven Byte By Byte Data Transfer
 Arbitration Lost Interrupt with Automatic Mode Switching from Master to Slave
» Calling Address Identification Interrupt
» Start and Stop Signal Generation/Detection
* Repeated START Signal Generation
» Acknowledge Bit Generation/Detection
* Bus Busy Detection

A block diagram of the complete M-bus module is shown in Figure 7-1.
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Figure 7-1. M-Bus Interface Block Diagram

7.1 M-BUS SYSTEM CONFIGURATION

The M-bus system uses a serial data line (SDA) and a serial clock line (SCL) for data trans-
fer. All devices connected to it must have open drain or open collector outputs. The logical
AND function is exercised on both lines with pull-up resistors.

7.2 M-BUS PROTOCOL

Normally, a standard communication is composed of four parts: START signal, slave
address transmission, data transfer, and STOP signal. They are described briefly in the fol-
lowing sections and illustrated in Figure 7-2.
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Figure 7-2. M-Bus Transmission Signals

7.2.1 START Signal

When the bus is free, i.e., no master device is engaging the bus (both SCL and SDA lines
are at logical high), a master may initiate communication by sending a START signal. As
shown in Figure 7-2, a START signal is defined as a high-to-low transition of SDA while SCL
is high. This signal denotes the beginning of a new data transfer (each data transfer may
contain several bytes of data) and wakes up all slaves.

7.2.2 Slave Address Transmission

The first byte of data transfer immediately after the START signal is the slave address
transmitted by the master. This is a seven bits long calling address followed by a R/W bit.
The R/W bit tells the slave the desired direction of data transfer.

Only the slave with a calling address that matches the one transmitted by the master
responds by sending back an acknowledge bit. This is done by pulling the SDA low at the
9th clock (refer to Figure 7-2).

7.2.3 Data Transfer

Once successful slave addressing is achieved, the data transfer can proceed byte by byte
in a direction specified by the R/W bit previously sent by the calling master.

Each data byte is 8 bits long. Data may be changed only while SCL is low and must be held
stable while SCL is high as shown in Figure 7-2. There is one clock pulse on SCL for each
data bit, the MSB being transferred first. Each data byte has to be followed by an acknowl-
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edge bit, which is signalled from the receiving device by pulling the SDA low at the 9th clock.
So one complete data byte transfer needs 9 clock pulses.

If the slave receiver does not acknowledge the master, the SDA line must be left high by the
slave. The master can then generate a stop signal to abort the data transfer or a start signal
(repeated start) to commence a new calling.

If the master receiver does not acknowledge the slave transmitter after a byte transmission,
it means 'end of data' to the slave, so that the slave should release the SDA line for the mas-
ter to generate STOP or START signal.

7.2.4 Repeated START Signal

As shown in Figure 7-2, a repeated START signal is to generate a START signal without
first generating a STOP signal to terminate the communication. This is used by the master
to communicate with another slave or with the same slave in different mode (transmit/
receive mode) without releasing the bus.

7.2.5 STOP Signal

The master can terminate the communication by generating a STOP signal to free the bus.
However, the master may generate a START signal followed by a calling command without
generating a STOP signal first. This is called repeated START. A STOP signal is defined as
a low-to-high transition of SDA while SCL at logical high. (Refer to Figure 7-2).

7.2.6 Arbitration Procedure

M-bus is a true multi-master bus that allows more than one master to be connected on it. If
two or more masters try to control the bus at the same time, a clock synchronization proce-
dure determines the bus clock, for which the low period is equal to the longest clock low
period and the high is equal to the shortest one among the masters. The relative priority of
the contending masters is determined by a data arbitration procedure, a bus master loses
arbitration if it transmits logic “1” while another master transmits logic “0”. The losing masters
immediately switch over to slave receive mode and stop driving SDA output. In this case the
transition from master to slave mode does not generate a STOP condition. Meanwhile, a
status bit is set by hardware to indicate lost of arbitration.

7.2.7 Clock Synchronization

Since wire-AND logic is performed on SCL line, a high-to-low transition on SCL line affects
all the devices connected on the bus. The devices start counting their low period and once
a device's clock has gone low, it holds the SCL line low until the clock high state is reached.
However, the change from low to high in this device clock may not change the state of the
SCL line if another device clock is still within its low period. Therefore, synchronized clock
SCL is held low by the device with the longest low period. Devices with shorter low periods
enter a high wait state during this time (Refer to Figure 7-3). When all devices concerned
have counted off their low period, the synchronized clock SCL line is released and is pulled
high. There is then no difference between the device clocks and the state of the SCL line
and all the devices start counting their high periods. The first device to complete its high
period pulls the SCL line low again.
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Figure 7-3. M-Bus Clock Synchronization

7.2.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfer. Slave
devices may hold the SCL low after completion of one byte transfer (9 bits). In such case, it
halts the bus clock and forces the master clock into wait states until the slave releases the
SCL line.

7.2.9 Clock Stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of a
transfer. After the master has driven SCL low the slave can drive SCL low for the required
period and then release it. If the slave SCL low period is greater than the master SCL low
period then the resulting SCL bus signal low period is stretched.

7.3 PROGRAMMING MODEL

There are five registers used in the M-bus interface and the internal configuration of these
registers is discussed in the following paragraphs. A block diagram of the M-bus module is
shown in Figure 7-1.
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7.3.1 M-Bus Address Register (MADR)

MADR MBASE+$141
7 1 0
| ADR7 | ADR6 | ADRS | ADR4 | ADR3 | ADR2 | ADRL [ — |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

ADR7-ADR1—Slave Address
This field contains the specific slave address to be used by the M-bus module.

Bit 0—Reserved by Motorola.

7.3.2 M-Bus Frequency Divider Register (MFDR)

MFDR MBASE+$143
7 6 5 4 3 2 1 0
| — | — | — | wmsca| mecs | wmecz | mect | mBco |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

Bits 7-5—Reserved by Motorola.

MBC4-MBCO0—M-Bus Clock Rate 4-0

This field is used to prescale the clock for bit rate selection. Due to the potential slow rise
and fall times of the SCL and SDA signals the bus signals are sampled at the prescaler
frequency. This sampling incurs an overhead of 6 clocks per SCL pulse. The serial bit
clock frequency is equal to the CPU clock divided by the divider shown in Table 7-1 plus
the sampling overhead of 6 clocks per cycle.

For a 16.67 MHz internal operating frequency, the serial bit clock frequency of M-bus
ranges from 3825 Hz to 595 kHz.
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Table 7-1. M-Bus Prescaler values

MBC4-MBCO Divider MBC4-MBCO Divider
00000 22 10000 352
00001 24 10001 384
00010 28 10010 448
00011 34 10011 544
00100 44 10100 704
00101 48 10101 768
00110 56 10110 896
00111 68 10111 1088
01000 88 11000 1408
01001 96 11001 1536
01010 112 11010 1792
01011 136 11011 2176
01100 176 11100 2816
01101 192 11101 3072
01110 224 11110 3584
01111 272 11111 4352

7.3.3 M-Bus Control Register (MBCR)

MBCR MBASE+$145
7 6 5 4 3 2 1 0
| MEN | MEN [ msTA | wTx | Txak [ RsTA | — [ — |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

MEN—M-Bus Enable
This bit controls the software reset of the entire M-bus module.

1 = The M-bus module is enabled. This bit must be set before any other MBCR bits
have any effect.

0 = The module is reset and disabled. This is the power-on reset situation. When low
the interface is held in reset but registers can still be accessed.

If the M-bus module is enabled in the middle of a byte transfer the interface behaves as
follows. Slave mode ignores the current transfer on the bus and start operating whenever
a subsequent start condition is detected. Master mode is not aware that the bus is busy,
hence if a start cycle is initiated then the current bus cycle may become corrupt. This
would ultimately result in either the current bus master or the M-bus module losing arbi-
tration, after which bus operation would return to normal.
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MIEN—M-Bus Interrupt Enable

1 = Interrupts from the M-bus module are enabled. An M-bus interrupt occurs provided
the MIF bit in the status register is also set.

0 = Interrupts from the M-bus module are disabled. Note that this does not clear any
currently pending interrupt condition.

MSTA—Master/Slave Mode Select Bit

Upon reset, this bit is cleared. When this bit is changed from 0 to 1, a START signal is
generated on the bus, and the master mode is selected. When this bit is cleared, a STOP
signal is generated and the operation mode changes from master to slave.

MSTA is cleared without generating a STOP signal when the master loses arbitration.

1 = Master mode
0 = Slave mode

MTX—Transmit/Receive Mode Select Bit

This bit selects the direction of master and slave transfers. When addressed as a slave
this bit should be set by software according to the SRW bit in the status register. In master
mode this bit should be set according to the type of transfer required. Hence for address
cycles this bit is always high.

1= Transmit
0 = Receive

TXAK—Transmit Acknowledge Enable

This bit specifies the value driven onto SDA during acknowledge cycles for both master
and slave receivers.

1 = No acknowledge signal response is sent (i.e., acknowledge bit = 1)
0 = An acknowledge signal is sent out to the bus at the 9th clock bit after receiving one
byte data.

RSTA—Repeat Start

Writing a 1 to this bit generates a repeated START condition on the bus, provided we are
the current bus master. This bit is always read as a low. Attempting a repeated start at the
wrong time, if the bus is owned by another master, results in loss of arbitration.

1 = Generate repeat start cycle.
0 = Do not generate repeat start cycle.

Bits 1-0—Reserved by Motorola.
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7.3.4 M-Bus Status Register (MBSR)

This status register is read-only with exception of the MIF and MAL bits, which are software
clearable. All bits are cleared upon reset except the MCF and RXAK bits.

MBSR MBASE+$147
7 6 5 4 3 2 1 0
| mMcF | maas [ mBB | MAL | — | sRw | MIF [ RxaK |
RESET:
0 0 0 0 0 0 0 0
Read/Write Supervisor or User

MCF—Data Transferring Bit

While one byte of data is being transferred, this bit is cleared. It is set by the falling edge
of the 9th clock of a byte transfer.

1 = Transfer complete
0 = Transfer in progress

MAAS—Addressed As a Slave Bit

When its own specific address (M-bus address register) is matched with the calling ad-
dress, this bit is set. The CPU is interrupted provided the MIEN is set. Then the CPU
needs to check the SRW bit and set its TX/RX mode accordingly.

Writing to the M-bus control register clears this bit.

1 = Addressed as a slave
0 = Not addressed as a slave

MBB—Bus Busy Bit

This bit indicates the status of the bus. When a START signal is detected, the MBB is set.
If a STOP signal is detected, it is cleared.

1 = Busis busy
0 = Busisidle

MAL—Arbitration Lost

The arbitration lost bit (MAL) is set by hardware when the arbitration procedure is lost. Ar-
bitration is lost in the following circumstances:

1.SDA sampled as low when the master drives a high during an address or data trans-
mit cycle.

2.SDA sampled as a low when the master drives a high during the acknowledge bit of
a data receive cycle.

3.A start cycle is attempted when the bus is busy.
4.A repeated start cycle is requested in slave mode.
5.A stop condition is detected when the master did not request it.

This bit must be cleared by software, writing a low to this bit clears it.

Bit 3—Reserved by Motorola.
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SRW—Slave Read/Write

When MAAS is set this bit indicates the value of the R/W command bit of the calling ad-
dress sent from master. This bit is only valid when a complete transfer has occurred and
no other transfers have been initiated. Checking this bit, the CPU can select slave trans-
mit/receive mode according to the command of master.

1 = Slave transmit, master reading from slave.
0 = Slave receive, master writing to slave.

MIF—M-Bus Interrupt

The MIF bit is set when an interrupt is pending, which causes a processor interrupt re-
guest provided MIEN is set. MIF is set when one of the following events occurs:

1.Complete one byte transfer (set at the falling edge of the 9th clock).

2.Receive a calling address that matches its own specific address in slave receive
mode.

3.Arbitration lost.
This bit must be cleared by software, writing a low to it, in the interrupt routine.

RXAK—Received Acknowledge

The value of SDA during the acknowledge bit of a bus cycle. If the RXAK is low, it indicates
an acknowledge signal has been received after the completion of 8 bits data transmission
on the bus. If RXAK is high, it means no acknowledge signal is detected at the 9th clock.
1 = No acknowledge received
0 = Acknowledge received

7.3.5 M-Bus Data I/0O Register (MBDR)

MBDR MBASE+$149
7 0
| o7 | b6 | ps | pa | b3 | b2 | b1 [ Do |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

In master transmit mode, data written into the MBDR is sent to the bus automatically. The
most significant bit is sent first. In master receive mode, reading this register initiates next
byte data receiving. In slave mode, the same function is available after it is addressed.

7.4 M-BUS PROGRAMMING EXAMPLES
The following paragraphs provide programming examples for the M-bus module.

7.4.1 Initialization Sequence

Reset puts the M-bus control register to its default status. Before the interface can be used
to transfer serial data, an initialization procedure must be carried out:

1. Update MFDR, select division ratio required to obtain SCL frequency from system
clock.
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2. Update MADR to define its own slave address.
3. Set MEN bit of MBCR to enable the M-bus interface system.

4. Modify the bits of MBCR to select master/slave mode, transmit/receive mode, interrupt
enable or not.

7.4.2 Generation of START

After completion of the initialization procedure, serial data can be transmitted by selecting
the 'master transmitter' mode. If the device is connected to a multi-master bus system, the
state of the M-bus busy bit (MBB) must be tested to check whether the serial bus is free.

If the bus is free (MBB=0), the start condition and the first byte (the slave address) can be
sent. The data written to the data register comprises the slave calling address and the LSB
set to indicate the direction of transfer required from the slave.

The bus free time (i.e. the time between a STOP condition and the following START condi-
tion) is built into the hardware that generates the START cycle. Depending on the relative
frequencies of the system clock and the SCL period it may be necessary to wait until the M-
bus is busy after writing the calling address to the MBDR before proceeding with the follow-
ing instructions. This is illustrated in the following example.

An example of a program which generates the START signal and transmits the first byte of
data (slave address) is shown below:

CHFLAG BTST. B #5, MBSR ; CHECK THE MBB BIT OF THE
BNE. S CHFLAG ; STATUS REG STER. IF IT IS
; SET, WAIT UNTIL IT IS CLEAR
TXSTART BSET. B #4, MBCR ; SET TRANSM T MODE
BSET. B #5, MBCR ; SET MASTER MODE
; 1.e. CENERATE START CONDI Tl ON
MOVE. B CALLI NG MBDR ; TRANSM T THE CALLI NG
; ADDRESS, DO=R/' W
MBFREE BTST. B #5, MBSR ; CHECK THE MBB BIT OF THE
BEQ S MBFREE ; STATUS REG STER. IF IT IS

CLEAR, WAIT UNTIL IT IS SET

7.4.3 Post-Transfer Software Response

Transmission or reception of a byte sets the data transferring bit (MCF) to 1, which indicates
one byte communication is finished. Also the M-bus interrupt bit (MIF) is set, an interrupt is
generated if the interrupt function is enable during initialization by setting the MIEN bit. Soft-
ware must clear the MIF bit in the interrupt routine first. The MCF bit is cleared by reading
from the MBDR in receive mode or writing to MBDR in transmit mode.

Software may service the M-bus I/O in the main program by monitoring the MIF bit if the

interrupt function is disabled. Note that polling should monitor the MIF bit rather than the
MCF bit since their operation is different when arbitration is lost.

MOTOROLA MC68307 USER'S MANUAL 7-11



M-Bus Interface Module

Note that when an interrupt occurs at the end of the address cycle the master is always in
transmit mode, i.e. the address is transmitted. If master receive mode is required, indicated
by R/W bit in MBDR, then the MTX bit should be toggled at this stage.

During slave mode address cycles (MAAS=1) the SRW bit in the status register is read to
determine the direction of the subsequent transfer and the MTX bit is programmed accord-
ingly. For slave mode data cycles (MAAS=0) the SRW bit is not valid, the MTX bit in the con-
trol register should be read to determine the direction of the current transfer.

The following is an example of a software response by a ‘'master transmitter' in the interrupt
routine (refer to Figure 7-4).

I SR BCLR. B #1, MBSR ; CLEAR THE M F FLAG
BTST. B #5, MBCR ; CHECK THE MSTA FLAG,
BEQ S SLAVE BRANCH | F SLAVE MODE
BTST. B #4, MBCR CHECK THE MODE FLAG

BEQ S RECEI VE ; BRANCH I F I N RECElI VE MODE

BTST. B #0, MBSR CHECK ACK FROM RECEI VER
BNE. B END I F NO ACK, END OF TRANSM SSI ON
TRANSM T MOVE. B DATABUF, MBDR TRANSM T NEXT BYTE OF DATA

7.4.4 Generation of STOP

A data transfer ends with a STOP signal generated by the master device. A master trans-
mitter can simply generate a STOP signal after all the data has been transmitted. The fol-
lowing is an example showing how a stop condition is generated by a master transmitter.

MASTX BTST. B #0, MBSR ; | F NO ACK, BRANCH TO END
BNE. B END

MOVE. B TXCNT, DO ; GET VALUE FROM THE
; TRANSM TTI NG COUNTER

BEQ S END ; | F NO MORE DATA, BRANCH TO
; END
MOVE. B DATABUF, MBDR ; TRANSM T NEXT BYTE OF DATA
SUBI . B #1, TXCNT ; DECREASE THE TXCNT
BRA. S EMASTX ; EXIT
END BCLR #5, MBCR ; GENERATE A STOP CONDI Tl ON
EMASTX RTE ; RETURN FROM | NTERRUPT

If a master receiver wants to terminate a data transfer, it must inform the slave transmitter
by not acknowledging the last byte of data which can be done by setting the transmit
acknowledge bit (TXAK) before reading the 2nd last byte of data. Before reading the last
byte of data, a STOP signal must be generated first. The following is an example showing
how a STOP signal is generated by a master receiver.

MASR SUBI . B #1, RXCNT

BEQ S ENVASR ; LAST BYTE TO BE READ

MOVE. B RXCNT, D1 ; CHECK SECOND LAST BYTE

SUBI . B #1, D1 ; TO BE READ

BNE. S NXVAR ; NOT LAST ONE OR SECOND LAST
LAVAR BSET. B #3, MBCR ; SECOND LAST, DI SABLE ACK

7 TRANSM TTI NG
BRA NXVAR
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ENVASR BCLR. B #5, MBCR ; LAST ONE, GENERATE ' STOP
7SI GNAL
NXVAR MOVE. B MBDR, RXBUF ; READ DATA AND STORE
RTE

7.4.5 Generation of Repeated START

At the end of data transfer, if the master still wants to communicate on the bus, it can gen-
erate another START signal followed by another slave address without first generate a
STOP signal. A program example is as shown.

RESTART BSET. B #2, MBCR ; ANOTHER START ( RESTART)
MOVE. B CALLI NG MBDR ; TRANSM T THE CALLI NG
ADDRESS, DO=R/ W

7.4.6 Slave Mode

In slave interrupt service routine, the master addressed as slave bit (MAAS) should be
tested to check if a calling of its own address has just been received (refer to Figure 7-4). If
MAAS is set, software should set the transmit/receive mode select bit (MTX bit of MBCR)
according to the R/W command bit (SRW). Writing to the MBCR clears the MAAS automat-
ically. Note that the only time MAAS is read as set is from the interrupt at the end of the
address cycle where an address match occurred; interrupts resulting from subsequent data
transfers clear MAAS. A data transfer may now be initiated by writing information to MBDR,
for slave transmits, or dummy reading from MBDR, in slave receive mode. The slave drives
SCL low between byte transfers, SCL is released when the MBDR is accessed in the
required mode.

In slave transmitter routine, RXAK must be tested before transmitting next byte of data.
When RXAK is set, this signals 'end of data’ from the master receiver, which must then
switch from transmitter mode to receiver mode by software. This is followed by a dummy
read, which releases the SCL line so that the master can generate a STOP signal.

7.4.7 Arbitration Lost

Only one master can engage the bus at any one time. Those devices wishing to engage the
bus, but having lost arbitration, switch immediately to slave receive mode by hardware. Their
data output to the SDA line is stopped, but the SCL is still generated until the end of the byte
during which arbitration was lost. An interrupt occurs at the falling edge of the ninth clock of
this transfer with MAL=1 and MSTA=0. If one master attempts to start transmission while
the bus is being engaged by another master, the hardware inhibits the transmission; the
MSTA bit is cleared without generating a STOP condition; an interrupt to CPU is generated
and MAL is set to indicate that the attempt to engage the bus failed. In these cases, the slave
service routine should test MAL first; MAL should be cleared by software if it is set.
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Figure 7-4. Flow-Chart of Typical M-Bus Interrupt Routine

7-14 MC68307 USER'S MANUAL MOTOROLA



SECTION 8
SERIAL MODULE

The MC68307 serial module is a universal asynchronous/synchronous receiver/transmitter
that interfaces directly to the CPU. The serial module, shown in Figure 8-1, consists of the
following major functional areas:

» Serial Communication Channel

» Sixteen Bit Timer for Baud Rate Generation
 Internal Channel Control Logic

* Interrupt Control Logic

SERIAL COMMUNICATIONS ~ |— RTS
CHANNEL

16-BIT TIMER

FOR BAUD RATE GENERATION SYSTEM CLOCK

INTERNAL CHANNEL
CONTROL LOGIC

INTERRUPT CONTROL
LOGIC

Figure 8-1. Simplified Block Diagram
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8.1 MODULE OVERVIEW

Features of the serial module are as follows:
e Full-Duplex Asynchronous/Synchronous Receiver/Transmitter Channel
* Quadruple-Buffered Receiver
* Double-Buffered Transmitter

* Independently Programmable Baud Rate for Receiver and Transmitter Selectable from:
— Timer-Generated Baud Rate Up to 260 kbaud

e Programmable Data Format:
— Five to Eight Data Bits Plus Parity

— Odd, Even, No Parity, or Force Parity
— Nine-Sixteenths to Two Stop Bits Programmable in One-Sixteenth Bit Increments

* Programmable Channel Modes:
— Normal (Full Duplex)

— Automatic Echo
— Local Loopback
— Remote Loopback
» Automatic Wakeup Mode for Multidrop Applications
« Eight Maskable Interrupt Conditions
« Parity, Framing, and Overrun Error Detection
» False-Start Bit Detection
» Line-Break Detection and Generation
» Detection of Breaks Originating in the Middle of a Character
» Start/End Break Interrupt/Status

8.1.1 Serial Communication Channel

The communication channel provides a full-duplex asynchronous/synchronous receiver and
transmitter using an operating frequency derived from the system clock.

The transmitter accepts parallel data from the bus, converts it to a serial bit stream, inserts
the appropriate start, stop, and optional parity bits, then outputs a composite serial data
stream on the channel transmitter serial data output (TxD). Refer to Section 8.3.2.1 Trans-
mitter for additional information.

The receiver accepts serial data on the channel receiver serial data input (RxD), converts it
to parallel format, checks for a start bit, stop bit, parity (if any), or break condition, and trans-
fers the assembled character onto the bus during read operations. Refer to Section 8.3.2.2
Receiver for additional information.
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8.1.2 Baud Rate Generator Logic

The Baud rate Generator logic consists of an internal UART clock input which is not avail-
able as an external pin, but is a derivative of the IMBP system clock, a baud-rate generator
(BRG) and a programmable 16-bit timer. The clock serves as the basic timing reference for
the baud-rate generator and other internal circuits.

The 16-bit timer is used to produce a 16X clock for any baud rate by counting down the sys-
tem clock, it acts as a programmable divider. This feature is especially useful for non-stan-
dard system clock frequencies and baud rates.

8.1.3 Baud Rate Generator/Timer

The 16-bit timer is used as a baud rate generator, and provides a synchronous clock mode
of operation when used as a divide-by-1 clock and an asynchronous clock mode when used
as a divide-by-16 clock. This allows flexible baud rates for various system clock rates of the
MC68307, the divisor value being directly programmable.

8.1.4 Interrupt Control Logic

An internal interrupt request signal (IRQ) is provided to notify the MC68307 interrupt control-
ler of an interrupt condition. The output is the logical NOR of all (up to eight) unmasked inter-
rupt status bits in the interrupt status register (UISR).

The interrupt level of the serial module is programmed in the MC68307 interrupt controller
external to the serial module. When an interrupt at this level is acknowledged, the serial
module provides an automatic vector if UART is highest priority at this level.

8.1.5 Comparison of Serial Module to MC68681

The MC68307 is code compatible with the MC68681, except that only channel A is imple-
mented, and the timer/counter is used as a baud rate clock, dividing the MC68307 clock fre-
quency. The input and output port lines (IPx and OPXx) are not implemented except for CTS
and RTS functions.

8.2 SERIAL MODULE SIGNAL DEFINITIONS

The following paragraphs contain a brief description of the serial module signals. Figure 8-
2 shows both the external and internal signal groups.

NOTE

The terms assertion and negation are used throughout this sec-
tion to avoid confusion when dealing with a mixture of active-low
and active-high signals. The term assert or assertion indicates
that a signal is active or true, independent of the level represent-
ed by a high or low voltage. The term negate or negation indi-
cates that a signal is inactive or false.
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8.2.1 Transmitter Serial Data Output (TxD)

This signal is the transmitter serial data output. The output is held high (‘mark’ condition)
when the transmitter is disabled, idle, or operating in the local loopback mode. Data is
shifted out on this signal on the falling edge of the clock source, with the least significant bit
transmitted first.

Note that in order to use the TxD signal, the MC68307 port B control register must be set up
to enable the corresponding I/O pin for this function. By default this signal functions as port
B bit 2.

ADDRESS BUS
- FOUR-CHARACTER RXD

RECEIVE BUFFER
INTERNAL —
CONTROL

CONTROL

<,\: LOGIC — TWO-CHARACTER TXD

TRANSMIT BUFFER
DATA

<

Y

EXTERNAL INTERFACE SIGNALS

INTERFACE TO CPU

CTS

A

INPUT PORT

SERIAL MODULE INTERNAL BUS

RTS

Y

OUTPUT PORT

3
A

16-BIT TIMER/

SYSYTEM CLOCK BAUD RATE GENERATOR

Figure 8-2. External and Internal Interface Signals

8.2.2 Receiver Serial Data Input (RxD)

This signal is the receiver serial data input. Data received on this signal is sampled on the
rising edge of the clock source, with the least significant bit received first.

Note that in order to use the RxD, the MC68307 port B control register must be set up to
enable the corresponding I/O pin for this function. By default this signal functions as port B
bit 3.

8.2.3 Request-To-Send (RTS)

This active-low output signal can be programmed to be automatically negated and asserted
by either the receiver or transmitter. When connected to the clear-to-send (CTS) input of a
transmitter, this signal can be used to control serial data flow.
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8.2.4 Clear-To-Send (CTS)

This active-low input is the clear-to-send input. It can generate an interrupt on change-of-
state.

Note that in order to use the RTS or CTS signals, the MC68307 port B control register must
be set up to enable the corresponding 1/O pins for these functions. By default these signals
function as port B bits 4 and 5 respectively.

8.3 OPERATION

The following paragraphs describe the operation of the baud rate generator, transmitter and
receiver, and other functional operating modes of the serial module.

8.3.1 Baud Rate Generator/Timer

The baud rate generator (see Figure 8-3) consists of a 16-bit timer clocked by the MC68307
system clock. Baud rates are selected by programming a divide value into the 16-bit timer.

BAUD RATE GENERATOR
LOGIC

16-BIT
TIMER

r¢—— SYSTEM CLOCK

BAUD RATE
GENERATOR

A

CLOCK
SELECTORS

Figure 8-3. Baud Rate Generator Block Diagram

8.3.2 Transmitter and Receiver Operating Modes

The functional block diagram of the transmitter and receiver, including command and oper-
ating registers, is shown in Figure 8-4. The paragraphs that follow contain descriptions for
both these functions in reference to this diagram. For detailed register information, refer to
Section 8.4 Register Description and Programming
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BUFFER (TRB) T o
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FIFO
< :: RECEIVER HOLDING REGISTER 1 R %
RECEIVER HOLDING REGISTER 2

RECEIVER HOLDING REGISTER 3

RECEIVE )
BUFFER (URB) RECEIVER SHIFT REGISTER

(AREGISTERS)

A

RXD

Figure 8-4. Transmitter and Receiver Functional Diagram

8.3.2.1 TRANSMITTER. The transmitter is enabled through its command register (UCR)
located within the serial module. The serial module signals the CPU when it is ready to
accept a character by setting the transmitter-ready bit (TXRDY) in the UART status register
(USR). Functional timing information for the transmitter is shown in Figure 8-5.

The transmitter converts parallel data from the CPU to a serial bit stream on TxD. It auto-
matically sends a start bit followed by the programmed number of data bits, an optional par-
ity bit, and the programmed number of stop bits. The least significant bit is sent first. Data is
shifted from the transmitter output on the falling edge of the clock source.

Following transmission of the stop bits, if a new character is not available in the transmitter
holding register, the TxD output remains high ('mark’' condition), and the transmitter empty
bit (TXEMP) in the USR is set. Transmission resumes and the TXEMP bit is cleared when
the CPU loads a new character into the transmitter buffer (UTB). If a disable command is
sent to the transmitter, it continues operating until the character in the transmit shift register,
if any, is completely sent out. If the transmitter is reset through a software command, oper-
ation ceases immediately (refer to Section 8.4.1.5 Command Register (UCR)). The trans-
mitter is re-enabled through the UCR to resume operation after a disable or software reset.

If clear-to-send operation is enabled, CTS must be asserted for the character to be trans-
mitted. If CTS is negated in the middle of a transmission, the character in the shift register
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3. Cp = TRANSMIT CHARACTER
4. W=WRITE

Figure 8-5. Transmitter Timing Diagram

is transmitted, and TxD remains in the 'mark’ state until CTS is asserted again. If the trans-
mitter is forced to send a continuous low condition by issuing a send break command, the
state of CTS is ignored by the transmitter.

The transmitter can be programmed to automatically negate the request-to-send (RTS) out-
put upon completion of a message transmission. If the transmitter is programmed to operate
in this mode, RTS must be manually asserted before a message is transmitted. In applica-
tions in which the transmitter is disabled after transmission is complete and RTS is appro-
priately programmed, RTS is negated one bit time after the character in the shift register is
completely transmitted. The transmitter must be manually re-enabled by reasserting RTS
before the next message is to be sent.
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8.3.2.2 RECEIVER. The receiver is enabled through its UCR located within the serial mod-
ule. Functional timing information for the receiver is shown in Figure 8-6. The receiver looks
for a high-to-low (mark-to-space) transition of the start bit on RxD. When a transition is
detected, the state of RxD is sampled each 16x clock for eight clocks, starting one-half clock
after the transition (asynchronous operation) or at the next rising edge of the bit time clock
(synchronous operation). If RxD is sampled high, the start bit is invalid, and the search for
the valid start bit begins again. If RxD is still low, a valid start bit is assumed, and the receiver
continues to sample the input at one-bit time intervals, at the theoretical center of the bit,
until the proper number of data bits and parity, if any, is assembled and one stop bit is
detected. Data on the RxD input is sampled on the rising edge of the programmed clock
source. The least significant bit is received first. The data is then transferred to a receiver
holding register, and the RxRDY bit in the USR is set. If the character length is less than
eight bits, the most significant unused bits in the receiver holding register are cleared.

After the stop bit is detected, the receiver immediately looks for the next start bit. However,
if a non-zero character is received without a stop bit (framing error) and RxD remains low
for one-half of the bit period after the stop bit is sampled, the receiver operates as if a new
start bit is detected. The parity error (PE), framing error (FE), overrun error (OE), and
received break (RB) conditions (if any) set error and break flags in the USR at the received
character boundary and are valid only when the RXRDY bit in the USR is set.

If a break condition is detected (RxD is low for the entire character including the stop bit), a
character of all zeros is loaded into the receiver holding register, and the RB and RxRDY
bits in the USR are set. The RxD signal must return to a high condition for at least one-half
bit time before a search for the next start bit begins.

The receiver detects the beginning of a break in the middle of a character if the break per-
sists through the next character time. When the break begins in the middle of a character,
the receiver places the damaged character in the receiver first-in-first-out (FIFO) stack and
sets the corresponding error conditions and RxRDY bit in the USR. Then, if the break per-
sists until the next character time, the receiver places an all-zero character into the receiver
FIFO and sets the corresponding RB and RxRDY bits in the USR.

8.3.2.3 FIFO STACK. The FIFO stack is used in the UART's receiver buffer logic. The stack
consists of three receiver holding registers. The receive buffer consists of the FIFO and a
receiver shift register connected to the RxD (refer to Figure 8-4). Data is assembled in the
receiver shift register and loaded into the top empty receiver holding register position of the
FIFO. Thus, data flowing from the receiver to the CPU is quadruple buffered.

In addition to the data byte, three status bits, PE, FE, and RB, are appended to each data
character in the FIFO; OE is not appended. By programming the ERR bit in the channel's
mode register (UMRL1), status is provided in character or block modes.

The RXRDY bit in the USR is set whenever one or more characters are available to be read
by the CPU. A read of the receiver buffer produces an output of data from the top of the FIFO
stack. After the read cycle, the data at the top of the FIFO stack and its associated status
bits are ‘popped’, and new data can be added at the bottom of the stack by the receiver shift
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Figure 8-6. Receiver Timing Diagram

register. The FIFO-full status bit (FFULL) is set if all three stack positions are filled with data.
Either the RXRDY or FFULL bit can be selected to cause an interrupt.

In the character mode, status provided in the USR is given on a character-by-character
basis and thus applies only to the character at the top of the FIFO. In the block mode, the
status provided in the USR is the logical OR of all characters coming to the top of the FIFO
stack since the last reset error command. A continuous logical OR function of the corre-
sponding status bits is produced in the USR as each character reaches the top of the FIFO
stack. The block mode is useful in applications where the software overhead of checking
each character's error cannot be tolerated. In this mode, entire messages are received, and
only one data integrity check is performed at the end of the message. This mode allows a
data-reception speed advantage, but does have a disadvantage since each character is not
individually checked for error conditions by software. If an error occurs within the message,
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the error is not recognized until the final check is performed, and no indication exists as to
which character in the message is at fault.

In either mode, reading the USR does not affect the FIFO. The FIFO is 'popped' only when
the receive buffer is read. The USR should be read prior to reading the receive buffer. If all
three of the FIFO's receiver holding registers are full when a new character is received, the
new character is held in the receiver shift register until a FIFO position is available. If an addi-
tional character is received during this state, the contents of the FIFO are not affected. How-
ever, the character previously in the receiver shift register is lost, and the OE bit in the USR
Is set when the receiver detects the start bit of the new overrunning character.

To support control flow capability, the receiver can be programmed to automatically negate
and assert RTS. When in this mode, RTS is automatically negated by the receiver when a
valid start bit is detected and the FIFO stack is full. When a FIFO position becomes avail-
able, RTS is asserted by the receiver. Using this mode of operation, overrun errors are pre-
vented by connecting the RTS to the CTS input of the transmitting device.

Note that in order to use the RTS or CTS signals, the MC68307 port B control register must
be set up to enable the corresponding I/O pins for these functions. By default these signals
function as port B bits 4 and 5 respectively.

If the FIFO stack contains characters and the receiver is disabled, the characters in the FIFO
can still be read by the CPU. If the receiver is reset, the FIFO stack and all receiver status
bits, corresponding output ports, and interrupt request are reset. No additional characters
are received until the receiver is re-enabled.

8.3.3 Looping Modes

The UART can be configured to operate in various looping modes as shown in Figure 8-7.
These modes are useful for local and remote system diagnostic functions. The modes are
described in the following paragraphs with further information available in Section 8.4 Reg-
ister Description and Programming.

The UART's transmitter and receiver should both be disabled when switching between
modes. The selected mode is activated immediately upon mode selection, regardless of
whether a character is being received or transmitted.

8.3.3.1 AUTOMATIC ECHO MODE. In this mode, the UART automatically retransmits the
received data on a bit-by-bit basis. The local CPU-to-receiver communication continues nor-
mally, but the CPU-to-transmitter link is disabled. While in this mode, received data is
clocked on the receiver clock and retransmitted on TxD. The receiver must be enabled, but
the transmitter need not be enabled.

Since the transmitter is not active, the TXEMP and TxRDY bits in USR are inactive, and data
is transmitted as it is received. Received parity is checked, but not recalculated for transmis-
sion. Character framing is also checked, but stop bits are transmitted as received. A
received break is echoed as received until the next valid start bit is detected.
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8.3.3.2 LOCAL LOOPBACK MODE. In this mode, TxD is internally connected to RxD. This
mode is useful for testing the operation of a local serial module channel by sending data to
the transmitter and checking data assembled by the receiver. In this manner, correct chan-
nel operations can be assured. Also, both transmitter and CPU-to-receiver communications
continue normally in this mode. While in this mode, the RxD input data is ignored, the TxD
is held marking, and the receiver is clocked by the transmitter clock. The transmitter must
be enabled, but the receiver need not be enabled.

8.3.3.3 REMOTE LOOPBACK MODE. In this mode, the channel automatically transmits
received data on the TxD output on a bit-by-bit basis. The local CPU-to-transmitter link is
disabled. This mode is useful in testing receiver and transmitter operation of a remote chan-
nel. While in this mode, the receiver clock is used for the transmitter.

Since the receiver is not active, received data cannot be read by the CPU, and the error sta-
tus conditions are inactive. Received parity is not checked and is not recalculated for trans-
mission. Stop bits are transmitted as received. A received break is echoed as received until
the next valid start bit is detected.

< RX < o< RxD
INPUT
CPU
DISABLED Tx DISABLED > XD
OUTPUT

(a) Automatic Echo

< S DISABLED  RxD
INPUT

CPU

DISABLED  TxD
> >
T OUTPUT

(b) Local Loopback

DISABLED Ry DISABLED g o RXD
INPUT

CPU

DISABLED DISABLED o > TXD

OUTPUT

X

(c) Remote Loopback

Figure 8-7. Looping Modes Functional Diagram
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8.3.4 Multidrop Mode

The UART can be programmed to operate in a wakeup mode for multidrop or multiprocessor
applications. Functional timing information for the multidrop mode is shown in Figure 8-8.
The mode is selected by setting bits 3 and 4 in mode register 1 (UMR1). This mode of oper-
ation allows the master station to be connected to several slave stations (maximum of 256).
In this mode, the master transmits an address character followed by a block of data charac-
ters targeted for one of the slave stations. The slave stations have their channel receivers
disabled. However, they continuously monitor the data stream sent out by the master sta-
tion. When an address character is sent by the master, the slave receiver channel notifies
its respective CPU by setting the RxRDY bit in the USR and generating an interrupt (if pro-
grammed to do so). Each slave station CPU then compares the received address to its sta-
tion address and enables its receiver if it wishes to receive the subsequent data characters
or block of data from the master station. Slave stations not addressed continue to monitor
the data stream for the next address character. Data fields in the data stream are separated
by an address character. After a slave receives a block of data, the slave station's CPU dis-
ables the receiver and initiates the process again.

A transmitted character from the master station consists of a start bit, a programmed number
of data bits, an address/data (A/D) bit flag, and a programmed number of stop bits. The A/
D bit identifies the type of character being transmitted to the slave station. The character is
interpreted as an address character if the A/D bit is set or as a data character if the A/D bit
is cleared. The polarity of the A/D bit is selected by programming bit 2 of UMR1. UMR1
should be programmed before enabling the transmitter and loading the corresponding data
bits into the transmit buffer.

In multidrop mode, the receiver continuously monitors the received data stream, regardless
of whether it is enabled or disabled. If the receiver is disabled, it sets the RXxRDY bit and
loads the character into the receiver holding register FIFO stack provided the received A/D
bit is a one (address tag). The character is discarded if the received A/D bit is a zero (data
tag). If the receiver is enabled, all received characters are transferred to the CPU via the
receiver holding register stack during read operations.

In either case, the data bits are loaded into the data portion of the stack while the A/D bit is
loaded into the status portion of the stack normally used for a parity error (USR bit 5). Fram-
ing error, overrun error, and break detection operate normally. The A/D bit takes the place
of the parity bit; therefore, parity is neither calculated nor checked. Messages in this mode
may still contain error detection and correction information. One way to provide error detec-
tion, if 8-bit characters are not required, is to use software to calculate parity and append it
to the 5-, 6-, or 7-bit character.
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MC68307 USER'S MANUAL

8-13



Serial Module

8.3.5 Bus Operation

This section describes the operation of the bus during read, write, and interrupt acknowl-
edge cycles to the serial module. All serial module registers must be accessed as bytes.

8.3.5.1 READ CYCLES. The serial module is accessed by the CPU with zero wait states,
as the MC68307 system clock is also used for the serial module. The serial module
responds to reads with byte data on D7-DO0. Reserved registers return logic zero during
reads.

8.3.5.2 WRITE CYCLES. The serial module is accessed by the CPU with zero wait states.
The serial module accepts write data on D7-D0. Write cycles to read-only registers and
reserved registers complete in a normal manner without exception processing; however, the
data is ignored.

8.3.5.3 INTERRUPT ACKNOWLEDGE CYCLES. The serial module is capable of arbitrat-
ing for interrupt servicing and supplying the interrupt vector when it has successfully won
arbitration. The vector number must be provided if interrupt servicing is necessary; thus, the
interrupt vector register (UIVR) must be initialized. If the UIVR is not initialized, a spurious
interrupt exception is taken if interrupts are generated. This works in conjunction with the
MC68307 interrupt controller, which allows a programmable IPL for the interrupt.

8.4 REGISTER DESCRIPTION AND PROGRAMMING

This section contains a detailed description of each register and its specific function as well
as flowcharts of basic serial module programming.

8.4.1 Register Description

The operation of the serial module is controlled by writing control bytes into the appropriate
registers. A list of serial module registers and their associated addresses is shown in Table
8-1.

NOTE

All serial module registers are only accessible as bytes. The
contents of the mode registers (UMR1 and UMR2), clock-select
register (UCSR), and the auxiliary control register (UACR) bit 7
should only be changed after the receiver/transmitter is issued a
software RESET command—i.e., channel operation must be
disabled. Care should also be taken if the register contents are
changed during receiver/transmitter operations, as undesirable
results may be produced.

In the registers discussed in the following pages, the numbers above the register description
represent the bit position in the register. The register description contains the mnemonic for
the bit. The values shown below the register description are the values of those register bits
after a hardware reset. A value of U indicates that the bit value is unaffected by reset. The
read/write status is shown in the last line.
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Address
MBASE+$101
MBASE+$103
MBASE+$105
MBASE+$107
MBASE+$109
MBASE+$10B
MBASE+$10D
MBASE+$10F

MBASE+$119
MBASE+$11B

MBASE+$11D
MBASE+$11F
NOTES

Serial Module

Table 8-1. Serial Module Programming Model

Register Read (R/W =1)

Register Write (R/W = 0)

MODE REGISTER (UMR1, UMR2)

MODE REGISTER (UMR1, UMR2)

STATUS REGISTER (USR)

CLOCK-SELECT REGISTER (UCSR)

DO NOT ACCESs!

COMMAND REGISTER (UCR)

RECEIVER BUFFER (URB)

TRANSMITTER BUFFER (UTB)

INPUT PORT CHANGE REGISTER (UIPCR)

AUXILIARY CONTROL REGISTER (UACR)

INTERRUPT STATUS REGISTER (UISR)

INTERRUPT MASK REGISTER (UIMR)

BAUD RATE GENERATOR PRESCALE MSB (UBG1)

BAUD RATE GENERATOR PRESCALE LSB (UBG2)

DO NOT ACCESs!

INTERRUPT VECTOR REGISTER (UIVR)

INTERRUPT VECTOR REGISTER (UIVR)

INPUT PORT REGISTER (UIP)

DO NOT ACCESs1

DO NOT ACCESs!

OUTPUT PORT BIT SET CMD (UOP1)?

DO NOT ACCESs!

OUTPUT PORT BIT RESET CMD (UOP0)?

1. This address is used for factory testing and should not be read. Reading this location results in undesired effects and
possible incorrect transmission or reception of characters. Register contents may also be changed.
2. Address-triggered commands.

8.4.1.1 MODE REGISTER 1 (UMR1). UMR1 controls some of the serial module configura-
tion. This register can be read or written at any time. It is accessed when the mode register
pointer points to UMRL1. The pointer is set to UMR1 by RESET or by a set pointer command,
using the control register. After reading or writing UMR1, the pointer points to UMR?2.

UMR1
7 6 5 4

MBASE + $101
2 1 0

| RRTS | RXRQ | ERR | PM1 | PMo | PT | BiCt | Bico |

RESET:
0 0 0 0

Read/Write

RxXRTS—Receiver Request-to-Send Control
1 = Upon receipt of a valid start bit, RTS is negated if the UART's FIFO is full. RTS is
reasserted when the FIFO has an empty position available.

0 = The receiver has no effect on RTS.
This feature can be used for flow control to prevent overrun in the receiver by using the
RTS output to control the CTS input of the transmitting device. If both the receiver and
transmitter are programmed for RTS control, RTS control is disabled for both since this
configuration is incorrect. See Section 8.4.1.2 Mode Register 2 (UMR2) for information
on programming the transmitter RTS control.
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RxIRQ—Receiver Interrupt Select

1 = FFULL is the source that generates IRQ.
0 = RxRDY is the source that generates IRQ.

ERR—Error Mode
This bit controls the meaning of the three FIFO status bits (RB, FE, and PE) in the USR.

1 = Block mode—The values in the channel USR are the accumulation (i.e., the logical
OR) of the status for all characters coming to the top of the FIFO since the last reset
error status command for the channel was issued. Refer to Section 8.4.1.5 Com-
mand Register (UCR) for more information on serial module commands.

0 = Character mode—The values in the channel USR reflect the status of the character
at the top of the FIFO.

NOTE

ERR = 0 must be used to get the correct A/D flag information
when in multidrop mode.

PM1-PMO—Parity Mode

These bits encode the type of parity used for the channel (see Table 8-2). The parity bit
is added to the transmitted character, and the receiver performs a parity check on incom-
ing data. These bits can alternatively select multidrop mode for the channel.

PT—~Parity Type
This bit selects the parity type if parity is programmed by the parity mode bits, and if mul-
tidrop mode is selected, it configures the transmitter for data character transmission or ad-
dress character transmission. Table 8-2 lists the parity mode and type or the multidrop
mode for each combination of the parity mode and the parity type bits.

Table 8-2. PMx and PT Control Bits

PM1 PMO Parity Mode PT Parity Type
0 0 With Parity 0 Even Parity
0 0 With Parity 1 Odd Parity
0 1 Force Parity 0 Low Parity
0 1 Force Parity 1 High Parity
1 0 No Parity X No Parity
1 1 Multidrop Mode 0 Data Character
1 1 Multidrop Mode 1 Address Character
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B/C1-B/CO0—Bits per Character

These bits select the number of data bits per character to be transmitted. The character
length listed in Table 8-3 does not include start, parity, or stop bits.

Table 8-3. B/Cx Control Bits

B/C1 B/CO Bits/Character
0 0 Five Bits
0 1 Six Bits
1 0 Seven Bits
1 1 Eight Bits

8.4.1.2 MODE REGISTER 2 (UMR2). UMR2 controls some of the serial module configura-
tion. It is accessed when the mode register pointer points to UMR2, which occurs after any
access to UMR1. Accesses to UMR2 do not change the pointer.

UMR?2 MBASE + $101
7 6 5 4 3 2 1 0
| omt | cmo [ TxRTs [ Txets | sB3 | sB2 | se1 | sBo |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

CM1-CMO—Channel Mode

These bits select a channel mode as listed in Table 8-4. See Section 8.3.3 Looping
Modes for more information on the individual modes.

Table 8-4. CMx Control Bits

CM1 CMO Mode
0 0 Normal
0 1 Automatic Echo
1 0 Local Loopback
1 1 Remote Loopback

TXRTS—Transmitter Ready-to-Send
This bit controls the negation of the RTS signal.

1 = In applications where the transmitter is disabled after transmission is complete,
setting this bit causes the particular OP bit to be cleared automatically one bit time
after the characters, if any, in the channel transmit shift register and the transmitter
holding register are completely transmitted, including the programmed number of
stop bits. This feature is used to automatically terminate transmission of a mes-
sage. If both the receiver and the transmitter in the same channel are programmed
for RTS control, RTS control is disabled for both since this is an incorrect configu-
ration.

0 = The transmitter has no effect on RTS.
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TXCTS—Transmitter Clear-to-Send

1 = Enables clear-to-send operation. The transmitter checks the state of the CTS input
each time it is ready to send a character. If CTS is asserted, the character is trans-
mitted. If CTS is negated, the channel TxD remains in the high state, and the trans-
mission is delayed until CTS is asserted. Changes in CTS while a character is
being transmitted do not affect transmission of that character. If both TXCTS and

TXRTS are enabled, TXCTS controls the operation of the transmitter.

0 = The CTS has no effect on the transmitter.

SB3-SB0—Stop-Bit Length Control

These bits select the length of the stop bit appended to the transmitted character as listed
in Table 8-5. Stop-bit lengths of nine-sixteenth to two bits, in increments of one-sixteenth
bit, are programmable for character lengths of six, seven, and eight bits. For a character
length of five bits, one and one-sixteenth to two bits are programmable in increments of
one-sixteenth bit. In all cases, the receiver only checks for a high condition at the center
of the first stop-bit position—i.e., one bit time after the last data bit or after the parity bit, if

parity is enabled.

If an external 1x clock is used for the transmitter, UMR2 bit 3 = O selects one stop bit, and

UMR?2 bit 3 = 1 selects two stop bits for transmission.

Table 8-5. SBx Control Bits

SB3 SB2 SB1 SBO Length 6-8 Bits Length 5 Bits
0 0 0 0 0.563 1.063
0 0 0 1 0.625 1.125
0 0 1 0 0.688 1.188
0 0 1 1 0.750 1.250
0 1 0 0 0.813 1.313
0 1 0 1 0.875 1.375
0 1 1 0 0.938 1.438
0 1 1 1 1.000 1.500
1 0 0 0 1.563 1.563
1 0 0 1 1.625 1.625
1 0 1 0 1.688 1.688
1 0 1 1 1.750 1.750
1 1 0 0 1.813 1.813
1 1 0 1 1.875 1.875
1 1 1 0 1.938 1.938
1 1 1 1 2.000 2.000
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8.4.1.3 STATUS REGISTER (USR). The USR indicates the status of the characters in the
FIFO and the status of the transmitter and receiver.

USR MBASE + $103
7 6 5 4 3 2 1 0
| Re | FE | PE | OE |TxEMP | TxRDY | FFULL | RkRDY |
RESET:
0 0 0 0 0 0 0 0
Read Only Supervisor or User

RB—Received Break

1 = An all-zero character of the programmed length has been received without a stop
bit. The RB bit is only valid when the RxXRDY bit is set. Only a single FIFO position
is occupied when a break is received. Further entries to the FIFO are inhibited until
RxD returns to the high state for at least one-half bit time, which is equal to two suc-
cessive edges of the internal or external 1x clock or 16 successive edges of the
external 16x clock.

The received break circuit detects breaks that originate in the middle of a received
character. However, if a break begins in the middle of a character, it must persist
until the end of the next detected character time.

0 = No break has been received.

FE—Framing Error

1 = A stop bit was not detected when the corresponding data character in the FIFO was
received. The stop-bit check is made in the middle of the first stop-bit position. The
bit is valid only when the RXRDY bit is set.

0 = No framing error has occurred.

PE—Parity Error

1 = When the with parity or force parity mode is programmed in the UMRL, the corre-
sponding character in the FIFO was received with incorrect parity. When the mul-
tidrop mode is programmed, this bit stores the received A/D bit. This bit is valid only
when the RxRDY bit is set.

0 = No parity error has occurred.

OE—Overrun Error

1 = One or more characters in the received data stream have been lost. This bit is set
upon receipt of a new character when the FIFO is full and a character is already in
the shift register waiting for an empty FIFO position. When this occurs, the charac-
ter in the receiver shift register and its break detect, framing error status, and parity
error, if any, are lost. This bit is cleared by the reset error status command in the
UCR.

0 = No overrun has occurred.
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TXEMP—Transmitter Empty

1 = The transmitter has underrun (both the transmitter holding register and transmitter
shift registers are empty). This bit is set after transmission of the last stop bit of a
character if there are no characters in the transmitter holding register awaiting
transmission.

0 = The transmitter buffer is not empty. Either a character is currently being shifted out,
or the transmitter is disabled. The transmitter is enabled/disabled by programming
the TCx bits in the UCR.

TXRDY—Transmitter Ready

1 = The transmitter holding register is empty and ready to be loaded with a character.
This bit is set when the character is transferred to the transmitter shift register. This
bit is also set when the transmitter is first enabled. Characters loaded into the trans-
mitter holding register while the transmitter is disabled are not transmitted.

0 = The transmitter holding register was loaded by the CPU, or the transmitter is dis-
abled.

FFULL—FIFO Full

1 = A character has been received and is waiting in the receiver buffer FIFO.
0 = The FIFO is not full, but may contain up to two unread characters.

RxRDY—Receiver Ready

1 = One or more characters has been received and is waiting in the receiver buffer
FIFO.

0 = The CPU has read the receiver buffer, and no characters remain in the FIFO after
this read.
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8.4.1.4 CLOCK-SELECT REGISTER (UCSR). The UCSR selects the baud rate clock for
the receiver and transmitter. The baud rates listed in Table 8-6 and Table 8-7 are only valid
if an appropriate frequency is used for the MC68307 system clock, for example, 3.6864
MHz. This is not generally the case, and so a more generic method of baud rate generation
is provided by the 16-bit timer. In order to use this mode, program the UCSR to the value
$DD.

UCSR MBASE + $103
7 6 5 4 3 2 1 0
| Ress | Res2 | Rest | Reso | Tess | Tes2 | Test | Teso |
RESET:
0 0 0 0 0 0 0 0

Write Only Supervisor or User

RCS3-RCS0—Receiver Clock Select

These bits select the baud rate clock for the receiver from a set of baud rates listed in Ta-
ble 8-6. The baud rate set selected depends upon the auxiliary control register (UACR)
bit 7. Set 1 is selected if UACR bit 7 = 0, and set 2 is selected if UACR bit 7 = 1. The re-
ceiver clock is always 16 times the baud rate shown in this list.

Table 8-6. RCSx Control Bits

RCS3 | RCS2 | RCS1 | RCSO Setl Set 2
0 0 0 0 50 75
0 0 0 1 110 110
0 0 1 0 134.5 134.5
0 0 1 1 200 150
0 1 0 0 300 300
0 1 0 1 600 600
0 1 1 0 1200 1200
0 1 1 1 1050 2000
1 0 0 0 2400 2400
1 0 0 1 4800 4800
1 0 1 0 7200 1800
1 0 1 1 9600 9600
1 1 0 0 38.4k 19.2k
1 1 0 1 TIMER TIMER
1 1 1 0 — —
1 1 1 1 — —

NOTE: These values are only valid for a 3.6864 MHz
MC68307 clock.
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TCS3-TCSO0—Transmitter Clock Select
These bits select the baud rate clock for the transmitter from a set of baud rates listed in
Table 8-7. The baud rate set selected depends upon UACR bit 7. Set 1 is selected if
UACR bit 7 =0, and set 2 is selected if UACR bit 7 = 1. The transmitter clock is always 16
times the baud rate shown in this list.

8-22

Table 8-7. TCSx Control Bits

TCS3 | TCS2 | TCS1 | TCSO Set1l Set 2
0 0 0 0 50 75
0 0 0 1 110 110
0 0 1 0 134.5 1345
0 0 1 1 200 150
0 1 0 0 300 300
0 1 0 1 600 600
0 1 1 0 1200 1200
0 1 1 1 1050 2000
1 0 0 0 2400 2400
1 0 0 1 4800 4800
1 0 1 0 7200 1800
1 0 1 1 9600 9600
1 1 0 0 38.4k 19.2k
1 1 0 1 TIMER TIMER
1 1 1 0 — —

1

1

1

1

NOTE: These values are only valid for a 3.6864 MHz
MC68307 clock.
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8.4.1.5 COMMAND REGISTER (UCR). The UCR is used to supply commands to the
UART. Multiple commands can be specified in a single write to the UCR if the commands
are not conflicting—e.g., reset transmitter and enable transmitter commands cannot be
specified in a single command.

UCR MBASE + $105
7 6 5 4 3 2 1 0
| — [msca|msc1|msco| tcr | tco | Ret | Reo |
RESET:
0 0 0 0 0 0 0 0

Write Only Supervisor or User

MISC3-MISCO0—Miscellaneous Commands
These bits select a single command as listed in Table 8-8.

Table 8-8. MISCx Control Bits

MISC2 MISC1 MISCO Command
0 0 0 No Command
0 0 1 Reset Mode Register Pointer
0 1 0 Reset Receiver
0 1 1 Reset Transmitter
1 0 0 Reset Error Status
1 0 1 Reset Break-Change Interrupt
1 1 0 Start Break
1 1 1 Stop Break

Reset Mode Register Pointer—The reset mode register pointer command causes the
mode register pointer to point to UMRL1.

Reset Receiver—The reset receiver command resets the receiver. The receiver is imme-
diately disabled, the FFULL and RxRDY bits in the USR are cleared, and the receiver
FIFO pointer is reinitialized. All other registers are unaltered. This command should be
used in lieu of the receiver disable command whenever the receiver configuration is
changed because it places the receiver in a known state.

Reset Transmitter—The reset transmitter command resets the transmitter. The transmit-
ter is immediately disabled, and the TXEMP and TxRDY bits in the USR are cleared. All
other registers are unaltered. This command should be used in lieu of the transmitter dis-
able command whenever the transmitter configuration is changed because it places the
transmitter in a known state.

Reset Error Status—The reset error status command clears the RB, FE, PE, and OE bits
(in the USR). This command is also used in the block mode to clear all error bits after a
data block is received.

Reset Break-Change Interrupt—The reset break-change interrupt command clears the
delta break (DBx) bits in the UISR.

Start Break—The start break command forces TxD low. If the transmitter is empty, the
start of the break conditions can be delayed up to one bit time. If the transmitter is active,
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the break begins when transmission of the character is complete. If a character is in the
transmitter shift register, the start of the break is delayed until the character is transmitted.
If the transmitter holding register has a character, that character is transmitted after the
break. The transmitter must be enabled for this command to be accepted. The state of the
CTS input is ignored for this command.

Stop Break—The stop break command causes TxD to go high (mark) within two bit times.
Characters stored in the transmitter buffer, if any, are transmitted.

TC1-TCO—Transmitter Commands
These bits select a single command as listed in Table 8-9.

Table 8-9. TCx Control Bits

TC1 TCO Command
No Action Taken

Enable Transmitter

Disable Transmitter
Do Not Use

0
0
1
1

R|O|Fr| O

No Action Taken—The no action taken command causes the transmitter to stay in its cur-
rent mode. If the transmitter is enabled, it remains enabled; if disabled, it remains dis-
abled.

Transmitter Enable—The transmitter enable command enables operation of the channel's
transmitter. The TXEMP and TxRDY bits in the USR are also set. If the transmitter is al-
ready enabled, this command has no effect.

Transmitter Disable—The transmitter disable command terminates transmitter operation
and clears the TXEMP and TxRDY bits in the USR. However, if a character is being trans-
mitted when the transmitter is disabled, the transmission of the character is completed be-
fore the transmitter becomes inactive. If the transmitter is already disabled, this command
has no effect.

Do Not Use—Do not use this bit combination because the result is indeterminate.

RC1-RC0O—Receiver Commands
These bits select a single command as listed in Table 8-10.

Table 8-10. RCx Control Bits

RC1 RCO Command
0 0 No Action Taken
0 1 Enable Receiver
1 0 Disable Receiver
1 1 Do Not Use

No Action Taken—The no action taken command causes the receiver to stay in its current
mode. If the receiver is enabled, it remains enabled; if disabled, it remains disabled.

Receiver Enable—The receiver enable command enables operation of the channel's re-
ceiver. If the serial module is not in multidrop mode, this command also forces the receiver
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into the search-for-start-bit state. If the receiver is already enabled, this command has no
effect.

Receiver Disable—The receiver disable command disables the receiver immediately. Any
character being received is lost. The command has no effect on the receiver status bits or
any other control register. If the serial module is programmed to operate in the local loop-
back mode or multidrop mode, the receiver operates even though this command is select-
ed. If the receiver is already disabled, this command has no effect.

Do Not Use—Do not use this bit combination because the result is indeterminate.

8.4.1.6 RECEIVER BUFFER (URB). The receiver buffer contains three receiver holding
registers and a serial shift register. The RxD pin is connected to the serial shift register. The
holding registers act as a FIFO. The CPU reads from the top of the stack while the receiver
shifts and updates from the bottom of the stack when the shift register has been filled (see
Figure 8-4).

URB MBASE + $107
7 6 5 4 3 2 1 0
| Re7 | Re6 | Res | Re4 | RB3 | RB2 | RBL | RBO |
RESET:
0 0 0 0 0 0 0 0

Read Only Supervisor or User

RB7—-RB0—These bits contain the character in the receiver buffer.

8.4.1.7 TRANSMITTER BUFFER (UTB). The transmitter buffer consists of two registers,
the transmitter holding register and the transmitter shift register (see Figure 8-3). The hold-
Ing register accepts characters from the bus master if the TXRDY bit in the channel's USR
is set. A write to the transmitter buffer clears the TXRDY bit, inhibiting any more characters
until the shift register is ready to accept more data. When the shift register is empty, it checks
to see if the holding register has a valid character to be sent (TXRDY bit cleared). If there is
a valid character, the shift register loads the character and reasserts the TXRDY bit in the
USR. Writes to the transmitter buffer when the channel's USR TxRDY bit is clear and when
the transmitter is disabled have no effect on the transmitter buffer.

UTB MBASE + $107
7 6 5 4 3 2 1 0
| 187 | 86 | TB5 | TB4 | TB3 | TB2 | TBL | TBO |
RESET:
0 0 0 0 0 0 0 0

Write Only Supervisor or User

TB7-TB0O—These bits contain the character in the transmitter buffer.

MOTOROLA MC68307 USER'S MANUAL 8-25



Serial Module

8.4.1.8 INPUT PORT CHANGE REGISTER (UIPCR). The UIPCR shows the current state
and the change-of-state for the CTS pin.

UIPCR MBASE + $109
7 6 5 4 3 2 1 0
| o [ o [ o Jcos| 1 | 1 | 1 [T/ |
RESET:
0 0 0 0 0 1 1 CTs
Read Only Supervisor or User

Bits 7, 6, 5, 3, 2, 1—Reserved by Motorola.

COS—Change-of-State

1 = A change-of-state (high-to-low or low-to-high transition), lasting longer than 25-50
us has occurred at the corresponding IPx input. When these bits are set, the UACR
can be programmed to generate an interrupt to the CPU.

0 = No change-of-state has occurred since the last time the CPU read the UIPCR. A
read of the UIPCR also clears the UISR COS bit.

CTS—Current State

Starting two serial clock periods after reset, the CTS bit reflects the state of the CTS pin.
If the CTS pin is detected as asserted at that time, the COS bit is set, which initiates an
interrupt if the IEC bit of the UACR register is enabled.

1 = The current state of the CTS input is logic one.
0 = The current state of the CTS input is logic zero.

8.4.1.9 AUXILIARY CONTROL REGISTER (UACR). The UACR selects which baud rate is
used and controls the handshake of the transmitter/receiver.

UACR MBASE + $109
7 6 5 4 3 2 1 0
| BRe |cTwsz|ctwsi|cmso| — | — | — [ Ec |
RESET:
0 0 0 0 0 0 0 0
Write Only Supervisor or User

BRG—Baud Rate Generator Set Select

1 = Set 2 of the available baud rates is selected.
0 = Set 1 of the available baud rates is selected. Refer to Section 8.4.1.4 Clock-select
Register (UCSR) for more information on the baud rates.
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CTMS2-0—Timer Mode and Source Select
Table 8-11 shows the timer mode and source select bit fields.

Table 8-11. Timer Mode and Source Select Bits

CTMS2 CTMS1 CTMSO Mode Command Clock Source Select Command
0 1 1 Counter Crystal or External Clock
NOTE: Other values are invalid on the MC68307 and should not be used.

IEC—Input Enable Control

1 = UISR bit 7 is set and an interrupt is generated when the COS bit in the UIPCR is
set by an external transition on the CTS input (if bit 7 of the interrupt mask register
(UIMR) is set to enable interrupts).

0 = Setting the corresponding bit in the UIPCR has no effect on UISR bit 7.

8.4.1.10 INTERRUPT STATUS REGISTER (UISR). The UISR provides status for all poten-
tial interrupt sources. The contents of this register are masked by the UIMR. If a flag in the
UISR is set and the corresponding bit in UIMR is also set, the internal interrupt output is
asserted. If the corresponding bit in the UIMR is cleared, the state of the bit in the UISR has
no effect on the output.

NOTE

The UIMR does not mask reading of the UISR. True status is
provided regardless of the contents of UIMR. The contents of
UISR are cleared when the serial module is reset.

UISR MBASE + $10B
7 6 5 4 3 2 1 0
[cos | — | — | — | — | pe |ReDY|TxROY |

RESET:
0 0 0 0 0 0 0 0
Read Only Supervisor or User

COS—Change-of-State

1 = A change-of-state has occurred at the CTS input and has been selected to cause
an interrupt by programming bit O of the UACR.
0 = COS bhit in the UIPCR is not selected.

DB—Delta Break

1 = The receiver has detected the beginning or end of a received break.

0 = No new break-change condition to report. Refer to Section 8.4.1.5 Command
Register (UCR) for more information on the reset break-change interrupt com-
mand.

RxRDY—Receiver Ready or FIFO Full

The function of this bit is programmed by UMRL1 bit 6. It is a duplicate of either the
FFULL or RXRDY bit of USR.
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TXRDY—Transmitter Ready
This bit is the duplication of the TXRDY bit in USR.

1 = The transmitter holding register is empty and ready to be loaded with a character.

0 = The transmitter holding register was loaded by the CPU, or the transmitter is dis-
abled. Characters loaded into the transmitter holding register when TXRDY=0 are
not transmitted.

8.4.1.11 INTERRUPT MASK REGISTER (UIMR). The UIMR selects the corresponding bits
in the UISR that cause an interrupt. If one of the bits in the UISR is set and the corresponding
bit in the UIMR is also set, the internal interrupt output is asserted. If the corresponding bit
in the UIMR is zero, the state of the bit in the UISR has no effect on the interrupt output. The
UIMR does not mask the reading of the UISR.

UIMR MBASE + $10B
7 6 5 4 3 2 1 0
[cos | — [ — | — [ — | o8 |rrur [ xrov|

RESET:
0 0 0 0 0 0 0 0
Write Only Supervisor or User

COS—Change-of-State

1 = Enable interrupt
0 = Disable interrupt

DB—Delta Break

1 = Enable interrupt
0 = Disable interrupt

FFULL—FIFO Full

1 = Enable interrupt
0 = Disable interrupt

TXRDY—Transmitter Ready

1 = Enable interrupt
0 = Disable interrupt
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8.4.1.12 TIMER UPPER PRELOAD REGISTER (UBG1). This register holds the eight most
significant bits of the preload value to be used by the timer in order to provide a given baud
rate. The minimum value that can be loaded on the concatenation of UBG1 with UBG2 is
$0002. This register is write only and cannot be read by the CPU.

8.4.1.13 TIMER UPPER PRELOAD REGISTER (UBG2). This register holds the eight least
significant bits of the preload value to be used by the timer in order to provide a given baud
rate. The minimum value that can be loaded on the concatenation of UBG1 with UBG2 is
$0002. This register is write only and cannot be read by the CPU.

8.4.1.14 INTERRUPT VECTOR REGISTER (UIVR). The UIVR contains the 8-bit vector
number of the internal interrupt. See Section 5.1.4.2 Interrupt Vector Generation,

UIVR MBASE + $119
7 6 5 4 3 2 1 0
| WR7 | vRe | vRs | R4 | R3S | IVR2 | IVRL [ IVRO |
RESET:
0 0 0 0 0 0 0 0

Read/Write Supervisor or User

IVR7-IVRO—Interrupt Vector Bits

This 8-bit number indicates the offset from the base of the vector table where the address
of the exception handler for the specified interrupt is located. The UIVR is reset to $0F,
which indicates an uninitialized interrupt condition. See Section 5.1.4.2 Interrupt Vector
Generation for more information.

8.4.1.15 INPUT PORT REGISTER (UIP). The UIP register shows the current state of the
CTS input.

uUIP MBASE + $11B
7 6 5 4 3 2 1 0
I e N e e
RESET:
1 1 1 1 1 1 1 1

Read Only Supervisor or User

CTS—Current State

1 = The current state of the CTS input is logic one.
0 = The current state of the CTS input is logic zero.

The information contained in this bit is latched and reflects the state of the input pin at the
time that the UIP is read.

NOTE
This bit has the same function and value as the UIPCR bit O.
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8.4.1.16 OUTPUT PORT DATA REGISTERS (UOP1, UOP0). The RTS output is set by
performing a bit set command (writing to UOP1) and is cleared by performing a bit reset
command (writing to UOPO).

Bit Set

UOP1 MBASE + $11D
7 6 5 4 3 2 1 0

L 1 [ [ [ [ [ [rs]

RESET:

— — — — 0
Write Only Supervisor or User

RTS—Output Port Parallel Output

1 = Awrite cycle to the OP bit set command address sets all OP bits corresponding to
one bits on the data bus.
0 = These bits are not affected by writing a zero to this address.

NOTE
The output port bits are inverted at the pins, so the RTS set bit
provides an asserted RTS pin.

Bit Reset

UOPO MBASE + $11F
7 6 5 4 3 2 1 0

L [ [ [ [ [ [ [Jrs]

RESET:

Write Only Supervisor or User

RTS—Output Port Parallel Output

1 = Awrite cycle to the OP bit reset command address clears all OP bits corresponding
to one bits on the data bus.
0 = These bits are not affected by writing a zero to this address.

8.4.2 Programming

The basic interface software flowchart required for operation of the serial module is shown
in Figure 8-9. The routines are divided into three categories:

» Serial Module Initialization
* |/O Driver
* Interrupt Handling
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8.4.2.1 SERIAL MODULE INITIALIZATION. The serial module initialization routines con-
sist of SINIT and CHCHK. SINIT is called at system initialization time to check UART oper-
ation. Before SINIT is called, the calling routine allocates two words on the system stack.
Upon return to the calling routine, SINIT passes information on the system stack to reflect
the status of the UART. If SINIT finds no errors, the receiver and transmitter are enabled.
The CHCHK routine performs the actual checks as called from the SINIT routine. When
called, SINIT places the UART in the local loopback mode and checks for the following er-
rors:

» Transmitter Never Ready

* Receiver Never Ready

» Parity Error

* Incorrect Character Received

8.4.2.2 1/0 DRIVER EXAMPLE. The I/O driver routines consist of INCH and OUTCH. INCH
is the terminal input character routine and gets a character from the receiver. OUTCH is
used to send a character to the transmitter.

8.4.2.3 INTERRUPT HANDLING. The interrupt handling routine consists of SIRQ, which is
executed after the serial module generates an interrupt caused by a change-in-break
(beginning of a break). SIRQ then clears the interrupt source, waits for the next change-in-
break interrupt (end of break), clears the interrupt source again, then returns from exception
processing to the system monitor.

8.5 SERIAL MODULE INITIALIZATION SEQUENCE

If the serial capability of the MC68307 is being used, the following steps are required to prop-
erly initialize the serial module.

NOTE
The serial module registers can be accessed by word or byte op-
erations, but only the data byte D7-DQ0 is valid.
Command Register (UCR)
* Reset the Receiver and Transmitter.
Interrupt Vector Register (UIVR)
* Program the Vector Number for a Serial Module Interrupt.
Interrupt Mask Register (UIMR)
» Enable the Desired Interrupt Sources.
Auxiliary Control Register (UACR)
» Select Baud Rate Set (BRG bit).
« Initialize the Input Enable Control (IEC bit).
« Select Timer Mode and Clock Source if Necessary.
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Clock Select Register (UCSR)
» Select the Receiver and Transmitter Clock. Use Timer as Source if Required.
Mode Register 1 (UMR1)
« If Desired, Program Operation of Receiver Ready-to-Send (RXRTS Bit).
» Select Receiver-Ready or FIFO-Full Notification (R/F Bit).
« Select Character or Block Error Mode (ERR Bit).
» Select Parity Mode and Type (PM and PT Bits).
» Select Number of Bits Per Character (B/Cx Bits).
Mode Register 2 (UMR2)
» Select the Mode of Operation (CMx bits).
« If Desired, Program Operation of Transmitter Ready-to-Send (TXRTS Bit).
 If Desired, Program Operation of Clear-to-Send (TxCTS Bit).
» Select Stop-Bit Length (SBx Bits).
Command Register (UCR)
» Enable the Receiver and Transmitter.

ENABLA

Y
( SERIAL MODULE )
ANY

ERRORS Y
SINIT )
v .
INITIATE: \
CHANNEL v
INTERRUPTS
ENABLE RECEIVER
CHK1
Y
CALL CHCHK SSERT
REQUEST TO SEND
Y <
SAVE CHANNEL SINITR

STATUS
C RETURN )

Figure 8-9. Serial Mode Programming Flowchart (1 of 5)
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Figure 8-9. Serial Mode Programming Flowchart (3 of 5)
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SECTION 9
IEEE 1149.1 TEST ACCESS PORT

The MC68307 includes dedicated user-accessible test logic that is fully compatible with the
IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. Problems asso-
ciated with testing high-density circuit boards have led to development of this standard
under the sponsorship of the Test Technology Committee of IEEE and the Joint Test Action
Group (JTAG). The MC68307 implementation supports circuit-board test strategies based
on this standard.

The test logic includes a test access port (TAP) consisting of five dedicated signal pins, a
16-state controller, an instruction register, and four test data registers. A boundary scan reg-
ister links all device signal pins into a single shift register. The test logic, implemented using
static logic design, is independent of the device system logic. The MC68307 implementation
provides the following capabilities:

1. Perform boundary scan operations to test circuit-board electrical continuity

2. Sample the MC68307 system pins during operation and transparently shift
out the result in the boundary scan register

3. Bypass the MC68307 for a given circuit-board test by effectively reducing the bound-
ary scan register to a single bit

4. Disable the output drive to pins during circuit-board testing
5. Drive output pins to stable levels

NOTE

Certain precautions must be observed to ensure that the IEEE
1149.1 test logic does not interfere with non-test operation. See
Section 9.6 Non-IEEE 1149.1 Operation for details.
9.1 OVERVIEW
NOTE
This description is not intended to be used without the support-
ing IEEE 1149.1 document.

The discussion includes those items required by the standard and provides additional infor-
mation specific to the MC68307 implementation. For internal details and applications of the
standard, refer to the IEEE 1149.1 document.

An overview of the MC68307 implementation of IEEE 1149.1 is shown in Figure 9-1. The
MC68307 implementation includes a 16-state controller, a 4-bit instruction register, and four
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test registers (a 1-bit bypass register, a 117-bit boundary scan register, a 6-bit module mode
register, and a 32-bit ID register). This implementation includes a dedicated TAP consisting
of the following signals:

TCK  —test clock input to synchronize the test logic (with pulldown).

TMS —test mode select input (with an internal pullup resistor) that is sampled on the
rising edge of TCK to sequence the TAP controller's state machine.

TDI —test data input (with an internal pullup resistor) that is sampled on the rising
edge of TCK.

TDO —three-state test data output that is actively driven in the shift-IR and shift-DR
controller states. TDO changes on the falling edge of TCK.
No TRST pin is provided since the TAP pin is reset by an internal power-on reset circuit.

2 0
MODE
31 A 0
ID
TEST DATA REGISTERS
o M
U | ID=1040201D
BOUNDARY SCAN REGISTER X
(117 BITS)
DI o
BYPASS
> DECODER
A A A M
U
) 3 0 X TDO
4-BIT INSTRUCTION REGISTER

A~

A

T™MS TAP

CTLR
TCK

—N— @

Figure 9-1. Test Access Port Block Diagram
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9.2 TAP CONTROLLER

The TAP controller is responsible for interpreting the sequence of logical values on the TMS
signal. It is a synchronous state machine that controls the operation of the JTAG logic. The
state machine is shown in Figure 9-2; the value shown adjacent to each arc represents the
value of the TMS signal sampled on the rising edge of the TCK signal. For a description of
the TAP controller states, please refer to the IEEE 1149.1 document.

TEST LOGIC
1 RESET

R

1
0 RUN-TEST/IDLE SELECT-DR_SCAN
o ] /

CAPTURE-DR

> SHIFT-DR ] SHIFT-IR t

N

0

[N
[N
-

oen—\
o

oeH
-

1 1

0 EXIT2-DR = EXIT2-IR
1 1
\
UPDATE-DR UPDATE -IR
1 1
0 0

Figure 9-2. TAP Controller State Machine
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9.3 BOUNDARY SCAN REGISTER

The MC68307 IEEE 1149.1 implementation has a 124-bit boundary scan register. This reg-
ister contains bits for all device signal and clock pins and associated control signals. The
XTAL, EXTAL and RSTIN pins are associated with analog signals and are not included in
the boundary scan register.

All MC68307 bidirectional pins, except the open-drain 1/0 pins (HALT, DTACK, RESET,
SCL and SDA), have a register bit for the output path and another for the input path. In addi-
tion, SCL and SDA have a third bit which controls these pins. All open drain 1/O pins have a
single register bit for pin data and no associated control bit. To ensure proper operation, the
open-drain pins require external pullups. Thirty-two control bits in the boundary scan register
define the output enable signal for associated groups of bidirectional and three-state pins.
The control bits and their bit positions are listed in Table 9-1.

Table 9-1. Boundary Scan Control Bits

Name Bit Number Name Bit Number Name Bit Number Name Bit Number
bus.ctl 3 pa3.ctl 57 pbl1.ctl 73 pb3.ctl 89
rw.ctl 10 pa2.ctl 59 pb10.ctl 75 pb2.ctl 91
adb.ctl 21 pal.ctl 61 pb9.ctl 77 pbl.pu 93
ab.ctl 46 paoO.ctl 63 pb8.ctl 79 pbl.ctl 94
pa7.ctl 49 pb15.ctl 65 pb7.ctl 81 pb0.pu 96
paé.ctl 51 pb14.ctl 67 pb6.ctl 83 pbO.ctl 97
pa5.ctl 53 pb13.ctl 69 pb5.ctl 85 dhi.ctl 99
pa4.ctl 55 pb12.ctl 71 pb4.ctl 87 dlo.ctl 108

Boundary scan bit definitions are shown in Table 9-2. The first column in Table 9-2 defines
the bit's ordinal position in the boundary scan register. The shift register bit nearest TDO
(i.e., first to be shifted out) is defined as bit O; the last bit to be shifted out is bit 116.

The second column references one of the five MC68307 cell types depicted in Figure 9-3 to
Figure 9-7, which describe the cell structure for each type.

The third column lists the pin name for all pin-related bits or defines the name of bidirectional
control register bits.

The last column indicates the associated boundary scan register control bit.

Bidirectional pins include a single scan bit for data (10.Cell) as depicted in Figure 9-7. These
bits are controlled by one of the two bits shown in Figure 9-5 and Figure 9-6. The value of
the control bit determines whether the bidirectional pin is an input or an output. One or more
bidirectional data bits can be serially connected to a control bit as shown in Figure 9-8. Note
that, when sampling the bidirectional data bits, the bit data can be interpreted only after
examining the 10 control bit to determine pin direction.
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Table 9-2. Boundary Scan Bit Definitions

NI?JI:n Cell Type Signal Control NE:JIrtn Cell Type Signal Control
0 O.Cell ALE pb0.pu 45 10.Cell A22 ab.ctl
1 O.Cell RD pbO.ctl 46 En.Cell ab.ctl —

2 O.Cell WR SCL 47 10.Cell A23 ab.ctl
3 En.Cell bus.ctl dhi.ctl 48 I.Cell IRQ7 —

4 10.Cell AS D15 49 En.Cell pa7.ctl —

5 10.Cell ubS D14 50 10.Cell BGACK pa7.ctl

6 lO.Cell LDS D13 51 En.Cell pab.ctl —

7 10.Cell RW D12 52 10.Cell BG pas.ctl
8 O.Cell DTACK D11 53 En.Cell pas.ctl —

9 .Cell DTACK D10 54 10.Cell BR pa5.ctl
10 En.Cell rw.ctl D9 55 En.Cell pa4.ctl —
11 O.Cell HALT D8 56 10.Cell TOUT2 pa4.ctl
12 I.Cell HALT dlo.ctl 57 En.Cell pa3.ctl —
13 O.Cell RESET D7 58 10.Cell TOUT1 pa3.ctl
14 I.Cell RESET D6 59 En.Cell pa2.ctl —
15 O.Cell CSOo D5 60 10.Cell CS2D pa2.ctl
16 O.Cell Cs1 D4 61 En.Cell pal.ctl —
17 O.Cell Ccs2 D3 62 10.Cell CS2C pal.ctl
18 O.Cell Cs3 D2 63 En.Cell pao.ctl —
19 O.Cell CLKOUT D1 64 10.Cell CS2B paO.ctl
20 I.Cell BUSW DO 65 En.Cell pb15.ctl —
21 En.Cell adb.ctl pb0.pu 66 10.Cell INT8 pb15.ctl
22 10.Cell ADO pbO.ctl 67 En.Cell pb14.ctl —
23 10.Cell AD1 SCL 68 10.Cell INT7 pb14.ctl
24 10.Cell AD2 dhi.ctl 69 En.Cell pb13.ctl —
25 10.Cell AD3 D15 70 10.Cell INT6 pb13.ctl
26 10.Cell AD4 D14 71 En.Cell pb12.ctl —
27 10.Cell AD5 D13 72 10.Cell INT5 pb12.ctl
28 10.Cell ADG6 D12 73 En.Cell pb11.ctl —
29 10.Cell AD7 D11 74 10.Cell INT4 pb1l.ctl
30 10.Cell A8 D10 75 En.Cell pb10.ctl —
31 10.Cell A9 D9 76 10.Cell INT3 pb10.ctl
32 10.Cell A10 D8 77 En.Cell pb9.ctl —
33 10.Cell All dlo.ctl 78 10.Cell INT2 pb9.ctl
34 10.Cell Al12 ab.ctl 79 En.Cell pb8.ctl —
35 10.Cell Al2 ab.ctl 80 10.Cell INT1 pb8.ctl
36 10.Cell A13 ab.ctl 81 En.Cell pb7.ctl —
37 10.Cell Al4 ab.ctl 82 10.Cell TIN2 pb7.ctl
38 10.Cell A15 ab.ctl 83 En.Cell pb6.ctl —
39 10.Cell Al6 ab.ctl 84 10.Cell TIN1 pb6.ctl
40 10.Cell Al17 ab.ctl 85 En.Cell pb5.ctl —
41 10.Cell A18 ab.ctl 86 10.Cell CTS pb5.ctl
42 10.Cell A19 ab.ctl 87 En.Cell pb4.ctl —
43 10.Cell A20 ab.ctl 88 10.Cell RTS pb4.ctl
44 10.Cell A21 ab.ctl 89 En.Cell pb3.ctl —
90 10.Cell RXD pb3.ctl 104 10.Cell D11 dhi.ctl
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Table 9-2. Boundary Scan Bit Definitions (Continued)

91 En.Cell pb2.ctl — 105 10.Cell D10 dhi.ctl
92 10.Cell TXD pb2.ctl 106 10.Cell D9 dhi.ctl
93 En.Cell pbl.pu — 107 10.Cell D8 dhi.ctl
94 En.Cell pbl.ctl — 108 En.Cell dlo.ctl —
bl.ctl/
95 | lO.Cell SDA 'Bbl.pu 109 | lO.Cell D7 dlo.ctl
96 En.Cell pb0.pu — 110 10.Cell D6 dlo.ctl
97 En.Cell pbO.ctl — 111 10.Cell D5 dlo.ctl
b0.ctl/
98 10.Cell SCL ?)bo.pu 112 10.Cell D4 dlo.ctl
99 En.Cell dhi.ctl — 113 10.Cell D3 dlo.ctl
100 10.Cell D15 dhi.ctl 114 10.Cell D2 dlo.ctl
101 10.Cell D14 dhi.ctl 115 10.Cell D1 dlo.ctl
102 10.Cell D13 dhi.ctl 116 10.Cell DO dlo.ctl
103 10.Cell D12 dhi.ctl
1- EXTEST TO NEXT
0 - OTHERWISE SHIFT DR CELL
G1
DATA FROM
SYSTEM 1 TO OUTPUT
LOGIC MUX > oUFFER
1
G,
1
MUX 1D
! 1D
! ~Cl i
~C1
FROM CLOCK DR UPDATE DR
LAST
CELL
Figure 9-3. Output Cell (O.Cell)
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TO DEVICE INPUT
Locic < PIN
Gl
1
TO NEXT
CELL < 1D MUX 1
cl
CLOCK DR FROMLAST ~SHIFTDR
CELL

Figure 9-4. Input Cell (1.Cell)

1-EXTEST TO NEXT
0 - OTHERWISE CELL
Gl A
OUTPUT
ome T oo
SYSTEM MUX ENABLE
LOGIC 1
Gl
1
MUX 1D
)
1 el
c1
SHIFTDR  FROM CLOCK DR
LAST UPDATE DR

CELL

Figure 9-5. Output Control Cell (En.Cell)
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0- OTHERWISE

)

OUTPUT
FROM TO OUTPUT
SYSTEM 1 MUX ) DRIVER
LOGIC
1
Gl
FROM PIN 1
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1 - o 1D
cl
INPUT TO FROM LAST CLOCK DR UPDATE DR
SYSTEM CELL
LOGIC
Figure 9-6. Bidirectional Cell (10.Cell)
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Figure 9-7. Bidirectional Cell (10x0.Cell)
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TO NEXT CELL
OUTPUT > EN.CELL
ENABLE
x > EN
o
OUTPUT > PIN
DATA >
10.CELL
INPUT
DATA < 7y <

FROM LAST CELL

NOTE: More than one 10.Cell could be serially connected and controlled by a single En.Cell.

Figure 9-8. General Arrangement for Bidirectional Pins

9.4 INSTRUCTION REGISTER

The MC68307 IEEE 1149.1 implementation includes the three mandatory public instructions
(EXTEST, SAMPLE/PRELOAD, and BYPASS), the optional public ID instruction, plus two
additional public instructions (CLAMP and HI-Z) defined by IEEE 1149.1. The MC68307
includes a 4-bit instruction register without parity, consisting of a shift register with four par-
allel outputs. Data is transferred from the shift register to the parallel outputs during the
update-IR controller state. The four bits are used to decode the seven unique instructions
listed in Table 9-3.

The parallel output of the instruction register is reset to 0001 in the test-logic-reset controller
state. Note that this preset state is equivalent to the ID instruction.

Table 9-3. Instructions

Code .
B3 B2 B1 B0 Instruction
0 0 0 0 EXTEST
0 0 0 1 ID
0 0 1 0 SAMPLE
1 0 0 1 HI-Z
1 1 0 0 CLAMP
1 1 0 1 MODULE MODE
1 1 1 1 BYPASS
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During the capture-IR controller state, the parallel inputs to the instruction shift register are
loaded with the 4-bit binary value (0001). The parallel outputs, however, remain unchanged
by this action since an update-IR signal is required to modify them.

9.4.1 EXTEST (0000)

The external test (EXTEST) instruction selects the 117-bit boundary scan register. EXTEST
asserts internal reset for the MC68307 system logic to force a predictable benign internal
state while performing external boundary scan operations.

By using the TAP, the register is capable of a) scanning user-defined values into the output
buffers, b) capturing values presented to input pins, c) controlling the direction of bidirec-
tional pins, and d) controlling the output drive of three-state output pins. For more details on
the function and uses of EXTEST, please refer to the IEEE 1149.1 document.

9.4.2 SAMPLE/PRELOAD (0010)

The SAMPLE/PRELOAD instruction selects the 117-bit boundary scan register and pro-
vides two separate functions. First, it provides a means to obtain a snapshot of system data
and control signals. The snapshot occurs on the rising edge of TCK in the capture-DR con-
troller state. The data can be observed by shifting it transparently through the boundary scan
register.

NOTE

Since there is no internal synchronization between the IEEE
1149.1 clock (TCK) and the system clock (CLKOUT), the user
must provide some form of external synchronization to achieve
meaningful results.

The second function of SAMPLE/PRELOAD is to initialize the boundary scan register output
bits prior to selection of EXTEST. This initialization ensures that known data appears on the
outputs when entering the EXTEST instruction.

9.4.3 BYPASS (1111)

The BYPASS instruction selects the single-bit bypass register as shown in Figure 9-9. This
creates a shift-register path from TDI to the bypass register and, finally, to TDO, circumvent-
ing the 117-bit boundary scan register. This instruction is used to enhance test efficiency
when a component other than the MC68307 becomes the device under test.

SHIFT DR Gl

0 1

MUX 1D

FROM TDI 1 TOTDO
C1

CLOCKDR

Figure 9-9. Bypass Register
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When the bypass register is selected by the current instruction, the shift-register stage is set
to a logic zero on the rising edge of TCK in the capture-DR controller state. Therefore, the
first bit to be shifted out after selecting the bypass register is always a logic zero.

9.4.4 CLAMP (1100)

When the CLAMP instruction is invoked, the boundary scan multiplexer control signal
EXTEST is asserted, and the BYPASS register is selected. CLAMP should be invoked after
valid data has been shifted into the boundary scan register, e.g., by SAMPLE/PRELOAD.
CLAMP allows static levels to be presented at the MC68307 output and bidirectional pins,
like EXTEST, but without the shift latency of the boundary scan register from TDI to TDO.

9.5 MC68307 RESTRICTIONS

The control afforded by the output enable signals using the boundary scan register and the
EXTEST instruction requires a compatible circuit-board test environment to avoid device-
destructive configurations. The user must avoid situations in which the MC68307 output
drivers are enabled into actively driven networks. Overdriving the TDO driver when it is
active is not recommended.

9.6 NON-IEEE 1149.1 OPERATION

In non-IEEE 1149.1 operation, the IEEE 1149.1 test logic must be kept transparent to the
system logic by forcing the TAP controller into the test-logic-reset state. This requires the
TMS, TCK and TDI inouts to be high.
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SECTION 10
APPLICATIONS INFORMATION

10.1 MC68307 MINIMUM STAND-ALONE SYSTEM HARDWARE

This section details a simple stand-alone system using the MC68307. It demonstrates the
simplicity of system hardware design and inherent low system chip count when using the
highly integrated MC68307. The system hardware is shown in Figure 10-1.

The 5-V design consists of a 16.67MHz MC68307, 8-bit boot EPROM, 16-bit SRAM, an
RS232 driver and a few logic gates. It is considered stand-alone in that a dumb terminal (or
terminal emulator) can be serially connected to the UART (via RS232) and used to control
the system.

10.1.1 MC68307 Signal Configuration

BUSWO is tied low, meaning that the MC68307 boots up in 8-bit mode after reset. Alterna-
tively, BUSWO could use a pull-up resistor to select 16-bit mode at reset, requiring a further
8-bit or a more expensive 16-bit EPROM.

Clock crystal connection is simple. Figure 10-1 shows a typical configuration. The usual
oscillator start-up capacitors and bias resistor are included on-chip. The crystal parameters
do not need to be particular values; C, (Shunt capacitance) < 10pF and Rx = 50 ohms were
used in this case. An oscillator module could be used if preferred, connected to the EXTAL
pin with XTAL unconnected.

CLKOUT is typically used as the reference clock for external system peripherals. In this case
it remains unconnected.

The RSTIN input can be used to extend the power-on reset time if desired. If slower system
peripherals require an extended RESET at power-up, an RC network attached to RSTIN can
be used. In this case, the standard 32K clock stretch time at power-on suffices. At
16.67MHz, the 32K clocks equate to a 2ms RESET hold-on interval allowing the clock and
power supply to normalize. RSTIN is attached to a debounced button to cold reset the
MC68307 (and the system if other devices are connected to the RESET output). On each
reset button press, the device is held in reset for the same 32K clocks as power-on.

RESET and HALT are bidirectional open drain lines, requiring low value pull-up resistors to
maintain the inactive state when not asserted. RESET and HALT are not used here, but
could be asserted together to reset the system hardware if required. In this case the reset
is not lengthened internally by 32k clocks.
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IRQ7 is used as a non-maskable software abort interrupt source, driven by a debounced
abort button. Whenever the button is pressed, a level 7 interrupt is asserted to the MC68307.
At the next instruction boundary the interrupt request is acknowledged, with the MC68307
generating the corresponding interrupt vector. In fact, the MC68307 always supplies all its
own interrupt vectors, whether the interrupt request is generated internally (by on-chip mod-
ules), or externally (IRQ7, INT8—INTL1). Therefore, the interrupt vector numbers should be
set up in the MC68307’s PIVR to point to the appropriate vector location in memory.

DTACK is a bidirectional open drain line used to terminate bus accesses. In this design,
DTACK is generated internally and asserted as an output using the MC68307’s internal chip
select and wait state control. External decode may also assert DTACK as an input.

AS, UDS, LDS, and R/W control signals are all outputs. As the main asynchronous bus con-
trols, each line has a pull-up resistor such that they are in the inactive state when they are
not actively driven. They are not driven during reset, arbitration or CPU stop periods.

Chip select outputs (CS0, CS1, CS2 and CS3) are always driven and do not need pull-up
resistors.

The 8051-compatible control lines (ALE, RD, WR) are all unused outputs.

The JTAG input lines (TDI, TMS, TCK) are not used, so are pulled inactive through resistors.
The TDO output is not connected.

Port A and port B signals default to general purpose inputs after reset. If they are to remain
unconnected, they should be reprogrammed as outputs. Otherwise pull-up resistors are
necessary to ensure known input logic levels. All the port lines except PB2—-PB5 remain
unconnected and are reprogrammed as outputs. Port lines PB2—-PB5 are used in their ded-
icated UART function. The TXD and RTS output lines use pull-up resistors to ensure logic
levels between booting-up as a general purpose input and reprogramming as a UART out-
put.

A23 uses a pull-up resistor to select normal MC68307 processor mode at power-up. If
instead it is pulled low through a resistor, a slave mode is selected. Do not connect A23 to
a supply rail directly. Always use a pull-up/pull-down resistor.

Address/data/control buses are three-stated when the MC68307 is arbitrated off the bus,
held in reset, or the CPU is stopped (via LPEN bit in SCR). If the buses are to be three-stated
for an extended period of time, pull-up resistors are recommended for these lines. The pull-
up resistor value is typically in the range 20k to 50k ohms, subject to leakage current and
loading requirements.
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Figure 10-1. MC68307 Minimum System Configuration (1 of 2)
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Figure 10-1. MC68307 Minimum System Configuration (2 of 2)
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10.1.2 EPROM Memory Interface

The BUSWO signal is used to select either an 8- or 16-bit EPROM mode for boot-up after
reset. In this case BUSWO is tied low, and a standard, low cost, 8-bit EPROM is used. The
EPROM interface is a straight connection of CS0, address and data. The 8 data lines are
connected on the upper half of the data bus (D15-D8).

CSO0 is used to select the EPROM and enable its output for a specified address range. After
reset, the default CS0 programming is for the first 8 Kbytes address range, accessible with
6 wait states. The CSO registers are usually reprogrammed as one of the first software activ-
ities, to set up the desired address space and wait state options.

Some processor systems need a read/write control signal to the EPROM output enable to
avoid data contention in the event of an accidental write to ROM. The MC68307 can avoid
this by programming CSO to assert for read accesses only.

Note that with BUSWO pulled high, the 16-bit EPROM interface using two 8-bit EPROMSs is
equally simple. Both EPROM s are chip selected by CSO0. The upper (even) byte EPROM is
output enabled by UDS, while the lower (odd) byte EPROM is output enabled by LDS. The
address lines used by two 27C010’s would be A17-Al.

10.1.3 RAM Memory Interface

The 16-bit RAM interface is controlled using CS1, UDS, LDS, R/W, address and data. CS1
is used to select RAM for read/write accesses within a programmed address range. It must
be software configured before any RAM accesses are possible. For example, stacking oper-
ations such as interrupt or exception handling, and subroutine branches are not possible
until CS1 is configured. In this instance, CS1 should be programmed as a 16-bit port, with
suitable address range, address space and wait states.

The UDS/LDS signals are used to qualify accesses to the upper/lower byte of the selected
RAM data word. The R/W dictates whether a RAM read or write takes place.

It simplifies the interface to output enable the RAMs each time they are chip selected.
Although, when using alternative RAMs, care should be taken that the RAMs do not drive
data out when output enabled during a write. Almost all RAMs including the MCM6206 can
do this.

Note that for an 8-bit RAM interface using an MC6206, CS1 could be connected to the chip
enable, UDS to the output enable, R/W to the read/write, A14—A0 to the address lines and
D15-D8 to the data bus. After reset, CS1 must be software configured for 8-bit mode.

10.1.4 RS232 UART Port

The MC68307's UART signals (TxD, RxD, RTS, CTS) are connected to an MC145407
RS232 level driver. On the RS232 side, the UART signals are made available to a standard
RS232 connector. This creates a communication channel between the user and system. For
instance, a terminal (or terminal emulator) could control the system via a user preferred
debug monitor coded into the EPROM,; this is an invaluable debug feature during the devel-
opment stages of a system design.
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10.1.5 EPROM Timing

The EPROM interface offers zero wait state accesses with a 100ns EPROM. A timing worth
special note is the EPROM enable to EPROM data out time. CS0 is asserted on the rising
edge of S2, and the selected EPROM has to return valid data a setup time before the falling
edge of S6 (an access time of approximately 2.5 clocks). At 5V and 16.67MHz, the equation
for the EPROM access time is as follows:

2.5 clocks — data setup time — clock to CS asserted time (maximum)= 150 -5 - 30 = 115ns

Programming CSO for 1 wait state would increase this access time to 175ns, while 6 wait
states permit an access time up to 475ns at 16.67MHz, and 5V.

For slow memories, the EPROM chip enable high to output float time should be confirmed
to ensure the EPROM-driven data is removed before the start of the next bus cycle (next
rising edge of S2). Although the exact timing is dependent upon the system, a maximum
time of 1 clock from CSO0 negated to EPROM data floating is a good guideline for use with
the MC68307.

10.1.6 RAM Timing

The R/W signal is always setup prior to the RAM chip enable, so the timing is always RAM
enable (E) controlled rather than write (W) controlled. Besides the additional delay intro-
duced by the OR gate for decoding the RAM upper/lower byte enables, the RAM read timing
is the same as that of the EPROM. It is the RAM write timing that dictates the RAM access
time requirements.

The RAM chip enable to end of write time determines the necessary speed of RAM. The chip
enable time begins on the rising edge of S4 when the data strobes (UDS, LDS) are asserted,
and ends when the data strobes/CS1 negate, approximately 1 clock later. This typically
includes RAMs with access times of up to 60-70ns, for zero wait states at 16.67MHz and
5V (check specific RAM manufacturer's data sheets). The MCM6206s used have a 35ns
access time.

For proper timing of write cycles, it is also important to know how much time elapses
between CS negated and the data output hold time. With a 5V, 16.67MHz MC68307, the
data out hold time is a 15ns minimum. Thus, on the enable controlled RAM write cycle, the
RAM data-in hold time requirement must be <15ns OR gate delay. When using a 74F32 OR
gate, the RAM data-in hold time must be < 7ns and while using a 74AC32 it must be < 5ns.
For the MCM6206, it is O.
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10.2 POWER MANAGEMENT

The fully static MC68307 has a number of flexible power management features that enable
the power consumption to be minimized for different applications. This section describes
how to use these features to best effect in reducing overall system power consumption.

10.2.1 Fully Static Operation

The MC68307 is fully static; this means that the clock to the device can be stopped com-
pletely without causing damage. In addition the clock can be restarted with no loss of status
occurring.

These two fundamental benefits of fully static operation are utilized in the MC68307 power
management features. The MC68307 allows the clocks to different modules within the
device to be stopped under software control in order to minimize power consumption for a
particular user application. The external clock input can also be varied in frequency between
DC (i.e., stopped externally) and the maximum operating frequency (16.67 MHz).

By setting the appropriate bits in the configuration register (MBCD, TMCD, UACD, CKD and
LPEN), the internal clocks to the M-bus, timer, UART, CLKOUT and CPU can be individually
stopped. With the exception of the CPU, these clocks can all be restarted by clearing the
corresponding bit in the configuration register. When a module clock is turned off, the mod-
ule current consumption is reduced to very low leakage levels.

Table 10-1 gives typical percentage power savings that can be made by stopping the clocks
to modules that are not used in a particular operating mode. These figures are from mea-
surements taken on a development board. They represent percentages of full operating
power consumption and are averages over four different test cases (16.67MHz and 8MHz
at 5V and 3.3V).

Table 10-1. Power Contribution from Modules

Module Percentage Ipp
All Operational 100%
CLKOUT 5%
M-bus 6%
Timer 7%
UART 15%
CPU (EC000) 61%
Low-Power Sleep 6%
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10.2.2 Prescalable CPU Clock

It is apparent from Table 10-1 that the EC000 CPU core contributes the most significant per-
centage of the total power consumption. As well as being able to stop the clock to the CPU
completely (when the CPU clock is stopped it cannot process code) this clock can be selec-
tively programmed to a prescaled value. This is achieved by writing to the CDEN bit in the
configuration register, with the CD2—CDO bits set to select the required prescale value.

Only the CPU clock is divided by this prescale value, the enabled clocks to the peripheral
modules remain at the system clock frequency. Hence the module interfaces will operate as
normal.

This mode of operation is useful when the CPU is required to do some background house-
keeping tasks, which do not require the full processing power of the CPU, but one or more
of the peripheral modules is required to be operating at full speed. The CPU can subse-
quently select full speed clock by writing to the configuration register when an event occurs
that requires the full processing power.

The power consumption of the CPU is approximately proportional to the frequency, hence
by carefully selecting the correct prescale value for the current task, the power contribution
of the CPU to the overall device can be minimized.

10.2.3 Wake-Up

When the CPU clock has been stopped in low-power sleep mode it can only be restarted by
a wake-up condition or a system reset. Any event that causes an interrupt wakes-up the
CPU. For an interrupt to occur, the corresponding module must be clocked and the interrupt
priority level must be set to nonzero in the corresponding field of the interrupt control regis-
ter.

It is also possible to set a bit in the configuration register (UACW) that automatically restarts
the clock to the UART when a falling edge is detected on the RxD line. Any subsequent inter-
rupt from the UART module wakes-up the CPU.

This very flexible feature enables the CPU to wake-up in response to many different events,
for example:

—If UART receives a character

—If M-bus activity is detected

—After a fixed time by programming a timer
—If an external interrupt occurs

Because there is no loss of data in the fully static CPU core, the wake-up latency is reduced
to the minimum of only 10 system clocks. When the CPU wakes-up itimmediately processes
the interrupt and then returns to the mainline code from which it stopped its own clock.

A STOP instruction is not absolutely necessary when the MC68307 is put into low-power
sleep mode, although, if such an instruction is used it will be handled correctly by the CPU.
Care must be taken with the interrupt mask since any interrupt wakes-up the CPU, but only
interrupts of priority greater than the mask cause the CPU to exit from the sleep instruction.
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The wake-up latency is increased slightly to 24 system clocks when a STOP instruction is
used. Note that the MC68307 does not execute the LPSTOP instruction used by some other
Motorola microprocessors (for example, MC68060, MC68340, and MC68360).

All enabled interrupts wake-up the CPU. If the interrupt mask in the CPU is set to a level
greater than the active interrupt, this interrupt will not be processed immediately by the CPU.
This technique gives the absolute minimum wake-up latency, since time-critical code can be
placed immediately after the instruction that stopped the CPU clock, but before the interrupt
mask is lowered to process the interrupt which caused the wake-up.

The MC68307 does not require or generate a reset on wake-up. If the MC68307 is reset the
CPU clock and all the other internal clocks are restarted, however the wake-up latency will
be large since reset exception processing is required.

10.2.4 Low-Power Sleep Mode

When all the internal clocks are stopped, including the CPU, the MC68307 is said to be in
low-power sleep mode.

In low-power sleep mode the external clock, either crystal oscillator or square wave input, is
still toggling. The only logic internal to the MC68307 that is getting clocked is the reset circuit
and interrupt controller. The device can wake-up from low-power sleep mode by an external
interrupt on IRQ7 or any of the INTx inputs. In addition the UART clock can automatically
restart when a falling edge is detected on RxD, and subsequently wake-up the CPU when
an interrupt occurs.

The CPU is arbitrated off the system bus when it enters low-power sleep mode. The address
and data buses are three-stated. For a system that has the MC68307 in this mode for pro-
longed periods of time, the system address and data buses should be pulled up using high
value resistors (e.g., 22—-100Kohms depending upon signal loading) to prevent these buses
floating to mid-range voltage levels and hence generating large currents in input buffers.

When a crystal is connected across EXTAL and XTAL pins on the MC68307 the contribution
of the oscillator cell to the sleep-mode current is large. Depending on the type of crystal
used, this bias current can be up to several milliamps. Careful choice of crystal and board
layout can help minimize the effect of the bias current, but it will always make a significant
contribution to sleep current. If an external oscillator is used to generate a square wave input
to EXTAL, the bias current is much less. When an external oscillator is used, the XTAL pin
should be left completely unconnected.

Low-power sleep mode consumes about 4% to 6% of the fully operational power depending
on the configuration of the oscillator pins.

10.2.5 Low-Power Stop Mode

The power consumption of the MC68307 can be minimized by stopping the clock to the
EXTAL pin externally. This is referred to as low-power stop mode. External hardware is
required to control the system clock circuit. The current consumption of the MC68307 is at
an absolute minimum in this mode.
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Note that since the external clock input to the MC68307 is stopped the device cannot wake-
up from low-power stop mode directly.

Because the MC68307 is fully static, the clock can be stopped at any time and in any phase.
Lowest power will be obtained if the clock is stopped after the device has been put into low-
power sleep mode. If the clock is stopped when the CPU is executing a bus cycle or pro-
cessing an instruction the current will not be minimal. Low-power sleep mode uses arbitra-
tion to ensure that the CPU is idle before stopping the internal clock.

When the clock is restarted, the MC68307 will continue processing from where it was previ-
ously with no loss of status. If the device is in low-power sleep mode an interrupt will be
required to wake-up the CPU.

Instead of stopping the clock externally the frequency could be reduced to a very low value
in order to minimize power. The whole MC68307 could operate at this reduced frequency,
allowing timers for example to wake-up the CPU after a long delay and subsequently set a
general purpose port line to reselect the maximal frequency external clock.

Whenever the external clock is being stopped, started or multiplexed, care must be taken to
ensure that no pulses narrower than the specified minimum clock high or low periods are
generated (minimum pulse width = 27 ns). If an external crystal is stopped then started again
there may be considerable wake-up latency due to the crystal start-up time. This depends
on the external component selection and is not a function of the MC68307.

10.3 USING M-BUS SOFTWARE TO COMMUNICATE BETWEEN
PROCESSOR SYSTEMS

M-bus is an I2C-compatible bus interface used in the MC68300 family. It is a serial interface
comprising two open drain bidirectional signals, namely serial clock (SCL) and serial data
(SDA). Multiple devices can be connected directly to these open drain lines, and indeed this
is good reason for the widespread adoption of the bus as an efficient IC communication
method in end-systems.

A typical scenario would consist of a processor with an M-bus master controlling the data
flow between several slaves, such as LCDs, real-time clocks, keypads, A/D converters and
memories. Moreover, a built-in bus collision mechanism supports multiple M-bus masters as
well as multiple slaves. The M-bus module of the MC68300 is flexible enough to operate as
either an M-bus master or a slave.

This section demonstrates control software for M-bus communication between two identical
MC68307 systems, one configured with an M-bus master and the other an M-bus slave.
Only a short piece of initialization code must be changed to make the MC68307 code appli-
cable to other MC68300 devices with M-bus.
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10.3.1 Overview of M-Bus Software Transfer Mechanism

For clarity, a brief overview of the M-bus software control mechanism is provided here.

The M-bus communication is on a byte-wide basis. The components of the hardware trans-
fer protocol are a START condition, 8 data bits, an acknowledge bit and a STOP condition.
Before starting a communication, an M-bus master should carry out a software check to
ensure the bus is free, and therefore all other M-bus transfers are complete. Thereatfter, the
bus master initiates a transfer by software, writing a START condition onto the bus. This is
an indicator to all connected M-bus devices that the master is taking charge of the bus and
that the address of the targeted slave is to follow. For the MC68300 M-bus master, writing
the targeted slave address to the data register initiates the 8-bit transfer (MSB first).

If a system has two or more M-bus masters which poll the bus free and start a transfer at
the same time, then the collision detection arbitration throughout the transfer of the slave
address transfer and subsequent data bytes decides which device gets charge of the bus.
If the MC68300 M-bus loses arbitration in this way, it stops driving data onto the bus to pre-
vent data corruption. Furthermore, it switches automatically into slave mode, pre-empting
the alternate master addressing it as a slave. If interrupts are enabled, an interrupt is gen-
erated on the completion of that byte, and a status bit indicates arbitration lost as the inter-
rupt source.

The first data byte transmitted by the M-bus master is always the targeted slave address,
with the least significant bit determining whether the slave remains ready to receive or trans-
mit subsequent bytes. The addressed slave can then acknowledge the received byte, or not,
depending upon the software protocol and acknowledge capability of the slave devices
used. Each acknowledge is like a 9th data bit, asserted by the receiver as a handshake to
successfully transmitted data.

A block transfer comprising a series of data bytes (and acknowledge bits) follows as com-
manded by the software protocol. The bus remains busy throughout the block, precluding
all other masters from starting transfers. At the end of the block, the bus master relinquishes
the bus by software placing a STOP condition onto the bus.

Ultimately, the M-bus master is responsible for starting and stopping transfers, but the num-
ber of bytes transferred can be dictated by either the master or slave depending upon the
desired software protocol. For example, a slave may acknowledge all bytes received until it
saturates, at which point the master STOPs the block transfer. Alternatively, the slave
receiver may acknowledge received bytes until the master transmitter indiates that there are
no more bytes to send. Indeed, both master and slave can be charged with controlling the
transfer block. For instance, the software protocol may transfer a byte count as part of the
communication or use a fixed number of transfer bytes every time.

For the best choice in software control, transfers can adopt either a status polling method or
interrupts at the end of each byte. The interrupt option is most commonly used to minimize
the processor overhead or the time during which the processor is tied up with the transfers.
If enabled, the interrupts are generated on the completion of each 9 bits (8 data bits plus an
acknowledge).
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10.3.2 M-Bus Master Mode Operation

Using interrupts to transmit data to the addressed slave is straight forward. During the M-
bus initialization, the MC68300 M-bus sets up the master transmitter mode, sets the M-bus
frequency, enables interrupts, provides an interrupt handler and STARTS the block transfer.
The targeted slave address (with LSB = 1 for slave receiver mode) is transmitted by writing
to the M-bus data register. On each subsequent end-of-byte interrupt, further data bytes are
transmitted by writing data to the M-bus data register until the block is complete. On the
interrupt at the end of the last byte the software STOPs the transfer.

For receiving from the addressed slave, the initialization is exactly the same. Remember that
even if receiving, the first operation is to transmit the targeted slave address (except that this
time LSB = '0"). In the interrupt handler at the end of the slave address transmit byte, the
transmit mode is changed to receive. Then, to initiate the first byte receive operation, the
MC68300 M-bus master software carries out a dummy read of the data register. No sensible
data is read at this point, but it is the action of this read which starts the data receive. At the
end of each subsequent received byte, the interrupt generated is used to read the data reg-
ister again for valid data, and to start the next byte receive. This continues until the master
receiver STOPs the block transfer.

The receiver is always responsible for the generation of acknowledges. The MC68300 M-
bus receiver can be programmed to generate acknowledges automatically for each byte
received. Most slave transmitters take an acknowledge from the master receiver to mean
that further bytes are desired. In fact, for some slave transmitters it is necessary for the mas-
ter receiver to acknowledge all received bytes except the last one, to indicate that more data
byte transmits are required. This is not a requirement of the MC68300 M-bus slave.

10.3.3 M-Bus Slave Mode Operation

Many of the principles discussed for the master operation also hold true for the slave
MC68300 M-bus. The main differences are that the MC68300 slave M-bus is not controlling
the transfer (STARTing and STOPping) or providing the M-bus clock, but is instead following
what the master dictates.

For slave operation, again initialize the M-bus frequency, M-bus slave address, interrupt
handler and interrupt enable. As the first transfer is always the receipt of the slave address,
slave receive mode should always be programmed initially. All target slave addresses which
are transmitted by the master (first byte after START) are then checked against the pro-
grammed MC68300 M-bus slave address for a match. When they match, the MC68300 M-
bus slave generates an interrupt (if enabled), and a status bit indicates the cause as M-bus
addressed-as-slave (MAAS).

On entering the corresponding interrupt handler, the software read/write status indicator is
read to determine whether the slave is to receive or transmit subsequent bytes and that the
transmit/receive mode is set accordingly. If in transmit mode, the first data byte transmit is
initiated by writing to the data register. If in receive mode, the first receive byte is initiated by
a dummy read of the data register. There is no sensible data read at this point, but having
started the receive process, data register reads in subsequent end-of-byte interrupts obtain
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valid data and initiate the next byte receive. Again, the software protocol between M-bus
master and slave determines the use of acknowledges.

10.3.4 Description of Setup

The hardware consists of two identical MC68307 systems connected together via the M-bus
as shown in Figure 10-2. Both systems have the MC68307 processor core executing
instructions prefetched from its own ROM.

MC68307 5V MC68307
SYSTEM SYSTEM
2.2K 2.2K
MASTER | SCL T SCL SLAVE
M-BUS | SDA {1 SDA M-BUS

Figure 10-2. Hardware Setup

Each MC68307 system has 128 Kbytes EPROM and 128 Kbytes SRAM and runs a debug
monitor. A complete description of the system hardware is provided in AN490, titled “Multiple
Bus Interfaces using the MC68307.

Using the monitor's download facility, an M-bus control program is downloaded into the
SRAM of each board. The code allows one system to control its M-bus module as a master,
while the other implements an M-bus slave. Together, the two software programs allow the
MC68307 M-bus master to write data to the MC68307 M-bus slave and later read it back for
verification.

10.3.5 Software Flow

The MC68307 master M-bus controls the number of blocks transferred via START and
STOP conditions. In this example, there are only two communication blocks, one transmit-
ting data to the slave (master transmit block), and one receiving data back from the slave
for verification (master receive block). The master/slave responsibilities during the master
transmit block are outlined in Figure 10-3 and for the master receive block in Figure 10-5.

On these diagrams, note that for a given transfer byte, the end-of-byte interrupts on the mas-
ter and slave occur at around the same time. The built-in M-bus transfer mechanism means
it does not matter in which order they are serviced. The master and slave interrupt service
order used in the flowcharts of Figure 10-3 and Figure 10-5 is purely for demonstration pur-
poses. The interrupt handlers are shown such that the data flow is always from transmitter
to receiver, although, it should be understood that the master and slave interrupt handlers
are happening at the same time, as are the transmit and receive of a particular byte between
the two systems.

MOTOROLA MC68307 USER'S MANUAL 10-13



Applications Information

10.3.6 Transfer Blocks

The master M-bus controls of the number of data bytes within each transmit/receive block.
Observe Figure 10-4 and Figure 10-6, which give a summary of the activity on the M-bus
during the master transmit and master receive blocks respectively.

When the master is transmitting data (master transmit block) the slave acknowledges all
bytes received, and the master decides when the transfer is completed by setting a STOP
condition (see Figure 10-4). When the master is receiving data (master receive block) it
decides when the transfer is complete by stopping acknowledges on the last received byte,
thereby stopping the slave transmitting, and setting a STOP condition (see Figure 10-6).

10.3.7 Software Implementation

The software used is shown in Section 10.3.7.1 Software Listing 1—M-bus Master Soft-
ware and Section 10.3.7.2 Software Listing 2—M-bus Slave Software. Only the method
of enabling the M-bus and interrupts at the start of the software listings is specific to the
MC68307. Thereafter, the code is generic for any MC68300 device with an M-bus module.

The MC68300 M-bus slave software should always be set running before the master soft-
ware, such that the prospective slave is initialized as a receiver before the master transmits
the slave address.

The software uses interrupts to control the byte transfers within each block. The M-bus mas-
ter starts the transfer by transmitting the slave address. Thereafter interrupts are generated
on both the master and slave M-bus to control the test. The M-bus hardware protocol does
not care which order the interrupts are serviced by the master (transmitter or receiver) or
slave (transmitter or receiver) at the end of each byte. Consider that the master is in charge
of generating the SCL clocks to shift data out the transmitter and into the receiver, when a
transmit/receive is initiated by writing/reading the M-bus data register respectively. How-
ever, the clocks do not start until the slave has released the clock line on the bus by making
its corresponding read/write of its M-bus data register. Therefore, both MC68300 M-bus
master and slave interrupts have to initiate the next data transfer.

The slave frequency can be programmed as greater or less than that of the master. M-bus
implements a clock synchronization mechanism such that the clock with the shortest high
time and longest low time dictates the open drain clock. For example, if the programmed
slave M-bus clock frequency is less than the master, the slave can stretch the clock as nec-
essary.

The number of transfer and receive blocks and the number of data bytes within each block
can be altered in the master software. The slave software remains the same throughout. If
the user desires detailed crosschecks on the software flow, interrupt counts (for number of
bytes transferred) or a flag passing mechanisms could be implemented. For simplicity this
Is not used in the example software.
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M-BUS MASTER TRANSMITTER ACTIVITY

- SET SLAVE Rx MODE |—> — SET MASTER Tx MODE
— START BLOCK TRANSFER
— WRITE SLAVE ADDRESS TO MBDR TO
INITIATE ADDRESS Tx (66)
(SLAVE IS TO Rx DATA, SO LSB =0)
- Rx SLAVE ADDRESS l«l]———| - Tx SLAVE ADDRESS
— AUTO- ACKNOWLEDGE ADDRESS
— INTERRUPT ON SLAVE ADDRESS MATCH
— SET Tx/Rx MODE TO Rx
— DUMMY READ OF MBDR, READY
Rx 1ST DATA BYTE T—| — INTERRUPT AT END OF ADDRESS Tx
— VERIFY ACKNOWLEDGE
— REMAIN IN Tx MODE
—WRITE 1ST DATA BYTE (AA) TO
MBDR TO INITIATE Tx
~ Rx DATA < ———{_ 1, para
— AUTO- ACKNOWLEDGE DATA
— INTERRUPT AT END OF 1ST DATA BYTE Rx
— READ 1ST BYTE OF VALID DATA FROM
MBDR (AA), AND READY FOR NEXT Rx —| _INTERRUPT AT END OF 1ST DATA BYTE Tx
— VERIFY ACKNOWLEDGE

- WRITE 2ND DATA BYTE (55) TO
MBDR TO INITIATE Tx

—Rx DATA <l—————_ Tx DATA
— AUTO-ACKNOWLEDGE DATA
- INTERRUPT AT END OF 2ND DATA BYTE Rx
~READ 2ND BYTE OF VALID DATA FROM  |—————={ _ |\TERRUPT AT END OF 2ND DATA BYTE Tx
MBDR (55), AND READY FOR NEXT Rx CVERIEY ACKNOWLEDGE
~ STOP BLOCK TRANSFER

Figure 10-3. Master/Slave Responsibilities for the Master Transmit Block

TX SLAVE
MASTER ACTIVITY | START ADDRESS TX 1ST DATA T Zé\I\I(DTEATA STOP
BLOCK [ (s AVE TORX) BYTE BLOCK
M-BUS [ START | 66 [ Ack | AA [ Ack | 55 [ ack | stop |
RX SLAVE RX 1ST DATA RX 2ND DATA
SLAVE ACTIVITY ADDRESS ACK BVTE ACK BV TE ACK

Figure 10-4. Summary of M-Bus Activity for the Master Transmit Block
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M-BUS SLAVE TRANSMITTER ACTIVITY

M-BUS MASTER RECEIVER ACTIVITY

— SET SLAVE Rx MODE |—> — SET MASTER Tx MODE
- START BLOCK TRANSFER
_ WRITE SLAVE ADDRESS TO MBDR TO
INITIATE ADDRESS Tx (67)
(SLAVE TORX SO LSB = 1)
- Rx SLAVE ADDRESS ~®— _ Tx SLAVE ADDRESS
— AUTO-ACKNOWLEDGE ADDRESS
— INTERRUPT ON SLAVE ADDRESS MATCH
— SET Tx/Rx MODE TO Tx
— WRITE 1ST DATA BYTE (AA) TO
MBDR READYTO Tx | g | - INTERRUPT AT END OF ADDRESS Tx
— VERIFY ACKNOWLEDGE
— SET Tx/Rx MODE TO Rx
— DUMMY READ OF MBDR TO INITIATE
RX OF 1ST DATA BYTE (AA)
—TxDATA f—————{ - RxDATA
— AUTO-ACKNOWLEDGE DATA

— INTERRUPT AT END OF 1ST DATA BYTE Tx
- VERIFY ACKNOWLEDGE
- WRITE 2ND DATA BYTE (AA) TO
MBDR TO INITIATE Tx

o EEE——

— INTERRUPT AT END OF 1ST DATA BYTE Rx
— READ OF MBDR READY TO Rx 2ND
DATA BYTE (55)

— Tx DATA

- Rx DATA

- INTERRUPT AT END OF 2ND DATA BYTE Tx
—NO ACKNOWLEDGE, SO END Tx
— SWITCH TO SLAVE Rx MODE READY
FOR NEXT SLAVE ADDRESS

—NO ACKNOWLEDGE
— INTERRUPT AT END OF 2ND BYTE Rx
— STOP BLOCK TRANSFER

Figure 10-5. Master/Slave Responsibilities for the Master Receive Block

10-16

START |  TxSLAVE Rx 15T DATA ACK | Rx2ND DATA NO | sTop
MASTER ACTIVITY | g ock ADDRESS BYTE BYTE ACK |BLOCK
(SLAVE TO Tx)
MBUS  [staRT | 67 [ ack | AA [ Ack | 55 [noack | sTop |
Rx SLAVE ACK | Tx1STDATA Tx 2ND DATA
SLAVE ACTIVITY ADDRESS BYTE BYTE

Figure 10-6. Summary of M-Bus Activity for the Master Receive Block
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10.3.7.1 SOFTWARE LISTING 1—M-BUS MASTER SOFTWARE

MOTCROLA 68307 | MBP TEST BOARD - M bus

controlled by the master.

bytes or not.

The Master:

DATE: 8/ 4/ 94

Hl - END Appli cations

MODULE: MBM_ | NT. SRC
Devel oped by : Mot or ol a

East Kil bride.
NOTES:

Master Mbus Routine using interrupts for a Master/ Sl ave Test

The nunber of bytes transmitted and received is conpletely

(i.e. Wien the slave is receiving data,
it acknow edges all the time, and the naster dictates the number of
bytes to transfer. Wen the slave is transmtting, the master

recei ver acknow edges dictate whether the slave is to send further

1) Wites out the slave chip address, and 2 sl ave data bytes.
2) Wites out the slave chip address, and reads 2 slave data bytes
3) Verifies the data read back against that originally sent.

L I S S T R I R S N R I S R T N .

Ext ernal Reference Decl arations

XREF SCR
XREF PBCNT
XREF Pl VR
XREF Pl CR
XREF MADR
XREF MFDR
XREF MBCR
XREF MBSR
XREF MBDR

*

System Control Reg

Port B Control Reg

Peri pheral Interrupt Vector Reg
Peri pheral Interrupt Control Reg
M bus Address Reg

M bus Freq Divider Reg

M bus Control Reg

M bus St atus Reg

M bus Data Reg

* Const ant s
*

UVECBASE EQU $100

User Vector Base

MBUSVEC EQU UVECBASE+( $D* 4) M bus vector |ocation
VBUSHAN EQU $15000 M bus Interrupt Handl er |ocation
S307_AD EQU $66 Sl ave 68307 M bus Address
DRXCNT EQU $3 Dat a RECEI VE COUNT (2 + 1 Dummy)
ATXCNT EQU $1 Address TRANSM T COUNT
DTXCNT EQU $2 Data TRANSM T COUNT
*
* Mai n Program
*
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ORG $10000 ; Random | ocati on for assenbly

AND. L #$FFFFFEFF, SCR ; Cear SCR bit 8, Mbus CLock Active
MOVE. B #$40, Pl VR ; Vector = #$40, Vector @address $100
oR W #$000D, PI CR ; Mbus Interrupt level =5

MOVE. L #MBUSHAN, MBUSVEC ; Set up M bus Interrupt Handl er

OR W #$0003, PBCNT ; Enabl e M bus Lines

BSR I NI T_MBM ; Initialize Mbus as naster

* WRI TE TO SLAVE 68307 M bus
* Wite Chip Address, and Two bytes of data

START BSR MBBUSY ; Poll the Mbus, wait till bus free
MOVE. B #0, V_DRXCNT ; Data RECEI VE COUNT
MOVE. B #ATXCNT, V_ATXCNT ; Address TRANSM T COUNT
MOVE. B #DTXCNT, V_DTXCNT ; Data TRANSM T COUNT
MOVE. B #1,V_WRI TE ; Set Wite to slave var = TRUE
MOVE. B #S307_AD, V_CHI PAD; Sl ave 68307 M bus receiver Addr.
MOVE. L #S307_DATA, A0 ; Pointer to stored data for transfer
BSRVWRI TEL ; Send out the Chip Address

* READ FROM SLAVE 68307 M bus
* Wite Chip Address, and READ Two bytes of data

BSR MBBUSY ; Poll the Mbus, wait till bus free
MOVE. B #DRXCNT, V_DRXCNT ; Data RECEI VE COUNT
MOVE. B #ATXCNT, V_ATXCNT ; Address TRANSM T COUNT
MOVE. B #0, V_DTXCNT ; Data TRANSM T COUNT
MOVE. B #0,V_WRI TE ; Set Wite to slave var = FALSE
MOVE. B #S307_AD, D6 ; Alter chip address Isb for
OR B #$01, D6 ; slave transmt and
MOVE. B D6, V_CHI PAD ; wite to chip address variable
MOVE. L #S307_DATA, A0 ; Pointer to data for nenory 1
BSR VRl TEL ; Send out the Chip Address
*Test Conplete
BSR MBBUSY ; Poll the Mbus, wait till bus free
FOREVER BRA FOREVER ; Test conplete & passed, |oop forever
*
* M Bus Setup/lInitialization
*
I NI T_MB MMOVE. W #$2700, SR ; Disable interrupts — set to level 7
MOVE. B #0, MBSR ; Clear interrupt pend, arbitr. |ost
MOVE. B #$0C, M-DR ; Set frequency
MOVE. B #$00, MBCR ; Disable and reset M bus
MOVE. B #$80, MBCR ; Enabl e M bus

RTS
* NOTE - By not witing MADR, the 68307 M bus slave address = 0

* Poll the M bus BUSY
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MBBUSY BTST #5, MBSR ; Test MBB bit,
BNE MBBUSY ; and wait until it is clear
RTS
*
* Generation first byte of data transfer
*
VRl TE1 BTST #5, MBSR ; Test MBB bit,
BNE VWRI TE1 ; and wait until it is clear
TXSTART
BSET #4, MBCR ; Set TRANSM T Mode
BSET #5, MBCR ; Set Master Mde (Generate START)
BSET #6, MBCR ; Enabl e Mbus Interrupts
MOVE. W #$2000, SR ; Enable interrupts — set to level O
VBFREE BTST #5, MBSR ; Test MBB bit,
BEQ VBFREE ; If bus is still free, wait until busy
RTS
*
* Post Byte Transmi ssion/ Reception Software Response
*
ORG VBUSHAN ; Start of Interrupt Handl er
I SR BCLR #1, MBSR ; Clear the MF Flag
MOVE. L DO, - (A7) ; Push DO Register to Stack
MOVE. L D1, - (A7) ; Push D1 Register to Stack
MOVE. L #0, DO ; Clear general data reg
MOVE. L #0, D1 ; Clear general data reg
BTST #5, MBCR ; Check the MSTA Fl ag
BEQ SLAVE ; Branch if Slave Mde
BTST #4, MBCR ; Check the MODE Fl ag
BEQ MASTRX ; Branch if Receive Mde
*
* Mast er TRANSM T caused I nterrupt
*
MASTX BTST #0, MBSR ; Check ACK From Recei ver,
BNE ENDVASTX ; If no ACK, End Transni ssion
TXADDR MOVE. B V_ATXCNT, D1 ; Check Address TX COUNT
BEQ TXDATA ; |I'f address conplete go to data
SUBQ B #1, V_ATXCNT ; Decrenment Address Tx Count
TXDATA MOVE. B V_WRI TE, D1 ; Check if witing or reading slave
BEQ SETMASTRX ; If reading set to Master receive
MOVE. B V_DTXCNT, D1 ; CHECK Data TX COUNT
BEQ ENDMASTX ; I'f no nore data then STOP bit
SUBQ B #1, V_DTXCNT ; Reduce Tx Count
MOVE. B ( AO) +, MBDR ; Transmit next byte
BRA END ; Exit
ENDVASTX  BCLR #5, MBCR ; Generate STOP Condition
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BRA END ;o Exit
SETMASTRX BCLR #3, MBCR ; Enabl e TXAK
BCLR #4, MBCR ; Set Master Receive Mde
BSET #5, MBCR ; Set Master Mde (Generate START)
*
* Mast er RECEI VE
*
MASTRX SUBQ B #1, V_DRXCNT ; Decrenent receive count
MOVE. B V_DRXCNT, D1
CWP. B #DRXCNT-1, D1 ; First byte read Check
BNE NOTFI RST ; If not first, read etc. as usual
MOVE. B VBDR, DO ; If first, DUMW read only to start RX
BRA END
NOTFIRST CwWP.B  #0,D1
BEQ ENVASR ; Last byte to be read check
SUBQ B #1, D1 ; Last second byte to be read check
BNE NXMAR ; Not last one or |last second, so branch
LAVAR BSET #3, MBCR ; Last second, disable ACK transmtting
BRA NXMAR
ENVASR BCLR #5, MBCR ; Last one, generate STOP signal
NXMAR MOVE. B MBDR, DO ; Read data
cw.B (A0)+, DO ; Conpare with witten data
BEQ END ; If data as expected o.Kk.
READERR BRA READERR ; El se ERROR | oop forever.
END MOVE. L (A7) +, D1 ; Pop D1 Register From Stack
MOVE. L (A7) +, DO ; Pop DO Register From Stack
RTE
SLAVE NOP
BRA SLAVE ; Slave operation not inplenented
*
* Buf fers and Vari abl es
*
V_VRI TE DC. B $1 ; Slave wite = True
V_CH PAD DC. B S307_AD ; Chip Address variable = Sl ave 307 Add
V_DRXCNT DC. B DRXCNT ; Set up variables - Data Receive Count
V_ATXCNT DC. B ATXCNT ; - Addr Transnmit Count
V_DTXCNT DC. B DTXCNT ; - Data Transnmit Count
S307_DATA DC. B $AA, $55 ; Chip 1 Data
END
10-20 MC68307 USER’'S MANUAL MOTOROLA



Applications Information

10.3.7.2 SOFTWARE LISTING 2—M-BUS SLAVE SOFTWARE

MOTCROLA 68307 | MBP TEST BOARD - M bus

MODULE: MBM_I NT. SRC DATE: 8/ 4/ 94

Devel oped by : Mot or ol a
Hl - END Appli cations
East Kil bride.

NOTES:
Slave Mbus Routine using interrupts for a Master/ Sl ave Test

The nunber of bytes transmitted and received is conpletely
controlled by the master. (i.e. When the slave is receiving data,
it acknow edges all the time, and the naster dictates the number of
bytes to transfer. Wen the slave is transmtting, the master

recei ver acknow edges dictate whether the slave is to send further
bytes or not.

The Sl ave:
1) Recognizes its slave chip address, and receives 2 data bytes.
2) Recognizes its slave chip address, and transnmits the 2 bytes

L I D . R T T N S N N S I I R T R I

Ext ernal Reference Decl arations

XREF SCR ; System Control Reg
XREF PBCNT ; Port B Control Reg
XREF Pl VR ; Peripheral Interrupt Vector Reg
XREF Pl CR ; Peripheral Interrupt Control Reg
XREF MADR ; M bus Address Reg
XREF MFDR ; Mbus Freq Divider Reg
XREF MBCR ; Mbus Control Reg
XREF MBSR ; Mbus Status Reg
XREF VBDR ; Mbus Data Reg
*
* Const ants
*
UVECBASE EQU $100 ; User Vector Base
MBUSVEC EQU UVECBASE+($D*4) ; Mbus vector |ocation
VBUSHAN EQU $15000 ; Mbus Interrupt Handl er |ocation
S307_AD EQU $66 ; Slave 68307 M bus Address

*

*

Mai n Program

MOTOROLA

ORG $10000 ; Random | ocation for assenbly

AND. L  #$FFFFFEFF, SCR ; Cear SCR bit 8, Mbus dock Active
MOVE. B #%$40, Pl VR ; Vector = #%$40, Vector @ address $100
OR W #$000D, Pl CR ; Mbus Interrupt level =5

MOVE. L #MBUSHAN, MBUSVEC ; Set up M bus Interrupt Handl er
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OR W #$0003, PBCNT ; Enabl e M bus Lines
BSR I NI T_MBS ; Initialize Mbus as sl ave
FI NI SH BRA FI NI SH ; Loop forever
*
* M Bus Setup/lInitialization
*
INNT_MBS MOVE.W #$2700, SR ; Disable interrupts — set to level 7
MOVE. B #0, MBSR ; Clear interrupt pend, arbitr. |ost
MOVE. B #$10, M-DR ; Set frequency
MOVE. B #S307_AD, MADR ; Set M bus slave address
MOVE. B #$00, MBCR ; Disable and reset M bus
OR B #$C0, MBCR ; Enable Mbus, Ints, TXAK
MOVE. W #$2300, SR ; Enable INTS by setting to level 3
RTS
*
* Poll the M bus BUSY
*
MBBUSY BTST #5, MBSR ; Test MBB bit,
BNE MBBUSY ; and wait until it is clear
RTS
*
* Post Byte Transmi ssion/ Reception Software Response
*
ORG VBUSHAN ; Start of Interrupt Handl er
I SR BCLR #1, MBSR ; Clear the MF Flag
MOVE. L DO, - (A7) ; Push DO Register to Stack
MOVE. L D1, - (A7) ; Push D1 Register to Stack
MOVE. L #0, DO ; Clear general data reg
MOVE. L #0, D1 ; Clear general data reg
* Interrupt Counter
ADDQ L #1, D3 ; (Not used, sinply nonitor)
BTST #5, MBCR ; Check the MSTA Fl ag
BEQ SLAVE ; Branch if Slave node
MASTER BRA MASTER ; Master not inplenented, so error
*
SLAVE MOVE. B MBSR, D6 ; Read MBSR
BTST. B #6, D6 ; Is it slave address hyte?
BEQ SLAVE DATA ; I'f not, then data
*
* Addr essed as Sl ave
*
SLAVE_ADD BTST #2, D6 ; Read SRWto verify slave Tx or Rx
BEQ I NI T_SRX ; If Rx, initialize Slave receive count
INNT_STX ORB #$10, MBCR ; Set transmit node
MOVE. L #DATABUF, A0 ; Pointer to data storage buffer
MOVE. B ( AO) +, MBDR ; First data byte transmt
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BRA END_SLAVE

INNT_SRX AND.B  #$E7, MBCR ; Set receive node and TXAK
MOVE. L #DATABUF, AO ; Pointer to data storage buffer
MOVE. B VBDR, DO ; Start receive via Dummy byte read
BRA END_SLAVE

*

* Sl ave Data

*

SLAVE_DATA BTST #4, MBCR ; Read Tx or Rx node
BEQ SRX_DATA

*

* Post Sl ave data Transmt Control

*

STX DATA  BTST #0, MBSR ; Check ACK From Recei ver,
BEQ NXT_TX ; If ACK, then TX Next Data Byte
AND. B #$EF, MBCR ; TX conplete so swap to Rx
MOVE. B VBDR, DO ; Dumy read to free bus (SCL)
BRA END_ SLAVE ; Finish and await Master

NXT_TX MOVE. B ( AO) +, MBDR ; Tx next data byte
BRA END_SLAVE ; Exit

*

* Post Sl ave data Receive Control

*

SRX DATA MOVE. B MBDR, DO ; Read Data
MOVE. B DO, (AO) + ; Store data in next buffer location

END SLAVE MOVE.L (A7)+, D1 ; Pop D1 Register from Stack
MOVE. L (A7) +, DO ; Pop DO Register from Stack
RTE

*

* Buf fers and Vari abl es

*

DATABUF DS. B 0 ; Slave data buffer between Rx and Tx
END
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10.4 MC68307 UART DRIVER EXAMPLES

The MC68307 UART driver code listed in this section was developed from MC68681
DUART driver software. The two principal changes described below are (a) the implemen-
tation of one UART channel, and (b) the use of the UART timer as the UART baud rate
source. The UART driver code is given in Section 10.4.1 Software Listing 3. It provides
well commented initialization, status, input and output routines.

(a) Where the DUART implemented two serial channels, the MC68307 UART implements
one. Accordingly, the memory map has changed to include only those registers appropri-
ate to the single channel (channel A).

(b) For peak integration of the MC68307, all internal module clocks are based on the sin-
gle processor clock. So, while the MC68681 based the standard baud rate settings of its
clock select register on a fixed 3.6864MHz external clock source, the MC68307’s baud
rate is developed from its 16.67MHz to D.C. range processor clock source. Therefore, the
MC68307 uses its programmable UART timer to prescale this processor clock source,
and generate the baud rate reference as desired.

The equation to calculate the UART timer prescaler for a desired baud rate is:
Baud rate generator prescaler = 68307 clock frequency/[16 x 2 x (UART baud rate)]
where, Baud rate generator prescaler = {UBG1:UBG2}

e.g., For 9600 baud from a 16.67MHz clock, the UART timer prescaler is 54 decimal (36
Hex). So, UBG1 = 0x00 and UBG2 = 0x36.
NOTE

The standard baud rate settings of the MC68307’s UART clock
select register (UCSR) are only relevant if the processor clock
frequency is a suitable multiple of 3.6864 MHz.

10.4.1 Software Listing 3

SO EQU $FFF101 ; Serial 10 Base Address

* PORTW EQU 1 ; Byte wide port

PORTW EQU 2 ; Word wide port

* PORTW EQU 4 ; Long word wi de port

CON_| NDEX EQU 0

UMVRL EQU 0* PORTW ; Mbde register 1

UMR2 EQU 0* PORTW ; Mbde register 2

USR EQU 1* PORTW ; Status register

UCSR EQU 1* PORTW ; Cock select register

UCR EQU 2* PORTW ; Command regi ster

URB EQU 3* PORTW ; Receiver buffer register
urB EQU 3* PORTW ; Transmitter buffer regiseter
UACR EQU 4* PORTW ; Auxiliary control register
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U SR EQU 5* PORTW ; Interrupt status register
UBGL EQU 6* PORTW ; Counter/timer upper register
UB&X2 EQU 7* PORTW ; Counter/timer |ower register
BRGSET1 EQU 0 ; Bit 7 selects set 1 if clear
*
CRGSET2 EQU $EO ; Bit 7 selects set 2 if set
; Timer node, divided by 1

SCALEU EQU 0 ; Upper Byte Prescaler for Tiner
SCALEL EQU 54 ; Lower Byte Prescale for Tiner
*
CON_SR EQU S| O+CON_| NDEX+USR
CON_RH EQU S| O+CON_| NDEX+URB
CON_CR EQU S| O+CON_| NDEX+UCR
CON_TH EQU S| O+CON_| NDEX+UTB
BRKRECD BI T EQU 7 ; Break received if set
ERRFRAME BIT EQU 6 ; Framng error if set
ERRPAR BI T EQU 5 ; Parity error if set
ERROVER BI T EQU 4 ; Overrun error if set
TXEMI_BI T EQU 3 ; Transmitter enpty if set
TXRDY_BI T EQU 2 ; Transmitter ready
FFULL_BIT EQU 1 ; Fifo full if set
RXRDY_BI T EQU 0 ; Receiver ready if set
RSTMRPTR  EQU $10 ; Reset node register pointer
RSTRCVR EQU $20 ; Reset receiver
RSTXM T EQU $30 ; Reset transmitter
RSTERROR EQU $40 ; Reset errors
RSTBRK EQU $50 ; Reset break change interrupt
SETBRK EQU $60 ; Start break
ENDBRK EQU $70 ; Stop break
DI STX EQU $08 ; Disable transmitter
ENATX EQU $04 ; Enable transnmitter
DI SRX EQU $02 ; Disable receiver
ENARX EQU $01 ; Enabl e receiver

PAGE
*
* I NI T PROCEDURE ( BOTH PORTS)
* I NPUT:  NONE
* QUTPUT: NONE
*
CON_INIT:

MOVEM L D1/ AO- A1, - ( SP) ; Save registers

MOVE. L #2000, D1
CON_WAI T:

MOTOROLA

BTST. B #TXEMI_BI T, CON_SR,
NOP

DBNE D1, CON_WAI T

LEA. L SI O+CON_I NDEX, A0 ;
MOVE. L #$001307DD, D1 ;

MC68307 USER'S MANUAL

wait for xmtr to finish

Consol e port

No parity

8 data bits

1 stop bit

Tinmer for baud rate
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BSR INIT ; INIT consol e
MOVEM L ( SP) +, D1/ AO- Al ; Restore registers
RTS

I NIT:
MOVE. B #RSTMRPTR, UCR( AO) ; Reset MODE regi ster
MOVE. B #CRGSET2, S| O+tUACR; Set the baud rate set
MOVE. B #SCALEU, SI O+UBGL ; Set timer prescalar for 9600 baud
MOVE. B #SCALEL, SI O+UBX ;
MOVE. B #0, Ul SR( A0) ; Clear INT status register
ROL.L  #8,D1
ROL.L  #8,D1
MOVE. B D1, UVR1( AO) ; Setup MODE register 1
ROL.L  #8,D1
MOVE. B D1, UVR2( AO) ; Setup MODE register 2
ROL.L  #8,D1
MOVE. B D1, UCSR( A0) ; set baud rate clock as tiner
MOVE. B #RSTRCVR, UCR( A0) ; Reset the transmitter
MOVE. B #RSTXM T, UCR( A0) ; Reset the receiver
MOVE. B #ENARX, UCR( AO) ; Enabl e receiver
RTS
PAGE

* STATUS PROCEDURE:

* I NPUT:  NONE

* QUTPUT: DO = 0 | F RECElI VE BUFFER EMPTY

* = 1 |F RECElI VE BUFFER FULL

* = 2 | F BREAK DETECTED

CON_STS:
MOVE. B CON_SR, DO ; Read status register
BTST. B #RXRDY_BI T, DO
BEQ CON_STS 1 ; nothing yet
BTST.L #BRKRECD BIT,D0 ; Break?
BEQ CON_STS 1 ; No
MOVE. B CON_RH, DO ; Read in break char
MOVE. B #RSTBRK, CON_.CR ; Req' d by 68681
MOVE. B #RSTERROR, CON_CR ;
MOVE. B #2, DO ; Break status
RTS

CON_STS_1:
ANDI . B #1, DO ; Return 1 or O
RTS

* | NPUT PROCEDURE

* I NPUT:  NONE

* QUTPUT: DO = CHARACTER

* THS | S CALLED ONLY AFTER A STATUS OF ' BUFFER FULL' HAS BEEN READ

CON_I'N:
MOVE. B CON_RH, DO
MOVE. B #RSTERRCR, CON_CR ;
RTS
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PAGE
* QUTPUT PROCEDURE
* I NPUT: DO.B = CHARACTER
* QUTPUT: NONE
* CALLER ASSUMES CHARACTER IS ' LOGQ CALLY' WRI TTEN AFTER THI S CALL
CON_QUT:
MOVE. B #ENATX, CON_CR ; Enable transmtter
CON_QUT_1:
BTST.B #TXRDY_BI T, CON_SR; Wai t until
BEQS CON OUT 1 ;transmitter ready
MOVE. B DO, CON_TH ; Send char
RTS
END

10.5 SWAPPING ROM AND RAM MAPPING ON THE MC68307

It is often essential for embedded systems to locate the exception and interrupt vectors in
read/write memory, to allow vector table changes after system boot-up. Indeed, before
being able to port some debug monitors to an application this is a requirement.

For CPU32 based MC68300 integrated processors, the vector base register (VBR) resolves
this issue, permitting vectors to be located anywhere in the address space. For MC68300
processors with an M68000 processor core (MC68302, MC68306, MC68307, etc.) this fea-
ture is not available, and a ROM/RAM swap technique is necessary to exchange the usual
ROM at address $0 with RAM.

This section demonstrates a RAM/ROM swap mechanism specifically for the MC68307.
However, the method can be applied equally to the other M68000 core based members of
the MC68300 family.

10.5.1 Software Implementation

The swap mechanism relies on a section of position-independent code and careful repro-
gramming of the chip selects registers during boot up. Section 10.5.1.1 Software Listing
4 provides full details of the code used.

Initially, the ROM and RAM chip selects reserve areas in the memory map at base address
$0 and address $200000 respectively. Thereafter, a swap code routine is copied from ROM
into RAM, before jumping to RAM to execute it. On completion, the execution returns to con-
tinue in ROM, which is now relocated at base address $080000. Finally, the RAM is then
relocated at base address $0 as required. The resulting memory map is shown in Figure 10-
7.
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ADDRESS

RANGE BOARD FEATURE COMMENTS
PROGRAMMABLE
MC68307 REGISTERS

FFF000 VIAMC68307 MBAR
OFFFFF ROM 8 OR 16 BIT,
080000 0 WAIT STATE
01FFFF RAM 16-BIT WIDE
000000 0 WAIT STATE

Figure 10-7. Memory Map after Swap Complete

The method described uses an application with 512 Kbytes of EPROM and 128 Kbytes of
SRAM. If further details of the hardware are required, a full description is available in AN490,
titled “Multiple Bus Interfaces Using the MC68307".

The swap relies on the code being loaded at address $080000 during the link process,
although, any other multiple of the ROM size could be used (e.g., $080000, $100000 and
So on....), so long as the ROM chip select is programmed accordingly.

10.5.1.1 SOFTWARE LISTING 4

*

* 68307 PROCESSCOR REG STERS.
REG BASE EQU $FFFO00 ; start of internal registers
VBAR EQU $0000F2 ; Base Address Register
SCR EQU $0000F4 ; System Control Register(32 bits)
BRO EQU REG BASE+$040 ; CSO Base Register
CRO EQU REG BASE+$042 ; CSO Option register
BR1 EQU REG BASE+$044 ; CS1 Base register
OrR1 EQU REG _BASE+$046 ; CS1 Option Register
VRR EQU REG BASE+$12A ; Sof tware Wat chdog Reference Reg
*
TMP_BASE EQU $00200000 ; TEMP RAM BASE FOR ROM RAM SWAP
*
* Start-up code section
SECT 9, c
DC. L STACK ; Initial SP
DC. L $08 ; Initial PC
START AND. W  #$FFFF, MBAR ; 68307 register base at $FFF000
MOVE. W #$0000, WRR ; Disabl e Software Watchdog
MOVE. W #$1F02, ORO ; 0 waits, 512kB bl ock, r/w not nasked,
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; FC s masked

MOVE. W #$C001, BRO ; CSO Supervisor program space, base $0,
; read, EN

MOVE. W #$1FC0, OR1 ; 0 waits, 128kB block, r/w bit nmasked,
; FC s masked

MOVE. W #$A401, BR1 ; CS1 Supervisor data space, base

: $200000, read, EN

Copy swap code to RAM

LEA SWAPC( PC) , A0 ; Get start address of SWAP code
LEA SWAPCE( PC) , Al ; Get end address of SWAP code
MOVEA. L #TMP_BASE, A2 ; Get address of tenp RAM base
SWAPLP CVWPA. L A0, Al ; Has all code been copied?
BEQ JUMPSC ; If so, junp to code RAM
MOVE. W (AQ) +, (A2) + ; Otherwi se, copy ROM code to RAM
BRA SWAPLP ; Continue in swapping | oop
JUMPSC JMP (TMP_BASE) . L ; Execute SWAP code in RAM
* Code for RAMto $0 and ROM to $80000 swap
* A section of code is set up to relocate ROMto $80000
* This is copied to RAM junped to in RAM and execut ed,
* before junping back to ROM and rel ocati ng RAM at $0.
SWAPC MOVE. W #$C101, BRO ; Place ROM at $80000 by writing to BRO
JWP (SWAPCE) . L ; Return back to new ROM | ocation
SWAPCE
MOVE. W #$A001, BR1 ; Place RAM at $0 by writing to BRl
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SECTION 11

ELECTRICAL CHARACTERISTICS

This section contains detailed information on power considerations, DC/AC electrical char-
acteristics, and AC timing specifications of the MC68307. Refer to Section 12 Ordering
Information and Mechanical Data for specific part numbers corresponding to voltage, fre-

quency, and temperature ratings.

11.1 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltagel: 2 Vce -0.3t0+7.0 v
Input Voltagel: 2 Vin -0.3t0 +7.0 v
Operating Temperature Range TA —40 t0.85 °C
Storage Temperature Range Tstg —55.t0 +150 °C

NOTES:

1.Permanent damage can occur if maximum ratings are exceeded.-Exposure to
voltages or currents in excess of recommended values affects device

reliability. Device modules may not operate normally while being exposed to

electrical extremes.

2.Although sections of the device contain circuitry to protectagainst damage from

high static voltages or electrical fields, take normal precautions to avoid
exposure to voltages higher than maximum-rated voltages.

This device contains protective circuitry
against damage due to high static voltag-
es or electrical fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltages higher
than maximum-rated voltages to this
high-impedance circuit. Reliability of op-
eration is enhanced if unused inputs are
tied to an appropriate logic voltage level
(e.g., either GND or V).

The following ratings define a range of conditions in which the device will operate without
being damaged. However, sections of the device may not operate normally while being
exposed to the electrical extremes.

11.2 THERMAL CHARACTERISTICS

Characteristic Symbol | Value | Unit

Thermal Resistance—Junction to Case 1
Plastic 100-Pin QFP 8¢ 20 °C/W

Plastic 100-Pin Thin QFP 201

Thermal Resistance—Junction to Ambient 1
Plastic 100-Pin QFP 03a 42 °C/W

Plastic 100-Pin Thin QFP 421

NOTE:
1. Estimated
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11.3 POWER CONSIDERATIONS

The average chip-junction temperature, T3, in °C can be obtained from:

TI=TA+(PD*63A) 1)
where:
TA = Ambient Temperature, °C
8JA = Package Thermal Resistance, Junction-to-Ambient, °C/W
PD = PINT +PI/O
PINT = lcc xVcce, Watts—Chip Internal Power
P1/o = Power Dissipation on Input and Output Pins—User Determined

For most applications, P|/O < PINT and can be neglected.

An approximate relationship between Pp and T (if Pj/O is neglected) is:
PD=K=(Tg+273°C) (2)

Solving Equations (1) and (2) for K gives:
K=Pp -« (TA +273°C) + 8JA * PD? (3)

where K is a constant pertaining to the particular part. K can be determined from equation
(3) by measuring Pp (at thermal equilibrium) for a known TA. Using this value of K, the val-
ues of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any value
of TA.

11.4 AC ELECTRICAL SPECIFICATION DEFINITIONS

The AC specifications presented consist of output delays, input setup and hold times, and
signal skew times. All signals are specified relative to an appropriate edge of the clock and
possibly to one or more other signals.

The measurement of the AC specifications is defined by the waveforms shown in Figure 11-
1. To test the parameters guaranteed by Motorola, inputs must be driven to the voltage lev-
els specified in that figure. Outputs are specified with minimum and/or maximum limits, as
appropriate, and are measured as shown in Figure 11-1. Inputs are specified with minimum
setup and hold times and are measured as shown. Finally, the measurement for signal-to-
signal specifications is also shown.

NOTE

The testing levels used to verify conformance to the AC specifi-
cations do not affect the guaranteed DC operation of the device
as specified in the DC electrical specifications.
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NOTES:
1. This output timing is applicable to all parameters specified relative to the rising edge of the clock.
2. This output timing is applicable to all parameters specified relative to the falling edge of the clock.
3. This input timing is applicable to all parameters specified relative to the rising edge of the clock.
4. This input timing is applicable to all parameters specified relative to the falling edge of the clock.
5. This timing is applicable to all parameters specified relative to the assertion/negation of another signal.

LEGEND:
A. Maximum output delay specification.
B. Minimum output hold time.
C. Minimum input setup time specification.
D. Minimum input hold time specification.
E. Signal valid to signal valid specification (maximum or minimum).
F. Signal valid to signal invalid specification (maximum or minimum).

Figure 11-1. Drive Levels and Test Points for AC Specifications
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11.5 DCELECTRICAL SPECIFICATIONS

Characteristic Symbol Min Max Unit

Input high voltage (except EXTAL) Vin 2.0 Vee \%
Input low voltage VL GND -0.3 0.8 \%
Clock input high voltage (EXTAL) VIHC 0.7Vee | Vec +0.3 Y,
Input leakage current @5.25V (all input-only pins)* N -25 2.5 HA
Three-state (off state) input current @2.4V/0.4V ITs — 20 LA
Output high voltage (Ioy = 4mA) Vou Vee —0.75 — \%
Output low voltage (Io. = 4mA) VoL — 0.5 \%
Current dissipation

VCC = 50V105V2, fEXT =16.67MHz lD _ TBD mA

Ve = 3.3V£0.3V 2, fexr = 8MHz — TBD

Low power SLEEP mode

Vee = 5.0V+0.5V, fext = 16.67MHz A TBD

Vee = 3.3V0.3V, fyr = 8MHz — TBD
Power dissipation

VCC = 50V105V, fEXT =16.67MHz PD — TBD wW

Vee = 3.3V20.3V, fexr = 8MHz — TBD
Input capacitance®

All input-only pins Cin — 10 pF

All I/O pins — 20
Load capacitance 3

All output pins (except SCL and SDA) CL — 100 pF

SCL, SDA — 400
NOTES:

1. Not including internal pull-up or pull-down.
2. Currents listed are with no loading.

3. Capacitance is periodically sampled rather than 100% tested.

11.6 ACELECTRICAL SPECIFICATIONS—CLOCK TIMING (see Figure 11-2)

3.3V 33Vor5Vv
Num Characteristic 8.33 MHz 16.67 MHz
Min Max Min Max
Frequency of operation 0.0 8.33 0.0 16.67
1 Clock period (EXTAL) 120 — 60 —
2,3 | Clock pulse width (EXTAL) 54 — 27 —
4,5 | Clock rise and fall times (EXTAL) — 5 — 5
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A

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 V and a high
voltage of 3.8 V, unless otherwise noted. The voltage swing through this range
should start outside and pass through the range such that the rise or fall will be linear

between 0.8 V and 3.8 V.

Figure 11-2. Clock Timing

11.7 AC ELECTRICAL SPECIFICATIONS—READ AND WRITE CYCLES
(Ve =5.0V£0.5Vor3.3vVdc £0.3V; GND = 0Vdc; T = T|_to Ty) (see Figure 11-3 and Figure 11-4)

3.3V 3.3Vors5Vv
Num Characteristic 8.33 MHz 16.67 MHz | Unit
Min | Max | Min | Max
6 Clock low to address valid — 60 — 30 ns
7 Clock high to address, data bus high impedance (maximum) — 100 — 50 ns
8 Clock high to address invalid (minimum) 0 — 0 — ns
ol Clock high to AS, CSx, LDS, UDS asserted 3 60 3 30 ns
112 '(Aﬁr(ijt'g)ss valid to AS, CSx, LDS, UDS asserted (read)/AS, CSx asserted | o4 . 15 . ns
121 Clock low to AS, CSx, LDS, UDS negated 3 60 3 30 ns
132 AS, CSx, LDS, UDS negated to address invalid 30 — 15 — ns
142 AS, CSx, (and LDS, UDS read) width asserted 240 | — 120 | — ns
14A2 | LDS, UDS width asserted (write) 120 | — 60 — ns
152 AS, CSx, LDS, UDS width negated 120 | — 60 — ns
16 Clock high to control bus high impedence — 100 — 50 ns
172 AS, CSx, LDS, UDS negated to R/W invalid 30 — 15 — ns
181 | Clock high to RW high (read) 60 30 ns
20! | Clock high to R/W low (write) 60 30 ns
20A23 | AS, CSx, asserted to R/W low (write) — | 20 | — 10 ns
212 Address valid to R/W low (write) 0 — 0 — ns
222 R/W low to LDS, UDS asserted (write) 60 — 30 — ns
23 Clock low to data-out valid (write) — 60 — 30 ns
252 AS, CSx, LDS, UDS negated to data-out invalid (write) 30 — 15 — ns
262 Data-out valid to LDS,UDS asserted (write) 30 — 15 — ns
274 Data-in valid to clock low (setup time on read) 10 — 5 — ns
282 AS, CSx, LDS, UDS negated to DTACK negated (asynchronous hold) | 0 220 0 110 | ns
29 AS, CSx, LDS, UDS negated to data-in invalid (hold time on read) 0 — 0 — ns
29A AS, CSx, LDS, UDS negated to data-in high impedance — | 180 | — 90 ns
3124 | DTACK asserted to data-in valid (setup time) — | 100 | — 50 ns
32 HALT,RESET and RSTIN input transition time 0 300 0 150 ns
33 Clock high to BG asserted 0 40 0 20 ns
MOTOROLA MC68307 USER’'S MANUAL 11-5
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3.3V 33Vor5V
Num Characteristic 8.33 MHz 16.67 MHz | Unit
Min | Max | Min | Max
34 Clock high to BG negated 0 40 0 20 ns
359 BR asserted to BG asserted (for last cycle of operand transfer) 15 3.5 15 3.5 | Clks
36 BR negated to BG negated 15 | 35 | 1.5 | 3.5 | Clks
37 BGACK asserted to BG asserted 15 35 15 3.5 | Clks
37A2 | BGACK asserted to BR negated 40ns| 1.5 |[20ns| 1.5 | Clks
38 ggtses(%rted to control, address, data bus high impedance (AS, CSx — 100 | — 50 ns
39 BG width negated 1.5 | — 1.5 | — | Clks
46 BGACK width low 15 — 15 — Clks
474 Asynchronous input setup time 10 — 5 — ns
53 Data-out hold from clock high 0 — 0 — ns
55 R/W asserted to data bus impedance change 0 — 0 — ns
562 HALT/RESET pulse width, RSTIN pulse width 10 — 10 — | Clks
57 BGACK negated to AS, CSx, LDS, UDS, R/W driven 15 | — 1.5 | — | Clks
58 BR negated to AS, CSx, LDS, UDS, R/W driven 15 [ — 1.5 | — | Clks

NOTES:

1. For a loading capacitance of less than or equal to 50 pF, subtract 5 ns from the value given in the maximum
columns.

2. Actual value depends on clock period.

3. When AS, CSx and R/W are equally loaded (+20%), subtract 5 ns from the values given in these columns.

4. If the asynchronous input setup time (#47) requirement is satisfied for DTACK, the DTACK asserted to data setup
time (#31) requirement can be ignored. The data must only satisfy the data-in to clock low setup time (#27) for the
following clock cycle.

5. For power-up, the MC68307 is held in the reset state for 32768 clock cycles after V.. becomes stable to allow
stabilization of on-chip circuitry. After the system is powered up, #56 refers to the minimum pulse width of RESET/
HALT required to reset the controller. This pulse is stretched internally to 132 clocks. If RSTIN is used, the pulse is
stretched internally to 32768 clocks, and RESET and HALT are asserted as outputs.

6. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before
asserting BGACK.

7. The minimum value must be met to-ensure proper operation. If the maximum value is exceeded, BG may be
reeasserted.

8.AS is always asserted, regardless of whether it is mapped to internal or external peripherals/memory. If the designer
wishes to decode more chip selects than are provided, one of CS0 — CS3 should be used as the enable for the
external decode.

9. During a read modify write cycle or a dynamically sized cycle, BG is delayed if BR is asserted before the last bus
cycle of the operand transfer, in order to ensure operand coherency. BG will be asserted once AS has asserted for
the last bus cycle of the transfer.
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SO S1 S2 S3 S4 S5 S6 S7

Y A Y AYAYAYES
~®

'
A
®

A23-A0 ><

»
/ N s
s [T\ @ ~/
Ol O

Y

™

LDS/UDS

RIW /

/y
~

[N

HALT / RESET, -%
RSTIN

g

DTACK \<
@—> <
<@, j‘
D15-D0 7 —
N
o
BR
(NOTE 2) /
®

ASYNCHRONOUS
INPUTS
(NOTE 1)

NOTES: -
1. Setup time (#47) for asynchronous inputs (HALT, RESET, BR, BGACK, DTACK, IRQ7, INTx) guarantees

their recognition at the next falling edge of the clock.
2. BR need fall at this time only to ensure being recognized at the end of the bus cycle.

Figure 11-3. Read Cycle Timing Diagram
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NOTES:
1. Setup time (#47) for asynchronous inputs (HALT, RESET, BR, BGACK, DTACK, IRQ7, INTx) guarantees
their recognition at the next falling edge of the clock.
2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge
of S2 (specification #20A).

3. BR need fall at this time only to ensure being recognized at the end of the bus cycle.

Figure 11-4. Write Cycle Timing Diagram
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11.8 AC ELECTRICAL SPECIFICATIONS—BUS ARBITRATION

Electrical Characteristics

(See Figure 11-5 and Figure 11-6.)

3.3V 33Vor5V
Num Characteristic 8.33 MHz 16.67 MHz Unit
Min Max | Min Max
7 Clock high to address, data bus high impedance (maximum) — 100 — 50 ns
16 Clock high to control bus high impedence — 100 — 50 ns
33 | Clock high to BG asserted 40 20 ns
34 | Clock high to BG negated 40 20 ns
35 BR asserted to BG asserted (for last cycle of operand transfer) 15 3.5 15 3.5 | Clks
36 | BR negated to BG negated 1.5 35 1.5 3.5 | Clks
37 | BGACK asserted to BG asserted 1.5 35 1.5 3.5 | Clks
37A1 | BGACK asserted to BR negated 40ns | 15 |[20ns| 1.5 | Clks
38 Egtses(%rted to control, address, data bus high impedance (AS, CSx Y 100 . 50 ns
39 | BG width negated 1.5 — 1.5 — | Clks
472 | Asynchronous input setup time 10 — 5 — Clks
57 | BGACK negated to AS, CSx, LDS, UDS, R/W driven 1.5 — 15 — | Clks
58 | BR negated to AS, CSx, LDS, UDS, R/W driven 1.5 — 1.5 — | Clks
NOTES:
1. Actual value depends on clock period.
2. If the asynchronous input setup time (#47) requirement is satisfied for DTACK, the DTACK asserted to data setup
time (#31) requirement can be ignored. The data must only satisfy the data-in to clock low setup time (#27) for the
following clock cycle.

STROBES / AN
AND RIW

BGACK

@@

A

Y

NOTE: Setup time to the clock (#47) for the asynchronous inputs BGACK, BR, DTACK, HALT, RESET, IRQ7

and INTx guarantees their recognition at the next falling edge of the clock.

Figure 11-5. Three-Wire Bus Arbitration Diagram
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Figure 11-6. Two-Wire Bus Arbitration Timing Diagram
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11.9 AC ELECTRICAL SPECIFICATIONS—8051 BUS INTERFACE
MODULE (Vec=5.0V+0.5V or 3.3Vdc + 0.3V; GND = 0Vdc; T, = T, to Ty) (See Figure 11-7 and

Figure 11-8.)
3.3V 33Vor5V
Symbol Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max
teye Cycle time 120 — 60 — ns
TLHLL | ALE pulse width high teye— 30 — teye — 15 _ ns
TAVLL | Address valid to ALE low 1.5 X teye — 30 — 15X teye— 15 — ns
TLLAX | Address hold after ALE low teyc — 60 — teyc — 30 — ns
TRLRH | RD pulse width asserted! 4.5 X teye — 30 — 4.5 X teye - 15 — ns
TWLWH | WR pulse width asserted® 4.5 X tgyc — 30 — 4.5 Xfeyc - 15 — ns
TRLDV | RD asserted to valid data in® — 4.5 X tyc— 70 — 45Xt —35| ns
TRHDX | Data hold after RD negated 0 — 0 — ns
TRHDZ | Data float after RD negated — 0.5 X teyc — 0.5 X teye ns
TLLDV | ALE low to valid data int — 7.5 X teyc— 70 — 75Xt =35 ns
TAVDV | Address to valid data int — 9 X teyc— 70 — 9Xteye—35 | ns
TLLWL | ALE low to RD or WR asserted 3 Xty =57 | 3Xtgye+57 | 3Xteye—27 | 3Xteyc+27 | ns
TAVWL | Address valid to RD or WR asserted | 4.5 X teye = 30 — 4.5 X teyc — 15 — ns
TQVWX | Data valid to WR asserted teye— 60 — teyc — 30 — ns
TQVWH | Data valid to WR negated® 5.5 X teyc = 60 — 5.5 X teyc— 30 — ns
TWHQX | Data hold after WR negated teye= 90 — teyc— 45 — ns
TRLAZ | RD asserted to address float — 0 — 0 ns
TWHLH | RD or WR negated to ALE high 1.5 X teyc—30 | 1.5 X tey+ 30 | 15X teye—15 | L5 X teyc+ 15| ns
NOTES:

1. Wait states can be added.
2. The values in the table are for the minimum 6 wait states of 8051 mode.

Refer to Section 3 Bus Operation for a description of the 8051 diagram relative to the
underlying 68000 bus cycle.
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ALE JF\
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TAVLL—+ e [ TRHDX
AD7-ADO ADDRESS DATAIN > ADDRESS
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Figure 11-7. External 8051 Bus Read Cycle
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Figure 11-8. External 8051 Bus Write Cycle
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11.10 TIMER MODULE ELECTRICAL CHARACTERISTICS
(Vcc =5.0V £0.5V or 3.3Vdc + 0.3V; GND = 0Vdc; Ty = T, to Ty) (See Figure 11-9.)

3.3V 33Vorb5V
Num Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max
1 TIN clock low pulse width 1 — 1 — Clk
2 TIN clock high pulse width and input capture high pulse width 2 — 2 — Clk
3 TIN clock cycle time 3 — 3 — Clk
4 Clock high to TOUT valid — 70 — 35 ns

CLKOUT W
TOUT >%
(OUTPUT)

TIN
(INPUT)
(3 (2)

‘ % N\ \

Figure 11-9. Timer Module Timing Diagram
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11.11 UART ELECTRICAL CHARACTERISTICS
(VCC =5.0V+£0.5Vor3.3vdc + 0.3V; GND =0Vdc; TA=TL to TH)

(See Figure 11-10 and Figure 11-11.)

3.3V 33Vors5Vv

Num Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max

TxD output valid from TxC low — 200 — 100 ns

RxD data setup time to RxC high 480 — 240 — ns

RxD data hold time from RxC high 400 — 200 — ns

1BIT TIME
(1 OR 16 CLOCKS)
CLOCK

«—(D)—>
YD d

Figure 11-10. Transmitter Timing

e

RxD

Figure 11-11. Receiver Timing
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11.12 AC ELECTRICAL CHARACTERISTICS—M-BUS INPUT SIGNAL
TIMING (Ve =5.0V 0.5V or 3.3Vdc + 0.3V; GND = 0Vdc; T, = T to Ty) (See Figure 11-12.)

3.3V 33Vorb5V
Num Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max
1 Start condition hold time 2 — 2 — Clk
2 Clock low period 4.7 — 4.7 — Clk
3 SDA/SCL rise time — 2 — 1 us
4 Data hold time 0 — 0 — Clk
5 SDA/SCL fall time — 600 — 300 ns
6 Clock high period 4 — 4 — Clk
7 Data setup time 500 — 250 — Hs
8 Start condition setup time (for repeated start condition only) 2 — 2 — Clk
9 Stop condition setup time 2 — 2 — Clk

11.13 AC ELECTRICAL CHARACTERISTICS—M-BUS OUTPUT SIGNAL
TIMING (Ve =5.0V+0.5V or 3.3Vdc +0.3V; GND=0Vde; T5 = T to Ty) (See Figure 11-12.)

3.3V 33Vor5V
Num Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max
1 Start condition hold time 8 — 8 — Clk
2 Clock low period 11 — 11 — Clk
3 SDA/SCL rise time — 2 — 1 us
4 Data hold time 0 2 0 2 Clk
5 SDA/SCL fall time — 600 — 300 ns
6 Clock high period 11 — 11 — Clk
7 | Data setup time Sxp%?kZ — Sxp%l:kZ — ns
Start condition setup time (for repeated start condition only) 20 — 10 — Clk
Stop condition setup time 20 — 10 — Clk

oa - X >T'_'_'_'_'_'_'_'_
@+ Ot o

O
ey  a ae

Figure 11-12. M-Bus Interface Input/Output Signal Timing
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11.14 AC ELECTRICAL CHARACTERISTICS—PORT TIMING
(See Figure 11-13.)

3.3V 33Vorb5V
Characteristic Symbol 8.33 MHz 16.67 MHz Unit
Min Max Min Max
Port Input Setup Time to UDS, LDS Asserted tps 0 — 0 — ns
Port Input Hold Time from UDS, LDS Negated tPH 0 — 0 — ns
Port Output Valid from UDS, LDS Negated tPD — 30 — 60 ns
NOTE: Test conditions for port outputs: C|_ =50 pF, R =27 kQ to V.
UDS, LDS
>» < tps >» < tH
PORTA, PORTB
<trp>>
PORTA, PORTB OLD DATA NEW DATA

Figure 11-13. Port Timing
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11.15 IEEE 1149.1 ELECTRICAL CHARACTERISTICS
(See Figure 11-14, Figure 11-15, and Figure 11-16.)

3.3V 33Vor5V
Num. Characteristic 8.33 MHz 16.67 MHz Unit
Min Max Min Max
TCK Frequency of Operation 0 10.0 0 5.0 MHz
1 TCK Cycle Time 100 — 200 — ns
2 TCK Clock Pulse Width Measured at 1.5 V 45 — 45 — ns
3 TCK Rise and Fall Times 0 5 0 10 ns
6 Boundary Scan Input Data Setup Time 15 — 30 — ns
7 Boundary Scan Input Data Hold Time 15 — 30 — ns
8 TCK Low to Output Data Valid 0 80 0 160 ns
9 TCK Low to Output High Impedance 0 80 0 160 ns
10 | TMS, TDI Data Setup Time 15 — 30 — ns
11 TMS, TDI Data Hold Time 15 — 30 — ns
12 | TCK Low to TDO Data Valid 0 30 0 60 ns
13 | TCK Low to TDO High Impedance 0 30 0 60 ns
< ©) >

v
TCK H

Figure 11-14. Test Clock Input Timing Diagram
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VIH
TCK
V]

LN \
~— OO
DATA
INPUTS INPUT DATA VALID
DATA
OUTPUTS OUTPUT DATA VALID
DATA
OUTPUTS
DATA
OUTPUTS OUTPUT DATA VALID

Figure 11-15. Boundary Scan Timing Diagram

TCLK \ VIH
VL

(10) (11)
Lo

N \
@
TDI
™S INPUT DATA VALID

~—1W)—

TDO OUTPUT DATA VALID

~—WB)—

TDO

~(1)—

TDO OUTPUT DATA VALID

Figure 11-16. Test Access Port Timing Diagram
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SECTION 12

ORDERING INFORMATION AND MECHANICAL DATA

This section contains the ordering information, pin assignments, and package dimensions

for the MC68307.

12.1 STANDARD ORDERING INFORMATION

Package Type Frequency (MHz) VoSItuaZpel)EV) Temperature Order Number
100-Pin Plastic Quad Flat Pack (FG Suffix) 16.67 5 0°Cto 70°C MC68307FG16
100-Pin Thin Quad Flat Pack (PU Suffix) 16.67 5 —40°Cto 70°C | MC68307PU16
100-Pin Plastic Quad Flat Pack (FG Suffix) 16.67 5 —40°C to 85°C | MC68307CFG16
100-Pin Plastic Quad Flat Pack (FG Suffix) 16.67 3.3 —-40°C to 70°C | MC68307FG16V
100-Pin Thin Quad Flat Pack (PU Suffix) 8.33 3.3 —-40°Cto 70°C | MC68307PU8V
100-Pin Thin Quad Flat Pack (PU Suffix) 16.67 3.3 —40°C to 70°C | MC68307PU16V
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Ordering Information and Mechanical Data

12.2 100-PIN PQFP PIN ASSIGNMENTS (FG SUFFIX)
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Ordering Information and Mechanical Data

12.3 100-PIN PQFP PACKAGE DIMENSIONS (FG SUFFIX)
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s
[¢]02@H[+2®)o )

(¢l o2Wc[reGoG)

= Lt -
Seating — atum R
plane e plane e I
SV IRy if
. T X |
Detail ‘C’ Q
Dim. Min. Max. Notes Dim. Min. Max.
A 19.90 | 20.10 P 0.325BSC
B 13.90 | 14.10 |1. Dimensioning and tolerancing per ANSI Y14.5M, 1982, Q 0° 7°
o 2.85 3.15 |2. Alldimensions in mm. R 0.13 0.30
3. Datum plane —H-is located at the bottom of the lead and is
D 0.22 0.38 coincident with the lead where it exits the plastic body at the bottom S 2310 | 2337
E 2.55 3.05 of the parting line. T 0.13 —
E 0.22 0.33 |4 Datums A-B and -D- to be determined at datum plane -H-. U 0° —
5. Dimensions S and V to be determined at seating plane —-C-.
G 0.65BSC 6. Dimensions A and B do not include mould protrusion; allowable v 17.10 17.37
H 0.25 0.35 protrusion is 0.25mm per side. Dimensions A and B do include w 0.40 —
J 0.13 0.23 mould mismatch and are determined at datum plane —H-. X 1.60 REF
K 075 0.92 7. D|men§|on_D does not |nc|l_Jde dambar protruspn; aII_owabIe Y 058 REF
protrusion is 0.08mm total in excess of the D dimension at
L 12.35 REF maximum material condition. Dambar cannot be located on the z 0.83 REF
M 5° 16° lower radius or the foot. AA 18.85 REF
N 0.13 0.17 —
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Ordering Information and Mechanical Data

12.4 100-PIN TQFP PIN ASSIGNMENTS (PU SUFFIX)

<<
[SN )
QD
|D£580HNmgqmohmmgzgﬁgaﬂggz
r<H—HFROOOO>O0OO0O0O0000Q0>0000FQ0Q
qgonoonooonoononononoononononnan
SRBEEE8E833S5FEIVEIIIBISIBIRRER
i
vss 1 75[=3VDD
WR2 74 PB2/TXD
_As3 73 PB3/RxD
UDS 4 72[PB4RTS
DS 5 71 PB5/CTS
R/W 16 70 = PB6/TIN1
DTACK 7 69 = PB7/TIN2
RSTIN {8 68 PB8/INT1
VDD 9 67 = PBY/INT2
HALT 410 66 = PB10/INT3
RESET 11 65[=1VSS
TCK 12 MC68307 64 PBLL/INT4
Cs0=13 (TOP VIEW) 63 PB12/INTS
CS114 62 PB13/INT6
CS2A/ICS2 15 61 = PB14/INT7
CS3]16 60 PB15/INT8
VSS 17 59[=VDD
CLKOUT 18 58 [ PA0/CS2B
EXTAL19 57 PA1/CS2C
XTAL =20 56 [ PA2/CS2D
BUSW 21 55 PA3/TOUTL
AO/ADO =22 54 PA4ITOUT2
A1/AD1 923 531 PA5/BR
A2/AD2 =24 52[PAG/BG
VDD =25 51[3VSS
O~ 0NN 1 AN MTLOOOM~0DNDO A ANMTL O~ 000 O
NANANNOOOOHOOOMOOOOOMOMSSTITITTTT T 0
gt ooootototototoood
8338522ga:az:aﬂzgazaamxpg
I3 S < << s <<<CE|g
M <t 1 O r~ =l
LTI < [+a]
=
<t
[N
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Ordering Information and Mechanical Data

12.5 100-PIN TQFP PACKAGE DIMENSIONS (PU SUFFIX)

020 (0.008) | H| L-M|N|

4X 25 TIPS

(ARRRARARARRE |

020 (0.008)| T|L-M|N]

NOTES:

1.

2.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.

3. DATUM -H- IS LOCATED AT BOTTOM OF LEAD

AND IS COINCIDENT WITH THE LEAD WHERE THE
LEAD EXITS THE PLASTIC BODY AT THE BOTTOM
OF THE PARTING LINE.

4. DATUMS —L-, -M- AND -N- TO BE DETERMINED
1= =15 AT DATUM —H-.
= = 5. DIMENSIONS S AND V TO BE DETERMINED AT
— = SEATING PLANE -T-.
e = 6. DIMENSIONS A AND B DO NOT INCLUDE MOLD
=y = PROTRUSION. ALLOWABLE PROTRUSION IS
= = 0.250 (0.100) PER SIDE. DIMENSIONS A AND B DO
= = INCLUDE MOLD MISMATCH AND ARE
I ] [ ] DETERMINED AT DATUM -H-.
L — == 7. DIMENSION D DOES NOT INCLUDE DAMBAR
== \ | == PROTRUSION. DAMBAR PROTRUSION SHALL
ﬁ* s - -(— ;)-j 7 B V NOT CAUSE THE LEAD WIDTH TO EXCEED 0.350
N = \E= (0.014). MINIMUM SPACE BETWEEN PROTRUSION
= — AND ADJACENT LEAD OR PROTRUSION 0.070
= = (0.003).
— | =——
— | =——
3XVIEW Y = = BL V1 MILLIMETERS INCHES
p— = piM[ MmN [ mAX | miN | MAX
== = A 14.00 BSC 0.551 BSC
= ‘ = Al 7.00 BSC 0.276 BSC
VR 51 B | 1400BSC 0551 BSC
B1 7.00 BSC 0.276 BSC
RILEEELEEA LR LI LLLY: el — Lol — [oom
26 _ 50 - - - -
“N— C2| 1.35 | 1.45 | 0.053 | 0.057
‘ Al e D | 017 | 027 | 0.007 | 0.011
E | 045 ] 075 0.018 | 0.030
<«——— S1 ——> F | 017 | 023 | 0007 | 0.009
- G 0.50 BSC 0.20 BSC
J | 009 [ 020 [ 0.004 ] 0.008
S K 0.50 REF 0.020 REF
R1| 010 [ 0.20 [ 0.004 | 0.008
s | 16.00BSC 0.630 BSC
st 8.00 BSC 0.315 BSC
-~ U | 009 o016 | 0.004 | 0.006
2X 02 vV | 16.00BSC 0.630 BSC
C ,\ Vi 8.00 BSC 0.315BSC
C0 0 [ofwemlT]  Prem |
[=H-] ' [\ 8 0°] _7°] o°[ 7°
JL A o1 0°] — 0o —
5 02 12° 12°
o 03] 5°] 135 s°] 13°
SEATING 2X 03 I
PLANE _— VIEW AA
— | 005(000® BASE METAL
—
] _ Wl
) \ —r— [ ° J N u
| ——
CZ S E—
: I—:i o !
T PLATING
— — - T ] —_X—_
T AB =, i == [9]0080003@[T] LMO] NG|
C1l <> || AB
e 7 > © SECTION AB-AB
ROTATED 90° CLOCKWISE
VIEW Y
VIEW AA
CASE983-01
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INDEX

Numerics

8051-compatible bus 2-9, 5-8
8051-compatible bus interface 5-10

A

A23-A0 2-5
access errors 4-1
AD7-ADO 2-6
address bus 2-5
address latch enable 2-9
address strobe 2-8
addressing modes 4-4
index sizing and scaling 4-3
indexing 4-3
offset 4-3
postincrement 4-3
predecrement 4-3
program counter indirect 4-3
register indirect 4-3
ALE 2-9
AS 2-8, 3-4, 3-7, 3-8, 3-18
asynchronous bus arbitration signals 3-19
asynchronous mode 3-32

B

base registers 5-30
baud rate generator 8-5
BERR 3-4
BG 2-10, 3-18
BGACK 2-10
boundary scan 9-1
boundary scan bit definitions 9-4
BR 2-10
BR3-BRO 5-30
bus arbitration 3-15
2-wire 3-15
3-wire 3-15
bus control signals 2-7
bus error exception 3-31

bus grant 2-10

bus grant acknowledge 2-10
bus grant signal 3-16

bus request 2-10

bus width select 2-9

BUSWO 2-9

byte read cycle flowchart 3-2

C

chip select registers 5-30
chip selects 1-5, 2-6, 5-5
clear-to-send 2-12
CLKOUT 2-11

clock output 2-11

clock signals 2-10
crystal oscillator 2-10
CSO0 2-6

CS12-6

CS2 2-6

CS32-7

CTS 2-12

data bus 2-6, 3-29
data formats 4-3
data strobes 2-8

data transfer acknowledge 2-7

data types

denormalized numbers 4-3

infinities 4-3
NANSs 4-3
normalized numbers 4-3
zeros 4-3
denormalized numbers 4-3
double bus fault 3-31
DTACK 2-7, 3-4
dual timer module 6-1
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Index

E

EBI 1-5
EPROM memory interface 10-5
EPROM timing 10-6
exceptions 4-9
access errors 4-1
address error exception 4-18
bus error exception 4-18
control signals 2-9
exception vector 4-12
exceptions handler 4-10
reset exception 4-14
SR
M-bit 4-10
trace exception 4-17
vector assignments 4-13
vector table 4-9
EXTAL 2-10
external bus interface 1-5
control registers 5-34
logic 5-9

FIFO stack 8-8

floating-point unit
(see data types)

function codes 3-29

G

general purpose timer units 6-4
general-purpose I/O ports 5-10
general-purpose interrupt inputs 5-17
general-purpose timer units 6-1
global chip select operation 5-8

H

HALT 2-10
halt 2-10

I/O driver routines 8-31
index sizing and scaling 4-3
indexing 4-3

infinities 4-3

initialization routines 8-31

INDEX-2 MC68307 USER'S MANUAL

instructions
STOP 4-1
TRAP, TRAPV, CHK, RTE, and DIV 4-9
INT1 - INT8 2-13
interrupts 4-1
acknowledge bus cycle 4-9
control registers 5-38
controller logic 5-14
general-purpose interrupt inputs 5-17
handling routine 8-31
latched interrupt control registers 5-38
level 7 interrupts 4-14
non-maskable interrupt 5-17
peripheral interrupt control register 5-39
peripheral interrupt handling 5-18
priorities 4-14
priority mask 4-9
processing 5-13
requests 4-15
inputs 2-13
signals 8-3
uninitialized interrupt vector 4-15
vector generation 5-15
IRQ7 2-13, 5-17

JTAG 9-1
instruction register 9-9

L

latched interrupt control registers 5-38
LDS 2-8, 3-7

LICR1, LICR2 5-38

looping modes 8-10

low-power sleep mode 10-9
low-power stop logic 5-19

low-power stop mode 10-9

M
M68000 bus interface 5-9
MBAR 5-22
M-Bus

address register 7-6
arbitration lost 7-13
arbitration procedure 7-4
clock stretching 7-5
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Index

clock synchronization 7-4
control register 7-7
data I/O register 7-10
data transfer 7-3
frequency divider register 7-6
generation of repeated START 7-13
generation of START 7-11
generation of STOP 7-12
handshaking 7-5
I/O signals 2-11
initialization sequence 7-10
interface module 7-1
interrupt routine 7-14
master mode 10-12
module 1-6
post-transfer software 7-11
programming examples 7-10
programming model 7-5
protocol 7-2
registers

MADR 7-6

MBCR 7-7

MBDR 7-10

MBSR 7-9

MFDR 7-6
repeated START signal 7-4
slave address transmission 7-3
slave mode 7-13, 10-12
software 10-10
START signal 7-3
status register 7-9
STOP signal 7-4
system configuration 7-2

module base address register 5-2, 5-22

N

NANSs 4-3

non-IEEE 1149.1 operation 9-11
non-maskable interrupt 5-17
non-maskable interrupt input 2-13
normalized numbers 4-3

O

offset 4-3
operand size 4-3
option registers 5-32

OR3-ORO0 5-32
overlap in chip-select ranges 5-8

P

package dimensions
PQFP 12-2
TQFP 12-4
PACNT 5-34
PADAT 5-35
PADDR 5-35
parallel /0 ports 1-5
PB7 2-13
PBCNT 5-36
PBDAT 5-37
PBDDR 5-36
peripheral chip-selects 5-7

peripheral interrupt control register 5-39

peripheral interrupt handling 5-18
PICR 5-39
pin assignments
PQFP 12-1
TQFP 12-3
Port A 5-10, 5-12
control register 5-34
data direction register 5-35
data register 5-35
Port B 2-11-2-13, 5-10, 5-12
control register 5-36
data direction register 5-36
data register 5-37
postincrement 4-3
power-on reset 2-10
predecrement 4-3
privileged instructions 4-17
processing states
normal, exception, halted 4-1
program counter indirect 4-3
programmable data-bus size 5-6

R

R/W 2-8, 3-4, 3-7

RAM memory interface 10-5
RAM timing 10-6

RD 2-9

read cycle 3-2

read/write 2-8
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read-modify-write cycle 3-8, 3-29
receive data 2-12

register indirect 4-3
request-to-send 2-12

RESET 2-9

reset 2-9

RS232 UART port 10-5

RSTIN 2-10

RTS 2-12

RxD 2-12

SCL 2-11
SCR 5-23
SDA 2-12
serial clock 2-11
serial data 2-12
serial module registers

UACR 8-26

UBG1 8-29

UBG2 8-29

UCR 8-23

UCSR 8-21

UIMR 8-28

UIP 8-29

UIPCR 8-26

UISR 8-27

UIVR 8-29

URB 8-25

USR 8-19

UTB 8-25
signal configuration 10-1
signal index 2-14
SIM configuration 5-41
SIM programming model 5-20
SIM0O7 1-4
single-step 3-30
software listings 10-17-10-29
software watchdog timer 6-3, 6-7
stack frame 4-9
stand alone hardware 10-1
startup - cold reset 5-41
status register 4-9

swapping ROM and RAM mapping 10-27
system configuration and protection 1-5

registers 5-22
system control register 5-4, 5-23

INDEX-4

system integration module 1-4, 5-1

system protection functions 5-5

T

TAP 9-1
TAS 3-8
TCK 2-11
TCN1, TCN2 6-5
TCR1, TCR2 6-5
TDI 2-11
TDO 2-11
TER1, TER2 6-6
test access port 1-7
test clock 2-11
test data in 2-11
test data out 2-11
test mode select 2-11
test signals 2-11
timer 1-6
capture registers 6-5
counter 6-5
event registers 6-6
I/O signals 2-12
mode register 6-4
reference registers 6-5
registers
TCN1, TCN2 6-5
TCR1, TCR2 6-5
TER1, TER2 6-6
TMR1, TMR2 6-4
TRR1, TRR2 6-5
timer 1 input 2-12
timer 1 output 2-13
timer 2 input 2-13
timer 2 output 2-13
timer/counter 8-3
TIN1 2-12
TIN2 2-13
TMR1, TMR2 6-4
TMS 2-11
TOUT1 2-13
TOUTZ2 2-13
transmit data 2-12
TRR1, TRR2 6-5
TxD 2-12
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U

UACR 8-26

UART driver examples 10-24
UART 1/O signals 2-12
UART module 1-6
UBG1 8-29

UBG?2 8-29

UCR 8-23

UCSR 8-21

UDS 2-8, 3-7
UDS/LDS 3-4, 3-10
UIMR 8-28

UIP 8-29

UIPCR 8-26

UISR 8-27

UIVR 8-29

URB 8-25

USR 8-19

UTB 8-25

valid start bit 8-8
vector number 4-9

w

wait state generation 1-5
wait-state logic 5-5
wake-up 10-8

watchdog counter register 6-7
watchdog reference register 6-7

WCR 6-7

word read cycle flowchart 3-2
WR 2-9

write cycle 3-5

WRR 6-7

X
XTAL 2-10

Z
zeros 4-3
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